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Objectives of the Workshop*

Douglas R Laing

This workshop planned and orgamzed jointly by CIAT and the
ESCAP/CGPRT Centre will study cassava s recent development and its
potential for future expansion in tropical Asian countries Many of the
professional collaborators have been able to attend the workshop through
financial assistance provided from their own national resources This
indicates 2 new and awakening interest tn this crop and n developing a
research network the members of which can work together to increase
national productivity and utilization of this ¢ritical food and feed crop

The objectives of the workshop are to describe and estimate (1 } cassava s
market potential in tropical Asia (2) new technology as the basis for
increased cassava production and (3) cassava research and development
needs Individual country reports to be presented discuss cassava s role in
the country s agricultural economy and/or improving the countrys
cassava productivity In these countries cassava 1s viewed as a crop with
significant development potential since 1t 1s adapted to poor soils and low
and fluctuating rainfall patterns This 1s particularly important because
most land available for development in Asia 1s characterized by poor soil
and climatic conditions

The IARC s(International Agriculture Research Centers) have played a
useful role m strong collaboration with national institutions n the
tremendous progress that has been achieved in the major world cereal
crops This progress has allowed many developing countrnies particularly
in southeast Asia to become self sufficient in these crops This devel
opment has been generally dependent upon higher use of purchased
inputs has taken place 1n a generally more favorable economic climate
and has taken piace 1n the best lands available 1n the tropics usually under
irrigated conditions

E mp fmhOp g8 m byD D g RL gD f C pR h CIAT
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When one c&ldcrs cassava 1tisclear that these same conditions cannot
be repeated The world economic situation 1s now more difficult and the
land available for future expansion 1s not as fertile What remains to be
done 1s another green revolution but this time tn the non cereal crops and
in the less favored non 1rngated productionareas This revolution must be
one which does not require a high level of purchased inputs such as
fertilizers and pesucides and must be based on dependable technology for
less favored conditions of both soil and chimate [t 1s here that cassava can
play a critical role as an energy crop for both food and feed Such a green
revolution 1n cassava must obviously take place in an integrated way to
ensure that the technology and economics of utihzation keep pace with
production 1n order that the crop maintain 1ts comparative market
advantage

To achieve such a revolution 1n each country regional cooperation in
research can achieve much more than if each country continues to work 1n
1solation from its neighbors A regional network of collaborators can be
more effective 1n surmounting the constraints to increased productivity
and utiization of cassava

It 1s for this important reasen that this workshop was orgamized The
ume 1s nipe for increased regional cooperation 1n cassava research in the
Asian region The workshop can be useful in defining the role that can be
plaved by international regionali and nauonal agencies in a truly
cooperative network

Agrnicultural research 1n many economic studies has been shown to
have very high benefit cost implications Collaborative 1nternational
research can be parucularly effective in reducing research costs and 1n
speeding up the production of the outputs of research namely new
technology adapted to farmers conditions



Opening Statement

Mr SAMS Kibra
Execunive Secretary of FSCAP

Distinguished participants ladies and gentlemen

It 15 a pleasure to welcome all of you to this workshop on Cassava 1n
Asia 1its Potential and Research Development Needs

Your task to assess the scope for increasing Asias production and
utihzation of cassava certainly has significant imphcations both nutn
tionally and economucally In the tropics as you know cassava 1s
surpassed 1n importance only by rce sugarcane and maize as a source of
calones Indeed some 200 million people worldwide especially the poor
depend on this starchy root crop as a dietary staple including many 1n
Indonesia, the Philippines and parts of the Pacific Cassava 15 also
important because of its close association with Asia s rural poverty Even
in those countries producing it as livestock feed cassava 1s usually
cultivated on the kinds of marginal lands tilled by the poorest farmers For
cxample Thailland now the world s largest exporter of cassava grows
much of 1t 1n 1ts semiand northeastern region

From a variety of viewpoinis cassava appears to be an attractive crop
Grown 1n poor soils under harsh weather conditions cassava needs little
tending and 1s also resistant to diseases and insects In addition for
relatively low production costs 1t yields two thirds more calories per unit
of land than the major foodgrains though the protein content 1s lower
Even so as an inexpensive source of human energy cassava can and does
make a notable contribution Yet despite these favorable factors and the
precarious subsistence of the poor cassava has received less scientific
attention than other crops One wonders at cassava s virtual exclusion
from development when this region already has many hungry millions a
mounting population and dwindling scope for expanding the present
farmland Obviously good gains in rice and wheat do not satisfy the needs
of those with no access to these costher cereals

No one disputes that cassava i1s both a viable food staple and source of
income for our impoverished farmers But allow me to go a bit furtherinto
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why there seem to be compelling reasens for developmg high yielding
varieties of cassava or employing intensive methods 1n 1ts cultivation For
one Asias land scarcity will worsen substantially by the turn of the
century because of population growth with 30 to 33% reductions mn per
capita land supply projected for most of the low and middie income
countries Meanwhile current trends indicate that the ranks of the hungry
tn the Asta Pacific region will increase in absolute terms over the next two
decades although the proportion of malnournished people in our popula
tions may somewhat dechne Thailand and the Philippines dramatically
mncreased cassava production during the 1970s much of it by enlarging the
cultivated areas but thewr expansion rates are expected to slow down
because of environmental consequences in Thailand and difficult gcogra
phy and costs in the Phulippines

Clearly land expansion 1s not the answer 1t once was for boosting
production of cassava or other crops and that applies to most other Asian
countries as well Yet the need for more food and low input crops for the
region s poor has never been greater and may well grow even more critical
in the years ahead One means of meeting this challenge 1s to find ways to
make cassava more widely available as both a calorie source and income
generator for Asias poor farmers We in the secretaniat will be keenly
interested in the outcome of your deliberations For example what cost
effective technologies could overcome these problems and what are their
relationships to production processing and marketing? If cassava has not
reached the limuts of 1ts potential what are the research needs that must be
met to enable the continued increase 1n productivity of this crop?

ESCAP s CGPRT Centre has been established at Bogor to stimulate
cooperative regional research so that answers to these and other questions
may be found The Centro Internacional de Agricultura Tropical or CIAT
as 1t 1s widely known has already achieved a well-deserved reputation for
1is innovative work in developing cassava Here in Thailland for instance
CIAT 15 assisting 1n the development of germplasm specifically suited to
local conditions 1 am indeed pleased that CIAT and our CGPRT Centre
are already cooperating closely and hope that our combined know how
will yield ever increasing dividends 1n this field I should also like to
express our thanks to the Royal Tha1 Government for joining us in
orgamzing this workshop and for its continuing generosity 1n shanng 1ts
expertise with other developing countries | feel confident that this
workshop will inject new vigor into the search for ways to develop cassava
in Asia and I wish you every success in your deliberations Thank you very
much



Welcoming Address

His Excellency Mr Borom Tanthien
Deputy Minmister of Agriculture and Cooperatives of Thailand

Your Excellency distinguished participants ladies and gentlemen

It 15 a great honor to give my address to the mauguration of the
Workshop on Cassava 1n Asia 1ts Potential and Research Development
Needs here in Bangkok First of all let me on behalf of the Royal Thai
Government and Minisiry of Agriculture and Cooperatives welcome you
to Thailand I hope you will find your stay here pleasant and comfortable
and please enjoy our Thai hospitality

Thailand like most developing countries in this region relies heavily on
agriculture The agricultural sector contributes more than 20% of the
National Gross Domestic Product (GDP) This sector is a major source of
food supply to feed our population and also the most important foreign
exchange earner

Cassava s one of the most important crops of Thailand both in terms of
national economy and social aspects Firstly the major cassava produc
tion areas are located in the northeastern and eastern regions of the
Kingdom The northeastern region in particular 1s classified as the most
depressed area of the country The per capita income in 1982 was the
lowest only US$123 (2831 Baht) whereas the national average was
US5233

Secondly Thailand s the second largest cassava producing country in
the world next to Brazil In 1982 Brazil s annual production was 25 1
million tons and Thailand was 16 7 milliontons 13 6and 13 3 milbon tons
for Indonesia and Zaire respectively Over 90% of Thailand s production
was for export and the balance for domestic use unlike the other cassava
producing countries where production was solely for domestic con
sumption

Therefore the cassava produced in Thailand depends heavily on foreign
markets and any market change will directly affect the national economy 1
wish to emphasize that over 80% of our cassava exports went to the EEC
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market alone in the form of cassava pellets and the balance went to Japan
and U S A The rehiance on a single market has created serious marketing
problems especially when the EEC imposed a quota system to reduce the
quantity of imports from Thailand 1n 1982

Owing to this special feature the government of Thailand has launched
a massive rural development scheme to uplhift the socioeconomic condi
tions of the rural poor The major strategies are to improve production
efficiency to promote rotation cropping or crop replacement and finally
to investigate an alternaiive use of cassava

To mmprove production efficiency the government has recently 1n
troduced a new variety called Rayong 3 to replace the previous Rayong 1
This new variety has proved to give a better yield and better agronomic
characteristics

To resolve the marketing problem the investigation of alternative uses is
being carnied out by the Thailand Institute of Scientific and Technological
Research The effort i1s gearing the way for the ultimate development of
gasohol industry and high protein yeast extraction

One of the major objectives of thns workshop I understand s to
exchange views and nformation among the worlds major cassava
producing countnes to find ways and means to increase production
efficiency as well as to reduce production cost To improve productivity
per umt area1s also a successful way to boost production These are in line
with the government policy 1n the improvement of the socioeconomic
conditions of the rural poor

The development needs 1n farm diversification improvement of produc
ton efficiency and alternative uses of cassava require close collaboration
and exchanges of know how and experiences among countries concerned
This imtiative 1s very important and essential for the well being of farmers
in the region The collective effort will help to remove the trade
protectionism which 1s usually created by the strong Economic countrnes
for their own benefit This cooperation will be a good starting point for us
in the region to form this collective effort Thope in the future such regional
cooperation will also extend to other crops

May I wish you all a successful meeting Thank you



II Cassava s Market Potential mm Tropical Asia
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Trends 1n the Production and Use of Cassava
and Other Selected Food Crops 1n Tropical Asia

JS§ Sarma
L A Paulino

Introduction

This paper examines the trends in the production and use of root and
tuber crops and food grains in tropical Asia For purposes of this
workshop 1t would have been desirable to lumit the paper to upland crops
however the available statistics on production and area are aggregates
from both upland and lowland areas and so the trends presented 1n this
paper are not separated by climate

The root and tuber crops discussed here include potatoes sweet
potatoes cassava yams and other root crops Production data are in
terms of fresh roots Food grains include rice (unmulled or paddy rice)
wheat maize sorghum millets other cereals and pulses

By defimtion tropical Asia covers all Asian countries between the
Tropic of Cancer and the Tropic of Capricorn Several countries lie partly
within this band and thus are partly temperate and partly tropical
Production and area trends presented here relate to entire countries
mcluding their temperate zones The analysis covers Bangladesh Burma
China Hong Kong and Singapore India Indochina {comprising
Laos and Vietnam) Indonesia Malaysia the Pacific Islands (comprising
Fit and Papua New Guinea) the Philippmnes Sri Lanka and Thailand
The data for China are presented separately (unless otherwise indicated)
because information on this country s agricultural economy s stll
relatrvely sparse and the reconstructed and revised estimates avatlable
probably do not give a complete picture

F; dPp NwG h be ldd h dy lh ghthybel gg g ph Iy
Oce
J$8S m dl AP | ar ar hf Il w k1 IF dP 1 ¥R hi
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The source of data on harvested area production domestic utilization
and trade of the crops used 1in this paper 1s the Food and Apgriculture
Organization ( FAQ) data base comprising the supply utihizauion accounts
and the production yearbooks Inseverai cases FAQOdatadiffer from those
based on national sources and the differences in some cases are quite large
Since this analysis 15 a comparative study at the regional level the
consistent set of FAO time series 1s used It should be noted that the
reliability of data on reots and tubers including cassava 1s less than that of
food grains in some countries 1115 also possible that improvements in the
methodology effected in some countries might have introduced non
comparability over time

Global Perspective 1982

Cassava

In 1982 the worlds cassava production all of which came from
developing countries was estimated at 129 million tons or a calornic
equivalent of 39 million tons of wheat About three fourths of this
production was shared aimost equally between Asia and Africa Latin
America contributed the remaining one fourth More than half of the total
cassava area of 14 6 million hectares was in sub Saharan Africa but the
average yield in this region was much lower than in Asia and Latin
America Productivity in both Asia and Latin America was about 11
tons/ha compared to only 6 5 tons/ha 1n sub Saharan Africa Tropical
Asia (including China) represented about 389 of the total production and
30% of the total area of world cassava (Figure 1) The region accounts for
practically all of the cassava production of Asia

Roots and tubers

Table 1 shows that the world production of fresh roots and tubers as a
group 1n 1982 totaled 550 mulhon tons about 63% of which came from
developing countries Nearly all of the production from developed
countnes was potatoes but that from developing countres consisted of
about 379 cassava 33% sweet potatoes 20% potatoes and 10% other
roots and tubers The developing countries accounted for more than 70%
of the 47 million hectares of world harvest of these crops but their average
yield (10 tons/ ha) was low compared to about 16 tons/ ha in the developed
countries Among the developing regions rool and tuber yields were
highest 1n Asia (12 6 tons/ha) and lowest in sub Saharan Africa (66
tons/ha) Tropical Asia (including China) accounted for about 37% of the
producuon and shghtly over a thirdof the world s area in roots and tubers
in 1982 these are 1% less than the shares of world production and area in
all of Asia
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Food grains

World food grain production 1n 1982 was 97% cereals and 3% pulses
Total food grain cuiput in that year amounting to 1744 million tons was
about equally shared between the developed countries 519, and devel
oping countries 49% (The relative share of developing countries may bea
little overstated because rice which 1s mostly grown in these countries 1s
expressed 1n paddy terms ) This output came from 800 million hectares
60% of which was in the developing countries Average yields calculated
from these figures are 1 8 tons/ ha for developing countries compared to
2 7 tons/ha for developed economies Food grain production in the
deveioped countries was almost wholly (99%) cereals while about 49 of
production 1n the developing countries was pulses Asia which accounted
for about 36 379 of both production and area of the world s food grains
recorded a yield of 2 1 tons/ha Tropical Asia (including China) con
tributed a third of the world s food grain productionin 1982 or about 949,
of the food grain output of Asia as a whaole

The Regional View 1982

Cassava

Cassava production in tropical Asia was nearly 46 mithontonsin 1982 a
hittle less than half of which was produced in Thailand Indonesia (12 8§
million tons) and India (56 million tons) were the other two major
producers of cassava in tropical Asia (Table 2) Average yield of cassava
was high in India at 18 tons/ha followed by Thailand s 14 tons/ha n
Indonesia it was less than 10 tons/ha

Roots and tubers

The harvested area under root and tuber crops as a group was about 6 4
miullion hectares of which cassava accounted for a hittle more than 60% A
total of 67 million tons of roots and tubers was produced 1n tropical Asia
dunng 1982 Thailand India and Indonesia were the major root and tuber
crop producers dand shared 809; of the total output

Food grains

Based on 1982 data tropical Asia produced nearly 275 mullion tons of
food grains a httle over half of which came from India Paddy rice was the
mostimportant grain constituting two thirds of the output Coarse grains
compnsing maize sorghum and millets contnibuted 38 million tons or
14% to the total About 46% of the 185 million hectares of food grains was
devoted to rice with an average yield of a little more than 2 tons/ha The
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B gld h 0 172 11382 0 1775 22233
B m 5 24 5996 50 186 14871
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Th 1 d 1500 1540 11596 21000 21363 21077
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Ch 380 9743 95618 3300 136700 317715
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area under coarse grams was 29 mullion hectares yielding an average of
about 1 3 tons/ha Wheat was the other important cereal but was grown
exclusively in the temperate regions {mostly India) with a total output of 39
rmullion tons

Production Trends*

Cassava

Between the period 1961 65 and the period 1976 80 the production of
cassava in tropical Asia more than doubled reaching an annual average of
38 mullion tons during the later period (Table 3) Two countries contributed
three fourths to the increase in production Thailand (56%) and India
(20%) Indonesia s share in the production of the region declined sharply
fromtwo thirdsin 1961 65 to about one third in 1976 80 This wasdueto
a meager 5% annual growth n cassava production over this period By
contrast Thailand s rapid growth in output improved its share from
one tenth to one third India and Indochina together accounted for a
quarter of the region s cassava production in the late 1970s

Assessing the growth rate trends from 1961 1980 (Table 4) cassava
production expanded at an annual rate shghtly less than 5% — a little more
than half due to area expansion Cassava yields increased at 2 2% per
annum

Looking at the data from 1961 1980 by decade Table 5 shows that
growth 1n area and production 1n tropical Asia was much higher in the
1970s than in the 1960s Growth in area went from 699 per annum 1n the
first decade to 5 64% 1n the second decade Production growth went from
2 3% per annum 1n the 1960s to 8 295 in the 1970s

Growth raies showed considerable vanation among the countries in the
region The most rapid production increase was in Thauland which nearly
tripled 1ts production growth rate from the 1960s to the 1970s largely due
to corresponding arca increases This production expansion was n
response to the export demand from the EEC and resulted 1n cassava
culuvation being extended 1nto areas with poorer soils Consequently
average yields 1n Thailand essentially remained stagnant The lack of
increased yields may also be partly due to a need for technological
improvements

Th ly f d g Ily bas d hq q al g [ 1961-65 and 1976-80 th
g E wh be g I | das mp dg wth betw h mdyars f h tw
penod H w as d d m as espe lyf as a, grwth es{ msem

Ilg hm eq t f th p od 196180 1961 70 and 1971-80 are d



Thbh 3 A g 1 d t dy ld f t p 1A 1961 65 d 1976 80
1961 65 1976 80

A P 4t Y Id A Pod t Y Id
C 1ty {000 h ) (000 ) (t/h } (000 h ) (000 1) (t/h)
B m ! 5 10 675 2 22 9117
H gK g&S5 gp 0 0 0 g I
I d 254 2295 9036 374 6412 17 167
Id h 155 1147 7400 409 3332 8 147
1d 1572 11833 7529 1386 12662 9 38
Mly 23 218 9478 38 387 10 214
P f I! d 13 137 10 538 16 182 11375
Phipp 90 562 6 246 176 1759 9975
S L k 44 328 T 465 86 591 6873
Th 1 d 113 1789 15 808 9 13102 13491
Tp 1A 2264 18316 8 050 3459 38452 I1118
N Prnmy dd al d d g

= ! bl
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T bl 4 Annual growth rates (%) p oduction andy eld T assa t peal Asi
1961 80
C try Ae Pdt Y 1d
B m 1t 36 10 24 i 60
Ida 251 722 459
I doch na 606 685 074
I1d 071 061 133
Mal via 287 406 116
Paf II1 d 155 194 039
Phlpp 427 721 282
SmL k 471 443 027
Thailand 1534 1394 122
Trop | A 266 494 222

S wr  FAOQO Pr du ye b k pe 1975 1979 41980

T bl 5 Annualgrowthrat (%)mar prod to andyield fcassa amirop I|A
1961 70 and 1971 80

A P dct Y eid

C ntry 1961 70 1971 80 1961 70 1971 80 1961 70 1971 80
B m 1577 744 1574 600 -0 003 136
Ida 417 052 13 53 139 899 087
Id h 142 18 89 190 20 82 049 | 62
Id -0 59 042 -093 223 -0 34 266
Mal y 493 6 66 444 494 EVE ¥ 161
Pefell d 1 67 162 188 162 021 0
Phlpp 105 1170 216 23 41 112 10 48
S5n Lank 758 403 293 359 -4 32 794
Th 1 d 787 18 76 695 18 89 -0 85 0il
Top 1A 069 364 232 816 62 239
s FAO Pr d ¥y b k p 1975 1979 d 1980

Both India and the Phihippines recorded impressive production in
creases In India the rapid increases occurred 1n the 1960s rather than the
1970s and were due more to increased yields which contributed two thirds
to the production than to increased area In the Phlippines the rapid
production growth occurred in the 1970s when the growth rates for area
and yield both exceeded 10%

The yields in Indonesia during 1971 80 rose at an average rate of 2 7%
per annum compared to a shight decline iIn1961 70 This growth 1n yield
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more than compensated for the decline in cassava area in the 1970s as
evidenced by the annual 2 29, growth (n production

Both area and production of cassava declined in Indochina 1n the first
decade and then underwent very rapid growth between 19 21% n the
second decade It 1s probable that data problems contributed to these
exceedingly high figures

Roots and tubers

The production of roots and tubers (which include cassava potatoes
sweet potatoes yams and other roots) totaled 58 million tons annually
during 1976 80 (Table 6) with cassava accounting for nearly two thirds of
this amount The average output of potatoes and sweet potatoes was 10
and 8 5 milhion tons respectively together they shared 329 of the root
and tuber crop output The major root and tuber producers during 1976 80
were Ind1a {16 2 million tons) Indonesia (15 4 miliontons) and Thailland
(13 4 milhontons) These three countries accounted for 78% of the region s
output Nearly half of Indias root and tuber crop production was
potatoes followed by cassava which accounted for a hittle less than 40% of
production Cassava made up about 97% of the roots and tubers in
Thatland It 1s the major root crop in Indonesia (82%) sweet potatoes
account for almost all the rest of root and tuber production there

Tbl 6 A ragan | ea dpodct foots dtbers t p 1A 1961-65

and 1976-80
1961 65 1976 RO

A P dct A P dt
C try (000 h ) (000 1) (000 h ) (000 1)
B glad h 100 786 164 1656
B m 20 65 18 92
H gK g&Sngp 9 56 1 6
1d 797 6225 1286 16241
1d h 397 2388 827 5864
1d 2227 23061 1776 15380
M1y 50 379 60 528
P f Il d 132 927 173 1217
Phipp 27 1469 456 2946
s L k 8 389 115 772
Th 1 d 140 1980 1007 13445
T palA 4201 37724 5881 58146

5 FAO Pr d y b k pe 1975 197% 41980
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The production of these commodities as a group increased at an annual
rate exceeding 2 99; between the early 1960s and late 1970s Thailand
experienced the highest growth in production reaching a phenomenal
13 6% increase due mainly to the growth of cassava India and Indochina
recorded production growth rates exceeding 6% per annum Potato
production in India increased at 79 per annum

The average annual harvested area under roots and tubers n tropical
Asia was 5 9 million hectares during 1976 80 yielding a per hectare output
of less than 10 tons Nearly 70% of this area 1s shared by Indonesia India
and Thailand Average output per hectare in both Thailand and India was
around 13 tons/ha while that in Indonesia was less than 9 tons The
Philippines and Indochina also have significant areas under roots and
tubers

Growth of area under roots and tubers in the region between 1961 65
and 1976 B0 was only 2 29 a year as compared to a 2 9% production
growth This suggests an improvement in yield of approximately 0 79 per
annum or less than a ton per hectare in absolute terms Apart from
Thailand rapid growth in the area under roots and tubers was expernienced
by Indochina (5 09%) and Sni Lanka (4 7%) The Phihippines India and
Bangladesh exhibited growth rates ranging between 3 0% and 3 5% per
annum

Thailand and Indonesia recorded a decline 1n the overall yield of root
and tuber crops between 1961 1980 On the other hand India showed a
remarkable improvement of about 60% (from 7 8to [2 6 tons/ha) largely
due to an increase in potato yields Crop yields were stagnant in the Pacific
Islands and Sri1 Lanka but Bangladesh Burma Indochina Malaysia and
the Philippines recorded yield improvements varying between 1 and 2
tons/ha

Food grains

Totalfood grain production in tropical Asia which averaged nearly 254
million tons a year during 1976 80 (Table 7) was composed of about 66%
paddy rice 13% wheat 16% other cereals and 5% pulses As may be
expected India accounts for the largest portion (58%) of total production
Indonesia Bangladesh and Thailand have relatively lower production but
are nevertheless sigmficant producers Paddy 1s widely grown principaltly
under irnigated conditions and represents 80% or more of the national
production 1n six countries of the region Maize hke rice 15 also widely
grown but here again India produces 40% of the output Minor cereals
including sorghum and mullets which together form 9% of food grain
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Table 7 A esageann lp d t offoodgrans{(000t)mntrop alA 196165 o

1976 30
1961-65 1976-80

Paddy Wh t T tal Paddy Wh t Ttl
f od f d
gramns ga s
B glad h 15 048 37 15 348 19 211 504 20 009
B m 7 786 38 8168 10 609 68 1t 125

H gK g

dS gp 19 9
Id 52733 1t 191 99 382 73 866 31 335 146 433
Id h 12 699 13 301 12 96§ 13 703
Id 12 396 15 387 25478 29 183
M laysa 1154 1163 1924 1943
Pacf

11 d 21 38 26 59
Phipp 3957 5264 7043 10 045
Sn Lank 967 1 002 1824 1 886
Th | d i1 267 12430 16 055 19 270
Top | As 118 047 11 266 171 502 168 998 31907 253 654

5 FAO Pr d y b kap 1975 1979 nd 1980

production intropical Asia are relatively important only in India Most of
the region s pulses are produced 1n India where the crop provides a major
source of protein in the diet

Wheat exhibited the fastest production growth exceeding 7% annually
during the 20 yearsending in 1980 (Table 8) Very rapid increases in wheat
production were achieved 1in Bangladesh and northern India Maize
production in the region expanded at a fairly rapid rate of nearly 3% Race
the mayor crop of tropical Asia showed a slower yearly growth 1n total
production of 2 5% aithough individual production growth rates of 3 8%
or more were recorded in Indonesia Sri Lanka the Philippines and
Malaysia

The average annual production growth of food grains as a group in
tropical Asia was 2 7% Average annual production growth rates of 4% or
more duning 1961 80 were achieved in Indonesia the Phulippines and Sn
Lanka while rates of 3-49 were recorded in Malaysia and Thailand
Yearly increases n food grain production between 2 3% occurred in
Burma India and the Pacific Islands

Of the 82 mulhion ton increase 1n tropical Asia s food grain production
between 1961 65 and 1976 80 paddy accounted for over 60% Wheat
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Tbl 8 A lgowth t (%) ea and p oduction of food grans ntr p A

1961 80
A P dcto
Pddy Wh t F d Pddy Wh t F d
g g
B gld h 081 939 091 1 66 179
B m 027 214 4] 220 399 219
H gK g d
Sep
fd 070 334 050 232 727 263
I'd h 057 042 014 020
Id 140 099 498 44]
MIlysa 196 196 380 380
P fcIland 090 253 124 297
Ph 1 pp 068 183 38! 431
Sn L k 295 k1] 309 400
Tha land 143 236 234 308
T pal A 072 338 071 245 732 266
Mreh 10p
Le han I0p ce
) FAQ Pr du ¥ b k ape 1975 1979 d 1980

represented almost 25% of the total increase although its relative share of
production in the late 1970s was only 13% In the case of the other food
grain items the relative contributions to the increase in total production
during the period were around 7% for maize and about 6% for other
cereals and pulses combined

About three fourths of the growth of food grain production in the
region during 1961 80 could be attributed to increases in crop yields and
one fourth to area expansion The major contribution of crop yields to
production growth was especially evident in paddy and wheat Area
expansion contributed more than the growth of crop yield in maze Crop
yield was the major source of growth of total foad grain production in
Burma India Indonesia and the Philippines Growth of food grain
production in Thailland Sn Lanka and the Pacific Islands was due more
to area expansion than to improvements in yield In Bangladesh and
Malaysia the contributions of crop yield and area to increased production
were nearly equal

Maize sorghum and millets These upland crops with potential use 1n
amumal feed are of special interest 1n relation to cassava The average
production of maize which 1s widely grown in tropical Asia increased
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from 10 1 million tons in the early 1960s to 15 9 million tons in the late
1970s (Table 9) India accounted for roughly 40% of the output during the
later period followed by Indonesia with 20% The Phiippines and
Thailand were the other two major maize growing countries with a share
of 17 18¢; each The rapid expansion of maize production in Thailand at
an average rate exceeding 8 5% (Table 10) was entirely due to area
expansion Like cassava the yield of maize in Thailand declined as
cultivation was extended to marginal fands Simailarly the majorcontribu

tion to production growth in India came from increases 1n area (799%) as
maize yields rose by less than 5% per year over the 1961 80 period The
overall 3% average growth rate in maize production in tropical Asia (to
which area expansion contributed about 60%) was generated by 1ncreased
demand for animal feed in the remon except in India and Indonesia and

in the particular case of Thailand by the fast growth of maize exports

Of the 12 millien tons of sorghum produced annually in tropical Asia
during 1976 80 98% was produced 1n India (Table 9) Although small
quantities of the crop also are grown 1n Sn Lanka the Pacific Islands
Indochina and Thailand it was only in Thailand that average yearly
output exceeded 220 000 tons during 1976 80 Sorghum preduction in
tropical Asiaincreased at aslow | 5% annual rate (Table 10) This wasthe

Tbl 9 A eage nnulpodcton fm ¢gh m a dmullets (000 t)mtropical Asia
1961 65 and 1976-80
1961-65 1976 80
Ma Sogh m M llet Ma S ghm Mlets
B gld h 4 2
B m 58 53 82 53
H gK gand
Sgp
Id 4593 8 848 7728 6102 11 629 9539
Id h 492 577 24
1d 2 304 3 390
Mly 9 17
P f
Isl d i 1 5 5
Phlpp 1273 2950
SnL k 10 1 19 22 2 20
Th 1 d 816 47 2718 221
Trop alA a 10 660 8897 7 80D 15 865 11 881 9612

) A ag f1964 and 1965

Ky FAO Pr d ye book p 1975 1979 4 1980
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Tbl 10 An |Ig owthrat (%) ea dpod t fm gh m andm lletsin
tropi 1A 1961 80
A P oduct
M S ghm Mt Ma S ghm Mit
Bangi d h 568 002 557 546 [ 52 463
B rm 10t 138 260 056
H gK gand
Segp
I da 145 0 81 028 i85 153 133
I doch 135 693 078 707
Id a £ 61 130
Mal y 210 395
Pacf
I land 1126 10 1t 1497 1238
Phii pp 337 570
$n Lank 531 302 23 590 828 072
Thal d 8 66 18 76b 857 12 30b
T pcalAsa 182 081 026 312 153 132
) RI 1971 80
by R1 t 1964-80
5 FAQ Pr d y b kK p 1975 1979 41980

same growth rate for India which was the major producer Ailthough
sorghum yield improved at 2 4% 1n India the area under the crop declined
over the peniod particularly 1n the early 1960s

In the case of muillets tropical Asia produced an annual average of 9 6
million tons in 1976 80 most of which was again produced 1n India (Table
9) Burma and S Lanka also grew small quantities of millets As in the
case of sorghum the area under millets declined over the 1961 80 period
although at a slower rate (Table [0) The crop s production growth of | 3%
per annum was a little less than the growth of sorghum (1 5%)

China

Cassava In China cassava is grown primanly on the dryland slopes of
Guangdong province and the Guangx: Zhuang autonomous region Data
collected by Bruce Stone of the International Food Policy Research
Institute (IFPRI) indicate that 1n 1964 the cassava production did not
exceed 1 mullicn tens cultivated over an area of about 100 000 ha The
corresponding figure 1n 19801s estimated at 3 million tons from an area of
about 350 000 ha which would imply an average yield of 8 6 tons/ ha
(Stone feels that the FAO s estimate of 226 000 ha in 1980 is too low )
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Roots and tubers Avalable data on roots and tubers in the People s
Republic of China indicate an average annual production of 148 million
tons during 1976 80 from a harvest area of 11 2 million hectares This
would suggest a yield per hectare of 13 tons or about the average level
mentioned earhier for tropical Asia The annual production growth n
1961 80 averaged 3 1% which could be attributed wholly to increases in
yield since the area under tuber crops 1n the country showed an average
decline of about 0 4 9 per annum

Food grains During 1976 80 Chinese food grain production averaged
almost 270 million tons About half of the total production was paddy and
afifth was maize Millet and sorghum together represented only 5% other
grains mostly wheat made up the rest of the country s grain production
Assembled time senies data suggest that food grain production in China
expanded at an average rate of over 4% per annum duning the 1961 80
period resulting in a near doubling of the production between 1961-65 and
1976 80 (The early 1960s were years of exceedingly low output levels in
China consequently production growth measured from this imtial period
would tend to be somewhat exaggerated ) Increases 1n the production of
paddy the principal food gramn in China determined the rate of
production growth Between the early 1960s and the late 1970s the
production of maize doubled but growth of sorghum production was very
slow and that of millet stagnant

Trends in Utilization
Cassava

About a third of the annual production of 38 million tons of cassava in
tropical Asia during 1976 80 was exported Of the balance nearly four
fifths was consumed as food directly or 1n processed form Feed use
representied nearly 3% with the remaining balance being equally divided
into other uses and allowance for waste Among the individual countries
about 96% of the average production of 13 I milhon tons of cassava 1n
Thailand during 1976 80 was exported (Table 11) This left only half a
million tons for domestic use which was utilized wholly for food The
FAQ data do not show any domestic feed use of cassava in Thailand
Burma Sn Lanka or India(Table 12) Nearly 20% of the domestic supply
15 used as feed in Malaysia but less than 109%1s used in the other countries
Utilization data for Sr1 Lanka show a large 30% allowance for wastage

Of the total food use of 20 million tons of cassavan the regron 409, was
consumed 1n Indonesia followed by 30% 1n India Indochina countries
and the Philippines consumed 22%, of the total Hong Kong and Singapore
imported about 100 000 tons of cassava in the form of starch and tapioca
pearl of which a little less than 60% was reported to be locally consumed
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1966-70 1976-80

P ducton Nettad 2 D m st P oduct on Net t aded Dom t
C uy Use
B m 11 2 13 22 0 22
Hong K g & S ngapore 3 -44 47 1 82 75
Id 4356 0 4355 6412 0 6412
Indoch 1012 0 1012 3332 0 3332
Indones 10946 621 10323 12662 1042 11619
Malays a 260 64 195 387 64 324
P f Ist d 151 0 151 182 0 182
Phlpp es 473 2 475 1759 3 1762
Sn L nk n S 376 591 0 591
Thal d 2615 2370 284 13102 12553 542
Top al A 20198 3002 17233 38451 13574 24863

Y N ¢ = prt mprn
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1966 70 1976 80
C ty F d F d W ot Oth F F d Wt Oth
B m 92 0 8 0 90 0 10 0
H gK g&S gp 25 6 2 67 68 5 2 25
1d 93 0] 7 0 93 0 7 0
[ dch B0 10 10 0 81 10 10 0
Id 68 2 10 2! 69 2 1 18
M1y 75 21 3 I 78 18 3 1
P Il d 7 8 15 0 77 8 15 0
Phlpp gl 6 0 12 90 6 0 4
SnL k 70 0 30 0 70 0 30 0
Th 1 d 99 Q 0 i 100 0 0 0
T p LA 76 2 9 13 9 3 9 9
)1 1d pl gm 4 fd
5 FAOS pph | p 198}
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Domestic use of cassava 1n tropical Asia increased from 17 million tons
in the early 1960s to 25 million tons in the late 1970s (Table 11) indicating
an average growth rate of 3 7% a year Relative to total production the use
of cassava directly as food declined from 65% during 1966 70 1o 50% in
1576 B0 as cassava exports increased from 15% to 35% over the same
period The domestic use of cassava for feed exhibited the most rapid
growth of over 7% nearly double that of the overall growth of total
domestic utihzation Nearly half of the food use was 1n the form of roots
and the other half in the form of starch or tapioca pearl

Most of cassava exports were in the form of dried cassava or pellets from
Thailand and Indonesia The average yearly exporis of cassava flour
starch and tapioca during 1976 80 totaled 630 000 tons of fresh root
equivalent mainly from Thailand and Malaysia this represented adecline
from the late 1960s when the level of exports of these commodities was
nearly 900 000 tons During 1966 70 Indonesia exported 74 000 tons of
cassava starch but this dropped to 20 000 tons 1n the late 1970s

Cassava imports by countries in tropical Asia increased about 100 000
tons over the referenced period (Table 13) Hong Kong and Singapore
imported about 99 000 tons in the late 1970s part of which was re
exported Cassava imports by Hong Kong were 1n the form of tapioca
while those by Singapore were starch Indonesia also imported 62 000 tons
of cassava mainly in the form of starch

Table 11 shows that the ratio of the total domestic utihization of cassava
to1ts production in tropical Asia decreased from 85% in the early 1960s to
65% 1n the 1970s This deciine indicates that the ratio of net exports to total
production rose from 15% to 35% during the period Net exports as a
percentage of total production in Indonesia increased marginally from
57% 1o 8 20; in Malaysia this proportion declhines from 25% to 16%
indicating expanded domestic use of cassava in that country

Roots and tubers

Of the average production of 58 milhon tons of roots and tubers n
tropical Asia during 1976 80 44 mullion tons nearly three fourths was
utihzed domestically (Table 14) The balance of 14 million tons (largely
cassava) represented net exports and changes n stocks As indicated
earlier more than half of the region s consumption of roots and tubers was
cassava followed by potatoes with 249 and sweet potatoes with 8%
Other roots and tubers accounted for less than 3%

The distnibution of the domestic use of roots and tubers was 78% for
food and 9% for seed and other uses (Table 15) Feed use of these
commodities as a group was only 2% about 109 was reported as waste
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Tbl 13 A geann | prt d mportsofcassa (0001) topcal A 1966-70

and 1976-80
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Thi 14 A g ann Id mesti e f ootsandt brs dfo dgr in (000t)int p |
Asia 1966-70 and 1976-80

1966-70 1976-80
R t & F d R 15& F d
t be g a t bers ga
Bangiad h 1 459 18117 980 21 896
Bm 59 739 93 10191
H gK g d
S gapore 159 1 281 228 1770
Id 10 108 112 207 16 665 146 422
I doch 2239 14 45] 5862 15 241
1d 13 813 20 258 14 308 31 510
Malays 273 2 364 408 3490
Pacf | land 1 009 145 i236 237
Phlpp [334 6879 2953 10 658
S Lank 482 2193 774 2741
Thala d 548 11 520 886 14 747
T palA 3] 483 196 854 44 393 258 903
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As Table 14 shows the two single largest consumers of root and tuber
crops in tropical Asia are India (389%) and Indongsia (32%) Data for the
1976 80 period 1ndicate that 8i% of the total consumption of these
commodities in India was for food while in Indonesia this percentage was
73% (Table 15) Inthe Philippines 899 of the total domestic consumption
of roots and tubers was for food Potatoes composed half of the root and
tuber consumption in India and in Indonesia cassava was the main root
and tuber crop consumed Cassava accounted for 609 of the domestic use
of roots and tubers in the Philhpines

Between 1966 70 and 1976 80 domestic use of roots and tubers in
tropical Asia increased at 3 5% per annum  a shghtly lower rate than that
for cassava Potato consumption showed the most rapid growth at an
average rate of 7 26; while sweet potatoes exhibited a very slow growth
rate of less than 19 per annum The growth rate of feed use at 6 2% per
annum was much higher than that of food use which expanded at a rate of
3 6% per annum

The annual increase n the consumption of roots and tubers was about
5% forindia roughly half of the rapid increase of 10% found in Indochina
Consistent with the stow growth in the production of roots and tubers in
Indonesia consumption growth was also stagnant 1n this country between
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the late 1960s and 1970s Domestic consumption of potatoes doubled 1n
India over this period In the Phihppines the rapid growth in the
consumption of total roots and tubers more than 8% per annum between
1966 70 and 1976 80 was largely due to cassava The only decrease in
consumption during this perniod was in Bangladesh where the domestic use
dropped from 15 million tons to 10 million tons an average annual decline
of about 4%,

Food grains

Paddy wheat and maize are the principal components of food grain
consumption in tropical Asia Paddy the main staple food of the region
represents the bulk of consumption in most of these countries especiallyin
Bangladesh Burma and Thailland A significant portion of wheat
consumption 1n tropical Asia is imported and supplements the amount
produced in Bangladesh Burma and Ind:ia which are partly in the
temperate zone Maize whichi1sconsumed inthe region both directly for
food and as amimal feed represents a sigmificant portion of the domestic
utilization of food gratns in Hong Kong the Phulippines Singapore and
Taiwan

The average annual consumption of food grains in tropical Asia rose
from 197 million tons 1n the late 1960s to 259 million tons during the late
1970s representing a growth rate of 2 87 a year between these periods
Growth of food grain consumption was particularly rapid in Indonesia
Malaysia the Pacific Islands and the Philippines where average annual
increases of 4% or more occurred from 1966 70 to 1976 80 Fairly rapid
increases 1n domestic utilization exceeding 3% annualiy were achieved 1n
Burma Hong Kong and Singapore The slowest growth rate 1n foad grain
consumption was registered by the Indochina countries at only 5% per
year India where total domestic use rose at 2 7% per year during this
period accounted for about 57% of the total food grain consumption 1n
tropical Asia duning the late 1970s (Table 14)

About 65% of the food grains 1n tropical Asia during 1976 80 was
consumed directly as food 99 was used for amimal feed and the remaining
26% went to other uses such as seed and waste allowance (Table 16) Feed
use of grains was highest in Hong Kong and Singapore at 45 1t was also
high at 27%1n Malaysia 16% n Thailand and 15%n the Plippines The
proportion of grain used as feed was higher for maize and other non rice
cereals in all countries except India Infact the feed use of these grains was
even higher than their food use in Hong Kong Singapore and Malaysia
The percentages of food and feed uses of maize and other non rice cereals
were almost equal in Thailand and the Pacific [slands In all othernon nice
countnes major utithization of these grains was as a food source
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TH 16 Dtbt fttldm t (k) ff dg t p 1A 196670 d
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Th 1 d 49 s 36 43 16 36
T p LA 66 8 2 65 9 26
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Between 1966 70 and 1976 80 feed use of all food grains taken
collectively in tropical Asia increased at a rate half a percent hugher than
their direct use as food Utihzation of food grains for amimal feed exceeded
5% per annum 1n Hong Kong Singapore Malaysia the Philippines and
Indonesia However with respect to maize and other non nice cereals feed
use rose twice as rapidly as food use Their use for feed increased at a very
rapid annual rate of 9% 1n Malaysia and 10% 1n Thailand the Philippines
also recorded a rapid increase of 6 5%

China

The primary use of cassava 1n China appears (o be for animal feed
espectally in hog production In some poor communes where cassava is
grown it 1s consumed by the population as a staple food In addition
China also exports cassava to the EEC and there is evidence that these
exports alone formed about a third of production in 1980

Available consumpuion data for China suggest that of the average 230
milhon tons of food grains consumed each year during the 1977 80 period
43% was paddy nearly one fourth was wheat and about a third was
accounted for by other food grains Direct food use represented the bulk of
the total domestic use of food grains in the country about 109% went to feed
and other uses including seed waste and non food purposes
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Conclusions and Imphications

Cassava production 1n tropical Asia increased rapidly during the last
two decades largely due to the rapid growth rate in Thailand in response to
the import demand by the EEC for cassava as anunal feed More than half
of this growth output was achieved through increases in area

Prospects for cassava production in the immediate future are not
encouraging 1mport demands for cassava by the EEC are expected to
dechne considerably as a result of the quota agreement between the
Community and Thailand The other major market for cassava is in direct
human consumption essentially in tropical developing countries But the
growthin direct food demand also appears to be slowingdown the income
elasticity of demand for cassava 1n many developing countnes 15 low
declimng and 1n several of these countries already negative Further
more expansion of cassava starch utilization faces problems of compets
tion from substitutes

However there 1s reason to believe that the long run future of cassava
can umprove With increases 1n per capita incomes the demand for
livestock products is growing at a rapid rate in Asia and other developing
countries Evidence suggests that the derived demand for livestock feed 1s
expanding at an even faster rate principally due to growth in poultry and
hog production where modern techmques have become more feed
ntensive Consequently maize and sorghum imports into Asia for animal
feed have increased rapidly in recent years Provided prices are competi
tive therc may be a considerable potential for cassava (with supplements
of soymeal or groundnut cake} as a substitute for maize and sorghumin the
domestic manufacture of hivestock feed 1n East and Southeast Asia 1f this
can be accomplished the demand for cassava will expand significantly

Since the crop s cultivated 1n poor soils where few other crops can be
grown stimulating cassava production will help to improve the socio
economic conditions of the population in these areas as has been
expenenced 1n the northeastern parts of Thailland However urgent steps
are necessary to lind alternative demands for this crop 1n order to mitigate
the hardship that will result from the expected decline in import demands
by the EEC for Thai cassava products

The cassava yields in several countries of tropical Asia are presently low
There 1s also a large untapped genetic potential which can be exploited to
make cheaper calones available per hectare through the adoption of
improved technology Improvement in yields and a decline 1n unit costs
and prices will have large nutritional and income implications for the
vulnerable sections of the population for whom cassava 15 a major staple
food
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Increases in the future demand for cassava as feed will apart from
relative prices depend on the supply of maize and sorghum which are the
major food grains used for ammal feed As shown in this paper the
production of food grains as a group in tropical Asia has expanded at a
fairly rapid average rate of 2 7% per annum during the past two decades
maize production in particular increased at an even faster rate of more
than 3% 1n response to nsing feed demand The production of sorghum
increased at a relatively slower annualrate of 1 563 Prehimmary findings o
an IFPRI1study of the future food grain supply/ demand situation in Asian
countries (excluding China) suggest a deficit of food grains as a whole in
the year 2000

In light of these imphications there appears to be an urgent need for
more 1n depth studies leading to a research and development program
aimed at improved yields and increased use of cassava in tropical Asia
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Prospects for Cassava in the World Economy
in the Year 2000

Delane E Welsch

Introduction

The analysis of world cassava prospects presenied here includes
developing countnies as producers and consumers of cassava products
and developed countries as consumers of raw materials derivable from
cassava products Prospects for cassava trade and sugpgested policy
directions for producing countries are also included

The style of the analysis 15 speculative Papers 1n this workshop by
Sarma and Paulino Nelson Lynam and others present solid analyses of
the past and present situations of cassava regionally and worldwide Based
upon an understanding gained from that work some basic assumptions
about the state of the world between now and the year 2000 are presented
followed by speculations on how economic forces will shape the cassava
industry by that time

Assumptions
Political

A basic assumption 1s that there will not be a world war nor a nuclear
conflagration between now and 2000 There may be regional conflicts and
civil wars but these will not sigmificantly affect world trade or energy
supplies Only a very small increase 1n real prices of energy 1s expected

Of more direct relevance to cassava 1115 assumed that the domestic and
international political significance of the European Economic Community
(EEC) 15 too great to come apart because of the Common Agricultural
Policy (CAP) Therefore the CAP will be modified in anevelutionary and
consensual manner until it reaches fiscal viability The modified CAP will

DI EWIh pf fgnl 1 m dA gA D f1 1
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have essentially the same structure as now but the levels of protection will
be somewhat less bringing internal grain prices down relative to but stili
above world grain prices Cassava imports will be permitted at the 7 10
mullion ton level or 15 20% of non feed grain ingredients which in turn
will remain at about one third of compound feed ingredients

Trade barrters in general both tanff and non tanff will remain at about
the same levels and affect the same commeodities in 2000 as they do now

Scientific

Another assumption is that there will not be any major biotechnological
or genetic engineering breakthroughs that radically alter the species and
cultivars which the world s farmers now use (This 1s probably the least
realistic assumption of the lot ) Nor will there be any major scientific
breakthroughs from conventional agricultural research systems In other
words 1t1s assumed that there will not be another green revolution in the
next 16 years This does not rule out a steady output of new technology in
agriculture enabling a steady increase 1n agricultural productivity 1f prices
are conducive to adoption

Demand

Income elasticities of demand for cassava in developing countries are
on the whole low decliming and in some cases becoming negative But
within the specific subgroup of low income people 1n cassava producing
countnies the income elasticity of demand for cassava 1s quite high It 1s
assumed that these elasticities will remain about the same to the year 2000

The demand for livestock products 1s growing steadily worldwide It1s
growing more rapidy 1n tropical developing countries especially those
without the potential for major increases in domestic maize production
The denved demand for hivestock feed 1s growing more rapidly than the
growth in demand for livestock products because the growth in livestock
production has triggered the generation and adoption of new technology
which 1s based on modern feeding practices that rely heavily on compound
feeds This 1s more prevalent tn swine and poultry production with beef
production tending to remain mostly the culling of draft amimals and
grass fed slaughter amimals Dairy production while expanding in the
tropical developing countries has a very low base from which toexpand It
1s assumed that these situations and trends will continue to 2000

Resources

The final assumption 1s that no major new cassava areas will come 1nto
production during the next 16 years This means no new major production
expansions such as occurred 1n Thailand 1n the 1970s
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Cassava n 2000

Africa

Sub Saharan Afnica currently plants more than one half of the world s
cassava area but because of low yields 1t produces less than 409 of world
output Nigeria and Zaire are two of the largest cassava producing
countries in the world (the others are Thailand Brazil and Indonesia)
There are conflicting views about the nature of productionin Africa Some
call 1t mainly subsistence with plantings 1n backyard gardens and
consumption 1n the fresh form But Lynam (1984) points out the extensive
trade 1n processed cassava in Nigeria and Ghana where 1t 1s an emerging
staple food for low 1ncome groups 1n urban areas

The cassava industry in Africa will probably operate in 2000 preity
much as 1t operates today namely producing cheap food for low income
people Production will expand substantially to meet demand from low
income rural and urban groups both of which will grow rapidly during the
next 16 years Given the projected gap between food supplies and needs in
Africa by 2000 (Paulino 1984) cassavaconsumptionis likely to expand to
groups not now eating cassava but whose incomes are dechning due to
armed conflict drought and economic dislocation There may be small
amounts of starch production in those countries whose industnal sectors
develop sufficiently to generate a demand for industrial starch Production
wili be forthcoming by bringing more marginal lands under cultivation by
shortening the rotation 1n bush fallow systems and by substituting
cassava for low yielding cereal crops There will be little or no increase 1n
yield per hectare There s little outlook other than a pessimistic one for the
population food and political situations in Africa for the next 16 years

Latin America

The Americas produce about one quarter of the world s cassava output
with Brazil accounting for about 80% of that amount Consumption 15
pnmarily by low income groups with moderate amounts going to
livestock feed starch and alcohol production

Alcohol production from cassava will probably not be important by the
year 2000 in fact it will be surprising if any cassava based alcohol plants
are still in operation then Sizable numbers of low income people will
continue to consume cassava as astaple It1s possible that production and
consumption may spread to low income groups in countries not now
major cassava producers The growth 1n use of cassava for livestock feed 1n
Latin America s uncertain If low cost and effective drying technology can
be developed and if root prices can decline sufficiently to make cassava
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noticeably cheaper than imported feed grains yet mgh enough to generate
a production response then it 1s conceivable that the livestock compound
feed industry may be a strong growth factor in the Latin American cassava
industry 1n the year 2000

Asia and the Pacific

Thailand Indonesia and India dominate the cassava picture 1n Asia and
the Pacific The cassava industry 1s quite different 1n each of the three

Thailand may be the world s largest cassava producer accounting for
one half of the cassava produced 1n Asia yet practically none 1s consumed
directly as human food It 1s by far the largest exporter in the world of
cassava products for hvestock feeds yet practically none 1s fed to Thai
domestic ammals Thailand exports about one half of the world trade 1n
cassava starch and aliso uses a considerable amount of starch domes
tically

Cassava 15 a staple food 1n Indonesia and has considerable potential 1in
government food secunty strategies Indonesia also exports some cassava
for animal feed and produces considerable starch

Cassava1s mainly produced in two states in India In Kerala cassavaisa
staple food for large numbers of low income people whereas starch and
tapioca pearl are the major end uses for cassava produced 1n the western
part of Tamil Nadu

China has entered the world cassava picture only recently After small
export valumes to the EEC 1n 1979 exports jumped to 300 000 tons each
year from 1980 1982 The Phulippines with minor production for livestock
feed and Papua New Guinea are the other major participants in the Asian
cassava industry

What happens in Asia between now and 2000 depends a great deal on
what happens in the EEC The EEC appears to be attempting to steadily
reduce the amount of cassava imports from Thailand while encouraging
cassava imports from other countries in the region Examples of this are
the encouragement to the Chinese to boost thewr exports from 300 000 tons
to 1 milhion tons and the lack of any specific attempt to reduce imports of
other non grain feed ingredients such as corn gluten feed and citrus pulp
fromthe US A

Further destabihzing the Thai cassava industry have been Thai govern
ment policies and procedures designed to ration the reduced EEC quotas
among That exporters Instead of collecting the economic rent resulting
from the EEC quota and using 1t to benefit farmers or promote the
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industry the Thai government has nstead followed procedures which
have pushed costs up without gain Lo anyone

Possible scenarios

The prospects for cassava are considered under four alternative
scenanos (1) acomplete halt to EEC cassavaimports (2) the requirement
for cassava to pay the same import duty 4s maize on an equivalent energy
basis (3) the hfting of current restrictions on tmports from Thailand and
(4) something in between (akin to the current situation)

In scenario (1) the price of fresh roots chips and pellets in Thailand
would drop until production ceased or alternative uses cleared the market
If current prices (0 70 to 0 80 baht/ kg for fresh roots) bring forth about 6
million tons of peliet production per year then as prices declined so would
output until at about 035 baht/kg nearly all farmers would stop
production The price at which production ceases could be as low as 0 25
baht/ kg at aprice of 0 40-0 50 baht/kg probably as much as 4 to 5 milhion
tons of pellets would be forthcoming

The implications of the supply curve just described are startling First 1t
would make cassava fully competitive with maize as a livestock feed over
the long run and much cheaper than maize at current prices Second 1t
would make cassava starch (unmodified) fully competitive with (and
currently cheaper than) maize starch Jones (1983) concludes that price
competitiveness 1s the key to re penetrating old markets that have shifted
from cassava to maize (U S A) and keeping new markets (the newly
industnalizing countnies) from building their own maize starch plants In
summary scenario {1) brings us to 2000 with an active cassava industry in
Thailand cassava in Thai livestock rations up to the nutntional himit
greatly expanded Thai cassava starch exports and Thai compound
fivestock feed exports The Philippines and Malaysia will have gone out of
cassava production and will import their ammal feed and starch needs
from Thailland

Scenano (2) will result in much the same end result as scenario (1)
except at shghtiy higher prices as the price of cassava relative to maize and
protemn supplements {inds its equilibrium D J Leuck {personal commumn
cation) estimates that the cassava pellet price in Europe if brought under
the variable levy system would have to drop 52% 439% and 40% from 1980
averages to remawn 1n dairy broiler and hog compound feed rations
respectively at 1980 average levels He calculates that a 409% decline 1n
cassava pellet price would translate to fresh root prices in Thailand of 400

USS100=23b h
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baht/ton in nominal terms or 279 baht/ton in real (198() prices and
doubts whether Thai production would be forthcomung at such low prices
My view s that substantial production would still be forthcoming at those
prices At the low prices implied by scenarios (1) and (2} Thailand would
be either the oniy suppher or the major supphier with Brazil perhaps
contributing to exports to Europe

Scenanio (3) s as speculative as the first two In 1t EEC cassava use
jumps quickly to the 8 10 milhon ton level and thereafter grows at the
average rate of growth of compound feed use Thailand would remain the
major supphier with China Indonessa and Brazii being substantial
suppliers

Scenario (4) the current situation s actually more speculative than the
first three The actions of the EEC and the Thai government s response are
very destabilizing for the Thai cassava industry EEC actions of restricting
Thai exports while encouraging cassava exports from other countries
plus the 1985 expiration of current restrictions and no hint of pohcy 1n
1986 and beyond have added great uncertainty to the Thai industry A
further EEC caused frustration has been the periodic EEC complaint
about dust and insistence on a Thai shift to hard pellets However with 8
million tons of hard pellet processing capacity now installed in Thailand
Europe 1s now willing to pay for only about 40% of Thai exports in hard
pellet form and wants soft pellets for the remainder

Thai policy 1s destabilizing because the effect of basing export quotas on
stocks on hand on a certain date and then 1ssuing quotas for only about
20% of these stocks 15 to push exporting costs sharply upward Since Thai
cassava export prices are a function of EEC internal prices of cassava
substitutes (feed grains and other feed ingredients) and protein sup
plements (chiefly oilseed cakes) Thai exporters cannot pass these higher
costs on to European consumers Instead the effect 1s to lower fresh root
prices at the farm level Thus the patential economic rent resulting from
imposition of quotas which could have been captured by the Tha:
government hasinstead been dissipated into higher cost The effect onthe
system of a huge (80%) carryover of stocks from one exporting peniod to
the next 1s as of yet unknown but 1t 1s not likely to be beneficial

The Thar EEC relationship so clearly dominates the world trade in
cassava for livestock feed and cassava starch that any prediction of the
state and level of the world cassava industry 1s clearly dependent upon
which of the alternative scenanos discussed (or other possible scenanos)
prevails It 1s difficult to predict however 1t 1s doubtful that scenano (1)
will prevail In the short run Thai farmers would be better off with
scenario (3} Inthe long run the Thai economy would probably be better



P pitfC 000 49

off with scenario (2) as a techmically and economically efficient cassava
industry would hkely result {(assuming the Thai government would not
interfere 1n the industry 1n a detnimental way) This scenario would
however probably eliminate cassava export possibilities 1n most other
cassava producing countries 1n the region Scenano (4) the present
situation 15 undoubtedly the worst scenario that could prevail over the
next 16 years

Looking briefly at the other countriesin the region the cassava industry
in the Kerala state of India 1s not likely to be affected much by whatever
happens 1n the Thar EEC situation Cassava will continue to be an
important part of the diet of poor people and so the Indian government
through policies and programs affecting poor people will have the greatest
effect on the Kerala cassavaindustry The Tamil Nadu cassavaindustryn
India on the other hand 1s much more commercially oriented and 1ts
form n 2000 will depend partially on the level of world cassava prices and
partially on the Indian government s cassava import and export policy

Malaysia has recently announced a policy of de emphasis of cassava
production and has started forcibly halting cassava production by
squatters which 1s a major source of production If world cassava prices
decline as in scenarnios (1) and (2) then I would expect cassava production
in Malaysia to practically disappear and starch and animal feed needs to
be imported from Thailland If higher prices prevail then some cassava
production will ensue but Malaysia will still be a net importer of cassava
products in 2000

I see much the same picture for the Phihppines except that the
Philippines may have more land with very low opportunity costs and much
less restrictions on land use than Malaysia The Philippine government 1s
also promoting the cassava industry and more 1s being spent on research
If scenarios (1) or (2) prevail thenthe resulting low world prices will pretty
much drive cassava out The Philippines due to problems and costs of
interland transport will be able to import livestock feed from Thailand
more cheaply than producing st domestically Thus assertion 1gnores rural
employment and foreign exchange considerations which the Philippines
may find important

Speculation on cassava 1n China n 2000 1s difficult as there 15 not
enough infermation China clearly has the strength to do much in cassava
production Whether 1t does or not depends on many factors including
relative costs and how cassava export prices will be set
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Conclusions

The research policy implications of the foregoing speculations seem
clear Costs of production in any country in which the cassava industry 1s
linked directly to the world economy will have to come down In the Thai
case this means an approximately 30% (perhaps as high as 509%) reduction
in production costs Such a reduction will probably come about through a
substantial increase 1n yields Maintaiming a low input system is not
necessarily a requirement of the industry There 1s no doubt that the EEC
currently drives the Thai cassava engine but 1t 1s doubtful that this
situation will continue to the year 2000
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Cassava n the Agricultural Economy of Bangladesh

i
Kamal Uddin Ahmad

Introduction

In Bangladesh cassava has historically been considered a vegetable
under the name shimul alu (kapok potato) Cassavas nutritional com
mercial and other values however are either unknown or underestimated
Its total production 1s so low that 1t has yet to find a place 1n the annual
official production figures of crops Unofficial estimates put the produc
tion at about 5 000 tons/yr

Cassava 1s grown in upland areas mainly by Garo tribal people and their
nontribal neighbors 1n the former districts of Mymensingh Tangail and
Sylhet It 1s used as a vegetable often to go with daal (a pulse) but it 1s
never used as a replacement for rice Some voluntary orgamizations
including the Swedish Free Mission 1n Rajshahi and Kushtia World
Vision at Demra Dhaka RDRS in Rangpur and NCCB 1n Barisal are
said to have had some cassava projects (Fuller 1980) In Rajanahi and
Kushtia cassavais used to a large extent in sericulture It s also used as a
fence around gardens where the roots are harvested once a year and young
leaves are consumed as a protein rich vegetable Cassava 15 sometimes
considered to be a type of hunger bank for poor people as 1t 1s a source of
carbohydrates during periods of food shortages

History

After years of neglect by both researchers and extensiomsts reports of
cassava s successful development in other countries encouraged the
Division of Horticulture of the Bangladesh Agricultural Research Institute
(BARI) to review cassava s prospects Cassavas advantages of being a
backyard plant producing starchy roots that can be picked as needed

Kam 1Udd Ahm d m mb anddre (C p dF y) fh B glad hAg 1 al
R sear hC I Dh ka, Banglad h



52 C a Aa

during its 2 3 year (or more) life span (Ahmad 1970) prompted an
evaluation of cassava cultivars from Indonesia The results of this
evaluation showed that annual average yvields of 22 5 tons/ ha could be
attained (Ahmad 1974) Its use in home consumption as a vegetable served
with fish curry and its potential for starch extraction also created some
awareness of cassava s potential as a second line alternative food pohcy
(Ahmad 1973)

As the population continued to grow and chronic food shortages
persisted wheat an imported food grain was introduced to supplement
rice the locally produced food grain With the rapid incorporation of
wheat nto the local diet domestic wheat production was considered
Wheat was already being grown as a minor crop 1n the northwest region
during the winter season with low yielding varieties The introduction of
high yielding varieties and the joint cfforts of research and extension
programs brought about a phenomenal increase in wheat production The
level rose from a mere 100 000 tons to more than ! million tons from 1975
to [983 Similarly Insh potato production which was only 200 000 tons in
1955 was boosted by the estabiishment of a Potato Research Centre a
seed importation and multiplication program and various promotional
activities including cold storage facilities with a capacity of 250 000 tons
by 1984 These activities raised potato production to nearly | 2 million
tons 1in 1984

With the emergence of wheat and potatoes as the second and third most
umportant staple food crops cassava was nearly forgotten Only a few
efforts were continued by one or two private individuals and the
Bangladesh Council of Scientific and Industrial Research

Research and Development

Recent experiments by the Division of Horticulture BARI involving
varietal trials with local and exotic material (Rashid 1982 and 1983) were
undertaken at BARI headquarters 1n Joydebpur and at the Bangladesh
Agricultural University in Mymensingh Cassava yields ranged between 22
and 25 tonsjha in 1982 and more than 30 tons in 1983 Some leading
varieties/ lines were local C0I2 CO1l C004 and exotic Gemjapau and
Bogor Postharvest analysis showed a range of hydrogen cyanide (HCN)
content between 47 ana 291 mg/ kg with the local C004 having the lowest
HCN content and Genjapatt having the highest Local varieties grown
under local conditions appeared to have very low HCN contents (Fuller
1980) Various characteristics among the different varieties had the
following ranges
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Dry matter 36 741 7%
Ash 0812%
Crude protein 0514%
Starch 299 35 5%
Carotene 9 183 mg/100 g
Vitamin C 36 55 mg/ 100 g

Although some agronomical and propagational studies are being con
ducted research of the kind and dimension that 1s usually needed for the
development of a crop has not been carried out

Prospects and Problems

In Bangladesh rootcrops are treated more as vegetables than as staples
Cassava s main appeal then lies in 1ts use as a vegetable Its richness in
certain nuinients such as vitamun C and minerals and its dry matter
calories and fiber make 1t a good addition 1o fish curnes and vegetable
mixtures A farmer who grows cassava on his homestead can feel secure
about his vegetable supply duning the leanest vegetable season of
September December (Table 1)

Among roots and tubers of the tropics (namely cassava yam sweet
potato white potato and aroids) cassava has the highest caloric value
(153 cal/ 100 g of edible portion) and the lighest caloric yield (11 6 million
cal/ha) although it ranks fourth in terms of million cal/ha/month (Booth
1974} Although cassava has a high proportion of carbohydrates calcium
and vitamun C per unit quantity 1t is deficient in other vitamuns and 1n
protein It 1s also highly perishable after harvest the inability to store
cassava presents serious problems in the marketing and utilization of the
crop resulting in extremely heavy but unrecorded losses (Booth 1974)

Cassava historically has had imited imporiance in the Bangladesh diet
and 1t would probably be difficult to gain acceptance of 1t as a major staple
food It currently ranks sixth among carbohydrate staples while maize 1s
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gradually emerging as a food crop of major importance next to rice wheat
white potatoes and sweel potatoes

The use of cassava as a major staple 1s not without precedent It 1s mainly
a backyard subsistence crop in Africa consumed both in fresh and
processed forms by low income people In Brazil cassava s also a staple
food mainly among the poor and 1t serves a similar purpose in Indonesia
and 1n Kerala India Indias attempt to produce cassava as food for the
poor by using relauvely high yielding varieties which depend upon
intensive cultural practices ferulizer use and parual irngation may be
worth emulating by Bangladesh but not at the cost of other crops that
would produce better yields 1n terms of cal/unit area/time

The cattle and pouitry situation 1n Bangladesh is one of the worst 1n the
world largely because of the dearth of ammal feed both the homestead/
household and commercial ammal production enterprises are 1n dire need
of feed Dried cassava could alleviate this scarcity although 1t competes
with maize in this respect In Thailand and Indonesia dried cassava is
considered to be quite competitive with maize (Cassava wholesale
prices are about US $90/ton and maize prices are between US $120 and
$150/1on

It 1s worth investigating the possibility of producing dry cassava for
about US $0 10/ kg which would make it competitive In Bangladesh this
1s a feasible proposition because of cheap labor relatively low production
costs and processing with solar drying

Cassava can additionally be used in starch manufacturing Bangladesh
annually imports about 20 060 tons of starch for use 1n its textile and jute
mills One or two small starch manufacturing units are presently based on
root crops such as potatoes Cassava could serve as a filler enabling the
plant to run for longer periods of time than 1t could by depending on
potatoes alone Since cassava has an indeterminate harvest period 1t has
the advantage of being available at any time of the year It would not have
to be stored so it would not incur the cost of cold storage as s the case
with potatoes

In Bangladesh cassava starch also has potential use in the manufac
turing of paper textiles and monosodium glutamate in various food
industries and even in plywood making Thailand s monosoedium glu
tamate producuon and food and paper industries which together consume
more than 150 000 tons of 1ts own starch can serve as an example to
Bangladesh Instead of importingstarch 1t can produce its own from crops
like maize and cassava
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Production Costs

Because production costs of cassava are relatively low compared to
many other crops which require higher investments inputs and man
agement 1t can be considered a source of low-cost calorie production
Moreover for a country like Bangladesh where the size of the farm 1s very
small a crop must give maximum yields 1n a mimimum peried of time
Table 2 shows approximate production costs and returns for some
commonly grown crops Cassava may be cheaper to grow per calorie but
money made from potato production 1s invested and earned in only
one third of the time taken by cassava Nevertheless cassava is usually
grown under more marginal upland conditions which makes the time
dimension somewhat spurious

Conclusions

Although cassavais animportant food staple in many parts of the world
because of 1ts nutnitive values and uses in other areas such as ammmai feed
production and starch manufacturing 1t may take some time before 1t
becomes a major food staple in Bangladesh

Upland areas suitable for cassava production must remain above flood
level during the year There are two such areas in Bangladesh One 1s
located 1in the low rainfall areas of the west where fruit tree growing 1s
important The other region 1s 1o the east and is characterized by hilly
terrain and high precipitation from June through October This region 1s
subject to extensive erosion In the west cassava s likely to find a place as
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an intercrop tn the fruit orchards and in the east cassava production can
be accomplished only with effective soil censervation techmques

It 1s important to note that Bangladesh 1s 1n great need of animal feed
that it imports all of 1ts starch needs and that 1t expenences vegetable
shortages Therefore cassava s potential cannot be summarily overlooked
With higher yielding varieties and the use of inputs like fertihzer and
irrigation systems the yield might be raised to the levels of Tamil Nadu in
India Such a high production level per umt area could benefit a country
like Bangladesh which has an extremely small per capita land area
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Cassava in the Agricultural Economy of China

Lt Fatao
Lin Xiong
Tang Xuecheng

Introduction

Cassava was introduced mnto China from Southeast Asia in 1820 and
thus has a cultivation history of more than 160 years The book
Agronomy Series published 1n 1900 1n China gives detailed descriptions
of cassava morphology characteristics so1l management planting me
thods conservation of stem cuttings flour making and economic benefits
Presently cassava 1s an important starch and feed crop known as an
underground barn

Agro chmatic Zones

Cassava growing regions in China can be classified into three types
according to their ecological characternistics

1 Majorgrowing region This includes the tropical and subtropical areas
south of the Tropic of Cancer mainly the southern part of Guang
dong Guangxi and Yunnan The growing arean this region 1s about
300 000 ha or about 85 90% of Chinas total cassava area

2 Region for expansion This includes the area north of the Tropic of
Cancer and south of 30°N Although 1t 1s the region with the highest
potential for cassava development the present cultivated area 1s
Iimited to 10 15% of the total area

3 Regionfortest planting This includes the area between 30t and 40°N
where early varieties can be tested but commercial cultivation has not
yet been attempted
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Production

In general cassava production it China does not compete with other
major crops for good land It 15 grown on barren hillsides and marginal
lands where cultivation 1s usually done sporadically by local people Under
these conditions yiwclds are low due 1n part to inadequate management In
1983 the total area under cassava was about 400 000 ha and the average
fresh root yield was about 8 2 tons/ha Presently China harvests over 3
million tons of fresh roots annually or the equivalent of about 1 2 mullion
tons of dry chips The produce 1s mostly used as animal feed Recently
China has been exporting 500 000 tons of dry cassava chips and about
20 000 tons of cassava starch annually

According to the current selling price of cassava in China the gross
return on a hectare averages about 750 900 yuan * providing a net return
to the farmer of 150 300 yuan per hectare annually When processed into
starch fructosesweetener or monosodium glutamate the value of cassava
increases to 1650-6870 yuan/ ha with the net return increasing to 750 3000
yuan/ha

Nevertheless few additional uses have been developed for cassava Its
uses 1n other processing industries such as processed food sugar
pharmaceuticals papermaking and textiles have been imited Attention
currentiy is focused on finding more diverse uses for cassava Forexample
research on the use of cassava starch for glucose and fructose production
and on the use of fermented cassava for high protein preparations has
begun Some progress has been made 1n these fields

Cropping Systems

Research to expand cassava production and increase productivity hasto
date focused on improved crop management practices Areas that show
promise are briefly described below

Intercropping

Rural people usually intercrop groundnuts beans or green manure
crops between the rows of cassava plants or interplant cassava between
the rows of young forest trees and frunt trees so as to make full use of
sunhght water and soil resources When intercropped with cassava

USSIO0=2y an
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groundnuts and beans normally yield 750 900 kg/ha and 450 750 kg/ha
per annum respectively Groundnuts are usually used as an intercrop
under better so1l conditions the first half of the year and jute or other crops
in the second In this case three crops can be reaped annually not only
raising economic benefits but also conserving water and maintaimng soil
fertility Investigations showed that intercropping cassava with forest trees
could improve soil aeration and promote tree growth so that their survival
rate 15 over 909 and the immature period 1s curtailed by 2to 3 years When
the trees are felled in 15 years cassava can be interplanted again to give
economic returns while the young trees are growing Thus the goal of
promoting forestry with food production can be obtained

Close planting and proper thinmng

On and and infertile soils cassava can be planted at a density of 18 000
24 000 plants/ hectare In better so1l spacing of 10 500 12 000 plants/ hec
tarc has been tested Expeniments on the Xiyjiang state farm showed that if
scedlings are thinned to two per planting hole the root yield increases
between 28 6% 31% compared 1o the singie seedling practice

Plowing and ndging

Some experiments show that the best tilling depth for cassava s about
20 30 cm Production will decrease by 15 209 1f the depth s less than 20
cm Plowing the soil into ridges for plantuing helps increase ulling depth
particularly ininfertile and shallow soil areas A large scale experiment on
200 ha of the Xipangstate farm showed that the average yield of plots with
15 cm high ndges was only 12 tons/ha while that of plots with 25 30 ¢cm
high ndges could average 15 tons/ha 25% over the former In addition
contour rndging on hiily slopes helps prevent soil erosion

Bienmal cultivation

In China s subtropical area cassava i1s usually harvested 8 10 months
after planting The cold weather during the winter in this area reduces the
growing season and thus limts increased yields The yield however canbe
increased sigmificantly if bienmal cultivation 1s practiced with the stem cut
off 89 months after planting An experiment showed that cassava
harvested the same year it was planted produced 20 2 tons/ha of fresh
roots while cassava cultivated bienmally produced 33 2 tons/ha It 1s
believed that the starch content of bienmal cassava harvested in September
1s about 2% higher than that of the annually harvested plants Such a
system increases the efficiency of processing and rate of equipment use
Bignmal cultvation which needs culivating and manuring only once
during its growing period can also save labor and hence reduce production
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costs lt1s therefore considered a low input but high profit approach for
cassava production in subtropical China

Development Prospects

Land appropnate for cassava cultivation totals about [ 200 000 km?
occupying 129 of Chinas total area These areas constilute a major
production base for development of rainfed crops in the tropical and
subtropical regions Cassavais a high yielding drought resistant crop that
has played a remarkable rolein rainfed agriculture With the development
of transportation and more diverse uses of cassava products the cassava
industry will surely expand in China The first objective of cassava
development in China s to serve domestic markets Once this 1s realized
then the need to expand exports will be considered

Scientific research on cassava production is currently being undertaken
in China The Chinese government has appropriated special funds for
research on the multipurpose uses of cassava A number of complex
factories of considerable size will be established in Guangdong and
Guangxi to pave the way for the modernization of processing and
diversification of cassava utilization This wall give great impetus to the
development of the cassava industry However there are still several
constraints to future cassava development in China

1 Lack of improved vaneties Improved cassava varieties are scarce and
cultivars are few It 1s therefore highly important to devote resources
to the selection and breeding of planting materials so as to produce
superior lines suitable for different ecosystems

2  Solerosion Localfarmerstend to grow cassava on hilly [and butdue
to poor management there 1s severe soil erosion Effective measures
should be adopted to conserve water and check soil erosion i order to
conserve soul fertiity The main steps presently being taken are
planting cassava on terraced strips and intercropping cassava with
other crops using proper spacing

3 Inadequate processing and use of cassava Since products are not
widely marketed growers lose their enthusiasm for growing cassava
Thus processing and transportation should be improved to create
better condiuions for the marketing and utiization of cassava products
thereby increasing 1its production

4  Lack of systematic planning and techmical assistance Cassava produc
tion processing and marketing 1n most cassava growing areas 1s done
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with httle 1f any planning or technical assistance Cassava roots or
praducts often become overstocked with large postharvest losses due
to delayed transportation and marketing

5 Poorstorage of stemcuttings Cassava growing areas in China mostly
lie within the subtropical zone where cassava 1s usually harvested
before December Inthis case stem cuttings have to be stored over the
winter season If poorly kept they will suffer freeze injury Moreover
cuttings of the upper stems dry up readily due to their immaturnity This
creates a shortage of planting matenal the following year

Cassava development 1n China will continue to make use of marginal
lands It will be incorporated 1n an integrated development program of
agriculture forestry ammal husbandry and rural industry The size and
rate of development will depend on specific demands at home and abroad
Promoting cassava development will imtiaily focus on the improvement
and popularization of better varieties and the introduction and use of
advanced cultural techmiques to increase yields and prevent extensive
unplanned expansion of cultivated area Itis planned that by the year 2000
the total area under cassava in China will have increased to 500 000
600 000 ha the average yield will have increased to 10 5 12 tons/ha and
total production to 4 6 million tons/year Gradually the direction of
cassava development will be shifted from use as a subsistance crop to a
commodity crop This will require standardizing 1ts product quality
sptimizing the management of production and diversifying crop utih
Zation

Besides developing improved varieties the main task 1s to introduce
crop rotation and intercropping so as to give rise to a multiple cropping
system With multiple cropping maturity and harvesting times can be
planned to provide a continuous source of roots thus promoting cassava
commodity production Larger scale production will in turn facilitate the
development of better processing transportation and storage facilities
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Cassava n the Agricultural Economy of India

S R Subramaman

Introduction

Cassava has acquired worldwide recogmtion for its domestic and
industrial uses In India it 1s consumed as a staple as well as a food
supplement either directly or as dry chips Dry chips are powdered and
used for a traditional steam cooked breakfast dish called purtu Industnal
uses of cassava 1n India are mainly for sago (tapioca pearl) starch and
cattle feed Other industrial possibilities are for the production of alcohol
and glucose Cassavais not only flexible interms of uses butit also grows
under a wide range of agro-chimatic conditions These attributes along
with 1ts efficiency 1n producing carbohydrates have contributed to the
important role cassava plays in the economy of tropical countries

Area Production and Yield

With the advent of World War 1 and the cessation of imports to India
cassava became indispensable in overcoming serious food shortages and
1n the textiile industries as a starch source

The area planted te cassava in India makes up 2 3% of the world s
cassava area and 0 2% of Indias total cropped area In 1967 68 the
cassava area 1n India was 347 000 ha It steadily increased to 392 000 han
1975 76 and then slowly decreased to 310 000 ha n 1981 82 (Table 1)
Cassava production followed a similar pattern 4 6 milliontonsin 1967 68
increasing to 6 6 million tons in 1975 76 and thendecreasingto 5 6 million
tons in 1981 82 Cassava yields have slowly rnisen from 13 4 tons/ha 1n
1967 68 to 17 9 tons/ha 1n 1981 82 Thas yield 1s very low compared to the

SR 8 bam pf g 1t 1 m TmINd Ag 1 U ¥
C mb Td
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Tbl | Cssa area podct ody d 1d

Y A P dt Y

(000 h ) (000 1) {t/h)
1967 68 347 4643 1337
1968-69 358 4636 1291
1969 76 352 5214 1478
1970 71 353 5215 1477
1971 72 54 5938 1673
1972 73 363 6371 17 54
1973 74 367 6358 17 31
1974 75 387 6325 16 32
1975 76 92 6638 16 73
1976 77 385 6375 16 52
1977 78 358 5688 1587
1978 79 161 6052 16 74
1979 80 365 5952 16 30
1980 81 320 5868 1829
1981 82 310 5567 17 94
S Ag ! I fd V123 3BG m f1d NwDhl

yield of 78 tons/ha obtained under experimental conditions in South
Amernica It shows a vast potennial for improvement through genetic
upgrading of Indian vaneties

Estimated compound growth rates for the period 1967 1983 revealed
that the area under cassava decreased at a rate of ) 5% per year while
annual production increased at a rate of 0 99 This increase 1n production
was accomphished by an increase in yield registering a compound growth
rate of 4 3

Cassava 15 grown mainly in two southern states Kerala and Tamul
Nadu During 1981 82 these two states accounted for 91 69 of the area
under cassava in the country Of the two states Kerala alone contributed
77 9% of the area under cassava in India while the area in Tamil Nadu was
17 2% Both these states also witnessed an increase and then a decrease in
cassava arca

The productivity of the crop in Kerala increased from 14 1 tons/ha
during 1967 68 to 16 8 tons/ha 1n 1981 82 The increase was from 9 7
tons/hato 31 3 tons/haduring the above period in Tamil Nadu{Table 2)

The compound growth rates worked out for the period 1967 1982
showed that the cassava arca decreased at the rate of 0 8% per year in
Kerala while production decreased by 0 5% The slower decrease in
production was due to a marginal increase 1n productivity (growth rate of
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Tbhl 2 Cssa p dt dyeld K | d4TmINd

K | IrmiNd
A P d 1 Y ld A P d t Y Id
Y {000 h ) (000 ) {tth) (000 h ) {000 1) (/h)
1967 68 297 4198 14 10 a3 419 9 66
1968 69 296 4081 1375 42 400 951
1969 70 295 4665 15 78 43 513 179
1970 71 293 4671 1591 a7 566 1205
1971 72 299 5351 17 30 42 545 £2 82
1972 73 304 5692 18 67 50 629 1259
1973 74 306 5630 1837 51 644 1258
1974 75 317 5625 17 69 52 564 1072
1975 76 326 5390 16 48 50 1115 2127
1976 77 323 5125 1585 48 1128 2350
1977 78 2 5114 1584 52 1310 24 86
1978 79 289 4226 14 57 54 1682 EE
1979 80 290 4223 14 54 58 1591 2743
1980 81 243 4097 16 84 53 1539 28 87
1981 82 241 4073 16 84 42 1324 3132

S Ag ! ) fd v1in 8 (C m fld ™~ D hl

0 4%) In Tamil Nadu compound growth rates for area production and
yield during the above period were 1 495 11 5% and 10 0% respectively

In Tamil Nadu cassava 1s mainly grown in two districts Salem and
Kanyakumar: The area under cassavain Salem increased from 8 000 hain
1960 611025000 hain 1980 81 In Kanyakumar the areadecreased from
16 000 to 12 000 ha during th above period (Table 3) These two districts
together had about 709 of the area under cassava in Tamil Nadu and
about 12% of the area 1n India An interesting feature 1s the spectacular
increase 1n the productivity of cassava in Salem The compound growth
rates were 20 39 for area 13 3% for production and 1! 5% for yield The
corresponding figures for Kanyakuman were 12 399, | 40% and 4 249
respectively

The area under cassava declined marginally in the country over the last
15 years In Kerala the crop has been under cultivation for more than 150
years but the productivity has remained rather low Having long been a
major staple food in the state 1t1s slowly being replaced by rice at least in
the diets of the upper middle class people

The use patiern in Tamil Nadu particulary in the Salem district has
been quite different Here cassava was used principally 1n the processing
factories and the demand for direct consumption was neghgible The
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Tol 3 C r pdt dyld SIm dK ykm
S1m K vykm

A P dt Y Id A P d 1 Y id
Y (006 h ) {000 1) (t/h ) (000 h ) (000 1) (tfh )
1966 67 9 193 989 14 139 969
1967 68 23 229 9 88 14 142 959
1968 69 29 287 978 14 142 959
1969 70 21 237 10 88 4 211 14 28
1970 71 16 182 10 99 14 210 14 28
1971 72 21 354 16 61 15 149 968
1972 73 24 409 1643 17 164 9 58
1973 74 30 503 16 43 11 112 9 58
1974 75 28 388 13 83 10 95 8 89
1975 76 35 647 2500 11 182 16 08
1976 77 21 642 2985 13 169 I3 00
1977 78 24 732 29 38 13 236 18 16
1978 79 27 83 18 87 2 218 17 87
1979 80 28 883 3154 12 182 1493
1980 81 25 906 3627 12 213 17 80
5 5 d pop  fT INd 196061 1980 81

existence of about 230 sago factones and 270 starch factores in this district
was mainly responsible for the increase 1n the production of cassava The
area under cassava steadily decreased 1n the Kanyakuman district of Tamul
Nadu during the last two decades In this district a steady shift from annual
crops to perennmal crops like coconut was observed

Production and Marketing Analysis

A study was conducted n the Salem district of Tamil Nadu on the
production and marketing of cassava (Uthamalingam 1979) Cassava s
mostly grown under irngated conditions in this district In the study area
the average percentage of net sown area of the farm under cassava was
3389 The cost of production per hectare was Rs 5274 70 and Rs
2848 62 respectively for irrigated and rainfed production (Table 4)

The cost of production per ton of cassava was Rs 214 30 and Rs 240 70
under rrrigated and rainfed conditions respectively and the productivity
was estimated to be 23 0 and {0 7 tons/ha The low yields were the reason
for the high cost of production Nearly 97% of the farmers sold their

Us$100=R 800
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Il 4 Ct d t dt {(R/h)SIm 1979
I pai d R fd
v bl L
Pp t v It 27298 180 43
Sd nd wg 220 47 221 95
M dm g 1101 62 529 17
I gt 300 13
Ch 47763 22818
H t 23774 177 52
[t 1 w k 5 ptl 274 11 140 41
Tl bl t 2884 68 1477 66
F d L
L d tl 1776 43 989 74
it ¢ fd p 1l 387 52 228 35
Dp 1 210 71 147 76
L d dt 15 36 511
Ti1f d t 2350 02 1370 96
Tt 1 5274 70 2848 62
Y id (it/h) 2296 10 74
P da tjt 214 30 240 10
Rt
v f 1 6701 68 3179 31
Vi {byp d t 35511 263 13
C 7056 79 3442 44
Mkt g 1 404 11 189 62
N 1377 98 404 80
Nt t /t 60 00 3700

UsS100=HR 800

produce directly to starch factories About 309 of the processors were
vertically integrated 1n the sense that they were also cultivators of cassava
The marketing cost per ton of roots worked out to Rs 17 60 The major
component of this was Lransportation cost For every ton of cassava
purchased by the factories 40 kg were deducted for soil and moisture Thas
was the second largest cost in marketing Farmers received a price varying

from Rs 280 10 310/ton

In Kerala cassava made up 139 of the total cropped area compared to
4 2% 1n Tamil Nadu Moreover cassava accounted for 25 4% of the area



70 c A

sown by the lower stratum of farmers owning up to half a hectare of land
as against 4 6% in the casc of farmers with more than 4 hectares of land
Therefore fluctuations in cassava prices affect small farmers dispropor
tionately Another disquieting feature was that the cassava price was
dechning in relationship to other competing crops ( Rajeswart Amma
1980)

Processing

The two main products made out of cassava are sago {taproca pearl) and
starch The sago and starch factories are concentrated 1n the Salem district
of Tamil Nadu However less than 10% of the production of cassava
productsis consumed in Tammil Nadu the restis exported to other parts of
the country Against the annual requirement of the sagoe factornes for |
million tons of cassavaroots the local supply s only 0 6 milliontons The
balance comes from neighboring areas

The sago factories work an average of 180 days a year whereas the
starch factories work for 140 days Together they require an average
investment of Rs 200 000 The output 15 3 5 tons of sago and 4 5 tons of
starch per day The starch recovery from roots 1s 25% by weight in both
sago and starch factones The cost of production per ton of sago works out
to Rs 1450 and that of starch to Rs 1250 The percentage net return over
total cost is about 4 59; and 6 59 respectively insago and starch factories

Thippt the wastes from sago and starch factories 1s used in the
manufacture of cattle feed A plant with an investment of Rs 1 million
could work for about 200 days with an average input of 8 tons/day Thipm
could constitute 25 409% of the raw matenial for the cattle feed The cost of
production per ton of feed 1s about Rs 710 and the returnis about 4% over
total cost

Employment Requirements

The labor required per hectare of cassava production 1s 104 man days
for an wnigated crop and 54 man days for a ramnfed crop The most
labor mtensive operation is harvesting The women-days of labor required
per hectare are 160 and 85 respectively for irmgated and rainfed crops
The sago factories producing 3 tons/day use 11 man days 49 woman
days and 5 juvemile days of labor per day Similarly the starch factories
with an average output of 3 8 tons/day require 8 man days 35 woman
days and 6 juvenile days of labor per day The cattle feed industry withan
average capacity of 8 tons/day uses 6 man days and 3 woman days per
day
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Integrating Production and Processing

Producuon and processing of cassava are done by distinctly separate
entities Profits would be higher (f different stages of production and
processing were integrated but without affecting the level of employment
An estimate of costs and returns was made when cassava production was
integrated with sago production and cattle feed production For an
integrated umit with a capacity of 10 tons of sago and 10 tons of cattle feed
per day working over an operating period of 200 days annually an
mvestment of Rs 2 290 million would be required For a 9% return on
utial investment a processor could pay Rs 325/ton of cassava at current
market prices for sago and amimal feed The existing coefficient of
vaniation of cassava price was around 14% and this could be reduced
markedly through integrated operation To keep an integrated umt of the
above size working requires 150 ha of land under cassava at the average
level of productivity per hectare now observed 1n the study area

Projections and Problems

The demand for cassava has increased due to its multifaceted industrial
uses not due to direct consumption In spite of the increased demand the
area under cassava has decreased marginally This was particularly
marked in the traditional cassava growing state of Kerala while there was
a marginal area increase in Tamil Nadu The food habits of even the
low income strata were found to be shifting from root crops to cereals
This might militate against increasing the area under cassava However
there 1s an increasing demand for cassava for industrial uses such asinthe
production of sago starch and catile feed The potential for production of
alcohol and protein also mught be explored The possible alcohol
production from cassava with a yield of 20 tons/ha 1s 3600 liters Thus
renewable resource could be used in motors as fuel and could help alleviate
the mounting energy problem (Lethner 1981) An increased demand for
cassava could easily be met by increasing yields which are very low at
present compared to the potential shown by experimental yields

For the farmer to cultivate a crop the important incentive is price The
price for cassava 1s unfavorable compared to alternative crops and price
fluctuations are also high in cassava To overcome these problems the
cultivators and processors need to be linked This might be done by
integrating the two functions Since most cassava producers are small
farmers there 15 a need for imstitutional intervention Some kind of
producers organmzation could be estabhished with the objective of getting a
higher price for the roots and ensuring a continuous supply to the
processing units
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In Tamil Nadu the surface water flow has been harnessed almost fully
and the ground water potential 1s dwindling Because cassava uses water
efficiently 1t 15 coming up in nontraditional areas replacing sugarcane In
the traditional growing areas where the water table is goingdown 1t might
be necessary to recycle the effluents of the starch processing umits for
irrigation 1n order to maintain the present acreage

Although many products hike cassava chips and pellets flour starch
sago and flakes could be produced emphasis should be placed on
lowering the cost of such products and popularizing them 1n the diets of the
people Inconclusion the high adaptability of this crop could be used best
by strengthening research and development 1n cassava
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Cassava n the Agricultural Economy of Indonesia

O
Bambang Gurino
S M Suompul

Production

Cassava 1s the second most important upland crop (after maize) in
Indonesia Out of a total of 4 million hectares of cassava cultivated in Asia
1 4 milhon hectares are located 1n Indonesia The greatest share of
Indonesia s cassavais grown on Java which has around 1 million hectares
(Figure 1) Cassava area on Javaincreased steadily between 1950 and 1965
to a maximum of I 4 million hectares but dropped 1n 1966 and declined
shghtly thereafter to the present level of about | million hectares From
1950 to 1972 cassava yield on Java was relatively constant at an average of
7 4 tons/ha Since 1972 yields on both Java and the outer i1slands have
increased and 1n 1981 the national average was just over 9 7 tons/ha a
299, increase 1n just 9 years (Figure 2) This increase has been achieved
without any direct government program for cassava

The outer islands differ from Java in the pattern of change in both
cassava area and total production The cultivated area on the outerslands
has continually increased since 1950 but reported yields decreased from
1950 10 1966 increased 1n 1974 and thereafter have remained relatively
constant at 9 7 tons/ha The apparent decline in yields was due primarily
to changes 1n data collection procedures rather than to significant changes
in cassava culuvation practices The increase in cultivated area on the
outer 1slands has been due to considerable clearing of new areas from
alang alang (fmperata cylindrica) for cassava The cleanng of this land has
been carried out largely by migrants from Java to produce cassava for
tapioca and dried cassava export In Lampung province on Sumatera the
area planted to cassava has expanded rapidly

Bamb g G 2 m h C f R C pR h dSMS mpl
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In contrast to Lampung province a number of factors have tended to
reduce the arcas used for cassava production on Java (Roche 1983)
Major construction and rehabilitation of irrigation systems underway
throughout Indonesia during the 1970s permitted rainfed crops such as
cassavato be replaced by irrigated rice and late season upland crops to be
replaced by a second irngated rice crop The government s afforestation
efforts 1n steep upland areas and extensive plantings of perenmal cash
crops have also tended to reduce land areas available for cassava on Java
Cassava prices declined relative to prices of competing {ood crops during
the 1970s which reduced the incentives for cassava production Finally it
15 also likely that cassava intercropping has become more extensive and 1n
general the planting density of intercropped cassava 1s lower than when it
1s planted 1n pure stands

Cassava production 1s concentrated in marginal agricultural areas of
generally low so1l fertility which are often characterized by a pronounced
dry season There appear to be few serious problems with cassava pests and
diseases 1n Indonesia (Roche 1983) The red spider mite (Tetranychus
urticae) and cassava ash disease (Oidium manthous) are common dry
season problems but cause only minor economic losses Cassava bacterial
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blight (Xanthomonas manthotis) 1s a serious concern in a few areas but s
of minor importance where cassava cultivation 1s most extensive Various
root rot problems arise frequently on poorly drained soils but agan cause
overall minor losses

Cassava production systems on Java differ from those of the outer
islands and most of the rest of Asia in the predominance of intercropping
and the application of at least some fertihzer Around 54% of Javas
farmers intercrop cassava in a variety of systems involving upland rice
maize and legumes These labor intensive systems are particularly
appropnate on land scarce Java where 53% of the farmers operate less
than 0 5 ha and only 4 7% have more than 2 ha (Roche 1983)

Although cassava intercropping 1s usually more profitable per unit of
land a substantial share of the crop 1s planted 1n pure stands depending
upon rainfall land type and market Monoculture plantings are most
common near urban markets occasionally even on irrigated land
Intercropping predominates 1n more remote locations where farming
systems tend to be more subsistence oriented As levels of soil fertibty and
rainfall dechne first upland rice then legumes and finally maize are
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eliminated from these systems (Roche 1983) Most cassava s planted in
pure stands 1n the outer 1slands where farm holdings are larger and less
intensively cultivated and where soils are generally less fertile and more
acid than those of Java

Ferulizer use in Indonesia 1s hmited largely to mitrogen (principally
urea) and phosphorus (concentrated superphosphate) the prices of which
are subsidized substanually Average rates of fertilizer use are low for
cassava as compared to crops such as rice and maize particularly when
cassava 1s planted in monoculture Current farm practices stand 1n
contrast to agronomic trials which consistently show the high profitability
from fertihzer use on cassava This situation indicates the need for a
cassava extension program in Indonesia

An estimate of the returns possible from improved agronomic practices
15 given 1n Table I which compares costs and returns of cassava
production 1n two areas of Indonesia The agronomuic practices (fertilizer
plant spacing and weeding) recommended on the basis of farm trials can
lead to a substantial increase 1n yields and profitability on both the East
Java and Lampung sites Cassava production costs could be reduced by
almost 50% indicating the large increase 1n cassava supply hkely to occur
with new cultivation practices

Thbt I Costanalysis feassa p od cti  (per hectare} tiw Indonesian locatons,
1983-1984
Farm rs pattern Rec mmended pattern
East Lamp g East Lampu g
Ja S mate J Sum t
Y Id (t/h) 102 94 283 224
Cost (%o f t tal)
Lab 454 75 428 694
Land re t 358 78 251 66
F rtulizer and man re 17 130 267 188
It rest depreciation taxes 71 57 54 52
T tal 100 0 100 0 1000 1000
Total al (000 Rp) 2040 188 0 566 0 4480
T tal t (000 Rp) 142 2 140 9 2073 1846
Nt come (000 Rp) 618 471 3587 263 4
Producti  (cost/kg) 139 150 73 82

App mmate t fexchange US 5100 = Rp %6000
S e A hmad Suryana, 1980
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Even though cassava 1s one of Indonesia s major food crops the total
value of domestically produced cassava s only a small fraction of the total
value of rice the preeminent national staple In contrast to rnice cassava
has recewved little attention from the government despite its important
contribution to upland farm incomes Typically between one sixth and
one third of upland farm mcomes come from cassava on Java {Roche
1983) End uses of cassava vary considerably however The marketed
shares of cassava are high near cities and starch factories but in more
remote locations most of the cassava 1s consumed directly by farm families

Trade and Use

Before World War II Indonesia was the world s major exporter of
cassava starch Recently however domestic demand has accounted for
the great bulk of utihzation During the late 1970s about 48% of Javas
cassava output was consumed as food in fresh and dry forms 27% was
processed into domestically consumed starch and the remainder was
exported as gaplek (peeled root which has been cut into pieces and dried)
and starch (Table 2)

Because of competing domestic demands Indonesia has not been able to
fully exploit the export market provided by government policies in the
European Economic Commumnity (EEC) Indonesia s reduced importance
1n world cassava trade was due to the disruption caused by the Japanese
occupation 1n World War 11 the subsequent war of independence and
finally to population pressure which led to replacement of cassava by
more preferred staple crops

ThHh 2 Cass se (000t esh cotequ alent)byf mandbym keto J 1976

Hom
Mark t d ns mpt T tal
Domesh
Fre h is o 1190 1900
Ub 100 10 110
R al 610 1180 1790
G pl k 900 860 1760
G plk flo 80 30
Starch 2620 2020
E port
Gapt k 1776 1776

5 urce U h 1983
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Thailand presently dominates world export of cassava both in the forms
of gaplek (Table 3) and starch (Table 4) Cassava 1s a munor Indonesian
export contributing only about 2% of the total value of non o1l exports
during the 1977 83 period (Indonesia 1983b) These exports although
small have animportant impact on the incomes of relatively poor farmers
Demand for cassava exports provides a floor price for farmers 1n years of
high domestic production

As a foodstuff cassava plays an iumportant role in the Indonesian diet
and ranks second after rice contnbuting about 10% of the total calone
consumption A number of distinct patterns of cassava consumption can
be identified Fuirstly consumption levels vary considerably among and
within regions As Table 5 shows consumption is greatest in rural areas in
towns and cities 1t 15 limited largely to small per capita quanuties of fresh
roots and starch products The form 1n which cassava 1s consumed also
varies regionally For example the inhabitants of Yogyakarta and East
Java consume mostly gaplek while n Central and West Java much more1s
consumed 1 fresh forms

Secondly cassava consumption varies considerably by season depend
ing upon the availability and price of other staples especially rice Cassava
consumption 1s greatest in seasons when rice 1s most expensive Consump-
tion of fresh cassava increases dunng the third quarter (July September)
when rice prices increase Gaplek consumption increases duning the fourth
quarter comnciding with low availability of rice and maize

T bl 3 International gaplek trad (004 t)

Eprn Imp rte
Year Thailand I does Ch a EEC
Total Lamp g J

1970 1097 33 74 261

1971 970 458 86 365 na 1348
1972 111 342 100 240 16 1545
1973 1530 75 36 42 11 1482
1974 2030 393 199 187 4 2121
1975 2104 303 203 87 114 2447
1976 1316 149 150 10 58 3243
1977 3669 183 149 38 3 4031
1978 6041 308 194 98 2 6461
1979 3880 710 170 495 128 5877

= ailabl

S wrce N Is n, 1982
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starch imports and sou ces (t)

C uy 1971 1972 i973 1974 1975 1976 1977 1978 1979
Importe
U ted State 82 564 49 134 54 341 74 421 38422 40 347 37 641 35057 32 886
Sour
B anl 10 303 5331 5170 15 492 7011 992 506 847 6 849
Th 1 d 67 471 42778 57 120 57 501 30314 35495 36175 32163 22 596
Oth 4 790 1025 2 051 [ 428 1097 3 860 960 2047 3 a4]
import
Jap 46 952 50 560 71 799 139 749 71 105 82093 94 206 90 622 69 155
So e
Th I d a a 130 854 68 178 79 606 94 206 %0 622 32 852
Others 8 895 2927 2487 0 0 16 503
Import
Taiw a 5624 4 964 11 601
HnogK g 5 700 7125 8929 12 326 13 840 14 434 10 322 14 454 11162
= 1t albl

A N1 1982
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C Asa
T bl 5 Regic alpe capita mpt on(kg/y Jofm ) staples J 1976 d 1978
Wt C tal East
Jkn J J Y gyakart J
1976
Ub eas
R ce 23 1200 017 965 98 8
Mar e 04 03 10 01 21
Cas (fresh t
q al v 44 53 120 104 109
Root 37 51 14 70 0
Gapl k 01 02 02 29 02
St rch 06 02 04 05 17
R | areas
Re¢ 149 1 930 772 788
Ma 04 60 3B 318
Cas (freh ot
q al 1 285 501 108 2 819
R ts 268 223 189 263
Gplk 08 201 802 435
St h 09 67 91 121
1978
U ban as
Rce 104 B 120 5 90 8 894 939
Ma 01 02 06 38
Cass (f sh ot
q al 1) 57 81 99 79 124
R 15 47 81 35 64 106
Gplk 0 0 01 07 13
St rch 10 0 03 08B 05
R |aras
R ce 141 1 823 674 747
M ze 06 245 113 329
Casa (f h ot
qg al ) 253 64 2 963 793
R ts 233 250 235 208
Gapl k 12 23 68 6 572
St h 08 179 42 13
)t 1des h land fMad a
s Thd ref mopecal b1 nsd SscasVandVl rveyd t byth Ce  al
B re 1S 1d es Cal nespe d yw reco vert dt k1 gramspe year h
bas fth {1l w g 3600 al/kg mamn 3200 l/kg cass  (fre h) 1095

alfkg
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Thirdly the consumption of cassava varies by product form and income
status Figure 3 shows that gaplek consumption declines rapidly with
income 1n rural areas Fresh root consumption increases with income at
the lower rural income levels but declines at higher income levels

kg
4

Fg 3 W kivp pt nmrsmpt n f m nd by mg p
ru | 1976
Source Fal tal 1984
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There has been an apparent increase 1n recent years in the percentage of
Indonesia s cassava that 1s processed into starch About 17% of the crop
was used for starch in 1974 but this share grew to 24%1n 1979 The bulk of
starch processing occurs m West and Central Java and in Sumateras
Lampung province (Table 6) Starch production increased very rapidly in
Lampung during these years because of a doubling of local fresh root
output and an expansion of starch processing facilities

Most of Indonesias starch 1s used for domestic consumption 1n
processed foods particularly the crisp wafer called krupuk It has been
estimated that about 65% of the starch was used 1n krupuk production and
about 159 was used for other snack foods (Nelson 1982) Textile
manufacturers used about 10% glucose production probably accounted
for 3% and the remaining 7% was used for direct household consumption

Indonesia s cassava exports have been a small and vanable portion of
the domestic production in recent years Dunng 1979 the peak export
year cassava shipments amounted to only 15% of the total output
Indonesian gaplek exports have never even approached the export quotas
imposed by the EEC 1n late 1981 500 004 tons 1n 1982 and 750 000 tons in
1983 Incentives to expand exports have been limited principally by
infrastructure problems Inland roads are poor and marketing costs are
high Most of Indonesia s ports are capable of handhng only relatively
small ocean vessels As a result the Indonesian farmer tends to receive
lower prices for cassava than his Thar counterpart in the years when
Indonesian prices are at the f o b export floor

Tbi 6 1d esmastarchp od ctonbyp ce 1974 d 1979

St hit) F n teq al t(y)
1974 1979 1974 1979

Wt Ja 188 220 239 220 941 100 1196 100
Cental) a 126 020 149 180 630 100 745 900
East J 33300 57 780 166 500 288 900
J  total 347 540 446 180 1737 700 2 230 900
Lamp g 27 750 150 750 138 750 753 750
N rth S mate 15 900 24 100 379 500 120 500
R 30 900 30900 154 500 154 500
Oth p ce 9 600 9600 48 000 48 000
T tal 431 690 661 530 2 158 450 3307 650




Id 83

Production Trends

If recent trends continue in area and yields of cassava, total production
of cassava on Java can be expected to mncrease slowly in the coming years
as nising yields will shghtly outweigh declining area Past production
trends show that the harvested area will decrease by (0 4% or about 4 000
ha/yr to atotal of 976 000 ha in 1988 Cassava yields on Java have been
growing 3 6% annually since the late 1960s and will at thisrate reach Il 6
tons/hain 1988 Based on thesetrends 1t1s estimated that total production
on Java will reach 11 3 million tons 1n 1988 about 149 hugher than the
1981 level Figures 4 and 5 show the projected trends 1n cassava area and
yield for Java and the outer 1slands of Indonesia

Cassava production in the outer 1slands 1s expected to increase not only
m harvested area but in yield as well The area harvested has increased
2 5%/ yr about 7 600 ha/yr since 1968 If this continues by 1988 the area
will reach 461 000 ha If the increase 1n yield continues at 1 8%/yr n
should reach 107 tons/ha in 1988 Given the above trends cassava
production in the outer 1slands should total 4 4 million tons 1n 1988

The estimated production for all of Indonesia should reach 16 3 million
tons by 1988 19% higher than that for 1982 The projected increases 1n
cassava yields are based on the assumption that asin the past no serious
attention will be given by the government to developing cassavas
potential In this case yields will increase largely as a function of crop
intensification under current technology due to population growth

A {(000h ) Y Id (t/h)
1200 15
11204 Y Id - 13
|040'1 11
960 1 L9
A
8801 L 7
1970 1980 1990 2000
Y
Fg 4 T d dy id f J dM d

hY Stmp1l dGum o 1983
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Are (000h ) Y Idf/h)
600<| - 15
520 9 - 13
A
440 Y id -1
)
360-0 - 9
280 - 7
L] T T T
1970 1980 1990 000
Y
Fg 5 T 4 dy id f i I ods

s St mp land Guntno 1983

Research Needs

Research needs for increasing cassava production on Java differ from
those on the outer islands Research on Java 1s focusing on efforts to
increase yields in cassava based intercropping systems on the limited land
available Onthe outerislands where cassavais generally planted 1n areas
of low fertility reclaimed from alang alang research efforts concentrate on
increasing production on both small farms and cassava estates

The outer 1slands can be divided into areas with a wet climate (only 2dry
months per year) or a dry climate (fe ver than 6 wet months per year) Here
dry does not necessarily mean low annual rainfall but rather a serious
water availability problem for both plant growth and human needs during
some period of the year In general rain only falls 1n such areas for 3-4
months the rest of the year being dry It 1s during this time that water
shortage becomes a problem One reason for the Lampung area s success
in increasing both harvested area anu production 1s Lampungs wet
climate Since cassava can be planted almost any month of the year the
demands for raw matenials for processing can be supplied practically
throughout the year

Vanety trials

Programs presently underway to obtain high yielding vaneties include
breeding (although this requires a long penod) and testing the yielding
ability of local and introduced cassava varieties In considering the
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objectives of this program the following factors must be taken into
account Java needs high yielding varieties with lLittle branching and
narrow leaves for intercropping along with good taste 1e  low levels of
hydrocyanic acid) Outside Java thereis a need for high yielding varieties
with a high starch content and particularly fordry areas a vanety that has
a high drought tolerance

Cropping systems

Improving soil fertility by better soil management for stable long term
production 1s a major goal Aspects of this objective include uliage
practices mulching fertilizer use and maintenance of soil status with a
suitable cropping system With the use of a suitable cassava variety
compatible intercrops and a suitable cropping sequence the frequency of
intercropping might be increased so as to improve land productivity

Extension services

Extension services {for farmers are very much needed 1n order 1o transfer
new agricultural technology Improved coordination is needed between
the Department of Agriculture research institutes and universities to
speed up technology transfer In the past coordination between these
organizations has been poor The effective formation of a National Root
Crops Working Group with members from different institutions working
together on root crops would be one step 1n improving coordination and
orgamzation of research programs

Potential Use and Demand

Domestic demand must play a major role in the marketing of
Indonesian cassava in the future The present situation reveals Lhimited
prospects for cassava exports The main handicaps 1n exporting emerge
from the relatively low production of cassava the restriction of the EEC
export quota and high domestic marketing and transportation costs
However the Indonesian government will give added attention to cassava
exports as part of a policy to reduce dependence upon o1l exports

Although the export potential 15 problematic the total domestic
demand for cassava should continue to grow 1n the future Despite the
overall negative relationship between consumer income and direct consump
tion of cassava fresh and dried cassava will be important staple foods for
Indonesias low income groups for many years to come Processed
products made from cassava starch tend to be income elastic and their
demand 1s expected to increase with income and population growth There
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1s also considerable potential for cassava n the hvestock feed industry
although this form of utilization has not yet been exploited 1t will depend
upon the availlability and prices of protein supplements such as soybean
and leaf meals

New industnial uses of cassava may also be important sources of demand
in the future With the objective of reducing sugar imports the Indonesian
government 1s developing the production of cassava based sweeteners
(high fructose syrup and maltose) Attheend of 1981 afactory forcassava
sweetener production was built in East Java with a daily capacity of 25 tons
of fructose syrup (5 5 kg of fresh cassava yield 1 kg of syrup) Similar
factories are planned for other cassava production centers over the next
few years

Cassava will also be used to produce ethanol 1n areas outside of Java
The ethanol industry 1s still in an imtial stage a pilot plant with an annual
capacity of 5 million liters was constructed in Lampung Sumatera 1n
1982 The government has long term plans to produce 20 billion liters of
ethanol annually from cassava and other root crops The principal
objectives of the alcohol fuel program are to provide a renewable
substitute for petroleum to increase farmer mcomes and to develop
employment and techmical capacity in Indonesia s industnal sector

While these new industnal sources of demand could absorb much of the
increased cassava production possible with new farm technology the
economics of cassava fructose syrup and ethanol are not yet clear Given
present world prices for sugar and petroleum 1t 1s hkely that large
subsidies will be needed to assure the profitability of fructose syrup and
ethanol plants

Impact of Cassava Research

Rice 15 the preeminent food in Indonesia and other food crops have
received relatively hittle attention in past agricultural development efforts
Several groups however have carried out projects with the aim of
increasing cassava production The Faculty of Agrniculture of the Umivers:
ty of Brawyaya obtained research grants from the International Develop
ment Research Centre to carry out experiments on Mukibat cassava from
1974-1980 * A cassava breeding program has also been undertaken by the
Food Crops Research Institute and two high yielding vaneties Adira I

Th Mkb y m fgrf g tock f d ary as M h ol jwhsa f
M R ol {G 1 1984)
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and II have been released The agricultural research stations have also
orgamzed trial plots for tests of varieties and fertilizer use

The results obtained by these institutions generally have not yet been
adopted by farmers The primary constraint in transferning technology has
been the lack of coordination between cassava researchers and the
government extension services Within the research community only
himited techmcal skills have been devoted to cassava Research projects are
generally short term 1n nature and the lack of guaranteed continuity
inhibits researchers from developing long term interests in cassava
Various government agencies are engaged in cassava research but a lack of
supervision and coordination has probably led to unnecessary overlap and
mefficient duphcation of research efforts

To help solve these problems several root crop researchers conducted a
meeting in 1980 at the National Biological Institute at which a National
Working Group on Root Crops was established During this meeting they
agreed to allocate research and development activities 1n cassava In
accordance with the specializations nterests and facilities available at the
various institutions Valuable information has been collected from the
participants concerning past and on gomng research efforts Penodic
meetings at 6 month mtervals were established to follow the development
of cassava It was anticipated that scientific papers would be produced
from which guide books and brochures could be developed for extension
purposes

Unfortunately the Working Group has not been able to carry out these
planned activities on a consistent basis Leadership has been irregular and
available funds for attending meetings have been very hmited Perhaps the
impetus for an effective national working group could be provided by the
initiation and support of an Asian regional network on cassava coordi
nated by an international orgamzation Coordination of research and
technology transfer are particularly important for rainfed crops such as
cassava because they are grown in much more varned environments than
crops such as irrigated wheat and rice which responded so dramatically to
past development efforts in Asia
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Cassava n the Agnicultural Economy of Malaysia

)
Tan Swee Lian

Delane E Ho’elsch

Production

Cassava the major root crop cultivated 1n Peninsular Malaysia ranks
seventhin croparea following rubber o1l palm rice coconut cocoa and
sugarcane The area under cassava 1s small and has fluctuated a great deal
over the past two decades (Table 1) nising from 12 235hain 1960t0 22 231
han 1963 dropping to 11 553 hain 1974 and nising again to 20 908 ha in
1976 which was essentially the level it wasatin 1963 The area has dropped
steadily since 1976 with 9 599 ha 1in 1981 being the lowest on record

These fluctuations 1n area illustrate two basic features of the cassava
industry 1n Malaysia one cassava 15 a very minor crop and two the
cassava industry 1s very sensttive to world prices All field crops are minor
in Malaysia in the sense that the country s agriculture 1s dominated by
plantation crops For example 1n Pemnsular Malaysia there were
1 717 000 ha under rubber 879 900 ha under o1l palm and 246 000 ha
under coconut 1n contrast to the 12 097 ha under cassava 1n 1980 {(Mohd
Taminetal 1982)

Cassava 1s a minor crop for several reasons First land ownership and
land use 1s carefully controlled by the government which allocates lhittle
land to minor crops Cassava 1s often grown on miming reserves {land
allocated to tin rmming but where actual mining has not yet started) oron
disturbed land after miming has been completed Cassava 1s also often
grown 1illegally by squatters Illegal holdings refer to land that 15 neither
owned by nor leased to the farmer and they usually compnse clearings in
the midst of government land reserves forest and mining reserves and
even plantings along grass verges of rural roads In 1973 72% of the
cassava 1n Perak state was estimated to be planted on such holdings

T sSw L p b 4 h My Ag 1 1R h& D> 1 pm |
(MARDI}K LLmp MIy DI FWIlh pf f m hDp m
fAg 1 1 JdaAppl dE m U y M S P 1M Uusa
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Th I A dpod 1 f cassa a Pemns |
M1y 1960-1981

Y A Prod t
(h) (1}
1960 12 235
1961 12 728
1962 18 873 a
1963 22 231
1964 18 438
1965 16 344
1966 14 669
1967 18 138
1968 17 036
1969 17 532 na
1970 17 667 207 200
1971 14 857 161 768
1972 13151 279 400
1973 11820 238 720
1974 11553 254 326
1975 15112 281 710
1976 20 908 241 840
1977 20 502 357 345
1978 17 815 197 425
1979 16 635 225057
1980 12 512 254 309
1981 9599 211178
1 bt
5 A ual port E B h M ry fag 1 re
K 1 Lmp P I M1y

{Aw Yong & Moot 1973) With the rapid expansion of plantation crops

which have superior income earning potential for the farmer and are
important foreign exchange earners for the country there s an increasing
demand for the available arable land Lately enforcement authorities have
reversed their earher tolerance of illegal cultivators and are beginning to
bear down onthem This appears to be one of the reasons for the dechipe in
cassava area since 1976

The second reason why cassava 1s a minor crop in Malaysia 1s its returns
per hectare are relatively very low Cassava has a low value per umt weight
and transportation costs are substantial Although yields per hectare are
respectable 1n the range of 15 to 25 tons/ha (except on un spoils where
yiclds range as low as 8 10 tons/ha) cash costs of production are high
Costs are high because most labor used 1n Malaysian cassava production 1s
hired making returns above cash cost low Plantation crops as well as
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intensive vegetable production may be as much as eight to ten imes more
profitable than cassava production on any land switable for their
production For example the net income/hectare/year for rubber 1s
M$3651* at a rubber price of M$2 40/ kg and M$5030 for o1l palm at an
o1l price of M$1200/ton (Tunku Mansur & St Clair George 1979} For
cassava 1t 1s M3480 at a root price of M$72/ton

The mean national yield for cassava was estimated at 22 tons/ha 1n 1982
Yieids of 45-60 tons/ha have been claimed 1n the first harvest season of
cassava cultivation but the usual yields ranging from 12 35 tons/ha are
more realistic The poorest yields range from 6 10 tons/ha

Production costs vary widely depending on whether the land 1s rented
owned or cultivated by squatters whether planting materials are free or
purchased and whether fertilizer and pesticides are used and if so
whether they are purchased or obtained free as government subsidies
Costs for land preparation planting and harvesting are also highly
vaniable (Table 2) On the average however costs of production on

T bl 2 Rang osts (M$/ha) f ss pod to Pe kand Kedah P nsular
M lay 1983
Itm P k Kdh
R g M Rang M

L d ml 0124 94 0198 84
L dp pa t 148 309 267 156 541 346
Pl tgmtitnt 0 59 27 0 37 17
Pl t g 52 198 106 79410 163
Frl 0 335 140 0410 292
Frtl ppl cat 10 124 47 25 99 54
W d t 1

M ual wed g 74 198 146 111 180 153

Chmel pyg 56 222 148 49 148 11

Hb d
H t g 79 791 267 124 860 455
Tt 1242 1675
)1 h 11 fh m (g hfmf bd ) | ded

- m d

App m f h g USSI00 MS235
5 Ch 1 1983

M§ f h MlIly gg USSI=M3229 h f h Ap 113 1984(A week

Ap 127 1984)
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mineral soils are estimated at M$1680/ha (Table 3) At a pnice of
M$72 00/ton of fresh roots and an average yield of 30 tons/ha the gross
returns from | ha would be M$§2160

The sensitivity of the Malaysian cassava industry to world prices will be
discussed in more detail later but briefly the relevant world prices are the

T bi 3 Estim ted ostsofcassa pod ¢t o mn ralsous, Penins lar M 1 ysia 1983

Labor Cost Cot
It m {m -day) (M$/h) (%t tal)
Land preparation 179
Plow g 100 00
H wg 100 00
Rtul g rndg g 100 00
Pt tig 92
Pl t g matenals 40 00
T port fpl t gmtinl 2500
Plantng {( 1 d g prepamat
f ttngs) 10 90 00
Weed co trol 136
Il Peem g lb 1 1300
10 kg 1 met + 25
ltrs 1 hl 76 00
2 Ma ual (st 2 m th) 10 90 00
3P hrv tlab 2 26 00b
27 lters p aquat 2400
F rtilize pplicati 218
Lab 5 4500
500 kg mp d fert]ze
(126223) 279 00
80 kgmmnt fpot h 3760
Ha esting s
C trathrmv v g f tmatd
yld f30 v/h t M3t 51000
Rmwval f opdbn 2500
L dreat (00 00 60
Trwm 1680 60 1000

)L bo f pl tgm lweed g dfrtlze pplcat 1sM$900pe m dy
b) L bo f hmecal py g fh b d M$1300 pe ma -day

App wuma t f h g USS100-M$235

A Ch 1 1983
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c1f (cost insurance and freight) prices of Thai tapioca starch tapioca
chips and masze All three sets of prices fluctuate considerably from year
to year as well as seasonally 1n response to world supply and demand
conditions

Cassava production 1n Peninsular Malaysia i1s concentrated in two
states In 1981 Perak accounted for 80% and Kedah for 6% of the area
under cassava (Table 4) Each of the other mine states have at least a few
hectares Perak usually has had more than 50% of the area planted
Production statistics for Sabah and Sarawak are lacking

Cassava beinga field crop of rather longer duration than groundnut or
sweet potato has less flexibility for fitting into annual cropping patterns
For this reason monocropping of cassava is the most widespread cropping
system in Perak and Kedah Forexample 1n 1981 75 6% of the cassavain
Peninsular Malaysia was monocropped (Malaysia 1981a) Mixed cropping
accounted for the rest of the cassava area usually taking the form of an
intercrop 1 young rubber coconut and fruit tree holdings Less
frequently cassava is planted as the main crop with cther short term fieid
crops (such as maize and groundnut) or with vegetables as intercrops
Rotational cropping of cassava with these short term crops s also
practiced to some extent

Although cassava has traditionally been a crop of the small farmer
large scale cassava plantations have been tried One major plantation has
been operating for about 11 years but three other large plantations have
ceased to operate due to managenial problems This 1s another reason for
the recent decline 1n cassava area

Principal constraints on cassava yields may be traced to inadequate or
lack of technological and managenal skulls in its preduction edaphic or
chmatological problems and socioeconomic attitudes towards the crop
Cassava rescarch strategies and objectives in MARDI (Malaysian Agnicul
tural Research and Development Institute) are geared towards solving
these problems as far as 1s feasible Production technology to improve
yields 1s generated through research 1n breeding agronomy and patholo-
gy At the same time attempts are made to reduce production costs by
using more effective cultural agronomic and crop protection practices as
well as by using labor saving technology such as the mechanization of
labor 1n intensive field operations (e g planting and harvesting)

Uses Markets and Trade

In Malaysia cassava 1s used in three ways as fresh roots for direct
human consumption processed into starch of varicus forms for both



T bl 4 A eaplantedt casss by tate Pemns lar Mal ysia 1970-1981

Stt Area (ha)

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
Joho 2 246 2196 830 493 312 1582 2097 1 787 2 359 251 246 440
Kedah 478 673 417 2588 ! 943 4510 4103 2803 1260 869 660 614
Kelantan 522 602 394 406 464 503 458 513 308 209 214 243
M1k 126 m 155 179 114 68 31 88 43 10 22 5
Ng Smbl 354 104 109 125 62 92 106 121 47 56 56 55
Ph g 24(5 1763 1 497 242 301 305 155 143 1 000 124 76 101
PP ang &

Sb ang P a 327 162 167 280 318 244 275 249 175 144 35 36
Perak 8 840 7743 75N 5161 5909 5556 11229 13172 11188 14188 10851 7748
P Is 38 62 30 24 14 50 81 87 9 3 9 9
Sclango 1 400 1034 1564 | 799 1 596 1729 1 930 1243 1132 546 157 150
T rengganu 470 n 259 381 389 30! 443 269 294 235 186 198

Total 17456 14822 12993 11678 11422 14 940 20908 20502 17815 16635 12512 9599

s Mal y

1981
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human consumption and industrial use and chopped and dried as chips
for livestock feed The amount of fresh roots used 1n direct human
consumption 1s very small 1t 1s consumed not as a staple but as a snack
Roots for this use are grown almost entirely in backyard kitchen gardens
for home consumption

There does not appear to be an orgamzed market for fresh roots used for
food and because they are grown in backyard gardens data on these roots
does not enter national or state production or consumption statistics
Sweet vaneties the most popular being Medan are grown for this use
Bitter varieties such as Black Green and Red Twigs are grown for the
starch and ammal feed markets Whule 1t appears that about 9%0% of fresh
roots are processed 1nto starch and about 10% into chips for animal feed
the allocation of roots between the markets depends on international and
domestic prices

Unnevehr (1982) 1n a study of cassava price behavior on Java
developed a conceptual model of cassava price determination that 1s useful
1n describing the determination of cassava prices in Malaysia The model
can be applied to countries that are such small traders 1n the world cassava
market that they face nearly perfectly elastic world demand and supply
for these products If all cassava prices are expressed in fresh root
equivalents [then] domestic prices are determined by the intersection of
domestic supply with a kinked demand curve that 1s flat where export or
import prices prevall Between these two prices domesticdemand [which
15] a function of [cassava s] own price and the prices of other substitutes
prevails (Unnevehr 1982)

The sloping portion of the kinked demand curve thus represents a band
within which domestic prices may move The width of the band depends
on (1) the cost of transportation between importing and exporting
countries (2) trade policies such as taxes subsidies and quotas and (3)
physical conversion rates from fresh roots to the particular processed
product

In the Malaysian case the upper limit of the band can be represented by
Thaif o b {free on board) starch prices plus transport costs of starch from
Thailand to Malaysia plus Malaysitan import tax on starch (Import taxes
and export subsidies widen the price band while export taxes and import
subsidies narrow 1t ) The upper hmitisalso represented by thec 1 f price of
Thai starch in 1mport markets in which Malaysia could compete munus
transportatton costs from Malaysia to those markets

The lower limit of the Malaysian price band 1s shightly more complicated
Atsome price of course Malaysian farmers would simply stop producing
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cassava Unnevehr describes the lower end of the Javanese price band as
being the price of Thai tapioca peliets ¢ 1 f EEC (European Economic
Community) ports munus the cost of transporting Javanese pellets from
Java to EEC ports The same reasoning would hold for Malaysia 1¢
conceptually the lower end of the Malaysian price band 1s the price of Thai
tapiaca chips ¢1f EEC ports (actually price afloat Hamburg or
Rotterdam) minus the cost of transport from Malaysia to Hamburg or
Rotterdam However a price such as this would only be hypothetical
because Malaysia has not had the expenence nor does 1t have the
infrastructure to export chips to the EEC

Small quantities of chips are exported to Singapore for use 1n livestock
feed In some years small quantities of chips are also imported mnto
Malaysia from Thailand for use 1n animal feed While the c1f price of
maize (Malaysia imports all the maize used 1n ammal feed) certainly
provides an upper bound for Malaysian chips 1t 1s not the effective upper
bound for fresh roots because the upper bound for starch 1s higher The
¢ 1 f maize and soybean meal prices to Singapore and Malaysia however
determine how much the ivestock feed compounders in either country are
willing to pay for cassava chips Thus the price of Singapore chips
effectively sets the lower bound on a fresh root equivalent basis for fresh
roots produced 1n Malaysia

Tunku Mahmud (1984) suggested various equations for the supply of
cassava starch and the demand for chips These were significant at the 5%
level of probability The Cobb Douglas loganthmc equation was used to
predict the supply of starch using the vanables average annual starch price
average root price In the preceding year and total annual rainfall \n Perak
The supply curve was found to be inelastic and both root price 1n the
preceding year and rainfall were significant 1n determining starch supply

A linear regression equation between annual chip price and the vanables
chip quantity used annually average annual soybean and maize pnices
and production volume of mixed poultry feed revealed a very elastic
demand for chups Maize price was the strongest determinant of chip price
while soybean price had an important inverse relationship with chip price
(since soybean provided the protein lacking 1n cassava)

Non significant regression equations were obtained for cassava starch
demand and chip supply Tunku Mahmud used only the vanables annual
prices of cassava starch corn flour and monosodium glutamate to explain
the annual demand for cassava starch If the Thai cassava starch price had
been included as a variable (as suggested by Unnevehr 1982) a better
relationship might have been obtained For the supply of chips only the
variables chip price and root price in the preceding year were used for the
regression As chip production is usually determined by any excess over the
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demand of roots for starch production the price of cassava starch f
included as a variable might have produced a more significant regression

Average annual ex factory prices for the major processed cassava
products and fresh roots at a major domestic market are given in Table §
Factories are now required by law to report production and sales
Production data on vanious cassava products are shown in Table 6 for
1972 198¢ The terms starch and flour are used interchangeably in
Malaysia with respect to cassava and refer to the same product which 1s
cassava starch Pearl and flakes are starch with further processing Flake
production was of minor importance 1n earher years and has now almost
disappeared An estimaied breakdown of domestic end uses of starch s
shown n Table 7 While the relative amounts going into the various uses
may be reasonable the actual figures {as reported from factory production)
may not be rehable The import and export figures in Tables 8 and 9 are
probably more accurate Figure | compares imports exports and local
consumption from 1975 1981

Theterm refuse asreportedin Table 6 1sthe same as the term wet waste
reported 1n Table 5 and refers to the remnants from starch factories after
the starch has been extracted from the peeled and ground roots It 1s used
as pig feed and factornes prefer to sell it (or feed 1t to their own pigs) in the
wet form Because refuse begins to sour about 24 hours after processing
any stocks left after 24 hours must be dned Once dried these stockscanbe
stored for up to 6 months

Tbl 5 A g 1 ft yp es(M$/100kg) f ssa p d t tP H
P i Mly 1972 1981
Yea Sta h Fl k P 1 W ot Wt Chp R t
(dry) (wet}
1972 2117 3025 2234 944 276 14 27 353
1973 3063 3383 3330 1715 25 1507 465
1974 4017 59 55 43 45 2129 340 26 17 6137
1975 3528 5748 37 34 2167 338 2282 59
1976 4002 3672 4229 2228 335 2145 6135
1977 a4 77 1 47 74 20 10 360 t 723
1978 4073 a 46 29 17 48 237 24 54 549
1979 50 87 5592 15 30 206 26 24 584
1980 70 10 819) 2125 312 36 50 9 52
1981 67 88 a 74 72 2300 1M 41 86 873
t sa
bl
App m f h g US$106=Ms235
s Fd l1ag | IM k gA h (FAMA) 197277 g | mm d y

1980 I mmd 1978 79 d IS8 p 1 mm
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Tbl 6 Prod ch f assa aprod cts (t) Perunsular Mal ysia 1972-1980

Yea Cassava tarch P 1 Chp R fuse
1972 35 646 11226 7 145 96 512
1973 37830 12 304 7371 106 481
1974 139,240 10 851 5765 109 328
1975 42 662 10076 22 629 91872
1976 57 541 10 544 16 842 122 015
19717 52131 10 269 16 786 107 175
1978 44 782 12 806 17 050 100 929
1979 47 909 11572 16 606 93043
1980 39930 9898 8972 68 591
5 M hly 1 b i Dp m t f5t K tLmp P 1 Mly

T bl 7 Estimated monthly cassa a starch consumption by
end use Malaysia 1982

Ed se Qua bty
1y
Monosodi m gl tamate 800
Glucose 500
C fectionery 300
B scuit 400
Te ule and oth rs 3000
T tal 5000
(60 000
yearly)

A bnef description of the starch industry may be useful to the reader
Prices are quoted as ex factory Most factories employ a buyer who travels
through the root producing areas bidding on fresh roots delivered to the
factory with prices subject to adjustment for starch content The buyer
brings root samples to the factory for testing by a simple gravity method
involving water displacement adapted from the Thar method The base
price 1s for roots having 26% starch The pnice 1s reduced by M$0 20 per 1%
decrease in starch content below 26% The usual range in starch content 1s
between 21% to 26% (0oc1 H B personal communication) Each factory
derives 1ts base price by considering starch prices at Ipon and Penang and
internal processing cost If the seller accepts the starch content discounted
price then a delivery date 15 set and the farmer/producer 1s responsible for
the cost of delivery or delivery itself of the roots to the factory
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Tbl 8 Imprt of ass pod t (I} toMlayia 19709 1981 ( tiusedf rum !

feed )
Ya Dnd Chps P llets Oth Ref se T 1al
hp th
1970 9 7275 7.284
197 19 6 7030 7055
1972 7 6 067 6074
1973 227 5 3582 3814
1974 5,264 19 11971 17254
1975 2117 22 4970 7109
1976 is4 7 1833 2224
1977 10 3689 3699
1978 2705 34 1732 4471
1979 52 1 805 865
1980 2 2
1981 2051 8 624 2683
Less h 1
s Mly 1981
Tbl 9 Eport f assa pod ts(}fomM Iy 1970 1981
Yea St h & Fl k | Oth Tl
Fl tp
1970 11753 3 566 12018 549 27 886
197] 6831 517 9947 55 17 350
1972 14 943 954 10034 512 26 448
1973 15 555 1477 10 561 645 28,238
1974 8 426 366 9863 340 18 995
1975 12 949 701 8030 393 22073
1976 18 302 494 9197 550 28 543
1977 7 595 295 3236 1018 12 144
1978 2942 366 2622 1614 7544
1979 10 248 788 4 850 1026 16912
1980 1 649 27 4148 1313 5942
1981 1 305 83 jaan 434 5663

5 My 198

A survey conducted in mud 1982 found that none of the factory
managers interviewed was purchasing standing crops to be harvested by
the factory Neither were any loans being extended to farmers prior to
harvest although they reported having done so 1n the past and would do
so again 1f a regular supplier requested a loan and the factory was
sufficiently solvent to make the loan They also reported that they
normally buy from regular suppliers year after year
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304

001

160

120

804

40
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0 ¥ T T Ll Ll
1975 1976 1977 1978 1979 1980 1981
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Chye and Loh (1974) reported that in 1967 there were 46 cassava
processing factories in Perak 15 produced only starch 27 produced only
chips and 4 produced both starch and chips A 1982 study found only 11
factones operating in Perak (8 producing only starch and 3 producing only
chips) The dechine in numbers was accompanied by an increase in average
size of the remaiming plants showing that total processing capacity had
actually increased

The technologies being used by Malaysian starch factones can be
roughly subdivided into two broad categories modern and traditional
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Modern plants use foreign manufactured equipment and are basically
countinuous processing plants with centrifugal separation and flash drying
of starch Traditional plants use the sedimentation techmque and batch
processing Traditional plants can be further subdivided into those which
use only sedimentation and those which use a centnifuge to expel part of the
water before placing the matenal into tanks for the sedimentation process
It appears that 2 of the 15 starch factories in Peninsular Malaysia use
modern equipment and the remainder use only traditional methods It
should be pointed out that the two with modern equipment also use
traditional methods for part of their production A flow chart showing the
steps involved in the traditional method for producing starch and pearlsis
shown 1n Figure 2

The compound feed industry has been growing very rapidly duning the
pastdecade asshowninTable 10 Part of the growth1s due 1o an increase
in hivestock production brought about by growth 1n population and per
capita incomes Partis due to modermzation of ivestock production with
even small producers shufting from using table scraps and local refuse for
feed to using purchased compound feeds Livestock feed 1s discussed
further 1n the next section

Production and Use Potentials

Potential uses for cassava in Malaysia are vaned and appear promising
Cassava has potential 1n the fresh food market the starch market the
amimal feed market and the sweetener market Its uses m the fresh food
market are not considerable since cassava 1s used mainly as a snack food
and not as a staple The possibilities 1n the starch market are encouraging
due to high demands for this product in manufacturing industries such as
textile paper adhesives and alcohol Additional demands Lie 1n the
important area of the ammal feed market Annual importation of grain
maize 15 high Because the livestock tndustry 1s expecied to grow at a fast
rate 1t would be advantageous to reduce maize imports by substituting
more cassava into ammal feed formulas A reduction of sugar imports can
also be accomplished if cassava produced 1n Malaysia 1s converted 1nto
high fructose and glucose syrups This 1s important because future
expansion of sugarcane plantations is not probable Other prospects he 1n
the production of gasohol fuel The cost of o1l and gas 15 expected to
increase and cheaper energy sources should be investigated to reduce the
existing over-dependence on petroleum fuels

Fresh food market

Although no rehiable figures are available on the volume of production
of sweet cassava for human consumption it can be safely presumed to be
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Tbhl 10 A malfedp d t n{t) Pe ns 1 M lay 1972 1980

M xed M lled wheat
Year p ultry Pig bra nd

fed feed pollards
1972 99 548 118 841 94 500
1973 117 148 103 056 94012
1974 189 102 113 156 90 162
1975 191 900 123 740 88 974
1976 241 311 148 478 106 265
1977 272 31 113 851 115 789
1978 314713 130 135 131 690
1979 334 588 122 731 116 313
1980 419 783 128 823 121 009

only a small fraction of the total cassava production figure Because its
principal use 1s as snack or dessert foods and not as a staple any future
sigmuficant growth n the demand for sweet cassava 15 unhkely

Starch market

Cassava will remain an imporiant source of industnal starch and high
quality starch (flour flake and pearl) destined for food industnies in the
future It 1s probable that future expansion of cassava cultivation in the
country will continue to find ready markets for its starch products in a
local as well as international context

Malaysia has long been exporting starch for industral and foed
purposes to Singapore Austraha Japan the United Kingdom some of the
other countries in the EEC Canada and the United States Declining
trends in export figures for starches in the last few years (Table 9)
are indicative either of reduced demand in these traditional overseas
markets or of increasing demand by domestic markets Phillips (1978)
suggested that the export market for cassava starch 1s not hikely to grown
importance because of other competitors such as Maize He also suggested
that domestic markets for cassava starch will become more important

Local demand for starch should increase at a rapid rate equal to the
demand for local food textile and other industries requiring starch as a
raw matenal or as a necessary component Important Malaysian industries
that use starch include the manufacturers of monosodium glutamate and
glucose (Chanetal 1983} With the present government policy encourag
ing high technology industrialization the growth rate of the manufacturing
industries 1s projected to be 11% per annum over 1980 1985 (Malaysia
1981b)
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Anmmal feed market

A potential source of great demand for cassava lies in the animal feed
industry Presently some 718 800 tons of grain maize worth M$290 million
(1981 figures) are imported annually for the purpose of feed formulation
This demand for feed grains 1s expected to grow at a rate commensurate
with the growth of the hivestock industries These are expected to expand
faster than the population growth rate since there 1s a rising improvement
in the standard of hiving Research studies have already determined the
feasibility of using cassava as a partial substitute in feed rations (particu
larly for pig and poultry) Levels up to 409, partial substitution have been
found to be nutnitionally sound Currently feed mullers replace corn with
cassava in feed formulations at levels of only 5% or so

Although current use of cassava asan animal feed ingredient 1s mimimal
1n compartson to the amount that enters the starch industry 1ts potential
importance may be gauged by trends 1n the livestock sector Cassava asan
energy source has tremendous growth potential It has the possibility of
becoming not only a major feed ingredient for non ruminant livestock
spectes such as poultry and pigs but also a concentrate component for
feeding lactating ruminants Presently this energy providing role 1n
ammal diets s largely constituted of grain maize which is being imported
in increasingly larger quantities The livestock sector has been expanding
at a rate of 2 2% per annum over the last decade (1970 1980) While the
dairy and beef sub sectors have not shown sigmficant growth the prg and
poultry sub sectors have been keeping pace with consumption Over the
1980 1985 penod these non ruminant categories are expected to growata
rate of 5% per annum (Radin 1983)

Although grain maize requirements of the livestock sector were
projected to grow at 109 per annum (Devendra 1977) actual maize
imports rose at the rate of 39% per annum over the period 1975 1981 from
215 200 10 718 800 tons If this trend holds the amount of maize required
in 1990 would be over 2 5 million tons Itis highty unhkely that this volume
of grain could be grown locally and efforts should be taken to mummize
part of the imports by local energy substututes Currently broken rice
sorghum rice bran wheat pollard brewers dried grains and cassava are
locally available and are being used to a small extent to partially replace
maize I1n feed formulations Which substitute 1s used and 1n what
proportions however 1s largely dependent on relative prices and availabi
lity 1n the market

Research on non ruminant nutntion has shown that although up to 40%
of a feed ration may be replaced by cassava 30% is a safer and more
practical level Problems of diarrhea in chickens and splay legs n hitters
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from sows fed with chets having more than 30% cassava are sometimes
encountered (Hew 1978)

To compare the competstiveness of cassava as a feed ingredient with
corn and with broken rice (which 1s a more commonly used substitute) an
example 1s given 1n Table 11 for a layers diet Cassava and broken rice
were substituted at 30% 1n two separate formulations and compared with
the basic maize diet Atcurrent prices (April 1984) thecassava maize diet
1s the most expensive while the cheapest ts the broken rice maize diet
Furthermore the cassava maize diet has a much lower metabolizable
energy (ME) content but this level 1s still within acceptable hmits (Yeong
Shue Woh personal communication)

Reasons for the higher price of the cassava maize diet include the need
for a higher soybean meal content and the inclusion of palm o1l This 1s
because the ME of cassava 1s lower than that of maize or broken rice for
poultry Therefore part of the energy requirements have to be satisfied by
palm o1l The crude protein content of cassava 1s also low (Table 12) and
has to be supplemented with more soybean meal

However when the price of cassava 1s M$0 29/kg (as 1t was tn June
1983) instead of M$0Q 36 the cassava maize diet i1s cheaper than the maize
diet although still more expensive than the broken rice maize diet (Table
13} This1s because relative prices of feedstuffs are closely related and tend
to nise and fall together Thus 1t 1s hardly surpnsing that feed millers are
presently using only about 5% cassava in formulating their rations (Chan
etal 1983) and that broken rice 1s a more popular substitute for maize

Another example 1s given 1n Table 14 where different levels of cassava
were used m a diet for grower pigs Only the diet with 10% cassava was
cheaper than the basic maize diet at April 1984 prices At the lower June
1983 prices all the cassava maize diets were competitive with 40% being
the cheapest However other substitutes may be even cheaper

Three points can be made from the above examples

I Whether cassava or another locally available energy substitute 1s used
to replace some of the maize in feed formulations depends on their
relative prices

2 The level of cassava used 1n a diet 1s again dependent on 1ts price

3 The reduction 1n cassava price necessary to bring cassava into the
rations presented 1s on the order of 5% (1983 prices) to 15% (1984
prices) all other prices held constant



Tbl 11 F mlii flayrs d thasd m db k i tAprill984piesf f dt ff P 1 M lay
B oke
Apnl 1984 M dt Cas maied t ncemar d t
I gred 1t p ce f mil f rmula 3
I gred s C t 1 gred s C t [ gred ts Cot
(MS$/kg) (%) (M$) (%) (M$) (%) (Mg3)
Maiz 044 63 6 27 98 27¢ 11 88 325 14 30
Cas hp 036 300 10 80
Boke n 040 300 12 00
S ybe meal 075 210 1575 266 1995 221 16 58
Paim ol 155 i0 155
S btotal C t { anabl
grde ts 4373 44 18 42 88
F h meal 100 40 400 490 400 490 400
Gas m al 038 20 076 20 076 20 076
L mest p wd 006 80 048 g0 048 80 048
D al m phopht 090 i0 090 10 090 10 090
Vim &m c¢calp m 11 00 01 110 a1 010 0i 110
Salt 015 03 005 03 005 03 005
Total 100 0 5102 1000 5147 1000 50 17
M t b lizabl gy (kcal/kg) 2790 2660 2720
Crud p t (%) 17 17 17

App mt ¢ f hang USSI00=M$229

S Y gSh W h pers
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Sweetener market

A more tmmediate possibility for further cassava exploitation 1s the
reduction of sugar imports In Malaysia where only 159 of the sugar
requirements are met by local production and no likelihood for future
expansion in sugarcane cultivation exists 1ncreasing amounts of sugar wall
have to be imported to satisfy the country s needs In 1981 around 457 790
tons of sugar (raw refined and in various preparations) were imported ata
value of M$510 milion (Malaysia 1981¢)

The available technology for converting cassava into high fructose and
glucose syrups provides a means of substituting at least part of the demand
for sugar Presently fructose and glucose syrups are particularly suited for
canmng as well as for the manufacture of jams jellies confectionery and
ice cream High fructose syrup (HFS) has a wide application 1n the soft
drink industry because of 1ts concentrated sweetemng effect (Vulleumuer
1982) Ofallstarch denved sweeteners HFS competes directly with sugar
Other uses of the syrup suchas in food processing food preservation and
food manufacturing remain 1o be explored

Future Supply

The supply prospects are not nearly as promising as the use potentials
The basic economec fact 1s that using current production technology
cassava 15 not as profitable as most production alternatives at prices which
potential users are willing to pay Given current profit levels and
government policy cassava s basically a scavenger forland In Perak over
70% 1s grown 1llegally on land allocated for other purposes If those
producers had title or legal long term lease nghts to the land they now have
1n cassava 1t 1s very hkely that they would quickly shift to a lucrative
plantation crop Land on which it 1s legal to grow cassava mainly
COMPI1Ses

Short term lease land prior to its further development into planta
tions or land schemes

Mining reserve land waiting to be mined
Land disturbed by mining (mining spouils)
Shallow peat soils

Inter row areas during the initial establishment and juvenile years of
rubber coconut or frunt plantations (smail holdings only)
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Table12 E rgyandpotin ot ts f us carhohydrate sources used in compound
feed f nonrummnsnt P nmins la Mal y

Poultry Pg
Metabolizabl nergy Dg thl gY Crude prote n

(keal/g) (mg) 1 /kp) (%)
M ze 3430 158 88
Cassava 3000 142 18
B oke mce 3200 156 75
R bma 2 440 104 100
Wheat pollard 2 500 128 150
5 Y gSh Whprs al mm

Because plantation crops are eight to ten times more profitable than
cassava they will be planted on all permissible Class 1 and 2 soils *
Intensive vegetable production 1s highly profitable and competes not only
for miming spoils which are near population centers and hence active
vegetable markets but also for shallow peat soils some of which are
coming out of declining pineapple production Ol palm also competes for
shallow peat soils Malaysia therefore has very hittle land available for
low profit crops (at present prices) such as cassava

The magnitude of the technological change necessary to provide a viable
cassava production sector 1s considerable Cost of production per umt of
output would have to be reduced by at least 25% probably 50% for
cassava supply to meet potential demands at realistic relative prices If
mechanized production and harvesting technology could be developed at
per unit costs 25 50% lower than present then plantation production of
cassava could probably be carned out on some of the large tracts of peat
sotls found 1n the country 813 0G0 ha 1n Penmnsular Malays:a (Coulter
1957) 1466 000 in Sarawak (Anderson 1964) and 86 000 in Sabah
(Thomas & Allen 1965) Research to date has shown cassava to be adapted
to the low pH conditions 1n peat giving it an immediate advantage over
many other crops Nevertheless other hmiting factors in peat such as
nutrient deficiencies and high fluctuating water tables have to be
investigated closely before cassava cultivation on this sotl 1s economically
feasible

Cassava cultivation on muneral soils will only be expanded if a
technology 1s developed that substantially increases productivity and

Clas t d2 1 f 11 fd dg h bl yf | Cl 1 ih
ym Imt PE h whl las 2 1 h mod Im p
gr wth (W g, 1974)



Thl 13 F mlt flay rs d et based on ma1  cassa dbroke neatJune 1983 priesfo fedt ff Pmngl My a
B oke

J 1983 Maize d et Cassa mazed t rice matze d et

lgd 1t price formula 1 formula 2 frmla3l
1 gredients Cost Ingred e ts Ct I gedets Cost

(M$/kg) (%) (M$) (%) (M%) (%) (M3}
M 038 636 2417 270 10 26 325 12 35
Cas h ps 029 300 870
Bk n 033 300 9%
Soybe m al 065 210 13 65 266 1729 221 14 36
Palm | 078 10 078
All th gred t nstant 154 154 154
Cost of n bl g d ts 1000 3782 100 0 3703 100 0 36 61

App m it f

hang USS$100 = M3$235
M Y gSh Whop 1
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Apnil 1984 F rmula | Frmi 2 Frm la3 F rmul 4 Frml 35
I g edents rice % Ct g Cot % C st g C st 4 C t

(M$/kg) (M%) (MS$) (M%) (M$) (M%)
Maiz 044 633 2785 513 2257 333 16 85 264 1t 62 138 607
Cas a 016 100 360 200 720 o 10 30 400 1440
S ybean m al 075 145 10 88 165 1238 185 13 88 200 1500 210 1575
Fish meal 100 50 500 50 500 60 600 70 700 80 8 00
Rce b an 033 150 570 150 570 150 570 150 570 150 570
Salt 015 0s 008 05 008 05§ 008 05 008 05 008
Cal um ph phate 090 06 054 06 054 06 054 06 054 06 054
Vtam m alp m 1100 01 110 01 110 01 110 01 110 01 110
Lm st 006 10 006 10 006 10 006 10 006 1o 006
Total 100 0 5121 1000 5103 1000 5141 1000 5190 1000 5170

J n 1983

p ce
Maiz 038 2405 19 49 14 55 1003 524
Casaa 029 00 100 290 200 580 300 870 400 1160
Seybe m al 065 942 10 72 1202 1300 13 65
F h m al 081 405 405 4 86 567 648
C t f an ble 3752 3716 3723 3740 3697
grede ts
Dg thl gy (kcal/kg) 3353 3341 3345 3359 3339
Crude p otem (%) 16 2 16 2 16 3 171 173

App m i

hang U $100=229
S OgHw K gp

1 mm

Ap 11984 USS100=M3$235

1983



My 111

reduces costs and labor requirements Since labor 1s becoming a scarce
resource In the agricultural sector mechanization possibilities must be
fully explored

The government 15 concerned with the high annual maize imports for
livestock feed Inorder to encourage greater utihzation of local substitutes
such substitutes must be readily available to feed mills Feed mullers rely
almost entirely on maize imports in formulating rations not because of
any particular prejudice against cassava but because cassava is notoriously
unrehable in supply In an effort to rectify this situation proposals have
been made to promote cassava cultivation on peat

If cassava were more steadily available and used 1n arumal feed at a 20%
level 1t would represent a four fold increase over the current 5% level of
utihzation Matze 1n a basic diet 15 used at levels of about 65% A 20% level
of cassava would imply a 13% substitution of the maize component (20%
of 65%) Using the 1983 figure of maize imports 1¢ 718 800 tons this
amounts to 93 444 tons of cassava chips (13% of 718 800 tons) and
involves immediate savings of M$37 7 million in foreign exchange (13% of
M$290 million) Using a 38% conversion rate of fresh roots to chips the
amount of fresh root production would be about 245 900 tons

Assuming a mean yield of 25 tons/ha about 10 000 ha of land would
need to be planted with cassava This scale of operation to be worked by
small farmers has been proposed for the near futvre

Similarly sigmificant savings in foreign exchange may be effected if the
government were to give support to cassava production for the purpose of
manufacturing high fructose and glucose syrups thus reducing Malaysia s
high and expensive sugar imports

Pohicy Implications

The view of cassava s future expressed 1n this paper can be summanzed
as optimistic 1n terms of potential sources of utihzanon but as pessimistic
in terms of potential supply Demand for starch and denived products can
be expected to grow steadily as a result of increases 1n per capita income
population and industrialization This demand can be met by domestic
production of cassava starch imports or a combination of both If
domestic production exceeds demand at world prices there 1s hmited
scope for exports Demand for livestock feed can be expected to grow
rapidly due to increases 1n per capita incomes population and adoption of
modern livestock production techniques especially the use of compound
feeds Cassava 1s now of minor importance in compound feeds but could
become an important component (up to 30-40% of the total) if feed rmlls
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can be assured of a steady supply at prices competitive with imported
maize and domestically produced rice bran and broken rice It should also
be pointed out that because rice bran and broken rice are by products of
nice production which itself has hmited scope for expansion the supply of
these two energy substitutes 15 melastic Thus they eventually will be
unable to keep pace with the growing demand for carbohydrate sources in
compounded feed

The future of cassava production appears rather dismal Current
hectarage 1s the lowest 1n 20 years and appears to be headed even lower as
authonties take action against illegal production The consequences of
such drastic reductions 1n cassava production are increased rehiance on
imported starch and imported maize

The cassava industry in Malaysia illustrates the frequent conflict
existing between the policy objectives of economuc efficiency and food
security Given the Malaysian resource endowment and land use pohcies
as wellasa large low cost cassava and maize producer nearby { Thailand)
the economic efficiency critena would probably lead to a policy which
neglects the domestic cassava industry imports maize for amimal feed
imports starch as needed and concentrates on highly profitable plantation
crops The government however places some weight on the policy
objective of not being totally dependent upon imported mgredients for
livestock feed Since cassava 1s the logical source of energy for livestock
rations a government policy supporting the cassava industry would
appear to contnbute to achieving that policy objective

Support could take several forms The first would be a strong research
dnive on cost reducing technology The second would be a program
encouraging feed compounders to include a sizable proportion (within safe
levels) of cassava in hvestock compound feeds This might be achieved in
several ways such as promoting plantation cultivation of cassava reserved
for feed mills requinng feed compounders to purchase a fixed amount of
cassava for every ton of maize imported diversion of roots from starch
factones to feed compounders or allowing importation of Thai chips 1n
years of short Malaysian root production However encouragement
programs can only work if the development of appropniate cassava
technology precedes them

A third form of support would be to imtiate policies promoting the
production of cassava on peat soils with low opportumity cost It was
previously estimated that mcreased cassava use in compounded animal
feeds up to 20% of the total ingredients would absorb the preduction from
about 10 000 ha of peat soils There are more than 2 million hectares of
peat soils in Malaysia about 1 million of which may be shallow enocugh to
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be suitable for growing cassava Not only i1s 10 000 ha only 1% of that
amount but 8 000 ha are already available on small holdings which have
abandoned pineapple production Thus the establishment of 10 000 ha of
small holdings 1n cassava seems to be a reasonable and feasible target As
the demand for starch grows expansion of cassava to an additional 10 000
ha by either smallholders or by plantations 1s probably also feasible

However if an economically feasible expansion 1s to take place 1t 1s
necessary to have a government policy which supports this expansion and
new technology
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Cassava 1n the Agricultural Economy of Sr1 Lanka

c
S D G Javawardena

Introduction

Cassava was introduced to Sr1 Lanka in the year 1786 from Mauritius by
the Dutch governor Van der Graef The only subsequent recorded
importations were made in 1821 and 1917 and these too were from
Mauritius Since then cultivanion of cassava has been mainly confined to
peasant settlements or intercropped in young rubber and coconut
plantations

As in most other tropical countries root and tuber crops in Sri Lanka
have received very little attention either from scientists or 1 national
production policies especially when compared to cereals This situation
can mainly be attributed to the consumer preference for rice and wheat
flour Wheat flour 1s an important commodity due to the long established
bread eating habits of a significant percentage of the population
Currently annual wheat imports constitute a substantial drain on foreign
exchange In the context of providing food for the rapidly increasing
population which s estimated to grow to 21 million by the year 2000 root
crops appear to have significant potential especially at a tuime when rice
production 1s becoming increasingly less profitable Morcover 1n Sn
Lanka expansion of irrigated areas as a means of increasing rice
production has reached a limit On the other hand the potential to
produce food crops 1n upland areas remains unexploited

Today in Sri Lanka cassava is consumed mainly by the poorest people
primarily because 1t 15 the cheapest source of food which can be consumed
without additional inconvemence 1n preparation Plantation workers and
farmers consuitute the major share of peeple who consume cassava Inthis
context root crops in Sn Lanka stand out as one of the most important
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sources of energy for the working population who sustain the agnicultural
economy of the country

Rice as the main food crop in Sn1 Lanka 1s becoming increasingly more
costly due to 1its dependence on energy based inputs for maximun
production Under such circumstances cassava remamns a potential food
crop to be exploited during the next decade The potential of cassava as a
substitute for rice and wheat flour was amply demonstrated when cassava
effectively bridged the food gap during the acute food shortages n the
early 1970s Durnng that period the area under cassava increased
significantly However with the increase in nice production and the
assured supply of wheat flour imports during the late 1970s the area
planted to cassava has declined considerably (Table 1)

Production Areas

Cassava cultivation 1n Si1 Lanka 1s primarily concentrated 1n the wet
and intermediate zones resulting in the formation of a very distinct
production belt across these zones (Figure 1) Rainfall over the island
follows a bimodal pattern under the influence of the northeast (October to
February) and southwest (May to September) monsoons forming two
distinct seasons known as Maha and Yala respectively The wet zone
receives rain from both monsoons while 80% of the annual precipitation
in the dry zone 1s from the northeast monsoon

The distribution of rainfall in the dry zone coupled with soils which
harden during dry periods makes 1t less favorable for successful cassava
cultivation However on the southeastern coast where soils are Light
textured 3 000-4 000 ha are cultivated to cassava duning both seasons
mainly for direct consumption In other areas of the dry zone cassava 1s
cultivated manly during the Maha season

In the wet and intermediate zones cassava 1s cultivated during both
seasons mainly as a backyard crop for direct consumption However 1n
the districts of Gampaha and Kurunegala cassava 1s intercropped with
pineapple and coconut The largest area of cassava in Sr1 Lanka s in the
Kurunegala district in the intermediate zone where the climate 1s1deal for
the production of dried chips It1sin this area that cassavais processed for
industnal use by producing dned chips The area cultivated in cassava
annually m this district 15 about 7000 to 8§ 000 ha which 15 mostly
intercropped with coconut
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(ha) (000 t) (h) 600 1) th) (000 1) (t/h )
1972 2306518 259 38 8 240 08 13108 31305 26 390 46 1248
1973 21 046 55 349 27 30 425 91 261 74 51472 46 611 01 1187
1974 67 747 36 65772 23 605 66 190 52 9135303 848 25 929
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1979 16043 03 160 40 17 504 85 203 75 33 548 17 364 16 10 85
1980 18 957 48 220 38 808502 110 81 27 042 51 33119 1225
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Cropping Systems

Cassava grown as a backyard crop 1n the wet zone 1s brought to the
market for sale either by the farmer himseif or by a middleman The area
culuvated as a backyard crop varies from 100 1000 plants per farmer
Farmers generally harvest their crops when the rice prices in the market are
relatively high usually just before the harvest of the rice crop Cassava
produced as a backyard crop 1s rarely fertihzed Root yields in such
systems vary from 8 12 tons/ha depending on the soil conditions Under
the backyard production systems the cost of production of cassava 1s
neghgible If the farmer harvests the roots himself and transports them to
the local market he can sell them for about 2000 to 3000 rupees (Rs) per ton
(US $80 120) If the area in cassava s large the farmer usually sells the
produce to amddleman who has to uproot and transport the cassava He
pays the farmer about Rs [000 1500 (US $40 60) per ton Generally village
farmers stagger their harvest and transport it by bullock carts to the village
market for sale Cassava cultivation as a backyard crop thus gives a
considerable income to the farmer and moreover cassava is an assured
supply of food

When cassava 1s intercropped with pineapple or coconut the area can
vary from 1 10 ha In establishing new pineapple plantations cultivators
always plant a crop of cassava mainly because the cost of establishing the
cassava crop 1s very low The land 1s plowed primarily to plant pineapple
but growing cassava helps to control weeds Due to the application of corr
dust as a mulch and fertihizer 1o pineapple yiclds of cassava are high
around 15 to 20 tons/ha Produce from such production systems 1s
generally taken to the urban markets for sale where the retail price of fresh
cassava 1s about Rs 4 00/kg (US $0 16)

Production Costs

More than 75% of the total area 1n cassava falls under the above
production systems where planting material 1s not purchased land 1s not
prepared specially for cassava planung and norganic fertilizer 1s not
applied The other important feature of these production systems 1s that
the farmers do not cultivate cassava season after season in the same land
Cassava 1s generally rotated with other crops Under these production
systems the profits are generally high as the retail price of cassava in the
village market 1s attractive However when cassava 1s cultivated on a
commercial scale the cost of cultivation 1s estimated to be around Rs 5600
(US $225) per hectare When cultivated on a commercial scale with recom
mended fertilizer applications yields of about 20 tons/ ha can be obtained
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At farm gate prices of about Rs 1500 (US $60) per ton the profit per
hectare 15 about Rs 24 375 (US $975) Thas level of profit in Sri Lanka 1s
considered very attractive However due to difficulties in marketing large
quantities of fresh cassava for direct consumption cassavain SriLankais
rarely cultivated in extensive areas

If the harvest 1s processed by chipping and drying the selling price of a
ton of dried cassava chips has to be more than Rs 3750 (US $150) to obtain
the same profits as by selling fresh roots The present market prices for
dried chips are not sufficiently attractive to encourage large scale cultiva
tion of cassava for the dnied chip industry 1n Sr1 Lanka

Producetion Constramnts

The principal cassava production areas are shown 1n Table 2 Cassava
culivation in Sni Lanka has traditionally been concentrated in the wet
zone due mainly to climatic suntability Morcover the wet zone districts
are the most densely populated Government statistics indicate that most
of the cassava production 1n Sni Lanka 1s consumed directly as fresh
cassava Since production of cassava mainly comes from home gardens 1t
1s reasonable to assume that cassava produced in the wet zone 1s consumed
there because cassava s rarely transported by lornes to distant areas due
to the high cost of transportation

The main constraint in increasing the area under cassavain the wet zone
1s lack of unused agricultural land for large scale cultivation However 1f
intercropped with coconut considerable areas of land could be found for
cassava cultivation in the intermediate zone within the coconut triangle of
the country However due to many technical reasons farmers do not like
to grow cassava in well maintained coconut plantations as an intercrop
The present demand for cassava is 1n the form of roots for direct
consumption and as such 1t 1s not conducive to large production increases

Research

In Sr1 Lanka 75 varieties of cassava have been identified and of these 6
have been recommended for cultivation (Chandraratna and Nanayakkara
1945) According to official records no introductions have been made
recently Original attempts to improve yields and reduce hydrogen cyanide
(HCN) content in cassava date back 1o 1943 when 21 hybrids were
produced (Chandraraina and Nanayakkara 1943) Itis believed that what
1s cultivated today 1s the matenal multiphed over the years from these
hybrids
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Table 2 C ssa thay by ¢ Imit s

S as Total
Mah 80/81 Yal B!

Wit& trmed te es

C I mb 815 764 1579
G mp h 2187 2 000 4 187
KLt 1215 977 2192
K dy 721 875 1 596
Mat | 1292 934 2226
N wa Ely 543 352 895
Gl 1024 959 1983
Mat 1 030 1071 2101
Rt p 2 668 2 369 5037
Kgl 1 895 [ 927 3822
K reegl 4342 3594 7936
B dull [ 775 647 2422
Total 19 507 16 469 35976
Dy o es

Hmb tu 935 494 1429
Jaff 707 449 1156
M 25 13 36
A 213 8i 294
M lait 181 44 225
B1 i 994 701 1 695
Amp [ 549 923 2472
™ ml 683 344 1027
Ptlm 1920 2263 4183
A dh p 1324 563 1 887
Pl a w | 166 360 1 526
M gl 2212 1996 4208
T tal 11909 8 231 20 140
Sn L k ttal 31 416 24 700 56 116
S5 ceDprm « fAg 1 al§ S Lak

In 1978 a root and tuber crop research project was initiated with the
assistance from the International Development Research Centre Activa
ties over 3 years were mainly concentrated on germplasm collection and
evaluation Coordinated yield evaluation expenments 1n vanous agro
chimatic regions have demonstrated a vast potential for increasing
production 1n most parts of the country including some of the dry zone
arcas However attempts to promote large scale cassava cultivation for
industrial use have had very little success due to many constraints such as
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the high cost of cultivation and transportation and lack of an assured
market

During the past 3 years of this research project useful data pertaining to
varieties fertilizers intercropping and many other management practices
have been obtained in different agro climatic zones conducive to large
scale cultivation of cassava Findings of this research project have created
an awareness among policymakers admimstrators and agricuitural
extension and research workers of the potential of this crop for food as well
as forindustrial uses The most striking research finding was the economic
potential of intercropping legumes with cassava for a short period of about
3 months This was clearly demonstrated in a cassava/legume inter
cropping trial where four different types of legumes were tried (bushitao
greengram blackgram and cowpea) with two cassava vaneties (Lenera
and MU 22) The results indicated that the combinations of the cassava
variety Lenera and the legume bushitao gave significantly higher monetary
returns compared to all other combinations or to cassava monoculture

Further investigations on the effects of spatial arrangements in legume
intercropping with cassava demonstrated that the double row arrangement
of cassava was more favorable for higher root yields as well as for legume
yields Intercropping cassava under coconut in the low country inter
mediate zone having an annual rainfall of over 1016 mm indicated a
maxtmum yield of about 15 tons/ha with the variety MU 71 after 12
months

Investigations on cassava seedlings raised from naturally cross poll
nated seeds are being carried out to select for early matunty high yield
high starch content and low HCN content A total of 1098 seedlings were
raised 94 plants giving yields of 3 and 5 kg at 6 aid 12 months maturity
respectively have been selected All these seedlings show sigmficant
diversity and could result in the emergence of some outstanding plant
types These selections are being further evaluated for higher yield and low
HCN content Investigations on yield response of cassava to mitrogen
fertilizer have demonstrated a significant production potential at higher
levels of mitrogen (Table 3)

Dunng the first phase of the research project it was realized that the
cultivation of cassava could be encouraged only if technologies are
developed that are compatible with village farming systems Farmers have
adapted certain types of cropping combinations which give them a regular
supply of vegetables and a regular cash income In this respect cassava
intercropping with vegetables and legumes where farmers income food
and nutrihonal levels can be elevated 1s becoming acceptable
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T bl 3 Yield esponse of cassza  ¢o mtog frtl er

Fenl 1 1 Y Id
N (kg/h ) (t/h )
0 5 66
225 32
45 16 63
675 2572
90 3104
1125 3943
5625+ og mu (20 t/h) 3221
0+ g mt (20 t/h) 13 54
s Prg p 1983Dws B yC alAg It |
R archl

It 15 proposed to explot the industrial potential of this crop on well
identified areas after careful economic studies wath particular attention to
transportation and processing costs Phase one of the project has enabled
an wdentification of the agronomic requirements technological needs and
yield potential in different agro climatic zones as well as the potential of
intercropping cassava with legumes and vegetables Itis proposed to carry
out phase two of the project by giving more emphasis to distinct regional
needs representing different agro-climatic regions soil types and farming
systems The project envisages varetal evaluation intercropping com
binations cultural practices through adaptive farm level research and
field trial programs carried out by the major regional agnicultural research
centers

Uses

In 1981 the total production of fresh cassava was 526 000 tons Of this
157 000 tons were lost as waste (Table 4) The balance 1s reported to have
been used totally for human consumption as fresh food There is no
reported use 1n industry Per capita consumption of cassava was 24 57
kg/yr supplying 105 68 calories (4 8% of the total calone requirement) per
day Food requirement statistics of the government indicate that the
production of fresh cassava 1s just meeting the calculated food require
ments of roots and tubers (Table 5) According to these estimates the
requirements 1n the year 2000 could be met by increasing the area of
cassava by 10 000 ha at present average farm yields of 10 tons/ha The area
cultivated to cassava 1n 1981 was 1/3 of that in 1974
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S D bt pt mpt

C mm dty P d [mp rt S d Waste F dg kg/y gidy al/d y gp v /dy gftidy

{000 t)
Pttt 66 04 100 1270 670 47 64 318 871 845 014 0
Cass 526 01 0 0 157 80 368 21 24 57 67 31 105 68 047 013
Ym d

wotptt 158 61 0 0 47 58 11103 741 20 30 24 36 024 006
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1981 1986 1991 1996 2001
R 151089 1 658 93 1 80198 1940 00 207313
Bed wh t fl 1c 404 33 544 31 595 52 646 60 696 94
Ccec 1 476 09 526 18 57509 622 98 663 46
R t dtb 471 09 51187 549 01 580 37 607 45
Seg 185 46 203 67 22131 23820 254 56
Pl 118 87 130 61 142 13 153 48 164 59
M t fsh 1 419 18 463 97 508 13 55228 595 B
Dryf d 776 35 836 17 893 68 946 10 997 11
V oget bl I 240 20 264 13 268 36 30719 326 46
Vget bl f 589 22 65003 71002 769 50 828 10
Rp f ¢t 306 29 33718 367 57 397 56 42705
B ag (e 1t) 6772 75 10 8238 89 70 96 93
Codm t ad pe 13537 150 14 - 164 69 179 32 193 80
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The important consideration which emerges from this discussion 1s
whether the present consumption rate of 24 57 kg/ yr 1s justifiable when
there 1s a calorie deficit among Sr1 Lankans Should the per capita
consumption of cassava be increased and if so what are the factors that
limit this increase? Obviously 1t s the hmited demand for fresh cassava in
the market that 15 discouraging the increase in production Low demand
for cassava s mfluenced by the prices of rice and wheat flour and the
consumer preference for these food items Understanding demand 1n
traditional and potential markets is necessary in promoting cassava
culuvation in Sn1 Lanka

Potential for Production and Utilization

The potential of cassava as a source of inexpensive starch in meeting
current industnal requirements is mgh Currently industnal use of cassava
starch produced locally 1s so neghgible in Sn1 Lanka that 1t 1s difficult to
obtain official statistics A few private sector industries are involved 1n
making glucose from cassava starch by enzymauc conversion and in
extraction of starch for the textile adhesive and paint industries Small
scale cottage industries are producing dried chips of cassava to meet some
mdustrial requirements and small quantities of starch are made nto
tapioca pearl for human consumption

Present industnal requirements of starch are mostly imported In the
textile industry alone starch requirements to produce 153 million meters
of cotton yarn annually are estimated to be around 2 000 tons Cassava
starch has been successfully used as sizing in the textile industry by mixing
50 60% of cassava starch with other good quality starches Dhiscussions
with officials in the textile industry and mill owners revealed that due toa
lack of an assured supply of good quality cassava starch they were forced
to depend on imports

Use of cassava in the ammal feed industry has been thoroughly
investigated in Sn1 Lanka by relevant authonties Cassava was used in the
animal feed industry in the early 1970s Investigations have shown very
successful results in mixing cassava chips up to 10 15% n poultry and
other ammal feeds However due to lack of regular supplies of good
quahity dried cassava chips the use of cassava in the ammal feed industry
has declined The government Oils and Fats Corporation 18 the main
producer of ammal feed and at one time offered attractive prices for
cassava chips as well as for dried cassava leaves The Oils and Fats
Corporation is the main supplier of poultry feed in the country Itsupplies
about 809 of the total feed requirement whale the rest 1s supplied by two
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major private firms (Athula Chandrasiri and Asoka Sepala 1980) The
present production of poultry feed by the Oils and Fats Corporation 15
around 70 000 tons/yr Two other private firms produce about 10 000
20 000 tons of poultry cattle and pig feeds

Presently cassavaisnot used directly inthe ammal feed industry and the
main carbohydrate sources are maize rice and wheat flour which s
unsuitable for human consumption Due to the undependability of cassava
as a carbohydrate source the government has offered an attractive price to
maize growers The total maize requirement for the animal feed industry 1s
locally produced inthe dryzone The current price paid for aton of maize
1s Rs 3100 00 (US $124) The price of dried cassava chips should be more
than Rs 3750 00 (US $150) per ton just to give the same income to the
farmer as by selling fresh cassava In order to meet the cost of chipping and
drying the price has to be igher than this Dry cassava chip production
for direct use 1n ammal feed 1s currently not economical However use of
the cassava residue after the manufacture of starch and glucose has been
investigated and was found to be very economical Nevertheless the
present maize production has stabilized due to the attractive prices and
moreover the cultivation of maize 15 undertaken by dry zone farmers
under rainfed conditions without hugh input levels

Policy Implications of Research

Cultivauon of cassava for direct consumption as a fresh food 1s very
profitable at present yield levels and market prices Higher yieids could be
obtained with adequate fertihzer applications and use of high yielding
varieties Morgcover with recent increases in fertilizer prices 1ntercropping
with legumes could increase farmers incomes while reducing the need for
more fertilhizer With the increase in prices of rice and wheat flour the
demand for cassava as a fresh food can be expected to increase Inspite of
cassava s currently low prices the demand for cassava 1s stull not large due
to the inconvenience of purchasing cassava within a day of its harvest
Therefore use of cassava as a source of food could be increased and
encouraged by developing processing technologies

The 1industnial potential of cassava in Sri Lanka 1s totally unexploited
The problem has been the lack of coordination between market devel
opment and production expansion The price of imported industrial starch
15 certainly hugher than the locally produced starch from cassava A recent
price quoted for Indian starch 15 US $1 50/kg Proper coordination
between product utiization and expansion of cultivation combined with
government incentives 1n the form of subsidies as are applied to many
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other crops could encourage farmers to grow more cassava In order to
reduce the cost of production and processing hand operated simple
machines should be introduced to facilitate harvesting chipping and
drymg of cassava Processing of cassava should be encouraged as a cottage
industry whereby cultivation could be stabilized and employment could
be provided for the village farming community After processing at the
village level to produce starch glucose or chips the residue of cassava
could be effectively utilized as an ammal feed 1n combknation with dried
cassava leaves and leaves of other legumes such as ipil ipil (Leucaena
leucocephala) Therefore attempts to promote cassava cultivation should
take 1nto consideration an integrated approach at the village level where
product utilization i sttu 1s encouraged

The trade and agricultural policies of the government need revision to
encourage cassava cultivation to meet the industnal requirements of the
country Liberalized import policies have turned the industrial users of
cassava starch to foreign sources mainly because of an assured supply
This situation has crippled the small scale industnes preducing cassava
chaps for starch extraction and deprived the small cassava growers of an
assured income The recent expansion in the industrial sector in Sr1 Lanka
has increased the demand for a cheap source of industrial starch Demand
for cassava starch in textile adhesive and confectionery industnes has
grown to such an extent that the private sector has started pilot projects to
meet their own requirements Government food agricultural and nutn
tional policies could be directed more toward the production of local food
by adjusting the price structure of imported food items such as wheat flour
The current deficit 1n calone requirements of Sn Lankans (about 37 4
calories per capita per day) could easily be bridged by promoting
cultivation and consumption of cassava 1n areas where food 1s 1n short

supply

Research should be mainly directed towards evolving high yielding
varieties as a cost reducing technology although not at the expense of mgh
chemical fertihizer requirements In order to increase farmers incomes
more research on intercropping combinations must be carried out with the
1dea of reducing the need for chemical fertilizers and weeding Vanetal
improvement programs should be directed towards varieties with shorter
maturity and reasonably high yields so that areas with low rainfall could
be exploited for cassava cultivation In this context a cheap source of
carbohydrates s an urgent need for the small scale dry zone farmer in Sri
Lanka whose calorie deficit 1s much greater than other segments of the
population Rainfall in the dry zonc demands cassava varicties with a
6 month maturity period In order to promote the consumption of cassava
as a cheap source of food technologies with low energy requirements to
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process cassava for human consumption should be developed Programs
to expand cultivation should be undertaken simultaneously with projects
to promote 1ts use in industry and as a source of food
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Cassava in the Agricultural Economy of Thailand

Boonjit Titapiwatanakun

Introduction

Agriculture has long been a major sector of the Thai economy In 1960
the domestic agricultural product was about 40% of the total gross
domestic product (GDP) However this percentage has been decreasing
over time as the economy has developed such that by 1981 for example
the domestic agnicultural product was about 24% of the country s GDP

In terms of total export earning agricultural products contributed as
high as 91% of the total in 1960 During the past two decades inspite of a
decreasing trend 1n this percentage the export earning from agricultural
products still contributed more than 74% of the total export earnings

Among the agricultural exports there are five principal products
namely rice maize tapioca products * sugar and rubber The export
value of these products was more than 70% of the total Noticeably the
export value of tapioca products increased the most rapidly nising from
1 547 million baht 1n 1972 to 19 760 mullion baht 1n 1982 (The average
currency exchange rate over the period was US $100 208 baht)
Moreover tapioca products ranked as the second highest export earning
commodity for the past 7 years (Table 1)

Tht m p p d g ly d Thl d m p d p df m as
Th ppefltw h Th d g as as f f h d poc
p p d f ped p ce df m as

B 1T pw k 1 h F iy fE m dB Adm
Kaset U rmsiyB gkk Th1 d



THl I VI fpri pal gri it 1 p rt (mili fb his) 1972 1983
P d: 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1933
Tp pod t 1 547 2537 3836 4597 7527 7720 10892 9891 14804 16 447 19760 15311
7 ftt] 1003 10 99 10 57 1392 16 31 14 89 2001 14 39 19 13 17 46 1838 2474
Re 4 437 35%4 9778 5852 B603 13323 10424 15592 19505 26 366 22470 20125
7 ft tal 2878 1557 2694 1772 18 65 25T 19 25 2269 2520 2799 2090 3252
Ma 2085 2969 6078 5705 5676 3345 4275 5644 7 281 8 346 8313 § 168
7 {1 tal 13 52 12 86 16 75 17 27 12 30 645 790 821 941 886 774 1320
S gar 1264 1161 3757 5696 6 843 7445 3976 4797 2975 93579 12241 6330
% ftal 819 503 1035 1724 14 83 14 37 734 698 iz 1017 1138 1023
R bbe 1 862 4573 5035 3474 5297 6164 8030 12351 12370 10841 9499 11956
7 ftal 12 08 19 81 1387 10 52 1148 1} 89 14 38 1797 1598 1157 §83 1932
T tal agne It al

portb 15416 23088 36289 33030 46136 51821 54148 68724 77404 94197 107529 618%

}) P lm aryd ta

b) FmM try fAgnuite andC pe at Sel td nm dcat toag cult

S Bank fThail d ttt

Ib It

Acag teof hag e th p odwasUSS§100=208bah



Thala d 133
Production

Historical background

Cassava was first grown 1n Thalland sometime around 1850 primarily
for human consumption It has become quite popular i1n the eastern
seaboard provinces during the past 50 years Since 1956 cassava growing
has spread to the provinces in the northeastern western and upper central
parts of Thailand

The total planted area of cassava incrcased from 415 200 hain 197310
over | 2 milhon in 1982 (Table 2) Cassava production increased from 5 4
million tons in 1973 to 17 8 mullion tons 1n 1982 The rapid expansion was
dueto (1) on the demand side the increasing demand for tapioca pelletsin
the European Economic Commumity (EEC) market and (2) on the supply
side production advantages with respect 1o cost yield and low nsk n
growing cassava

The local cassava market 15 relatively ssmple The cassava growers sell
their cassava roots either Lo tapioca factories or through local middlemen
The tapioca factories can be divided into two categories (1) those
processing tapioca products (flour starch and sago)for human consump
tion and industrial use and (2} those processing tapioca products (chips
and pellets) for animal feed

Tbl2A pdt yidf mp df m 1 1973 1982
Y A P dt Y Id Fm Fm
(h) (000 v) (t/h ) p 1

(b hi/kg) (mll fb ht)
1973 415 200 5443 1312 014 1 850 6
1974 497 280 6765 1361 030 20295
1975 475 040 7094 1493 041 2908 5
1976 692 320 10 230 1478 0 46 47055
1977 728 160 11 840 1399 047 5564 8
1978 1165 120 16 358 14 04 037 60525
1979 845 760 11 840 1313 077 85478
1980 1 160 000 16 540 14 26 075 124050
1981 i 270 400 17 744 1397 046 81622
1982 1 246 160 17 788 14 39 050 90718
5 Ct f Ag K ISttt Off fAg & tE m M (yf{

Ag I dC p t B gkkThl d

A ag 1 [ h g th p dwasUSS$100=208b ht
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The starch factones started operating shortly after World War I1 when
modern processing machinery became available Tapioca starch was then
exported to the Umited States for use 1n the paper and textile industries
Since 1973 Japan has been the most important tapioca starch market of
Thailand Tapioca starch competes with maize starch in both of these
markets

The second category of tapioca factories started around 1956 when Tha
tapioca products for ammal feed were introduced into the European
ammal feed market by European immporters This market developed
rapidly and successfully into a very important market for Thai tapioca
products The trade started with the export of tapioca waste from starch
manufacturing shifted to1apiocachips and then after 1967 following the
introduction of a German pelletizing plant in Thailand shifted to pellets
The ease 1n handhing and shipping pellets and the cost advantages from
lower bulk compared to chips and waste facilitated the rapid growth 1n
pellet production This coincided with the growth in the EEC animal feed
market Consequently exports of tapioca pellets have increased since then
and now dominate 1n the export of tapioca products

Cassava culivation

Generally cassava can be planted throughout the year except during
heavy rains or 1n the middle of the dry season Planting 1s usually done
either at the beginning or the end of the rainy season At present the
cassava grown in Thailand can be classified into two types the edible and
the bitter varieties The edible cassava 1s for human consumption and is
grown in relatively small quantities compared to the bitter type The batter
cassava is for processing into chips peliets and starch The most popular
bitter variety is the local one Thus variety has been grown in Thailand for
more than 50 years In 1975 Rayong 1 aselection from the local variety
was 1ntroduced to cassava growers as being comparable to the local
variety Fertilizer use 1n cassava cultivation 1s still imited because the price
of ferulizer 1s rather high and the fresh root price 1s volatile Only some
farmers in the old cassava producing zone (eastern seaboard) use fertilizer

Area The area planted 1n cassavain Thailand increased every year from
1973/74 to 1982/83 except 1n1979/80 when there was a serious drought
(See Table 2 ) The central plain which includes the easternseaboard used
to be the major cassava producing zone where cassava area made up 59%
of the country s totalin 1973/74 (Table 3) A rapid expansion of planted
area subsequently took place especially in the northeastern region where
the area increased from 130 560 ha (30% ofthe total)in 1973/74 10 483 360
ha (609 of the total}in 1977/78 since then this region has been the major
cassava producingzone The increase in cassava areacame about fromthe



Thl 3 A d ot dy Idby egion 1973 1982
N rth ast rn C talpl N rthm S th
Ye Ae P d Y d A P dect Y d Are Pod 1t YU Are P dt Y id
(h) 00y  (t/h ) (h) (000y  (t/h) (h) 0001  (t/h) (h) 0001) (t/h)
1973 130 560 1574 1206 259 840 35u 13 59 25 120 355 14 18 20 480 208 10 14
% of tot ] 30 28 59 62 6 6 5 4
1974 189 600 2335 1231 260320 3522 1353 14 720 224 1518 15 360 159 10 38
Gof tt] » » 54 56 3 3 3 2
1975 253 600 3479 1372 302080 4133 1368 20 640 330 1599 18 080 158 877
% {1l 43 43 51 51 3 4 3 2
1976 338 720 4822 1424 344 160 5044 14 65 16 800 272 16 21
7 {1l 48 48 49 50 2 2
1977 483 360 6483 1341 342080 5048 14 76 21 440 309 1443
7 fttal 60 55 40 43 3 3
1978 733 440 9699 1323 398 880 6119 15 34 29 760 463 1559 3040 7 2521
% of total 63 59 34 37 3 3 0 1
1979 543 360 6952 1279 283200 3876 1369 18 720 267 14 19 480 6 1311
7 of total 64 63 34 35 2 2 0 0
1980 725 600 10 009 1379 400 000 6043 1511 34 400 488 14 16
7 {1t tal 62 60 35 37 3 3
1981 758 080 10 046 1325 465 280 6990 1502 47 040 708 1506
¥ ftaal 60 57 37 39 3 4
1982 726 240 10 200 1404 465 280 6 881 1479 44 640 707 1583
7 fttl 59 57 38 ¥
A C Ag It 1Sttt Off fAg 1t alE m M try fAg It dC p t B gkkTh 1 d
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substitution of cassava for kenaf and also the increasing utihization of
farmers 1dle land Nevertheless 1t 1s generally believed that the expansion
of cassava area has been through or at the expense of forest destruction

Production and yield Total cassava production increased from about
S 4milliontonsin 1973/74 to over 17 7 milhon tons 1n 1982/83 anincrease
of slightly more than three times Average yield for the country fluctuated
between 13 12 tons/ha and 14 93 tons/ha in this period although a
downward trend 1n average yield was observed after 1975/76 (See Table
2 )The northeastern region produced over 16 million tons or 57% of the
total production in 1982 (Table 3) However this region has the lowest
average yield perhaps due 1o the poor soil and erratic rainfall conditions
and the lack of fertilizer application

Production costs and farm income The total cost of production per
hectare increased every year from 3151 baht/ha in 1974/75 to 5871
baht/ha 1n 1980/81 except in 1977/78 when the fixed cost was adjusted
(Table4) Duringthe same period the cost per ton also increased from 242
baht to 412 baht almost 709% During 1973/74 to 1979/80 net cassava
income per hectare increased from 1275 baht to 5237 baht This was due
mainly to the steady increase 1n cassava farm prices Moreover net cassava
income has been more attractive compared with maize kenaf and
sugarcane The net farm incomes of kenaf and sugarcane had been
fluctuating severely thus farmers substituted cassava for these crops
especially in the northeastern region

Processing

Tapioca processing factories are concentrated in two regions the
northeastern and the central plain region Generally most of the tapioca
starch factories are located 1n the central plain region especially in the
eastern seaboard provinces However sometime around 1970 there wasa
rapid expansion of tapioca factories especially chip and pellet factones 1n
the northeastern region around Nakhon Ratchasima Since then chip and
pellet factories have spread to almost all provinces in this region although
Nakhon Ratchasima and Khon Kaen are considered the center of the
tapioca industry

Among the three types of tapioca factones (chips pellets and starch)
official records show that the number of chip factones increased from 90 1in
1970 t0 3 254 1n 1978 One reason for the rapid increase in chip factories s
the relatively low investment cost For pellet factories the number
increased from 28 1n 1970 to 618 1n 1978 However the number of tapioca
starch factories increased only three times from 50 to 146 factories High



Tabl 4 A gepodut t (baht/h ) 1974/75-1980/81

1974/75 1975/76 1976/77 1977;78 1978/719
Item Cash N @ Tial Cash N Total Cash N Total Cash N T tal Cash N T tat
cash ash ash ash cash
Van bl cost 1593 1065 2658 1854 1053 2907 1701 1603 3304 1550 1714 3264 1921 1683 3604
F ed t 493 493 621 621 787 787 146 401 547 138 469 607
Total t 1593 1558 3151 1854 1674 3528 1701 2390 4091 1696 2115 3811 2059 2152 4211
Yeld (t/h ) 1300 1373 12 56 1292 14 90
Costp t 242 257 326 295 278
1979/80 1980/81
Van ble t 2056 1691 3747 3046 2092 5138
F d t 161 536 697 68 665 733
Tot | t 2217 2227 4444 3114 2757 5871
Yield (t/h ) 10 69 14 25
Cotp t 416 412
) N —cash f st f me ce osted tm ketprce
Su P dt E m St D fAg It IE m R ch Off fApgn It 1E m M ty fAgn It

C p 1t B gk k Thal d
Aerag tof h geo th pn dwasUS$!00=208baht
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area Chip factones usually sell their chips in bulk or bag directly to pellet
factories within the area Some chips are sold through middlemen or to the
hard pellet factories or exporters in Bangpakong and Sriracha All native
pellets are sold in bulk to the Bangkok based exporters and are trans
ported to their warehouses 1n Bangkok Bang Pa In Bangpakong or
Hatpadaeng However the hard pellets are not traded in the local market
because hard pellet factories are owned by the exporters The roots bought
by the starch factories are processed 1nto starch or flour and sold directly to
the domestic industrial users wholesalers and exporters

In recent years the middlemen in Bangkok have been actively involved
1n the trading of chips and pellets especially those middlemen who were
formerly trading in jute and kenaf The commission of the middlemen 1s
0 5% of the total transaction Sometimes these middlemen also take
position 1n the market by buying or selling forward with processors and
exporters The existence of these middlemen has beendue to (1) the rapid
expansion 1n pellet trading which increased price competition among the
exporters and pellet processors thus allowing middlemen to facilitate this
kind of trading and (2) the movement of exporters to set up their
warehouses far from Bangkok in order to avoid the increasing labor and
exporting costs there thus creating new terminal markets for taploca
products

Domestic use

Cassava root is not a staple food in Thailand Only small amounts of
cassava roots are consumed principally as dessert items Presently
domestic use of tapioca products such as waste chips and pellets 1s still
limited however figures on the total consumption of these products are
not available Nevertheless the domestic use of tapioca products 1s mainly
in the form of tapioca starch which can be divided 1nto two categories for
industnal consumption and for human consumption Again official
records of consumption for each category are not available

Starch consumption Attempts have been made to estimate the annual
domestic starch consumption from 1965 to 1983 by applying a fixed
coefficient of tapioca starch utihization for each industry as well as for
direct human consumption (Table 5) The industnal consumption of
tapioca starch was classified and estimated for s1x industries namely
monosodium glutamate paper textiles plywood other industnial uses
and food Among these industries the monosodium glutamate industry
used the highest amount 1 1983 (60 780 tons) followed by the food
industry and the paper industry (48 786 tons and 44 432 tons respectively)



Tabl 5 A I tap t h mpt by dsty Itenat y rs 1965 1983
Ye M d mgltmite Pp d try T tl d ty Plyw dm f t g

m f itng

() 7} (1) ) (1 (7) ® (%)
1965 61632 1383 1140 42 256 3194598 886 562 55 126
1967 10 2000 1873 1 748 86 321 5174 41 950 93107 171
1969 201000 2827 3796 41 532 641392 900 101337 142
1971 289656 3200 7944 01 B 78 839404 927 1208 02 133
1973 346296 3202 10 274 31 950 10143 81 938 [ 33026 123
1975 365928 3033 1120577 929 10773 39 893 1 18211 098
1977 372480 2624 18914 91 1332 13 459 96 948 1611 30 I 14
1979 38164 8 2359 2472235 1528 14 518 71 898 176331 109
1981 5717200 29 38 31 260 54 16 78 14 310 49 768 156137 084
1983 60 780 0 2807 44 432 26 20 52 1525283 705 158771 073
Y Oth d t | Food d try D thm mpt Tt

U] (%) 1) 7) 1) 7) (t} %)
1965 12000 269 3672277 68 95 82264 |85 44 557 56 100
1967 [ 986 0 365 32673 27 60 01 173540 319 54 449 01 100
1969 24015 337 34 762 38 48 75 276189 387 71 309 47 100
1971 29685 328 37118 81 4100 392674 434 90 52572 100
1973 42450 192 3929703 36 33 8246 23 762 108 166 24 100
1975 64260 533 41 45545 3436 1301282 1078 120 648 34 100
1977 89025 627 43 603 96 0n 18 224 46 12 84 141 965 09 100
1979 130815 808 45683 17 28 24 23847 4 14 74 161 780 88 100
1981 17836 5 958 46 910 80 2519 19 650 50 10 55 186 250 20 100
1983 252200 11 65 48 786 52 2253 20 446 40 944 216 505 08 100
§ ¢ By a1t



142 c A

Dunng the period of 1975 to 1983 the estimated annual domestic
tapioca starch consumption increased from 120 648 tons to 216 505 tons
Using 20 annual growth rates the total domestic tapioca starch consump
tion in 1988 15 projected in the range of 239 000 to 290 000 1ons
Undoubtedly 1f modified tapioca starch could find new industnal uses
then total starch consumption would probably exceed even the projected
maximum level

Export

The Thai taproca industry has been an export oriented industry for
more than a quarter of a century Before 1963 exports of tapioca products
were mainly 1n the form of starch sago (pearl) Since then exports of
tapioca products shifted to products for ammal feed such as waste meal
chips and pellets Currently the major tapiocaexport items are starchand
pellets

Starch exports

Exports of tapioca starch have been fluctuating in the past 25 years The
lowest quantity of exports was 34 764 tons 1n 1964 and the highest was
425 632 tons n 1982 The fluctuations have been due to both the
fluctuating number of importing countries and the fluctuating volume by
each importing country

From 1958 to 1972 the major market for Thai tapioca starch was the
US A which imported more than 50% of the total quantity exported
However after 1972 Japan became the major importing country Although
there has been an increasing number of importing Asian countries the
total quantity exported to these countries 15 very unstable Also the
quantity of starch exported to J_pan and the U S A has been decreasing
since 1974 This decline 1s due mainly to the high freightcosttothe U S A
and the import restrictions in Japan Moreover the starch imports of these
two markets'vary to some degree with the availabihity of maize starchin the
domestic market

Pellet exports

The quantity of pellet exports increased from over 752 000 tons in 1969
to nearly 6 7 mullion tons 1n 1982 (Table 6) Due to serious quality
problems the steady trend was interrupted 1n 1979 Virtually all pellets
were exported to countnes within the EEC Official statistics showed that
the Netherlands imported more than 85% of the total pellet exports of
Thailland However there were transshipments from the Netherlands to
Germany France and Belgium



Tbl 6 E port ftp

pllt (0001) by dest t

1969 1982

Ye WG may Nth | d Fac Oth Southe t d All Tt
EEC East Asa th
1969 1453 5526 10 428 14 96 7527
1970 3074 8432 06 05 19 103 11639
1971 124 4 8123 125 08 139 9639
1972 74 6 1066 6 332 21 07 03 11775
1973 1142 12920 1147 30 186 te 1574 4
1974 1123 17187 879 86 1 26 4 20314
1975 96 6 19656 48 10 56 7 41 21688
1976 892 31433 1277 14 4 177 614 34537
1977 1859 32516 1352 100 4 57 79 36867
1978 4313 4059 | 4299 788 9 458 409 57959
1979 2106 26465 2772 588 4 62 16 8 36957
1980 198 0 34099 1149 7286 12 44526
1981 924 4922 ] 811 I73 6 7 3133 55863
1982 176 4 6002 6 147 | 3674 0 9 66944
A) Dptm t fC tm B gk k Thal d
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Almost all of the pellet exports were the so called Thai native pellets or
soft pellets Nevertheless the production of hard pellets which are
processed by the imported machines has increased during the past 4 years
Export statistics from the Thar Tapioca Trade Association (TTTA)
showed that total hard peliet exports increased from over 608 000 tons to
nearly | 5 million tons between 1981 and 1982 It1s generally expected that
the export of hard pellets will be increased gradually because of the
environmental problems of the dusty native pellets especially dunng
unloading Inaddition some of the European ports are tryingto force the
importers to shuift to hard pellets

Export handling facilities

Export facilities played a major role in the development of the Tha:
tapioca industry and have facilitated the rapid increase mn exports of
taproca products as animal feeds Export facilities have evolved from a
simple loading methogd at a speed of 1 000 2 000 tons per day 1n 1969 to
22 000 32 000 tons per day in 1982 The increase in loading speed enables
the facihity to handle larger vessels of up to 150 000 tons thereby reducing
per umt freight costs substanually It 15 expected that the existing export
facilities will continue to be used with only mmor changes for better
efficiency Nevertheless reduction of export handling costs by mcreasing
loading speed and handling larger vessels are to a great extent indis
pensable for the Thai tapioca pellets to be more competitive with other
amimal feed ingredients 1n the world market

Price Movement

The monthly average wholesale prices of grade A starch pellets chips
and roots are shown in Figure 2 Ingeneral all these prices display similar
movement particularly those of roots chips and pellets This 15 because
most of the roots are processed into chips and pellets while only a
relatively small portion 1s processed into starch Root price 1s determined
chiefly by chip and pellet price hence root and starch prices are not as
closely correlated The price of all four commodities showed a downward
trend from mud 1976 to early 1978 and afterwards prices started moving
upward until early 1979 From 1979 to late 1981 all prices for tapioca
products showed adownward trend and since then another upward trend
has been observed

Since the EEC 15 the major market for Thai tapioca pellets the price
movement in this market has a strong influence on the price movement in
Thailand In order to compare the price movements in both markets the
monthly price movements of Thai nauve pellets afloat ¢1{ Rotterdam
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shown mn Figure 2 1s compared with the domestic wholesale price of
tapioca products and roots in Thailand Generally all the prices show a
simular trend However the monthly price fluctuations differ in these two
markets perhaps due to the time lag 1n shipments between them

During the period from 1975 to 1982 an analysis of marketing margins
of tapioca pellets for exports revealed that the local handling margins
factory margins exporter margins and shipper margins were not par
ticularly large This would imply that tapioca pellet marketing as well as
the overall tapiocaindustry in Thailand 1s quite competitive and efficient

Potential Production and Use

The potential for cassava production and use in Thailand 1s to a great
extent dependent upon the EEC which has been up to the present the
single market for tapioca products as animal feed The prospects in this
market will be determined by the end of 1986 when the Thai EEC
agreement 1s terminated At present it 1s difficult to anticipate the outcome
because of the political 1ssues involved 1n the negotiations However one
may assume that the EEC will import a certain amount of Thai tapioca
pellets after 1986 When this amountis known attention can be focused on
other markets both foreign and domestic

Domestic starch market

The domestic tapioca starch consumption in 1988 1s projected to be
between 239 000 and 290 000 tons This projection 1s based however on
the assumption that the existing industries will continue using tapioca
starch and not switch to other mpgher quahty modified starches The
eventual use of modified starches 15 a hkely possibility and traders and
tapioca starch manufacturers in Thailand expect a breakthrough in the
development of modified tapioca starch This i1s due mainly to the
comparatively low price of tapioca starch and the wider apphications for
modified starch Atanyrate thedevelopment of modified starch hasto be
accompanied by well trained technical sales representatives who are not
available yet

Domestic ammmal feed market

The possibility of promoting domestic use of tapioca products (chips or
pellets) as an ammal feed ingredient has been explored through analysis of
price ratios The monthly average wholesale prices 1n Bangkok of the three
major high protein feed ingredients were examined namely fish meal
(60% protein) fish meal (50% protein) and soybean meal {(45% protein)
During the period from 1978 to 1983 soybean meal had the lowest price at



Th [ d 147

7 21 baht/kg while the fish meal (60% protein} had the highest at 10 32
baht/kg All these prices had a similar pattern of fluctuation but with an
overall increase Soybean meal fluctuated between 5 70 and 8 26 baht/ kg
fish meal with 60% protein fluctuated between 7 55 and 12 57 baht/ kg and
fish meal with 50% protewn fluctuated between 6 40 and 11 50 baht/kg
These are rather high and volatile prices

It is regarded as a rule of thumb that a mixture of soybean meal and
tapioca pellets or chips at a ratio of | 4 has a nutritional feed value sumilar
to maize Therefore the Bangkok wholesale price of a mixture of soybean
meal and tapioca chips can be calculated by multiplying the price of
soybean meal by ¢ 2 and adding this to the price of tapioca chips multiplied
by{) 8 Thiscalculated price of the soybean meal and chips mixture divided
by the Bangkok wholesale price of maize gives a price ratio in percentage
terms These monthly price ratios from 1978 to 1983 are almost all over
100% and the average is about 120% (Figure 3)

These analyses imply that the price of mixtures of high protein feed
ingredients (soybean meal and fish meal) and tapioca products are at least
20% hgher than the price of maize This may be one of the reasons that the
use of tapioca products in domestic ammmal feed 15 still iimited Domestc
maize consumption for animal feed 1s approximately I 5 million tons per
year Nevertheless there would be good prospects for increasing domestic
use of tapioca products for amimal feed 1f erther the price of high protein
feed ingredients or of tapioca products could be decreased

If the domestic price of tapioca products for amimal feed remains
constant the price of mgh protein feed ingredients must be decreased by
more than 20% so that the price of the [eed mixture could be decreased by
20% 1n order to be comparative with maize The possibility of such an
occurrence 15 not hkely in the long run unless other high protein feed
ingredients are available al a comparatively low price However thereisa
strong possibility in the short run because the monthly price of high
protein feed ingredients s rather volatile This however 1snot asolid basis
for developing a large stable domestic market

On the other hand the price of tapioca products would have to be
decreased by considerably more than 20%, to compete with maize 1n feed
ingredients If this case materialized the potential domestic market for
tapioca products as feed would be as large as 1 2 million tons per year
There 1s a strong possibility for this to occur in the long run provided that
the prices of tapioca products can be reduced by 40 50% which the feed
manufacturers have indicated would be necessary Such a reduction would
reduce the Bangkok average wholesale price of chips from about 2 250
baht/tontobetween | 125and | 350 baht/ton (1983 prices) Then the farm
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gate price can be derived by subtracting the processing cost of chips (150
baht/ton) and total transportation cost (260 baht/ton) This would result
in an estimated farm gate price for roots in 1983 of about 311 to 409
baht/ton which 1s lower than the average 1973 1983 pnice of 560
baht/ton * Using the average price of chips from 1978 to 1982 (about 1 846
baht/ton) a 20% decrease would give an estimated farm gate price of
approximately 464 baht/ton which 1s shightly higher than the average
country wide production cost of roots of about 450 baht/ton

The discussion of the above two cases implies that there 1s a potential
domestic market for tapioca products as amimal feed ingredients if the
high protein feed ingredients are available at a certain price level and the
price of tapioca products can be decreased by more than 209

Summary and Conclusions

The rapid increase of cassava production in Thailand 15 mainly
attnbutable to the expansion of planted area The continuous planting
with low rates of fertihizer application 1s responsible for the considerable
reduction 1n 1its average yield At present the northeastern region is the
main cassava growing and processing area and produces more than 50% of
the countrys production It 1s unlikely that the planted area will be
expanded more unless the cassava root prices are increased substantially

There 1s sufficient factory capacity to produce more than 6 million tons
of chips and pellets a year Itisexpected that production of hard pellets or
quasi hard pellets will be increased and exported to the EEC market while
production of soft pellets or native pellet will be decreased gradually For
tapiocastarch factories the total capacity is far more than the approximate
annual production of 0 5 million tons

Cassava roots are not a staple food for the Thai people Domestic use of
tapioca products 1s mainjy in the form of tapioca starch At least 200 600
tons of tapioca starch were consumed domestically in 1983 The estimated
annual growth rate of starch production 1s about 3% Only asmall amount
of tapioca products was used by the domestic amimal feed compounders
and this will increase only when the prices of these products are
substantially lower than that of maize

By and large the tapioca industry in Thailand is still an export oriented
industry which 1s handled by private enterprises Taptioca pellets are by far
the single most important export and almost all are exported to the EEC

U gh { as tpoc hp 1231
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market Tapiocastarch is exported to alimited and fluctuating number of
countries in which the US A and Japan are regarded as the major
importers However all the major markets for Tha: tapioca products are
faced with import restrictions such as quota restrictions in Japan and the
EEC Therefore 1t may be difficult to increase the quantity of exports for
tapiloca products to these conventional markets

The present marketing system for taproca products 1s very efficient and
very specialized especially for tapioca pellets Modern exporting facilities
and loading technologies have been used to handle tapioca pellet exports
These technologies reduced export cost and freight cost per unit substan
tially creating a comparative advantage for Thailand in companson to
other pellet-exporting countries hike Indonesia

The Thar government currently maintams a free trade policy for exports
of tapioca products However an export quota system was applied to
tapioca pellets and chips going to EEC countries in order to ensure that the
quantity does not exceed that authorized by the EEC In the meantime a
crop diversification program has been undertaken to search for new crops
to substitute for cassava In addition experiments using cassava roots in
dsstilling alcohol were carried out However sigmificant progress from
these programs 15 not expected soon

The future of the Thai taproca industry will depend more or less on the
existing world market for tapioca products At least two directions can be
pursued to develop this industry The first 15 to explore new markets for
tapioca products such as the ammal feed markets 1n feed deficient
countries and the modified starch markets The second 1s to promote
domestic use of tapioca products especially those for animal feed and to
encourage development of cassava based industries which create added
value to cassava root production for instance the modified starch
industry
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An Analysis of the International Market Potential
for Dried Cassava and Cassava Starch

o
Gerald C Nelson

Introduction

The rapid growth m international exports of dned cassava from
Thailand in the 1970s aroused interest 1n other developing countnes about
the possibility of increasing their own cassava exports Because cassavais
grown 1n most tropical countnes 1t was hoped exports could provide anew
more profitable market for domestic cassava production

The determinants of Thai cassava export growth are now fairly well
known (for example see Nelson 1983) A loophole in the European
Economic Commumtys (EEC) protection to i1ts domestic agriculture
raised domestic demand for dnied cassava As part of the EEC Common
Agncultural Policy (CAP) feed grain prices were kept well above world
prices with a variable levy on imports and purchases at a floor price Dried
cassava however faced only a 6% ad valorem tanff and soybeans and
soybean meal were (and are) imported duty free In ammal feed rations a
mixture of four units of dned cassava and one unit of soybean meal 13
roughly equal to five umts of a feed grain like corn or barley With the
CAP induced high domestic grain prices feed manufacturers partially
substituted dried cassava and soybean meal for feed grains As a result
world prices of dried cassava increased and pulled up cassava starch prices
as well (Nelson 1982)

In 1982 as aresult of the rapid growth in its dried cassava imports (from
less than | mullion tons 1n 1970 to 6 million tons 1n 1978) the EEC
restricted the quantity of dned cassava imports coming 1n under the 6%
duty Today there is effectively a two price system Imports under the

G WCNI pec | twthth Ag 1 aD 1pm C 1 d gp f
Ag It alEc m dM gm tDpartm t U sy f h Phlpp es L. Ban
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quota (currently around 5 5 million tons for Thailand and 1 milhon tons
for Indonesia) are taxed at only 6% EEC imports from a quota holder
which are greater than its guota or imports from new suppliers are taxed
at a much higher vanable rate It 1s very unlikely that any other country
will be able to exploit the EEC market to the extent that Thailand has
done Thus the potenual for increased cassava exports must depend upon
other markets

Two related international markets for starch and for energy 1n animal
feed rations provide the most likely sources of demand for increased trade
n cassava products The cassava root contains about 309 starch which
can easily be extracted and the starch content of dried cassava (about
75%) makes it an excellent source of energy for ammal feed rations (Table

B

There are some specialty markets for starch (such as tapioca pudding in
the U S A ) which require chemical or physical charactenstics specific to
cassava starch but this demand is small and both pnice and income
inelastic The products which currently consume most starch production
(paper textiles food and fructose)can for the most part use starch from
any source Any large scale export growth will be into markets for generic
starch where cassava starch must be cheaper than other starches in order to
compete Simularly cassava used in animal feeds must compete with the

Tabl 1 Nmt les dt h ot t { lected ammal feedmg d nts dry
matt b si
Kcals
Lgred 1 Poen(?) d gest bl Sta h(%)
gy/kg
D d cass 284 4 000 74
Baly 1303 3 467 65
M
detyll w 8 89 3961 72
Wh
ft red w t I 86 4254 66
Soyb an m al
pll 4733 3870 15
S P d | f as f mZMIl KCCh d KC N h(19735)
Cas as 1 b f 11 k dp Iry A miy ds
Tp LP d 1 F h mm 4t f mh N IR hC |
(1979) N i g m fw N 1A dmy fS oo Wash gt DC
5 h fb lym dwh f mN 1A dmy {5 ce (1958}
C mp f Ig df g S h f ybeanmalf N al

A dmy 15 es {1971) N Id US dCnrada [ ds
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lowest priced energy source currently availlable The most important
source of both starch and animal feed energy 1s maize Hence any increase
1n trade 1n cassava products must be competitive with maize products

The potential for increased exports of cassava products 1s influenced by
two sets of factors those determining domestic prices in the exporting
country and those determiming domestic prices of cassava and maize
products in the import markets Despite the relatively high international
dned cassava prices caused by European agricultural policy in the 1970s
and early 1980s only Thailand increased exports substantially In other
cassava producing countries a vanety of domestic factors such as
overvalued exchange rates imappropriate price policies inadequate
infrastructures and more profitable agricultural alternatives inhibited
increased exports Onthe demand side domestic policies can severely imit
the potential cassava market In Japan for example import quotas place
an absolute celling on increased cassava starch imports

Both starch and amimal feed markets are examined 1n this paper In the
next section the discussion of international starch markets draws heavily
on a report completed 1n 1983 by S F Jones of the Trop:ical Development
and Research Institute entitled The World Market for Starch and Starch
Products with Particular Reference to Cassava (taproca)} Starch * In the
third section the potential for growth in cassava trade for selected amimal
feeds 15 estimated with hnear programming models Domestic and
international prices for a variety of countries are used to determine the
price at which 1t would be profitable to use cassava and the quantities
needed Growth 1n hvestock numbers i1s then used to project potential
demand for cassava in amimal feeds

International Market for Cassava Starch

World starch production 1n 1980 was estimated to be 16 million tons
The U S A produces about 40% of total world production the EEC about
25% and Asia about 22% Starch 1s extracted from many matenals but
maize accounts for 75% and cassava and potatoes 109 each

Only 4% (600 000 to 700 000 tons} of world starch production 1s traded
as starch Considerable quantities of traded maize are used to produce
starch and starch products such as high fructose corn syrup Cassava

Th d h ld whd { al bmark ts thispp as mmry fh
J prt 1 hrwis d e F mred al h prmyb baedf mth
T p [De Ipm t dR hinstt v 56/62G y [ R adlL d WCIXSLU E gland
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starch accounts for about 75% of total starch exports Thaicassava starch
accounts for about two thirds of cassava starch exports and the remaining
amount comes from a number of small exporters including Indonesia
Brazii China and Malaysia

Four markets (the U 8 A Japan Taiwan and the EEC)import most of
the internationally traded starch Furthermore they are also major buyers
{or sellers 1n the case of the US A ) of maize from which domestic
processors extract starch

USA

About 6 2 million tons of starch were produced annually nthe U S 1n
the early 1980s almost all from maize Exports and imports were about
equal {and were equivalent to 3% of starch consumption) but exports were
two thirds maize starch while imports were two thirds cassava starch
Production of high fructose corn syrup glucose and dextrose accounts
for almost 709 of starch consumptioninthe U 8 The remainderis usedin
food manufacturing (6% of the total for convemence foods biscuits and
canned fruits and vegetables) and industry (249 of the total for the paper
textile pharmaceutical and brewing industries)

Imports of cassava starch face no import taxes or restrictions but have
been steadily dechining since the mid 1960s primanly because of the rising
relative price of cassava starch According to Jones (p 52)

In the 1960s the US paper industry particularly in West Coast
locations could purchase tapioca starch more cheaplythan U S maize
starch but since 1973 1t 1s reported that tapioca starch from Thailand
delivered to the West Coast has been 1n the range of $30-200 per ton
more expensive than industrnal grade maize starch delivered to the same
customers Tapioca[cassava] starch has therefore increasingly become
a product 1n demand for its particular properties [a specialty starch]

Any large increase in exports of cassava starch to the U S wall depend
on price competitiveness with maize starch and regulanty of supply Jones
reports (p 54)

If tapioca starch could once more become price competitive with maize
starch 1t could again become a major force 1n the mass market [for
generic starch] A number of respondents i the paper industry
indicated that given certain conditions relating to supply regulanty and
quality demand for tapioca starch could be re-established to former
levels

Jones feels that it will be difficult for cassava starch imports to substitute
for maize starch in the sweetener market High fructose syrup 15 made in
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integrated maize wet milling factories and it 1s impossible to introduce
cassava starch directly into the process However processing equipment
exists to make fructose directly from cassava starch which can then be
exported from cassava producing countries As with the mass starch
market demand for imported fructose would depend upon price and
regular supplies of large quantities

Japan

In contrast to the U S market Japanese starch production comes from
a variety of raw matenals and the domestic market for starch 1s highly
protected Domesticstarch production was about 1 7 million tonsin 1980
Despite limits on maize imports maize starch production (from imported
maize) grew rapidly from the mid 1970s and 1n 1980 accounted for about
75% of starch production White potato and sweet potato starch accounted
for somewhat more than 20% of production

Imports are restricted by both a quota (about 130 000 tons 1n the late
1970s) and an import tax of 0% 2 5% or 25% depending on end use
Domestic regulations further reduce the desirability of imports which
have often been below the quota level Cassava starch accounts for about
70% of total starch imports

As long as Japan maintains its quota on imports growth of exports to
Japanis unhkely If the quota and tanff were removed (perhaps as part of
a general iberalization of Japanese agricultural trade policies orasatrade
preference specific to a country or group of countries) imports would have
to compete with maize starch or its products The majonity of starch 1s used
n sweeteners and 809% of Japanese sweeteners 1s made directly from maize
(via the wet milling process) Itis likely that any move to liberalize imports
of either starch or starch based sweeteners would be opposed by both
Japanese maize processors and potato growers and by US A maize
exporters

Taiwan

Cassava starch has traditionally been the most important starch
produced 1n Taiwan Domestic production however declined rapidly 1n
late 19705 from 74 000 tons 1n 1975 to 15 000 tons in 1980 Maize starch
production from imported maize almost tripled during the same period
(from 16 600 tons 1n 1975 to 45 000 tons 1n 1980) Imports primarly of
cassava starch increased from only 4 300 tons 1n 1975 1o 86 400 tons 1n
1980

The decline in domestic cassava starch production is the result of
increased competition both from other crops for land and from maize
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starch Whale imported cassava starch 15 the obvious replacement for
domestically produced cassava starch high prices for cassava starch
imports quality problems and regular supplies of low priced imported
maize have led to the rapid growth of a maize wet milhing industry

European Economic Commumity

Maize starch accounted for about 70% of the 3 7 million tons of starch
produced in the EEC 1n 1980 About three fourths of the maize 1s
imported Potato starch accounts for most of the remaimng domestic
production Unlike most other starch markets use of high fructose syrup
(called 1s0 glucose 1n Europe) has not increased much reportedly because
of government restrictions

Starch imports into the EEC fall under the starchregime acomplex set
of price support regulations (including ad valorem import duties and
variable levies on starch imports) designed to protect European farmers
and starch producers European starch prices are well above world prices
the trade taxes generally cause imported starch to be more expensive than
domestically produced starch Maize imports also face a vanable levy
designed to keep domestic maize prices above world prices It 1s apparently
cheaper however to import maize to produce starch (as well as other
valuable by products) than to import starch directly

Demand growth prospects

Jones feels that while starch demand prospects are generally good
prospects for developing country exporters are quite poor unless price
competitiveness improves The impact of higher cassava root prices in
developing countries caused either by the EEC demand for dried cassava
or by domestic market conditions has been to raise prices and force
cassava starch out of many of its traditional markets

The underlying competitive position 1s determined by raw matenal
costs and production costs which in turn determune ex factory starch
prices ” (Jones p 78) From 1975 to mid 1981 Thaif o b cassava starch
prices were usually above U S ex factory maize starch prices “ final
prices are considerably influenced by internal freight charges (particularly
inthe U S A) seafreight costs importduties and levies [and] 1nmost
of the large markets imported starches have seldom been competitive
1n recent years (p 78)

The possibility with the greatest chance of success for developing
country exporters 1s 1o reduce prices through the achievement of cost
reductions Raw material costs are the biggest single production cost
and therefore cost reductions must be sought primanly through lower
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gate prices So as not to reduce farm incomes this 1mplies that
substantial even revolutionary changes in agncultural production
methods will be required (p 79)

International Market for Cassava in Feeds

Demand for dried cassava as an amimal feed 1ngredient 1s a function of
three vanables the demand for meat and other ammmal products the
number of ammals being fed commercial mixed rations and the price of
cassava relative to other feed ingredients (which determines whether or not
cassava 15 included n the feed mixture)

A commercial ammal feed 1s a combination of feed ingredients such as
maize soybean meal cassava and vitamin supplements which meet the
nutrnitional needs of an amimal of a particular species and age at mimmum
cost Its composition 15 determined both by technical coefficients (the
nutritional requirements of the amimal) and prices for the various
mngredients All commercial feed formulators now use a linear program
ming framework to determune the feed ingredients The problem 1s set up
as follows

Mln C = ZIPI*QI

subject to
Ni< = >33
where
C = cost of the feed
P, = price of ith ingredient
Q = quantity of ith ingredient
N; = maximum mmmum or equality constrant
on jth nutntional requirement
ay) = contribution of ith ingredient to jth nutn

tional requirement

Two nutritional requirements calories (energy) and protein are basic
to all amimal feeds As can be seen in Table 1 dned cassava 1s low 1n
protein but high 1n energy Soybean meal 1s high 1n protemn and energy
Maize wheat and barley have intermediate protein and energy content
Protein can provide energy and accounts for the high energy content of
soybean meal However high protein sources are usually more expensive
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sources of energy than intermediate and low proteinfeed ingredients Asa
result soybean meal 1s often the major source of protein and maize or
other cheaper ingredients are used to supply energy Because cassava 1s
lighinenergy it complements soybean meal and a mixture of cassava and
soybean meal 1s competitive with maize and other feed grains

Statistics on current cassava use in ammal feeds 1n Southeast Asia are
rare but it appears that only small amounts are currently used (Lynam
1983) This 1s not unexpected For cassava-exporting countries the price
of dried cassava has been effectively determined by EEC feed gran prices
and for other cassava producing countries which de not export domestic
prices are probably higher At the same time countries importing maize
pay world market prices which are much lower than EEC prices As a
result domestic cassava prices would be well above the level at which 1t
would be included n least-cost rations

In order to examine the feasibility of using dried cassava in mixed feed a
simple cost minimization problem was constructed for chicken and pig
feed 1n the onginal five countries of the Association of South East Asian
Nations (ASEAN) Feed ingredients included were copra meal maize
palm kernel meal soybean meal and dnied cassava (See Table 2 for the
technical coefficients used ) Techmical constraints included mummum
requirements of protein and metabolizable energy and maximum Lhimsts on
copra mea! palm kernel meal and dred cassava The constraint Limits
wer¢ determined by the nutntional and palatability requirements of the
species being fed

Using average wholesale prices for 1975 to 1980 (with some exceptions
as noted in Table 3) the analysis shows that the only countries 1n which
dried cassava would be used are the two exporters Thailand and
Indonesia (See Table 4 ) If the price increased by 4% 1n Thailand and 16%
in Indonesia cassava would no longer be included In all other countries
cassava would be too expensive to be used and the price would have to fall
between 9% (Singapore) and 3299, (Malaysia) for cassava to be included in
the ration Fordried cassavato beusedinthe U S A it would have to sell
for at least 45% below the c1f Rotterdam price ($131/ton} If the
Rotterdam price 15 used as an approximation to an ASEAN region import
price cassava would be added only to feeds in Malaysia In most of the
countries considered dried cassava would have to sell for less than
$0 10/kg before 1t enters the least-cost ration

Government trade foreign exchange rate and domestic marketing
policies often cause wholesa e feed stuff prices to differ substantially from
world prices If relative prices are altered feed ration ingredients may also
change For cassava two price relatives are important between protein
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Tabl 2 Techn cal coefficients for feed rati s

Techmcal im t t feedf rm 1t 5 pe kg

Swi P ltry

Min feed requirements/kg

P temn (kg) gle6 016

Mt bol bl egy(cal n ) 30000 2800 0
M feed allowances/kg

Cas  meal (kg) 030 010

Palm k el m al (kg) 020 015

Cop m al (kg) 020 010

Eecgy dpote pplied by sel ctedfeed grdent p kg

En gy(aln )

Sw P ltry P te

(kg)

Maize 3394 3430 085

Soybean meal 2822 2249 440

Copra m al 3080 1540 180

Palm kern | meal 2 885 2100 173

Dried cas 3 800 3650 025
S urce Prs al mm t fmD Rgalad Zm a Dpnm fA malS ce
U 1y fth Philpp Lo B cepd d as f mKhjyrernS dJM

Kh ) re (1981) Th m dpbl acep ce [ as bas d

Dpartm t fA mal5 c¢e Kh Kae U yTh 1l dppep predf h

Twlfhlitm al C gres N

sources and the feed grains and between other energy sources and cassava

If government policies make wholesale prices of protein sources such as
soybean or copra meal more expensive than world prices and increase their
price relative to energy sources cassavais less hkely to be used as feed On
the other hand 1if energy sources such as maize have higher domestic prices
than world prices cassava 1s more hkely to be used

The difference between world prices (as represented by trade unit values)
and wholesale prices for the period 1975 1o 1980 has been quite substantial
for many feed ingredients (Table 5) Indonesian domestic prices were
50 225% higher than world prices except for maize which was about 5%
below world prices In Malaysia domestic maize prices were somewhat
above world prices soybean prices were higher yet and domestic cassava
and copra meal prices were over 250% greater than world prices Except
for soybeans and cassava in the Philippines domestic prices in the
Philippines Thailand and the U S A were below or at world prices
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T ble 3 Wholesal prices {(§/t) [ feed used 1n minimum ost feed 4 ns

Crp Ma Palmk el § ybean Dned

m al m al m al cass
I do esa 340 148 95 406b 87
I pan 183 135 79¢ 242 1314
Malays 377 167 112 3290 600
Ph lippines 140 139 a 343 238
S g pore 15 136 96 228 1314
Thailand 97 120 121 263 92
USA 171 109¢ na 218 1314

} E port unit alue

b) C vetdf mwhl al ybe p ce '3
Pn=(P 0165P )j0817TwhrePpy=malp ce P = ybeanprnce P = ¥ Ip ce P
1d rud Dith d millf mW ldBank Cmmd y d dp nds P
Malys 15 prt t al

) Imprt  t alue

d) f rth m Eur pe

) Eqalt three ttmes f h ro pnee

f} Calculatedf mPp=(P 0576P )/036wh rePp,=malp cc P = p pnee P =coc t il
pricc P and P are f rth m Eur pe

ppf b Glipns

f
f
hy FAOpod ct yarb k an and | amt t ai ree f m ach

try gep ce £ 19751980

T bie 4 Optimal se fdried cassay at wholesale prices and minimum cost boundary

prices
B d rypnce Ratie curre tpncet
3/Y b dary price
ILdoe 104 084
Jap 117 112
Malays a 140 429
Ph lipp 105 227
Sgpre 120 109
Thaland 96 096
USA 9l 144
y Thb drypc thpe whhd das w Id hfdf t 1dd h
me p wh h w Idl h feed fp se ly 1ded B daryp ce f boh w
dp 1yfd red Ibtfed grd ddf F mpl hld p luy
ses15kg fplmk Imal 10kg f as m al 56kg {yell wmaz d19kg f yb
mal Th 1 d pe 20kg fpalmk rnlm 1 30kg f as m | 29kg fyll w
m d2lkg f yb m |

S urce L arp g mmngru g ech al ocff Tbl 2and p ce T b 3
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Tbl 5 A g whol 1 dw Ildp es(3/t) 19751980 d om |lpot t

tes (NPR)
1d Mlya Phlpp Th 1 d USA

S yb

Whi 1 428 370 4038 234 218

W Id 232 289 225 326 2064

NPR (¥7) 85 28 81 28 6
D ed

Whi | 87 6004 238 92

W Id 76b 131 131 106 13

NPR (7) 14 357 81 id4
YIi wm

Whi |1 48 167 139 120 109

W id 156 146 206 1270 [9

NPR (%) 26 14 32 5 8
Cp m |

Whle | 340 377 220¢

W Id 1050 1 3s0b a7

NPR (%) 223 241 37

} Imp 1t al

b) Epn al
} f R dm
d) Freh as pec m h
) Cp
= ppl bl

5 FAOD od y b k d 1 T fm b v

In order to estimate the feed use of dried cassava when world prices
determine feed ingredients mimimum cost rations were constructed using
export unit values for export products and import unit values for imported
feed ingredients (Table 6) With these prices cassava enters into the
minsmum cost rations for Indonesia Thailand and the Philippines (Table
7

The increased attractiveness of cassava at world prices occurs because
most of the countries tax (imphcitly or explicitly) imports of soybeans
more than maize Protection provided to domestic soybeans 1s several
times higher than to domestic maize 1n Indonesia Malaysia and the
Philippines Furthermore domestic prices of other protein sources even
those exported are often well above world prices In almost all of the
rations protein 1s the liiiting factor and excess energy 1s available
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Thbhl 6 World pnces ($/1) of feed u d iIn mimim mcost feed t n

Cp M Palmk rmnel S ybe Dned
m al m al meal as a
1d s 105 156 95 1340 76
Mal ys 87 146 112 2350 131
Phippn s i32 2060 1214 206b 131
S gap re 115% 136° o6t 228 131
Th | d 97 127 121 263 92
J pan t83v 135 790 242 131
USA 177 119 1214 206 131

)y Eprt tal
b} Imprt 1t al

} f  rth o Eur pe
d) Tha pnmn t al
) Seef fTh 3

S FAOp od y b k n d 1 1 1 cef m h try
) f 1975 1980

Tabl 7 Optim lu  fdr dcassa a t world prices and m nmum  ost boundary

pr es
B undary price Rat ¢ rr tprcet
(/1) bound ry price

Id s 134 57
J pan 117 112
Malays a 131 100
Phipp 206 63
S g pore 120 109
Thailand 104 88
USA 104 126

) Th b darypnce h price whi hdned as w ld e h feedof t in luded tth
me p e  twhihtw Id] th f edf prese tlyin luded B undary price f both win
andp lryfeed are d cal b tfeedgred tsddf F ampl th 14 wapouliry t
esl5kg fpalmk m im al 10kg 1 as mal Okg fy W wma and10kg f ybe m al
Th 14 PE se 20kg fpatmk Im al 30kg f as m al 0kg fyell wmaz
kg f p m 1 d30kg §f ybe m 1

M Lin arp grammngrunsus glech al ocffea tsinT bl 2andpnee T ble 6

Because government policies cause domestic protein prices to be high
relative to domestic maize prices maize is used in feed rather than a
muxture of cassava and protein meal InIndonesia when world prices are
used instead of domestic pnces yellow maize use drops from 56 kg (per 100
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kg of feed) to O kgn poultry feed and from 29 kgto 0 kg in pig feed Copra
meal use increases from 0 to its maximum in both feeds and soybean meal
use also increases

The above analysis does not take into account the impact of any
currency overvaluation or changes 1n international exchange rates on the
relative prices of feed grains To the extent that alf the feed ingredients are
tradabie (that 1s domestic prices are determined by world prices and there
are no quantitative restrictions to trade) a devaluation will not change the
attractiveness of using cassava in animal feeds relative to other sources of
energy If however acountry decides to set the price of a feed ingredient
and not allow 1ts domestic price to move with world prices a devaluation
can change the relative attractiveness of cassava Forexample 1if acountry
decides to sumulate domestic maize production by setting a floor price
above the world price cassava becomes more attractive If a devaluation
follows the domestic prices of impaorted soybean meal and exported copra
meal rise and cassava then becomes less attractive

Inthe past changesin theexchange rate betweenthe U 5 dollar and the
German deutsche mark {the $/ DM rate) affected the export prices of dnied
cassava Since international cassava prices were determined by EEC
domestic prices a change in the $/ DM rate directly affected the dollar
price of other feed ingredients With the new two price system for cassava
imports 1nto the EEC new exporters will no longer experience this
phenomenon

Potential demand for dried cassava in animal feeds

If government policies or cost lowering technical change caused suffi
cient declines 1n the cassava price for 1t to be included as part of mixed
feeds how much would be demanded? It 1s impossible to answer this
hypothetical question with any degree of confidence because the number
of assumptions needed 1s very large and the degree of confidence about any
of them 1s small Nevertheless 1t 1s useful to try to esumate the magnitude
of demand given conservative assumptions [If the potential demand 1s
large resources devoted to reducing the relative cost of cassava will have a
large payoff

In making the forecast the following assumptions were made Growth
rates 1in numbers of amimals between 1975 and 1980 would continue
through 1990 Cassava would be used to its techmcal hmit of 10% of
poultry feed and 30% of swine feed Where data on the number of
commercial ivestock (1 e those eating mixed feeds) were available 1t was
assumed 10% of the population was fed mixed feed 1n 1980 and 20% n
1990 Commercial poultry eat 12 kg of feed per stock unit (each bird eats 4
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kg and for every bird at the years end three birds have been rased)
Commercial swine use 270 kg of feed per stock unit {(one pig a year 1s raised
for each pig at the end of the year) All hvestock in Hong Kong Japan
Singapore and Taiwan eat mixed feeds Potentialdemandinthe US S R
and the U S A s 1gnored

As expected Japan dominates in both swine (8 6 million) and poultry
(264 milhon) numbers in the region (Table 8) For poultry Indonesia ranks
second (98 million) while Malaysia the Philippines and Thailand follow
with about 50 million each For swine the Philippines ranks second (6 9
million) Taiwan third (4 2 milhon) and Thailand fourth (3 7 milhon)
Growth rates for all poultry (village plus commercial} are around 3 5% for
all countries except Hong Kong and Taiwan where growth rates are over
10% and Indonesia where growth 1s less than 2 Swine growth rates vary
from less than 1% 1n Japan to over 99 in Taiwan

Using the assumptions base numbers and growth rates described
above potential amimal feed demand for cassava from eight countries in
the region 1s substantial (Table 9) If dned cassava had been used n all
animal feeds in 1980 about | 7 million tons {4 to 5 million tons for fresh
roots) would have been needed This 1s roughly equal to 15% of cassava
production in the same countries By 1990 use would grow to over 3 2
mullion tons of dried cassava (8 to 9 miluon tons of fresh roots) About 75%
of the demand would be for pig feed

Tbl 8 A g | estock mbers a d rag ann | growth t  1975-1980

All C mm 1 All Cmm al
p ultry p ltry sw w
mbe ate umb t n mbe rat mbe e

000) () (00O) (%) WD) (%) (00) (9)

H gK g 528 114 5268 114 478 59 478 59
Id 98 458 18 283%6 46 2798 41 a
Japan 264446 36 264446 36 8591 08 8 591 08
Malaysia 46933 32 1499 41 a
Philippines 50387 37 [283 91 6 895 67 1075 193
Singapore 13638 33 13638 33 1139 20 1139 20
Taiwan 34549 103 34549 103 4219 91 4219 91
Thailand 56 621 54 3884 35

) N <mm al(vligep ley ly
= 1bl

s A g Lt 1 df mFAOp d y b ok d 1
fm h vy G wh ff flgl
1975 1980
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Tbl 9 Ptot ldm dfo d ed ssa milf d (000t) 1980 a 4 1990
P lty Sw Ttl

1980 1990 1980 1990 1980 1990
Hog kK g 6 20 39 70 45 90
Id 3 17 23 34 26 51
Jp 37 455 696 754 1013 1209
Mly 6 16 i2 18 18 34
Phipp 15 99 87 600 103 699
S gp 16 23 92 113 109 135
T wa 42 116 342 849 383 965
Th 1 d 7 23 k]| 45 k3 63
Tt 412 769 1322 2483 1735 3251
5 T bl 8and mpt

Japan 1s the largest potential market demanding almost 60% of the
cassava in 1980 and 37% in 1990 Taiwan 1s the second largest potential
market accounting for 229 1n 1980 and 30% 1n 1990 For both of these
countries cassava would have to be imported Demand from Hong Kong
and Singapore for cassava 1s relatively small (99 in 1980 and 7% 1n 1990}
since livestock numbers and growth are limited However these countnes
already import sizable quantities of meat and provide an additional
indirect source of potential demand for dried cassava Potential demand in
Thailand and Indonesia 1s a small fraction of current cassava production
and can easily be met domestically In the Phulippines however potential
demand in 1980 1s more than 109 of production and would grow rapidlyif
the 1975 80 growth rate of commercial swine 1s maintained

The most important conclusion is that if the relative price for cassava
can be lowered enough that cassava 1s included in amimal feeds (below
30 10/ kg factory gate) the largest demand in the Southeast and Northeast
Asian region will be from Japan and Taiwan (and probably South Korea)
Sales to these countries will depend on a sufficiently low domestic price of
protein and on elimination of any barriers to cassava imports Cassava
imports wili take the place of maize and must therefore be competitive not
only in price but 1n quality and regulanty of supply

Summary and Conclusions

International demand for cassava will depend on reductions in the cost
of production changes in trade policies affecting cassava and other feed
ingredients and improved regulanty of supply The market potential for
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geneficstarch looks good especiallyinthe U S A but any increased trade
1n cassava starch must compete with maize starch Amimal feed demand
also provides a potentially large market but dried cassava must again
compete with maize

Trade barners in two of the largest markets Japan and the EEC will
hinder increased cassava starch imports and 1t seems unlikely that these
barriers will be reduced Import regulations 1n the EEC also constrain the
growth in use of dried cassava there EEC agricultural pohcy 1s currently
undergoing substantial changes The outcome of these changes 1s not clear
but it seemns unhkely that the EEC use of dned cassava will grow
substantially 1n the next few years

Current use of dried cassava in Southeast Asia (and possibly other
regions as well) 1s hindered by the policy of protecting domestic protein
sources more than domestic feed grains In Indonesia for example
domestic soybean prices were 869 higher than world prices on average
between 1975 and 1980 while domestic maize prices were only 26% higher
than world prices duning the same period Since cassava and protemn
sources are complementary in feeds cassava use 15 reduced by this policy

The price at which dried cassava enters into animal feeds depends upon
the prices of all other ingredients but any large scale increase 1n demand
could require world cassava prices below $0 10/kg 1f the social opportu
nity cost of dried cassava can be lowered enough for cassava to be included
in animal feeds 1n all countries 1n the region cassava growing countries
can meet their own demand with relatively small increases in production
Thus prospects for intra ASEAN trade 1n cassava are not good except
possibly imports 1nto the Philippines (Regional trade 1n tropical protein
sources however mught have more potential )

Large increases in import demand for dnied cassava could occur 1n
Japan and Taiwan The US A USSR and South Korean markets
were not considered but they are also potentially large buyers of dried
cassava [n all of these markets any imports of dried cassava would have to
substitute for maize In addition to competing on price terms cassava
would also have to compete 1n terms of regularity of supply ease of
handling and maintenance of quality
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A Comparative Analysis of Cassava Production
and Utihization 1n Tropical Asia

S

John K Lynam

Introduction

Cassava was probably first introduced into Asia during the Spamsh
occupation of the Philippines 1t was being grown on Ambon one of the
outerislands of Indonesia by 1653 (Nelson 1982} Cassava was introduced
from Java to Mauriuus in 1740 and from Mauntius to Sri Lanka in 1796
(Greenstreet and Lambourne 1933) Certainly by the beginning of the 19th
century cassava had been effectively distributed throughout tropical Asia
Expansion of cassava production in the 19th century was hastened by
colomal admumstrations first by the mitiation of a cassava processing and
export industry in Malaya in the 1850s followed by one in Java and
second by the promotion of cassava as a famine reserve particularly by
the Dutch in Java and the British in southern India

Of the New World food crops introduced into tropical Asia cassava has
become the most important in terms of volume produced Characteristic of
the crop the development of cassava has responded to different forces in
each country as 1s reflected in the utilization patterns for the countries
shown in Table | Cassava s an important food source only in India and
Indonesia animportant exportcrop in Thailand and animportant source
of starch in all countries Just as cassava has filled a particular market
niche 1n each country the crop also occupies a different production niche
in each country according to the type of land resource which has been
exploited and the type of cropping system which has evolved The crops
particular adaptability to upland conditions especially where there are
either so1l or mosture constraints and its muluple end market uses give
cassava a certain malleability in adapting to quite different demand and
production conditions

Jh K Iy m m CIAD C FgmCl Cimb
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This paper compares the diversities and sumilarities of cassava produc
tion and utihzation systems 1n tropical Asia and draws conclusions about
the potential of the crop in this region A domnant issue 1s whether
principal constraints have thewr origin on the production or the demand
side or conversely whether growth has been led by production or by
demand This view departs substantially from the more orthodox perspec
tive held 1n Asia (dominated by the case of rice) which suggests that the
restriction on increased food supplies is the lack of sufficient factors of
production especially land and the solution 1s therefore improved
production technology and land productivity In the case of cassava
however the question 1s whether improved technology 1s a sufficient
stimulus for the expansion of production or whether this also needs to be
integrated with market development

A Comparative Analysis of Production

Cassava s essentially an upland crop in tropical Asia Only 1n rare cases
when water 15 a lmiting factor such as occurs with well water systems 1n
Tamil Nadu in India or during the secondary season on sawah soils of
Java 1s cassava planted in wrrigated areas The agro-chmatic conditions
under which cassavais grown 1n the upland areas of Asia vary enormously
but the defiming factor in major cassava producing zones is the existence of
a constraint on plant growth In areas such as Kerala India the outer
islands of Indonesia or the eroded slopes of eastern and central Java the
limuting factoris soil In the northeast of Thailand Tamul Naduin India or
Madura Island in Indonesia the problem 1s moisture stress Compared to
other crop alternatives cassava produces high carbohydrate yields under
such conditions Cassava has thus tended to be concentrated 1n those areas
where 1t has a comparative advantage in productivity over other crops

This however 1s too broad a generalization for Asian conditions for
cassava extensive and intensive cropping systems Ononehand cassavais
grown in upland areas where farm size 1s a major constraint on farmers
crop production such as Kerala and Java (Table 2) Cassava 1s selected
because of its high yields and yield responsiveness even where there are
agro-climatic constraints Exploitation of the yield potential of cassava 1s
clearest 1n the irngated area of Tamil Nadu Here farm level yields
commonly exceed 50 tons/ha

On the other hand cassava 1s well adapted to more land-extensive
production systems such as occur 1n frontier areas Cassava has been a
major crop component inthe re settlement schemes 1n the off Javasiands
of Indonesia and where infrastructure has developed cassava has
expanded rapidly such as the Lampung area on Sumatra The same
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appliesin the Mindanao area of the Phulippines where cassava has become
a major crop In such areas infrastructure development 1s a principal
stimulus 1n moving cassava from essentially subsistence status to a major
cash crop

In Malaysia ascompared to other Asian countries cassava s rolenthe
agnicultural economy 1s defined more by access to land quality Malaysia1s
by Asian standards a land surplus country and much of the unexploited
land remains under control of the federal government Cassavaisthe crop
of first choice for squatters on federal land and apparently much of the
cassava grown in Malaysia 1s grown by squatters In the major preducing
state of Perak a 1976 estimate indicates that 3 892 ha of cassava were
planted legally while 10 240 ha were planted illegally (Hohnholz 1980)

Given cassava s demonstrated ability to exploit the heterogeneity of the
land resource in Asia a major factor determuning the production potential
of cassava 1s 1ts ability to compete with other crops for land 1n the upland
areas Animporiani point in agricultural policy formulation emerges on
the production side cassava rarely competes for land with the same crops
with which it competes on the demand side That 15 cassava rarely
competes with food or feed gramms There is some competition with maize
in thecentral plain of Thailand and 10 a more himited extent 1n Mindanao 1n
the Philippines The one area where maize and upland rice overlap with
cassava 1s on Java and Lampung and here the three are often found 1n an
intercropping system In areas where rainfall 1s a hmiting factor such as
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the northeast of Thailand or the non irngated areas of Tamil Nadu
cassava has no effective competing crop

In most of the other cassava producing areas cassava competes
principally with tree crops coconuts and rubber in Kerala o1l palm and
rubber in Malaysia and the off Javaislands of Indonesia and rubber in the
southern part of Thailand Southeast Asia has an international com
parative advantage 1n these crops over 80% of world exports of rubber
85% of coconut o1l and 90% of palm o1l originate in the region Expansion
possibilities for these crops are hmited by the growth potential of world
markets and moreover these are markets in which close substitutes exist
Cassava s ability to compete with tre crops for land laber and capital in
these areas 15 an open question but 1t will essentially depend on the relative
importance given to expanding export markets versus meeting domestic
demand for carbohydrate sources

While 1t 1s the land 1ssue that largely determines where cassava 1s grown
it1s the ratio of land to labor that determines how cassavais grown thatis
1n what type of cropping system Cassava based cropping systems vary
substantially across Asia (Table 3) and the labor intensity of these systems
1s fairly consistent with the land/labor ratio 1n each country {Table 4) In
the countries with the highest land/labor ratios Malaysia and Thailand
tractors are widely used to prepare the land for cassava Inthe Philippines
amimal traction 1s common while in Indonesia and Kerala land 1s
principally prepared by hand Weeding intensity and the propensity to
achieve a higher land productivity through intercropping and fertilizer
apphication are also greater in more labor intensive systems

One common factor encountered 1n cassava cropping systems 1 Asia s
the low use of chemical fertihzers (Table 3) Even in Kerala and Java
chemical fertilizer application 1s low despite the fact that apphcation levels
on other crops particularly rice 1s very high To a sigmficant extent in
Indonesia and India farmers compensate for this by applying organic
manures and wood ash In India the green manure that remains in the field
15 incorporated 1nto the soil below the planted stake Although many
fertilizer experiments have shown a yield response of cassava to fertihizer
application the fact remains that few farmers utilize chermical fertilizer in
significant quantities A better understanding of the fertilizer response
1ssue at the farm level 1s needed but 1t does appear to offer one potential
avenue for significant yicld gains

These differences in cropping systems lead to significant differences 1n
labor input per hectare production cost and yields across Asian cassava
production zones (Table 5) Labor 15 consistently the largest cost
component in cassava production Differences between countries in total
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per hectare labor cost are substantial However once differences in yields
are taken into account there s significantly reduced range of production
costs per ton Expressed on a dried equivalent basis * these production
costs must be seen as low compared to per ton production costs of grains

However 1n most cases 1t 1s yield rather than per hectare production
costs that 1s the principal vanable 1n the determination of costs per ton
Cassava as compared to the grain crops has a potentially high yield
variance Yields as low as as 2 tons/ ha are not uncommon in many parts of
the Philippines while farm yields reaching as high as 80 tons/ ha have been
recorded 1n Tamil Nadu India This very large yield potential has always
heen the hallmark of the crop and it 1510 Asiathat this yield potennal has
been most exploited Compared to Africa or Latin America yi€ldsin Asia
are high Part of this 1s due to sigmficantly lower disease and insect
pressure since Asials outside cassava s center of origin The other factoris
the more intensive cassava cropping systems found 1n Asia

A g PP m 25 ff h p d 1 fd d as p sed 147
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Yield differences due to differences 1n agro chimauc conditions and
cropping systems of the major production areas (Table 6} have not been
studied extensively No systematic work has been done which specifically
relates differences 1n agro climatic conditions nput levels vaneties and
management practices to vanation in yield levels * Without this informa
tion 1t1s very difficult to assess the principal constraints on cassava yields
and 1n turn the potential for increasing cassava productivity The
potential yield gains from new technology and 1n a large measure the
defimtion of that technology still remain rather amorphous Nevertheless
the range of yields presented in Table 6 are at least suggestive of the
substantial scope for yield improvement in many countries

A Comparative Analysis of Consumption

The food economies of tropical Asia are dominated by rnice any other
starchy staple 1s only of secondary importance 1n the regional diet Within
this context cassava has achieved a significant role in the food economies
of Indonesia and Kerala and only maize s as sigmificant a calorie source in
tropical Asia The impetus for the early expansion of cassavain Kerala the
Philippines and Indonesia was to supplement inadequate supphes of rice
and it was 1n land scarce Kerala and Java that cassava production
expanded most sigmficantly In Thaland and Malaysia on the other
hand the incentive for production expansion came from non food
markets

The locus of cassava consumption in Indonesia and Keralais in the rural
sector and among the lower income strata Moreover because cassava 15
sigmficantly less preferred than rice 1n the diet cassava 1s very much a
secondary staple 1n the food economy of these countnies Cassava s role in
such food economies 15 as a cheap calorie source which supplements
shortfalls 1n the availability of rice whether due to msufficient supplies or
restricted purchasing power Cassava has thus come to play 4 sigmificant
role in the calone intake of that population most at risk in the region
(Figure 1) While food policy in these countries will sull have rice as 1ts
central component cassavacan add a certain flexibility 1o these rice based
policies Unfortunately 1t 1s rare that policies on secondary staples are
integrated with those on rice in developing an overall food and nutritional
policy

Th hby R h (1982) PP £y m ) h p Ap fm
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The role of cassava in nutrnition planning has been analyzed most
rigorously 1n Indonesia (Dixon 1982 Timmer and Alderman 1979
Timmer 1980) Cassavas low cost relative to nce the very skewed
distribution of consumption toward the low income strata the existence
among the poor of calone intake well below recommended standards and
among the lowest income strata the significantly positive incorne elasticity
for cassava (Dixon 1982) create a situation where increased cassava
production and lower prices will almost exclusively affect the poor
consumer
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Overall inelasticity in food markets while providing substantial benefits
to consumers when improved technology is introduced does not provide
much scope for increasing farm incomes Cassava 1s a cash crop 1n Asia
Even in Indonesia and India where there 15 some subsistence food
consumption most cassava moves inte market channels Areas of
expanding cassava production have been associated with dynamic
markets Thus 1f cassava 1s to play a role in food policy there must be a
means of mamntaiming incentives to producers Cassava s role in generating
increases 1n farm incomes 1s therefore associated with markets other than
traditional food markets Where traditional food markets are important
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development of these alternative markets provides something of a price
floor to sustain farm incomes Moreover some of these aliernative
markets such as composite flour can be more elastic than traditional food
markets

The economies of Southeast Asia have been changing rapidly in the last
two decades (Table 7) Industrialization rapidly rising income and
significant rates of urbamzation have created changes in domestic demand
for food Food demand within the region 1s being driven principally by
changes occurring outside the agricultural sector yet1t1s this sector which
must continue to generate both the bulk of employment 1n the economy
and continued increases in marketable surpluses and 1n many cases the
major poruoen of foreign exchange earmings Increasing demand
in the quantity and vanety of food products can be a stimulus to the
agricultural sector but greater demand can also cause internal food prices
torise thus affecting the nutrition levels of the poor and/ or food imports
This situation 1s potentially aggravated by the winding down of the
production gains achieved by the dwarf rice varieties and by the sigmificant
portion of resources devoted to export mainly tree crops

One of the dominant trends in Asian food economies 1s the rising
demand for livestock products and the derived demand for carbohydrate
and protein sources for concentrate feeds (Table 8) This growth in
demand for hvestock products has been most apparent in the poultry
sector thatis for meat and eggs The poultry and feed concentrate sector
has developed rapidly over the last decade in the cassava producing
countriés of Thailand the Philippines and Malaysia and in the non
producing countries of Taiwan Japan and the Republic of Korea The
sector s only in a very formative stage in Indonesta However per capita
consumption levels remain low although the FAO (1983) anticipates
annual growth rates to the year 2000 of 8 8% for poultry meat and 6 3% for
eggs 1n the Far East

Maize i1s unmiversally the principal grain used n the feed concentrate
industry 1n the region Only Thailand the Philippines and Indonesia are
significant producers and of these only Thailand 1s 1n a net export
position Undoubtedly Southeast Asia will have a continuing deficit 1n
production versus consumption of feed grains However only very
insignificant amounts of cassava presently enter into animal feed rations in
the region Malaysia 1s apparently the largest user of cassava for feed
concentrates using around 15 000 tons annually A large and growing
domestic market thus remains unexploited 1n most countnes

After direct food use starch 1s by far the largest form of domestic
cassava use inthe region Asinthe case of ivestock products consumption
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levels of starch have increased rapidly in most countries in the last decade
(Table9) Incountries such as Indonesia and Malaysia and regions such as
Tamil Nadu in India and Mindanao 1n the Philippines starch processing
dominates the market for roots These similanties contrast with the
significant heterogeneity across countries in the end market for cassava
starch competition with other starch sources {principally maize) and the
scale of processing technology within the starch industry These latter
factors determine to alargeextent the future growth potential for cassava
starch 1n each of the countries

The other major cassava market 15 the export market exports are
dominated by chips/pellets although a significant volume of cassava
starch 13 exported as well While all of the major cassava producing
countries in the region have exported cassava products 1n the recent past
oniy in Thailand 1s production principally directed to export markets In
all other countries the export market 1s minor when compared to the
domestic market India and China have been intermittent exporters while
Indonesia has been a consistent exporter but has had large fluctuations in
quanfities Malaysia has been a consistent but dechining exporter For
these latter countries the export market serves as something of a surplus
vent which usually 1s operational only at relatively high world market
prices This was particularly the case 1n 1979 80 and demonstrates the role
that the export market can play in setting a price floor under domestic
markets even though at historically low to moderate world price levels
domestic prices 1n most countries make cassava exports uncompetitive

A multiple marketstructure has developed for cassava 1n most countries
in the region with each country having its own particular utilization
patterns Yet as has been noted significant untapped potential exists for
cassava in undeveloped markets such as the domestic feed concentrate
markets Other markets include the composite flour market (especially
where the wheat flour 15 used principally 1n noodles) and the fructose
syrup market n sugar importing countres such as Indonesia

A natural question 1s what has been constraining the development of
these alternative markets and in turn whether improved production
technology could be a motivating factor in their development To answer
this question the issue of price formulations must first be analyzed

Marketing and Price Formulation

In a mult market situation 1t 1s essentially price which allocates the
cassava roots between the different end uses It 1s axiomatic that the price
must be able on the one hand to cover the farmer s costs of production
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and onthe otherhand tocompete with substitutes in the various markets

Forces on the supply side such as increasing input or factor costs or the
advent of more profitable crops may drive the production cost of cassava
out of line with the market price of substitutes Vice versa forces on the
demand side such as inelastic output markets or falling prices of
substitutes may drive the market price out of line with cassava production
costs at least for more high cost producers At issue in this section then 1s
delineation of the principal factors determining cassava price in the
different countries and the mechamsms influencing the allocation of
cassava between different end uses

The cassava products in the different cassava markets tend to compete
with different substitutes Thas sets up something of a market hierarchy in
which cassava in some markets can be competitive at higher prices than in
other markets Thus in Kerala India the fresh food market 1s the
principal demand side factor regulating price formulation Since there are
severe supply side constraints on expanding cassava production cassava
prices set in the food market tend to be higher than are profitable for the
operation of the starch industry which absorbs seasonal surpluses and
roots of inferior quality In the Philippines the fresh food market also
usually sets a ugher root price than the starch market but because the size
of the food market 1s so limited the starch factories tend to be the major
market force in their supply area However expansion in this starch
market has been apparently constrained by competition with maize starch
There is potential for expanding cassava area and production for the
amimal feed market but yields need to be higher than their current average
of around 5 tons/ha thereby reducing costs of production

Factors determining cassava prices as well as constraints on further
development of the crop vary markedly between countries (Table 10) In
Thailand and the Philippines the constraint 1s on the demand side while in
india Malaysia and Java the constraint is very much one of production
Where cassava production has expanded rapidly in Asia such as Thailand
and the Lampung area of Indonesia both an expansive market and land to
support area expansion were present In the other areas apart from the
possibie case of Malaysia growthin production will depend on increasing
yields either to make cassava competitive 1n alternative markets or to
make up for a scarcity of land

For a crop where 1n most countries prices are so dependent on {orces
within domestic markets and market structures are so diverse cassava
prices would be expected to vary markedly across countries Evaluated at
current exchange rates farm level prices are consistently lowest n
Thailand and highest either in India or Indonesia (Table 11} although the



Th 10C m kit d t t p ddp d
P pl P pl t t d | pm t t
C ty M] mkt d ym kit [ Tt o m kt fp d
S pply d Dm d d d tl t
[d St h d F d (g pl k)
f d¢ h t)
J Sm 1 f m E t gg wthm kt S pply d
off J Cmptt wth If t t Dem d d
t c p
Id
K 1 F d(f h L) St h SmIf m Hegh p f dm k1 S pply d
TmlINd St h F d{(f h 8] Smilf m E t gg wthm k1 S pply d
Thal d Epri(pllt) Ep t{(t h) P dtrt lt 1t g td Dm d d
by EEC p tm kit
M1ys St h A mlfd L d pl C mp 1t w th Supply d
mp tdm
Phlpp
M d St h F d{ h t} L kf tgt fppp tpd Dm d d
dp gt h 1gy
Rt ¢
ty F d(f h t} St h L kf tgt fppp tpd 1t Dm d 4

dp gt h 1gy




T HHF ml lp f ot 1 1975 dm t yp dUsdll p 1970 81

Y 1d 1d b My Phlpp d Th 1 d
R 1 Dl R I D1 R 1 D1l R 1 D 1l R I D1
P P p P P P p p p P

Cp/y ($US;1)  ( p h/kg) (SUS/y (M3/t) ($US/ (p /kg)  (3USN) (b ht/kg) (SUS/1)

1970 197 22 25 20 79 24

1971 391 29 177 19 83 20 27 23 82 23

1972 406 3l 215 23 56 15 23 22 72 21

1973 446 40 28 3 40 65 2 0 3l 1% 14

1974 423 47 161 kY] 79 32 3 42 30 14

1975 400 48 176 42 78 30 29 a0 40 19

1976 449 4 234 67 73 29 26 37 44 22

1977 376 37 219 70 76 33 26 40 43 23

1978 353 39 199 64 58 28 26 43 29 18

1979 all 49 194 53 67 36 25 50 56 36

1980 a 203 67 89 51 25 58 47 37

1981 197 73 72 43 30 25

y K 1 fml 1

b J dMd L ngl 1

y P ki ryby gp

dy A g Phlpp f ml 1

} A g Th land f m1 1

8

1 bl

CIAT d

fl



19¢ C A

latter are probably inflated because the series 1s based on village level
prices Clearly however the competitive position of Thailand in the world
market s firmly established while the other countries remain either minor
or intermittent exporters Moreover only in Thailand has there been any
cleartrend inreal {arm level prices over the last decade and this has been
a downward trend which 1s consistent with the very rapid expansion 1n
production Inthe other countries farm prices have been relatively stable
implying a relatively stable supply demand situation The case in Indonesia
15 more complex but certainly for the other countries there has been hittle
incentive to develop lower priced markets

Dnfferent end markets and different forms of marketing cassava affect
how price allocates the cassava roots and dnied products between the
different markets Ashasbeen noted only arelatively small part of cassava
production remains on the farm for subsistence consumption and this
occurs only 1n Indonesia and Kerala the greater portion moves into
marketing channels Farmers market the major part of their production as
fresh roots and 1t 1s generally the assembly agent who decides on the end
market to which the cassava will go However farmers also have the
option of producing gaplek (the peeled quartered and dried root) This
practice predominates in Indonesia and 1s utilized to a much more himited
extent in Kerala and the southern region of the Philippines Gaplek playsa
fundamental role in Indonesia 1n integrating cassava markets across
different forms locations and time

Vanious demands are made on cassava marketig systems due to the
bulkiness and extreme perishability of the roots the different end uses and
forms and in mostcountries the seasonality of production Seasonality 15
a problem m only the major cassava producing countries of Thailand
Indonesia and India In Thailand about 509 of cassava areais planted in
the April June peried 1n Kerala 60 65% 1s planted in the same 3 month
period and 1n Java 75% of area 1s planted in the November January
pertod The seasonality problem in Thailand 1s overcome by processing all
the cassava roots and by large storage facihities In India and Indonesia
where consumption of fresh roots as food 15 important there is a defimite
seasonality 1n consumption as can be seen in the case of Indonesia (Table
12) InIndonesia and to a much lesser extent 1n India gaplek althougha
less preferred food serves to extend the consumption period The
seasonality problem 1s thus resolved not by adjustments in the production
system but through adjustments in marketing processing and consump
tion form

Gaplek provides the storage capability in cassava markets and thus
tends to integrate them through time Gaplek also permits economical
transport of cassava and thus tends to integrate cassava markets across
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locations as well That 15 consumption points for fresh roots normailly
draw on only a very small supply area due to the high transport cost and
the perishability constraint This situation tends to create relatively
independent markets in which prices vary significantly between areas
These independent markets are most likely to occur 1n countries where
food markets for fresh cassava dominate that is the Philippines and
Kerala Widely traded commeodities such as starch and gaplek where
arbitraging 1s possible have more of a national market where prices are
determined more by aggregate rather than by local supply and demand
situations Because farmers and/or assembly agents have the option of
supplying roots to these markets gaplek and starch prices will tend to
integrate fresh root markets within the economy as occurs in Thailand and
Indonesia (Unnevehr 1982)

Price integration across markets space and time is critical in fostering
growth 1n cassava production and utilization Integration provides
incentives for cassava to be grown in areas where production 15 most
efficient 1t maintains competitive price formation and 1t provides the
necessary information impheit in nationally determined market prices to
motivate 1nvestment 1n processing capacity for which there 1s greatest
market potential Fragmented markets 1n a crop such as cassava can
sigmficantly inhibit 1nvestment 1n processing plants by making cassava
appear too costly in price terms 1n relation to 1its actual production cost
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Thus 1s certainly one factor in explaining the lack of growth in Philippine
cassava production compared to that in Thailland and Indonesia

Finally an observation anses on the role that gaplek can play in price
integration between different end markets Gaplek 1s in many ways like a
gram If properly dried it can be stored providing food supplies in nen
harvest seasons Because 1t 1s peeled it can be ground for composite flour
production or used 1n domestic or export animal feed markets Starch
plants 1 India and the Phihippines occasionally use gaplek for starch
processing especially for glucose production when fresh root supplies are
limited Apart from kokonte in Ghana and farinhg de raspain Brazil dried
cassava chups of this quahity are only produced 1n Asia almost solely 1in
Indonesia Interestingly Indonesia has the most diverse end markets for
cassava and 1s probably the most fully integrated cassava market where the
bulk of production is for domestic use Establishung a gaplek market of a
certain mmmum critical size would appear to give the cassava economy a
large degree of flexibility in responding to changing economic and market
conditions

Cassava s Future Role 1n Asia

Beyond the central role that rice plays in the food economies of tropical
Asian countries the agnicultural sectors of these countries are very diverse
Cassava producuion and utilization has adapted to this diversity Asshown
in the previous analysis it 1s the differences rather than the similarities that
are most striking in comparing cassava sectors across countries Cassava
has developed within different types of land constraints and muluple
markets have evolved around the crop with the particular market
structure reflecting the overall development of the economy The rate of
development of most of these economues has accelerated over the past two
decades creating a potenual demand for further expansion of cassava
production and utihzation

Rapid development of the crop 1n most cases will depend on increased
yields either to relieve land constraints or to be competitive 1n these
emerging markets It 1s natural in an Asian context where expansion of
crop area 15 frequently constrained that there should be a bias toward
crops with high yield potentials especially under upland conditions Very
high productivity 1s already being achieved in certain areas but in general
average yields remain below the known potential of the crop The means of
achieving this high yield capability across tropical Asia remain largely
undefined Obwviously the type of technology necessary will vary and will
require a continued commitment of research resources in order to



T bl

"BerPetl 1 f gr 1t Lpl f e tdaA tr
C tbt d gt ¢ty
Ag It Iply bt [d e Id Th | d Phlpp M1y
F d d t1t Ipl
FI blty pl X X
Nttt fih p X X
(g pl k) tf h
F m m dl d
H gh mlf m m pl d X X x X X
Epl tt fr X X X X
( ptJ ) { th NE) { M d ) (pet |}
B fpym t
[ asd p ot £ X
Imp t bttt X X X
(&) {(f dg ) (f dg )
y Id L p pl d Id m d 1t d L m



194 C A

maintain the Asian cassava research capacity that has emerged over the
last two decades since the founding of the Indian program in 1963
Governments however require some justification for research investment
which follows from the role cassava could play tn the policy arena

Cassava s adaptation to a wide range of upland conditions and 1ts
multiple use characteristics give 1t a substantial flexibility in agriculural
policy As has been stressed cassava s role in each country s agricultural
economy will differ (Table 13) but in each case cassava can be a basis for
meeting multiple policy objectives In India and Indonesia cassava can
play a clear role in nutrition policy In all countries even in India and
Indonesia cassava because of its multiple market potential can play a
major role as a source of income generation for small scale farmers 1n
upland areas A further advantage in satisfying growing domestic markets
by increased domestic preduction 15 the positive impact on balance of
payments Further market diversification of cassava however will require
both improved production technology and appropniate processing tech
nology together with 1n some countnes better integrated markets

The Green Revolution that swept Asia in the late 1960s and 1970s was
himited to the irrgated areas "he next major challenge 1s to raise crop
productivity and farmer incomes in the upland areas With probably
limited prospects for further major growth 1n world demand for rubber
palm o1l and coconut o1l with growng domestic markets that couid
absorb cassava products and with a growing regional market for
carbohydrate sources for livestock cassava 1s a major 1if not the major
crop 1n a position to foster income growth in the upland areas of tropical
Asia
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Rapporteur s Summary of Discussions

John K Lynam

Ths first session dealt quite appropnately with the market potential for
cassava both the domestic prospects within each country as well as the
major factors affecting international markets for cassava production A
major theme that ran through the discussion was whether domestic or
aiternatively international market forces were the dominant factor in
fluencing both the present status as well as the future potential of cassava
in the region Because of cassavas multiple end uses the linkage 1o
international markets depended on whether food or feed demand was the
driving element in domestic markets The dominance of one of these
alternative markets then inlarge part determined the production trends 1n
each country and 1n the region as a whole

The trends paper by Sarma clearly demonstrated on the one hand the
very high rate of growth 1n cassava production in Asia in the last decade
and on the other hand the very great differences between each country s
rate of growth The increase in Asian cassava production was principally
due to Thailand Nelson stressed that Thailand was the only country to
respond 1o the rising international cassava price brought on by the loop
hole 1nthe EEC s vanable levy system Nelson feit that other countnies did
not respond because domestic dried cassava prices were higher than world
prices because of either lack of infrastructure mappropnate agncultural
price policies inappropnate macroeconomic policies (especially exchange
rates) orloss of comparative advantage (forexample nising labor costsin
Malaysia)

Discussions reflected the current uncertainty in international cassava
markels after more than a decade of relatively buoyant growth This
uncertainty grew out of increasing trade barriers in import markets
especially the dried cassava quotas negotiated by the EEC with the
principal exporting countries The retrenchment in international markets
currently affects only Thailand but Welschs four future scenarios
highlighted the point that should Thai cassava be forced to compete in the
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world gram market Thailands apparent comparative advantage 1n
cassava will put competitive pressure on the cassava industry 1n neigh
bouring countries especially Malaysia and potentially the Phihppines
There was a concensus that linking international cassava prices to the
world grain market rather than the EEC grain market opened up
sigmficant growth potential especially in the Asian regional market
However Thailand should not forsake the sigmificant rents 1t currently
earns 1n the European market Capturing these rents while competing in
the world market obviously argued for some form of two tier pricing
structure

Inherent 1n such a scenario 1s the question of whether cassava can
compete in the world gramm market There were a broad range of opimions
on the question with the only concensus being that there does not yet exist
a ngorous empincal analysis of the question How large a drop Tha
cassava farmers could absorb was debated leading to the conciusion that
improved cost reducing production technology was needed to cushion
this crop Also cassavas ability to compete depended on world grain
prices There was agreement that these prices were currently low but
disagreement prevailed over future prospects Welsch argued that feed
grain prices were likely to rnise while Nelson argued that continued
technological change in feed grain production would most likely keep
prices constant 1n real terms Rusing grain prices would obviously favor
cassava paruicularly inthe Asian regional market where nising demand for
livestock products was leading to very rapid increases in course grain
imports

Outside of Thalland the discussions focused almost exclusively on
demand potenuial in domestic markets The country papers highhghted
first the multiple uses for cassava and second the diversity between
countries in the relative weights of the different end markets In the direct
use of cassava as food the cumulative evidence suggested that overall
demand for cassava was melastic However cassava consumption was
high 1n the low imcome strata particularly in Indonesia and India and
cassava consumption increased with rising incomes 1n these strata Lynam
made the point that the benefits of improved technology would be largely
directed to poor consumers under such circumstances but that overall
inelastic food markets provided hittle scope for sigmificant growth Most of
the discussion therefore focused on the prospects for cassava in more
elastic markets and concensus emerged that the domestic amimal feed
concentrate market offered the most immediate growth prospects for
cassava 1n the region Nelson argued that domestic price policies signifi
cantly influenced cassava s potencial in these markets and 1n particular
protein prices were kept artificially high in most countries undercutting
cassava s competitive posiion wis g vis grams
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The discussion concluded on the theme that cassava had demonstrated
sufficient potential 1o warrant more in depth economic studies to evaluate
the future potential of the crop in each country These studies would aid in
defining a future role for cassava 1n each country s agnicultural economy
and would be critical in generating consistent policy support for the crop
Investment in research leading to improved cost reducing technologies
would go a long way to guaranteeing this future but in the interim those
markets where cassava would be approximately competitive with grains
needed to be 1dentified and the current though limited backlog of
technology tested The very basic lack of data existing for cassava
reflected the historic neglect of the crop Basic economic studies were now
needed to overcome this neglect
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The Agronomic Potential of Cassava
for the Upland Areas of Tropical Asia

James H Cock

Introduction

The cassava plant s relatively new to Asia ltis probable that it was first
introduced to the Philippines by the 17th century galleon trade from
Acapulco Mexico to Mamla After that date a series of introductions
were made by the Portuguese to Goa and Indonesia and by the British to
Malaysia and India By the end of the [9th century 1t was widely grown
throughout Asia

The agriculture of Southeast Asia 1s now and has been for several
centuries based on rice culture The overriding importance of rice n
Southeast Asian agriculture 15 well ilfustrated by the fact thatin Indonesia
crops are generally referred to as either rice or non rice (palawiya) crops
Most rice 1s produced under irrigation or as rainfed bunded rice with
smaller quantities produced as upland rice Chandler (1979) 1n his
authoritative work on rice statesthat many authornties recommend that
upland areas that cannot be economically bunded or that have sandy soils
be converted to the growing of [other] crops It is exactly under these
conditions that most cassava i1s presently grown

Under non irrigated conditions cassava has tended to be relegated to the
less favorable areas that are often considered marginal for crop produc
tion Thus n northeast Thailand and southern India much of the cassava
1s grown under the poorest conditions in soils with very low fertility that
are often subject 1o severe eroston problems Apart from a small number of
large plantations that produce the raw matenal for starch production in
the southern Philippines and south Sumatra Indonesia most cassava 1s
produced by small farmers using traditional production systems

Average yields in Asia of about 12 tons/ ha are above the world average
of 8 9 tons/ha Yields however vary considerably Average yields in
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Tamil Nadu India where cassavais grown underirnigated conditions are
over 24 5tons/ha and much lower in Sr1 Lanka where cassava is grown as
a subsistence crop under rainfed conditions

Characteristics of the Crop

The cassava crop contrasts markedly with most field crops in 1ts
development Inthe majority of crops the reproductive organs thatis the
seeds are the economucally useful parts whereas 1n root crops (inciuding
cassava) the vegetative organs are of economic sigmficance In cereal
grains thecrop passes through a vegetative phase when the photosynthetic
source 1s formed and then into a reproductive phase when photosynthate
from the source 1s utihzed to fill the grains In this process the plants pass
through certain crnitical phases Forexample imitiation of the reproductive
organs flowering and grain filling when the plant is stressed for even short
periods can lead to severe reduction n yield and even complete crop
farlure In the development of cassava the roots are filled and the leaves
are formed simultaneously throughout most of the growth cycle For this
reason the crop has no cntical period after estabhishment This difference
was amply illustrated several years ago in northeast Thailland when maize
and cassava were planted at the commencement of the first monsoon The
second monsoon came late in that particular year and a 2 3 week dry
period occurred when the maize was at a critical period of its development
Maize yields were disastrous but cassava yields were only shightly reduced

Inits early growth the cassava plant covers the ground relatively slowly
When cassava is grown in monoculture this charactenstic often allows
substantial weed growth to occur before the canopy closes about 3 months
after planting Many growers utilize this early growth penod to intercrop
cassava with short season crops such as grain legumes thus obtaiming
good yields from the intercrop with very little adverse effects on cassava
yields

Apart from lack of critical periods in its development cassava has
several other mechamsms that make it mghly tolerant of stress conditions
The cassava plant has a special stomatal reaction to humidity that allows it
to conserve water during dry pertods This mechamsm reduces plant
growth during periods of water stress but enables the plant to survive
under such conditions

Thus ability to tolerate dry conditions gives the crop extreme flexibility
in terms of planting date because the crop can be planted 1n the rainy
season up to about 1 month before the beginning of the dry season This
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characterisuc coupled with the lack of a fixed maturity date means that
cassava can 1n most conditions be harvested throughout the year thus
guaranteeing a continuous supply of roots It should be noted however
that sigmificant quahity changes may occur depending on the conditions
prior to harvest In areas with marked seasonal temperature changes the
starch content of roots 15 greatest in the cool winter months with a short
photoperiod and least in the summer months wrrespective of planting date
Similarly the starch content of roots tends to drop markedly at the onset
of the rains This drop 1s sufficiently large in many areas to cause starch
factories to close at the beginning of the rainy season

Although cassava 1s very tolerant of dry conditions 1t will not tolerate
waterlogging of the so1l and consequently should not be planted 1n poorly
drained soils It also does not tolerate high pH associated with sodium
salts

Cassava s particularly well adapted to acid soils of low fertility Cassava
will give a yield albeitlow under fertility conditions where other crops fail
to produce at all However cassavadoes respond to fertilizer asshownin
Figure | An interesting aspect of cassava response to fertilizer 1s that
maximum root yield 1s achieved at fertility levels considerably below those
required for maximum biomass yield Hence although cassava responds
to fertilizer it does not require as high fertility levels to give good yields as
do many other crops

Cassava 1s naturally tolerant of very acid soils and the associated high
levels of aluminmum 1n the soil solution Nevertheless cassavadoes respond
to hime applications with levelsupto G 5 | Gtons/ha being necessary when
the crop 1s heavily fertiized The use of dolomitic lime 15 normally
recommended 1n order 1o supply magnesium as well as calcium The main
effect of lime 1s probably due more to these two elements than to altered
so1l pH and aluminum levels

Cassava 1s generally considered a hardy crop with few disease and pest
problems however when cultivation methods are intensified and area 1s
expanded disease and pest problems may become very severe The lack of
critical periods and the continuous production of new leaves allow the crop
to recover from damage In addition most local cultivars have some
resistance to the endemic problems of the area The resistance in cassava
tends to be stable multigenic resistance rather than gene for gene
resistance which 1s considered more likely to break down

In Latin America the center of origin of cassava many natural enemies
of the crop s pests have evolved The long growth cycle of the crop 15 an
important factor contributing to effective biological control In Asia the
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disease and pest complex of cassava i1s not as large and few cases of
biological control occur naturally The major diseases and pests of Latin
America and Asia are compared in Table 1 The reduced number of
problems 1n Asia is a major factor contributing to the hugh yield potential
in the region

Yield Improvement

Cassava yields of around 12 tons/ha 1n Asia are still far below the
potential In experimental stations throughout Asia yields of 30-40
tons/ha are frequently obtained The yield gap 1s partially due to the many
expernimental stations that are situated on the more fertile soils of tropical
Asia Butitis also due to the use of varieties with higher yield potential and
improved management practices in most experimental stations In the
following sections various aspects of the crop are discussed with a view to
showing how yield in farmers fields can be increased

Varieties

In their paper 1n this volume Kawano et o/ show guarded optimism
about the potential of new varieties to increase yields It 1s uniikely that
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extraordinary yield jumps will be made like those resulting from the
introduction of semi-dwarf rice into the irnigated rice sector in Asia
Nevertheless 1t does appear that with a continuous concerted breeding
effort yield improvement can be expected above and beyond the generally
acceptable level of most widely grown local lines

Improving yield potential 1s however only one aspect of breeding and
selection programs Preliminary results reported by Kawano er a/ 1n
this volume have clear'y shown that breeding for charactenistics such as
high starch content and early maturity 1s extremely pronusing In Asia
where land 1s scarce and cropping systems are intensive earliness can be an
extremely important factor in determnmng whether cassava can fit into the
systems If as appears probable acceptable yields can be obtained in 7 8
months then cassava can be planted towards the end of the rainy season
after other short season rainfed crops have been harvested It can then be
harvested 1n the dry period with enough tume left 1o prepare the land for
planting other crops at the beginning of the next rainy season

Planting methods

In order to obtain a good yield of cassava 1t 1s essential to have planting
material of good quality In Asia this 1s one of the most neglected
management practices In Colombia careful visual selection of cuttings
with no signs of disease or physical damage has been shown to greatly
mcrease yields It is unlikely that the effect will be as marked 1n Asia as
there are less disease problems Simularly 1n Colombia selection of high
yielding plants with no virus sympioms coupled with visual selection of
cuttings has been shown to double yields 1n certain circumstances Once
again resultsin Asia are likely to be less dramatic as there are no reported
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virus diseases outside India Nevertheless the use of good quality cuttings
should increase yields 1n Asia

In regions having a definite dry period the harvesting ime frequently
does not coincide with the planting time hence cuttings are stored for
periods of up to 4 5 months During traditional storage there 1s large loss
of planting material due to dehydratation of the cuttings Furthermore
germination and carly vigor of stored cuttings 1s normally much lower than
that of fresh cuttings If planting matenal 1s cut 1nto long sticks (1 m or
more) treated with a fungicide and insecticide mux and stored vertically
with the base of the cuttings 1n moist so1l under shade the quality of the
cuttings at the end of the storage period 1s greatly enhanced

A novel manner of storing cassava planting material is being used 1n
Cuba and could effectively be transferred to Asia About 109% of the arca
planted to cassava 1s maintained 1n the field as a iving storage bank 1n
areas where land availability 15 not a major production constraint These
plants are used to supply the cuttings for the next planung after which
their roots can still be used The seed banks receive special care to ensure
that the quahty of planting materials 1s excellent

Irrespective of how the planting matenal s produced it 1s recommended
that stakes be treated with a fungicidal and insecticidal dip before planting
This treatment 1s particularly effective in preventing early infestation of the
crop with such pests as spider miutes and scales as well as 1n protecting the
cuttings 1f adverse conditions occur immediately after pianting

Cassava grown 1n monoculture 1s most frequently planted on the square
with plant populations ranging from 7 000 20 000 plants per hectare
Lower plant populations are normally used for vigorous heavy branching
types on fertile soils while higher populations of erect plant types are used
on less fertile soils Cassava can also be planted with a large degree of
rectangulanty as long as total population per hectare 1s maintained with
httle adverse effect on yield This makes 1t possible for the farmer to
intercrop between wide rows of cassava In addition wide row spacing
may enable the farmer to leave permanent cover plants between cassava
rows as an erosion control measure

So1l Conservation and Fertiity Maintenance

Cassava has somewhat undeservedly gained the reputation of being a
soil depleting crop As already stated cassava has the ability to grow on
poor soils Under such conditions a cassava crop s bound to lead to soil
depletion 1if reasonable yields are obtained However the nutrients
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extracted by cassava per ton of harvested dry matter are no greater than
that for other crops (Table 2}

Cassava growers have traditionally maintained soil fertility by letting
their fields he fallow The effects of previous cropping history on cassava
yields can be dramatic (Table 3) As land becomes scarce and fallow
periods are shortened yields dechme In most cases yields can be
maintained by applcation of fertilizer to replace the nutrients removed by
cassava If however several crops are harvested consecutively and the soil
becomes degraded yields cannot be returned to their original level by a
single apphcation of fertilizer 1t 1s necessary to apply fertilizer every year
even in the first years after fallow or land clearing when fertilizer response
may be small 1n order to maintain yields in subsequent crops Potassium
fertihzation 15 of particular importance 1n maintaining yield levels over
time
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Md L Fll w 20 24

L I A p i8 20

Th m as p 14 17
Pdm ¢ Pt 30 33

Th m oy i p 12 20

A Jh Ly m dR{ I0O1 4 Dazr prs mm
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Tbl 4 E t Imthd ass
S 11 Cas y Id

T tm t (tdy Vh/y) (t/h)
No f rtl 36 7
St d d 23 14
M m leh 15 16
D b wf as

60 60 mywthlm

tpslft ppad 14 16
N lpp 1t 10 18
5 dd m was lp p by frl dBd 80 m p g

5 R Hwl dLF Cad dop mm

Soil erosion 1s also a severe problem when cassava 1s grown on steep or
long slopes In experiments conducted 1n Colombia good erosion control
has been obtained on very steep slopes by using a vanety of methods such
as mulching reduced land preparation and plant covers Effective control
measures include planting cassava in widely spaced rows (1 5to2 0 m) and
leaving a strip of natural vegetation cut to just above soil level as well as
planting a fast growing intercrop n the alley between the cassava rows
Erosion controlis also enhanced by good management of the cassava crop
especially fertihzation which encourages rapid ground cover The results
of several erosion control measures are summarized in Table 4 Erosion
control will be of fundamental importance as cassava moves into more
marginal sloping areas in Asia for example 1n southeast India the hilly
arcas of Java and northeast Thailand

Disease and Pest Control

In Asia the disease and pest pressure 1s less than in the Amernicas
Perhaps the most important aspects of control in the future 1s to maintain
this situation through adequate quarantine procedures Care should be
taken to make these sufficiently stringent so as to mumimze the possibility
of introducing new diseases and pests but not so strict as to prevent the
importation of valuable genetic matenial The best control of the major
diseases and pests of cassava in Asia [cassava bacterial bhight anthracnose
cercospora and Tetranychus spp {(miutes)] 1s through varietal resistance
Less important pests such as scales can readily be controlled by stake
treatment
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Cropping Systems

Cassava is grown extensively in Asia as a monocrop in areas of lowersoil
fertility but in more fertile soils it 1s grown 1n complex cropping systems
often as an intercrop In traditional systems where no fertihizer 1s appled
yiclds of cassava and the intercrop are generally low In the last 10 years a
large amount of research data has been obtained on cassava intercropping
particularly with the short season grain legumes which are high in protein
When cassava and a grain legume are planted simultaneously using wide
spaces between cassava plants with 2 3 rows of grain legumes between
them and are fertilized good yields of both crops can be obtained Onthe
average yields of both cassava and the intercrop are reduced by about
15 25¢; when intercropped but land equivalent ratios are consistently
greater than one (Values of more than | indicate that intercropping 1s
more efficient in terms of land use than sole cropping ) The potential for
obtaining a rapid cash return from grain legumes with little reduction 1n
cassava yield 1s particularly attractive to the resource poor small farmer

Conclusions

Cassava 1s well adapted to the Light well drained souls with low fertility
that are found inthe tropics Itis very tolerant of dry periods and irregular
rainfall patterns but also grows well in areas with rains throughout the
year Both types of areas are found extensively in the tropics and a
tremendous potential exists for expanding cassava production in them

The potenual yield of cassava under commercial conditions will
obviously depend on the level of management and the level of inputs With
the technology currently available for cassava the main purchased inputs
are very small quantities of fungicides and insecticides for the treatment of
planting matenal and fertilizers

Thbhbl 5§ Pt tal mm lyid f mp d ssa tes d g od
m gem t

Pt 11y id
R f S If tlty (t/h /y)
Widtetbud H gh O 35
36dy m nth H gh 30 35
Widtbted Md m 2530
36dymath Md m 20 25
Wildtbtd Ad frl 20 25
36dy m nth Ad f ol 1520
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Under good management with improved vaneties and optimum condi
tions yields of over 35 tons/ha should be possible however most cassava
will not be grown under such ideal conditions Even under the most
difficult conditions of acid infertile soils and a long dry season yields of
15 20 tons can be expected with yields increasing as the dry season is
shorter and soul fertility increases (Table 5)
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Improving tne Productivity of Cassava in China

-
Lin Xwong
Zhang Weite
Tang X echeng

Introduction

Cassava in China 1s a widely grown crop and plays an important role in
agriculture sugar manufacturing food and the animal feed industry The
area under cassava 1s about 400 000 ha distibuted mainly in the region
south of latitude 30°N With the development of cassava production more
interest has been focused on cassava research Although some research
progress has been made 1t has been hindered by lack of continuity and
systematic methods

Research Activities

Experiments on bienmal cultivation flour production analysis of root
nutrient composition and application of N P K fertilizers date back to
1914 1919 During 1940 and 1941 vanetal observations cultural expen
ments and studies on cassava cyanide detoxification were carned out by
Professors L1 Youkai and Huang Ruilun Later in 1957 Professor Liang
Guangshang collected several cassava varieties and began work on
crossbreeding Unfortunately lack of continuity has made any break
through impossible 1n this field Durning 1958 and 1964 extensive cassava
research was carried out by the Tropical Crops Cultivation Research
Institute at SCATC and some progress was made 1n the following areas

I Coliection and evaluation of indigenous germplasm Comparative
trials with local vanieties were conducted and root characteristics (yield
dry matter starch hydrogen cyanide) were analyzed The high
yielding bitter vaneties SC205 SC201 and SC202 listed in Table | are

L X g b 4 h's hCh A dmy fT p 1C p (S5CATC) H
11 dCh  Zh gW g m dl gx h g g b
b d g SCAIC
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T ble | Charactenst cs  { major cassa & aneties in Chuna 1962

Y id Drym 1t St h t HCNco te t
Ch (1/ha} (%) (%) n peeled
o ts (mg/ 100 g)
SCI101 152 385 292 41
sClI02 136 416 290 38
SCl103 33 384 33 76
SCl104 [85 4] 2 305 54
SC20t 235 345 237 105
§C202 227 izs 277 148
SC203 215 327 282 20 ¢
SC204 121 424 288 84
SC205 262 364 281 91
SC206 184 412 356 i50
SC207 211 382 296 95
SC208 139 347 215 107
SC209 158 391 230 193
SC210 144 453 368 60
sC211 100 396 268 49
SC6068 28 436 379 50

suitable for starch production and the high yielding sweet vaneties
such as SCI04 and SCI0I are suitable for human consumption

Breeding and selection of superior vaneties Crossbreeding was begun
on the basis of germplasm collections and evaluations Results of
comparative tests regional tnals and quality analysis revealed
SC6068 to be the best sweet variety Itis a precocious varety with low
hydrogen cyanmide (HCN) content high dry matter content {about
43%) high starch content (about 38%) and a hightolerance to infertile
sols It 1s presently used i commercial production

Research on cultural practices Past investigations showed that the
best length of cassava stem cuttings for planting material was about
13 16 ¢cm The root yield decreased if the cutuing was longer or shorter

10-cm and 20 cm stem cuttings produced root yields 10% and 14% less

respectively thanthosefrom 16 cmcuttings Ridge planting compared
favorably with flat planting having a yield increase of 17% The best
spacing for ndge planting was | m x 0 8 m In order to maintain soil
fertiity groundnuts or jack beans can be intercropped with cassava

planted at a spacing of 1 5 m x 0 8 m With respect to the N P K
fertilzers P gave the best root yield response with an increase of
104 8% over the control while N increased root yield by 24 4% and K
by 11 3%, The best yields were obtained by applying N P compound
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fertihzer which raised the root yield to 161 5% over that of the control
Fertihizer application should be based on plant nutrient diagnosis and
specific soil fertility

Cultural experiments to expand the agronomic growing area Expen
ments to delineate practical regions suitable for cassava cultivation in
the northern subtropics of China were conducted by the Cassava
Research Group of SCATC in coordination with orgamzations n
Heber Liaoning Shandong Jiangsu Anhui Huber Sichuan and
Shanxi provinces Results from testing SC101 and SC102 1n these
northern latitudes showed that commercial cultivation of cassava 1s
possible in the Yangtze River Valley south of the Huai River and Qin
Ling Mountains where the chmatic conditions favor earher maturity
(Table 2) These experniments have provided a scientific base for
expanding cassava growing areas in China

Breeding

An active cassava research program was resumed in 1979 and has

continued since then The current major agronomic research task 1s to
collect germplasm and launch crossbreeding A number of good cultivars
for crossbreeding are kept at the Tropical Crops Research Institute These
include SC201 SC205 SC104 SC101 SC102 SC6068 SC7901 SC7924
SC7903 SC7908 and SC7945 Presently 30-40 hybnd combinations are
made annually From these 4000 5000 flowers are polhinated artificially to

Tbl 2 Y lds f cassa

t hugh latt des 1962

G w g Y Id Y W Hgh t St h t 1t
as Cht (kg/ (t/h ) y Id ()
dy) pl 1) (kgfpl 1)
29030 214 sC102 22 264 3300
29 30 214 SC101 L3 156 26 00
3000 210 SC101 14 68
3153 205 SC1o1 14 168 43 21 56
32004 180 sclot 12 44 23
32004 180 SC102 27 324 45
3355 172 5C102 28 336 60 24 41
34 21 162 SC102 12 144 20
3421 169 SCI01 039 46 06
36 41 180 $C102 15
38 54 170 sC102 13
38 54 170 SC101 09
39 20 163 5C101 25 28 66
39 20 163 5C102 12 144 30 2980
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yield 2000 3000 hybrid seeds and 800 1200 seedlings from which 60 80
promising individual plants are selected annually

So far several superior lines have been selected from the hybnd
progemes developed in 1979 and 1980 Amongthem SC7924 and SC8013
are the most promising Regional tnials with SC7924 showed that this
strain is highly recommendable because of 1ts low HCN content and
tolerance to cold weather SC8013 1s the progeny of SC101 x SC201 and
several years of tests and observations have demonstrated that this1s also a
most promising line possessing the characteristics of high yield and hkely
resistance o cassava bacterial bhight (CBB)

A varniety of breeding matenials with different characteristics has been
chosen to enrich the germplasm collection The cumulative number of
bybrid combinations developed during 1979 1982 15 187 the number of
artificially pollinated flowers1s 15 000 and the frunt success rate 1s 25 380
with 68 19 being the highest and 5 4%, the lowest The average seed setting
rate 1s 70 6% the highest being 92 3% and the lowest 38 3% Although the
optimal time for assisted pollination is between September and October in
order for the seeds 1o fully develop before the onset of colder weather the
peak flowering period appears in October and November

Experiments and observations indicated that the seed setting ratio of
hybridization is related to the affinity between vaneties Maternal
superiority exists and in general a highly fertile female crossed with any
male would give a higher seed setting ratio Maternal superionty also
appears 1n the compatibility of hybrid combinations A high yielding
female parent tends to produce a larger number of high yieiding individu
als among 1ts hybrid progeny and low yielding females also produce a
preponderance of low yielders among their progeny For example high
yielding individuals (above 1 5 kg/plant/yr) from the hybnid of SC201
(high yielder) x SC102 (low vielder) make up 60% of the total while
high yielders from the hybnd of SC102 x SC201 account for only 8 3%
Open polhinated hybnids from high yielding female parents lso produce
more high yielders amongtheir progenies e g open pollinated hybnids of
$C201 SCI102 and SCI101 gave 189% 79% and 2 8% high yielding
individuals (over | 5kg/ plant/yr) respectively whiletop yielders(over2 5
kg/plant/yr) occupy 4 9% | 3% and 0% respectively of SC201 SC102
and SC101 The recommended line SC79241s an open pollinated hybrid of
the high yielding vaniety SC205

Intercropping

Agronomical research emphasizes intercropping or interplanting and
crop rotation systems Through this research better planting methods and
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intercrops are expected to be found to help conserve water enhance soil
fertility check soil erosion and ncrease economic benefits So far
expeniments have been conducted on multi storied cultivation inter
plantuing Leucaena leucocephala with cassava intercropped with legumes
Experiments of this sort will be extended to proviae a basis for
recommendations by the extension services The present plan 1s to
recommend that the early maturing improved variety SC6068 be planted
on about 33 300 ha (in addition to the 667 ha currently planted 1n1t) Root
yields of SC6068 1n the region south of the Tropic of Cancer are usually
25 50% higher than those of local cultivars

Production Constraints

Cassava research to increase yields should be appropnate to local
agncultural conditions and practices The main constraints on yield
1ncrease are

1 A shorter growing pertod due to low temperature and frost injury In
China cassava s largely grown in the subtropics The low temperature
in winter and early spring often reduces the growing penod to 8 10
months Cassava has to be planted in March or April and harvested
before December The plant 1s usually affected by low temperature in
its later growing period and 1its yield decreases due to lower rates of
starch accumulation and root bulking

2 l.ack of better cultivars Presently the two high yielding varieties
SC201 and SC205 are the most commonly used 1n commercial
production 1n China However due to their longer growth period
neither of them can be used to full extent mn terms of yield in areas
having a short growing period Since early maturing varieties have low
yields they are not sutable candidates for increasmg production

3 Lack of systematic planning and techmcal assistance 1n production
processing and marketing Local farmers normally fail to in roduce
improved vanieties and advanced cultural techniques In many places
cassava is planted and then left untended causing low yields On the
other hand low marketability of cassava products also reduces the
farmers incentive to increase production

4  Occurrence of CBB (cassava bactenal blight) This disease has recently
appeared m the experimental fields at the Tropical Crops Cultivation
Research Institute of SCATC and the hazard of 1t spreading exists
This 1s the most serious potential factor affecting cassava production
in China
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5 Need for further research on processing and uses of cassava The
importance of multipurpose use of cassava has not yet been fully
realized This 15 another major constraint on cassava development

Future Research Directions

Considering the climatic charactenistics cultivation practices level of
processing and utihzation and existing problems 1n cassava growing areas
in China future research should aim at producing high yielding cultuivars
low input management and diversified high profit utihzation Areas of
concentration should be genetic breeding physiology cultural techniques
prevention and control of plant diseases and pests and processing and
integrated us of cassava produce The chief objective of cassava breeding
15 the selection of superior varieties which have the following character
istics early matunty high yields low HCN content good root quality
(rich 1n starch and with increased protemn) winter hardiness disease
resistance easy harvesting reduced penshabihity and suitability for
bienmal cultivation (including high ratooming ability and less hgmfied
tissue in the roots harvested the following year)

Domestic and foreign germplasm wall be collected 1n order to establish
well planned germplasm banks Furthermore an attempt will be made to
develop a pattern of genetic improvement based on crossbreeding
Cassava growing areas will be demarcated and regional tests will he
standardized with improved varnieties recommended for specific locations
Atthesametime technical cooperation with other institutions € g CIAT
and CGPRT will be strengthened and contacts will be established with
other cassava growing countries for mutual exchange of technology and
experience

In the next few years attempts will be made to set up 40 50 hybrd
combinations annually These will provide 5 000 6 000 seeds (including
natural hybrids) These hybnd seeds wili be distributed to different
ecological regions for selection It 15 expected that about 100 promising
individuals will be singled out for comparative tests at vanous levels

Multipurpose uses of cassava will be undertaken principally by Lhight
industries mainly the feed food and sugar industnies Agronomic
research will stress the multistoried cultivation systems of cassava/oil
crops and forest trees/ cassava interplanting Studies on the physiological
characteristics and ecotypes of differen crop populations will aid 1n water
conservation and maintenance or enhancement of soil fertility and in turn
in the building of a more prosperous cassava industry
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Improving the Productivity of Cassava in India

“
5 P Ghosh
RO Nair

Introduction

Culuvation of cassava in India1s confined mostiy to southern states like
Kerala Tamul Nadu Karnataka and Andhra Pradesh It 1s grown to a
hmited extent 1n the northeastern parts of the country and in the tnbal
belts of Orissa

The average root yield 1n Tam:l Nadu 1s 29 S tons/ ha compared to 14 8
tons/hain Kerala While in Kerala and 1n certain parts of Tamil Nadu like
the Kanyakuman district cassava s a rainfed crop 1n other parts of Tamil
Nadu particularly in the Salem Dharmapuri belt 1tis anirrigated one In
the northeastern hill region of the country cassava 1s mostly grown in a
muxed stand of shifuing cultivation plots as a purely rainfed crop

Within a 10 year period yields almost doubled in Tamil Nadu from an
average of 12 3 tons/ha in 1970 71 to 29 5 tons/ha in 1980 81 This
indicates the vast potential for the development of cassava Progress was
partly due to switching to certain high yielding varieties released by
research institutes and partly to improved cultivation practices by farmers
A steady demand from the starch and sago (pearl) industries acted as a
stimulus for the cultivation of the crap

Prevailing Production Practices

Cassavais generally grown in marginal areas having poor soils with few
inputs such as fertihzers pesticides and irrigation In Keralaitis generally
grown on hilly slopes having red laterite soil with little addinon of
fertilizers and manures The average yield of 15 tons/ ha can therefore be
considered impressive under such circumstances Cassava also grows well

SPGh h hd dRG N L h C iTb C pR h
1 T d mK 1 14d
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1n light sandy loams that are moist and deep The soil texture 1n Kerala 1s
not friable encugh to allow full development of the root system but
planung on ridges mounds or hillocks and substantial deep digging of
sotls do result in higher yields Most farmers in Kerala grow some cassava
mostly on homesteads and smail holdings There are a few large growers
who specialize in supplying the produce to processing umits particularly in
the Salem district of Tamil Nadu

In Tamil Nadu the crop1s grown mostly in the Kanyakumar: district and
the Salem Dharmapuri region I[nthe former area the cultivation practices
are somewhat similar to those practiced 1n Kerala where cassava 1s grown
as arainfed crop in small holdings The produce i1s mostly used for human
consumption In the Salem region however the crop s grown as an
irrigated crop and roots are mostly used as raw matenal for about 700
small and mediumn scaie starch and sago factories The average root yield
under rrgated conditions 1s about 30 tons/ha

Cassava has traditionally been grown on a small scale as a backyard
crop for home consumption Cassavaproduction on alarge scale as acash
crop 1s a relatively new phenomenon in two or three states of the country
To a great majonity of individual farmers who cannot afford optumum
field preparation or other improved cultural practices stability of yield 1s
more wmportant than a package of new cuitural techniques The entire
thrust 1n cassava development 1s towards achieving optimum stable yields
under low input management conditions Additionally 1n a vast country
like India selection of desirable genotypes for different agro chmatic
zones through adaptive tnals can help achieve yield stability in the face of
the widely different environments 1in which cassava is grown

Production Constraints

The factors responsible for low production levels 1n the country as
idenufied by the Central Tuber Crops Research Institute (CTCRI) are
described below

1 The prevalence of inferior varieties which are adapted to low fertihity
conditions Although certain high yielding vanieties (HY Vs) have
been developed which performed well 1n regional adaptive tnals
present coverage with HYVs 1s sull very low due to the absence of
aggressive extension programs

2 Low adoption level of improved production technology by the
farmer
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3 Prevalence of diseases particularly the cassava mosaic disease
{(CMD) n local varieties and the use of diseased planting materials
which further spread the diseases

4 Lack of awareness of higher income earning capacity through
improved cultivation practices

5 Absence of a stable price stimulus due to unorgamzed marketing
channels Short shelf life of roots leads to distress sale of the
marketable surplus

6 Limited product diversilication and lack of exploitation of the
produce for aiternate uses Raw material demand 1s limited only to
starch and sago industries the vast potential in the amimal feed sector
remains altogether unattended

Research Activithies

Taking into consideration the above constraints the activities of
research orgamizations particularly the CTCRI at Trivandrum focus on

i Evolving high yielding disease resistant crop vaneties through a
global collection of germplasm and hybndization

2 Developing optimum cultural and fertihizer management practices
for the different crops and cropping systems

3 Maintaining and evolving control measures for pests and diseases

4 Extending the newly evelved high yielding varieties and their
production technology to a large number of farmers throughout the
cassava growing region of the country

5 Providing a research base which would ensure increased use of roots
for industrial and other uses through the development of postharvest
technology

Breeding

Germplasm collechon A total of 1320 cassava accessions were collected
and are now being evaluated and documented

Varietal improvement A cassava breeding program aimed at evolving
high yielding and disease resistant cultivars 1s in progress Breeding has
been streamlined to emphasize objectives like high yield high starch
content {reedom from pests and diseases early maturity 1deai plant type
low hydrocyamde content and good culinary qualty The Institute s



222 C A

breeding activities have resulted in the evolution and releasc of three
outstanding hybrids (H 97 H 165 and H 226) in 1971 and another two
hybrids H 1687 (named Sree Vishakham) and H 2304 {(named Sree
Sahya) in 1977

H 97 A hybrid incorporating the high starch content derived from
1its Brazilian parent and developed primarnly for industry It has a
mean yield of 28 tons/ha while registering a potential of 84 7
tons/ha

H 165 An early variety that matures 1n 7 to 8 months while other
varieties mature in 10 months It has a mean yield of 30 tons/ha Its
early maturing abihity has helped n fitung this hybnd into inter
Cropping systems

H 226 A variety of good culinary quality which yields an average of
29 tons/ha It 15 suitable for the irrigated areas of Tamil Nadu

i1 1687 This variety has recorded mean yields of 40 tons/ ha with a
consistent yield above 30 tons/ha in farmers fields The presence of
carotene a precursor of vitamin A makes 1t an 1deal table vanety

H 2304 A high yielding multiple hybnd having 30% starch content
which makes 1t suitable for industry and for making dried chips

Early maturing varieties Included in the breeding programs is the
identification of early maturing varieties which can be harvested 6 to 7
months after planting These varieties can thus be used for raising more
than one crop per year from the same area and can also be fitted into the
multiple cropping systems Under this program varieties iike OP 1/81 Ci
856 C1206 and C1 129 have shown some promise Some of the released
vaneties like H 165 and H 1687 are also capable of giving reasonably good
yields if harvested ecarly although the full yield potential can only be
obtained by harvesting after 8 9 months

Shade tolerant vaniettes Cultivation of cassava under multiple cropping
systems 1s popular in many areas It 1s often grown as an intercrop in
coconut planungs Hence the breeding program 1s oriented towards
developing and 1dentifying types suited for such condiions Varnetal
differences for root yield under shade were observed with clones like
H 97/2 H 165 H 2304 and C1 590 accumulating more dry matter in the
roots

Cultivation practices

Time of planting Cassava 1s generally grown as a ranfed crop and
planting under such conditions coincides with the onset of rains in May
June Planting can be advanced 1f pot watering of the stakes 15 provided
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Length of stake Although there was no significant yield difference when
stakes of [Scm 20ecm 25cm and 30 cm long were used stake length of 20
to 25 cm was found to be the optimum

Spacing Results of spacing tnials with spacings of 60 x 60 cm 75 x 75
cm 90 x 90 cm and 120 x 90 cm indicated that 90 x 90 cm spacing 1s 1deal
for branching type varieties whiie for non branching types 75 x 75 cm
spacing 1s best

Planting method The method of planting vares with the type and
topography of the soil The mound method may be adopted insoils having
high clay content and poor drainage whereas the ridge method can be used
on slopes to check soil erosion The flat method of cultivation may be
followed 1n level lands having good drainage The piut followed by
mound method has been found to be superior to all other methods in level
lands In this method pits 30 x 30 x 25 cm are first opened and the soil 1s
mixed with cattle manure and reshaped into a mound Fertilizers are
apphied in a furrow opened at a 15 cm radius from the top of the mound
This method of cultivation 1s more labor intensive but a yield increase of
nearly 10% over the conventional method of mound preparation has been
recorded

Gapfilling The use of poor quality planting material or adverse weather
conditions result 1n a high degree of stake mortality Replacing the
unsuccessful stakes 15 days after planting 1s better than waiting until a later
date

Thinning of shoots Removal of excess sprouts at the 1nitial stages of
estabhshment (10 [5 days after sprouting) helps to prevent mutual shading
and competition between plants

Fertihzation

Recommended rate The recommended rate of fertihzer for high
yielding varieties 1s 100 kgeach of N P,Og and K,0 per hectare along with
an application of 12 tons/ ha of cattle manure or compost which s apphed
at the ime of land preparation The fertihzer containing N and K 1s applied
n two spht doses half as basal and the remaining half with the first
cultivating operation at 45 to 60 days after planting The P 1s apphed as a
basal dose

Alternative fertilizer sources The citrate soluble forms of phosphorus
(basic slag ultraphosphate and Ammo phos) were compared with walter
soluble superphosphate in acid laterite soils Basic slag and ultraphosphate
were better than superphosphate and increased the root yield by 10% and
9% respectively
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Effects of caletum Application of 2000 kg CaO/ha was beneficial in
increasing the yield of cassava The yield increase was about 25% over the
untreated control Liming also improved the quality of roots by increasing
the starch content and decreasing the HCN content

Sulphur nutrition The relauve influence of sulphur-containing fer
tilizers (ammonium sulphate superphosphate and Ammo phos) and
fertilizers without sulphur (urea diammonium phosphate munate of
potash 171717 N P K complex and 28 28 N K complex) on cassava
were studied and 1t was found that sulphur containing fertihzers were
significantly superior to fertihzers without sulphur Sulphur at 50 kg/ha
gave significantly higher yields (189% more than the control) than other
levels Application of sulphur resulted in an increased starch content and a
decreased HCN content 1n the roots

Micronutrients In laterite soil cassava responded sigmificantly to soil
applhication of zinc boron and molybdenum Zinc (12 5 kg/ha) as zinc
sulphate boron (10 kg/ha) as borax and molybdenum (1 0 kg/ha) as
ammonium molybdate applied along with 100 kg/haof N P,0, and K,O
increased root yields 15% 129 and 119 respectively Application of zinc
improved the quality of roots by increasing starch content and decreasing
HCN content

Irngation

Although cassava 15 generally grown under rainfed conditions 1ts full
yield potential can be achieved through good water management By
providing irrigation at 25% of the available mousture depletion level the
yield of cassava can be doubled compared to no irnigation The effect of
supplementary irrigation was investigated and 1t was observed that by
providing irnigation during drought months at 20 mm per week the root
yield increased 64% over non ungated plots The yield of intercropped
cassava was doubled by providing irngation at 25 mm every 10 days during
the drought period

Intercropping

Tnals with a large number of short duration crops to make use of the
solar energy and moisture between cassava rows have identified ground
nuts and French beans as profitable cassava intercrops Intercropping
groundnuts with cassava gave an additional income of Rs 1500 2000/ ha
(approximately US $150 200) over a pure crop of cassava

The fertilization rate formulated for such an intercropping system 1s a
basal application of 12 tons/ ha of manure or compost along with 50 kg N
100 kg P, and 50 kg K, O for high yielding varieties and half the above
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rate for local cassava varieties These are applied at the time of planting
cassava stakes which are spaced at 90 x 90 cm The seeds of intercrops are
sown in between rows immediately after planting the stakes The seed rate
of groundnuts 1s about 60 65 kg/ha wsing a spacing of 30 x 20 cm Inthe
case of French beans the seed rate i1s 25 30 kg/ha at the same spacing

For a sole crop of cassava the top dressing 1s applied 45 60 days after
planting along with culuvating and weeding But when an intercrop s
raised with cassava the top dressing of fertilizer 1s half the rate of Nand K
applied immediately after the intercrops are harvested along with hoeing
and earthing up

Multistoried project Initial observations recorded 1n a multistoried
cropping project with coconut banana FEucalyptus and Leucaena as the
first tier perennial species cassava as the second tier species and French
beans and groundnuts as the third tier bottom species showed no adverse
shade effect on cassava in the first year of the perennials growth The lhight
transmisston ratio was minimum 1n banana plots (58%) against 71% in
pure cassava stands at 6 months Cassava adversely affecied the growth of
banana and Leucaena but there was a marginal (12 79)increase in height
in the case of Eucalyptus Groundnut and French bean intercrops reduced
leaf production 1n cassava by 12 7% and 4 6% respectively Root growth
in all perenmal species except Leucaenaz was adversely affected by
cassava Soilloss was reduced considerably through intercropping cassava
with groundnuts and French beans Similarly cassava intercropping
helped 1n reducing the soil loss tn banana plots The populauon buildup of
whitefly the insect vector of cassava mosaic disease was mimimum when
grown in association with Euxcaly ptus while cassava thrips were found to
infest Leucaena

Plant protection

Cassava mosaic disease (CMD) Although CMD infects cassava in
India 1ts nature and 1dentity have not been well established Recent work
suggests that the CMD of southern India shows a good correspondence
with the CMD of Africa It has been observed that the improved cultivars
released by the CTCRI show a degree of tolerance to the disease

In the field the disease 1s spread by the whitefly ( Bemusia tabacu) the
extent depending on the varieties of cassava cultivated Use of disease free
plants as the source of planting matenal and careful rogung of infected
plants can considerably reduce the disease incidence

Since maost cassava cultivars appear to be affected by virus diseases a
tissue culture unit was set up at CTCRI in 1980 to take up meristem
cultures for developing virus free plants
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Red sprder mites Four species of spider mites belonging to two distinet
groups cause damage to cassava 1n India The first group includes
Eutetranychus orientalts and Oligonychus biharensis which prefer to feed
on the upper surface of leaves causing severe browning or tarring and
curling of leaves The second group compnises Tetranychus cinnabarinus
and T neocaledonicus which attack the lower surface of the leaf A fallin
relative humidity from 70 to 309 and an increase in temperature over 310C
are conditions leading to rapid multiplication of these pests The yield loss
due to severe infestation ranges between 17 1o 33% 1n different varieties
Spraying the crop at the time of incidence and subsequently at monthly
intervals with dimethoate or methyl demeton a1 0 05915 highly effective 1n
reducing mute infestation Alternatively thorough spraying with water
alone at a runoff level at 10 day intervals 1s equally effective as chemical

spraying

Scale insects Cassava scale nsects (Aomidomyteleus albus) infect the
standing crop n the fields and also the stem 1n storage They multiply
rapidly and completely cover the stem and suck the sap Severe infestation
often leads to drying and death of the plants and roots become
unpalatable The infestation becomes severe 1n stems 1n storage 1f they are
not properly stored Higher humidity and poor aeration 1n storage
encourage rapd multiplication of scale insects The infested planting
matertals dry up quickly and do not germinate For effective control only
scale free stems should be selected for storing and planting The stems
should be stacked 1n vertical positions and kept in shade to get diffuse light
and aeration Asa prophylactic measure the stemsshould be sprayed with
0 05% dimethoate or methyl demeton

Future Research Directions

Cassava research 1s mainly being conducted at the Central Tuber Crops
Research [nstitute Trivandrum and 1n 1ts regional center located 1n the
state of Orissa While the main institute through 1its research and rural
development program (like the Lab to Land Project and Operational
Research Project) could make considerable achievements in the southern
states like Kerala and Tami] Nadu hittle research and development could
be attained in other parts of the country Taking into consideration the
research needs in other areas a coordinated project the All India
Coordinated Tuber Crops Improvement Project was launched by the
ICAR This preject has research centers 1n state agricultural universities
and national institutes located 1n states like Kerala Andhra Pradesh
Tamil Nadu Karnataka Maharashtra West Bengal Bihar Assam and
Meghalaya The project attempts to resolve local problems such as
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idenuification of vanieties for different agro chimatic zones and devel
opment of suitable farming technologies Most of the centers have already
developed agronomic schedules suitable for their respective regions
However considering the ambitious developmental program as envisaged
by the National Commuission on Agriculiure and the economic utihization
of cassava and 1ts products priority areas for future research have been
identified

The projections made by the Natiopal Commission on Agriculture
include 40 million tons of cassava from an area of 1 million hectares by the
year 2000 Currently 58 mullion tons are produced from 0 35 million
hectares The projections require two to three {old increases in average
yields as well as substantial expansion of areas

The Commission felt that the present average production of 16 81
tons/ha could be increased to 40 tons/ha io achieve the targeted
production level of 40 million tons The total number of hectares to be
planted 1n cassava by 2000 1s shown below by states

State Area (000 ha)
Kerala 325
Tamii Nadu 200
Kdrnataka 125
Maharashtra 50
Andhra Pradesh 125
Orissd 75
Northeastern region

including Assam 100
Total 1000

While Kerala and Tamil Nadu 1n the south have good rainfall and a
moere or less tropical chimate the northeastern region of the country and
the eastern states are predominantly subtropical in climate with moderately
good rainfall Due to cooler winter temperatures and a delay in the break
of monsoon rains in major parts of these easternstates the duration of the
crop is restricted to 6 7 months 1nstead of 9 10 months as experienced 1n
the south Varieties with early root growth and buiking characteristics may
be more desirable for such situations In the states like Karnataka and
Andhra Pradesh in the southcentral zone the rainfall 1s much less with
certain parts even falling in semiand and dry farming 7ones For achieving
economic yields a major thrust in research for such areas may be directed
to watershed mdnagement to improve water conservation and use
Research on iimited and supplementary irrigation 1s to be intensified
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The package of practices so far formulated 15 intended primarnly for
rainfed conditions such as in Kerala which receives more than 1500 mm
annual rainfall 75% of 1t during the southwest monsoon (June Sep
tember)

Insummary future directions of cassava research and development wll
focus on the arcas listed below

High yielding varieties with acceptable cooking gualty

Varieties suitable for industrial use

Varieties suitable for cultivation in partial shade that can be fit into
multistoried cropping systems

Early maturing variettes (6 7 months) to suit northern sub tropical
climatic conditions

Production physiclogy under normal and stress situations and
identification of suitable physiological parameters contributing to
drought tolerance and adaptation to shaded conditions Envi
ronmental influence on root development for crop models suntable
for different cropping systems

Biochemical basis for resistance to pests and diseases and bio
synthesis of cyanogenic glucoside

Multiple cropping systems including multistoried cropping and
mixed and relay cropping for optimum land use

Water management involving investigation of critical stages of
irrigation water catchments and moisture conservation

Nutrient budgeting and studies on the effect of micronutnents

Survey of major production zones for nutrient status disease 1nsect
associations and use and marketing patterns

Cassava mosaic disease ctiology epidemiology cleaning through
tissue culture certification and production of healthy planting
materials

Biological control of pests

Development of technology for cassava utithzation 1n food and
ammal feed products

Market analysis for assessing investment potential in cassava based
industries and analysis of diffusion and adoption of new tech
nologies
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Production

Cassava Manihot esculenra Crantz ranks as the third most important
staple food cropin Indonesia after rice and maize From 1969to 1983 the
annual harvested area averaged over 1 4 million hectares and the mean
production was over 12 3 million tons annually Cassava covers about 11%
of the total area planted to food crops 1n Indonesia The average yield
during the Pelita I period (First Five Year Development Plan) from 1969
to 1973 was a low 7 5 tons/ha However during Pelita I1 (1974 78) the
average yield rose by 20% and total production increased by 17 7%
During Pelita 1 these increases were not as great 5 60% for yields and
7 05% for production The increase in the average total production dunng
the averall period (1969 1983) was mainly due to increases in yields (Table

1

The main cassava producing areas are mostly 1n Java and Madura
which contain about 77% of the total harvested area The other 1slands
account for the remaimning 23% with Sumatra having 7% eastern
Indonesia including West Irian 8% Sulawest 6% and Kalimantan only

2%

Constraints

The low production and productivity levels are due to several reasons
particularly poor cultural practices Farmers generally apply httle or no
fertihzer Many grow cassava in multiple cropping systeris leading to
lower yields The wide range of cultivars planted have low productivity

R bert S an pl b d dh d fh R dT be C pP g m h
C IR h1 f F dC p Bg 14d JH d Mg h g m
d cas pl m g B dlmp gld
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ThH I € sa p d 1t Id d g P 1t 111 (1969 1933)
P dfy Hrv td P dt Y id T d(%)
{m1l f {t/h) P d Y Id
(m 1l f t )
h t )
Plt 1
1969 147 1092 T4
1970 140 10 48 75
1971 141 10 69 76
1972 141 10 38 71
1973 143 1119 78
M 142 1073 75
Plt 1l
1974 151 1303 86
1975 141 1255 89
1976 I35 219 90
1977 137 1249 92
1978 38 1290 93
M [ 40 1263 90 17 70 2000
Plt Il
1979 1 44 1375 96
1980 141 1373 97
1981 1 40 13 67 98
1982 144 1264 88
1983 145 1380 95
M 143 [352 95 705 5 60
tA B Y9 h p ced g5y pe d
5 CBS Jkrt 1982 SP Bm 1983

and are susceptible to a major pest the red spider mite (Teiranychus sp )
and a principal disease cassava bacterial blight (CBB) caused by
Xanthomonas campestris var marmhotts CBB and cassava wilt disease
( Pseudomonas solanacearum) may reduce yields by up to 90%(Nishayama
et al 1980 and Wargiono et al 1981) Other important diseases are
brown leaf spot Cercosporidium hennuingsu and Cercospora cartbaea The
fungal disease caused by Fomes lignosus 1s also present 1n areas previously
planted to rubber trees

Low and fluctuating prices influence farmers attitudes towards new
packets of technology that include improved cultivars and recommended
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cultural practices Prices at the factory level have varied from Rp 22 54 per
kg of fresh root (US $0 22-0 54) 1n the last 2 years The price received by
farmers 1s generally 30% less than the factory price because of the cost of
transport and the middlemen s profit

There 15 no price guarantee or floor price for cassava root and its
products Prices can fall so low that farmers may not even bother to
harvest their cassava crop

Research Objectives

The Central Research Institute for Food Crops (CRIFC) 1s one of the
rescarch 1nstitutes under the Agency for Apgricultural Research and
Development (AARD) of the Indonesian Mimistry of Agriculture CRIFC
15 responsible for research and development of food crops 1ncluding rice
maize sorghum legumes and root crops CRIFC has six research
institutes (Figure 1) each with a specific national mandate related to s
regional environment

The major acuvities of CRIFCs root and tuber crops program are
breeding and agronomy Other activities are still very iimited due to lack of
manpower and financial support

The main objectives of the breeding program are to develop supenor
cassava clones that combined with improved production methods give
higher yields and maximum profit to farmers Ideal cassava cultivars are
characterized by these attnibutes

High yield per unit area high proportion of roots to total plant weight
Relatively early maturity with considerable yield

Tolerance to major pests and diseases

High starch content 1n the root

Good root shape

Broad adaptation to various soil and cimatic conditions

CRIFC s agronomy program studies fertilizer use and apphcation n
relation to recommended clones and aims to develop agronomically
sound cultural practices for different sotls and clhimatic regions

CRIFC s breeding activities include the introduction of foreign germ
plasm the collection of existing domestic cultivars and population
improvement by using breeding methods suggested by Hahn (1975) as
shown in Figure 2
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The introduction of foreign cultivars especially from Africa and Latin
America has been done very carefully to avoid introducing new cassava
diseases into Indonesia International cooperation has been good and has
helped develop the cassava breeding program in Indonesia

The collection of both exotic and domestic germplasm 15 essential 1o
enrich the genetic varniability of the existing materials About 130 local
cultivars and over 700 clones are maintained in the collecion Maintaining
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and conserving this collection has been a major problem since a large area
of land a considerable budget and experienced personnel are required to
avoid genetic loss and reduction in genetic vanation of the existing
materials

Hand pollination and natural crossing have been carnied out at Pacet
Experiment Farm West Java at an altitude of 1100 m above sea level
Selection has been carried out 1n a lmited number of environments but
the selected matenial will ultimately be tested 1n widely varying locations
Testing for adaptability 1n a reasonable number of scasons and locations
representing major cassava g owing areas 1s very important for the
evaluation and release of selected clones to farmers

Research Results

During the past 10 years two new CRIFC cassava clones named Adiral
and Adira I have been released and six local cultivars have been
recommended to farmers The recommended cultivar are those which
provide good yields and are accepted by farmers but are not officially
released by the Miustry of Agriculture due to limited supporting data

Adira | was released 1n 1978 1t now covers over 25 000 ha It has high
starch content moderate yield high harvest index early maturity
tolerance to cassava bacterial bhight and low HCN content It has a firm
texture after cooking and 15 very good for making fermented cassava
Adira Il has medium starch content high yield medium maturity
tolerance to CBB and mites drought tolerance and high HCN content

Research indicates that cassava yields can be increased by 22% above the
present national average (7 5 tons/ha) through the applcation of 1m
proved cultural practices alone When improved high yielding vanieties
are also considercd the increase amounts to 73% and when appropnate
plant nutrients are added yields can be increased up to 247% of the present
average (26 tons/ha)

The breeding program during the past 4 years has shown progress New
clones such as M 30 and M 31 offer 309 to 409 higher yields than Adira |
and 50% to 70% above local cultivars

In regional yield tnals conducted at three different locations repre
senting poor soils and two different locations representing fertile soils
M 30 and M 31 gave higher yields than Adira | and the local culuvars
{Table 2) A regional yield trial at Maguwoharjo in 1982/ 1983 showed that
clones W 236 28 W 236 31 M 30 and M 31 gave significantly higher
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M 30 Joo 177
M 31 258 167
G 168 124
[ 107 119
Wwv-43 229 108
WL 54 220 123
W 1705 65
GL & 204 98
Ad I(h ¥ 228 132
L 1{h Kk 164 120
A g 230 123
LSD 0405 109 11
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yieldsthan Adiral Clone CM 84 1ntroduced from CIAT in 1978 produced
a lower yield than Adira 1 and was not sigmficantly different from the
loca) check (Table 3)

Another regional yield tnal conducted at Tamanbogo Lampung 1n
1983/ 1984 showed that M 30 and M 31 produced sigmificantly higher
fresh root yields than the local check (Table 4) These two supenior clones
also had good root shape and CBB tolerance They are ready for harvest at
about 8 9 months after planting

Agronomic studies indicate that sphit applications of one third of the
nitrogen and potash at planting and two thirds at 3 months after planting
could increase yields by 20% as compared to a single application at 3
months after planting

The effect of fertilizer on cassava yields 1n different types of souls has also
been studied duning the past 5 years The results indicated that cassava
gave a better response 1n latosolic soils than 1n red yellow podsolic soils
(Figure 3)

Appropriate methods of fertihzer application could also increase yeld
Researchers found that dibbhng applhication gave 11% more yield than
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band application and 7 4% more yicld than application 1n a circle around
the plant (Figure 4)

Table 3 R It [ ss g lyldt 1 tMgwh )
Yogy kart 1982/83

Cl Y Id H t d
(t/h ) (7)
W 236-28 462 640
W 236-31 4539 597
1130 262 479
M 30 46 0 68 8
M 31 475 60 2
G 168 387 579
H7 390 577
WL 54 346 540
W 1548 296 48 §
CM 84 306 49 6
L 1(h k) 241 46 7
Ad 1 (h k) 312 62 |
A g 365 56 4
LSD 005 938 54
Thled R h o eg Ilyidt | tTm bg
L mp g 1983/84
Cl Y Id H t d
(t/h ) 7)
M 30 605 635
M 31 45 46 1
CM 1371 & 234 36
1130 307 404
K& 358 512
GL 8 291 376
Wv-43 236 295
WL 54 161 242
Ad E{(h k} 388 522
L 1(h k) 292 386
A g 332 415

LSD 005 73 61
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, Improving the Productivity of Cassava
in Pemnsular Malaysia |

Tag Swee Lian
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Introduction

Cassava is the principal root crop cultivated in Malaysia occupying an
area of 9599 hain 1981 in Peminsular Malaysia (Malaysia 1981) (Reliable
data for Sabah and Sarawak are not available ) It 1s grown primarily for
the starch extractionindustry with only about 10% of current production
destined for the ammal feed industry (Chan et al 1983) Cassava for
human consumption 1s grown on a comparatively smaller scale since it is
not a staple food It 1s mainly a backyard crop and 15 used 1n various
culinary preparations such as desserts cakes and fried chips

Agro chmatic Zones

Much of the cassava culuvation 1s located in the state of Perak n the
central western part of Peninsular Malaysia The state of Kedah in the
northwest although ranking second 1n area accounted for only 614 ha1n
1981 (Figure 1} The rest of the states of the peninsula had 1237 ha 1n
cassava or 12 9% of the total As informauon and data on cassava
cultivation 1n Sabah and Sarawak are somewhat scarce and because
research on cassava as conducted by MARDI 1s directed only towards
conditions in Peninsular Malaysia this paper s relevant only to Peninsular
Malaysia and not Sabah or Sarawak

In terms of soil groups (as cla sified by the FAQ 1968 and quoted by
Wong 1971) cassava in Perak 1s cultivated largely on red and yellow
latosols and podzolic souls on terrains ranging from flat to gently loping
Developed over raised terraces and platforms of older alluvium and sub

T Sw L pl bred d4Ch S kKb g m h MIly Ag § |
R arh dDe lpm 1 (MARD]) K al Lmp My
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recent alluvium these soils are of variable feruility Some others are
devived either from acid 1gneous rocks or from a varety of sedimentary
rocks (Wong 1971) Depending on their parent material souls of red
yellow latosols inciude a wide range of textures free draining friable
sandy sandy clay or silty clay loams and moderately well-developed clay
loams and clays (Siew [970)

T tal f as =9599 h

Fg 1 Dt b I b th) P M1 1981
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in Kedah however land occupied by cassava comprises mainly lateritic
soils on gently sloping land which are denived from shales phylhtes and
schists These soils are often of average or below average fertihty In
texture latenitic soils are moderately or strongly structured clay loams or
clays with consistence varying from friable at the top of the profile to firm
at depth (Wong 1970) They are characterized by 1ron rich concretions
present within 45 cm of the surface

[t 15 clear from the foregoing descriptions that cassava 1s planted on a
range of so1l types Indeed the soiltype has less bearing on the decision to
plant cassava than other socioeconomic factors

The so1l types on which cassava 1s grown do not usually impose serious
constraints on crop productivity except where they are heavy and poorly
drained Most fertihty problems may be surmounted by sound agronomic
and nutritional practices Where cassava cultivated on sloping land soil
erosion may become a sigmificant problem Current land preparation
practices strip the soil of vegetative cover This coupled with the
considerable time the cassava crop canopy tdkes to achieve cover over the
bare soil and the general practice of subsequently weeding the crop can
lead to severe erosion and loss of top so1l and fertihity 1n the wet chmatic
conditions of Malaysia

Notwithstanding the traditional practice of planting cassava on mineral
sotls 1n Peninsular Malaysia the potential for significant expansion on
these soils 1s somewhat limited The rapid expansion in cultivation of the
more lucrative plantation crops such as oil palm rubber and cocoa
represents strong competition to cassava expansion on these same solls As
stated in the Malaysian paper 1n 4 previous section of this volume an
estimated 72% of the cassava area in Perak 15 planted by squatters on land
to which they hold no legal nghts The stepped up enforcement agdinst
these squatters that 1s currently taking place will certainly lead to further
reduction of the traditional cultivated areas There 1s however an
alternative area for future cassava cultivation and expansion Preliminary
research has shown the abihity of cassava to adapt to the acid conditions of
drained peat of which large tracts may be found 1n the country Although
cassava faces less competition with other crops on peat soils 1t must stil
confront agronomic constraints such as optumal crop growth low pH
fluctuating and high water tables nutritional hmitations and deficiences
and the low bearing capacity of these organic soils

The chmate of Malaysia s typically equatorial with rain falling
throughout the year 4 mean annual temperature fluctuating within a very
narrow range (26 28 C} and high relative humidity usually in the range of
82 869 (Wong 1971) Nevertheless there are five distinct rainfall
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distribution patterns tn Peninsular Malaysia resulting from the influences
of the northeast and southwest monsoons physiographical features of the
country and toalesserextent the smallchangesn latitude from southto
north These five rainfall regions are the northwest west Port Dickson
Muar coast southwest and east (Dale 1959)

The production zone for cassava in Perak falls within the west region
whichis charactenized by atwo maxima two mimma pattern of precipita
tion with the maxima occurring 1in April and in October/ November
{comncading with the monsoons) and the minima 1n February and July
Dry spells 1f they occur at all do not last for more than a week or two

The Kedah production zone falls within the northwest region Although
the rainfall pattern here still shows two maxima and two minima the
maxima occur durmg the intermonsoonal periods Low rainfall with dry
spells lasting from 2 3 months 15 common in the months from December
through February

Peat tracts are found within the western southwestern and eastern
regions Cassava cultivation in the east 1s hampered by heavy rainfall (up
to 60% of the annual total) during the northeast monsoon which is
accompamed by strong winds and gives nise to flooding More likely
potential areas would therefore be in the west The chmate of the west
region has already been described 1n relation to Perak The southwest
region is characterized by a relatively even distribution of ramnfall
throughout the year

Production Systems

Cassavais traditionally asmallholder crop in Malaysia usually planted
in holdings less than 3 hain size Attempts to plant the crop on a plantation
scale have met with little success Most farmers practice monocropping of
cassava combined with rotational cropping involving short term ficld
crops {such as groundnut and maize) vegetables after several crops of
cassava or fallowing Inrubber coconut and fruit tree small holdings the
inter row spaces are often cropped with a varniety of annual crops
including cassava whenthe main crop 1s1n 1ts juvenile unproductive stage
Less frequently cassava planted as a main crop is intercropped with other
short term field crops and vegetables (MARDI 1982)

Cassava 1s planted year round 1n Perak and generally harvested after
12 14 months However some farmers delay harvesuing unul 16 18
months if the market situation s unfavorable and prices are low In more
coastal areas where flooding is common farmers may be forced to harvest
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tarlier 8 10 months after planuing to avoid total or subst ntial crop loss

However asthe varicties used are Black Twiy and lesscommonly Green
Twig, harvesting after 12 14 months leads to deternoration in root quahity

whereas earlier harvesting does not give maximum yields

Kedah withits chmate of long dry spells requires that cassava planting
be restricted to months with sufficient ramnfall Extreme dry weather can
pose a constraint to early estabhshment and growth of cassava and can
also stunt crop growth in mud season Farmers often choose to plant at the
end of the dry season around March | or 2 weeks after the onset of rains
(MARDI 1982) Land preparation can therefore be carnied oat during the
dry months Harvesting takes place any time from 10 18 months after
planting depending on the variety and the market price for fresh roots
Red Twig s favored because of its longer durability in the ground Evenif
it 1s harvested after | year there 1s little decline in starch content Black
Twig 15 planted less frequently

Black Twig Red Twig and Green Twig are ail bitter varieties grown for
the starch and amimal feed industries

Land preparation preceding planting consists of two to three rounds ot
plowing in Perak sometimes with one round of rototilling and/ or ridging
Ridging 1s practiced in areas where soils are heavy and prone to floods and
wateriogging An alternative to rnidging 1s the building of wide cambered
beds on which three rows of cassava are planted In Kedah the practice 1s
to plow the land once or twice followed by one round of rototilhing or
harrowing

While most Perak farmers use cuttings between 10 and 15 cm long
Kedah farmers go oy node number rather than length preferring cuttings
with at least three to four nodes These may vary from 7 5to 13 cm long
Honizontal planting with one cutting per planting hole 1s the general rule
although some farmers in Perak practice inchined planting Depth of
planting can range from 5 to 10 cm the depth of a chengkul (hoe) scoop
Some farmers believe that deeper planting (at 15 ¢cm) helps to prevent
desiccation of the cuttings 1n dry montts and lodging of plants

Plant spacing generally ranges from 0 60 m square to 0 90 mor 1 00 m
square Some rectangularity in spacing 1s practiced e g 060 x 090 m
045x120m 075x120m Widerspacing eg 120x120morl 50x
1 50 m 15 used in new plantings and n subsequent croppings as yields
decline There1s a tendency to compensate by closer spacing (0 30x0 30 m
or 045 x 045 m) in land of low fertility Lodging however 1s often
associated with close spacing
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Lime apphcations are uncommon 1n cassava cultivation and when it s
practiced in Perak 1t is only applied to the first planting at a rate of 600
kg/ha Chemical fertilizers are supplied by farmers associations as a
subsidy to cassava farmers the most widely used being a commercial
formulation of 12N 6 P,O; 22 K,0 3 MgO recommended for cassava
Rates of application in Perak vary around 200 300 kg/ha although the
recommended rate 1s 500 kg/ha Less knowledgeable farmers use other
commercial formulations such as 15 15 15 and 14 14 14 at 200400 kg/ha
or the formulations 126223 and 15 15 I5 1n mixtures and even urea
alone Squatters for whom the cassava crop 1s a supplementary source of
income do not generally apply any kind of fertilizer or any other inputs
except the labor to plant and harvest The crop is planted in burnt jungle
clearings for a couple of seasons of undetected and then new sites are used
1n a shifting cultivation system

Although farmers also receive feruilhizer subsidies in Kedah most
distrust chemucal formulations The prevailing preference 1s for wood ash
(comprising about 30-409, CaO 4 15% K,0 and 0 6 3 4% Mg) of which
about three quarters to one and a half lorryloads (s1x wheelers) are
applied per hectare 1n the course of land preparation Some farmers
supplement wood ash with chemical fertilizers Vanous formulations are
used suchas 126223 141414 151515 and 11 184 3 the last three
being fertilizers recommended for young rubber trees and probably
obtained as subsidies for rubber Some farmers do not use any fertilizers at
all for new plantings

Although chemical fertilizers are generally applied within the first 2
months after planting 1n some cases the applications are delayed until the
3rd or 4th month Ferulizers are normally placed near the plants but
broadcasting 1s also fairrly common

Weed control 15 achieved by both chemical and manua! methods A
number of farmers are familiar with the use of pre emergence herbicides
using alachlor dwron or fluometuron usually in cocktall mixtures with
paraquat Paraquat is the most widely used post emergence herbicide
sprayed once or twice during the crop season usually a couple of months
before harvest to facilitate access to the crop and the harvesting operation
itself A round of manual weeding is usually done within the first 2 months
Just before fertilizers are applied Farmers generally realize the importance
of keeping weeds 1n check especially during the early stages of crop
growth With squatters however weeding is not always practicalif as hittle
attention as possible 1s to be drawn to their holdings

Among farmers in Perak root yields average around 12 20 tons/ha
(Aw Yong & Moo1 1973 Chung 1976 Tunku Mahmud 1979 MARDI
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1982) In Kedah yields average around 20 35 tons/ha (MARDI 1982)
Farmers 1n Perak and Kedah claim yields as high as 45 60 and 50 52
tons/ha respectively in the first seasons of cropping newly opened land

Principal Constraints on Cassava Productivity

Constraints on cassava productivity 1n Peninsular Malaysia may be
grouped 1nto three principal areas techmical managenal and socio
economic

Technical constraints

Since a major portion of the cassava in Perak 1s cultivated by squatters
1t 15 to be expected that these farmers receive no extension services to
enhance their technological knowledge 1n cassava production Most of
them acquire this knowledge from their peers and generally they try to
cultivate with mimimal inputs which often means little or no fertilizer use
and weed control

Bona fide cassava farmers do not however always fully adopt techmcal
advice and inputs supplied by extension agencies This has been the case
with farmers in Kedah who persist 1n using wood ash rather than the
recommended chemcal fertihzers Inadequate amounts of fertihzer and
late applications lead to less than optimal yields Insufficient fertilizers and
lack of techmical knowledge in correcting nutrient :mbalances 1n the soil
soon result 1n declining yields and starch content particularly where
cassava 1s monocropped over a long term period

Cultural practices such as length of cutting planting distance and weed
control measures do not usually coincide with those that are recom
mended Forinstance 1n an effort to improve yields by planting closer a
farmer will in fact cause further dechines in productivity Simlarly
weeding might be delayed until it 1s too late 1 e initial establishment and
plant vigor are gravely undermined and will never fully recover As has
been mentioned before soil erosion creates problems where there 1s a lack
of conservation practices

Inadequate drainage 1n low lying arcas during periods of heavy rains
can result in substantial losses in yield and root quality Varieties suited to
the different agro chimatic conditions are not always available or known to
the farmers Forexample 1n coastal areas of Perak which are flood prone
from 2 3 months a year short term vaneties would save the crop from
destruction and deterioration 1n root quality In Kedah where long dry
spells are charactenistic varieties are required which are tolerant to thedry
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spells capable of rapid recovery in growth when moisture becomes
avallable and durable in root quality even when harvesting hes to be
delayed beyond the normal 12 14 months

Although leaf diseases such as cercospora leaf spot and cassava bactenal
blight frequently occur they do not seem to depress cassava producuvity
to any sigmficant extent White root disease (causal orgamism Ridigopo
rus hgnosus) which occurs sporadically in cassava planied on newly
cleared land that 15 incompletely destumped of rubber or jungie trees
causes lodging rootrot and quality detertoration and thus yield loss The
frequent practice of plowing the harvest debns under during land
preparation probably aggravates the disease incidence

Arthropod pests such as red spider mites and scales often appear during
dry spells and may cause defoliation orstunting of plant growth Insevere
cases scales cause stem desiccation and damage to lateral buds Various
leaf eating caterpillars have also been reported the best known being
Tiracola plagiata Walker which caused severe damage 1n a cassava
plantation n {977 Termites also occur where there 1s a Jot of old and
rotting wood in the so1l e g 1n peat areas where complete destumping 15
impractical Termites can cause dieback symptoms severe yield reduc
tions and complete destruction of the plant

In cassava holdings adjoining secondary or primary jungle the most
destructive pests are mammahian Monkeys cause some damage to shoots
but wild boars can cause considerable crop loss due to their routing habits
Measures such as fencing trapping and shooting these pests are less than
satisfactory in achieving complete control

Managenal constraints

Managerial problems are often encountered where cassava 1s cultivated
on a plantation scale Plantations in Malaysia have long been associated
with perennial tree crops and there has been little local experience and
expertise 1n the management of annual crops on a large scale For this
reason there have been difficulties in coping with a schedule of frequent
management operations A himuted labor pool 1s not always efficiently
managed to ensure that essential operations such as fertilizer application
and weed control are carried out on time for maximum effectiveness
Unfortunately there are often delays because these operations have been
considered to be of lower priority than harvesting which 15 a labor
intensive undertaking Such delays can ultimately lead to poorer yields

Recently asaresult of the increasing labor shortages in the agricultural
sector (because of competition [or labor 1n the industrial sectors) one
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cassava plantation switched to contracting out lots of land to be planted
with cassava One problem anising {rom thus practice 15 the lack of
uniformity in agronomic practices among different contractors leading to
uneven crop productivity

Productivity 1n plantation scale cassava may dlso be undermined when
the debris {rom the previous harvest has not been adequately cleared This
provides a source of volunteer plants and more seriously a source of
mnoculum of root diseases such as white root 1n the next season Inaddition
1t prevents good germination and establishment of the crop

Socloeconomic constraints

The attitude of farmers towards cassava itself may indirectly form
constrants to crop productivity For instance cassava has acquired a low
status because of its poor income earning capacity relatively high costs of
production long term nature (compared to other field crops) and
therefore slower rate of return For these reasons many farmers consider
cassava cultivation suitable as a part time enterprise not worth too much
time and effort and certainly deserving of the mimumum of inputs The
belief that cassava 1s so1l impoverishing has caused the best land to be
reserved for other more profitable crops and for cassava to be grown 1n
marginal areas Such circumstances have resulted 1n lower yields than
would otherwise be expected under more favorable conditions of growth
and management

Socioeconomic attitudes may only be changed by effective extension
which until now 1s far from satisfactory because of higher priorities given
to other crops

Research Activities

Objectives

The objectives of the cassava research program at MARDI concentrate
on overcoming productivity constraints and on expansion of production
These objectives are

1 To increase the productuvity of cassava in small holdings and 1n
plantation scale cultivation 1n various important and potentially
important production regions through

the breeding and selection of superior vaneties adapted to these
regions and
the development of appropriate production technologies
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2 Toimprove postharvest processing and storage technology and to
develop new end uses for cassava

Strategies

The research program covers various aspeets of production processing
and prodact utihzation including use as amimal feed A core group of
cassava scientists from the Miscellaneous Crops Research Division s
involved in programs to develop productton technologies such as breeding
and selection nutriton cultural and management practices and patho
logy This muludisciplinary team approach gives due emphasis to on
location experimentation 1n production regions (including peat) to ensure
that technologv developed on station is both viable and adequate

Contributions 1o other aspects of research from scientists working part
time on cassava cover fringe areas such as mechamzation economics
tissue culture postharvest technology (including processing storage and
end product development) and utiization as ammal feed

In view of the increasing competition for arable land between cassava
and other more lucrative crops cassava cultivation 1s unlikely to expand
much further on mineral soils under current agronomic and economic
circumstances To render cultivation of the crop more attractive and
profitable at least one of the following conditions must be met increased
productivity red.ced costs of production or government incentives ¢ g
price supports Research efforts aim at achieving the first two conditions
Breeding and agronomic research are the means of attaining increased
productivity while reduced costs of production (and therefore a larger
profit margin} may be accomphished through the development of more
efficient systems of management and input utilization 1nciudingexploring
mechanization possibilities to reduce labor requirements of certain
management operations

Practical technologies 1n mechamzation will aid in ehminating labor
limitations which have thus far hindered production systems associated
with large scale cassava cultivation Commercial scale cultivation might
1n this way become more attractive especially if there s an assured market
for cassava

The potential for future expansion of cassava production exists in peat
tracts 1n the western and southwestern areas of Peninsular Malaysia
Cassava adapts well to the acid conditions of peat giving 1t an immedate
advantage over many other crops Also because peat has a hght and
friable texture the labor requirements for harvesting are much less thanon
mineral solls Nevertheless cassava 1s sutable only for cultivation on
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shallow peat which places it in competition with crops such as vegetables
pineapple oil palm coffee and cocoa Research to improve cassava
productivity on peat would give cassava an edge over 1is competitors

To date most of the production technologies for cassava have been
developed for mineral soils Similar multidisciplinary research programs
for cultivation on peat have to be formuiated in the future Emphasts will
be given to breeding and selection for high yielding cassava varieties
adapted to peat and agrononmuc studies on nutrition and cultural practices
suited to maximizing productivity on peat If large scale planting of
cassava on pedt 1s envisaged appropnate machinery has to be developed
given the limitations of the low bearing capacity and slightly waterlogged
conditions of the soil

Cercospora leaf spots are more prevalent on peat hence resistance to
these diseases particularly brown leaf spot will be a necessary trait in
clones developed for peat 1f yield loss to this cause 15 to be mimmzed

Priorities of research needs are based on which are considered most
pressing 1n order Lo promote future cassava production Under this
premise the need for greater research emphasis on peat would take
precedence over research on mineral soils Technologies {or cassava
production on mineral soils have been developed to a satisfactory level and
more efforts should be made to disseminate these technologies to the
current cassava farmers

Agronomic research on peat should concentrate pnimarnily on nutritional
studies taking priority over studies on breeding and selection of clones
(The selection and development of clones suitable to cultivation on peat 1s
already an integral part of the existing breeding and selection program )

More emphasis should be given Lo mechamzation because it provides
the means of overcoming labor shortages in the agricultural sector and of
reducing production costs particularly in large scale cultivation

The development of cultural practices to solve problems such as soil
erosion on mineral soils and loss of fertility and as a means of developing
more profitable cropping systems involving cassava would be conducive
to improving productivity and production

Proposed research directions

The research directions proposed here are areas which require the most
immediate attention Whether they are fully adopted and implemented
depends on MARDIs policy decisions regarding the best use of its
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research resources which must be apportioned to the many commodities
and research fields under its junsdiction

Agronoinic research There are two major components to agronomic
research nutritional studies and development of cultural practices Of the
two the former has greater potential in ehminating productivity cons
traints

The objectives of nuinitional studies are
1 To maintain soil fertility for optimal yields

2 To develop efficient diagnostic measures to aid in recommending
effective fertilizer applications

Since emphasis will be given to cultivation on peat research will cover
liming mcronutnent availabiiny efficient fertihizer pracuces (inciuding
method and time of application) and studies on the relationship between
the water table and nutrient uptake

On both peat and mineral soils studies will continue on mycorrhiza and
cassava nutrition exploring avenues for reducing fertihzer inputs and
monitoring nutrient levels 1n the soil and plant to diagnose fertihizer
requirements

The ohectives of research on cultural practices are

! To maximize income through the development of efficient systems of
production and management

2 To umprove systems of soill management and crop protection

Cover cropping and intercropping systems on mineral soils will be
developed as a means of conserving soil fertility and preventing soil
erosion Intercropping studies will also aim at providing short term
returns 1o farmers while waiting for the cassava crop to mature The
maceration of crop debns from harvest and 1ts incorporation into the so1l
will be examined as a possible way of returming nutnients to the soil This
would require close collaboration with agricultural engineers who will
develop suitable machines for the maceration and incorporation processes
and with pathologists who will closely monitor any disease buildup
associated with returning crop debris 1nto the so1l

Breeding research In response to industrial needs cassava clones will
contimue to be selected for high starch content to maximize conversion
rates to starch as well as to chips for animal feed milling The principal
goals 1n the breeding program will be
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1 High root yield and high harvest index

2 High starch yield (through high starch content)

3 Adaptability to peat and to the different ecological regions of current
production

4 Early harvestability

5 Resistance to major diseases (cercospora leaf spots cassava bactenial
blight white root disease)

Wide adaptability 1n clones may not be a practical goal because of the
contrasting charactenistics of peat and mineral soils Even for mineral
soils the wide variation in weather conditions between production regions
suggests the need to select clones for specific adaptability to some extent
Forexampte clones destined for Kedah shouid have adegree of tolerance
to long dry spells

Early harvestability on the other hand prowvides earlier returns
opportumty for a short term crop to follow 1n rotation with cassava and
enables cassava to be cultivated 1n areas where the growing season 1s
shortened by annual occurrences of floods (e g coastal areas in Perak)

The breeding and selection program will encompass introduction of
hybrid seed for local testing and selection hybridization among introduced
and local germplasm materials and introduction of vaneties as aseptic
menstem cultures for possible direct use or for incorporating desired
characteristics into local varieties Clonal evaluations will be carried out
on station 1n the earlier stages of selection and increasingly on locationin
the advanced stages of selection

Mechamzation research Harvesting requires a major portion of the
labor 1n cassava production (anywhere from 50 65% on mineral soils and
probably 30-40% on neat} It is therefore a significant cost item and a
production constraint where labor 1s 1n short supply Even in small scale
production where famuly labor may be used in other operations such as
planting weeding and fertihzing contract labor 1s almost always
employed for harvesting In plantation production labor 1s hmited since
planting 1s staggered throughout the year and 1in addition to the
tremendous pressures put on a labor pool for harvesting the crop the same
pool has to cope with a fixed schedule of weeding and fertilizer
applications

The objectives of mechanization research must take into account both
smallholder and plantation cultivation of cassava and must also inves
tigate the possibility of mechamization n large scale cultivation on peat
In field transportation of roots conslitutes @ primary problem as heavy
machinery or vehicles tend to sink 1n peat Mechanization will serve not
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only to reduce labor requirements for vanious field operations but also to
alleviate the drudgery of back breaking operations such as harvesting
This will mvolve the development of tractor driven machines (for large
scale cultivation or group farming in smallholder situations) as well as
mechamcal aids or implements (to be used by small farmers) for vanous
field operations

Other research areas Other research areas meriting attention are
physiology crop protection and end use development

Tao obtain a better understanding of crop performance and productivity
and of interrelationships between crop and environment physiological
studies will support and guide both breeding and agronomic research

Crop protection studies comprise aspects of weeds pests and diseases
Research on weed control will give attention to determining effective
herbicides and their rates in relation to different soil types Disease control
will give emphasis to cercospora on peat and white root on mineral soils
and dewvise effective management practices to keep them 1n check

Postharvest research will help in developing vanous end uses for cassava
1o boost its market demand Available technologies will be improved or
adapted for practical application At the same time new cassava based
products may be developed

Research findings

Whale considerable progress has been made 1n cassava research at
MARDI to date only the major technological findings in production
research are reported here

Black Twig and Medan are endorsed as high yelding vaneties suitable
for industrial use and human consumption respectively C3 was developed
from an open pollinated local selection and 15 endorsed as an early
variety harvestable after 9 months when a root yield comparable to that of
Black Twig at 12 months may be achieved

Various promising clones are in advanced stages of regional testing
having outyielded Black Twig and C5 in on station tnals Prominent
among these are CM 942 28 CM 621 24 CM 378 17 Silon 128 3 and
Bengkang Bengkok 247

The optimum cutting length for horizontal planting 1s 20 24 cm at a
planting depth of 10 cm while 60 ¢m 1s optimum for vertical planting
Although vertical planung produces higher root yields than horizontal 1t
requires grealer harvesung efforts since deeper planting 1s mvolved
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Hence vertical planting has greater application on peat because of its ight
and friable texture

Only mature portions of stems from plants between the ages of 7and 17
months are suitable as planting matenials Opumal plant spacing for root
yieldi1s | x 1 m giving a density of 10 000 plants/ hectare For maximum
starch yield in Black Twig the crop should be harvested between 12 and 14
months

Long term fertihity studies on mineral soils show that a fertilizer rate of
60 kg N 30 kg P,O; and 160 kg K,O per hectare 1s required to maintain
high cassava yields At a fresh root yield of 40 tons/ha a cassava crop 1s
estimated to extract 126 kg N 46 kg P 259 kg K 56 kg Ca and 23 kg Mg
from the so1l Mg plays an important role 1n cassava nutrition and should
be supplied when its deficiency symptoms are detected

K requirements may be estimated by the analysis of soil K content using
water soluble extracts Insouls deficient in specific micronutrients dipping
cuttings 1nte micronutrient solution prior to planting 1s effective n
preducing good growth and high yields

Mycorrhizae have been 1dentified as being instrumental in enbhancing P
absorpuion in cassava Inthe absence of mycorrhizae 1 1/2to 6 imes as
much P as 15 normally required 1s necessary for high yield

On peat cassavarequires mimimal iming of about 3 51ons/ ha to correct
low so1l pH The recommended fertilizer rate on peat1s 250 kg N 50 kg
P, and 150 kg K,O per hectare The inherent Cu deficiency in peat must
be corrected with the application of 15 kg/ha of CuS0, 5H,0 to achieve
high yields Rotational systems on peat involving cassava groundnut and
cassava sorghum groundnut sequences appear to have potential In
intercropping studies satisfactory yields were obtained from groundnut
planted 2 weeks before the cassava crop was due to be harvested

Several clones and varieties have been identified as having field
resistance to cercospora brown leaf spot (causal agent Cercospora
henningsii) notably C3 and also to cassava bacterial blight (causal agent
Xanthomonas manihotts) Black Twig has been found to be relatively
susceptible to both diseases

Cool temperatures 1n the Cameron Highlands appear to be effective in
inducing early flowering 1n selected germplasm varieties which flower
infrequently or tardily in the lowlands This provides the means for
hybridization between varieties which otherwise do not flower readily at
sea level
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Physiological studies have determined the strong relationship between
starch and dry matter contentsinroots facilitating the estimation of starch
content by oven-dried samples or by specific gravity measurements Leaf
area index (LAI) and leaf life are of cnitical importance to cassava
productivity An optimal LAI of around 3 5 maintained for as long as
possible coupled with a long leaf life are desirable for high root yields

Weed control practices involve a combination of pre-emergence and
pre harvest chemical control methods and one round of manual weeding

Mechamzation possibilities mm planting and harvesting have been
investigated and a harvesting implement has been adapted to aid manual
extraction of roots

Rapid propagation techniques were adapted for producing cassava
planting matenials while tissue culture methods were developed to axd in
the production of disease free matenals and multiphcandn and transfer of
germplasm

Assessment of Yield Gap and Production Potential

Current farm level yields and experimental yields are given in Table |
The mean yields obtained by farmers in Perak are lower than those
reported by farmers in Kedah The mean cassava yield for ali of Peminsular
Malaysia falls within the range for Perak which accounts for an
overwhelming proportion of the national production [t may be seen that
the yield gap on mineral soils between experimental and farmers yields
based on improved agronomic practices 1s somewhere 1n the region of
20 35 tons/ ha for most farmers However the more progressive farmers
may be assumed to have adopted at least some of the recommended
agronomic practices Here yield improvement attained through further
sharpening of their skills would be 10 20tons/ha It has been reported that
farmers who practice crop rotation and adequate ferulizer applications to
their cassava crop regularly achieve yields around 30 33 tons/ha
(Aw Yong & Moot 1973 Chung 1976)

The yield gap between experimental yields obtained on station and
yields infarmers fields 1s estimated at about 15tons/ha Using new clones
most farmers may expect yield increases of about 30-40 1ons/ha whereas
progressive farmers will achieve roughly a 15 25 ton/ha improvement as
their yields are already high

Many progressive farmers (including plantations) have adopied recom
mended agronomic practices such as planting density hornizontal planting
weed control and fertilizer practices and harvesting at 12 14 months This
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T bl 1 Current cassa a yield le els, Peninsular Malaysia

Farm rs y Ids

P g ssefl mes P ak 225370 t/h
Kedah 370450 t/ha
Mea y d P ak 120-200 t/h
K dah 200-350 t/ha
Bety Wd Pe ak 450-60 0 t/h
Kedak 500-520 v/h
W oty Id P k 60-105 t/h
K dah 75150 t/h

Plantatie y Ms

M ( 6y ) 268 t/h
Be t ( d dalfIdbas ) 496 t/h
W orst ( d dalf ldbas ) 105 yh

E perime tal yields (on-stat n)

U gt dtonal anet M 11 450-550 t/h
d mp d g m Peat 400500 t/h

p ctces

U g w mproed clo M 11 600800 t/h
d eccmm dd g m P 500700 t/h

p t

Nto ly lds
R g 6y 1112208 t/h
M 61 t/h

has probably been the reason for the yield difference between the average
farmer and the progressive one

In both Perak and Kedah the difference 1s around 13 14tons/ha Byfar
the most significant impact on yields has been the adoption of sound weed
control and fertihzer practices A conservative figure of yield loss through
uncontrotled weed growth s 159 (Chan et al 1983) although situations
of profuse weed growth especially in the early crop growth stages would
undoubtedly depress yields more drastically

Failure to apply any fertilizers can account for up to 45% reduction in
root yield At the same tme applying fertilizers too late during crop
growth can cause yields to dechine by as much as 30% (Chan et al 1983)
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Unskilled cassava farmers who know little about planuny cassava (see
worst yields Table 1) many of whom do not apply any form of fertilhizer
can suffer a yield depression of as much as 8 16 tons/ ha under that of the
average farmer The potential yield improvement for these farmers
bringing them to the level of progressive farmers would be 21 29 tons/ ha

Yield potential

How rapidly yield gaps will be bndged depends on the degree of
importance the government gives to cassava cultivation 1n the future
Without active government support there will be no corresponding
extension efforts nor ready access to input subsidies and credit specific for
cultivating cassava

There are some favorable indications that government policies are
headed towards promoting increased cassava production in the attempt to
reduce the currently large maize imports used for feed rations Peat souls
have beecn proposed as the areas for expanded cultivation and some 10 000
ha have been suggested A whole new group of farmers might be involved
who are totally unfamiliar with growing cassava which in itself may not be
deirimental since they may be taught modern production technology from
the start Much of the costs of developing peat for cultivation namely
felling clearing draiming and constructing access roads will be beyond
the capability and financial resources of the small farmer and will have to
be paid by the government or large private agencies At the same time
research should be actively investigating and formulating agronomic
practices for cassava to ensure sustained productivity on peat

Peat was at one ime used mainly for the ecultivation of pineapple and
some 18 700 ha had been developed for this purpose (MARDI 1982)
However about 8000 ha of pineapple cultivation has been abandoned
lately due to declining margins of profit strong competition from other
producing countries (such as Thailand) and overseas ianff restrictions on
canned pineapple (MARDI 1982) These abandoned but developed peat
areas can therefore be converted to cassava cultivation as soon as the
government accepts and implements the proposal As only an additional
2000 ha of peat will need to be developed 1t would be reasenable to expect
about 2 years for cassava cultivation to reach its proposed target and
about 5 years for a yicld level of 30 35 tons/ha to be attained

At the same time if the government were to concentrate part of its
efforts on traditional cassava farmers on mineral soils yields may fairly
quickly be raised to the level of the present progressive farmers (35 40
tons/ha) perhaps in a matter of 2 3 years
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Improving the Productivity of Cassava
in the Phuhppines

Algerico M Mariscal

Introduction

Cassava (Manihot esculenta Crantz) 1s one of the few extensively grown
crops 1n the Philippines that has attracted considerable attention from
government policymakers researchers and private groups who recogmze
its potential for food feed and energy The establishment of the Phalippine
Root Crop Research and Training Center (PRCRTC) at ViSCA (Visayas
State College of Agriculture) in 1977 1s an indication of the goverrment s
growing realization of the potential role of root crops in the Philippine
economy

A major concern of the cassava industry i1n the Philippines tcday 1s
improving crop productivity As of 1982 the national average yield of
cassava was 8 86 tons/ha which 1s much below the Asian average of 12 3
tons/ha This information serves as a challenge to every agency or
institution concerned with developing technologies that affect programs to
improve cassava yields in the Philippines

Area Production and Yield

A comparnison of cassava statistics between 1977 when PRCRTC was
formally created to 1982 the year with the latest available data 1s
presented 1n Table | The area planted 1n cassava increased by 45% from
154 270 ha 1n 1977 to 224 350 ha 1n 1982 Total production increased by
101% and the average yield increased by 38%

The increase 1n the national average yield in 1982 was affected by the
high average yield for central Mindanao 25 tons/ha which represents a

Alg M Man | ce hp al andpl beed h Phlpp R C p
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Thbl | Cassa p dt dyldby g 1977 4 1982
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tremendous increase from the average of 4 7 tons/han 1977 This change
can be attributed to the presence of large plantations 1n the area that
supplies cassava to starch millers on the 1sland Most of these plantations
adopt modern production technologies and the area has the advantage of
even rainfall distribution throughout the year and generally fertile soil

The Visayas regions which had the biggest area devoted to cassava in
1982 registered very low average yields ranging from2 0to4 77tons/ha
This situation can be attributed to poor soil conditions frequent typhoons
and very pronounced wet and dry seasons In addition cassavais planted
in the marginal areas of these regions 1e rolling hills and rocky infertile
soils

Principal Constraints to Productivity

Subsistence farming

In the Phihppines farms are classified as either commercial or
subsistence types The latter are the most dominant and characterize most
farms devoted to cassava production Commercial farms are usually large
plantations managed by starch manufacturers and feed mullers Sub
sistence cassava farms are usually less that a hectare (about 0 38 ha) where
cassava 1s grown as a cheap source of food or ammal feed or for cash
whenever there 1s enough surplus for sale (Villanueva et al  1980) Low
yields are expected from subsistence farms because the growers use very
few inputs and employ inappropnate management practices Charac
tenstics of subsistence and commercial farms are compared in Table 2

Infertile areas devoted to cassava

Available land for cassava production 1s in marginal areas that do not
favor growth of other crops These areas are generally sloping and covered
with alang alang (/mperata spp ) Others are rocky and have problem
soils Such areas are heavily concentrated in central and eastern Visayas
The average yield under these conditions ranges from 2 0 to 4 5 tons/ ha

Poor production practices

A survey on cassava production in eastern Visayas (Colis 1977)
identified the following major causes of low yield inadequate land
preparauon low plant density lack of selection of planting matenals
madequate cultivation and weed control absence of fertilizer apphcation
and pest control early harvesting and small farm size These situations
also exist 1n other cassava growing areas in the Philippines
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Furthermore farmers who grow cassava on hillsides practice the slash
burn system of farming Cultivation and weeding are not performed at all
Only major operations such as clearing burning planting and harvesting
using light amimal-drawn implements are employed

Inappropnate research generated technologies

The majority of available technologies related to cassava production

have been developed by research centers 1n relatively fertile and easy to

manage flatlands Thus technologies generated in most experimental sites
may have little or no impact on marginal subsistence farms which
constitute most of the country s cassava growing areas
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Slow technology transfer

Available production technology for cassava in terms of improved
varieties fertihzation and cultural management 15 at least reasonably
satisfactory 1n the open flatlands (See Table 3 for an assessment of
technology levels for various root crops ) This means that part of the
problem of low yield 15 not due to the unavailability of production
technology but to technology transfer or extension

Unadopted technology

One survey (Jayme 1982) revealed that the use of high yielding varieties
and fertilizer control of weeds and insect pests and crop rotation have
very low adoption rates among farmers Farmers want to plant high
yielding varieties but these are unavailable 1n their locality

Jayme (1982) and Villanueva et al (1980) pointed out that a recom
mended practice that does not entail cash expense on the part of the farmer
usually s adopted Farmers are very willing to adopt recommended
technologies but lack of money prohibits them Also the low price of
cassava and the lack of stable market outlets discourage farmers from
adopting technologies that require cash Costs of fertilizer hired labor
insecticides and other inputs have greatly increased but the price of root
crops especially cassava has not risen proportionately Yillanueva et al
(1980) reported that the tenancy status of the farmers 1s another factor
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affecting technology adoption Owner operators and leaseholders adopt
modern technologies more readily than share tenants (Jayme 1982)

Addiuonally the lack of other services such as roads credit and
technical assistance hinder the adopting of improved production tech
nologies

Postharvest and processing problems

Cassava 1s a very perishable crop Vascular streaking appears 24 hours
after harvesting This 1s the main reason why subsistence farmers stagger
their harvesting over a long period of time An estimated 10 30% of the
losses 1n root crop production 1n eastern Visayas have been attnbuted to
postharvest losses (ES Data 1982) Buyers are reluctant to buy large
quantites of cassava because the bulk poses a problem in transporting the
produce from the farm to the users base It has been suggested that
processing cassava into chips and drying them would encourage farmers to
increase their production capacity Dried chips are easier to transport and
are much lighter than fresh roots However the lack of processing
equipment and technical knowledge on the part of the farmer would then
have to be addressed

Research Programs and Action Projects

The main agencies conducting cassava research projects are PRCRTC/
VISCA the Umversity of Phulippines at Los Banos (LPLB) and the
Bureau of Plant Industry (BPI)/ Mimstry of Agriculture They are under
the coordination of the Philippines Council for Agnculture Resources
Research and Development (PCARRD)

Development of improved cassava varneties

The objectives of the varietal improvement program are to develop
varieties that are high yielding and pest resistant that can adapt to awide
range of ecological conditions that can tolerate extreme environmental
stress and that are hughly acceptable for food feed and industnialuses To
attain these objectives a scheme to evaluate germplasm collections and
hybrids has been adopted by PRCRTC Collection of local and exotic
cultivars was started 1n1978 10 obtain a population of diverse ongins
From 1982 on germplasm has been obtained from the Centro Inter
nacional de Agnicultura Tropical (CIAT) in Colombia to bolster the
cassava collection 1n the Phulippines

Outstanding selections from advanced trials quahfy for the Philippine
Seedboard tnals conducted 1n 6 to 13 locations within 2 years Selected as
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cooperators for this national testing are research centers experiment
stations of the Ministry of Agriculture and agricultural schools These
locations represent specific agro climatic conditions in the Philippines

Vanetes exhibiuing good performance are tried in farmers fields to
further verify and confirm their productive potentials From these trials
outstanding varieties are selected for multiplication and dissemination to
root crop growers throughout the country

Agronomic research

Research planners have modified research thrusts to give more attention
to developing technologies that are specific to certain locations and
situations well suited to farmers resources and aspirations and environ
mentally sound

Research covers the areas of cultural management under hillside
conditions production technologies for areas with distinct wet and dry
seasons screening and evaluation of varieties under shade agroforestry
studies using root crops and legumes and continuous production under
marginal conditions

Inasmuch as farmers do not readily adopt technologies requiring cash
researchers also are focusing on developing production technologes
requinng only minimum production costs One of these technologies 1s the
use of high yielding vaneties

The National Feed Root Crops Program

It 15 esumated that yellow corn (maize) importation 1n recent years has
reached the level of 500 000 to 600 000 tons/year Dollar reserves can be
saved 1if the potential of root crops for animal feed processing 1s fully
tapped The feasibility of substituting cassava for part of the corn in animal
feeds has prompted both the government and the private sector to
massively increase production of cassava for feed and other industnial
purposes The government as well as private banks a ¢ offering financial
assistance to cassava growers through loans

The Mimistry of Agriculture ViSCA PCARRD UPLB the National
Food Authonity banking institutions and economic development foun
dations created the National Feed Root Crops Program with the following
objectives (1) to fill the gap between production and supply of feed grains
(2) to increase the production of root crops not only for human food but
also for amimal feed and (3) to generate farm employment and reduce feed
importation Although the program 1s not yet formally launched the
imtial phase has already been started
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The imitial year of the program 1s devoted to the establishment of a seed
bank Eachregionestablishes a2 haseed bank as source of initial planting
materials Cassava varieties used are Golden Yellow Kadabao Java
Brown CMC 40 MCol 1684 Datu Hawauan 5 and Macan

The packages of technology used are those developed by vanous
research mmstitutions Traimng and related activities are provided by
ViSCA BPI and UPLB The funding agencies (Land Bank Development
Bank of the Philippines Central Bank and Philippines National Bank)
extend loans to farmers 1n the amount needed for a specified farm area

Pilot feed mill In support of the National Feed Root Crops Program
ViSCA recently launched a pilot feed mll which uses root crops to
substitute for cornin feed formulations Its ultimate goal1s to augment the
income of root crop farmers by creating a stable market for thewr produce

The project has these specific objectives (1} to demonstrate the
feasibility of formulating quality feeds using locally available ingredicnts
such as root crops and other raw matenials (2) to provide a ready market
for the feed ingredients produced by farmers and fishermen (for the fish
meal) and (3) to provide a steady supply of low-cost quality ammal feeds
to amimatl raisers 1n Leyte and neighboring provinces

This project which 1s funded by PCARRD the National Science and
Technology Authority (NSTA) and ViSCA s implemented by the
Ministry of Agriculture and ViSCA It has two phases Phase I full
operation of the VISCA feed mill and Phase Il expansion of the project
throughout Leyte and then to other parts of the country

Activities for the first year of project implementation include studying
the feasibility of substituting root crops for corn in feed formulations
orgamzing and traiming root crop farmers from nearby villages and
negotiating with supphers of other feed ingredients such as fishermen for
the fish meal and businessmen for other feedstuffs Livestock scienusts are
responsible for quality control of the feeds and their ingredients

Inth expansion phase more farmers will be organized and other feed
millers tapped The Mimstry of Agriculture particularly its Bureaus of
Ammal Industry and Agncultural Extension are involved to assure
continuty after the duration of the project At that point root crop
producers are expected to have a strong hnkage with feed mullers

Processing of cassava 1s a major problem of the farmers joiming this
project Thus PRCRTC agricultural engineers have been designing and
developing village level processing machines
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Trammng courses Some strategies for speedy dissemination of informa
tion on cassava production are traimng courses and workshops Two
national level training courses for this purpose have been sponsored by
PRCRTC at ViSCA In attendance were extension workers from the 13
geopohtical regions of the country Topics discussed covered all aspects of
cassava production It 1s also through traiming that distribution of
promising root crop varieties for testing 1s facilitated

Root crop farmers also are invited to a senies of workshops on root crop
production In the workshops they are encouraged to actually try new
recommended technologies in their fields

Technology packaging In support of the national extension program a
project called Technology Packaging for Countryside Development was
launched by PCARRD the Mimstry of Agniculture and ViSCA 1n
cooperation with other agencies

This project aims to provide farmers with packages of commodity based
technologies that are specific to location and situation economically
feasible socially acceptable and environmentally sound Outputs of this
project are bulletins or guides containing all the recommended tech
nologies on production processing utilization and marketing of a crop

Results of Research and Field Tnals

Varietal improvement

After several years of evaluating cassava vaneties PRCRTC has
recommended the three vanieties listed 1n Table 4 Kadabao Golden
Yellow and Colombia Hybridization using local and CIAT accessions is
ongoing at PRCRTC CIAT F, hybnids exhuibited excellent performance
under Philippine conditions based on imitial results of the vanetal
evaluation Presently the selected entries are subjected to single row and
plot trials

Tbl 4 Prf m f cassa ntes ¢ mme ded d leased by PRCRTC
Y Id(t/h)

Vo oy Mt ty F h Dry St h Al h |
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PRCI3(Kdb ) 1012 42 144 49 7560

PRCM(GId YIl w 810 43 169 84 7740

PRC62(C1 mb ) 1012 46 152 79 8280
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In the initial stage of screening local hybrids registered yields ranging
from 16 to 57 tons/ ha under normal field conditions In the general yield
trials yields obtained ranged from 12 to 51 tons/ha A number of entries
outyielded the check vanety (Golden Yellow)

A series of farmers field tnals was conducted during the 1980 82 season
using earher CIAT clones and promising local cultivars In both ghly
productive and marginal areas the CIAT clone CM 323 52 outyielded the
local cultivars (Table 5} suggesting that the former can be a potential
breeding stock for the improvement of local cultivars

Twelve cassava varieties (mostly of CIAT ongin) six from UPLB and
six from PRCRTC were entered in the Phulippine Seedboard tnal Imitial
yield results from five locations were vaned CIAT-derived matenal
especially M Col 1684 performed very well in most locations (Table 6)

Cultural management

Intercroppimg Some studies have shown that the yield of monocultured
cassava declines more over time than the yields of those intercropped with
legumes However in a "CARRD intercropping study monocultured
cassava consistently gave higher yields than those intercropped with
legumes (Table 7) While the productivity of cassava declined by 21% upon
intercropping the profitability of this system is higher than that of
monoculture Among the cassava legume combinations 1intercropping
with bush beans gave the highest average profit (Table 8) Intercropping
with legumes generates additional income while maintaimng the produc
tivity of the land

Crop rotation When traditional cassava varieties were rotated with
legumes the yield of cassava increased by 14 386, (Table9) Intercropping

Thbobh 5 Y d of te df om CIAT dloc ! tes [ rmers{ 1d
Y Idit/h)

E1 Frtl 1 P 1
M C 11684 g2 135
CM 32352 416 328
CMC 40 260 169

C 1 mb 262

G Id YIlw( 1 h k) 280 17 4
Kdb (1 | h k) 236 17

A g 308 185

s Phipp R C pR h ¢T gC 1984
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with peanuts gave the highest yield and net returns However under this
cropping system the yield of cassava decreased 1n subsequent croppings
despite the incorporation of legume residues although rotations were still
more profitable than monoculture

Fertilizer apphcation The general fertihz rrecommendation for cassava
in the Philippines 15 60 60 60 kg/ha of N P K However lower rates are
recommended 1n hughly productive environments

Hullside farming Cassava showed vaned responses to different tillage
practices in hillside farming Yields 1n the tilled plots were higher than in
untilled plots (Table 10) although cassava sull gave a relatively hugh yield
in untilled plots owing to the high organic matter 1n newly opened areas
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Evaluating tillage practices has shown that plowing and harrowing only
once 1s as good as doing them twice The best post planting practice 1s
tilling 2 weeks after planting hand weeding within rows and hilling up 4
weeks after planung

Seedpiece production Villamayor (1982b) found that cassava cuttings
derived from plants under high population density performed simularly to
those taken from plants under low population density Table {1 shows that
different diameters of stem cuttings do not influence the yield potential of
cassava

Plant protection Cassava bactenial blight (CBB) caused by Xantho
monas campestris 1s commonly observed in the Philippines However this
disease has not been reported to cause heavy damage Cultural control
including crop rotation ntercropping clean planting matenials and use of
resistant varieties are recommended to mintmize this disease

Spider mutes (Tetranychus telarius L and Tetranychus kansawa
Kishida} have been observed to cause considerable defohation of cassava
during summer months (Bernarde and Esguerra 1981) Integrated pest
control management involving the use of resistant varieties and chemical
control has been recommended to reduce or control mite population

Hand weeding 1s the most practical method of weed control especially
when labor 1s cheap Thorough land preparation to allow weeds to
germinate 1s recommended When labor 1s muting chemical control is
more practical A pre-emergence or pre plant spray followed by paraguat
3 to 4 months after planting has been found to effectively control weeds
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Storage processing and use

PRCRTC has developed a practical village level storage techmque for
cassava It was observed that burying newly harvested roots in the soil for 3
months did not affect root quality and pruning the cassava plants 2 to 3
weeks before harvest significantly reduced vascular discoloration and
delayed the incidence of decay for a week (Data et al  1983)

The Center has also designed low cost implements for processing
cassavainto chips The chips are then dried using solar dryers developed by
PRCRTC Cassava can also be preprocessed into dehydrated cubes for
storage before being used as an ingredient in some snack items

A techmique to manufacture soy sauce from cassava and sweet potato
flours has been developed by PRCRTC The product which is officially
named Root Soy Sauce 1s presently being marketed in a piiot phase Other
products are being developed from cassava and processing techniques are
undergoing refinements

Studies on cassava use n poultry feed showed that 85% cassava meal
plus 15% soybean meal in the feed ration approximates the feed value of
corn Incorporation in the feed of up to 30% cassava (60% replacement of
corn) has been generally suggested for broilers Cassava can totally replace
corn in pellet feeds More recent studies have shown that cassava can
replace corn to as high as 80 1009 1n rauons for layers and yellow cassava
1n the poultry ration increases the yellow pigmentation of the yolk

Imtial findings from ongowng research reveal that cassava can completely
replace corn in the diet of growing fimshing pigs However for younger
pigs a maximum replacement of corn to the 70% level 1s recommended
Feed consumed in pellet form improved feed intake weight gain and feed
conversion efficiency 1n the pigs The carcass quality of pigs fed with
cassava Is as good as that of corn fed pigs
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Potential Production

The current national average yield of cassava 15 only 8 86 tons/ha
However with the introduction of high yielding varieties and proper
management practices 1t 15 hoped that the yield can be increased Lo about
[5 to 25 tons/ha Such an increase would be very significant to the
economy

This projection however should be coupled with a stable market for the
product Anyincreasencrop productivity 1s meamingless 1nfact a burden
1o the farmer 1f a market for his produce 15 uncertain Development
oriented agencies both government and private should design strategies
to maximuze use of products the farmers are wilhing to market

With the attent on given to cassava by the research community and
national policymakers 1t 15 hoped that productivity of the crop will
increase dramatically in the next few years and that the cassava industry
will become a major income generator for the farmers and for the country
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Improving the Productivity of Cassava in Thailand

@
Sophon Sinthuprama
Charn Tiraporn

Production

In the past the main cassava area was east of the central plain region
Today the major cassava area1s in the northeast region which accounts for
60% of the 1toral area followed by the central plain region occupying 37%
and the north region occupying 3%

Edaphic and chmatic conditions

In both major cassava growing regions the normal period of the rains
(over 100 mm/ month)is May to October Both regions are predominantly
dry for 6 consecutive months {(November to Apnl) recetving less than 100
mm rainfall per month (Table 1)

In Thailand cassavais grown on gray podzolic souls The souls are highly
leached with low base saturation (35 509%) and low amounts of N
available P and K They are hght 1n structure and moderately to
excessively weil drained Available moisture storage ranges from 60 80
mm per meter of so1l The pH 1s 50 6 0 1n the surface soil and decreases
with depth The pH of the subsoil ranges from 4 5 5 0 1n the subsurface to
as low as 3 84 0 at the lowest depth

Cultivars

Virtually all the cassava area 12 milhon hectares 1s planted with a
single genotype Rayong | All evidence shows that it s a typical farmers
cultivar It 1s basically high yielding and 1ts flexibihity under sub optimal
conditions is striking 1t 1s not an 1deal cultivar for early harvest (needing
{2 months or more) and so 1t 15 not suitable for relay or sequence cropping
systems Rayong | 1s one of the most important factors in successful
cassava production in Thailand

S5ph S hp m hf {h R C pB h {h FIdC p R bl
Dp m 1A | B gk Th 1 d¢Ch T p bt fh Ry gF ldC p
R kC R gih i ¢
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D mb 24 608 426
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Cropping practices

Production systems Most cassava 1s grown continuously as mono
culture without rotation or fallowing Intercropping of cassavais practiced
1o a very imited extent with corn (maize) 1n the upland and with young
coconut or rubber i the lowlards

Land preparation On small farms land 1s usually prepared by animal
power al the beginming of the rainy season On large farms land
preparationis done by tractor Plowingis done as soon as possible after the
harvest of the previous crop A major probiem in land preparation 1s the
lack of tractors which often results in delayed planting

Stake preparation and storage Planting matenal 1s obtained {rom
plants 8 12 months old and is normally stored for less than 30 days
depending on the rain  Longer storage tends to affect the quahty of the
stakes resulting in poor germination and imitial growth Generally stakes
are pot treated with chemicals

Planting Cassava s planted all year round A survey in 1975 showed
that 59% of the crop was planted in March to June 15% 1n the heavy rains
of July to October and 26% in the dry season (Table I} The reasons for
planting cassava in the late rainy season and the dry season are to minimize
weed problems higher prices because of higher starch content high
demand from buyers and probably to avoid competition with rice for
labor
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Replacement of ungerminated stakes is usually done within 30 days after
planting Low germunation especially in dry season plantings demands
high labor cost for replanting

Soi1l Since cassava s rarely fertihzed one of the most serious field
problems 1s decliming soil fertihty One field trial on Sattahip soils revealed
that the cassava yield of unfertilized plots had declined steadily from 30
tons/ha n 1955 to 17 tons/ha 1n 1971 The yield decline was similar on
Huai Pong and Korat soils (Table 2} Incorporation of organic manure
before planting or application of chemical fertilizer 1 to 2 months after
planting 1s occasionally practuiced Fertilizer costs are very high Growing
cassava on steep slopes tends to increase soil erosion and in the long run
soll devastation caused by erosion may be the most serious problem

Weeding Cassavais susceptible to competition with weeds especially at
early growth stages Failure of timely weeding can cause a total harvest
loss Weed controls traditionally done by animal and human labor Labor
for weeding accounts for about 409 of the total labor used thus
representing a major part of production cost

Harvesting Cassava is harvested all year round The peak harvesting
period 1s February to May accounting for 53% of the total crop
production It is harvested less during the heavy rainy period of July to
October due to low starch content low price and low demand from chip
factornies Cassava yields progressively increase during the 6th to 18th
month of growth Harvest age varies from 7 to 14 months after planting
but most crops are harvested at 12 months

Biological Yield Constraints

Cassava bacternial blight (CBB) caused by Xanthomonas campestris pv
manihotis 15 the only major disease of cassava that 1s widespread in the
country Rayong | 1s moderately susceptible to CBB however 1t1s not well
known how CBB affects cassava yield Brown leaf spot caused by
Cercosporidium henringsu and mites ( Tetranychus truncatus) are com
monly observed but their effects on yields are not well understood

Cassava 15 presently threatened by only a small number of diseases and
pests However this is no guarantee for the future because of the dynamic
nature of biological yield constraints The present situation of more than |
mithon hectares planted with one single genotype 1s extremely vuinerable
to any change in the disease and pest situation Dhiversification of cassava
genotype 1s important and great care should be taken to avoid accidental
mtroduction of diseases and 1nsects



280 C A

Tbl 2 Y Id f ass a(t/h )l m nfert]l dplots
fid p met 19551971

S 1
Y Sthp H P g K t
1955 30

1959 25

1963 23 27

1967 21 24 25
1971 17 20 21

Research Description and Objectives

The national average cassava yield 1s 14 tons/ ha whichislow compared
with experimental yields of more than 40 tons/ha in Thaland or 50
tons/ha or more at CIAT There are clones with much higher dry matter
content 1n the roots than Rayong | and so there 15 still much scope for
yield improvement through breeding and cultural practices

The number of cassavaresearch personnel has gradually increased in the
pastand today atotal of 17 researchers are working full time with cassava
6 with varietal improvement 4 in cultural practices 51nsoil science l1in
pathology and | in entomology There are others who work part time on
regional trials at different research stations around the country

Varnietal improvement

Germplasm ntroduction Before 1960 some 20 cultivars were in
troduced (probably from Malaysia Java and Maunitius) From this stock
Rayong 1 was developed More clones were introduced during the 1960s
from Java in 1963 and the Virgin Islands in 1965 In 1970 clones from
CIAT were first introduced and introduction of other germplasm such as
seed populations from improved parent stock and hybnd clones from
metistem cultures has continued since that date

Germplasm 1ntroduced from CIAT contributed to increased genetic
variation Many crosses were made yearly between Thai and CIAT clones
supplemented by a smaller number of crosses between Thai clones Also
many hybrid seeds from CIAT have been directly incorporated into testing
programs From CIAT hybnd seedsintroduced in 1975 two cultivars were
developed Rayong 3 fromaCM 407 cross and HP 6 from a CM 305 cross

Rayong 1 Cassava breeding research began with the collection of local
cultivars throughout the country and their systematic evaluation in 1956 at
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the Huai Pong Field Crop Experiment Station Rayong Province Not
many genotypes were collected and the leading culuvars from several
locations subsequently were 1dentified to be the same genotype 1t was
called local Rayong and used in comparison with introduced cultivars It
appeared that local Rayong had higher yields than all the introduced
cultivars from Java the Virgin Islands and CIAT Thus cultivar was later
named Rayong | by the Department of Agriculture

Breeding program A breeding program based on open pollinated seeds
from Rayong | and introduced culuivars began in 1971 Not much was
gained from the selections of open pollinated seed Controiled hybridiza
tion was started 1n 1975 by using limited germplasm from Java the Virgin
Islands and CIAT With the return of researchers trained at CIAT since
1977 the breeding program at Huai Pong Station began to form the core
of the national program

The major objectives of the cassava breeding program are
high yields 1n terms of dry matter and starch
early harvest

diversification of germplasm including resistance to major bio
logical yield constraints

Breeding for high yielding cultivars 1s focused on cultivars with high
yields high harvest indexes and high root dry matter High yielding
cultivars will contribute to higher productivity hence lowering the cost of
production and achieving more competitiveness with feed grains Higher
dry matier content will lead to higher values for roots and lower processing
costs

Breeding for early harvesting will increase the opportunities for better
land use cropping systeras and crop rotation to avoid soil erosion
Resistance to CBB and mites as well as compatibiity with various
intercrops are other targets of the breeding program

Vanetal testing The Thai cassava research program includes every step
of varietalimprovement germplasm collection hybridization F,seedling
trial single row trial preliminary yield trial standard yield tnial regional
tnal and on farm tnal

From 15 000 to 20 000 F, seedlings are evaluated every year and about
10% of the plants are selected for single row tnial From 10 to 209 of these
are sclected yearly for further tnials All the trials up to the preliminary
yield trial are conducted at Huai Pong Station Standard trials are planted
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in three major stations and regional trials are scattered throughout the
major cassava growing areas While the majonity of the experiment
stations are located in areas of fertile soil the soil fertihity at Hua Pong
Station1s generally low so that 1t represents the majority of cassava farms

Promising clones from regilonal yield trials usually three to five are
tested 1n farm trials Although the trals are conducted by using farmers
land and labor the management input is borne by the researchers The
number of tnals depends on the resources available

The best clones are compared with the farmers crop in farmers fields
using farmers practices Many large plots are required and extension
workers participate in the evaluation The best material 1s named and
released by the Department of Agriculture

Agronomic practices

The objective of research on cultural practices 1s to develop technology
leading 10 high and stable production using the best available cultivars
The major recipients of the technology are small farmers thus the
technology must be so designed that the mass of small farmers can afford
it

The principal components of study are land preparation quality of
planting matenal planting time planting methods plant population
replanting weed control leaf production stake multiphcation harvesting
and postharvest handling

Soil fertihzation and conservation research aim at increasing or
conserving soil fertility to obtain as large an economuic yield as possible and
maintatn 1t Rotation experiments aim at controlling water erosion and
returning the nutrients removed by the crop or leached out by drainage
water back into the soils

Cropping system research 1s designed to develop practices for soul
nutrient conservation and soil erosion control The research emphasizes
intercropping cassava with legumes Studies have been conducted to find
the best legumes to grow in association with cassava with mummum
reduction of cassava yield minimum input to the system and economically
vahd returns

Weed control research 1s designed to find the best practices for
controlling weeds 1n cassava production and to avoid labor competition
during the time 1t 1s needed
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Research Findings

Varietal improvement

Rayong | is basically a farmers cultivar However 1t was collected
selected punfied named and recommended by the Department of
Agniculture It 1s a high yielding cultivar with a moderately high harvest
index Production of a high quality stake and good sprouting under
water deficient conditions makes this cultivar highly versatile Data from
CIAT suggest that Rayong 115 supernior to many local Colombian cultivars
under conditions stmilar to the Thal cassava growing area

Rayong 3 was selected from the CIAT seed population brought in 1975
and released by the Department of Agriculture in 1984 {t has a higher
starch content than Rayong | but fresh root yields are ssimilar Dry chip
and starch yield of Rayong 3 can be higher than Rayong | Rayong 3
performs best on fertile so1l and with intensive care

HP 6 1s another cultivar denived from CIAT matenal introduced 1n
1975 It 1s good for making fred chips and other table use

Currently the best selection sources are the crosses between Thai and
CIAT clones They are particularly good for early harvest Some selected
hybrid clones are outyielding Rayong 1 by 509 at 7 months At 12 months
some new clones are yielding 20-400 higher than Rayong | Success of
these clones ultimately depends on their flexibility in farmers fields

Agronomic practices

Land preparation Preliminary studies indicated that land prepared
with preemergence herbicide application but without plowing gave a
similar cassava yield to the yield on traditionally prepared land which
includes one plowing by tractor plus furrowing by animal The minimum
tillage concept may be introduced to protect the soil from erosion and to
reduce labor costs

Stake storage and size Cassava stalk storage studies showed that the
survival rate of stakes taken from stalks stored up to 30 days in the field
was hmigher than 80% Storage under shade tends to be a better method than
storage under the sun {Table 3)

Planting method Yields were not significantly affected by stake lengths
in the range of 10 30 cm even though shorter stakes gave a lower survival
percentage Root yields were not different for cassava planted on ndges
{lat ground or flat ground followed by earthing up 30 days after planting
Hornizental planting gave lower yields than vertical mainly due to lower
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survival rate in the former Vertical orinchined planting were not different
in yields Depth of planting (5 10 15 c¢m) had no effect when plantings
were either vertical or inchined

Planting time Studies on planting time and age of harvest carried out
for 3 years from 1976 to 1978 indicated that root yield was the highest with
June plantings and decreased with plantings after June (Table 4) Root
yield increased with age of harvest from 8 to 18 months

Fertihzation Fertilizer trials showed that cassava tended to respond
most sharply to N moderately to P and less sigmificantly to K 1n one
experiment root dry matter yield responded positively to 90 kg/ ha each of

Tbl 3 S ip tag ofpl tf mtkest dnd dff t dt andf
aro s perod 1976 78

St ag condtons

St g ud c d
W@y) hd Ope with}
(7) %) (7)
0 95 61 95 31 96 50
15 93 47 9338 91 60
30 8339 84 28 8789
45 80 02 5598 58 36
60 5750 48 86 50 03
75 4923 3196 4311
9% 44 90 2894 3587
105 4319 2103 2209

A FIdC pRes hl

Tbi 4 Effct fpl tng tm d horvest g yi id (t/h ) 1976 78

Pl v g Hirrv t g (mnth) Mea
de & 10 12 14 16 18

My 2027 26 98 3649 42 46 49 52 5706 3876
] 2215 2773 36 51 4731 5193 5336 3983
Iy 1982 2907 507 40 74 44 05 4851 3621
August 14 46 2296 29 14 3362 3957 4368 31 4t
5 pt mbe 1225 1764 28 65 3248 3459 3626 2698
Oct be g6 16 69 2217 2395 2952 3261 2218
M an 16 18 2351 3133 3756 4153 4525

LSD{(005)f planingd  harv dage=492(/h)

5 F1dC pR arhlnms t
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N P,0; and K,0 beyond that level the response gradually decreased until
at very high levels the response was markedly negative (Table 5)
Broadcasting banding under the stakes or side placement at 20 or 50 cm
were found to be equally good fertilizer placement methods

Thelong term effects of fertilization on three types of cassava soils have
been studied since 1975 The influence of compost at the annual rate of 12 5
tons/ha plus incorporation of crop residue (stem and leaf) on root yield
seem to be sigmficant It was concluded that ligher root yield of cassava
could be achieved by the yearly application of 50 kg/haeachof N P,O;
and K,0 and that further response could be obtained if compost or crop
residue was incorporated before planting

Rotation Long term rotation experuments 1n three research stations
showed that 1n all rotation patterns of cassava/peanut and cassava/ mung
bean cassava yields were higher than cassava without rotation in the 5th
and 6th crop year There was a slight increase 1n soil organic matter after 6
years of rotation

Intercropping Studies on land use efficiency and restoration of soil
fertility through intercropping have been studied using peanut mung
bean and soybean since 1970 The most promising intercropping systems
appeared to be combinations of cassava/peanut and cassava/ mung bean
Although cassava and legumes were shown to be competitive up to 170%
combined economic yield relative 1o cassava monoculture was demon
strated This was also confirmed on farms with large plots

Weed control Weed control research showed that Diuron at the rate of
1 5 kg/ha causes no crop injury for esther vertical or herizontal planting
methods This practice 1s as effective as three hand weedings

Tbl 5 Eff ¢ FF t1 ¢t t y id
Rt f
N PO KO F h 1t Dy t
(kg/h ) (t/h) {t/ha)
000 21 36 759
937937937 34 49 10 48
18751875 187 5 38 88 10 44
375 375 375 40 61 1028
750 750 750 3260 717

S S IS D
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Directions in Cassava Research

Varietal improvement programs have two major objectives

| Diversification of the germplasm base to include early matunty
drought tolerance and resistance to diseases and pests

2 Attainment of mgher yields to gain better competitiveness

Agronomic research will continue to define the most economically valid
cuitural practices More emphasis will be placed on soil nutrient preserva
tion and erosion control Intercropping crop rotation improved soil
preparation and mimmum tillage are the immediate research topics

Most agronomic studies in the past have been conducted using Rayong
! Thus as soon as new promusing clones emerge cultural practices for
possible new cultivars will have to be redefined The agronomic studies
have tended to be too sporadic to represent the vast area of Thai cassava
production and therefore a more coordinated research network will have
to be devised

The program as a whole needs more economic studies to evaluate the
socioeconomic relevance of research findings which would lead to
improvements in the welfare of the mass of cassava growers

Potential Production

Practically the only important market for Thai cassavais the European
Ecenomic Community {(EEC) which absorbs nearly the entirety of Thai
cassava exports(93% 1n 1980} The EEC hasset aquota of 4 5 milliontons
for 1983 1984 with further possible reductions in the future Within the
guota cassava products can enter the EEC market at the current
preferential tanff of 6% and beyond the quota 1t will be subject to a 30%
tariff and open competition with feed grains

To comply with the Thar EEC agreement the cassava economic zone
was established in February 1983 by the Mimstry of Agriculture and
Cooperatives This will lead to control of area prices and quality of
cassava roots and root products thus preserving the benefits to the
farmers The government 1s also searching for new markets other than the
EEC In addition the government and the private sector are trying to find
alternative uses for cassava

Production of cassava will have to be decreased if exports are hmted by
the current preferential arrangement with the EEC Cassava growersin the
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economic zone will receive government support The growers outside the
zone will be encouraged 10 replace cassava with substitute crops Studies
are underway to find crops to replace cassava 1n these regions

The future of cassava production depends on the markets and the
markets depend on production cost If no improvement in production
efficiency 1s expected there 1s not much hope of improving cassavas
competitiveness in tnternational markets Production will be at the mercy
of the EEC policy If the price of cassava products can be sigmficantly
reduced through improved production efficiency there will be increased
chances of creating new export markets

Improved cultural practices have been shown to considerably increase
yields when tested 1n farmers fields While imely planting good selection
of plant stakes and opportune weeding are part of the technology
fertihzation 15 1n many situations the most effective component but also
the most costly Yield increases by increased fertilizer application may not
necessanly lead to a substantial cut in production cost Hence improving
production efficiency through cultural practices 1s not very promising
Thaifarmers prefer to adopt new cultivars 1n hope that higher yields can be
attained without large additional costs

Yield increases through new cultivars will not be realized in the
immediate future Rayong 3 offers lugher starch content but it may not
replace Rayong | over large areas because the total dry matter yield of
Rayong 3 does not greatly exceed that of Rayong 1 However there are a
number of promising hybrid clones with high yield and early maturity
being developed It will take some time before any of these pass to the
production fields Whether we can obtain new clones whose yielding
capacity 1s sufficiently high te sigmficantly reduce the production cost
depends on future work

Higher yielding cultivars may help farmers to withdraw cassava from
erosion threatened areas and early cultivars can contribute to better land
use through better cropping systems and crop rotation to avoid soil
£rosion
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Introduction

Cassava 15 one of the most efficient producers of carbohydrates in the
tropics (de Vries et al 1967 Martn 1970 Nojma and Hirose 1977
Kawano et al 1978 Cock 1982} and under marginal soil and rainfall
conditions 1t 1s unsurpassed by other crops (Cock and Howeler 1978) Itis
gtown throughout the tropics by small farmers 1n areas with poorer soils
using traditional methods of cultivation Cassava 1s the fourth most
unportant crop tn terms of dietary energy produced and consumed within
the tropics (Table 1) More recently 1t has been used increasingly for ammal
feed and industnial starch The importance and potential of cassava
however has been largely neglected when compared with other crops as
can be scen from the data in Table 2

Cassava oniginated i Latin America and most of its evolution took
place there It was widely distributed throughout the lowland tropics of
Latin America before the arrival of the Europeans 1n the 15th century but
did not exist outside the continent However in the post Columbian era
the crop spread rapidly first to Africa and later to Asia

Germplasm varnation of a crop species 1s richest 1n the center of origin
and diversification of the species Evolution of disease and pest species that
thrive on a crop parallels the evolution of the crop species thus the
nurmnber of biological yield constraints is highest in the center of crop origin
and diversification (Jennings and Cock 1977)

True to the theory nearly the entire germplasm vanation of cassava
exists 1n Latin America the African and Asian germplasm consists of a
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hhFidC pR hi Thl dRb S5 hhC IR h
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part of the Latin American germplasm and its local recombinants A broad
spectrum of diseases and pests 1s found in Latin America while the number
of diseases and 1nsects 1s less 1n Africa and especially in Asia Afrnican
mosaic disease seems to be the only major disease of cassava that does not
exist in Latin Amenca
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This background makes Colombia South America a logical location
for an international center of cassava research A cassava program was
established 1n the early 1970s at the Centro Internacional de Agricultura
Tropical (CIAT) in Cali Colombia The importance of African mosaic
disease and the overwhelmng importance of cassava to the African diet led
to the establishment 1n the late 1960s of the Cassava Program of the
International Institute for Tropical Agriculture (IITA)at Ibadan Nigena
with the regional responsibility 1n Africa

The CIAT Cassava Program seeks to develop improved technologies in
support of increased production efficiency and utilization of cassava New
production technology s based on improved germplasm with increased
yield potential and tolerance to diseases 1nsect pests and adverse so1l and
environmental conditions Additional constraints are mintmized through
the development of low input management practices Traimng and
communication to make the developed technology more readily available
are important parts of the program

Charactenstics of Available Technology

The CIAT germplasm collecion which now comprises more than 3 (00
traditional culuvars s the major vehicle with which the technology s
transferred to the national programs

The goal of varietal improvement 1s to provide cassava genotypes that
give hugh stable and economcally vahid yields using cultural practices
that are within the reach of farmers for major cassava growing areas
During the past 10 years sigmificant improvement has been made 1n the
yield capacity of advanced matenals both under favorable and stress
conditions (CIAT 1982 and 1983)

Yield stability across geographical areas (wide adaptability) may not be
important to individual farmers however thisis an important measure of
the validity of technology developed by international or national programs
for other areas A hybnd clone CM 507 37 which 1s now frequently used
1n hybndization 1s a good example showing a yield superiority over local
cultivars 1n widely different locations in Colombia with average tem
peratures of 24 28 C (Figure 1) Many seclected clones have shown a
similar tendency suggesting that genotypes carefully selected through a
network of regional trials can be adapted to different geographic areas
within the same macro edapho-climatic zone

Lack of yield stability over years has often been a probiem with new
high yielding genotypes in several crops Interactions of crop genotypes
with disease and insect populations and adverse environmental conditions
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such as irregular rainfall pattern are the main reasons for this type ot
instability Using the most difficult cassava growing environment in
Colombia (Canimagua 1n the Llanos Ornientales) where the number and
intensity of biological problems are highest— the soil fertility 1s extremely
low and the dry season pressure 1s high— as one of the basic sites for
germplasm selection has helped to accumulate genes for resistances The
recent CIAT populations contain tolerance to these adverse factors in high
frequency while they still maintain large phenotypic vanabihty for other
plant characters (Kawano et al 1983 Umemura and Kawano 1983)
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It has often been observed that genotypes selected under high input
conditions do not perform well under low input conditions Simularly
genotypes of many crops selected at well managed expeniment stations
often do not perform well in farmer s fields (Kawano and Jennings 1983)
By selecting under low mnput conditions and perhaps also owing to the
characteristics of cassava germplasm per se these phenomena do not
appear to be occurring with the CIAT cassava selections Selected hybrnid
clones showed yield superiority over traditional cultivars on farms with
varying soil fertilities (Figure 2}

These data do not automatically indicate that CIAT materials perform
as well in national programs They should be understood as an indication
of what national selection programs may achieve after incorporating
CIAT materials into their breeding systems

Germplasm Exchange

Introduction of germplasm always involves a combination of potential
benefit and potential nsk Benefit may result from increased productivity
of a crop This must be weighed against the risks of accidentally
introducing pests or pathogens Neither the benefits nor the risks are easily
assessed

Three types of germplasm matenals 1 e germplasm accessions hybrid
clones and hybrid seeds are available from CIAT 1n the form of (1) stakes
(2) menstemn cultures and (3) true seed Advantages and disadvantages of
each method are summarized as follows stakes are the easiest to handle
but the risk is highest meristem cultures are less risky and offer
reproduction of identical genotypes but are not suitable for transferring a
large number of genotypes and their handling requires certain skill and
facilities at the recerving end seed 1s the least risky and offers easy handling
of a large number of genotypes although the 1dentical genotype cannot be
obtained (Kawano and Hershey 1982) Lozano and Jayasinghe (1982)
have described pathological problems disseminated by sexual and asexual
propagated materials

CIAT has been actively distributing germplasm materials for testing and
use by national programs Emphasis 1in recent years has shifted from
sending clonal matenals to sending seeds from selected parents Sending
stakes internationally has been totally ehiminated by CIAT As national
cassava breeding programs are strengthened seed will continue to increase
In importance as a means of exchanging genetic matenal Crosses will
continue 1o be more precisely taillored to the needs of national programs by
incorporating feedback information
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CIAT intends to remain a primary resource for genetic diversity in
cassava with the national programs taking an increasing role n local
selection and incorporation of improved characteristics into local cultivars

Regional Program for Asia

The potenuial for increasing the efficiency of cassava production
through research 1in Asian countries 1s great not only because much
cassava 1s already produced in Asia but also because national research
institutions are generally strong and cassava 1s a vital portion of the
national or local agricultural economy 1n many parts of Asia

The functions of the CIAT Cassava Asian Reglonal Program are to

Distribute and use CIAT germplasm in Asian national programs
through direct participation

dentify suitable germplasm to be prowvided by CIAT for Asian
programs

help develop agronomic practices suitable for Asia with special
emphasis on erosion control

coordinate efforts between CIAT and national programs with
special reference to training and conferences

As of now approximately 82 500 hybnd seeds from some | 600 crosses
have been distributed to eight national programs in Asia (Table 3) These
are being evaluated at various stages of varetal improvement programs
(Table 4) Evaluations of segregating populations and selected clones from
these populations enable CIAT to provide hybrid populations more
adjusted to the specific requirements of each national program

Cassava has a reputation of being a soil devastating crop Due to
cassava s ability to produce reasonable yields on poor soils 1t sometimes
appears that afler cassava the soil cannot be utilized by other crops
Actually the mineral nutrition requirement per unit y1 Id of cassava 1s
lower than many other crops {Cock and Howeler 1978) thus the
reputation of cassava as a sol-exhausting crop 1s debatable However
partly due to the long period required for canopy establishment cassavais
liable to cause soil erosion thus cultural practices for mimimizing soil
erosion are much needed

Close coordination with CIAT headquarters in research traiming and
commumication will enable the national programs to make better use of
available technology Thus this 1s also an important part of CIAT s
activity
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C try 1975 1976 1977 1978 1979 1980 1981 1982 1983 Ttl
Tha land 900 6170 7720 3050 1400 7450 7900 34590
Ind 900 700 4600 6200
Phlpp 900 950 5100 4700 5500 17150
Ch 2300 6100 8400
Mal ys 900 1500 2050 2050 1250 4050 9750 9750
Id 200 850 1050 1050 2800
Vim 1900 1900
T w 500 1200 1700
Tl 5000 16170 7720 5100 7750 19700 27050 82490
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Breeding Objectives

In Thailand nearly 99% of the cassava area 1s planted with a traditional
cultivar Rayong | Preparation of diversified cultivars 1s recommended
for counteracting possible outbreaks of diseases and pests 1n the future
Early cultivars combined with a short season crop would enhance the total
productivity of land Development of substantially higher yielding cul
tivars would decrease the production cost thus opening new markets for
cassava exports outside the EEC without depending on preferential tanff
treatment Higher production efficiency would also enable the reduction
of cassava plantings 1n areas threatened by soil erosion without decreasing
the total production

In Indonesia cassava is planted over a wide range of environmental
conditions and utilized 1n a variety of ways In Java where land s
extremely hmited and intensively utibzed early cultivars are urgently
needed Since cassava s main advantage lies in 1ts ability to offer inexpen
sive carbcehydrates higher production efficiency using low input cultural
practices is a highly important breeding target in the long run Diversifica
tion of cultivars 1s iImportant not only for disease and pest problems but
also for adaptation to different environmental conditions and different
uses

In the Philippines cassava together with sweet potato has been
providing inexpensive carbohydrates for the rural poor Under these
circumstances earliness may be the most important breeding objective If
cassava 1s to fulfill the new role of substituting for imported feed grains in
livestock rations high yield should be the most important selection target
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In Malaysia cassava has been a relatively minor crop providing raw
material for starch production Only development of substantially higher
yielding cultivars can change the present status of cassava

High yield selection from advanced CIAT gene pools would be an
intriguing work target particularly since the real potental of cassava
germplasm has not yet been fully exploited In all these countries strong
demand also exists for culuvars with higher root dry matter or starch
content

Breeding objectives differ from country to country nevertheless
common important objectives are

Substantial yield increases to acquire higher competitiveness with
other sources of carbohydrates

early maturity to give additional alternatives to the production
systems

higher root dry matter or starch content

diversification of cultivars to gain resistance to diseases and pests

Present Status of CIAT Germplasm 1n Asia

Experimental results in Thailand indicate that Rayong I 1s a lighly
productive versatile cultivar Recent data from CIAT showed that
Rayong 1 was superior to most of the germplasm accessions under similar
environments 1n Colombia (Hershey personal communication) Without
doubt the superior agronomic characteristics of P ayong | were the core of
successful cassava production in Thailand Since Rayong 1 1s basically a
high yielding cultivar 1t 1s not easy to outyield it with hybnd selections
Crossings within local germplasm do not seem to have produced anything
significantly better than Rayong |

Yield improvements on the order of 100% or more over local cultivars
which have been repeatedly demonstrated in Latin Amenica and Africa
may not occur Nevertheless some hybrid clones selected from local x
CIAT crosses have shown yield supenonty over Rayong 1 (Figure 3)
Later selections seem to be even more promusing (Table 5) Thewr real
utility depends on their flexibihty and performance in farmers fields For
earliness for which Rayong 1 1s not particularly strong many local x
CIAT selections are showing highly promusing results (Figure 4)

It has only been recently that CIAT hybrid populations from well
defined cross parents were introduced Crossing Rayong | with the best
available CIAT genotypes s vet to come Whether hybnid selections can be
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made that will give substantially higher yields than Rayong 1 1n average
farmers fields depends on future selection A combination of physiological
yield potential with the toughness of Rayong 1 would be 1deal

Since many CIAT cross parents have been screened for a long list of
adverse yield factors under high stress environments CIAT matenals can
probably provide immediate sources of germplasm diversification The
majonty of Thai x CIAT or CIAT x CIAT crosses show better resistance to
cassava bacterial bhight (CBB) than Rayong 1 CBB s the most widespread
disease of cassava in Thailand and can cause sigmficant yield damage
Aside from resistance factors selection of specialty cultivars such as the
newly released Rayong 3 with high starch content or Rayong 2 for table use
may prove a wise way of broadening the germplasm base in farmers fields
Both Rayong 2 and 3 were selected at Huai Pong Station Rayong
Thailand {rom 1974 CIAT crosses
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In Malaysia the leading cultivar Black Twig 1s basically a high yielding
cultivar capable of yielding up to 50 tons/ha under favorable conditions
Several selectio1s from the early CIAT introductions seem to possess
higher yielding capacity than Black Twig (Table 6) nevertheless this
modest yield supenority may not be sufficient to cause change in
production fields Evaluation and selection of more recent CIAT introduc
tions wiil indicate whether advanced germplasm introduced from Latin
America can offer a yield improvement significant enough to open new
horizons for cassava production in Malaysia

In the Phhippines CM 323 52 and M Col 1684 showed yield superionty
over local cultivars (Table 7) These are selections from twelve clones
introduced as stakes 1n the early days of the CIAT cassava program While
the yield superniority of these clones seems to be sound they are unlikely to
be released duce to low dry matter content (CM 323 52) and high cyamde
content (M Col 1684) in the roots These data suggest that CIAT
germplasm can immediately broaden the scope of varetal selection
However the chance of obtaining a recommendable cultivar adapted to all
the tocal requirements using only a small number of introduced clones is
small Later selection programs based on massive introductions of CIAT
sced populations seem to be highly promising and may lead to the
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Thbl 6 Res tsof ss areg lyreldtralatSt wan Peak M1y 1982/1983

St f St f St h Fesh Harv t
Cl hyb 4 elect yid yud d
(t/h} (t/h)

CM 373 17 CIAT MARDI 897 3le 062
CM 621 24 CIAT MARDI 895 341 056
CM 942 28 CIAT MARDI 878 341 060
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CM B45 9 CIAT MARDI 803 282 053
B Bngk k 2471 | ) 7 84 284 053
CM 845 13 CIAT MARDI 778 276 048
M Me 120 CIAT MARDI 758 2613 045
Bl kTwg( al It ) 7 51 280 058
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CM 323 52 CIAT CIAT 416
M C 1 1684 (CIAT ) CIAT 392
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CMC 40 B anl CIAT 260
Kdb (local It a) 236
A ge 08
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identification of more desirable clones for varietal release Crossing local
cuitivars with elite CIAT clones 1s also a logical alternative

Indones:a has the longest history of institutional cassava breeding work
in Asia One result from these efforts 1s the cultivar Adira 1 which s a
selection from crosses made in 1963 between Indonesian cultivars and
released m 1978 It 1s moderately high 1 yield and starch content and
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moderately resistant to CBB More recent selections from the Indonesian
germplasm appear to be even more promising (Table 8) These clearly
indicate that a continuous well orchestrated program even though
modest 1n scale can result in significant progress

A small seed population (750 F, seeds from 15 crosses} in 1977 was the
only seed introduction from CIAT to Indonesia until recently Some
selections from this population appear to be promusing (Figure 5)
Recently large introductions of advanced seed populations from CIAT
have been made and evaluation and selection of these populations is under
way

Judging from experience gained in these four countnies CIAT germ
plasm can immediately broaden genetic diversity by offering disease and
pest resistance as well as quality characteristics such as high dry matter
content CIAT germplasm seems to be a particularly good source for early
maturity Additional work in coming years on the recent introductions of
advanced CIAT germplasm and local crosses with einte CIAT clones will
determine whether new cultivars with a substantial yield advantage over
currently available cultivars can be obtained

Dhistribution of CIAT germplasm to China and Vietnam began only
recently The climatic conditions under which cassava 1s grown in these
two countries are expected to be different and CIAT germplasm has not

Tbl 8 Res tsofa assa 8 egio ly IdtnalatM g w hr) Jogy krt I d

1982/1983
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been as thoroughly tested for conditions there as for the rest of cassava
growing areas in Asia Thorough on site evaluation of CIAT germplasm
to identify well adapted cross parents and incorporation of these parents
into hybrid populations will improve the selection programs in these
countries

One of the most important yield constraints to the Indian cassava
production 1s African mosaic disease Since Latin American germplasm
has not been exposed to this disease most of the CIAT germplasm does
not possess sufficient resistance toit Thus transfer of CIAT germplasmto
the Indian cassava program has not been very active Yet the favorable
agronomic characteristics of CIAT germplasm may be useful once they are
crossed with locally proven resistant genotypes
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Need of On Site Selection

Edapho-climatic conditions of cassava growing areas vary from one
area 1o another within a country even though they are classified under the
same macro edapho-climatic zone Quality requirements aiso vary de
pending upon utihzation and locations Any new material for varietal
selection has to be thoroughly screened for local adaptation and
requirements

Local germplasm 1s a result of generations of farmers selections which
can be seen in the results of germination trials with CIAT and local clones
under scarce rainfall at Huai Pong Station (Table 9) Planted with
irrigation all CIAT crossed clones locally crossed ciones and Rayong |
germinated reasonably well However planted without irngation the
germination of CIAT clones was extremely poor compared with that of
local clones The germination of Rayong 1 was virtually the same with and
without irrigation Although the average germunation of CIAT clones was
low some CIAT clones germinated nearly 1009 without irrigation
Erratic rainfall 1s a common phenomenon with Thai cassava production
and the CIAT cassava breeding program has not yet screened for
germination under such conditions

Local germplasm may be an excellent source of adaptation to traditional
cultural environments and requirements of the locality Yet a quantitauve
Jump either in yield or resistance factors 1s not expected as long as the
breeding program uses only local germplasm 1t by nature possesses limited
genetic vaniability Thus incorporating Latin American germplasm 1nto
Asian breeding populations 1s the most appropriate way to unprove
cassava production

Table 9 Companson of germn 1o rate betwee CIAT and Than  sses Huai Pong

Statio 1983
Plat g Cl Ste of N mbe A g
hybnd 1 f ge m
cl t

(7)

Irmg ted CM CIAT 165 68 4
Imgtd CMR a d OMR HaP g 1323 758
Img t d Ry gt{ al it ar) 1 892
No mgtid CM CIAT 249 427
N mgtd CMR d OMR Ha Pog 135 60 4
N mgtd Ry gl( a I« ar) | 866

S8 e F dC pR h1 Thail d



306 Ca sa Asa

Latin American germplasm on the whole offers much wider genetic
variation but it contamns genes for local adaptation in much lower
frequencies than the local germplasm Consequently obtaining a recom
mendable cultivar selected from a small number of clones introduced from
CIAT s unhkely CIAT now intends to pass elite parental clones through
meristem cultures to be used for hybnidization in the Asian breeding
programs rather than as candidates for immediate varietal release Thus
local selection from large numbers of introduced CIAT seed populations
selection from local x CIAT crosses or the combination of both become
the most logical alternatives

Traditionally experiment stations in Asia have been built primanly for
rice experiments Most of the experimental sites tend to be on fertile soils
with favorable water control As a consequence many varietal trials are
conducted under conditions which bear little resemblance to farmers
fields These are the bases for high input technology syndrome or

experiment station effect (Kawano and Jenmings 1983) Cassava has
been no exception to this general tendency Extra care should be taken to
establish selection plots under environments sumilar to those of average
cassava growers
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Rapporteur s Summary of Discussions

Douglas R Laing

Participants raised a number of key issues in the general discussion
namely (a)the progress to be expected 1n crop improvement activities in
Asia especially in terms of yield improvement (b) hkely effects of
increased productivity on the cost of production of cassava (c) erosion in
monoculture cassava cropping systems and the role intercrepping could
playin reducingsoil loss (d) the dangers of planting large production areas
1n a single genotype (e) the related matter of specific versus general
adaptauon of culuvars (f) cassava production in tree plantations (g) the
need for pre release evaluation of cassava cultivars and testing production
methods n farmers fields and (1) the relative economic importance of
secondary diseases such as Cercospora and the need for further research

In general the conclusions of the discussion session were 1n line with the
information provided by each speaker One issue 1n which there were no
clear conclusions was the degree of beneficial effects to be expected from
mntercropping or rotational systems involving cassava and other crops
particularly legumes such as pigeon pea mung bean cowpea soybean
and groundnut Data from the Philippines suggested that there were
considerable benefits espectally in slowing down the rate of yield decline
often observed in monoculture systems Other data from Thailand which
was not discussed 1n detail at the workshop apparently raises some doubts
on the agronomic and economic benefits to be expected from inter
cropping Participants were 1n strong agreement however that more
research on stable cropping systems involving cassava was of vital
unportance in Asia

A further 1ssue 1n which no clear concensus could be reached was in
relation to the potential value of cassava intercropping in plantation tree
crops such as rubber Little data existed on the eventual yield effects on
the rubber when the trees were in the juvenile stage as well as the effects on
cassava from reduced solar radiation under the developed tree canomes
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Research to select cultivars with adaptation to shade conditions was
recommended by the participanis

The participants agreed that Cercospora was indeed prevalent through
out most of the cassava production zones 1n Asia but there was no clear
consensus as to the degree of attention which should be given to the disease
in future collaborative network activities

A number of more country specific issues were discussed including (a)
the problems related to cassava mosaic virus in India and the threat this
poses to the rest of the countries 1n the region (b) the apparently higher
levels of fertilizer application being researched in the Philippines and the
likely economic advantages of this level of application to the cassava
farmer (c) the yield levels being quoted 1n variety trials in Indonesia in
relation to the very low yields being reported in commercial production
throughout the various production zones of the country and (d) the
possible influence of winter temperature regimes on cassava production at
subtropical latitudes in China

A general theme running through the discussion was the need for more
strongly stated governmental policies in relation to cassava research and
development prionities It 1s clear that most countries except possibly the
Philippines have not yet clearly defined the future role for cassava in their
economies The participants recognized this was in part due to the
overwhelming importance of rice in Asian economies On the other hand
the need for improvement of crops such as cassava which are adapted to
more stressful conditions of poor soils and low and fluctuating rainfall
regumes was clearly recognized by all This was further emphasized by the
clear recognition that most land areas in Asia which are available for
development are usually in less favored areas of both soil and climate
Cassava should be seen as a crop with sigmificant development potential in
Asia
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Cassava-Based Farming Systems in Tropical Asia
Research Issues and Development Needs

Fredenick C Roche

Introduction

Cassava production 1n Asi2 can be expanded either through growth in
areas planted to the crop or increases in yields on land already planted to
cassava Sigmficant growth in areas planted was confined largely to
Thailand during the 1970 80 peniod (Table 1) Cassava hectarage was
stagnant or declined slightly in the other major producing countries for
which the data are reasonably rehiable The available information suggests
that cassava areas will continue to stagnate or dechine 1n the region as a
whole during the coming years as long as there are no major changes 1n
government policies which affect this crop s farm level profitability (1
the Common Agricultural Policy and cassava import himits i Europe
domestic feed grain sweetener and energy policies within Asia)

Growth of cassava areas 1n Thailand 1s hkely to taper off as more
stringent enforcement begins of both the European quotas and Thai laws
protecting forest reserves where much of the new plantings occurred
durning the 1970s (Falcon et al 1984) In the densely setiled areas of Jav
and the Indian states of Kerala and Tamil Nadu the expansion o
irrigation and tree crops reduced cassava areas and should continue to d¢
so 1n the future Considerable unopened land could potentially be plante
to cassava in the Philippines Malaysia and the islands of Indonesia othe
than Java but this would often require major public investments |
infrastructure The expansion of cassava plantations as occurred 1n part
of Indonesia during the 1970s seems unlikely in the future because of th
uncertain prospects for cassava prices Even during the recent years «
nising demand induced by European policy cassava prices were ni

Fred &k C Roch wihth Agn 1 al Devel pm C I B wyy U vers
Malang Id es M h fhisppe based p h h sdis assa  p oduct

J d Mad (Roch 1983) and mre mpl dy fcassa hid mn f
ys m{Fal al 1984) M h f h m  al cass lsewh re  As isbased p Lyr

(1983)



Tbhl 1 Css pdto th p plp d g E f m t A 1980
Area T d Y Iid T d P dt T d
(000 h ) (1970 1980) {t/h )} (1970 1980) (000 1) (1970 1980)

Id 335 +/ 174 0 5817 +/

K |1 274 +/ 148 4058

TmlINd 52 0 295 ++ 1 540 ++
1Td e 1412 0 97 + 13726 +

J 997 97 + 9 607 +

Off J 415 + 97 + 4119 +
M1y b 13 203 254
Phlpp 204 ++ 12 ++ 2277 ++
Thal d [319 ++ 131 0/ 17 204 ++

N rth ast G ++ 133 0/ 9445 ++

)+ d v ge 1 as gt dd ghd d whl d pp +/ d as g df Il wdby d 1 whl ++ d es

ry pdg wth h gh t

b) Cas reas dy ld ed wd ly with { any p rcep bl

} Ly m drs b f alg m fgu t b ry Il d tm1 al Phlpp p d h b ly 450 0G0 1983
N Ly m 1983



C b dF g5 315

sufficient to encourage much substitution of cassava for other crops under
Asian small holder conditions

In sum ‘growth in cassava output will depend upon the development and
farm level adoption of technologies which increase productivity Because
the total demand curve for cassava is probably inelastic within the range of
prices likely in view of present policies the principal research goal must be
toreduce production costs There s considerable evidence that appropriate
technologies exist consisting principally of locally adapted vaneues
careful selection and perhaps fungicidal treatment of stakes proper
weeding and maintenance of soil fertiity However with the partial
exception of weeding and fertilizer use these practices have not yet been
exploited 1n most of Asia Consistent reliable trends toward higher
cassava yiclds were reported during the last decade only 1n Indonesia and
Tamil Nadu where cultivation practices are relatively labor intensive and
chemuical fertihzers are directly and indirectly apphed to cassava In
contrast reported average yields are declining in Thailand 1n part because
so1l fertility has been degraded under continuous cassava cultivation
without fertihzer amendments (Sinthuprama 1979)

A simple yet analytically useful means of assessing the potential for
increased cassava yields lies in the distinction between current farm yields
economically optimal yields and the maximum farm yields that could be
obtained with present technologies without regard to input costs Current
farm yields are doubtless well below the technical celling in most of Asia
with the difference being largest in Indonesia The gap between current and
economically optimal yields i1s less clear however and varies among
countries as a result of input prices market opportunities and farmer
knowledge In Indonesia for example significant economic incentive
exists for increasing cassava productivity present average yields could be
doubled profitably in many areas with available technology (Roche 1983)
In contrast average yields are reportedly already very high in the main
producing areas of India but declining relative prices of rice the principal
staple of local diets may limit the growth of market demand for substitute
staples such as cassava and thus reduce the wncentives for even higher
yields through intensification of present cultivation practices (Lynam
1983) Both input and output markets are likely to haye adverse incentive
effects 1n Thailland where cassava prices are deternuned largely by
European demand and fertilizer 1s a very expensive input (Sinthuprama
1979)

The foliowing pages discuss technical and economuc constraints o
greater cassava productivity in Asia The discussion will focus most
heavily on Indonesia but contrasting examples from other Asian countries
will be offered when possible The first section deals more fully with



316 C sa Aa

improved cassava cultivation practices for raising farm yields The second
section describes the program requirements and necessary economic
mcentives for the adoption of improved cultural practices and discusses
some secondary effects of greater cassava productivity soil erosion and
water pollution from starch production The final section concludes by
summarizing the principal 1ssues for future agro-economc research on
cassava 1n Asia

Improved Cassava Cultivation Practices

The agro climatic conditions of cassava production vary considerably in
Asia Cassava s almost exclusively a rainfed crop and 1s planted in areas
with widely varying levels and patterns of seasonal rainfall Although most
cassava1s grown at altitudes below 1 000 meters topographical conditions
range from level lowlands to steep and often unterraced hillsides Soils
vary correspondingly from deep and fertile to thin and highly degraded
Because of cassava s agronomic charactenstics however i1t 1s most com
monly grown 1n environmenis representing the less favorable extremes of
these spectrums 1t 1s tolerant of drought and poor soils and 1s less prone
than the other major food crops to severe losses to pests and diseases
Although productivity 1s typically low cassava ywiclds rehably and as a
result the crop adds stabihty to farming systems in marginal upland areas

The socioeconomic characteristics of cassava producing areas also vary
widely Population densities and labor availability are low in northeast
Thailand and on the Indonesian 1slands off Java Population pressure 1s
much higher on Java and 1n India with the result that cassava 1s often
intercropped intensively with staple and cash crops Inthe better endowed
producing areas of Indonesia farmincomes are relatively high and cassava
1s grown principally for market but the crop 1s a basic subsistence staple in
poorer regions where 1ts importance 1n terms of area 1s greatest

The nature and intensity of cassava cropping systems are diverse but 1t
1s generally true that labor 1s the major variable production input Labor
intensity varies as a function of population density land productivity and
market opportumties for outputs and for the farmer s own labor Reported
labor use 1n cassava production ranges from 60 75 days per hectare 1n areas
of Thalland Malaysia and the Philippines 10440 550 days per hectare on
densely settled Java (Lynam 1983 Roche 1983) Animal and mechamical
power are used 1n land preparation and tillage operations in some regions
while manual labor predominates in others The generally low use of
non labor inputs particularly fertihzer 1s related to cassava s agronomic
characteristics but 15 more fundamentally determined by economic
constraints relauve prices market information and farm cash incomes
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The vaniability of production environments will complicate efforts to
develop and promote improved cultivation practices for cassava Research
and extension recommendations must be location specific particularly in
regard to vanicties and the intensity of labor and non labor input use It
appears that general recommendations can be made for only a few specific
practices most notably the preparation of planting matenal and weeding

As a first step 1n the design of a regionally coordinated program for
cassava a very useful research task would be the development of an
operational typology of Asia s cassava production environments based on
agro climatic and socioeconomic cniteria Such a typology should assess
the sigmificance of these environments in terms of area population present
and potential productivity and specific constraints The simple classifica
tion of Java s producing areas in Table 2 1s a first step in this direction but
would require considerable amendment to be of practical value to
agricultural scientists A goal for the typology should be that the variables
are easily quantifiable using secondary data or rapid field measurement
techniques

Cassava vaneties

Research at CIAT and other cassava centers has demonstrated the
benefits of locally adapted varicties as one component of a package of
improved practices for cassava (see for example Toro 1979) The
development and release of supenior vanieties will be a major goal of future
cassava research in Asia and will require an active commitment to the crop
on the part of national agricultural agencies The case of Indonesia 1s
perhaps typical Aithough yield tnals of local and introduced varieties
have been conducted by agronomists in many areas and for many years no
serious efforts have been made by the extension service to demonstrate and
release appropnate varieties at the farm level

The agronomic charactenstics desired of supenior vaneties will depend
upon the agro climate farmingsystems and end uses of cassavain a given
producing area Although cassava is relatively tolerant of acid soils and
drought appropriate varieties must be selected 1n accordance with local
conditions of pH and seasonal rainfall In regions where intercropping 1s
practiced as in much of Indonesia the cassava variety must be
appropnate for the planting and growth patterns of the companion
intercrops across space and time How well new cassava varietes fit into
current iatercropping systems will be a major deterrmnant of their
acceplability to farmers who may view cassava as secondary in im
portance to the intercrops despite the fact that cassava often contributes
the largest single share to the total value of output Ingeneral the varieties
most desirable will be non branching types which estabhish canopy cover
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slowly over the course of 3 or 4 months but the specific requirements will
vary depending upon the growth habits of the primary intercrop grain
legume or vegetable When cassava 1s interplanted among tree crops
shade tolerance will also be a relevant consideration in varsetal research
Finally highstarchcontentis adesirable quality of cassava varieties in all
production systems but root celor moisture percentage and HCN
content are additional concerns when the crop 1s to be directly consumed 1n
fresh form

Preparation of cassava planting matenal

In Indonesia asis probably true throughout most of Asia cassava stalks
are stored under adverse temperature and humidity conditions for periods
of 210 4 months between harvest and replanting Java s farmers report that
sigmficant percentages of cuttings often fail to germinate and must be
replaced several weeks into the growing season CIAT strongly recom
mends the careful storage handling and selection of planting material in
order to ensure mgh sprouting rates and vigorous early growth (Lozano et
al 1977) An incxpensive fungicidal treatment has also been recom
mended prior to planting but recent research has called this practice into
question because of a potentially negative effect on mycorrhizal fung)
which live symbiotically with plant roots and facihitate cassava s uptake of
phosphorus (Howeler 1980) Because CIAT s recommendations can
sigmificantly increase yields for a very low cost per hectare research and
extension for these practices 1n Asia should certainly be given a high
priority

Cassava pests and diseases

Cassava s reputation for pest and disease resistance may be warranted 1n
Indonesia but little reliable information exists and the matter deserves
systematic study On Java the incidence of red spider mutes ( Tetranychus
urticae) and cassava ash disease (Ordium maruhotis) 1s often high during
the dry season but the resulting damage 1s apparently minor rarely do
farmers report losses exceeding 20% of expected yields Cassava bactenal
blight (Xanthomonas manihouis) 1s reputed to be a senous concern in
1isolated areas of north Java and within the past few years on some
cassava estates in the province of Lampung Sumatera but 1s probably of
minor importance overall 1n Indonesia Varous types of cassava root rot
problems caused by soil fung! are common on heavily textured poorly
drained soils but overall losses are again reportedly small This sketchy
information 1s based largely on farmer interviews and should be augmented
by more systematic research by plant protection specialists The assessment
of the economic importance of cassava pests and diseases in Asia would be
an important objective of the production systems typology proposed
above
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Weeding

Proper weeding of cassava 1s known to be important for high
productivity Only the more vigorous cassava varieties can compete
successfully against weeds during the first 3 to 4 months of the crops
growth (Lethner 1980) Inlabor abundant agricultural economies such as
Indonesia and India current manual weeding practices may already be
adequate On Java and Lampung for example labor use for weeding
ranges between 70 150 days per hectare in typical cassava cropping
systems (Roche 1983) However inthe considerably less intensive cassava
systems of Thailand Malaysia and the Phlippines 1nsufficient manual
weeding may be contributing to reduced yields Inthese systems total labor
use 1s reported to range between 60 75 days per hectare (Lynam 1983) To
the extent that labor availability and high wage rate are limiting factors
alternative cultural and chemical practices can substitute for manual
weeding Lethner (1980) reports success with a variety of weed contrel
techniques involving various combinations of capital and labor inputs 1n
Colombia (Table 3) Mulching which also adds organic matter and
conserves soil moisture could be a particularly attractive possibility 1n
Asian farm settings where there exist readily available supplies of raw
ma enal(rice maize and sugarcane residue) Because proper weed control
can have a major impact on cassava ylelds research and extension for
these techniques could be highly profitable for Asian farmers

Cassava fertihzer requirements

Cassava can produce large amounts of dry matter per unit of land and
as a result the crop will extract considerable soi1l nutrients during the
course of its growth Yields of continuously cultivated cassava tend to
decline when these nutrients are not replaced even though cassava will
continue to produce relatively well on highly infertile soils 1n comparison
to alternative crops There 1s considerable agronomic evidence of cassava s
gene al fertilizer responsiveness in Asia although there has been vanance
both within and among countries in the effect of specific nutnents
Howeler (1981) cites research conducted 1n India Thailland Malaysia and
Indonesia and concludes that nitrogen and potassium are the principal
limiting nutnents 1n Asia Cassava s response to phosphorus has usually
been minor

This general pattern has also been observed 1n agronomic trials on Java
where per hectare fertilizer recommendations range between 70 135 kg N
30-45 kg P,O; and 50 100 kg K (Indonesia various years) Within these
levels of application farmers can expect to obtain between 10 35 kg of
cassava for each kg of fertilizer used on average Prices of urea and triple
superphosphate (TSP) are heavily subsidized 1n Indonesia and at present
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cassava prices farmers in Java s more marginal areas could expect the
incremental vaiue to-cost ratios from fertilizer to range between 4 6 1
(FAO 1979 Effend: [980)

Despite the apparent profitabihity of fertilizer and its ready availability
in markets on Java official statistics and extensive field observations
suggest that little 1s generally applied directly to cassava (Roche 1983)
Low average fertilizer use on cassava has also been reported in Thailand
Malaysia and Kerala (Weber et al 1979) A detailed understanding of
the economics of cassava fertilization in Asia would seem to be a key
research prionty Fertilizer prices may be too high to justify the use of this
input in Thailand Despite the subsidies 10 Indonesia fertihzer is
nonetheless an expensive mput for Javas small farmers who have
traditionally altocated himited inputs to preferred staple crops and may
often be unaware of cassava s fertilizer responsiveness

Sufficient evidence of the potential profitability of fertilizer use exists in
Indonesia to warrant a serious program of on farm research extension
and demonstration trials in the major cassava producing areas Farm level
fertihzer trials would serve two important purposes They would result in
locally appropriate recommendations for dosages of specific nutrients and
would be a vehicle for showing farmers what they could be achieving

The specific concerns of on farm research and extension will vary in
Asia depending upon relative fertihizer and cassava prices local chimate
and so1l conditions and present cassava cultivation practices In Indone
sia special attention should be given to the overall nutrient requirements
of intercropping systems which include cassava upland rice and maize
Particular attention should be given to cassava s potassium needs because
forms of this nutrient are expensive and scarce in markets Although
cassava s response to potassium has not been consistent 1in Indonesian
agronomic tnals 1t has often been large and highly significant where
observed The practice of cassava leaf removal prior to root harvest 1s
widespread resultingin lower root yields of many varieties and forestalling
the natural recycling of nitrogen that would occur if foliage were left to
decompose 1n the so1l The economic benefits and costs of this practice
should be investigated Methods of fertilizer application can probably be
improved 1n upland areas where fertilizer broadcast on steep hillsides can
be lost with soil runoff

Cassava intercropping systems

Although most of Asias cassava 1s planted in pure stands cassava
intercropping predominates in several regions and 1s particularly suited to
small labor intensive farms Individual crop yields may be lower n
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intercropped stands but overall land productivity is generally much
greater and the stability of total carbohydrate output (food calories) may
be higher as well * Cassava intercropping requires more labor input than
pure stands with positive implications for employment and income
distribution 1n rural Asia For these reasons research on intercropping
systems will often be more relevant than research on cassava alone

Cassava intercropping systems vary widely 1n Asia Staple cereals and
legumes are typical intercrops throughout Indonesia while systems
involving cassava and tree crops are said to be more common 1n India and
Malaysia (Weberet al 1979) A systematic agro-economic assessment of
the more commeon systems would constitute a useful starting point for a
regionally coordinated program of cassava intercropping research A
primary goal of future research should be to build upon current systems by
developing improved cropping practices that are appropriate for the
specific conditions existing at the farmers level New cropping systems
which diverge too greatly from current practices or which require too
much of a scarce input are likely to be unacceptable to farmers Cassava
intercropping research 1n Indonesia illustrates this point

In the westernslands of Indonesia where rainfallis relatively abundant
the basic rainfed intercropping systems consist of maize upland nce and
cassava (Figure 1) The rice and cassava are planted at near pure stand
density (25 em x 25 cm and | m? respectively) while maize 1s planted in
wide rows Minor legume crops may be interpianted along field edges and
can contribute significantly to total output value Moderate quantities of
fertilizer and occasionally pesticides are used on the cereals but hittle or
none are directly applied to the cassava

During 5 crops years between 1973 78 agronomic research on this
cropping system was conducted on acid 1nfertile soils in transmigration
areas of Sumatera The results demonstrated that productivity and
profitability can be increased substantially with locally adapted combina
tions of selected crop vaneties (including new late season legumes) greater
fertilizer and pesticide use mulches and plant spacing arrangements
which reduce competition for sunlight The new agronomic practices were
consistently supenor during all 5 years of the experiments and also reduced
the varniability of output and net profitability (Table 4) Absolute vanance
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of output increased with average yields but coefficients of variation
declined significantly for most crops as a result of the use of fertilizer hime
and mulches The increase in vanance was very small for the early maize
upland rice and cassava suggesting stability in overall cutput of the major
staples of the system

Despite these apparent benefits an evaluation in 1980 indicated that the
new recommended practices had not been adopted by any of the farmers
living near the experimental sites (personal communication Richard
Bernsten Winrock International) The single exception was one large
farmer who planted the improved systems on0 5 ha of his 10 ha holding as
acooperative demonstration exercise with the local extension service Itis
likely that the improved system was simply too labor and capnal
intensive to be feasible under the conditions of transmigration areas where
markets for fabor credit and other inputs are poorly developed The
complexities of the improved system also put a heavy burden on the
extension service

These practices would be much more approprate in the labor intensive
uplands of Java but differences in soils and rainfall would probably
prevent the direct transfer of the Sumateran research results Even on
Java competing demands for farm labor —for example n irngated rice
fields— would occasionally conflict with the seasonal labor requirements
of the Sumateran system Insum an understanding of resource availability
and farmer decision making 1s an essential first step in the development of
locally adapted cassava cropping systems

Policy Issues and Program Requirements

Cassava productivity increases will require both locally adapted cost
reducing technology and the economic incentives for s farm level
adoption The latter will depend primarily upon cassava prices although
the cost of inputs particularly fertihzer wall also be important The
commtment to develop and extend new technology will depend on the
perceptions of policymakers as to the potential role for cassava in meeting
food policy objectives increased incomes of poor farmers adequate
nutrition for poor consumers food security and efficient economic
growth(Falconetal 1984) Environmental concerns will also be relevant
in the case of cassava

In many Asian countries during the 1960s and 1970s a considerable
degree of centralization was possible 1n national programs of research and
extension for the new irrgated wheat and rice technologies The hmited
research resources of the national programs were concentrated 1n a few
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sites 1n the successful efforts to adapt the fertilizer responsive varieties
developed imtially at the international centers In Indonesia a single
extension and credit package Bimas paddy was organized and adopted
throughout most of the country s irngated rice areas It 1s unlikely that
such centralization will be possible 1n the 1980s as policy attention 1s
focused increasingly on non nice crops and the development of Indonesia s
agro-chmatically varied rainfed areas

Program requirements

The elements of a package of improved practices could be highly
profitable for Asia s cassava farmers However the variability of Asias
uplands and the particular agro chimatic constraints of many cassava
producing areas will require that adaptive research be much more site
specific than was the case for irrigated wheat and rice Because well trained
research staff are hmited the responsibility for identifying and testing the
primary components of improved cassava systems —varieties fertihizers
and intercrops— must fall upon local extension workers to a greater extent
thaninthe past InIndonesia these workers have been trained pnmanly in
production methods for rice and additional short term training may be
necessary 1n the complexities of rainfed cropping systems

Input distribution systems are likely to constitute serious constraints 1n
efforts to deliver new technologies to farmers The introduction of new
cassava varieties will be slow unless rapid propagation methods are
utihzed but the application of these techmques has not yet been
undertaken in Indonesia Fertilizer distnbution channels forurea and TSP
are well developed on Java but fertihizer 1s less readily available on the
other islands and potassium is difficult to obtain throughout the country
Delivery capacity would also be a severe constraint to the adoption of
improved intercropping systems based on improved varieties because
Indonesia s breeder seed production programs are presently very small for
crops other than rice

Marketing infrastructure must also be developed 1n both the ssolated
uplands of Java and more generally on the Indonesian islands off Java
Feeder roads will reduce markeung costs and enhance the farm level
profitability of all upland crops but would have a particularly large impact
on cassava because of this crops low value 10 weight ratio and per
ishabilny (see Unnevehr 1982 for a detailed discussion of cassava
marketing in Indonesia) Private or public investment in small to medium
scale cassava processing facilities would be one way of increasing farmer
returns in 1solated areas and would also generate employment during
cassava harvest periods
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Farm credit may be an additional program requirement 1n many upland
areas especially for cassava systems with new fertilizer recommendations
and forintercropping systems Upland farmers tend to be more subsistence
oriented than their lowland counterparts and their ability to purchase cash
inputs 1s often hmited Because repayment rates have been disappointing
it Indonesia s credit programs for rice 1t may seem difficult to justify
credit for secondary less preferred staples like cassava which are grown
under more inherently risky rainfed conditions However cassavatendsto
yield reliably and larger shares of production are marketed by farmers than
1s typical for other staple crops High and relatively stable cash receipts
would constitute a sound basis for credit programs for cassava as
compared to other rainfed crops It might be possible to tie the extension of
new technology and farm credut to final sales of cassava to local processors
whether public or private Various types of farmer processor linkages are
now being attempted in Indonesia but the results have not yet been
investigated

Although there could be a role for the private sector 1n the extension of
new cassava technology the tasks of inihal research and development
must be a government responsibility The necessary adaptive research has
yet to begin in earnestin Indonesia where agronomic work on cassavaisa
secondary activity at the country s major agricultural research institutions
The above discussion has relied on Indonesian examples butitis probable
that many of these program considerations will anse elsewhere 1n Asia
Given the predominant importance of rice in Asian food economies the
commitment to develop cassava and more generally rainfed cropping
systems could result in serious trade offs 1n the allocation of limited
research resources among rice and other crops

Cassava s role in food and farm policy

In view of the complexities involved 1n developing and promoting new
technologies for cassava cropping systems policymakers must be con
vinced that the social benefits outweigh the investment costs The balance
between benefits and costs will be influenced by the expected supply
demand and prices of cassava and cassava substitutes in domestic and
world markets The potential benefits of improved farm practices in
relatively poor agricultural arcas mught also be weighted heawily by
policymakers

Cassava prices in Asian producing countries will generally be determined
at the intersection of the domestic supply curve and the total demand curve
representing domestic and international markets In Indonesia the
nternational supply curve of cassava starch becomes a determinant of
prices in years of low domestic food supplies but this occurs infrequently
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according 1o Falcon etal 1984 Given present trade policies in the major
cassava importing countries the international demand for cassava chips

pellets and starch is predicted to grow slowly or stagnate during the
coming years (Nelson 1982 Lynam [983) As a result most Asian
producers would be forced to rely upon the domestic market to absorb the
production increases possible with new technology However the pro

fitability of alternative domestic uses of cassava will continue to be affected
by the strength of the price linkage between Asian producers and world
markets for cassava products

Cassava s role as a cheap calorie source for poor consumers would be
enhanced if supply increases lead to lower prices However evidence from
Indonesia India (Kerala) and the Philippines indicates that the direct
demand for cassava declines as consumer income rises (Lynam 1983) The
demand for food and non food products made from cassava starch 1s hkely
to increase with income but per capita consumption of these products 1s
relatively low Hence the total direct demand for cassava will grow more
as a function of population than of consumer income although domesuc
price policies for other staple foods particularly rice and wheat flour will
influence the overall level of cassava demand at any point 1n time

The two principal sources of new cassava demand are the hvestock feed
and sweetener industries Consumer demand for meat products and
sweetleners tends to be highly income elastic and 1s expected to grow
rapidly 1in Asia during the coming decade In the sweetener industry
cassava would compete with maize and sugarcane in supply(crop areas for
production of raw materials) and 1in demand Cassava would compete
principally with maize in compound feed mixtures but the profitability of
dried cassava 1n rations will also depend upon the prices of protein
supplements such as soybean and leaf meals

Domestically produced cassava could substitute for maize in the
Malaysian Philippine and Indonesian feed industnies (Lynam 1983) In
Malaysia and the Philippines such a substitution could result in significant
foreign exchange savings (Table 5) The efficiency of this substitution
depends upon world cassava and maize prices and the relative domestic
resource costs of producing feed ingredients Improved cassava tech
nology would doubtless reduce production costs per ton of output
conservative estimates from Java suggest that selected varneties and
increased fertilizer use could lower production costs by as much as 35% 1n
pure stand cassava systems (Roche 1983) At the same time new downy
mildew resistant hybritli maize technologies could have an equally
dramatic unpact on maize production costs in Asia (Dorosh 1984)
Demonstration trials and extension programs for hybnd maize have
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begun 1n the Philippines and Indonesia but the data necessary for a
detailed evaluation are not yet available

The potential for cassava is more problematic in the sweetener mndustry
At current and projected world prices of cassava and raw sugar this end
use of cassava could be justified only if very high priority 1s placed on
domestic food security objectives Malaysia and Indonesia depend upon
imports for large percentages of domestic sugar requirements and
international sugar prices have historically been quite volaule Cassava or
corn based sweeteners would be a means of reducing import dependence
In Indonesia this substitution would permit productive irrigated land to
be taken out of cane production and used instead for rice a mare valuable
crop for which import dependence is also high However the necessary
industrial technology 1s capital intensive and costly as compared to that
forrefining cane sugar Foi cassava large subsidies would be necessary to
make fructose production profitable at the present ime Such a subsidy 1s
provided impheitly in Indonesia in the form of trade barriers which result
in high domestic prices of refined sugar Several medium scale cassava
fructose plants are currently operating or under construction These plants
will be moderately profitable at the levels of present domestic prices but
their competitive edge would disappear entirely 1if sugar trade restrictions
were ehminated (Roche 1984) Aswith cassava s potentialrole in the feed
industry however this outcome could be modified if cassava production
costs and prices were lowered sufficiently

In some of the better endowed rainfed areas of Indonesia cassava
maize and sugarcane are substitutes in farm production A varnety of
government policies both domestic and external affect the relative
profitability of these crops in different ways Farmers at times respond
rapidly to changing policy incentives by making sigmificant substitutions in
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areas planted Programs to develop and extend new technologies will
further affect relative profitability

Sensible policy decisions should be guided by a detailed understanding
of the private and social profitability of current and improved production
systems for cassava maize and sugarcane on similar land types in
Indonesia Iniual studies indicate that the farm level profitability of
cassava exceeds that of maize under the cultivation practices currently
recommended by local extension services (Suryana 1980 Roche 1983)
However comparative studies of sugarcane have not yet been undertaken
and there 1s also a need for systematic comparisons of hybrid maize with
cassava grown under the full set of improved practices outlined 1n the first
section of this paper

The possibilities for crop substitutions are fewer 1n Indonesia s poorer
agricultural areas where cassava tends 1o have a major role 1n farming
systems On efficiency grounds one would normally argue for concen
trating cassava research and extension efforts in regions of high potential
productivity and assigning lower priornity to marginal production en
vironments The development of improved technologies wouid be more
difficult 1n areas agro climatically constrained by poor soils and rainfall
but the relative impact on farmer incomes could be substantial Although
absolute yield potential may be low the real costs of cassava production
are likely to be low as well because alternative opportumties for land and
labor are lmited Hence the trade off between equity and efficiency may
be minor in efforts to increase cassava productivity The principal choice 1s
likely 1o be between development costs and the regional distnibution of the
benelits of improved cassava technology

The above examples have again been drawn from Indonesia but the
general 1ssues are relevant in varying degrees throughout Asia Cassavas
mulupie end uses require that prospects for the crop be assessed withinthe
full matnix of policies alfecting the supply and ultimate demand for Asias
basic staples The potential substitution interlinkages 1n demand wiil be
stronger than those 111 supply because cassava 1s a minor commeodity 1n
Asia s most productive agricultural areas

Cassava soil erosion and water pollution

Cassava has the undeserved reputation of being a soil depleting crop
Cassava does extract large quantities of so1l nutrients and soil fertility will
naturally dechine if these nutrients are not replaced but cassava s nutrient
removal 15 not excessive as compared to other staple crops (Jones 1959)
However because cassava tolerates poor soils 1t tends to be a major crop
1n steep and highly eroded areas where little else can be grown as
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profitably Under such conditions cassava can accelerate erosion because
of limited canopy cover during us early growth and so1l movement during
harvest Although a number of ameliorative innovations should be
investigated they would not constitute a complete solution to a dilemma
brought about fundamentally by the pressure of people on land n Asia

Bench terracing would be highlv desirable on steep hillsides but the
labor costs would be percelved as excessive by most farmers particularly
in areas such as northern Thailand where much cassava s planted illegally
on state forest lands The effective enforcement of land use prohibitions
would be administratively difficult and might result in unacceptable social
tensions in forest areas The planting of cassava on contour rndges 1s an
intermediate step that should be encouraged where possible Mulching
would be a complementary practice that could also raise cassava yields
The use of fertilizer particularly nitrogen would promote faster canopy
closure early 1n the crops growth when erosion potential 1s greatest
However farmersin Asia s marginal uplands are generally the least able to
purchase fertihzer Cassava intercropping systems provide denser ground
cover than pure stands but would be technically difficult to develop on
unterraced hillsides where topsoil loss 15 most severe

Soil runoff 1s not the only problem associated with cassava production
Effluents from cassava starch processing constitute an additional form of
water pollution that can have serious environmental effects In Indonesia
cassava wastes have damaged rice crops caused intestinal illnesses 1n
humans and lvestock and made water supplies impotable 1n areas
downstream from starch factories in southern Sumatera (Jakarta Post
1984) Field observations suggest that similar problems could be comman
in the starch production centers of west and east Java Environmental
damage will grow in magnitude as starch production expands but there
are at present no exphat regulations to control this form of industrial
pollution An assessment of the costs and benefits of alternative remedal
measures should be considered as part of a regional program for cassava
development

Conclusion

Substantial agronomc evidence supports the view that acombination of
selected vaneties and several straightforward cultivation practices can
profitably increase cassava productivity Considerable field testing will be
requured to locally adapt these practices in Asia s varied cassava producing
areas The principal constraints to increasing cassava production are likely
to be economic rather than techmical and will operate more on the side of
cassava demand than supply In Asias better rainfed regions policies
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affecung relative production costs and returns should be assessed to
ascertain the potentuial supply impact of new technologies that could cause
sigmficant substitutions 1n area between cassava and other crops Cassava s
agronomic characteristics assure the crops umportant role 1n Asias
poorest agricultural areas where much cassava will be growneven when uts
relative price 1s low Although potential cassava yield increases may be
relatively small in these areas their effect on incomes and welfare could be

quite large
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Postharvest Research Prionties for Cassava 1n Asia

o
Diane M Barrett

Introduction

One of cassava s principal advantages over other carbohydrate crops is
1ts ability to be used 1n vaned product forms Although the comparative
food value of cassava to other carbohydrate crops 1s low when one
compares costs of production and calone yield per hectare per man-days
or per capital investment cassava dominates other starchy staples The
reduced nisk to disease drought and chimatic uncertainties also favors
cassava

Cassava utilization patterns in Asia vary substantially from country to
country In Thailand cassava 1s produced almost entirely for starch and
pellet exports Cassava 1s not consumed directly for a food source in
Thailand however domestic consumption of cassava starch has been
increasing rapidly in the past decade Cassava use1n Indonesia the second
largest Asian producer differs throughout the country On Java where
62% of Indonesia s population resides cassava is used pnmarnily as a food
whereas 1n South Sumatra cassava goes to ammal feed production and
export Cassava produced in the Phuhppines 1s used predominantly for
domestic food and starch production In Malaysia the majority of cassava
produced 1s used domestically as starch Finally Indias utihization s for
both human consumption (in Kerala} and starch production (in Tamul
Nadu)

The ability of cassava to grow under diverse agricultural conditions and
the variety of 1ts end uses has resulted 1n a wide range of utilization patterns
among countrnies However there 1s a general similanty in postharvest
research needs for specific end products Therefore this paper discusses
research needs on a product basis rather than a country basis

D MB p hrv b pp | h Az yf Ag t IR hod
De lanm € IR hl f F dC B 1d
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Harvesting and Processing Problems

Difficulties in the postharvest cassava system pose some of the principal
restraints to the future potential of cassava markets The postharvest
quality of cassava must always be considered in terms of pre harvest
practices which have a significant effect however for the purpose of this
paper discussion focuses on difficulties encountered during and after
harvest

Some researchers have suggested that postharvest losses of cassava may
amount to 20-25% However most technologists working with cassava in
developing countries would estimate that losses are much higher The
major losses are incurred during drying and storage which are seldom
carried out with adequate care Difficulties in each postharvest step and
with each major cassava product are discussed briefly

Harvesting

Opumal harvest imes for specific varieties are seldom known and roots
are often harvested either too young {starch not properly developed
therefore content low) or too old (starch content reduced hgnification
begun) Harvesting 1s generally done by hand and great damage 1s often
incurred due to lack of care in Lifung roots from the ground Damage
during harvesting provides sites for the imitiation of physiological deteno-
ration (Booth 1978) In addition manual harvesting 1s time-consurmng
and tedious Mechamcal harvesting methods have been evaluated at
CIAT however capital equipment costs may restrict their use to large
plantation scale operations Also the introduction of machines would
have a deleterious effect on employment opportumties Losses could be
reduced if farmers are made aware of improved harvesting methods and if
simple 1mproved manual tools are introduced

Transporting fresh roots

Fresh cassava roots detenorate within a few days after harvest due to
both physiological processes and mold attack (Booth 1978) Inlight of this
rapid deterioration and the fact that cassava roots are very bulky afid
occupy a lot of space transportation 1s difficult and depending on
distances expensive Unless a cassava producing area is located near a
fresh root processing factory or the market price of fresh cassavaishigh 1t
15 usually more economcal for farmers to pre process or dryroots priorte
storage or sale

Peeling and cleamng

Proper peehng and cleaning operations are important to the production
of a high-quality product Often cassava roots are not well peeled and
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cleaned prior to subsequent processing and the resulting product 1s highin
fiber siica and other residues However some pelletizing factories in
Indonesia specify that farmers leave a certain amount of peel on their roots
in order to increase product weight since as Manurung (1974) has stated
it does not seem necessary to peel roots for animal feed purposes Another
factor to consider 15 that most bitter cassava varnieties which are the
predominant varieties for industnal purposes have the greatest hydrogen
cyanide (HCN) concentration in the peel Starch processors must also take
care 1n their peeling and cleaning operations in that improper practices will
prohibit the production of the whiter more desirable starch Farmers
rarely clean their roots prior to drying with the result that the amount of
dirt incorporated 1s high I[nstallation of root cleaners in commercial plants
would be an added capital expense but would upgrade product quality
tremendously

Size reduction

The purpose of size reduction {cutting chipping and shicing)is to make
the bulky roots more manageable and to hasten drying The increased
surface area of cut roots allows moisture diffusion to occur faster Roots
which are not reduced 1n si1ze often suffer from mold attack and are more
likely to pick up foreign matter On the other hand size reduction requires
additional labor and some farmers argue that whole dried roots are easier
to pack and carry Diried shces or chips may break more asily and result in
higher losses during drying and transportation In addition many times
there 1s no economic incentive for farmers to produce smaller better-dried
and therefore higher-quality cassava chips

Sun drying

The vast majority of cassavais dried in the sun while asmall percentage
that produced on a commercial scale 1s artificially dried Sun drying rates
depend on root size drying surface aeration and turming frequency
Manurung (1974) reported that the overall heat efficiency of sun drying 1s
only 11 14% duetoincomplete absarption and re radiation heat transfer
by convection to the atmosphere and heat transfer by conduction through
the drying floor (if used) to the ground

At the commercial level improved methods of root drying such as the
use of blackened surfaces raised and/or inchned trays and frequent
turning may be implemented without restricion At the farm scale
however the farmer s usually limited as to space for d-ying and money for
investments such as concrete and matenals for trays Perhaps the biggest
deterrent to upgrading drying methods at the farm level 1s the farmer s lack
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of awareness that a better method exists and lack of the technical
knowledge to implement improved methods The development of coop

eratives at the farm and processing levels wouid serve to coordinate the
multitude of small unuts currently processing cassava and would assist in
technology improvement Another factor playing a part m poor drying
technmques 1s the lack of acceptable workable grades and standards for
quality control and the difficulty of implementation and supervision

Artificial drying

Although the costs of equpment fuel and maintenance used
artificial drying are high other advantages outweigh these disadvantages
in large scale cassava root processing operations These advantages
include reduction of space and labor lack of dependence on weather
conditions and better control of product quality Researchisstillrequired
to monitor time temperature relationships and their effects on gelatin
zation caramelization and case hardeming of cassava during drying
Artificial drying beginning with fresh roots may not be economical due to
their high moisture content and an1mtial sun drying step may be required
It should be possible to coordimate this with activities at the farm level

Storage

The storage of fresh cassava roots 1s hampered by the speed with which
physiological deterioration and mold attack take place Varnous short
term storage methods including rebunal storing under water coating
with mud or wax refrigeration and the use of clamps (earthen and
straw-covered structures covering piles of heaped roots) and moist
packaging to stimulate root curing have been mvestigated In general
these methods require additional inputs of manpower and matenals and
have not been recerved with enthusiasm Recent studies (CIAT 1984) have
concluded that storage 1n econormical plastic bags would insure product
quality for 10 14 days

Dried cassava products are much more stable and storage deterioration
appears to result from exogenous factors such as msect and mold attack
rather than endogenous ones (Coursey et al 1982) in Malaysia and
Thailand dried cassava chips are only stored for a few days before being
sent to farms feed producers or pelletizers In Indonesia however
storage of uncut roots i the farmer s home or processor s warchouse may
be extended and often results in high levels of mold and insect infestation
Farm level storage methods need to be improved and processor level
storage times reduced 1n order to upgrade dried root quality
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Research Needs for Specific Products

Food

Typical steps in food production Both the cassava roots and leaves may
be used for human consumption The average composition of roots and
leaves appears in Tables | and 2 A great diversity of techmiques has been
developed for the production of food products from cassava and these
techmques differ from country to country Some techniques are merely
general methods of preparation which may be applied to any starchy food
while others would appear to have specific objectives such as HCN
reduction or increased storabulity

In Asia food products are created from both fresh and dried cassava
Fresh cassava may be consumed raw or following cooking (boiling
stewing steaming frying roasting baking) in the form of whole tubers
tuber pieces chips or grated cassava It may also be consumed following
fermentation {(Figure 1) Dned cassava 1s used as a food product as well
particularly as gaplek in Indonesia Typical dried cassava processing steps
appearn Figure 2 Cassava leaves are usually processed simply (Figure 3)
and consumed as a vegetable

Consumer preference Cassava 1s generally thought to be an inferior
food Phillips (1974) and Dixon (1982) found that cassava consumption
generally decreased as income increased One exception to this general
trend was found 1n the demand for fresh roots which continued to increase
to acertain level Cassava consumption differs in rural and urban areas In
Indonesia forexample urban demand i1s low and 1s geared almost entirely
towards fresh cassava as a snack or vegetable whereas rural demand 15
higher and 1s fairly evenly divided between fresh and dried cassava which
function as a staple food (Dixon 1982) If domestic consumption of
cassava and cassava products s to increase 1t will be necessary to upgrade
the prestige value of cassava and to change the conception of 1t as a poor
man s food

Nutritional composition In order to objectively analyze the question of
cassava s so-called inferionty one 15 required to look at nutritional
composition and energy value as related to alternative staples Cassavais
basically a starchy food (Table 1) and 1ts main value 1s as a source of
carbohydrates Although the comparative food value of cassava to other
starchy cropsislow 1nterms of cost of production and yield of calories per
hectare cassavacomes out ahead (Table 3) On adried root basis calories
per 100 g of edible material are similar 1o those of rice and maize Cassava
1s nich in vitamin C and calcium but poor in protein and other vitamins and
munerals The protein content of cassava is not only low but 1t 1s of poer
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quality A mayjor proportion exists as sumple nitrogenous compounds
Digestibility of cassava protein 1s simular to that of nice with ap-
proximately 48%, biological value Cassava protein 1s low 1n the essential
amno acids lysine methionine and tryptophane

It has been reported that traditional processing techmques generally
have a detnmental effect on the nutritional value of cassava, reducing the
protemn vitamin and mineral content even further At the present time
therefore cassava must be viewed principally as a source of carbohydrates
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Meanwhile research on genetic improvement of cassava is taking place 1n
various locations CIAT has selected a new vanety Llanera with 7%
protein (dry basis) and the International Institute of Tropical Agriculture
(IITA) 15 investigating yeliow fleshed varieties with high carotene Po
tential methods of upgrading the protein content of cassava besides
breeding involve fermentation and microbial synthesis of protein (Seelast
section of this paper )

Hydrogen cyamde presence An aspect of cassava composition that
causes concern 1s the presence of HCN Hydrogen cyamde content of
cassava depends on many factors the most important of which 1s genetic
constitution An analysis of the HCN content of cassava leaves bark and
roots of two clones having relatively low HCN concentration (about 50 ng
HCN/g fresh weight) and two clones having relatively mgh HCN
concentration (about 200 pg HCN/ g fresh weight) 15 shown 1n Table 4
Hydrogen cyanide 15 one of the most powerful poisons known 50-60 mg
HCN s alethal dose for an adult male weighing 50 kg (Nesteletal 1977)
Cassava contains two cyanogenic glucosides hnamarin and lotaustralin
which are hydrolized in the presence of the endogenous enzyme linamarase
to liberate hydrogen cyanude Therefore in order to bring hinamarase 1n
contact with cyanogenic glucosides tissue cells must be ruptured and HCN
ehiminated by volatilization or solution 1n water

Traditional methods of cassava processing appear to reduce HCN levels
considerably however Lttle pubhshed information exists on this subject
Inaddition past analytical methods for HCN detection were questionable
and results vaned a great deal A new more sensitive method for HCN has
been developed recently and 1t 1s hoped that use of this methocd will clanify
past discrepancies Future research needs include analysis of traditional
detoxification methods and resultant products agronomuc practices
influencing HCN concentration and genetic manipulation to produce a
cassava vanety low 1n HCN content

Desirable varetal charactenistics Cassava vaneties for human con
sumption should possess the following charactenstics hgh starch and
improved protein contents low HCN content high degree of consumer
acceptance {(appearance texture odor and taste) ease in preparation a
variety of utibzauon properties, and extended keeping quality after
harvest

Starch

Typical steps i starch production Starch production techmques differ
slightly depending on location and size of operation A flow chart forsteps
involved in large scale starch production appears in Figure 4 while the
steps for small scale production are illustrated in Fagure 5



P th R P 349

Tbl 4 Distnbt ofgl osidei plants ffour lo es (g HCN/g f esh w ght)

P fpl t Cl es A ag
T bo A3 T 25 461

Leaf bl des

Very y u g e p 330 330 490 790 490
Just {1l g ow 420 340 570 1040 590
0ld 250 2i0 320 730 380
Leaf stalk

Very y g p so 400 750 770 940 720
Just £ {i gr wn 210 350 350 460 340
Old 120 110 170 180 150
Stmb k

Near Idest | 270 350 550 1330 630
At 2 flafle part 90 230 330 580 310

3
At 1l f 1 afl ss part 190 420 430 650 420
3

Lowest part 550 680 900 970 780
Bark f ttng 190 370 810 390 440
Bark of t be us ts 400 540 890 730 640
1 part ft beo ots 36 55 210 240 140

S urce N tland G ham 1977

Supply of raw matenals Lack of a consistent and dependable supply of
raw matenals 1 e cassava roots and water 1s often the biggest hmutation
in starch production Edwards (1974) calculated the raw matenal needs for
vanous sized factones (Table 5) Many times not enough thought 1s given
to factory location or feasible factory size prior to construction and the
starch processor finds toc late that the factory 15 not able to run at
optimal capacity

Starch quality The quality of starch produced 1s often low due to lack of
knowledge and/ or technical supervision For example water for washing
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roots may be either unfiltered nver water or well water for starch
extraction either filtered river water or well water may be used Failure to
use clean water will resuit in the incorporation of impurities in the starch
In addition cyamde 1s known to react with iron and other metals which
may be found in water and produce dark compounds Insufficient drying
of starch will encourage the growth of mold Standards for cassava starch
have been developed in vanious countries (Table 6) 1n order to insure
quahty However these standards differ drastically It should be empha
sized that in order to eliminate microbial growth the maximum moisture
content allowable in cassava starch 1s 14%

Samtation The need for sanitary practices 1s often not sufficiently
stressed It 1s common for piles of cassava peelings to sit in peeling rooms
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attracting insects and rodents Often cleaming equipment and pressing
cloths are not cleaned frequently and picces of root become lodged 1n
them and spoil there Finally the fibrous pulp and acidic water produced
as waste products arc not always properly treated but rather dumped
directly into the nearest river Ingeneral samitary practices require greater
care than is currently practiced

Desirable varietal charactenistics Cassava vaneties destined for starch
production should possess the following characteristics high starch
content good quality starch high root yield roots of simpie and uniform
shape thin skin good storage potential palatability in foods and white
color

Ammal feed

Typical steps in ammal feed produchon Cassava products used n
animal feed include cassava meal (residue of roots and chips after starch
processing) cassava chips and cassava pellets The typical steps used 1n
chip and pellet processing are outlined 1n Figure 6 Native and brand
pellets the two types of cassava pellets produced 1n Thailand differ in
processing steps and subsequent pellet quality Brand pellet producers
precondition feed ingredients through the addition of heat and water use
greater heat and pressure in pellet formation and cool the pellets following
extrusion These steps are not usually performed by producers of native
pellets (Thanh 1974)

Supply of raw matenals As is the case with starch the supply of cassava
roots for ammal feed production 1s not consistent or rehable Processors
find 1t too expensive to stockpile cassava feed and unforeseen changes in
feed components also result in economic loss Edwards (1974) estumated
cassava root needs for various sized animal feed factores as outlined 1n
Table 7
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Processing technology Basic studies on the pelletizing charactenstics of
cassava including matenals flow characteristics gelatinization degree
necessary and minimum pressure required are sorely lacking (Manurung
1974) In addiion practical studies of the optimum conditions for
conventional sun drying of shiced or chipped roots comparative eco
nomics of the use of screens and hammer mulls and preconditierung and
cooling advantages must be performed Investigations are presently being
conducted but final recomrr endations are by no means available

Product quality The quality of cassava products used forammal feed 1s
1n general low due to two man factors

1 Poor protein muneral and vitamun content of cassava
2 Lack of quality control 1n processing and storage

The intrinsic quality of cassava as a whole might be 1mproved through
genetic manmipulation or mucrobial synthesis of protein The present
method of overcoming this problem 1s to supplement the feed with
protemns minerals and vitamins

The lack of quality control which 15 fairly universal in cassava ammal
feed production has been the cause for criticism by European customers
Typical complaints are that mimmum starch content (629%) 1s not
achieved maximum sand and foreign matter contents (7% raw cellulose
and 3% sand) are exceeded maximum moisture content (14%) is exceeded
bactena and mold content are too high and pellets are of a poor friable
consistency (Thanh 1974) Standards for cassava flour chips and pellets
are presented in Tables 8 9 and 10 respectively In addition to the use of
these standard analyses simple methods for determination of abrasion
and shatter resistance of pellets should be developed (Manurung 1974)

Storage Storage losses incurred n Malaysia and Thailand are not as
high as those in Indonesia due to the short storage time Coursey et al
(1982) cite reported weight losses due to insect attack of up to 16% 1n 2
months storage 1n Malaysia The most destructive insects in this study
were found to be Rhysopertha dominica Lastoderma serricorne F and
Araecerus fasciculatus de Geer The enforcement of strict quahity stan
dards would fo ce farmers and processors to take more care in their
treatment of cassava amimal feed products In addition the use of
fumigants or insecticides where economical would arrest mfestation

Desirable varietal charactenstics The charactenstics of cassava des
tined for antmal feed might include the following high roct yield ease of
harvesting maxumum foliage without sacnificing root yield high starch
and improved protein content low HCN content roots of uniform size
and shape thin skin and good storage potential
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Hydrolized starch products

The production of hydrolyzed cassava starch products i1e ethyl
alcohol single cell protein and high fructose syrup may provide the
newest market potenual for cassava Each product is discussed briefly
below

Ethyl alcohol Interest in the production of ethyl alcohol from cassava
has imtiated research activities 1in Brazil France and other countries
Ethanclis berng promoted as a replacement for imported fuel The French
Mimistry of Industry and Research recently authorized oil companies to
include a vanable proportion of substitute fuel derived from sugar
producing plants and tubers and seeds that synthesize starch The method
for producing ethy! alcohol from cassava 1s outhined in Figure 7

Mixtures of gasoline with up to 159 cassava alcohol does not 1ncur
difficulties but higher concentratiens result in higher fuel consumption
more tendency to corrode and decreased performance A more in-depth
look at the above effects and economic feasibility needs to be taken before
operations begin on a larger scale

Single cell protein The feasibility of using cassava as a substrate in the
production of single cell protein {SCP) has been venified by research at the
Universities of Guelph and Malaya and the International Center for
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Tropical Agriculture (CIAT) A flow diagram of typical processing steps
appears 1n Figure 8 A method for small scale (3000 liter capacity)
production of a nearly balanced pig feed 1s now possible under nonseptic
tropical conditions (Phillips 1977) The SCP resulting from this processis
not fit for human consumption therefore research activities will be geared
to the animal feed market

Hagh fructose syrup Another emerging market for cassava use 1s in
high fructose syrup (HFS) Increases in global consumption of sugar and
wide varniation 1n sugar prices in recent years have led to the search for
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alternative sweeteners Fructose 1s | 5 times as sweet as sucrose and
therefore would be a feasible alternative 1t 1s now possible using the basic
processing steps outlined in Figure 9 to produce a mgh fructose syrup
containing 42% fructose 50 529 glucose and 6 8% higher sacchandes
from varnious starchy food crops With the additional mampuiation of
column chromatography separation fructose content may reach as high as
90 95% The future potential for HFS production from cassava will rely to
a great extent on world sugar prices and the comparative price of cassava

Conclusions

Cassava utilization patterns differ in each Asian country Starch would
appear to be the major potential market 1n Indonesia and India In
Thailand the Philippines and Malaysia future development oolicies wall
be geared towards the animal feed market with Thailand exporting to
non EEC countries and the Phiippmes and Malaysia using the feed
internally

Postharvest losses of cassava are estimated at a mummum of 20 25%
with major losses occurning during the drying and storage stages Lack of
knowledge of proper postharvest practices and lack of economic incentive
to improve existing practices combine to create a situation where cassava
products are of poor quality

Food consumption 1s restricted by the perception of cassava as an
inferior food and its low protein mineral and vitamin contents

Starch production 1s hampered by the lack of a consistent dependable
supply of fresh roots and water Little care ts taken in sanitary practices
and resultant starch quality 1s often poor

The production of ammal feed 15 also limited by raw material supply
Improvements in present processing methods and greater overall quality
control must be achieved before product quality s upgraded Storage
losses due to insects are high but may be avoided through the use of
furmgants or insecticides

Hydrolyzed starch products such as ethyl alcohol single cell protein
and high fructose syrup have emerged as areas of great potential for
cassava utihzation
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Extending New Cassava Technology - the
Lab-to-Land Program in Southern India

]
M Anantharaman
S Ramanathan

Genesis of Lab to Land Program

The socioeconomic development of the Indian rural population started
with the imtiation of commumty development programs 1n 1952 During
the 1960s intensive production oriented projects hike the Intensive
Agrnicultural District Program (IADP) the Intensive Agricultural Area
Program {(IAAP) the High Yielding Vaneties Program (HYVP) the
National Demonstration Program and the Multiple Cropping Program
were mitiated These were followed by commodity onented development
projects for increasing the production of crops like tobacco sugarcane
cotton o1l seeds fruit and other food crops in the early 1970s All these
programs made good progress butevaluation studies indicated that their
benefits often did not percolate down to the vast majority of the poorer
sections 1n rural India

Realizing the importance of development with social justice programs
to target specific groups like the Small and Marginal Farmers Devel
opment Agency the Tribal Development Program and the integrated
Rural Development Program (IRDP) were launched In spite of these
changing strategies of rural development in India 1t was noted that a
majority of the viable technologies generated at the research institutes and
agricultural umversities were yet to reach the intended clientele leaving a
wide gap between technology generation and technology utilization Asa
major step towards bridging this gap the Indian Council of Agnicuitural
Research (ICAR) developed the Lab to Land Program commemorating
1its Golden Jubilee Celebrations during 1979 This program helps transfer
proven technologies to the farmers fields and enables research scientists to
gain practical experience of the problems associated with the technology
transfer process

M A h m 4% Rm h g | | h C IT be
C pR hl (CTCRI) T d mK | 1d
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In southern India comprising the states of Kernataka Kerala and
Tamul Nadu and the union terntories of Pondicherry and Lakshadweep
the Lab to Land Program was undertaken by 13 technology transfer
centers They include three agricultural universitiey six [CAR central
research institutes and four voluntary organizations located 1n southern
India These agencies together adopted 8120 small and margmal farmers
and agnecultural laborers for their overall development (Table 1) out of
50 000 famuihies throughout the entire country who benefited under the first
phase of the program

Under the second phase the number of farm families was increased to
75 000 in the nation thereby increasing the beneficiaries of the southern
zone from 8120 to 12 000 A wide range of technologies relating to crops
like paddy cassava cotton pulses and vegetables besides improved fish
culture and processing techniques were transferred to the adopted farm
families These technoiogies were well received by the beneficianies as they
were effective in improving their economic condition

T I F miml dptd nd Lbtel dPrg m o th n ind

Implm t g g ¥ N fdptdfml

Phas 1(1979 82) Phas 11 (1982 84)
Ag It 1 t 5920 3100
ICAR  t11t 1674 2600
V1iuety g t 526 1300
Tt 8120 12000

CTCRI Program

CTCRI (Central Tuber Crops Research Institute) specializing 1n the
research and development of tropical root crops in India was identified as
one of the technology transfer centers for implemenung the Lab to Land
Program The aim of this program was to popularize two new cassava
hybrids Sree Vishakom (H 1687) and Sree Sahya (H 2304) using
groundnut as an intercrop in between cassava rows to get an early
additional income from cassava plots The program was constituted of two
phases 200 farmers having small and marginal holdings 1n Kerala and
Tamil Nadu were assigned to each phase Details of the program are given
in Table 2

Marginal farmers operating less than 1 ha of land constituted 78% of the
selected farmers during the first phase of the program and 91 5% during
the second phase The remaining farmers op rated small holdings between
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Ph I Ph I
N ftt d 2 2
N f llg d pled 4 4
N ffmfml be ftd 200 200
N fmg 1fm 158 183
A b ght d hybd (h}) 19 82 2320
A b ght d g d 1 t pih) 1577 2320

I to 2 ha Since an understanding of the present farming conditions 1s
necessary in planaing for future development the program started with a
benchmark survey of the adopted families to take stock of the resource
availability and utihzation pattern at the farm level

Profile of cassava farmers

Age About 299 of the larmers were from the young age group under 35
years old while 619 were from the middie age group (36 60} and 109 were
from the old age group {(above 60}

Education About 15% of the farmers were ilhiterate Among those that
were hiterate 409 had primary school education 26% had high school
education and 16% had middle school education Only 3% had education
above the high school level

Family size and type The majority of the farmers (60%) belonged to
large families (more than five members) Around 87% were nuclear
families

Occupation Nearly 50% of the farmers were agricultural laborers who
derived a major portion of theiwr income through agriculture while 39% of
the farm families were entirely dependent on agriculture for their
hvelithood About 12% of the families derived additional income apart
from agrculture from small business and cottage indusines

Media exposure for farm messages It was observed that only a very few
farmers obtained farm messages from media hke newspapers and radio

Farm size The average size of the farm holding was 0 25 ha The major
part of the holding (70%) was non irrigated About three {fourths of the
farmers possessed land holdings of up to 0 4 ha onlv
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Program mmplementation

With the farm family as the basic umt of development a cluster
approach was adopled in selecting and implemen ing the technology
transfer program to achieve the desired socioeconomic impact and spread
of new cassava technologies in the social system of the adopted villages
Individual family farm plans were developed keeping 1n mind the
capability and resource potential of farm families These plans were
implemented with the active cooperation of the allied development and
credit institutions functioning at the village level On farmdemonstrations
the only effective method 1n proving the weorth of the technology and
giving working experience to the farmer were the major techmques
employed 1n technology transfer combined with other suitable methods
and media

CTCRI orgamized an exposure training program in improved cassava
cultivation as the first step in introducing the new cassava technologes to
the adopted farm families This was followed by demonstrations laid out in
the farmers fields with hybrid cassava and groundnut intercropping The
inputs supphed free of cost acted as external motivating factors 1n the
adoption of technologies An interdisciplinary team of scientists gave the
necessary guidance and supervision to farmers in conducting the demon
strations through weekly farm and home visits This efficient system of
technology transfer also enabled the technology generators to understand
the operational constraints in the adoption of technology The field days
exhibitions press coverage and radio programs undertaken on appro
priate occasions gave wide coverage to the program Besides the transfer of
new cassava technology overall training of farm families was undertaken
by integrating agnculture with ammal husbandry and cottage industries

Socioeconomic impacts

The impact of any program is judged by the extent of achievement of its
goals The impact of extension oriented programs can be viewed from
three angles 1) economic benefit accrued through the technologies
transferred 2) effect of the program on behavioral changes of adopted
farmers and 3) spread of the technology in the social system

Economic benefits The new cassava hybrids in the demonstration trials
have recorded impressively high yields thus proving their high yelding
potenuial under farm conditions The yield and income statistics of the new
cassava technology are given in Table 3 The hybrids Sree Vishakom and
Sree Sahya yielded an average of 27 tons/ ha while the local varieties gave
only 12 tons/ha Thus a 125% increase in yield was achieved through the
introduction of the new hybrids After meeting all costs the adopted



Et dgN T higy 14 369

Tbl 3 E mecmp t f wea t hnologies under Lab-t L d Program

Phase | Phas IIb

{1979 82) (1982 84)
Many Id fThyb d as {t/h) 27 30 2700
M yid fgo d t t ¢ p(kg/h) 625 290
Nt m f m as (R /h) 5125 5000
Nt mf go d t(R/h) 1 400 1 000
Ttl om (R/h) 6525 6 000
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farmers obtained an average net income of about Rs 5 000 (US $500) per
hectare from the introduced cassava varieties

Stmularly the groundnuts raised as an intercrop with cassava enabled
the farmers to get an additional income of about Rs 1000 1500 (US
$100 150) per hectare This income was of great help to the small scale
cassava farmers as it was obtained only 3 to 3 1/2 months after planting
Apart from the early additional income the intercropping technology
effectively utihzed the manpower available within the farm famihes It 1s
estimated that by the adoption of new cassava technologies an additional
employment of about 125 labor days per hectare was generated

Behavioral changes Major components attributable to behavioral
changes 1n farmers as a result of technology introduction are change in
knowledge and adoption levels

Knowledge about improved technologies is a prerequisite and a catalytic
vanable for practical adoption at the farm level The Lab to Land
Program is primanily an extension effort to increase farmers knowledge of
technologies Change 1n knowledge level brought about by the program
would be a measure of 1ts success In order to evaluate change 1n
knowledge a survey was undertaken before and after the program The
overall and specific level of knowledge before and after the program 1s
given 1n Table 4 From the data presented 1t can be seen that prior to the
program the majority of the farmers (879%) possessed low knowledge on
specific practices hke seeds and sowing manures and manunng aftercare
and groundnut intercropping One year after the program there was
significantly increased knowledge of agricuitural practices except n the
case of fertilizer application where only shight improvement was noticed
This could have resulted from difficulties 1n recalling numerical recom
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mendations coupled with lack of interestin fertihizer applhication due tots
cost factor

Adoption of the technologies 1s governed by besides many other
factors the soundness of the technology and mental preparedness of the
farmers Overall adoption behavior of farmers was observed before and
after the program (Table 5) The data indicate that the majority of the
farmers were 1n the low adoption category before the program and that
after exposure to the program many farmers adopted improved tech
nologies

An attempt was also made to analyze the adoption of specific practices
to better understand the acceptance procedure Table 6 shows that in the
pre program period the majority of the farmers continued with the
traditional practices except for practices concerning stake length The
reasons for the lack of adopuon of high yielding varieues fertilizer
application spacing and other practices were lack of seed matenals
caprtal and knowledge After one year remarkable acceptance was
observed in some of the practices such as high yieiding varieties stakes
per hull stake length planung method spacing and retention of shoots
Reasons for only parual adoption of practices were lack of capnal (for
fertilizer apphcation) no reduction in yietd (for mosaic control) and pest
menace (for groundnut intercropping)
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Technology spread Spread of technology is a vital part of any extension
program as 1t socializes the benefits to other members of the community
The technology spread was measured 1n terms of extent of introduced
varieties in the farms of beneficianies as well as non beneficiaries It was
found that the introduced hybnids had spread to nearly 349, of the area of
adopted farmers and nearly 12% of the area of non adopied farmers just
one year after introduction

Conclusion

The remarkable change in the knowledge level and adoption behavior of
farmers and the satisfactory spread of technology to non adopted farmers
confirms the sigmficant impact of the Lab to Land Program not only on
the program beneficiaries but also on the cassava farming community of
the adopted villages
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Planning Cassava Development The Phppine
National Research and Development Program
for Cassava

—~

Dely P Gapasin
Ester 1. Lopez

Introduction

Agriculture dominates the Philippine economic hie Together with
fisheries and forestry 1t provides the main source of livelihood for 709 of
the Filipino populace and employs more than 50% of the iabor force It
produces about half of the Philippines total export revenues and
contributes about 269 to the gross domestic product These figures
explain why research and development efforts in the Philippines are
heawvily focused on agriculture

Root crops particularly cassava are steadily gaining a foothold m
Philippine agnculture Within the last 10 years the area devoted to cassava
increased by 265% while yield increased by 82% In 1982 it outranked
sweet potatoes 1n terms of area planted Today in the Phulippines cassava
1s used primarily as food forstarch manufacture and to alesserextent for
livestock feed With the growing interest in the use of cassava in animal
feed rations 1t 15 expected that cassavas prominence in Philippine
agriculture will continue

Structure of Research and Development Planning

In the Philippines planning and coordination of research and devel
opment (R&D) programs for agriculture and natural resources is a
primary function of the Philippine Council for Agriculture and Resources
Research and Development (PCARRD) Established in 1972 PCARRD
has been charged with the task of providing a systematic approach to the
planmng cocrdinating and directing of the country s agricultural and
natural resources R&D programs and gearing it to national development

DIyP Gp d Ik C pR hDp m dE LLp
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PCARRD coordinates and integrates the research acuivities of the
different bureaus and commodity institutes and also ensures the full
participation of colleges and universities involved with agnicultural and
natural resources research and development

The orgamizational structure of PCARRD enables 1t to link with
national agencies and specific sectors involved in agriculture and natural
resources keeping 1t attuned to both national and regional needs The
structure 1s made up of a secretarial with seven technical departments
Root crops research which includes cassava 1s monitored by the Crops
Research Department The implementation of programs and projects is
carried out by the National Research Systems which 1s composed of
research centers and stations located strategically all over the country

Working closely with the research departments on an on call basis are
the muludisciplinary national commodity research teams These teams
plan review and update the various commodity research programs The
National Root Crops Commodity Research Team for 1984 forinstance 1s
composed of ten members representing different disciplines and agencies

A national research program for cassava was first formulated during a
National Research Workshop convened by PCARRD in September
1973 Researchers scientists extenstonists representatnes frem the
private sector and policymakers worked together to establish benchmark
information research status and problem areas Short and long term
objectives and research priority areas were 1denuified based primarily on
relevance to the national development goals and research needs

Since then the national commodny research teams meet at least twice a
year to review and update the research priorities of different commodities
t king into consideration new opportunities and trends The commodity
research programs now stand as the guwidelines for all research and
development activities 1n the various areas of agriculture and natural
resources

At present there are 36 commodity groupings sharnng the national
research budget allotted for agniculture and natural resources The
national research system accorded cassava research together with sweet
potato and vhite potato research a high prionity (Priorny [) among the
hierarchy of commodities signifying the importance of the crop to the
Philippine agriculture

Cassava and National Development Goals

The cassava R&D program supports the national goals of attaiming
sustainable economic growth equitable distribution of the products of
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development and total human development Specifically 1t 1s envisaged
that the cassava R&D program will lend suppaort to the following program
thrusts food and nutrition import substitution energy 1ncome generation
and distnnbution and overall countryside development as cited in the
PCARRD Corporate Plan (1983)

In the area of food and nutrition there will be a shift in research focus
from rice to other carbohydrate sources particularly towards crops with
potenual for greater adaptation to stress conditions Cassavais considered
a good candidate for this because of its ability to give modest yields in areas
not smitable for other crops 1ts high calorie production per unit area of
land or per labor input the relatively stable yields and the long potenual
harvest period

Cassava 1s also expected to play a major role in imporl substitution
replacing imported yellow maize as a mamn ingredient of ammal feed
rations Toachieve this production processing marketing and utihzation
of cassava chips as a feed ingredient will be improved

With the worldwide o1l cnisis 1n 1973 1974 1t 1s imperative that other
sources of encrgy be tapped Again cassava as a source of alcoholis in the
front line among the crop commodities to be tapped for this purpose Crop
research will explore ways to develop more efficient methods for
producing alcohol from cassava and select and breed crops for high
alcohol yield

The cassava R&D program has been formulated with the nd view of
contributing to the generation and equitable distribution of income
Hence research on village level processing of cassavainto chips and other
food products 1s given prime consideration in the R&D program so that
rural women and out of school youth otherwise unemployed or under
employed can be engaged 1n productive activities All of these endeavors
if successfully implemented will inevitably lead to countryside develop
ment

Prniorities for Cassava

The overall strategy for the development of cassava in the Philippines 1s
to populanze its production through both the development of effective
processing methods and techmiques thus expanding its uses and also
through the development of marketing channels and outlets This 1s
supported by a strong breeding program and a systein of cultural
management techniques While the uluimate objective of ir nsforming the
subsistence type of cassava production to a market oriented one 1s still
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being worked out attention 1s presently being given to the immediate
needs of the subsistence farmers for a low input type of technology

Within this strategy the prionity research areas for cassava for 1983
1987 have been 1dentified as follows (PCARRD 1983c)

Prionity rank 1

I Development of appropniate technology for production of chips

2 Processing and utihzation of products and by products for food
and feed

3  Design and development of tools and equipment for chipping
drying and packaging

4 Development of high yielding culuivars/varieties under a wide
range of conditions

5 Improvement of postharvest and storage techmques suitable at the
farm level

Prionty rank 11

1 Development of approprnate technology for production under
marginal conditions

2 Integrated cassava based farming systems

3 Development of integrated pest management strategies for major
pests

4  Biological control of major insect pests and diseases

5 Development of fertilizer recommendauons for particular soil
types

Prionty rank 11

I Development of strategies for effective transfer of technology

2 Studies on socioeconomcs and marketing

The pri ity ranking of e arch areas v indicated 1bove guides the
res archer and poliesmih rs 1 to which ar a4 of concern should be
accorded imm diite mtentidn and upport Under the PCARRD schem
r s arch proj cts Lilling under prionty rank 1 ar given preference n
term t tunding
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Present Research Activities and Future Plans

Processing and utthzation

To widen the market possibihities for cassava processing and utilization
are given emphasis Research 1s directed towards development of proces
sing techmiques 1o improve the quality of the product and expansion of
uses of cassava Ongoing studies 1n this area include utilizauon of
dehydrated cassava in main dishes and as snack 1tems design and
development of a root crop dicing machine for home based industry and
use of cassava leaves as a potenual feed for broilers A pilot project using
root crops (sweet potato and cassava) for amimal feed formulaton 1s
underway 1n eastern Visayas There 1s also ongoing research on technology
iransfer for countryside development based on alcohol production

The proposed studies which are expected to be implemented next year
concern fortification of root crop flour with legume flour microbial
protein enrichment and evaluation of protein rich feeds from root crops
There will be a sustained research and development effort to transform
cassava 1nto highly valued products

Postharvest technology

Rapid postharvest deterioration has always been a problem with
cassava With the development of so1l storage techniques which can extend
the storage of fresh roots forup to 5 months the postharvest handling and
storage of fresh roots seem to be well covered at the moment However
there are areas where knowledge 1s still inadequate hence some studies are
still being conducted Investigations include the effect of pre harvest
factors such as fertilization planting location pruning and irrigation on
the quality and storage hife of cassava

In the area of postharvest handling and storage efforts are being shifted
to the control of postharvest pests of cassava and cassava products
Problems on packaging and storing cassava products will be hugh on the
research agenda in the coming vears

Crop improvement

Breeding for high yielding cultivars/ vaneties with resistance to major
insect pests and diseases and wide adaptability 1s a continuing concern in
the development of the cassava industry Recognizang that the successof a
plant breeding program depends on the amount of genetic vanability
available to carry out selection the collection estabhishment mainte
nance and evaluation of germplasm are given high priority in the cassava
national R&D prograry Emphasis 1s now given to collection and screening
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of cassava varieuies with low hydrocyamic acid (HCN) high starch content

and tolerance to shade Vanetal evaluation s also underway for tolerance
to drought and soils with high acidity Breeding for pest resistance will
focus on resistance to red spider mutes and cassava bacterial blight

Outstanding varietses may be identified 1n the evaluation of germplasm
but hybridization of selected cassava cultivars will still be necessary To
complete the crop improvement scheme preliminary testing and advanced
regional tnals are vigorously pursued Recently a National Cooperative
Testing (NCT) project has been formed to evaluate the adaptability of
promising entries in specific locations Twelve testing stations representing
the different agro chimatic types have been identified (Figure [) A root
crops technical working group was formed to determine which matenals to
accept for regional testing

Cassava based farming systems

The level of productivity of cassava farmers in the Philippines s very low
and therefore 1ncome 1s correspondingly low Moreover in subsistence
farms farmers apply very hittle inputs Usually cassava is regarded as an
mnsurance crop or a supplementary crop with rice and maize as the
primary crops It s not surpnising therefore that cassava yields are low
since farmers naturally give priority to their main crops To generate
technology for a cassava based farming system ongoing research 1s being
conducted on a continuous production scheme for cassava with minimum
tillage Other studies are being proposed on intercropping cassava with
melons and vegetables and several studies on intercropping cassava with
legumes have beenconducted Results will be verified in farmers fields and
the most acceptable combinations will be identified

Integrating cassava production with hivestock raising through the
establishment of village level feed processing mulls is being tested 1n a
number of villages in Leyte If found technically feasible and socially
acceptable this scheme will be trnied 1n other cassava producing regions

Pest management

Although cassava has long been considered as a plant which 1s resistant
to pests 1t 15 now established that heavy losses and even complete crop
faillure are attributable to diseases and insect pests Under Philippine
conditions problems with cassava pests have not reached serious propor
tons However with the increase in area planted to cassava and the
adoption of vaneties with narrow genetic vanability serious crop
protection problems may well anse
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Research on pests and pest management of cassava is currently being
undertaken Among the studies 1n progress are estimation of yield losses
due to major 1nsect pests (particularly spider mites) effect of cassava
bactenal bhght on yields and survey 1dentification and biology of natural
enemies of spider mites An integrated pest management approach will be
stressed in future research projects Other basic studies supporting the
integrated pest management scheme such as the biology and ecology of
pests and their natural enemies will be given attention

Cultural management

An integration of agronomic findings into a complete system of
practices where costs and returns and other socioeconomic factors are
considered 1s being studied In fertihzer and nutrition studies use of
indigenous matenals 1s accented Ongoing studies on the effect of farm
ammal manure and the effect of 1p1l 1p1l (LeucaerQa leucephela) ferulizer
on the growth and yield of cassava are underway A long term fertility
study on cassava 1s also being conducted

Studies on cultural practices and fertilization have answered many of
the basic needs of farmers However there are still many areas needing
attention Soonerorlater cassava fields will have to be fertihzed to remain
productive To make fertilizer rate studies applicable over a wide area soi1l
tests have to be undertaken 1n various areas and correlated with fertilizer
recommendations Around 420 of the area planted to root crops 1s hilly
and therefore susceptible to erosion Although some studies are ongoing
more research 15 needed to facilitate development of suitable cultural
practices 1n these areas

Bastc research

Basic physiological studies such as the relationship between carbohy
drate translocation and yield and flower induction which are necessary for
the advancement of appled research are also being conducted Other
basic research where breakthroughs are immunent will be strongly
supported

Strategy for Implementation

The national R&D programs are implemented by a network of research
centers and stations complemented with infrastructure and manpower
resources Strategies for implementation are descnibed below

Research network for cassava

The Philippine Root Crop Research and Traiming Center (PRCRTC)
based at the Visayas State College of Agriculture (ViISCA)1n Leyte 1s the
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national research center for root crops research cassava included As a
national research center 1t 1s responsible for carrying out basic and apphed
research to generate technologies which will later be venfied in the
different regional and cooperating research stations To support
PRCRTC a network of stations with regional responsibilities and
cooperating stations 1n different regions 1n the country has been identified
(Figure 1)

The regional research centers conduct apphed studies to answer the
needs of the region where the center 1s located and other studies to venfy
findings from the national research centers Packages of technology
conceptualized in the national research center are [ine tuned at the
regional centers for application or adaptation to the needs and conditions
of the region

The cooperating statiens provide facilities and/ or sites where adaptive
trials or field experiments are underiaken to assess micro enviromental
differences These stations also assist 1n disseminating mature er tested
technologies to end users

The Regional Integrated Agnicultural Research System (RIARS) under
the Ministry of Agriculture tests cropping patterns involving cassava on
farmers fields for adaptability to specific locations They also evaluate
component technologies related to cropping patterns such as on farm
cassava varietal testing and fertilizer irals

Guided by the national R&D programs researchers from various
research centers and stations submit proposals to PCARRD forevaluation
and approval prior to implementation Approved research proposals are
then recommended to the Office of Budget and Management (OBM) for
fund allocation There 15 a standing agreement between PCARRD and
OBM that only those recommended by PCARRD will be allotted funds

A yearly evaluation of ongoing research 1s conducted by PCARRD to
determine the progress of the work and 1dentify new research opportunities
and promising technologies

International agencies and programs

Supporting the national network of stations are international agencies
and programs which provide financial as well as technical assistance
Notable among these agencies are the International Development Research
Centre {IDRC} of Canada the International Institute for Tropical
Agriculture (ITA) in Nigeria and Centro Internacional de Agricultura
Tropical (CIAT) 1n Colombia The ESCAP Coarse Grains Pulses Roots
and Tuber Crops Centre (CGPRT) also coordinates a regional program
involving cassava among other crops
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Collaborative efforts with these agencies are 1n the form of germplasm
¢xchange provision of funds for research projects manpower development
and training equipment support and exchange of new technologies
research findings and methodologies

Budget allocations

Root crops along with seven other crop commodities are accorded the
first priority among the 36 commodity groupings used by PCARRD
Table | summmarizes the number of research studies and the research
budget allocations for different root crops from 1982 to 1985 Itshowsthat
the budget for cassava research increases yearly

Table 2 breaks down cassava research and budget allocations by
disciphines Most projects are clustered in major disciplines such as cultural
management varietal improvement and processing and utilization The
data show that most of the budget for cassava research goes to cultural
management and vanetal improvement It 15 also quite apparent that
during the earher years very httle work was done on socioeconomics and
marketing However there 1s a remarkable increase 1n budgetary alloca
tionsin 1985 anindication that socloeconomicsis becoming an important
component of the overall R&D program for cassava

Conclusions

The prospects for expanded cassava production in the Philippines are
promusing 1n hight of the present efforts to use cassava in hvestock feed
formulations in place of yellow maize and in bakery products to partly
replace wheat flour The Philippine National Research System through
PCARRD strives to answer the needs of cassava growers and the cassava
industry 1n general by providing a strong R&D program for cassava to
provide a data base for policy formulations
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Past Performance and Future Prospects of Cassava
Production 1n Asia and the Pacific Region

R B Singh

Introduction

Cassava { Manihot esculenta Crantz) like other major root and tuber
crops 1s one of the most efficient converters of solar energy and soil
nutrients into carbohydrates and thus has a great potential to meet food
and energy needs No serious efforts have however been made to unlock
this tremendous potential However with the unprecedented demand for
food feed and fuel new avenues for producing more and more of these
commodities should be explored

Cassavais a uniquely endowed crop capable of producing exceptionalty
high economic and biological yield even under marginal and low iput
conditions Further its flexible agronomic requirements and 1ts diversified
use as food feed industrial raw material and possibly an invaluable
energy source render cassava a very versatile crop The potential for
explonation of cassava in its many uses 1n the Asian Pacific region s
examined n this paper

The paper analyzes production productivity and area under cassava in
26 countries of the Asian Pacific region for the peniod 1973 to 1983 The
average annual figures for the trienmum ending 1973 have been taken as
the base figures Simularly the average annual figures for the triennium
ending 1983 have been treated as the terminal figures This methodology
was used to even out annudl fluctuations caused by seasonal factors The
constraints on cassava production and possible ways to overcome them are
also analyzed and the FAQ activities related to improved production of
cassava in the region are briefly enumerated Finally the prospects of
improving cassava production in the Asian Pacific region are discussed

RBS gh g 1pl pd dp ff f hEFAO B gkkTh i d
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Production

Table | presents production of cassava in the individual countries of the
Asian Pacific region the region as a whole the rest of the world and the
world as a whole for the periods 1971 1973 and 1981 1983 It may be seen
from the table that 13 of the 23 developing countrnies in the region produce
cassava while none of the three developed countries in the region produce
it Withits annual production of about 48 million tons the region accounts
for about 38% of the world s cassava produciion Production inthe region
more than doubled during the past 10 years attaining an impressive
compound annual growth rate of 7 4% against zero growth rate in the rest
of the world

The magnitude and growth of cassava production varied remarkably
from country o country Thailland more than quadrupled its cassava
production tn the past 10 years from about 4 milhon tons 1n 1973 to about
18 5 million tons 1n 1983 registering a high growth rate of 15 6% per
annum and accounted for 30% of the regions production The other
major producers were Indonesia (13 million tons) India(5 6 million tons)
China (4 milhon tons) Vietnam (3 milion tons) and the Phihppines (2 3
million tons) Of these China the Philippines and Vietnam registered
high growth rates of 29 1 17 | and 10 4% respectively while indonesia
recorded a low growth rate of 2 3% and India even showed a negative
growth rate Laos which usually had low growth rates for most crops
showed as high as 16 17% annual growth rates during 1973 1983

Yield and Area

Table 2 presents the yield and area for the periods 1971 1973 and
1981 1983 The yield in the region as a whole increased at a compound
annual growth rate of 2 3% (accounting for 31% of the increase in
production) whereas in the rest of the world 1t decreased by 2% per year
duning the same period Yield gains of more than 4% per annum were
recorded 1n the Philippines (8 99%) S Lanka (5 39%) and Laos (4 7%)
Indonesia showed a growth rate of 2 8% The rest of the cassava producing
countries registered neghgible or even negative growth rates 1n yields

The average yield (12 tons/ ha) was more than one half times that of the
rest of the world The yield levels in the individual countries varied
considerably India recorded the highest yield of mare than 18 tons/ha
whereas 1t was as low as 6 tons/hain Vietnam China Laos and Thailand
in that order were the other countries with yields of about 15 tons/ha
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The area under cassavan the region increased from 2 4 million hectares
in 1973 to 4 million hectares 1n 1983 a growth of 5 1% per annum In the
rest of the world during the same peniod the area increased by 2% per
annum The area increase 1n the region accounted for about 69% of the
increase 1n cassava production Thailand increased its cassava area more
than four times (growth rate of 169 per year) between 1973 and 1983
occupying the second highest area(1 28 million hectares) under cassavain
the region Indonesia with 1 33 million hectares had the highest area
although a marginal decrease of O 5% per annum occurred during 1973
1983 Among the other major cassava producing countries from more
than 100 000 hectares in 1973 the Philippines and Vietnam increased their
areas respectively by 7 1 and 12 6% per year whereasin India area deciined
by 1 2% per year reducing the area from 351 000 hain 1973 to0 310 000 na
in 1983 Although from small base levels the area under cassavain China
Burma and Laos increased by growth rates ranging from 14 to 29% per
annum During the same period the cassava area in Sn Lanka decreased
from 81 000 to 60 000 ha (3 1% per annum) but the total production
increased by 2 1% per annum because of a high growth rate of 5 3% n
yield

Production Constraints

The constraints to production can be grouped into the following three
major groups agro-ecological biotechmical and socioeconomical

Agro ecological constraints

Cassava 1s customanly a rainfed crop raised under marginal soil and
input conditions The very fact that cassava can give better returns than a
majority of the crops under marginal conditions has gone against
improvement in production Forexample in Thailand and Indonesia the
two main cassava producing countries cassavais usually grown on highly
leached soils with poor N P K availability

Biological and technical constraints
The biotechnucal constraints may be summarized as follows
Narrow germplasm base

Lack of varieties with high yields pest resistance drought tolerance
and early matunty

Incidence of cassava bacterial bhght cercospora leafspot and mites
(unlike other regions this region 1s fortunate in not having many
cassava diseases nd pests)
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Relatively low dry matter content 1n the roots

Poor postharvest handling and processing

Lack of efficient and economical diversified uses

Inefficient transfer and poor adoption of known technologies

Lack of appropriate agricultural tools and machines for timely and
economical operations

Socioeconomic constraints

It must be stressed that no technology works in a vacuum Price
incentives and established markets are the foremost forces of production
Increasing protectiomism and market uncertainties have lately tended to
destabilize cassava production especially in the exporting countries
Further government policies and institutional support for cassava
production are usually not very favorable

FAQO Activities Related to Production and Use

Several FAO activities in improved crop production farming systems
and postharvest handling are directly or indirectly related to increased and
sustained production of cassava in the Asian Pacific region Regional
projects on production and protection of root and tuber crops have been
operational 1n the Pacific Island countrnies since the rmd 1970s These
projects have assisted member countries in developing suitable manpower
establishing research facilities introducing germplasm and streamlining
guarantine procedures and facilities

Development of efficient cropping patterns based on cassava 1s one of
the major activities 1n the ongoing FAO projects on rainfed agricutture in
Thailand and Indonesia It 15 also a major activity of the project on
mtegrated farming systems operational 1n several countries of the region
since 1983 Further improved methods of postharvest handling of cassava
are being developed under an intercountry regional project launched
recently

The International Board of Plant Genetic Resources (IBPGR) and the
FAOQ Centre for Plant Genetic Resources work in close collaboration with
CIAT and national cassava germplasm centers through their Cassava
Group This group reviewed the current status of cassava germplasm
idenuified the prionity areas for collection designated base and duplicate
centers of storage and prepared and published a list of cassava descriptors
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Several countries in the region were assisted 1n further collection
exchange evaluation and documentation of the germplasm The IBPGR
15 also supporting tissue culture research to develop suitable in vitro
techmques to faciltate transfer and conservation of root and tuber crop
germplasm The FAO has been giving increasing attention to improved
production of roots and tubers in the developing countries and will soon
be launching a Special Root and Tuber Improvement Programme to
increase food and agricultural production in developing countries 1n the
tropics

Prospects of Improved Production

The prospects of improved production of cassava are closely hinked with
future consumption utilization patterns export potential cost-effective
ness of production and processing and price incentives These individual
aspects and their probable impacts on future cassava production in the
Asian Pacific region are discussed 1n this section

Utihization patterns

Thailand Indonesia India China the Philippines and Vietnam
together account for 969 of the total cassava production n the Asian
Pacific region The pattern of cassava use in these countries varies
remarkably Table 3 presents the prevalent use patterns in selected
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cassava producing countries of the region Nearly all of the world s export
of cassava comes from the Asian Pacific region Thailand alone accounts
for more than 85% of the world s exports The European Economic
Commumnity (EEC) imported about 959% of the world s cassava which 1t
uses 1n ammal feeds Indenesia and China are the other two countries
which jointly account for most of the remaiming 15% of the world s
exports This too goes primarily to EEC countries as a feed source

Thailland the major producer consumes less than 109, of its total
production domestically The domestic use 1s mostly confined to starch
neghgible quantities are used as food and feed sources although the bulk
of 1ts production is exports m the form of pellets for anmimal feed In the
other cassava producing countries cassavais consumed domestically as a
food source In Indonesia and the Philippines about one fourth to one
fifth of the production 1s used for starch

Prospects as a food crop

Cassava will continue to be an important food source for poor farmers
in rainfed and marginal areas where it performs better than other crops
Under such conditions the production 1s expected to increase at rates
analogous to those of population growth In countries with expanding
land frontiers such as Indonesia Burma and a few others most of the
increase 1n cassava production may come through increases in area Butin
those countries where there 1s hmited scope for increasing the area the
production increase must accrue through yield increase

The relative contribution of cassava to the national food baskets wall
however decrease Thisis primarily because 1n the past decade or so the
growth rate of cereal production has been equal or shightly higher than the
growth rate of food demand 1n the Asian Paafic region as a whole
Further income elasticities of demand for cassava as food are not only
low but have declined and even become negative in some cases Therefore
in the Asian countries cassava as a staple food may not receive high
enough priority to boost its preduction although in specific pockets 1ts
production will continue to grow

Prospects as a feed crop

About 15 17 milhion tons (about 13% of the world s production) of fresh
cassava roots (equivalent to 6 7 million tons of pellets) are used for
compounding ammal feeds 1n the EEC countnies Most of this cassava
comes from Thaland An additional 1 million tons of fresh roots are used
as amimal feed within the region itself No other country or group of
countries whether producing or non producing uses dried cassava as a
major source of ammal feed
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The development of a suitable tapioca export market startingin the late
1960s 1n the EEC was prumanly responsible for the rapid increase in
Thailand s cassava production rendering the crop as one of the major
exports of the country alongside rice maize rubber and tin It 1s a good
example of how a market pull can cause dramatic increases in the
production of a commodity But of late due to domestic grain surpluses
and price adjustments the EEC 1s undergoing a re adjustment to restrict
cassava imports An agreement between the EEC and Thalland was
reached 1n 1980 that Thailand would limit its export to EEC countriesto 5
mullion tons of pellets (equivalent to 12 million tons of fresh roots) each
year during 1983 and 1984 Further new market opportunities for pellets
are lumited At best in the next few years the export market of cassava
pellets will remain static or even shightly decline Therefore the exporting
countries especiaily Thailand will find 1t difficult to increase their cassava
production under the existing settings unless some other economical uses
are developed

The other alternative 1s to increase the use of cassava domestically as a
feed crop This will depend on two things the rate of increase in animal
production in the individual countries and the comparative price advan
tage and availability of other feed sources such as coarse grains

As regards ammal production in the developing countries of the Asian
Pacific region meat and mitk production increased at annual compound
growth rates of about 5 and 4% respectively between 1972 and 1982
Tables 4 and 5 present production of meat and milk 1n the countries of the
region It may be seen from the tables that the developing countries
(barring Sn Lanka for meat) registered positive growth rates ranging from
1 4 16 7% per annum 1n the case of meat and from 0 7 21 6% in the case of
milk

The increase i animal production must be accompamed with increases
in animal feed production Part of thisincreased demand 1s being met from
domestic production of coarse grains and part from imports of coarse
grains With the impressive increases 1n rice and wheat production 1n the
past 15 years or so and their demand for food being much more income
elastic than that of coarse grains a lugher proportion of coarse grains 1s
probably becomuing available for feed purposes Imports of coarse grains
mto the region increased from 13 milhon tons 1n 1972 to about 28 million
tons in 1982 (Table 6) Japan accounted for two thirds of the total coarse
grain 1imports inte the region Imports by the developing countnes as a
whole quadrupled duning this period The increases were most conspicuous
in China Malaysia the Philippines and the Republic of Kerea besides
Japan It 1s mn these countries that significant increases in animal
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production occurred during the same period thus suggesting close
association between rate of increase in animal products and rate of
availability of coarse grains for feed

The second aspect 1€ competitiveness and availabihity of cassava as
against other feed sources mostly coarse grains could be examined by
analyzing the situation in Thailand It may be seen from Table 4 that meat
production in Thailand increased by 7 4% per annum dunng 1972 1982
Further the country 1s a major exporter of both cassavaand corn But 1t1s
important to note that hardly any of 1ts cassava production 1s used for
amimal feed most of that demand being met by maize fishmeal and
soymeal Infact more than 200 000 tons of soymeal 1s annually imported
to supplement the feed demand Clearly coarse grains and cilseed meals
are preferred over cassava for feed purposes This 1s largely because on
calorie to calorie basis and on an overall nutritional basis cassava prices
do not compare favorably with those of coarse grains and other feed
resources primarily because of the price distortions caused by the EEC
import market

Given cassava s wide adaptability especially under the vast rainfed and
marginal crop raising conditions in the region and the high productivity
of cassava the question s how to improve the competitiveness of cassava
The most plausible solution would be to decrease cassava production costs
by increasing productivity leading to a reduction 1n 1ts domestic and
international market prices and thus bringing it on par with coarse grains
and other feed products

Prospects for uses other than food and feed

Other than as a conventional food and feed source cassava s used for
producing starch and could also be used to produce gasohol fructose
sweetener and single-cell protein Again maize and sugarcane compete
with cassava in production of these items Therefore comparative cost
effectiveness and feastbility of large scale commercial exploitation of these
products would have to be thoroughly studied before any rehable
projection for increased demand of cassava could be made

The demand for cassava starch in the traditional export markets of the
U S A and Japan has declined over the past few years However in the
developing countries the demand for starch 1s ikely to increase both for
industnal and food uses But once more cassava will find maize as the
main rival and the price factor will again decide the balance In some
countrnies that import wheat and also produce cassava cassava starch or
flour 1s mixed with wheat flour to make bread But this does net seem to
have any sigmficant impact on the wheat imports into the region For
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instance 1mport of wheat and wheat flour into the developing countries of
the region increased from 13 4 million tons 1n 1972 to 23 6 million tons in
1982 1t would be useful to know whether cassava flour could be
substituted for some of this wheat Further some of the nontraditional
wheat producing countries such as Thailland the Philippines and
Indonesia are trying to grow wheat commercially which may also affect
the use of cassava flour 1n bread

Strategies for Increasing Productivity and Cost Effectiveness

In recent years from 1980 to 1983 the rate of growth of cassava
production 1n the Asian Pacific region has decelerated considerably This
may be attributed to (1) stagnation or even dechine 1n cassava exports (2)
increased rate of cereal producuon combined with low or even declining
income elasticities of demand for cassava (3) unfavorable competitiveness
of cassava with maize and other crops (4) shrinking frontiers of arable
land and deceleration in the growth rate of area expansion (3) negligible
improvement 1n cassava productivity and (6) poor developmental and
policy support for increased production of cassava

The potential productivity of cassava can be seen 1n yields as high as 80
tons/ ha reported by CIAT scientists under intensive management Aver
age yields 1n several pockets of Tamil Nadu (India) under irrnigated
conditions are about 50 tons/ha or so The experimental plot yields in
some of the Southeast Asian countries are about 25 30 tons/ha under
rainfed and low input conditions Against these the average yield in the
Asian Pacific region (although one haif times that in the rest of the world)
15 only 12 tons/ha and varies widely from country to country suggesting
great scope for improvement

Guven the desired market and price incentives and government support
the approaches to increased yield in farmers fields would essentially
consist of effective transfer of current production practices generation of
new technologies for maximization of input/output ratios and increased
availability of inputs Adoption of non monetary inputs such as the use of
healthy planting matenal of the most efficient variety for specific agro
ecological conditions appropnate spacing weeding (where surplus family
labor 1s available} and timely harvesting should help bnidge the yield gap
considerably Even small doses of fertilizer with proper and tmely
placement are bound to increase the productivity significantly

Improved vaneties

Development of improved varieties with appropriate crop canopy
shorter maturity tolerance to drought and soil stresses high harvest index
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and mcreased dry matter content in the roots will go a long way towards
increasing productivity CIAT 1s already playing a significant role in this
direction by diversifying the germplasm base and couniry programs
should take advantage of this activity by intensifying screening and testing
programs Effective linkages should also be established with ather
international institutions such as IITA and national centers for exchange
of simproved varicties and other breeding materials Hybridization pro

grams involving locally adapted lines and elite exotic lines followed by
screening under diverse agro-ecological settings particularly the marginal
conditions where cassava 1s mostly grown should be undertaken Appro

priate national facihities for this purpose should be developed

Fertihizer use

Cassava productivity can be greatly enhanced by increasing the use of
fertihizers While cassava is highly responsive to fertilization (as measured
in terms of yield increases) fertihzer use will depend on 1ts availability
competition with the primary crops (such as rice wheat maize and
plantation crops) and 1its cost-effectiveness

Table 7 gives the fertilizer use for the period 1969 1971 and for 1980 1n
countries of the Asian Pacific region vis @ wis the world as a whole The
present level of fertilizer use varies a great deal from country to country
fromaslowas | kg N P K/han Bhutan to as hugh as 1 018 kg/ha in New
Zealand Asmany as 14 of the 26 countries used less than50kgN P K/ha
Ordinarily the major portion of increased fertiizer availability will be
apportioned to the main food or commercial crops In order to convince
the development agencies and the farmers that applying fertilizer to
cassava s cost-effective suitable recommendations for levels of the macro
and micro nutrients and their mode and time of apphications must be
developed for specific soil types and growing conditions and their efficacy
must be demonstrated in farmers fields

Increased water use efficiency

Besides low yields wide fluctuations in production are not uncommon
under the erratic and scarce rainfall conditions of much cassava culuva
tion Techniques to catch conserve and recycle water should be developed
1o umprove water use efficiency Reports suggest than even one urrigation
at the most critical stage can increase cassava yield by 30 50% Therefore
on farm irnigation development and determination of critical stages for
irngation will prove highly useful Approprate water management n
addition to its direct effect on yield will have synergistic interactions with
fertilizer use and inputs and hence deserves high research prionity
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Quarantine measures and crop protechon

Cassava was introduced 1nto the Asian Pacific region from Latin
America (its center of ongin and diversity) While cassava 1s attacked by
several diseases and pests in this region also the losses are not ashigh as1n
Latin Amenica Very trict precautions therefore should be made to
exclude such diseases nd pests when introducing germplasm and other
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matenals Effective quarantine facilities and expertise should be estab
lished in eaeh cassava producing country Tissue culture techmques
Third Country Quarantine and expanded international cooperation will
be useful in preventing the introduction of new cassava diseases and pests
and 1n facihtating germplasm exchange Problems like leaf blight mites
and the mosaic disease can sometimes become serious 1n certain areas In
order to keep the cost of production low and also 1o ensure durable
protection against the pests and parasites integrated pest and disease
management practices should be developed and widely adopted

Cropping mntensity and cassava based cropping patterns

Cropping 1ntensity 1n erratic rainfail areas 1s far below 100% Under
such conditions cassava being an 8 to 12 month crop and amenable to
planting and harvesting throughout the year keeps the field continually
occupted There are emerging trends showing that with suitable man
agement cassava intercropped with grain legumes yields almost as much
as amonocrop and in addition the farmer harvests a protein rich crop as
a substantive bonus The legume intercrop also helps to stabilize the soil
prevent soil eroston (which often occurs during the early growth of cassava
and 15 labeled as one of the disadvantages of cassava farming} and
improves soul fertility This combination s particularly useful from the
point of view of the mtrogen economy (considering that generally a
neghgible amount of N1s applied to the cassava crop} [t also represents an
additional source of income and nutrition to the small farmers In
Thailand paired rows of peanuts with 10 cm between rows and a hill
spacing of 10 cm (one plant per hill) within the row planted between two
rows of cassava 100 x 100 cm apart 1s tentatively recommended More
research on developing efficient cassava based cropping systems 1s
needed

Cassava 15 alr ady an important ntercrop in plantations in Kerala
India Plantation areas are increasing and the areas earlier planted to
cassava are being diverted to perenmal crops For instance 1n the central
provinces of Thailand cassava lands are being diverted to rubber
plantations Cassava could sull be grown on these lands as an intercrop
provided suitable varieties and cultural practices are developed Screening
for shade 1olerant varieties with a high photosynthetic efficiency and
harvest index would be very helpful

Th ¢ C yQ p d wh h hd ¥ q t 1 tw
h h w h g g mpl m Th p f t B W h hd
dh fhg mpl mp b v g pp 1 d p hy
p d d dmg h ry
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A large number of landless and small farmers grow cassava as a home
garden crop for food Appropriate technologies for home garden produc
tion would help 1n increasing the food supply of the resource poor rural
masses The Mufibat cassava system 1n Indonesia 1s such a technology
ideally suited for home garden production

Summary and Conclusions

The Asian Pacific region accounts for about 38% of the cassava
produced 1n the world Cassava production in the region increased at a
high annual growth rate of 7 4% during 1973 1983 against a zero growth
rate in the rest of the world About 70% of the production increase was
attributed to increase 1n area and the remaining 30% to increase in yield
The rate of growth of cassava production has however decelerated 1n
recent years

Market restrictions inadequate price and nstitutional support low
productivity under rainfed conditions narrow germplasm base lack of
high yielding stress tolerant and widely adapted vaneties nadequate
apphcation and inefficient management of fertilizer and water and lack of
appropriate technology for low input conditions are the major production
constraints

Besides being an important staple food especially in marginal areas
cassava could emerge as 4 major feed source 1o meet rapidly expanding
amimal production 1n the region However this will depend to a large
extent on the price competitiveness of cassava with coarse grains
Increased productivity and reduction in unit costs of producuion are the
most viable approaches to increase the competitiveness of cassava

Starch sweeteners gasohol and single cell protein are other products
of cassava But as yet commercial production of these items except
starch is not quite economical Hence additional r search s called forto
diversify the utilization of cassavd roots Further cassava related eco
nomic agricultural and nutnitional policies should be kept under
continuing review to get the best out of this remarkable root crop






Rapporteur s Summary of Discussions

Gerald Nefson

The session dealt first with two general research areas cropping systems
development and post harvest processing technology and then with the
specific approaches taken by two national programs to the probiems of
research organization and dissemination Many of the themes mentioned
in earher discussions were highlighted again—the need to reduce
production costs by increasing yields the importance of environment
specific cassava research the need to idenufy and develop new uses of
cassava the low prionty given to cassava by national research programs
despite its importance in some of the countries

In his presentation on research needs for cassava based cropping
systems Roche argued that area expansion was unlikely to be a sigmficant
source of growth in the future 1n most countrnies and any increase 1n
production would have to come from yield increases Furthermore he
argued that cassava will continue to be grown on marginal lands by poor
farmers even if relative price changes cause total cassava area to decline
Hence both from a welfare point of view and because cassava lands would
be primanly marginal lands he felt that research should be devoted to
increasing yields on marginal lands

Roche felt that technologies already exist that could give substantial
yield increases (new varieties weeding fertihizer use improved germina
tion rates) but that inadequate attention has been given to dissemination
Extension efforts are made more difficult (than for nce technologies for
example) by the fact that cassava based cropping systems must be
develaped for specific agro-climatic zones and with very careful attention
paid to socioeconomic 1ssues such as market outlets and availability of
intermediate inputs labor and capital He described the case of acropping
pattern in southern Sumatra that both increased profitability substantial
ly and reduced income variance yet had not been adopted by any farmers
because its labor and credit demands were larger than the current factor
markets could meet at existing factor prices In order to simphfy the
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research on environment specific cropping patterns Roche suggested the
development of a classification system for cassava production enwt
ronments that could be used throughout South and Southeast Asia This
classification system could be used to facilitate transfer of research results
about appropriate varieties and cultural practices

During the discussion period the 1ssue of what crops to include in a
cropping system program was brought up It was emphasized by several
participants that use of existing practices should constitute the basis for
new systems

In her paper on postharvest processing Barrett emphasized the diversity
of end uses of cassava in the countries of southeast Asia but pownted out
that some transfer of technology among countries could be useful For
example 1n Indonesia a very successful household starch making tech
nique 1s widely used and should be relatively simple to transfer to other
countries Chipping and pelleting technologies are well developed in
Thailand Each product has its own processing problems and Barrett
discussed the more important of these Bothin her presentation and 1n the
discussion penod the issues of short shelf hife for fresh roots and gaplek
(dried cassava) and quality problems for cassava starch and gaplek were
mentioned None of the technologies that have been developed to extend
the shelf life of fresh cassava have yet found market acceptance Little
research has been done on reducing storage losses for gaplek

The presentation by Gapasin and Ghosh provided interesting insights
into two related problems—development of research priorities for a
national agncultural research system and dissemination of research
results Gapasin described the highlights of the Phalippine research system
how 1t determines research priorities and how and to whom research
projects are altocated She noted that cassava research which began only
in 1973 falls into the larger root crops category which 1s placed 1n the
highest prionity group of commodities For each commodity research
work n specific areas 1s also given a prionty ranking

As Gapasin pointed out  Having a well planned R and D program is
one thing and having a working system for implementing a program 1s
anothertming The hist of research prionties given in her paper seemed to
give higher priority to processing than to agronomic and breeding
rescarch However the budget allocations listed in her paper showed that
most funds have been spent on varietal improvement and cultural
management In any case the amounts allocated were small

Ghosh described the innovative lab to land program initiated by the
Indsan Council of Agricultural Research 1in 1979 The program was
designed to get researchers out of the laboratories and onto the fields of
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small farmers in order to test new technologies to make an exphicit effort
to extend the fruits of research to the most disadvantaged farmers and to
allow the scientists to see firsthand the problems of the small farmers
From the cassava resecarch program the technology to be extended
included two new cultivars and new cultural techmques For the first two
years the scienlists supervised the farmers activities and free fertilizers
were provided In the second two year period the fertilizer subsidy was
removed

Rapid adoption of the vanous components of the technology and
substantial yield increases were reported initially After the waithdrawal of
the fertilizer subsidy fertilizer use dropped and yields declined However
the new cultural practices were maintained and yields were higher than
before the program

The benefits of this kind of a program undoubtedly extend well beyond
the increased incomes for the poorest farmers Providing researchers the
chance to interact extensively with poor farmers will help to ensure that
appropriate technologies eventually emerge from the laboratories






Vv Conclusion






Conclusions and Recommendations*

The much heralded Green Revolution that swept through tropical Asia
during the 1970s was based quite appropriately on high yielding nice
varieties for wnigated conditions The improvements 1n both consumer
welfare and farmer incomes that followed were large and in turn
stumulated other sectors of local rural economies However the growth
potential of this technology has been largely exhausted 1n most countries
and research efforts have shifted to maintenance activities to preserve these
yield gains Moreover the producer benefits of this technology were
largely himited to the irrigated areas that is areas and farmers which
already had more productive resources and higher levels of income The
challenge for the 1980s thus shifts to identifying future sources of
agricultural growth especially for the upland areas of tropical Asia and it
1s exactly in this hight that cassava 1s considered

Cassava s particularly adapted to filling such arole Onthe production
side the crop has both extrerhely high yield potential and yet can be grown
under a very wide range of upland conditibns Cassava 1s particularly well
adapted to areas where soil fertihity or drought s a constraint on growth of
other crops For these reasons cassava is alrecady the second most
important carbohydrate staple crop grown 1n the Asian tropics Moreover
there has been imited past research on cassava so that the potential for
increasing productivity 15 large Such yield increases are the key to
increasing the incomes of smail scale farmers 1n upland areas

On the demand side cassava also retains the adaptability it has in
production Cassava has a multiphicity of end uses including direct human
consumption as a carbohydrate source in animal feeds as starch and
more recently as a high (ructose sweetener These multiple uses for either
domestic use or export give cassava a certain flexibility 1n adapting to
changing economic and market conditions Thus for example 1tcanbea
cheap source of calories for low income consumers such as s the case in
Indonesia and India or it can contribute to the growing demand for meat
and dairy products

C mpld d mm db Jh KL m
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The workshop recommended that cassava research and development be
strengthened 1n the region to (1) lully exploit the crops potential
productivity through breeding agronomic and socioeconomic research
and extension and traimng (2) improve present postharvest and pro
cessing technolegies and (3) explore the potential for the crop 1n new
markets

The workshop further recommended that 1n view of the present scarcity
of available resources for agri ultural research in general and cassava in
particular greater cooperation be encouraged between national research
programs themselves and between national programs and regional and
international research centers organizations and agencies Such coopera
tion 15 viewed as necessary to maximize benefits from research and avoid
duplication of effort It could be achieved through network activities
focused on effective interchange of genetic materials relevant expertise
and efficient dissemination of information

Having thoroughly examined the agronomic socioeconomic and
nstitutional constraints on the development of cassava in the region the
workshop recommended that the areas described below receive priornity
attention

Germplasm Development and Varietal Testing

Breeding and selection leading to varietal improvement and increased
productivity 1s a principal means of increasing production (especially
where potential for area expansion 1s imited} and reducing production
costs to make cassava more competitive with other carbohydrate sources
Collaboration between breeding programs would be beneficial 1n the
following areas

Germptasm development

The potential of local germplasm should be recognized to ensure 1ts
fuller utihzation 1n breeding programs There should be collection
characterization evaluation selection and idenufication of recom
mendable clones and useful crossing parents It should be emphasized that
lecal germplasm contains genes for local adaptation which are invaluable
in the development of new clones In the area of collecting and
charactenizing local germplasm 1t was noted that funding from IBPGR
through CIAT was available to help finance national collection efforts

The common constraint of most 1f not all Asian cassava breeding
programs 1s the narrow genetic base of their local materials As the center
of onigin of cassava 15 1n Latin Amenica ut 1s appropriate to introduce



[ 1R 419

germplasm from this area to enrich local germplasm Particularly useful
are CIAT s advanced hybrid populations appropriately tadlored to suit the
needs of national programs and containing desirable genes for charac
teristics such as high harvest index resistance 1o discases and high starch
content Such populations would contain the favored genes 1in higher
frequency than in the unselected onginal germplasm The need for local
selection of these matenials will ensure dentification of clones suited 10
local environments

The wucceeding step would be to generate ehite gene pools from
hybrnidizations between specific local cultivars and locally selected CIAL
clones This would be an invaluable means of attaiming clones which are
productive as well as adapted to speafic agro ecological conditions of a
country

I'he exchagge of elite permplasm having desired characteristics ¢ ymmon
to two or more couritries could be carried out between national programs
through appropriately organtzed channels of vanietal transfer probably in
the form of menstem culture

( ermplasm maintenance and transier

As the maintenance of germpla mos d costly operaton itwd supp sted
that CIAT develop and maintain an Asian g rmplasm bank This would
entail the dispatch of matcriais by menstem culture and would therefore
entail tr umng of national saienti t an these 1 chnigues as wedl « muner
investments in laboratory facilitic in the respe tive countries

I here should be coordination o germpla m exchange for both local
clones and ehite materials especially wherc th re are commaon sclection
targels between program

Identification and management of selection sites

It was tre cd that the contral breeding tation of a nati wnal program
should by located nthe mostr pre entativ 1 av i growing arca Highly
proaductinve and tertile envire nments she uld be avoided as mayor selection
sites becau ¢ Cass ivais cubtivated large s inmor marginal areas Reglonat

valuaticn it for testing advanced matenial should cover m )
Ldssdy 1 growing dreas (including potential production dareas)

P xcepticnal ind unrcihistic growing conditons and treatm nts (v g
trrigation)  houid be avorded durning the evaiuatin of matenals In the
samevein mputlevels of myor decticntrils hould be within the reach

fthe av rage farmer However po  tble respon os to higherinput devels
at later selectio nostages should be considered
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Selection targets

Selection targets common to most national programs include
high yield
early maturnity {often associated with high harvest index)
high dry matter content (to be balanced against postharvest deterio
ration)
adaptation to intercropping
diversification of cultivars to broaden the germplasm base (¢ g
incorporating resistances to CBB cercospora and possibly white
root)

Selection targets specific to particular national programs include
adaptation to various sol and chmatic conditions
tolerance to shade (with respect to cassava intercropping with
perennial tree crops for which much interest 1s shared by several
countries)
better quality tubers for fresh consumption (¢ g low HCN)
root shape/size ease of harvesting
characteristics which need to be more cilearly defined to facilitate
selection

Early maturity 1s important to countries with climatic constraimnts during
certain times of the year such as dry seasons or typhoons to increase the
rate of return on production costs and to intensfy certain cropping
systems

It was stressed that final selection should be basically location specific
although the possibihty of selection for widely adapted cultivars should
not be eliminated Furthermore it was recogmyzed that although each
national program had a generally acceptable germplasm evaluation
scheme attempts should be made wherever possible to reduce the time to
final evaluation and release of new cultivars

Final stage of varietal release

It was suggested that there was a need to re examine whether a strictly
controlled release scheme was appropriate or whether aloosely controlled
scheme enablingfarmers themselves to select acceptable cultivars should
be adopted It was proposed that the choice of either scheme should be left
to national programs to be 1n line with government policies

Agronomic and Cropping Systems Research

The potential returns to investment 1n breeding are directly related to
improvements in agronomy and cropping systems Researchinthisareais



c 1 dR mm d1 421

best considered 1n terms of constraints either on cassava productivity or
on farmer management of the crop In this context research areas can be
distinguished as follows (1) research on constraints specific to the cassava
crop (2) rescarch on constrawnts that involve the cropping systems in
which cassava 1s grown and (3) research on constraints at the level of
development projects and extension of improved agronomic practices

Crop specific constramts

Soil ferility Management of soil fertility 1s of cntical importance 1n
cassava particularly since 1t has traditionally been grown on less fertile
sotls often with httle or no fertihzer application Because cassava 1s
particularly adapted to such conditions the crop has undeservedly gained
the reputation of being a soil-depleting crop Maintenance of soil fertility
in cassava production systems 1s not well understood at either the
experimental level or at the farm level Forcassava there 1s a need to move
away from 1 year fertility trials to address the more complex 1ssues of the
effects of previous cropping history and of previous fertilizer application

Maintenance of soil fertility through the use of crop rotation and
organic fertilizers should be studied at both the experimental level and at
the farm level The principles of fertihty maintenance should be established
by a regionally based research effort that should (1) collect and analyze the
existing datain the region on fertilizer tnials farm level practices and souls
and (2} use this base to design a sertes of key tnals in different countnes
The data from this research would then be used as the basis for developing
trials to establish economic recommendations for each individual country
or region

The critical role of mycorrhiza 1n cassava nutrition has been well
established Response to phosphorous fertilization in the region has
generally been low and the guestion s raised whether this 1s due to
ineffective mycorrhiza especially since Asia s not the center of ongin of
the crop Testing of mycorrhiza strains collected and evaluated by CIAT n
Latin Amenica could begin to answer this question

Germunation and early plant vigor In many growing areas poor
germuination and lack of early plant vigor are dominant constraints on
productivity Since cassava 1s vegetatively propagated management of
planting materialis critical to achieving high yiclds Inan Asian setting the
cffects of the monsoon climate on the quality of stake production and their
subsequent germunation and vigor—both in terms of the effect on the
donor plant duringits growth as well as on the stakes during storage—have
not been elucidated and should therefore be researched
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If ines with early maturity are developed then management practices
forstake storage and production of high qualuty plantng material need to
be developed Technology to overcome this constraint can probably be
developed on a regional basis and refined on a local basis

There 1s an obvious need to investigate the extent to which germination
ability under stress conditions 15 genetically determined Introducing this
as 4 selection target may thus be warranted for certain countrics

Weed control A potential constraint for a crop such as cassava where
full canopy is so delayed 1s control of weeds The prionty for development
of chemical or other weed control measures varied markedly in the region
depending on labor costs and availamlity Nevertheless preliminary
screening of new chemicals and mulching methods could effectively be
done n one center or institute thus reducing to a small number the
products that each national program should test If mimimum tillage 1s
recommended for erosion control (see below) additional research would
be necessary on appropriate forms of weed control

Cropping system constraints

Soil erosion Undoubtedly a serious problem perse soil erosionis alsoa
major constraint 1n maintaining cassava ylelds However to recommend
that farmers do not grow cassava on sloping terrain 1s unrealistic where
more profitable alternatives do not exist

The general principles of erosion control such as minimum tillage
multiple cropping vegetation barriers and strip cropping need to be
established as a very high prionity research effort These basic principles
should be widely applicable but will need local adaptation to fit in with
local cropping systems conditions of input availability and local demand
for the products of intercropping Since erosion control involves either
investment or reduction in short run profi s the importance of land tenure
and 1ts effect on attitudes of farmers to long term soil conservation should
also be studied There 1s a clear role for on farm research activities 1n
developing erosion control methods

Intercropping Cassava s intercropped with a range of crops at least in
certain areas in the region Of increasing importance 1s intercropping with
perennial tree crops Lack of knowledge on the longer term effects of
cassava intercropping in the establishment phase or the subsequent
performance of the tree crop is constraiming cassava cultivation 1n this
system This can be determined most cost effectively by a series of key
trials the result of which could be regionally disseminated
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Lack of shade tolerant cassava lines 1s 2 major constraint (o growing
cassava under mature tree crop stands The basic physiology of cassava
growth and development 1n shade conditions should be established and
used to determune 1f (1) 1t 15 possible to attain good yields of cassava grown
under tree crops and (2) the characteristics that breeders should look forin
order to achieve such a goal

In spite of much research effort on annual intercrop systems these have
not been widely adopted by farmers this 1s probably due to lack of
attention to those intercrops that have a ready market in the region and
insufficient analysis of the availability of purchased and other inputs
required 1n the newly developed systems Moreover with the advent of
early matunng varieties additional research may be needed 1n developing
optimal relay cropping systems

Research and extension system constraints

There has been a natural emphasis on rice in both research and
extension systems in the region This rice focus has resulted in the
development of experimental stations at optimal locations and 1n the use
of high input levels This bias may seriously constrain the development of
appropnate technology for cassava where stress tolerances are more
important mn varietal development Moreover extension and nput
dehvery systems tend to be biased toward irrigated rice growing areas and
away from the more marginal upland conditions where cassava is grown
These potential hases should be recognized in developing cassava research
in the region

The heterogeneity in production conditions and systems for cassava
increases the complexity of the research process and argues strongly for
farmers to be brought more effectively into the research effort This closer
linkage between the farmer and expenmental design and evaluation 1s
clear 1n the case of fertility management erosion control intercropping
systems and the final stages of vanietal selecion Collaboration on
developing appropniate methods of effecting this hinkage 1s probably
warranted in the region

The development of more on farm research activities would aid 1n
countering the rice induced biases 1n both research and extension Such
research would often be relatively location specific but the development of
a typology of cropping systems in the region could lead to more effective
transfer of information obtained in one system to sinmlar systems in the
region as a whole
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Postharvest Research

Unhke other crops where research focuses almost exclusively on
production research cassava development requires attention to post
harvest research Cassava roots need to be transformed 1nto a stable
product to be widely marketed and the multiple uses of cassava depend on
processing specific to each end use Postharvest technology research thus
inciudes the development of cost-effective techmques both to reduce losses
between the farm and the final end use and to increase the derived demand
for cassava through processing inta novel forms

Reduction in postharvest losses

Commercially viable technology to extend storage of fresh roots has
been a goal of both national and international research efforts for some
ume but none of these technologies has yet been commercially adopted If
promusing new technologies emerge they should be tested and evaluated in
the region however substantial new research efforts in this area do not
seem warranied at the present ume

Only hittle research has been done on extension of the shelf hife of dried
cassava eitherinfactory warehouses or farm or famuly storage despite the
fact that dried cassava s highly susceptible to both insects and mold under
Asian conditions Additional research in this area would be most cost
effective if orgamized at a regional level

Both small scale starch production and dnied cassava processing
methods have been successfully developed by countries 1n the region but
high quality techniques are not currently utilized by all countries It should
be possible to share these improved techmques among the countries in
Asia and hence eliminate duplicate research efforts

Utilization of starch by products occurs to a lmited extentin the region
but research could lead to significant expansion in by product use
Moreover 1n many starch producing areas waste water disposal produces
asignificant water pollution problem low-cost recyching or detoxification
methods are cntically needed

Novel end uses

Various novel products derived from cassava which have received
attention 1 Asian countries include composite flour modified starch
alcohol single cell protein and high fructose sweetener Attention
currently devoted to these products differs by country There 1s need to
define the technical and economic parameters that most influence the
market feasibility of the product
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A multitude of cassava products exist within the Asian region and
elsewhere throughout the world However information dissemination on
processing techniques and charactenistics of final products has been
neglhgible For example krupuk and fermented cassava which are
popular products in Indonesia are rarely found elsewhere Cassava cakes
and snacks currently produced in the Philippines would most hkely be
acceptable throughout Asia

There 1s a potentially large demand 1n the region for assavain ammal
feed rations The basic technology 15 well known and probably requires
Ittle further study Fine tuning of existing technology such as drying
systems and operational sizes for particular countries may however be
necessary Moreover as cassava moves more 1nto domestic ammal feed
concentrate industries there may be a demand for information on cassava
charactenistics for ammal feed tnals and for information on managing the
product within the mill and within the feed rations

Economics Research

The agenda for economic research 1n cassava should focus on its input
into technological —that 15 biological agronomic and utilization—
research the planning of cassava development programs and overall food
and agricultural policy As such the research agenda can be divided into
five magor topic areas production utilization and demand price analysis
international trade and policy research The principal research topics in
each area can be summarnized as follows

Production

Technology development for production relies heavily on identifying
those factors most constraining productivity This agro-economic research
should provide a continuous input into the technology development
process In the imtial phases of research identification of the factors
responsible for the vanation in cassava yields both between regions and
within aregion 1s a principal means of identifying yield constraints There
1s also the broader need to establish the constraints on cassava within both
the cropping system and the whole farming system A key 1ssyg 1s an
evaluation of the competition between cassava and other crops for land
labor and capital particularly fertihzer Timing of cultural practices
cropping and rotation systems and on farm uses versus cash sales are
other pnincipal areas of study

As vaneties and cultural practices are developed theyshould move into
a direct on farm resear h and evaluation phase Here the focus should be
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not only on the evaluation of the yield potential of varieties but on how
appropnate both vaneties and management practices are to different
farming systems Besides providing early feedback on the vahduy of
rescarch priorities and selection targets some early evaluation of the
potential impact on production costs can be established

Adoption studies of new technologies serve to 1dentify constraints to
farmers adoption Particularly important 1s the identification of cons
traints on tnput availability resource constraints within the farm crednt
and farmer understanding of the new technology

Utihization and demand

Demand research provides more of an input into the broader planning
of cassava development Particularly important 1n this area 15 the
development of an accurate and consistent set of statistics on cassava
production and area planted and on cassava utilization tn the different end
markets Without this statistical base much of the research in demand
analysis 15 hampered

Demand research can be divided by end market For the markets and
countries where cassava 1s consumed directly as a human food the
principal research topics are the estimation of demand parameters for
cassava in order to gauge growth prospects in this market An estimation
of the cross price elasticity with rice 1s important in determining whether
cassava mught play a role in nice pricing policies Finally consumer
preference studies are a necessary component to the development and
launching of novel cassava products

In the starch market principal research topics include an economic
evaluation of the appropriate scale of processing and the role that
government policies play in determining the profitability of different scales
of processing Secondly some understanding of the consistent under
utihzation of capacity in starch processing i1s 1n order as a means for
achieving further cost reductions Thirdly an evaluation of demand
growth parameters i1s completely lacking both n terms of the end uses
for cassava starch and the competiion with maize starch Finally given
that many countries in the region import sugar aneconomic evaluation of
high fructose sweeteners derived from cassava and their abihity to compete
with sugar prices is crucial to defiming future investment 1n this market

Ammal feed probably offers the most immediate growth prospects for
cassava and for this reason many workshop participants felt that this
should be the first priority 1n demand research on cassava A pnincipal
1ssue 1n this market 1s the role that international grain prices versus
domestic price policies play in determiming the potential for cassava that
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is the price at which it would be competitive with grain substitutes
I east cost feed formulation models are 4 valuable 1ool 1n such an analysis
but the computing capacity and technical coefficients were felt to be widely
avaitable so0 that providing such a service did not appedr necessary

Price analysis

Research in price analysis should bring together the production and
demand research to gauge at 4 relatively macro level the price cassava wall
have to compete at in alternative markets and after taking account of
processing costs the implications this has for farm level prices costs of
production and yield targets This research 1s of highest prionty in future
planning of the crop and 1n generating increased government support for
cassdva research

A rescarch area of lower priority 1s the issue of price formation
particularly the role that international cassava prices vis a vis domestic
food prices play in the determination of cassava prices Related to thisisan
understanding of the integration of cassava markets across different
forms through time and across locations

International trade

This 1ssue 1s most relevant to Thailand because of the EEC quota on
cassava imports however resolution of the internal pricing of cassavain
Thatland in relation tothe EEC and international grain markets (a two tier
pricing structure was suggested as 4 focus of study) could have
implications for other cassava producers in the region particularly in
respect to exports of cassava products Another major research area 1s an
evaluation of the potential for cassava exports in the Asian region
particularly to Japan Korea and Taiwan and an assessment of the
barriers to trade

Policy

Research 1n this area should aim to provide input into government
policy which would subsequently form the basis for further government
support of cassava The latter makes this research ol relauvely high
priority Each country needs to establish 1n what regard cassava may
contribute to government pohicy objectives Inturn a detimition of pohicy
goals for cassava will have implications for both biological and utilization
research priorities A part of such an evaluation would be a social benefit
and cost accounting of cassava s potential within the economy and the
potential distribution of social benefits especially to low income pro
ducers and consumers | articularly relevant may be a social costing of
cassava s effect on soil erosion and 1n areas where starch 15 produced
wdter pollution
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Research and Network Development

The dominant theme of the workshop was the urgent need in cassava
research for integration not only at the country level between disparate
disciplines and research areas but particularly between the different
mnstitutions 1n the region working on cassava [t was the concern of the
participants that CIAT and the ESCAP/CGPRT should play a catalyuc
coordinating role in the development of the regional cassava network
How that integration mmght be achieved 1s set forth in the following
guidelines

Orgamzation of cassava research and development

Utilization research 1s fundamental and should be fully integrated
with production research in the overall cassava research program

The cassava research and development program should be or
gamzed in a farming systems approach 1n which not only the place of
cassava 1n a cropping system 1s studied but also how cassava based
cropping systems interact with livestock and household systems to form
integrated farmung systems

The two organizational principles above imply an interdisciplinary
approach to research 1n which the relevant disciplines collaborate not only
in identification of constraints and research problems but also in testing of
research results

An mterdisciplinary approach together with a farming systems
approach in cassava research will have to fully integrate research and
extension at the speciahist level Training and 1involvement of village level
extension staff needs to be previded

Network requirements

A fully integrated approach to research will require more resources
both human and financial than any of the countries in the region has
available to allocate to its national cassava program Therefore 1t 15
imperanve that the countries of the region pool their resources through the
development of an integrated and coordinated regional approach to
cassava research and development in the form of an Asian cassava
network

Such a network will permit the national programs of the participating
countnes to design their research programs in a manner that will avoid
unnecessary duplication in effort but yet permit necessary testing of results
in local areas A study group may be formed to evaluate the capabilities of
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the various national centers for undertaking specific mission orented
projects of common interest

The national programs collaborating in the network should also
endeavour to obtain resources both human and financial from external
sources Examples include donor foundations orgamzations and agen
cies such as the FAO ESCAP/CGPRT Centre and CIAT In this
connection the workshop was pleased to note that in addion to us
ongoing activities on roots and tubers and farming systems the FAO has
proposed a Root and Tuber Improvement Program which 1s soon to be
launched to increase production in developing countries in the tropics
This would supplement the efforts of other orgamzations and institutes

Network activities

Breeding and germplasm exchange A CIAT cassava breeder based in
Thailand 1s currently coordinating breeding and germplasm exchange
bath between the Latin American germplasm bank and national breeding
programs and between national programs themselves Traiming and
technical assistance in structuring breeding programs are also provided
Expansion of this effort 1s seen as necessary in developing the wide range of
improved cadsava varieties needed 1n the Asian tropics

Cassava agronomy Because a large number of regional research
priorities 1n agronomy were dentified 1t was felt that a regional liaison
officer or agency is required to (1) assist in planning regional research
activities (2} ensure rapid dissemination of results in the region (3)
organmize working groups so as to guarantee that activities of common
interest are appropriately managed organize training opportunities in the
development and refiming of the new technologies developed

Cassava based farmung systems Need was expressed for a mechanism to
develop common methodologies for cassava based farming systems
especially to ensure comparability 1n information interchange between
country programs Periodic conferences would be invaluable in reaching
such consensus The suggestion was made that the CGPRT Centre might
play a coordinating role n this area

Utihzation Research on postharvest processing and product diver
sification 1s already being carried out 1n a range of different institutions in
Asia There 15 a need to bring together this body of research and
technology as a means of sharing work that has aiready been done
Moreover since most of this type of research has regional relevance there
1s a need to assess priorities and coordinate research efforts between the
different insututes At an mmitial organizing conference one of these
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institutions should be selected as the coordinating body 1n utihization
research 1n the network

Economtes Specific conditions in cach countrv wall naturally dictate the
type of economuic research to be conducted There s however significant
scope for collaboration on methodology development and sharing of
analytical technmiques Moreover there may be expertise 1n one country
that could be utilized 1n another country Information exchange more
over 1s vital to sttmulating broader based research interest 1n cassava A
regionally based economist 1s necessary to coordinate these efforts

Another sigmificant 1ssue 1n each country 1s the identificauon of
institutions to undertake what 15 a relatively broad economic research
agenda These institutions will be different depending on the topic bul
there should be assurance that there are appropriate hinkages both to the
agronomic and utilization research and to policy formation and planning
The production research should involve an economust closely linked to the
national cassava research program On the other hand the other research
areas could involve umiversiies planming offices or statistical agencies
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