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Preface

The accompanying manuscraipt on the Cassava Economy of Asia represents
a work still in progress The study is essentially complete in its major
findings but the work has not yet been shaped into a consistent whole
Distribution at this stage 1s done in order to share at an early stage the
findings of the study with those interested in understanding the current
status and future potential of the cassava crop The report should
therefore be read as a draft the introductory chapter is not included here
and the animal feed section for the China chapter was not ready in time for
Inclusion Also some of the figures are sitll lacking in the text

The study has adopted a country-by-country approach to the analysis
of the cassava economy in Asia It will hopefully be apparent from the
study that thils approach was correct as the differences between the
various countries are large indeed The study covers all the major cassava
producing countries in the region except Vietnam for which access was
restricted The study relies almost exclusively on secondary data sources
The only primary dataz collection involved a cost survey of chipping and
pelleting factories in Thailand A dependence on existing data source has
often left areas where further detail would have been valuable especially
in production issues Nevertheless Aslan countries have relatively well
developed data systems which allowed a significant level of detail in the
analysis although the data base for cassava is far weaker than that for
the principal grains

The study was carried out by John Lynam the economist in the CIAT
Cassava Program except for the chapter on China which was dony by Dr
Bruce Stone of the International Food Policy Research Institute Dr Lynam
was aided in this task by Dr Boonjit Titapiwatanakum of Kasetsart
University who oversaw the cost survey of the cassava processing plants in
Thailand Dr Delane Welsch of the University of Minnesota was hired as a
consultant for the early phases of the project to help in data collection
and initial planning of the subject material The author visited all the
countries and the principal production zones but not extensive period of
time was devoted to more in-depth studies 1n the countries With the
current study as a planning base there are now plans to undertake more
micro-level studies which will support CIAT s overall research effort on
cagsava in Asia

The current volume should therefore be seen as an integral part of
CIAT s research effort in the region and as such the contans and results
will be subject to revision as more Information is developed about the crop
In Asia An 1independent researcher may have approached the subject
differently and in some instances may have put emphasis on different issues
in the conclusions However what has been more valuable for CIAT 1is the
process inherent in the study The study provides only a snapshot in time
of an ongoing exercise focused on a fuller integration of this type of
research Into research on cassava production and processing technology in
Asia Having been forced to develeop hypotheses probe data sources and
understand markets and policies the CIAT Cassava Program has 1tself
deepened its understanding of cassava in the region an understanding on
which it now can build
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1T  INDIA

Cassava within the Rural Economies of Kerala and Tamil Nadu

India is a vast diverse sub~-continent where over three-quarters of
the 684 million people (1981 Census) live in the rural and sector where
thelr welfare 1is subject to the vagaries of the annual monsoons
Consequently a major concern of agricultural policy has been developing
the capacity of the country to feed itself and this in turn has resulted
in a commitment to attaining self-sufficiency in food grain production
This goal was achieved in the mid-1970's essentially by focusing on
development of the more productive agricultural regions (Sarma 1982)

Self-sufficiency while 1indicating a termination in imports is
nevertheless a relative concept because it implies that consumption is
limited to production availability rather than determined by demand
factors The central government has attempted to control the resultant
price fluctuations by intervening in grain marketing to manage demand The
government operates a public food distribution system at subsidized prices
to ensure that a certain minimum level of universal distribution of food
grains is achieved independent of income levels

As Sarma has noted This (self-sufficiency) strategy which was
confined to certailn crops and areas with assured irrigation also resulted
in the widening of interpersonal and interregional disparities The
social justice objective in terms of reducing unemployment or
underemployment and alleviating poverty in rural areas remained largely
unfulfilled (p 24) The cassava-growing areas in the south of India have
been such a region which has remained largely outside the area of impact of
the "green revolution technology Although cassava is very much a
regional crop in India this is also true of all other crops except rice
Analyzing cassava in southern 1India thus provides some insaght into
rectifying the disparities between regions in India

PRODUCTION

Production Trends and Distribution

Cassava is very much a regional crop in Indila two states Kerala and
Tamil Nadu make up 97/ of cassava production in India (Table 2 1) On a
country wide basis cassava makes only a small contribution to total calorie
supplies with production being more or less equivalent to some of the
minor coarse grains such as barley or the small millets However 1in the
south of the country cassava ranks second to rice as the major calorie
producing crop Given the range of temperature and rainfall conditions in
India this type of regional speclalization in crop production would be
expected for non-irrigated crops

According to the official data series area planted to cassava in
India increased slowly from the mid-sixties to the mid-seventies reaching
a peak area of 392 thousand hectares in 1975-76 (Table 2 1) Since then
cassava area has declined quite markedly reaching a level of 310 thousand
hectares in 1981-82 The trends in area are due prinecapally to changes in
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Table 2 1 India Trends inArea Production and Yield for the Country and the Major
Producing States 1964-1981

India Kerala Tam11 Nadu
Crop Year Area  Production Yield Area  Production Yield Area  Production Y

(0goha) (000 t} (t/ha) (000Oha) (000 t) (t/ha) (000 ha) (000 t) &
1964-65 2400 30330 12 & 2090 27630 13 2 250 243 0 g
1965-66 2710 3 467 O 12 8 2300 30950 13 5 350 339 0 ¢
1966-67 290 0 38170 13 2 2450 3,4100 13 9 39 0 377 0 C
1967-68 3350 45200 13 5 298 0 4,198 0 141 300 285 0 €
1968-69 3590 46360 12 ¢ 2980 40810 137 55 0 527 0 ¢
1969-70 3330 52140 14 8 296 0 4 666 0 15 8 44 Q 513 0 1]
1970-71 3530 52160 14 9 294 0 4 617 Q 15 7 47 0 567 0 12
1971-72 3537 60259 17 0 3033 5,429 3 i7 9 42 6 545 0 1z
1972-73 3632 6 317 4 i7 5 3048 5629 4 18 7 50 0 629 5 12
1973-74 368 2 6 420 9 17 1 306 4 56595 18 5 517 681 6 :
1974-75 3876 6 3259 16 3 3179 5,625 1 17 7 52 7 564 9 1C
1975-76 392 0 6638 3 16 ¢ 326 9 5 390 2 16 5 501 11158 22
1976-77 3858 63750 16 5 3233 51255 15 9 48 0 1128 2 23
1977-78 358 3 56883 15 9 2897 41886 14 5 528 13103 21
1978-79 3615 60501 16 7 289 9 4226 3 14 6 540 16820 3]
1979-80 3653 5952 2 16 3 290 3 4 223 6 14 5 581 15914 2i
1980-81 3208 58681 18 3 243 3 4097 8 16 8 533 15393 2§
1981 82 3102 5267 4 17 9 2418 40730 16 8 42 3 13248 3]

Source Bulletin on Commercial Crop Statistics and Agricultural Situation in India
Ministry of Agriculture
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cassava plantings 1n Kerala Cassava has been widely planted in Kerala
since at least the turn of the century In the 55-year period from 1920 to
1975 cassava area in Kerala expanded at a relatively slow and uneven rate
of 1 3% per annum (Table 2 2) Since 1975 cassava area has declined
rapidly to the same level as the early sixties On the other hand area
planted to cassava in Tamil Nadu has remained relatively constant at around
50 thousand hectares since the late 1960 s

Production trends are more difficult to evaluate since the basis on
which yield has been estimated has been changed twice In 1963 yield
levels in Kerala were revised sharply upward from a trend of 7 t/ha to a
rising yield trend starting at 12 t/ha In 1979 a crop cutting survey was
instituted 1n Kerala and Tamil Nadu and what had been a rising tremd in
yields in Kerala was revised downward In Tamil Nadu on the other hand
vield estimates were dramatically increased Given these revisions in
yield estimates production trends which follow from the area and yield
estimates are somewhat meaningless  What can be sald with some degree of
confidence is that production in Kerala has declined markedly since 1975 at
an annual rate of about 5% per annum Cassava production in Tamil Nadu in
the same period has shown a slight increase The dominant question that
arises is the reason behind the declining area and production of cassava in
Kerala

Cassava production systems

Kerala Kerala is one of the most populous rural areas in the tropics
Population densities in some districts exceed 1000 people per square
kilometer  About 81% of the population reside in the rural area according
to the 1981 census while a little less than half of the work force are
directly involved in agriculture However a more accurate reflection of
the population pressure 1s that while average farm size is only 0O 49 of a
hectare only cne third of the work force in the agricultural sector have
access to land Moreover over 70%Z of the population who do own land have
less than half a hectare (Table 2 3)

As a consequence of this population pressure land use 1is very
intensive Excluding forest reserves and non-agricultural uses 874 of
available land is cultivated The cropping intensity index in Kerala in
1977/78 was 132 percent well above the average for India as a whole
However this figure is more remarkable when it 1is considered that
two-thirds of cultivated area 1is under permanent tree crops Thus for
area under annual crops the cropping intensity index is 192 percent that
is a substantial portion of the land under annual crops 1is double or
triple cropped

Cassava 1s the most important annual crop in Kerala after rice making
up 38% of the net area sown to annual crops Two factors explain why
cassava has achieved such importance in so intensive am agricultural
system First the unon-irrigated upland areas are characterized by
lateritic soi1ls which are low in 1inherent soil fertilaty especially
phosphorus and are quite acidice Cassava in comparison to most other
annual crops 1s well adapted to such soils even with relatively minimal
amounts of fertilizer Second cassava gilves very high carbchydrate yields
under these conditions With average yields around 15 t/ha only triple
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Table 2 2 India Growth 1n Area
Planted to Cassava 1n
Kerala 1920-1980

Area
Crop Year (000 ha)

1920-21 164
1925-26 170
1930-31 194
1934-36 175
1940-41 183
1944-45 197
1952-53 205
1955-56 222
1960-61 245
1965-66 260
1970-71 294
1975-76 327
1980-81 243

Source Panmkar et al 1977 and
Government of Kerala  Statistics
for Planning Directorate of
Economics and Statistics Trivan-
drum various years
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Table 2 3 India Percentage Distribution of Farms
by Si1ze 1n Kerala 1970-71

Size of Distribution

Holding of Holding
(ha) (%)
Below 0 04 18 7
004 -0 25 37 2
0 25 -0 50 15 6
0 50 - 100 13 3
100 -2 00 97
200 - 300 32
300 - 400 14
More than 4 00 09
Total 100 0

SOURCE Statistics for Planning 1980

Government of Kerala 1980



cropping of rice under irrigation gives higher dry weight yields in the
state

While rice is grown on the irrigated bottomland cassava is grown on
the sloping upland areas On these upland soils cassava competes primarily
with tree crops for land and it is the general concensus that cassava is
being displaced by higher value tree crops However for the principal
tree crops increased plantings of rubber and cashewnut are more than offset
by declining area of coconut and black pepper (Table 2 4) The crop or
crops that are displacing cassava remain unclear from the aggregate data
but the strongest hypothesis still remains some combination of tree crops

Cassava production systems in Kerala are relatively simple compared
to countries such as Indonesia This is partly duve to the constraints on
potential intercrops imposed by soil conditions Annual rainfall in the
state averages about 3000 mm and varles from about 2000 mm in the south to
3800 mm in the north There is a long dry period from December to March
when little rain at all is received The rains start in April-May when
60-65% of the cassava crop is sown (Hone 1973) The monsoons arrive in
full force in June-July From 35-40%Z of the crop is planted in
September-October when the rains have fallen off but before the start of
the dry season in December

Land preparation is done completely by hand and any green vegetation
in the plot is concentrated in the soil below where the cassava stems are
to be sowm The stakes are sown vertically at populations of 10 to 12
thousand per hectare In such intensive systems weed control is fairly
meticulous and when farmyard manure or wood ash 1is available it is
incorporated in the same form as the green manure

Some chemical fertilizer is certainly used on cassava in Kerala
although there is conflicting data to suggest just how extensive this use
is Certainly potassium fertilizer consumption is a much higher percentage
of total fertilizer consumption in Kerala than in India as a whole (33 3/
of consumption as compared to 11 4% in the whole country) Cassava (and
tree crops) has a higher potassium requirement than grain crops A
National Council of Applied Economic Research survey in 1975/76 found that
83% of cassava area in Kerala was fertilized but that only 19 kg/ha of
nutrients were applied to the area fertilized Desai (1982) has found this
survey to substantially overestimate aggregate fertilizer consumption in
Kerala He provides estimates for India as a whole suggesting that in
1976/77 38 2% of cassava area was fertilized at a rate of 33 kg/ba The
limited data available thus suggests that there 1s some fertilization of
cassava but at very low rates of application

The cassava roots are harvested at about 10 months with the bulk of
the crop being harvested in the dry period from December to February  The
percentage of the crop that is sold off the farm is open to some question
A relatively dated report (Taploca Market Expansion Board 1972) estimates
that about 40% of production enters market channels (Table 2 5) This
would appear a bit low considering that cassava 1s such a pervasive
consumption item in Kerala that about two-thirds of households in Kerala
do not grow cassava and that household consumption surveys show higher
consumption levels for purchased cassava than own production (Table 2 6)
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TABLE 2 4 India Area under Principal Tree Crops in Kerala 1970-80

Rubber
Less than
Crop Year Coconut Black Pepper 2 has Total Cashewnut
(000 ha) (000 ha) (000 ha) (000 ha) (000 ha)
1970-71 719 1 117 5 68 5 203 1 na
1971-72 730 3 116 3 71 7 208 8 na
1972-73 745 4 116 3 74 1 213 1 na
1973-74 744 8 118 2 77 1 217 5 103 2
197475 748 2 108 2 79 4 221 3 104 9
1975=76 692 9 110 6 81 9 224 4 109 1
1976-77 695 0 108 7 85 5 230 6 113 3
1977-78 673 5 101 0 38 4 233 4 127 0
1978-79 660 6 80 5 91 3 235 9 n a
1979-80 664 5 107 2 na na na

Source Government of India  Bulletin of Commercial Crop Statistics
Directorate of Economics and Statisties Ministry of Agriculture
various years
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Table 2 5 India Percent of Farm Production Commercialized 1n
Various Districts of Kerala State 1971

Percent
Distrmict Commercialized

Trivandrum 46 8
Quilon 32 2
Alleppey 33 9
Kottayam 28 5
Ernakulum 16 9
Tri1chur 53 4
Palghat 17 6
Malappuram 42 6
Kozhikode 38 2
Cannonore 23 0
Kerala 39 3

Source Tapioca Market Expansion Board 1972
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Table 2 6 india

Rural Kerala

Consumption of Rice and Cassava by Income Strata and by Source of Supply

1977 (kg/household/week)

Annual

Cassava

Household Total Own Open Total Own Open

I ncome Consumption  Ration Production Market Consumption Production Market
(Rupees} {kg) (kg) (kg} (kg) (kg) (ka) {kg}
Less than 600 8 4o 5 65 - 275 12 90 0 40 12 50
601-1200 9 43 6 39 - 3 Ok 11 31 2 96 8 35
1201-2400 13 47 7 70 177 4 00 15 46 4 13 11 33
2401-3600 13 89 6 67 in 6 11 12 66 L 33 8 33
3601-4800 12 00 4 90 2 00 510 6 70 4 50 2 20
More than 4800 13 42 5 14 5 71 2 57 329 329 -

SOURCE George 1979



The perversity of the latter is due to the positive relation between income
and land ownership in Kerala and the shift from cassava to rice at higher
incomes 40% is then probably a minimum estimate of marketed surplus of
cassava in Kerala

The most common marketing practice is for farmers to sell the standing
cassava crop to purchase agents for a lump sum payment The agents do not
necessarily harvest straight away but must harvest before the start of the
rains Farmers as well gradually harvest the crop themselves selling in
small lots by the roadside or in local markets  When marketing of the
fresh root is problematic particularly in the north of Kerala the roots
are peeled sliced and dried as chips during the principal harvest period
in the dry season Wholesale merchants and weekly markets serve as
assembly polnts for roots and chips

Tamil Nadu The other major cassava producing zone is i1n the western
part of Tamil Nadu where production is principally concentrated in Salem
District Production systems for cassava are considerably different from
those in Kerala and this arises from a change in the limiting production
constraint from soil factors in Kerala to moisture availability in Tamil
Nadu Rainfall in the major production area of Salem District averages 820
mm per Yyear This average however masks a very high variation with
annual rainfall in the last ten years ranging from 550 mm to 1250 mm
There is a five-month dry season from January to May when rainfall averages
no more than 14 mm in the whole period This limited rainfall is in many
cases supplemented by irrigatiom

Farm size for cassava farmers in Tamil Nadu 1is somewhat larger than
that in Kerala A sample of 70 cassava farmers in Salem District found an
average farm size of 2 6 hectares with an average area sown to cassava of

75 ha (Uthamalingam 1980) The larger farm size reflects in part the
much drier conditions in Tamil Nadu and the relative scarcity of irrigation
water Cassava is grown almost strictly as a cash crop in these cropping
systems and competes for land principally with cotton and to a lesser
extent rlce and sugar cane

Cassava s role in these cropping systems is defined by its access to a
ready market (the industrial starch market) and cassava's efficiency in
water use Over 857 of the irrigation water is provided by wells and the
farmer must plan his cropping pattern around expected rainfall and
available water stored 1in the wells When irrigation water 1s in short
supply farmers turn from rice and sugarcane to cassava or cotton
depending on output prices

According to the sample of 70 farms in Salem District 907 of the
farms grew cassava under irrigation The crop cutting survey in all of
Tamil Nadu found that 727 of the plots were grown under irrigation The
irrigated crop 1s planted at the end of the rains in Januwary Up to
four or five 1rrigations are needed for establishment Frequency of
irrigation afterwards depends on water availability in the wells and the
arrival of premonsoon showers in June On average 20 irrigations are given
at an interval of 15 to 20 days
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The rainfed crop is sown at the start of the southwest monsoon in
August The «crop is assured of no more than five months of rainfall
before the start of the dry season in January which is followed by the
pre-monsoon showers in June-July A rainfed crop is oftem grown on as
little as 500 mm of rainfall The 1rrigated crop is usually harvested
after 8 to 10 months while the rainfed crop requires 12 months before 1t
can be harvested

Land preparation relies on bullocks and for the irrigated crop the
land is ploughed four or five times before forming either beds and channels
or ridges and furrows Plant population 1is approximately 10 000/ha
Stakes are sown vertically and normally six or seven weedings are done
during the course of the crop year

Fertilization or manuring 1s a common practice for cassava in Tamil
Nadu especially for the irrigated crop The crop-cutting survey found
that 74% of the cassava plots were either fertilized or manured using
either animal manure or a vegetable compost The farmer survey in Salem
found an average application of 18 5 t/ha of farmyard manure or 15 1 t/ha
of compost Manuring is often combined with application of compound
fertilizer Moreover cassava is usually planted in rotation with other
crops and will often take advantage of residual fertility from fertilizer
application on prior crops However where cassava is grown in successive
years in the same plot there is a marked tendency for yield to drop A
typical trend is 35 t/ha in the first year 24 t/ha in the second and 17
t/ha in the third (Tapioca Experiment Station Salem District private
communication)

In contrast to Kerala most of the cassava is harvested and marketed by
farmers only a small percentage is sold standing in the lot In the Salem
farm sample 874 of the cassava was marketed directly by farmers The
reason for this is the very decentralized nature of the cassava starch
processing industry The industry consists of upwards of 500 relatively
small-scale plants distributed throughout the district Coordination of
harvesting by the farmer and processing of the fresh roots at the factory
are easlly wmanaged without the need of middlemen or large expenditures on
transport

Yields

By world standards cassava yields in India are hagh Yields in the
1980-81 crop year averaged 16 8 t/ha in Kerala and 28 9 t/ha in Tamil Nadu
With the generally intensive level of cultural practices used in Kerala and
Tamil Wadu this high yield is not surprising The difference in yields
between Kerala and Tamil Nadu is due essentially to the poorer soils in
Kerala and the use of irrigation and associated higher input levels 1in
Tamil Nadu

The author is unaware of any farm-level data on distribution of
cassava ylelds in Kerala and therefore of any estimates of yield variance
across farms In the state The district-level data suggest a slight
tendency for yields to be higher in the southern and central parts of the
state and lower in the north Thus the 1980-81 crop estimates suggest
average yields of 15 t/ha in the four southern districts and of 11 t/ha 1n



Kozhikode and 12 t/ha in Malappuram in the north This limited data
suggest little variation 1in yields across the state but has little
implication for across farm variation

In Tamil Nadu a crop cutting survey im 7 dastricts in the state found
a significant variation in farm~level yields (Table 2 7) The yield
distribution was skewed toward the lower side of the mean and as well
exhibited a very extended upper tail that is a more or less typical
distribution for farm-level cassava yilelds apart from the very high mean
Over 15% of the plots had yields of over 37 t/ha with a maximum yield of
84 2 t/ha

Tamil Nadu provides a perfect example of the yield potential of
cassava when grown under very favorable production conditions  Part of the
reason why national cassava yields iIn other parts of Asia never approach
such levels 1s that cassava is usually grown under more marginal
agro-climatic conditions Yet even within a highly productive region such
as Tamil Nadu over a quarter of the farmers are getting less than 15 t/ha
Such typical yield distributions lie at the heart of production research
what factors explain the difference in yields at the low and high end of
the distribution and to what extent are these factors a function of farmer
management or a function of more or less uncontrollable biological and
edapho-climatic factors facing the farwer? The issue 1s critical to
understanding the substantial yield gap for cassava between the experiment
station and farm level and how closely experimental yields translate into
farm-level yields

Costs of production and labor utilizatiom

In such densely populated rural areas and in such intensive production
systems as exist in southern India the expectatiomn 1s that relative to
other cassava production areas wage rates willl be low labor input per
hectare will be high inputs that substitute for land will be applied at
high levels and labor costs will be a lower porticn of total costs The
available data suggest per hectare labor inputs of 265 days for irrigated
systems 1in Tamil WNadu 139 days for rainfed systems in Tamil Nadu
(Uthamalingam 1980) and 116 days for production systems in Kerala (Ninan
1984)

The breakdown of labor activities for Tamil Nadu shows that weeding is
the principal labor requirement and makes up 60% of total labor demand
with inputs in rainfed systems requiring about half that in airrigated
gsystems (Table 2 8) Labor for harvesting forms the next major component
in both systems followed by land preparation In Kerala on the other
hand land preparation is by far the principal source of labor demand
again reflecting the non-use of any sort of alternative power source in
preparing the land Labor use for weeding is far below that employed in
Tamil Nadu either in irrigated or rainfed systems Thus moisture for
weed growth is not a factor influencing labor input The key difference is
the use of hired female labor in Tamil Nadu whereas in Kerala especially
on farms of less than one hectare most of weeding is done by family labor
almost solely men

Labor input in cassava systems in India is lower than that 1in
Indonesia but significantly higher than labor input in Thailand Malaysia
and the Philippines This result is expected given the relative
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Table 2 7 India Yield Distribution from
Crop Cutting Survey Tamil Nadu
1979-80 (287 farms)

Yield Strata Percentage
(t/ha) Distribution
0-75 13

7 5-15 0 14

15 0-22 5 16

22 5-30 0 25

30 0-37 5 16

37 5-45 0 8

45 0-52 5

52 5-60 0

60 0-75 ©

75 0-30 O 03

Average Yield = 24 5 t/ha
Standard Deviation = 14 1 t/ha
Maximum Yield = 84 2 t/ha
Irrigated Yield = 27 4
Unirrigated Yield = 15 6

SOURCE  Unpublished results of crop
cutting survey Tamil Nadu
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TABLE 2 8 India ULabor Use in Cassava Production Systems in Tamil
Nadu 1978-79 and in Kerala 1976-77

Tamil Nadu Kerala
Irrigated Rainfed Rainfed
Activity Men Women Men Women Men

(days/ha) (days/ha) (days/ha) (days/ha) (days/ha)

Preparatory Cultivation 27 2 - 11 9 - 54
Seeds and Sowing 15 2 36 6 5 53 10
Manuring 5 4 - 71 - a
Irrigation 25 3 - - - -
Weeding - 96 7 - 91 9 27
Harvesting 30 6 - 28 1 - 22
Miscellaneous - 18 - 19 2

Total 103 7 161 6 53 5 85 0 115

Included in weeding

Source Uthamalingam 1980 WNinan 1984
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differences Iin the land-labor ratios in the cassava growing regions of the
different countries Moreover labor costs are a lower proportion of total
production costs in India as compared to the latter three countries In
Tamil Nadu labor makes up only 357 of variable production costs and less
than 20% of total costs This is due to the large expenditures on
fertilizer and land rental

A comparison of production costs between Kerala and Tamil Nadu (Table
2 9) shows that per ton costs are higher in Kerala than Tamil Nadu The
difference 1is due in 1large part to differences in yield levels
particularly when it is considered that rainfed systems in Tamil Nadu are
of only marginal importance Moreover when average yields reported for
the state are used in place of the study's sample yields the difference
becomes even more marked Nevertheless the flow of cassava 1s from Kerala
to Tamil Nadu and not vice versa This is due to the very seasonal nature
of cassava supply in Tamil Nadu and the fact that the opportunity cost of
irrigated land when there is sufficient water is much higher than is
reflected 1n average rental rates

Technology Development

Not only 1s there very limited potential for expanding area in cassava
in southern India but competition from other crops has actually resulted
in declining area planted t¢ cassava in Kerala  There is an obvious demand
for technology that would lead to increases in cassava yields The
question arises since the production systems are so intensive and cultural
practices are of such a high level whether there is a significant yield
gap to exploit?

This issue is at the heart of the work of the Central Tuber Crops
Research Institute (CTCRI) in Kerala Under the 1Indian Council of
Agricultural Research the institute assumes principal responsibility for
research on cassava in India  Most of their work iIs focused on conditions
in Kerala where research has been carried out since 1963 Independent
research on cassava 1s carried out in Tamil Nadu at the Tamil Nadu
Agricultural University in Corimbatore and the Tapioca Experiment Station
established in 1971 1n Salem District as part of Horticultural Department
of Tamil Nadu This division in activities allows research to focus on the
very different production systems of Kerala and Tamil Nadu Moreover
India has had the longest period of continuous research on cassava in Asia

The search for yield increasing technology in Kerala has focused on
essentlally four principal factors (a) improved high-yielding varieties
(b) soxl fertility management (c) control of African cassava mosaic virus
and (d) 1ntercropping systems The two principal constraints on increased
productavity are perceived to be soil factors and the virus disease Given
the high level of cultural practices in the state overcoming these two
constraints would probably not lead in themselves to much higher yield
levels Major increases in per hectare productivity would have to combine
as well improved varieties and intercropping with the problem in the later
being the identification of an adapted legume crop
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Table 2 9 India Cost of Production of Cassava 1n Tami1l Nadu and

Kerala 1978-79

Tam11 Nadu Kerala
Cost Item Irrigated Rainfed Rainfed
(Rupee/ha) (Rupee/ha) (Rupee/ha)
Variable Costs
Preparatory Cultivation 273 0 180 4 466 6
Seeds and Sowing 220 5 222 0 221 1
Manures and Manuring 1,101 & 529 2 687 6
Irrigation 300 1 - 79 8
Weeding 477 6 228 2 349 5
Plant Protection - - 17 0
Harvesting 237 7 177 5 200 6
Interest on Working Capital 274 1 140 4 212 3
Total Variable Cost 2 884 7 1477 7 2 234 5
Fixed Costs
Rental Value of Land 1776 4 989 7
Depreciation 210 7 147 8
Interest on Fixed Capital 387 5 228 4
Total Fixed Capital 2 374 6 13659 18800
Total Costs 5,259 3 2 843 6 4 114 5
Y1eld (t/ha) 22 96 i0 74 13 63
Variable Cost per Ton 123 9 137 6 163 9
Total Cost per Ton 229 7 265 2 301 9
Source Uthamalingam 1980 Hone 1973
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During the early years of CTCRI when a germplasm bank was being
assembled omne selection from Malaysia M-4 was released and found wide
acceptability with farmers This variety has since set the standard and
developing hybrids to replace M-4 has been a difficult task Only five
hybrids have been released since the inception of the institute H-165
H-97 and H-226 in 1970 and H-2304 and H-1687 in 1977 A fertility trial
carried out at the experimental station arguably gives some indication of
potential yield gain with these varieties (Table 2 10) Average yields of
M-4 at intermediate fertilizer levels are at about the state average of 15
t/ha indicating little gain to be achieved by agronomic practices The
hybrid H-2304 yielded 24 t/ha at intermediate fertilizer levels and 32 t/ha
at relatively high fertilizer levels

Because most cassava grown 1n Kerala is consumed as a boiled root
quality characteristics are very important This has probably been one of
the principal factors limiting the wider adoption of the hybrids These
quality characteristics i1nclude HCN content short cooking time (due to
limited fuel resources of households) softness with cooking (apparently
related to the ratio of amylose to amylopectin) good consistency (high
starch content) and to a more minor extent whiteness of the £flesh
(H-1687 for example 1is yellowish due to a high carotene content) M-4 1s
recognized to have good culinary quality and for these properties to be
stable across locations and through the growing season The result is
usually a price discount for roots from the hybrids for example farm
prices of 0 90 rupees/kg for M-4 versus 0 75 rupees/kg for H-1687 (field
notes 1982) Thus a 25% yield advantage is almost canceled by a 207 price
discount

Besides higher yielding ability and root quality characteristics the
other major breeding objective is field tolerance to cassava mosaic virus
M-4 though brought from Malaysia where the disease does not exist has
relatively high field tolerance as do almost all the released hybrids
Tolerance does not imply immunity with this disease and tolerant varieties
must be combined with adequate selection of clean planting material since
this is the principal means of spreading the disease Unlike in West
Africa where the disease 1is easily spread by the white fly wvector
effective white fly infection in India is only 2 to 5%

The final two breeding objectives are short maturity and plant type
compatible with intercropping systems The latter is cowmplementary to the
research on intercropping systems Most of the cassava in Kerala 1s grown
in monoculture due in large part to the lack of adaptation of potential
commercial intercrops to the lateritic soils The institute is having some
success in promoting peanuts as a suitable intercrop with cassava
Moreover since cassava 1s planted continuously for many years in the same
plot maintaining soll organic matter is difficult Long term fertilaty
trials have shown that applying farm yard manure with fertilizer gives a
significantly higher yield than fertilizer alone and that manure appears to
be necessary in maintaining yield levels over time (CTCRI 1980 and 1982)

Increasing cassava preduction 1n southern India is dependent on

increasing yields These yield increases 1in turn depend on the
development of high-yilelding varieties that do not sacrifice quality for
yield and that are tolerant to cassava mosaic virus The 1improved

varieties in turn imply heavier demands om soil fertility and thus higher
rates of fertilizer application Although the research objectives are



Table 2 10 India Cassava Root Yield of Different Varieties in a Fertilizer Trial

NK Combinations (kg/ha of N and K20}

Varieties 50 50 50 100 50 150 75 75 75 150 75 225 100 100 100 150 100 200 100 250 Mean
H-165 22 67 23 01 22 88 24 24 22 84 26 47 28 30 25 08 23 87 27 93 24 73
H-2304 24 07 25 99 25 27 27 84 30 42 28 64 32 16 32 96 32 43 31 41 29 12
H-1687 19 29 19 04 21 47 19 62 20 13 22 96 26 05 26 39 25 31 25 02 22 53
M-4 15 18 14 76 i5 66 16 95 16 10 15 83 18 62 18 66 17 48 18 62 17 79
Mean 20 30 20 70 21 32 2216 22 16 22 37 23 47 26 28 24 77 25 74 -

Source Central Tuber Crops Research Institute Annual Report 1978-79, Trivandrum
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quite straight forward after twenty years of consistent breeding effort

CTCRI has found the progress to be slow in part because substantial effort
at the beginning had to be devoted to more basic studies since little
basic research had been done on cassava up to that point in time in part
because their varietal evaluation system requires approximately ten years
from cross to potential release of a new variety and possibly in part
because the recombination of all desired characters at adequate levels has
a low probability producing a requisite hybrad The efforts upto this
point in time suggest that a goal of average farm-level yields of 25 t/ha
is a feasible objective If the gocal is worth pursuing depends in turn on
the prospective ocutlook for utilization of the cassava crop

Markets and Demand

Kerala and Tamil Nadu present very different market structures (Table
2 11) In Kerala the market for fresh cassava for human consumption
dominates while in Tamil Nadu virtually all of the roots are processed
into starch or tapioca pearl (see Appendix 2 1 for a discussion of the data
sources used to construct the supply and utilization table) There 1is
evidence of some trade between the two states but this appears to be
relatively small and the flow is in only one direction from Kerala to

Tamil Nadu Cassava markets in the two states appear to react
independently of each other a feature reinforced by the periodic controls
on exports of cassava by the Kerala State government The focus

therefore will be on the evaluation of Kerala and Tamil Nadu as two
relatively independent markets

Cassava for Direct Human Consumption

Cassava as a direct food source achieves substantial weight 1in only
the food economy of Kerala As might be expected in rural economles where
population pressure on land is high per capita food consumption levels are
low About 704 of average 1incomes are spent on food with the principal
component being rice on which 30%Z of total income 1is spent (Table 2 12)
In the rural areas over 6% of average income 1s spent on just cassava In
such econcmies food consumption is directly dependent on income levels and
as can be seen in Table 2 13 food calorie distributlion is symmetric to
income distribution Average daily caloric intake is just over 2000
calories Using the relatively gross standard of 2100 calories as the
minimum daily requirement Table 17 shows as much as 35% of the population
in rural areas and 507 in the wurban areas falling below minimum
requirements Because of the work and activity patterns of the poor in
rural areas calorie shortages can be considered teo be chronic

Cassava plays a key role 1in the calorie nutrition of the population of
Kerala Cassava 18 at least as important (National Sample Survey 28th
Round) or more important (Kumar 1979) than rice for the low-income strata
in rural areas Rice is however the preferred focd and consumption
increases markedly with income However at least for the 81% of the
population inm the rural areas cassava consumption shows a slight
increasing trend across income strata (Table 2 14) Even though per capita
congumption levels are high as compared to Indonesia for example the
National Sample Survey would indicate some limited capacity by rural
consumers to Iincrease cassava consumption with increases in 1income
although with everything else equal most of that Increase 1n 1ncome would
go to increased rice consumption
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Table 2 11 India Production and Utilization of Cassava Roots by State

1977/78
Domestic Utilization
Human Consumption Animal
State Production Export Fresh Dried Starch  Feed Waste

{000 t) (000 t) (000 t) (000 t) (000 t) (00C t) (000 t)

Kerala 4189 22 2437 619 499 ; 503
Tam1 Nadu 1310 . 126 ; 162 ¥ - 131
Andra Pradesh 137 - - - 123 - 14

Other 52 - 47 - - - 5
India 5688 22 2610 619 1784 - 653

1/ Includes 109 thousand tons of roots and chips 1mported from Kerala

Source CIAT estimates
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Table 2 12 India Average Consumer Expenditure Pattern Kerala 1973 74

Rural Urban
Amount  Percent Amount  Percent
Item (Rupees) {(7) (Rupees ) {/)
Cereals 18 14 32 8 18 10 26 3
Rice 17 70 32 0 17 26 250
Cassava 3 53 6 4 167 2 4
Grams and Pulses 0 72 13 121 18
Vegetable 011 112 20 172 25
Mi1k and Dairy Products 182 33 393 57
Meat Fish Eggs 2 52 46 3 42 50
Other Food Items 11 75 21 2 16 69 24 2
Total Food 39 60 71 5 46 74 67 8
Fuel and Light 2 97 54 3 60 5 2
Clothing 2 63 4 8 2 55 37
Rent 0 10 02 126 18
Other Non-Food 10 05 18 2 14 78 21 4
Total Non-Food 15 75 28 5 22 19 32 2
Total 55 35 100 0 68 93 100 0

Source Government of India the National Sample Survey 28th Round
1973/74
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Table 2 13india Caloric Consumption by Income Strata in Kerala

1971-72
Per Capita Rural Urban
Monthly % Distribution Per Capita % Distribution Per Capita
Expenditure of Households Calorie of Households Calorie
(Rupees) Consumption Consumption
0-15 31 893 33 953
15-21 59 1229 76 1079
21-24 46 1716 57 1575
24-28 85 1466 69 1490
28-34 13 ¢ 1900 12 1 1787
34-43 95 2320 145 1989
43-55 15 6 2603 14 2 2289
55-75 18 6 2300 10 9 2700
75-100 92 3614 73 3060
More than 100 12 3 4293 17 6 3907
Average 100 O 2023 100 0 2103

Source Statistics for Planning 1980 Government of Kerala
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Table 2 14 India Monthly Per Capita Consumption of Cassava and Rice
by Income Strata 1973/74

Cassava Rice
Income Strata Rural Urban Rural Urban
(Rupees/capita) {kg/capita) (kg/capita) (kg/capita) {kg/capita)
0-13 5 04 - 196 -
13-15 8 33 0 20 175 3 60
15-18 4 63 12 50 342 167
18-21 7 60 3 23 318 2 95
21-24 6 49 305 4 34 4 23
28-28 5 14 5 59 4 98 4 06
28-34 7 49 3 06 5 06 5 60
34-43 6 48 410 6 05 5 59
43-55 779 4 04 7 26 7 81
55-75 7 20 4 73 8 43 7 32
75-100 6 86 324 10 44 g 90
100-150 7 35 2 02 11 88 8 81
150 200 11 16 165 15 37 9 63
Greater than 200 5 43 150 18 67 10 50
Average 6 99 3 64 7 33 7 23

Source  Government of India, The National Sample Survey 28th Round
National Sample Survey Organization 1973/74
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Because of the limited incomes in Kerala a low-cost-per-calorie food
such as cassava plays a principal role as a supplement to the higher cost
rice A principal issue is whether promoting technical change in cassava
production and the resultant lower prices will lead to bridging the
calorie deficit In the major cassava producing district of Trivandrum
cassava prices tend to be substantially lower and rice prices higher than
in other districts The survey of Kumar in Trivandrum suggests that
cassava consumption levels are substantially higher and rice consumption
slightly lower than the average for Kerala (Table 2 15) However for the
poorer income strata total calorie consumption is substantially higher than
for the state average for this stratum In areas such as the survey area
where average annual consumption reaches 172 kg there is probably not much
potential for further increases in cassava consumption but changing the
rice-cassava price relatiomship in other parts of Kerala would on the
basis of this very limited comparison lead to increases in cassava
consumption and increased calorie consumption

Shah (undated) has argued that attempts to increase the production of
low cost high calorie foods with a view to bridging the calorie gap by
themselves may prove inadequate' because preferences for food qualities
other than just calories bias consumption even in the low income groups to
more costly foods Food consumption patterns across 1income groups as
described above would indeed confirm that food quality is important but as
well cthat for the poor where price differences are sufficiently large
cassava can constitute up to two thirds of total calorie intake that is
the poor are very responsive to changes in relative prices of substitutes

The central government has in part incorporated the quality argument
in 1its system of public food distribution The foodgrain distribution
system has played a major role in the food economy of Kerala since 1964
when food shortages in India led to food zoning and curtailment of private
interstate trade The system depends on a comprehensive system of ration
or fair price shops at which consumers are given quotas for foodgrains and
prices are set well below open market prices However consumption
requirements are well above the ration quota and consumers must purchase
their additional requirements from the open market

The availability of ration rice has a marked influence on rice and
cassava consumption patterns A study by George (1979) found that
consumption of ration rice was relatively constant across Iincome strata
(Table 2 6) although this finding is based on household income Kumar
{(1979) found that ration rice consumption increased with 1ncome when
expressed on a per capita baslis However whereas the higher income strata
were able to complement this allotment with rice from open market purchases
and at the highest income levels from own production the lower income
strata supplemented the ration rice with very high levels of cassava
consumption most of which was purchased (George 1979) Nutrition of the
poor thus depended principally on ration rice allotments and cassava
purchases as was also found by Kumar

Wheat is also available through the ration shops but George (1979)
found that rural households consumed only a small quantity of wheat  When
their rice quota was exhausted consumers preferred to purchase cassava
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Table 2 15 India Monthly Rural Consumption of Cassava and Rice by
Income Strata

Kumar Survey National Sample Survey
Open Market
Income Strata Cassava Ration Rice Rice Total Rice Cassava Rice
(Rupees/capita) (kg/capita) (kg/capita) (kg/capita) (kg/capita) (ka/capita) {kg/capita)

0-15 19 95 1 60 69 2 29 6 27 1 88
15-24 17 68 2 29 1 46 375 6 47 3 83
25-34 16 13 2 51 2 04 4 55 6 70 5 03
35-49 16 09 2 67 2 06 4 73 718 6 17
50-74 14 35 3 46 1 64 5 10 7 20 8 43

Greater then 75 ¥ 4 19 3 55 2 35 5 90 716 12 08
Average 14 13 2 89 1 98 4 87 6 99 723

1/ For Kumar sample there are two observations only

Sources Kumar 1979 Government of India 1973/74
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from the open market than wheat from the ration shops Wheat purchases
from the ration shops accounted for only about one-third of the total wheat
allotment for the total sample and were the lowest 3in the low income
household {p 33)

Given the preference for rice a principal determinant of the demand
for cassava will be ration rice allotments The first factor to consider
is whether ration rice consumption 1s influenced by demand factors Two
studies (George 1979 and Kumar 1979) conclude that ration rice
consumption 1s not influenced by demand factors but purely by supplies
available that is all that is available would be consumed

As levy procurement of rice within Kerala dropped to negligible
levels the ratlon system in Kerala came to rely almost completely on
allotments from the Central Pool of the Food Corporation of India (FCI)
Moreover these allotments now account for over half of rice supplies in
Kerala (Table 2 16} and whereas such allotments should introduce a certain
stability in rice supplies they are in fact the major cause of
variability i1n rice availability in the state The author knows of no
study which analyzes the determinants of state allocation of ration rice by
the FCI but obviously there are other criteria than just maiptenance of
per capita consumption levels over time There is little choice but that
cagsava will continue to be a principal component of a food strategy in
Kerala and in particular cassava can be used to provide a certain
flexibility in the operation of the food ration system in the state

The dried chip market

A peeled dry chip similar to gaplek in Indonesia 1is produced in
Rerala The market principally provides an altermative outlet for cassava
during the principal harvest period from December to April which coincides
with the dry season The chips are principally produced and assembled in
the northern districts with Calicut Trichur and Changanachery being the
principal assembly centers

Data on the markets for cassava chips are virtually non-existent
What can be said is that this market is not as large nor as well-integrated
as the gaplek wmarket in Indonesia Most consumers 1in Kerala have
relatively direct access to fresh roots and most field observations would
suggest a consumer preference for fresh over dried cassava The one and
relatively dated source (Taploca Market Expansion Board 1972) on
processed cassava consumption suggests very limited consumption levels
with an average annual per capita consumption of 9 5 kg of dried product
Indications are that the dried chip market for human consumption will
remain very limited

As 1s apparent in Indonesia a well functioning dried chip market
provides an element of price stability to the fresh root market especially
where the major portion of planting and harvesting takes place at
relatively restricted times of year The chip market acts as a storage
mechanism for cassava during the low season and provides a price floor
during the peak harvest period In Kerala the other major wmarket for
cassava chips 1is for processing into starch and glucose especially
glucose Fresh roots produce a higher quality starch (Meuser et al
1978) but chips are used in the starch industry in Kerala because they are
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Table 2 16 India Rice Production Ration Rice Take-off and Rice
Availabilities in Kerala 1971-1980

Rice / Ration Card Total

Production 1 Take-off Supplies
Year (000 t) (000 t) (000 t)
1971 857 844 1701
1972 892 874 1766
1973 908 764 1672
1974 830 786 1616
1975 814 539 1353
1976 879 937 1816
1977 828 1380 2208
1978 854 872 1726
1979 848 570 1418
1980 N A 812 NA

1/ Rice production 1s on a mlled basis by crop year

Source Government of Kerala  Statistics for Planning and
Government of India Bulletin on Food Statistics



cheaper on a starch basis and help to maintain operation outside the peak
harvest season  However 1f roots were available at the price and quantity
desired the starch industry would operate exclusively on roots This
particular outlet then does not provide a certain demand on which to
develop an expansive dried chip market

The other prancipal option in developing a dried cassava market is the
export market India exported limited quantities of cassava chips to
Europe between 1957 and 1964 The largest export level reached in this
period was 72 thousand tons in the 1958-59 crop year Exports virtually
ceased until 1977 when exports to the EEC were resumed (Table 2 17) This
reopening of export shipments was brought on by a substantial price fall in
dried cassava in Kerala in 1977 which brought prices in line with f o b
prices in Thailand (Figura 2 1) Through the early part of the 1970 s Upto
1977 cassava prices in India were normally well above Thai prices and
exports were not profitable From the beginning of 1977 through mid-1981
Indian prices remained in line with Thai prices and exports continued at a
rate of about 20 thousand tons a year India fortunately enjoyed a rising
international price for cassava during this period and prices in Kerala
very closely tracked f o b Thal prices from early 1977 through mid-1981
at which point Indian prices could not match a falling international price
In 1982 India again effectively dropped out of the export maket

Export levels of 20 to 30 thousand tons result in high shipping costs
and does not allow incentives for Investment 1in more efficient marketing
and processing capacity -- although there 1is some compensation in that
India is closer than competitors to European markets At this stage Kerala
does not have the production base to develop an effective export market and
simultaneously meet domestic requirements mnor will India ever be in the
position of being a large exporter of cassava products However a
significant increase in yield levels could lead to further development of
this nascent industry which would in turn provide incentives for further
market integration the setting of a stable floor price and 1in turn lower
and more stable prices for fresh cassava for food

The starch market

The market for cassava for starch production is divided between a
fully integrated industry based on small-to-medium scale plants in Tamil
Nadu and a relatively fragmented starch industry in Kerala consisting of
two large-scale plants 3 medium-scale and 50 small-scale plants The
principal constraint on expansion of this industry is supply of rtaw
material to run the plants

The 1industry in Kerala probably operates at no more than 50% capacity
Factories here must compete with cassava for the fresh market and during at
least part of the year must offer a lower price for cassava roots than
pertains on the fresh market in order to remain competitive with
production in Tamil Nadu Thus in 1981 a major starch factory in Kerala
paid 260 rupees/t for roots which compared to farm level prices in Tamil
Nadu of between 280 to 360 rupees/t and farm gate prices for the fresh
market in Kerala of 400 rupees/t (field observations 1982) The farmer
price would only cover variable production costs for the farmer and
represents a price at which farmers would sell roots of low quality or
where identification of other market outlets was a constraint Further
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TABLE 2 17 India  Imports by the EEC
of Cassava Chips from India

1975-1985
Year Quantity
(tons)
1975 0
1976 0
1977 7 949
1978 37 182
1979 26 799
1980 11 915
1981 24 215
1982 3 037
1983 10
1984 23
1985 40

Source NIMEXE Analytic Tables for
Foreign Trade
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development of the starch industry in Kerala requires that prices in the
fresh food and starch markets be brought closer in line  Unlike the chip
export market the root market for starch 1s already probably large enough
to set an effective price floor should that ever be necessary As it is
declining production trends and rising cassava prices implies that the
starch industry in Kerala will remain moribund

The cassava root market for starch in Tamil WNadu functions as a
single integrated market The starch industry here nevertheless
operates at between 45 to 60% capacity Competition in Tamil Nadu does not
come on the demand side with altermative market outlets but rather from the
supply side where cassava must compete with a substantial number of crop
alternatives for irrigated land Root prices to the farmer are in turn
determined principally by the sale price of starch since roots make up
approximately 804 of the total cost of starch or sago production (Table
2 18)

The cost and operating structure of the starch and sago industry
shown 1in Table 2 18 suggests a relatively competitive small-to-medium
scale industry where annual returns on fixed investment of from 17 to 314
provide a normal return on investment considering the general capital
scarcity that characterizes the Indian economy With further increases in
farm production capacity there is little doubt that a dropping cassava
price would motivate further investment 1in processing capacity

The end market for sago and starch is not well documented The market
for both apparently I1s centered in the more northern states The end use
of starch is principally in the textile industry especially Bombay  Here
cassava starch competes with maize starch which 1s preferred over cassava
starch apparently because of the higher viscosity and sells at a premium
to cassava starch The cassava pearl or sago on the other hand 1is used
strictly in food uses and the largest market appears to be Bengal
particularly Calcuta Uses range from a festival food to a filler for
rice Ex-factory prices of sago in 1978-79 of 1 55 rupees/kg compare
favorably to rice prices of 2 2 rupees/kg The potential consumption of
starch and sago in India is not known but traders knowledgeable about the
industry suggest that demand 1s no constraint at forseeable production
levels

Pricing and market efficiency

Price determination and market allocation between competing uses are
governed at least in Kerala essentially by factors which influence the
demand for fresh cassava for human consumption The starch chip and
export markets serve to set something of a price floor by absorbing any
surpluses at the most competitive price at the time Because of the very
marked seasonality of harvest such surpluses occur seasonally during the
year as well as periodically from year to year Because the fresh human
consumpticn market makes up such a large part of total production --
compared for example to Java -- any changes 1n either cassava supply or
fresh root demand will create substantial instability in supplies going to
alternative markets Due to this factor and the very severe constraint on
expansion in production area the development of these alternative markets
has been very fragmented
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Table 2 18 India Annual Costs of Production of Starch and Tapioca Pearl 1n
Tam11 Nadu, 1978-79

Starch Tapioca Pear]
Small Large Smali Large
Cost Item Factory Factory Factory Factory
(Rupees ) (Rupees) (Rupees ) (Rupees)
Variable Costs
Cassava Roots 465,611 690 303 497 227 989 237
Temporary Labor 25 294 39,236 43,826 78 011
Fuel - - 5 060 11,492
Electricity 4 292 7,624 4 687 9 240
Coconut 011 - - 2 955 4 864
Gunny Bags 23 891 36,035 25 602 50 436
Interest on Working Capital 23 039 36 605 33 333 69 067
Total Variable Costs 542,127 809,803 612 689 1 212 346
Fixed Costs
Permanent Labor 9,091 11 277 7 237 12 908
Office Overhead 2 171 4 181 2 040 3,825
Depreciation
Buildings 2,174 2,870 1703 2,695
Machinery 6 832 10 285 5 003 10 617
Interest on Fixed Capital 15,937 22 910 13 295 19 618
Taxes 3 250 4 000 2 756 3 786
Total Fixed Costs 39 455 55 523 32 034 53 449
Total Costs 581,583 865,326 644 723 1 265 795
Annual Qutput (tons) 431 6 652 8 411 8 8220
Total Cost per Ton 1347 1326 1566 1540
Qutput Price per Ton 1333 1333 1556 1555
Value of By Products per Ton 85 93 72 72

Source Ulthamalingam 1980
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Although cassava consumption and prices are obviously influenced by
rice availability and prices there are no studies which measure the degree
of this influence Planning and investment in rice production cassava
production and ration rice distribution in Kerala are critically dependent
on such a study Price serles provide the only data which shed light on
the interaction between the rice and cassava markets and here several
inexplicable trends become apparent One special difficulty in analyzing
price series 1s separating out the effects of inflation in the general
price level Since the consumer budget is weighted so heavily by food
purchases the consumer price index will reflect changes in food prices
more than other products These tend to be somewhat volatile anyway but in
India upto 1977 food zoning heavily restricted interstate trade in food
grains Food price levels thus varied by state and using the consumer
price index for India as a whole to deflate prices in any particular state
will probably not be reflective of price inflation in that particular
state For this reason the consumer price index in Trivandrum was used to
deflate all prices in Kerala

During the decade of the 1970's real retail rice price rose till
1974~5 and then fell dramatically (Table 2 19) due to increases in ration

rice availabilirty Retail cassava prices on the other hand remained
relatively constant through the period resulting in rice beconming
relatively cheaper to cassava While the marketing margin for £fresh

cassava 1in Kerala 1s proportionally low compared to margins in other
countries the margin has masked much higher wvariability in cassava prices
at the farm and wholesale levels (Table 2 20) At the farm and wholesale
levels comparable though not as marked trends to those that have occurred
in the retail rice market have occurred 1In particular there is a falling
real cassava price at a time (1976-78) when production was declining
rapidly This would support a marked influence of rice prices and
availabilities on cassava prices In 1979 the brief linkage to
international prices caused cassava prices to rise

The dominant issue then is what has been happening with rice
availabilities? Through the decade of the 1970's rice production in Kerala
was relatively stable (Table 2 16) The component of variability in rice
supplies in FKerala was the availability of ration rice What 1is
inexplicable with the available data is the low rice prices in 1978 and
1979 Since food zoning and restrictions on interstate trade of food
grains were eliminated in 1977 it 1s possible that there have been flows
of rice inro Kerala from other states brought by private traders and sold
on the open market However even the limited evidence on open market
availabilities suggest that such supplies were not much changed in the
years 1978 and 1979 (Table 2 21) and that eliminating food zoning has had
no impact on rice supplies in Kerala Rice prices in Kerala have been
traditionally higher than in the other Indian states (eg retail rice
prices in 1981 in Kerala were 3 3 Rs/kg compared to 2 4 Rs/kg in Tamil
Nadu) and while the liberalization of trade flows should bring prices more
in line the mechanism to do this has to be increased availabilities

Thus while it is not clear why rice prices have declined and in turn
put a damper on cassava prices that should otherwise have been rising in
response to declining production This allowed cassava prices to become
competitive in the world market for a period of five years To the extent
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Table 2 19 India Constant1

Kerala 1970-1979

Retai1l Prices of Rice and Cassava 1n

Year Rice Cassava Rice/ Open Market/
(Rupee/kg) (Rupee/kg) Cassava Ration Rice

1970 2 87 55 52 15
1971 278 57 49 14
1972 3 04 55 55 16
1973 3 47 58 60 18
1974 3 84 56 6 8 26
1975 3 53 54 6 5 27
1976 302 62 49 N A
1977 273 58 47 N A
1978 2 43 55 4 4 N A
1979 2 33 61 38 N A

1 Prices deflated by consumer price index 1n Trivandrum 1975 = 100

Source Government of Kerala 1980 George 1979
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Table 2 20 India Average Prices of Fresh Cassava Roots at the Farm
Wholesale and Retar1 Level 1970-80

Farm-Tevel 1/ Wholesale 1, Reta1l 1/

Year Nominal Real ~ Nominal Real = Nominal Real =

(Rupee/t) (Rupee/t) (Rupee/t) (Rupee/t Rupee/t) (Rupee/t)
1970 N A N A 209 386 300 550
1971 214 391 222 407 310 570
1972 235 406 240 415 320 550
1973 309 446 311 449 400 580
1974 384 423 397 437 510 560
1975 400 400 391 391 540 540
1976 398 449 391 441 550 620
1977 325 376 323 373 500 580
1978 316 353 326 363 490 590
1979 398 411 410 424 590 610
1980 N A N A 443 NA N A N A

Y Deflated by consumer price index in Trivandrum 1975 = 100

Source  Government of Kerala Statistics for Planning Directorate
of Economics and Statistics, Trivandrum various years
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Table 2 21 India Availability of Rice 1n Three Major Markets 1n Kerala

1970-81

Year Jan-Mar Apr-dune July-Sept Oct-Dec Total

(000 t) (000 _t) (000 t) (000 t) (000 _t)
1970 210 10 7 55 44 41 3
1971 72 12 1 9 4 11 3 40 0
1972 25 7 25 7 15 3 15 3 82 0
1973 il 2 98 85 12 2 a1 7
1974 8 6 96 4 47 31 3
1975 42 8 3 11 3 45 28 3
1976 43 12 4 78 10 g 35 4
1977 12 6 12 § 117 97 46 5
1978 12 0 13 9 87 11 2 45 8
1979 81 10 6 55 71 313
1980 80 51 50 131 31 2
1981 10 2 8 6 33 24 9 47 Q

Source Government of India Bulletin on Food Statistics Dhrectorate
of Economics and Statistics Mimistry of Agriculture various
years
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that increased rice supplies can be assured this would have the greatest
impact on nutrition in Kerala  What is clear however is that there are
no such assurances Maintaining 1low priced cassava for the human
consumption market provides a critical element of stability in food
supplies What is needed however 1is better integration with alternative
markets which can handle surpluses when rice supplies are adequate What
this requires 1is a larger production base and this can only be achieved
with further increases in yields

Conclusions

Cassava serves a major if somewhat distinct role in the agricultural
economies of Kerala and western Tamil Nadu In Kerala internal rice
production 1s stagnant and there is an increasing portion of the upland
area being planted to higher value tree crops Food supplies thus rely
critically on rice allocations from the central pool and more recently
apparent privately-traded inflows from outside the state However in
maintaining or improving the food intake and nutrition of the low income
strata the options are increases in rice rationing cff-take or more
plentiful and cheaper cassava Compared to rice where an increase in the
poor s ration allotment implies an increase for everyone cheaper cassava
could target directly on the poor and would not involve subsidies from the
public treasury ~- theses subsidies are born by the Food Corporation of
India and not the Kerala State government (George 1985) The design of a
food and nutrition policy in Kerala is heavily dependent on the prognosis
for rice production in India as a whole both given that food zoning is a
policy of the past and that rice stocks in the central pool have increased
in the mid-1980 s Nor should policy makers appear 1nsensitive by
suggesting that the poor should just eat cassava Pure pragmatism suggests
that the calorie intake of the poor is critically low and that cassava can
be as cheap a means as any of increasing calorie intake

In Tamil Nadu on the other hand a potential growth industry much
like the case of Indonesia exists in the starch and tapioca pearl market
The industry is constrained by lack of raw material for processing and for
farmers there is no restrictions on finding market outlets for their
production Prices are 1in most respects relatively stable and any
increases in ylelds will directly improve farmer incomes

The 1ssue then 1is how much higher farm level yields can be raised in
these two states over the relatively high level which farmers already
achieve Such increases will almost certainly depend on higher yielding
varieties The research of the CTCRI suggests that there is scope for
doing this in Kerala An issue which CTCRI is very conscious of is that
the quality characteristics of these improved varieties shall have to
remain high since cassava is essentially consumed in a fresh form In
Tamil Nadu on the other hand there are no such restrictions other than
that the yield gap to be exploited there appears to be nmuch smaller
Southern India represents one of the few situations in Asia (Java is the
other) where the only frontier for cassava to exploit is the yield
frontier
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Appendix 2 1 A synthesis of production and utilization

The uncertainty surrounding the cassava production estimates and the
paucity of data on cassava consumption 1in 1ts various end uses makes the
development of a consistent supply and distribution series a speculative
enterprise The exercise will be attempted by first separating Kerala and
Tamil Nadu then reviewing the available consumption data for each state
and finally integrating these estimates with the production estimates The
result provides the basis for the evaluation of cassava markets and demand
in southern India

Kerala An analysis of cassava utilization must begin with an estimate
of human consumption of fresh roots Several estimates exist but as can be
seen in Table 2A 1 there is a substantial range in these estimates
Given that Kumar's sample introduces a substantial upward bias in the
cassava consumption estimate -—- consumption is higher in the southern
districts 1n rural areas and in the lower income strata -— the striking
feature is the difference between the estimates from food balance sheets
and those from sample surveys The George and Kumar samples have upward
bilases in their estimates of per capita consumption The National Sample
Survey is probably the best structured sample and thereby estimate of
consumption levels Since fresh human consumption 1is considered the
largest single market for cassava the difficulty arises of how to account
for the difference between the consumer sample estimate and that derived
from production estimates in the food balance sheets

Dried cassava chips are also produced in Kerala principally in the
northern districts and primarily in the period October to April These
chips go into various end uses Dried cassava can be prepared in the home
and eaten especially when fresh cassava 1s not avallable Cassava flour
is also produced by grinding the chips At least one factory operates in
Malappuram exactly for this purpose The flour is in turn used to produce
fine noodles Often the flour is produced in the home Also 1large starch
factories also buy chips for processing particularly for glucose
production Finally from 1955 to 1966 cassava chips were exported
After that exports ceased until just recently and since 1977 India has
again been exporting modest amounts of cassava chips

Statistics on production and wutilization of cassava chips are
practically non—-existent  The Tapioca Market Expansion Board provides the
single estimate of household consumption of processed cassava products and
estimates an annual consumption of 9 5 kg per capita of dried cassava It
can only be assumed that cassava flour is included in this figure Cassava
chip exports were initiated again in 1977 after a lull of about 10 years
Exports remain small and airregular Imports into the European Community
from India were 7 949 t in 1977 37 182 t in 1978 26 79% t in 1979 and
11 915 t in 1980 Chips purchased by the starch factories are assumed to
be included in starch production figures

This leaves only potential exports of dried cassava to other states
Data on transport through selected checkposts for the period May 1975 to
May 1976 give the following figures
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Table 2A 1 India Different Estimates of Per Capita Consumption of Fresh Cassava 1n
Kerala
Annual
Sample Sample Per Capita
Source Size Structure Period Consumption
Kumar 43 households  Trivandrum District  Feb-Sept 1974 171 9
Rural Only
Bottom 50% of Income
Strata
George 100 households Two Villages Nov 1977 114 7
Rural Only
National Sample Survey 890 households Complete State Oct 1973-June 78 3
Rural and Urban 1974
Tapioca Market unknown A1l but One Distrmict 1971 56 5

Expansion Board

UN Dept of
Economic and
Social Affairs

Govt of Kerala

Rural and Urban

Food Balance Tables

Food Balance Tables

1961/62-1970/71 208 4

1974 276

Sources Kumar 1979 George 1979 Government of India

1972 U N Department of Economic and Social Affairs
1977

1973/74 Government of Kerala
1975 Government of
Kerala



Quantity (M T ) Value (100 000 rupees)
Tapioca chips N A 78 80
Dry Tapiloca 90 150 44 34

At the Kozhikode wholesale market the price for cassava chips 1In this
period was 62 rupees/100 kg which implies a volume of tapioca chips of
12 710 ¢ On the other hand the per ton price for dried cassava implied
by the above value and volume figure is 49 rupees/t a figure undervalued
by at least a factor of ten A selection of either the volume or value
figure is arbitrary Processing the chips into starch is possible but 90
thousand tons is a bit excessive in relation to starch production capacity
in Tamil Nadu Moreover assembly of this volume is a bit large compared
to more recent international export volumes It is therefore assumed that
90 thousand quintals (100 kg) were exported to Tamil Nadu implying a total
export volume for the two products of 21 725 ¢

Starch is the other major consumption form of cassava in Kerala  The
industry is reckoned to run at undercapacity and te be a much more minor
producer than Tamil Nadu A listing of reported starch plants -~ (Table
2A 2) although not necessarily a complete listing-- and their estimated
annual production gives a starch production figure of approximately 57
thousand tons An alternative unpublished estimate for 1977/78 is 110 808
t of starch (State Planning Board private communication) The 1latter
figure would imply a much larger industry than is commonly reckoned

The final entry in the accounting of cassava utilization in Kerala is
root export to Tamil Nadu Most reports on the starch industry in Tamil
Nadu cite Imports of cassava roots from Kerala The roots principally come
from Trichur district in the north Estimates of these exports are few
Hone (1974) presents an estimate of 400-800 thousand tons and cites a
figure that licenced exports of up to 400 thousand tons are permitted
This is a remarkable volume considering that road transport is relatively
scarce and expensive--transport costs add as much as 404 to root purchase
price in Kerala A transport price of 150 rupees per ton was cited (field
notes 1982) compared to a wholesale root price in Trichur of 519 rupees
in 1981 The higher cost of root production in Kerala together with the
transport cost is bound to make cassava roots from Kerala competitive only
outside the principal harvest season in Tamil Nadu Moreover cassava
production in Trichur district is one of the lowest in Kerala producing
114 thousand tons in 1980/81 A more reasonable estimate i1s probably in
the range of 50 to 75 thousand tons

A synthesis of these various consumption estimates 1is presented in
Table 2A 3 for the year 1977 Comparing the consumption aggregate to the
1977/78 production figure that 1s after the production series had been
radically revised downward due to the crop cutting survey reveals that
about” a million tons still remain unaccounted for Wastage in an economy
such as Kerala with the small distances to market and the well developed
marketing services 1s probably small but may be assumed to be 1n the
neighborhood of 10 to 12% At this point there is no more justification
for revising the consumption figure upward as for revising the production
figure downward Assuming that the human consumption figure 1is
underestimated and putting the remainder in that category would imply a per
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Table 24 2 India Estimated Capacity and Output of Starch Plants 1n

Kerala

Production
Plant Capacity Estimate
(t of starch/day) (t/year)
Lekshmi {Quilon) 80 t 15 125
Tapioca Products (Trichur) 100 t 17 500
Mode Chemical Sago (Quilon) 10 t 1 500
Pemba Starch (Quilon) 10 t 1 500
50 small scale plants 3t 21 500
Total 57 125

Source Report of the Sub-Committee of the Tapioca Market Expansion
Board Department of Food Government of Kerala Trivandrum

1872
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Table 24 3 India Estimates of Production and Utilization of Cassava 1n
Kerala 1977/78

Fresh Root
Estimate Conversion Estimate
Useage (t) Rate (t)

Human Consumption-Fresh 1,854 850 1 10 1 854 850
Human Consumption-Dried 225 045 2 275 618 875
Starch 110,808 3 45 498 636
International Export-Chips 7 950 4 2 75 21,860
Interstate Export-Chips 12,700 5 2 75 34 925
Interstate Export-Roots 75 000 © 10 75 000
Waste 502 630 10 502 630
Total Utilization 3 606 776
Production 4 188 600
Sources 1 Nat1oga1 Sample Survey 1973/74 2 Tapioca Market Expansion

Kerala State Planning Board 4 Renshaw 1983 3 Govern-
ment of Kerala Statistics for Planning 6 Estimate

Board
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capita consumption level of 103 kg/year Compared to the other sample
estimates this is not unreasonable but certainly suggests that earlier
estimates of per «capita consumption from food balance sheets were
substantially overestimated generally by more than 1004

Tamil Nadu

The market for cassava in Tamil Nadu as compared to Kerala is
dominated by demand for industrial uses as opposed to food uses The
starch and tapioca pearl industry centered in Salem Distriect is considered
to be the major end user of cassava in Tamil Nadu  There are 611 starch
factories in Tamil Nadu 497 of which are located in Salem District and the
other 114 of which are located in Dharampuri South Arcot and Coimbatore
districts (Salem Starch and Sago Manufacturers s Cooperative private
communication and Uthamalingam 1980Q) Utilization of cassava roots would
then follow from the operational characteristics of these plants

Uthamalingam (1980) selected a sample of 30 starch and pearl factories
in Salem town and in outlying rural areas The operational structure is
given in Table 2A 4 There are 228 pearl factories and 269 starch
factories in Salem and assuming a distribution of 75% small-scale and 257%
large-scale leads to an average annual output per factory of 499 t  This
annual average starch output thereby implies an annual production level of
248 thousand tons in Salem District and an additional 57 thousand tons in
the three adjacent districts

Uthamalingam (1980) provides alternative estimates based on the
quantity shipped by railway and that purchased by the Salem Sago and Starch
Merchants Association (Table 2A 5) These are only about one-third of the
above estimates The rail shipments obviously do not include the starch
consumed locally -- a food habits survey by the Protein Foods Association
of 1India suggests significant local consumption of pearl -- or that
transported by road and therefore provides only a wminimum estimate of
production and an idea of variation of production from year to year The
estimate based on per factory output implies root utilization of 992
thousand tons in Salem and 228 thousand tons in the adjacent districts
assuming the relatively high conversion rate reported in Tamil Nadu of 4 1

Most reports suggest that food usage of the cassava root 1s relatively
minimal in Tamil ¥Wadu The 1973/74 National Sample Survey reports an
average annual rural consumption of cereal substitutes of 4 1 kg/year for
the whole state It is probable that this figure includes only cassava but
it is not certain what percentage would be root and what would be processed
cassava Since the only reported consumption in Tamil Nadu is for rural
areas it is probable that this figure only includes root consumption
This would imply a total food consumption of 125 thousand tons

The recapitulation of the consumption together with an assumed 10%
wastage gives a total figure of 1 514 thousand tons which compares
favorably with the production estimate of 1 682 thousands tons in 1978/79
and 1 591 thousand toms in 1979/80 A small change 1in the starch
conversion rate could account for any difference The production and
consumption data would appear to be more or less comnsistent at least since
the 1977/78 crop year
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Table 24 4 India Characteristics of Starch and Pearl Factories 1n Salem
District Tam1 Nadu 1978/79 &/

Starch Pearl
Small Large Small Large
Root Input (t) 1629 6 2 416 1 16353 3 287 3
Starch Qutput (t) 431 6 652 8 411 8 822 0
Conversion Rate (7) 26 5 27 2 25 2 25 0
Average Operation Period 135 144 175 184

(days)

1/ In Salem District there are 269 starch factories and 228 tapioca
pear]l factories

Source Uthamalingam 1980
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Table 24 5 India Annual Rail Shipments of Starch and Pearl from
Salem and Purchases by the Salem Sago and Starch
Merchant s Association 1970-1977

Rai1l Shipments Association Purchases

Year Pear] Starch Pearl Starch
(t) (t) (t) (t)
1970 52 589 39 553 N A N A
1971 55 171 28 987 N A NA
1972 41 133 41 488 N A N A
1973 22 249 41 102 NA N A
1974 18 871 42 822 NA N A
1975 44 774 45 827 N A N A

1976 36 394 30 656 38 605 29 583

1977 55 702 35 081 55,095 26 596

Source Uthamalingam 1980
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Other States For the sake of completeness Andhra Pradesh is the
only other state with anywhere close to a significant production volume
Production in this state was 88 2 thousand tons in 1979/80 and 171 O
thousand tons in 1980/8! This volume is comparable te about 10%Z of the
production of Salem District Cassava is a rainfed crop in Andhra Pradesh
and is principally grown in East Godavari District  The cassava root is
used exclusively in a small <cassava pearl industry 1located in the

district

'Rl
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TRENDS AND DISTRIBUTION OF CHINESE CASSAVA PRODUCTION AND USE
1820 - 1984

Production trends and distribution

No official national data series for cassava 1n the Peoples
Republic have been published by Chinese authorities It 15 possible
to obtain estimated series from the Food and Agricultural
Organtzation of the United Nations 1 such series are based on
assumed annual increments 1n harvested area for most years and
somewhat less regular but a similar monotonically non-decreasing set
of estimates for production Yields appear to be derived from the
rough area and production estimates by calculation The only figure
among these which appears to have come from a Chinese source 15 the 3
mi111on ton production figure circa 1980 provided unofficially as an
undated estimate to the 1982 CIAT delegation by one of the
agricultural science institutes visited 1n Guangdong Earlier work 2
has concluded that the entire FAQO series for root and tuber crops
bears Ti1ttle relation to the aggregate series published since 1979 by

Chinese statistical authorities 3 Tt 1s now alse clear that the FAQ

le g FAOQ Supply Utilyrzation Tapes 1984 Rome 1985 FAQ
Standardized Commodity Balance Tape 1984 Rome 1985 and FAD
Production Yearbook Tape 1984 Rome 1985

2Bruce Stone An Examination of Economic Data on Cassava
Production Utilization and Trade  a paper prepared for the
International Center for Tropical Agriculture (CIAT) International
Food Policy Research Institute Washington D C  August 1983

e g He Kang et al Zhongguo Nongyebu [Ministry of Agriculture
of Thina] (eds } Zhongguo Nongye Nianiian 1980 [Agricultural
Yearbook of China 1980] {(Beijing Nongye Chubanshe [Agricultural
Publishing House] 1980) and Zhongguo Guojia Tongjiju [State
Statistical Bureau] Zhongguo TongJl Nianjian - 1983 [Statistical
Yearbook of China  1983] (Bei1jing Tongji Chubanshe [Statistical
Publishing Heuse] 1983)




Known Cassava Growing Regions of the People s Republic of China {see text for details)
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series for cassava per se conflict with officially published series
for one of the two principal growing regions and with scattered
national estimates for individual years found elsewhere 1n Chinese
publications Stnce 1984 the FAQ has taken account of some of the
recent 1nformation 1n formulating current root and tuber crop

estimates for publication 1n FAQ Production Yearbooks But much

recent 1nformation has not been reflected 1n FAO series and
additional work is required to obtain a reliable impression of long

term trends for 1ndividual crops including cassava

According to Chinese sources % cassava had been 1ntroduced into
China from South America via nanyang [the South Seas or Pacific
Ocean] by 1820 although 1t 1s not clear whether 1t entered Guangdong
Province directly from the West or whether 1t was introduced
indirectly following regional cultivation 1n Sr1 Lanka India or
Indonesia By far the main Chinese producing area 1s the extreme

south below the Tropic of Cancer (23 5°N) espec¢ially Guangdong

4anng Guangshang (ed ) Mushu Zaipel yu bLiveng [Cassava
Cultivation and Use] (Guangzhou Guangdong Kej1 Chubanshe [Guangdong
Scientific and Technical Publishing House] 1981) author s preface
and p 4 Cassava 1s confirmed to have been grown 1n China for more
than 100 years 1n Zhongguo Kexueyuan D111 Yanjiusuo dJinglt D1l
Yanjiush1 [Chinese Academy of Sciences Institute of Geography
Economic Geography Research Room] Zhongguo Nongye D111 Zonglun [A
General Treatise on China s Agricultural Geography] (Beijing Kexue
Chubanshe [Scient1f1c Publishing House] 198Q) p 129 1820 was
also the introduction date mentioned during a spring 1982 delegation
from the International Center for Tropical Agriculture {CIAT) and
recorded 1n James H Cock and Kazuo Kawano  Cassava 1n China
unpublished trip report CIAT Palmira Colombia June 1982 p 1
However Mushu Zaipel yu Livong clearly indicates that 1820 15 the
earliest record of cassava cultivation so far uncovered the
introduction date may well have been earlier




Province and Guangxt Zhuang Autonomous Region Of the two

production has typically been greatest in Guangdong Cassava 1s also
cultivated 1n Fyjian VYunnan Hunan Guizhou and Taiwan Provinces
but much less extensively and to a very minor extent i1n Huber
Jrangx1 Zhejiang and $ichuan Some estimates of provincial

cultivated area gleaned from Chinese sources are arranged in Table 1

While cassava had been introduced 1nto Guangdong and Guangxi by
the first half of the 19th century and a book devoted to cassava
planting methods had been published as early as 1900 the first
cultivation record in Fujiran 1s 1920 and in Taiwan 1929
Introduction dates for most other provinces were considerably later
Hunan 1941 Guizhou 1942 Zhejiang 1954 and Jiangxi 1959
Cultivatron of cassava 1n Yunnan though potentially beginning
earlier was estimated at only two thousand hectares 1n 1960 Most
farmland 1n these provinces fall within what 1s described i1n Chinese
sources as the expansion area north of the Tropic of Cancer and
south of 30°N  There 1s experimental cultivation of cassava even
north of 30°N with the northernmost plantings at the Hebei Forestry
Science Institute at 39°20 N These experiments began during the
famine years 1n 1960 and 1961 n Hubel Anhul Jiangsu Shaanxi
Shandong Liaoning Sichuan and Hebei which constitute the first

record of cassava related activities 1n these provinces 5 Cassava

5L1ang Guangshang {(ed ) Mushu Zaipe1l yu Liyong author s
preface and pp 4 9 and 10




Table 1 Area Sown with Cassava in China and Major Chinese Cassava-Growing Provinces
1943-1984

Hunan Zhejiang
China Guangdong Guangxi Fujian Taiwan Yunnan Guizhou Jrangx1
{(thousand hectares)

1943 33 4

1950 41 5

1951 37 6

1952 48 5 80

1953 41 3 90

1954 67 5 10 4

1955 62 6 10 7

1956 93 0@ 10 6

1957 104 3 10 9

1958 132 6 12 3

1959 118 8 11 9

1960 127 9 13 0 20
1961 365 3 104 4 >6 7 17 2 06
1962 (183 5/158 7) i8 2

1963 153 4 20 2

1964 « 154 3 19 8

1965 <149 158 5 20 5 ( 03)
1966 102 2 21 0

1967 70 3 22 0

1968 73 7 25 0

1969 « 124 7 25 9

1970 <201 145 6 24 7

1971 129 6 24 6

1972 167 3 124 5 24 &

1973 107 9 24 3

1974 « 100 8 26 8

1975 <223 131 9 21 8

1976 110 5 22 2

1977 % 74 6 22 3

1978 {470 530) <236 131 0 19 5

1879 156 0 17 0

1980 207 8 14 9

1981 ( 350} ( 200) 190 4 13 8

1982 €195 175 2 99

1983 <158 120 6 58

1984 €159 94 0 5 2

Notes Empty data cells indicate that the statistical information 1s not available

and do not denote zero values Parentheses enclose rough estimates for the
indicated or nearby years The applicable years for parenthesized estimates
were not stated 1n the source Other provinces where farmers grow cassava
include Hubeil and Sichuan but sown area 1s minor  Taiwan Province 15 now
normally not included i1n national aggregated statistics for the Peogple s



Sources

Guangx1

Taiwan

Republic of China although separate data entries for
Taiwan are not unusual among PRC statistical compendia
Taiwan 1s probably 1ncluded 1n the 1961 national figure
however

* These figures probably overestimate officially
recorded plantings by 20-40 thousand hectare
See Table 7

Guangx1 JingJt NianJian Bianjibu {Guangxy Economic
Yearbook Editorial Department] (eds ) Guangxi Jingja
Nianjytan 1985 [Guangx1 Economic Yearbook 1985] (Nanning
Guangx1 JingJ1 Nianjyian Bianjyibu 1985) pp 531 and
593

The 1976 figure was confirmed 1n Guangxi Nongye D1l
Bianxi1ezu [Guangxi Agricultural Geography Editorial
Board] (eds ) Guangxi Nongye Dil1 [Guangxi Agricultural
Geography] {(Nanning Kexue Chubanshe [Scientific
Publishing House] 1980) p 76

The lower figure for 1962 1s from Liang Guangshang
(ed ), Mushu Zaipeti yu Liyong (Guangzhou Guangdong KeJn
Chubanshe 1981) p 9

Republic of China Executive Yuan Directorate-General
of Budget Accounting and Statistics Statistical
Yearbook of the Republic of China 1985 (Taipe1 Republic
of China 1985) p 281

The 1952 54 figures were added from

Republic of China Directorate-General of Budget
Accounting and Statistics Statistical Yearbook of the
Republic of China 1982 (Taipe1l Republic of China
1982) p 115

China and other Provinces

The 1978 figure 1s from Zhongguo Xexueyuan D111
Yangjiusuo JingJdi D111 Yanjiushi [Chinese Academy of
Science Institute of Geography Economic Geography
Research Laboratory] Zhongguo Nongye D111 Zonglun [A
General Treatise on Chinese Agricultural Geography]
(Be1jing Kexue Chubanshe 1980) p 129

The 1981 figure 1s from James H Cock and Kazuo
Kawanc  Cassava in China unpublished trip report



Table 2 Cassava Production Area and Yield 1n Guangxi Zhuang Autonomous Region 1950-1984

Production Area Yield
(Grain Eguivalent) (Fresh Root) (Grain Eguivalent) (Fresh Root)
Tons Tons (Hectares) T/Ha T/Ha
1950 30 045 150 225 41 507 0 724 3 619
1951 39 365 196 825 37 567 1 048 5 239
1852 41 870 209 350 48 493 0 863 4 317
1853 36 635 183 175 41 340 0 886 4 431
1954 42 535 212 675 67 453 0 631 3 153
1855 35 365 176 825 62 647 0 565 2 823
1856 58 280 291 400 93 013 0 827 3 133
1957 91 000 455 000 104 320 0 872 4 362
1958 165 205 826 025 132 567 1 246 6 231
1959 140 330 701 650 118 840 1 181 5 904
1960 88 045 440 225 127 813 0 688 3 442
1961 115 855 579 275 104 353 1110 5 551
1962 189 260 946 300 183 547 1031 5 156
1963 152 335 761 675 153 433 0 993 4 964
1964 160 225 801 125 154 307 1 038 5 192
1965 167 835 839 175 158 520 1 059 5 294
1966 84 435 422 175 102 220 0 826 4 130
1967 173 715 868 575 70 300 2 471 12 355
1968 162 120 810 600 73 667 2 201 11 004
1869 216 750 1 083 750 124 733 1 738 8 649
1970 235 990 1 179 950 145 600 1621 8 104
1971 211 295 1 056 475 129 613 1 630 8 151
1972 262 270 1 311 350 124 480 2 107 10 535
1973 206 545 1 032 725 107 900 1914 9 571
1974 170 765 853 825 100 847 1 693 8 467
1975 260 425 1 302 125 131 900 1 974 9 872
1976 187 065 935 325 110 473 1 683 8 467
1977 141 865 709 325 74 567 1 903 g9 513
1978 258 295 1 291 475 131 020 1 671 9 857
1979 312 645 1 563 225 155 993 2 004 10 021
1980 481 215 2 406 075 207 760 2 316 11 581
1981 484 280 2 421 400 190 387 2 Ha4 12 718
1982 468 255 2 341 275 175 173 2 673 13 365
1983 326 680 1 633 400 120 640 2 708 13 539
1984 241 180 1 205 900 94 001 2 566 12 829
Notes Cassava production and y1eld data are often quoted in Chinese
statistical sources on a grain equivalent basis Since 1964 the

conversion to grain equivalence for all root and tuber crops has
meant dividing the fresh weight by five although this would
undervalue cassava sweet potatoes and taro relative to most cereal
crops in terms of calories per unit weight It 1s assumed that the
production and y1eld data in the source for this table appeared 1n



International Center for Tropical Agricultural Research
(CIAT) Calr Colombia June 1982 pp 1 2

The 1961 figure 1s from Liang Mushu Zaipeil yu Liyong

p 9 This source aiso stated that national cassava
sown area remained around 5 million mu during the 1960s
(300-367 000 hectares assuming 4 5-5 5 million mu )
The figure for Hunan Zhejiang and Jiangx1 combined was
given as around 5 000 mu {333 ha ) 1n each year of the
1960s

Guangdong The overestimates for Guangdong for 1965 1970 1975
1978 1979 and 1982 84 are from Table 7 A 1981
overestimate of 201 thousand hectares was also
calculated The 1979 and 1982-84 estimates are
relatively close approximations The 1965 1970 1975
and 1978 figures probably overestimate by at least 20-40
thousand hectares See Table 7 The 1943 and 1972
figures are from Lrang Mushu Zaipeil yu Liyong p 9 and
the 1981 estimate 1s from Cock and Kawano  Cassava 1in
Asta p 1

seems to enjoy some very minor farmer cultivation in Sichuan but
probably not elsewhere within the experimental area In fact 1t 1s
not yet clear from the estimates of national Guangdong and Guangxt
cultivation assembled 1n Table 1 that cassava expansion efforts have
resulted 1n significant 1ncreased plantings outside of those two

provinces

In the absence of a reliable national cassava productiaon series
the best approximation would be to synthesize production series for
Guangdong and Guangx? Fortunately complete 1950-84 series for
Guangxy were published in 1985 (Table 2) These data though not
necessarily without flaws provide the best understanding of year to

year movements 1n cultivation and yields A glance at Table 2 wi1ll



grain equivalent form The original data have therefore been
multiplied by five to calculate fresh root weight

Source Guangx1 Jing)1 Nianjian Bianjibu {eds ) Guangxi Jingl1
N1anjian 1985 (Nanning Guangx1 Jing)y Nianjian Bianjibu
1985) pp 531-532 and 593

confirm that the 35-year period encompasses constderable variation 1n

both

During the 1950s some government 1nitiated efforts were
undertaken to expand cultivation of cassava which was viewed as a
crop capable of providing considerable bulk and caloric content per
unit area  One cannot rule out the possibility however that a
portion of the implied 1ncrease 1n cultivation reflected previously
unregistered cassava areas eventually included 1n statistical
coverage especrally during the formation of agricultural producers
cogperatives (1954 56) and the people s communes {1958) ElsewhereS
1t has been demonstrated that most of the 1mplied growth 1n total
root and tuber crop area since 1952 15 likely to be real the actual
figures remaining 1n all probability within about 5 percent (below)

the official data

The considerable 1ncrease 1n cassava area 1n 1958 parallels an
even larger reported increase for all root and tuber crops While

1958 was a year of extreme statistical distortion casting doubt on

6Bruce Stone An Analysis of Chinese Data on Recot and Tuber
Crop Production The China Quarterly September 1984 pp 594 630




the magnitude of the increase the 1mplied growth was no greater than
that of 1956 much of which may have been real 1958 was also a year
1n which great efforts were made to 1ncrease foodcrop production by
whatever means possible Root and tuber crops 1ncluding cassava
were correctly 1dentified as the easiest means to effect a short term
lTeap 1n bulk food production It 1s difficult however to accept
the 1mplied 1958 increase 1n average yield to ar unprecedented level
especially 1n view of the (except for sweet and white potatoes more
modest) expansion of area planted with other food crops and
maintenance of yields 1n that year In sum while 1t appears that
the total Guangxi foodcrop data {excluding cassava) have been

adjusted 1n the 1985 Guangx1 Economic Yearbook for the statistical

distortion typical of 1958 published materials 1t 15 quite possible
that those for cassava may not have been particularly in the yield

category

The decline 1n 1959 area however followed by some recovery 1n
1960 are undoubtedly real although 1t 1s 1mpossible to verify the
exact figures Inflated reports of miraculous grain production
success 1n 1958 led authorities to increase area sown with economic
crops tn 1959 at the expense of staples 7 When the truth became

clear (1958 had been a good but not spectacular year) 1t was too

U Choh-ming The Statistical System of Communist China
(Berkeley University of California Press 1962) Kenneth R Walker
Food Grain Procurement and Consumption 1n China {Cambridge Cambridge
University Press 1984) Nicholas R Lardy Agriculture in China s
Modern Economic Development Cambridge Cambridge University Press 1983
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late to correct spring planting Some compensation would have been
made with 1959 fall planted cassava however and 1n 1960 1n view of
poor harvests for all foodcrops the previous year The yield decline
in 1960 15 consistent with widespread natural disasters throughout
China estimated to be the worst 1n the twentieth century These were
somewhat less severe 1n Guangx1 than 1n some other provinces but
yields of other Guangx1 food crops reportedly de 1ine by a weighted
average of 9 percent during 1960 and 1961 8 Spring planted cassava
1n particular 1s subject to 1nsect damage during the seedling period

and 1n the fall typhoon damage

The low area figure for 1961 1s consistent with both poor
statistical coverage during the period and sigmificant rural
dislocation associated with the 1960-61 famine throughout China which
may have partially extended 1nto Guangxi The Targe 1ncrease 1n
cassava area in 1962 followed by subsidence during the following few

years 1s also explainable 1n terms of reaction to the 1960-61 famine

Geographic coverage may not have been consistent throughout the
series Qinzhou Special District was transferred from Guangx1 to
Guangdong 1n 1955 then back to Guangx1 1n 1965 Qinzhou 1ncludes
the entire current Guangxi coast and extends north from the current

provincial border to the Yu River then angles southwest towards the

86uangx1 Jingj1 Nianjian Bianjibu [Guangx1 Economic Yearbook
Editoriyal Board] Guangxi JingJ]1l Nianjian, 1985 [Guangx1 Economic
Yearbook 1985] (Nanning Guangxi Jingj1 Nianjian Bianjibu 1985)
p 530
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border with Vietnam In 1976 area sown with foodgrains in Qinzhou
covered 461 333 hectares Area planted with root and tuber crops 1n
the western district of Guangdong circa 1957 {(1ncluding Qinzhou
Special District and Zhan)rang Prefecture) consisted of 28 3 percent
of total area sown with foodcrops (excluding soybeans) a Ii1ttle less
than 5 percent of which was planted with cassava and mao potatoes 9
These reports suggest that something on the order of 6 thousand
hectares of cassava were transferred from Guangxi to Guangdong 1n

1955 then (potentially more extensive cassava area) back to Guangxa

1n 1965 This could explain the counter trend movements of cassava

area 1n the Guangxi series for 1955 and 1965

Data oscillations during the succeeding decade (1966-77) are
Tess understandable as a function of nationwide economic developments
and may be peculiar to cassava or to Guangx? Hypotheses for
explaining these oscillations 1nclude the lagged effect of earlier
shocks echped via the rotation system (see below) and periodic
reclamation 1n1tiatives In Guangx1 cassava 1s often grown during
the early years of a reclamation project in order to earn some
economic return before reclamation 1s complete  When the quality of
farmland construction and field preparation permits cassava 15 often

phased out to make way for more hyghly valued craps

9Bruce Stone  An Analysis of Chinese Data on Root and Tuber
Crop Production pp 612-615
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The low planted area figures for 1967 and 1968 and
particularly the high average yileld estimates for those years are
especially anomalous  Although ferti1lizer use accelerated during the
1960s widespread application to cassava as early as 1967-68 1s very
unlikely One 1s consequently motivated to hypothesize about a
statistical quirk e g 1ndependent production and area estimates
with the latter underestimated due to statistical confusion typical

of the early years of the Cultural Revolution period (1966-77)

Even excluding 1967 and 1868 the data indicate a marked
increase 1n ylelds from an average of 4 5 tons per hectare (1950 66)
to 9 0 tons per hectare (1969 77) or 10 3 tons per hectare (1969 84)
Some of this 1increase per unit productivity 1s explainable 1n terms
of 1nitiation of fertilizer application and cultivation of cassava
on state farms with plentiful access to fertilizers But state farms
in Guangxy occupied only 20 thousand hectares {1982) and large
porticns of this total were devoted to cultivation of grain crops and
sugar cane 10 1t seems unlikely therefore that 1ncreased

fertilizer use alone can fully explain this yield 1ncrease

In the absence of definitive information what could explain a
sudden doubling of average yields 1n the m1d-1960s? One hypothesis
would emphasize technical change Much of the important selection

and breeding work was undertaken 1n the late 1950s and early 1960s

lOZhongguo Guojia Tongjiju Zhongguo Tongjl Nianjian 1983 pp




The South China Tropical Crops Research Academy bred or selected many
of the well-known varieties under current production representing
significant improvement 1n aggregate speed and quantity of root
production during the 1959-62 period The South China Agricultural
Science Academy 1n Guangzhou bred or selected for multiplication and
dissemination several other higher yielding varieties during the
1957-62 period 11 particular attention paid to cassava during this
period may also have produced tmportant results 1n improving field

cultivation technigues

Another hypothesis would suggest that cassava cultivation on
somewhat better land was 1nitiated during this period The Cultural
Revolution decade (1966-77) was marked by a policy of local self
sufficiency 1n grain production and escalation of quota deliveries
In some cases quotas were specified 1n terms of particular crops
needed by the state In other cases quotas were specified only In
terms of weight of staples leaving the choice of crops to each
collectivity of farmers Although farmers received compensation for
quota deliveries prices were notoriously low 1involving an 1mplicit
tax Land taxes amounting to roughly 5 13 percent of output during
this period depending on location were also payablie 1n kind Taxes
and quotas were therefore obligations to be discharged with
commodities achieving the highest bulk yi1eld per unit area Although

fresh weight of root and tuber crops was divided by 4 for these

11L1ang Guangshang (ed ) Mushu Zaipeil yu Liyong pp 77 78
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accounting purposes through 1963 and by 5 thereafter cassava may
have been cultivated and even fertilized by a wider variety of
localities 1n South China with the express purpose of expeditiously

discharging these obligations 12

The determinants of variation during the final period (1978-84)
are somewhat easier to 1dentify with confidence The steady growth
n yi1elds 1s almost certainly related to an increase 1n manufactured
fertilizer nutrient appiication  Although average application levels
for cassava are not Known with precision nutrient application within
China as a whole tripled between 1976 and 1984 and doubled between
1978 and 1984 culminating with an average rate of 120 6 kg /ha of
sown area Efficiency of utilization also increased during the
period  Although the average level 1n Guangxi was somewhat lower 1t
grew even more rapidly than the national average between 1976 and
1982 (to 110 2 Kg /ha } then stagnated 1n 1983 (112 4 Kg /ha ) and

1984 (109 7 Kg /ha ) paralleling yield progress in Guangxi 13

12For further discussion of these 1ssues see Bruce Stone
China s 1985 Foodgrain Production Target Issues and Prospects 1n
Anthony M Tang and Bruce Stone Food Production 1n the People s
Republic of China IFPRI Research Report no 15 (Washington D C
International Food Policy Research Institute 1980) pp 147-149

13Bruce Stone Chinese Fertilizer Application 1n the 1980s and
1990s Issues of Growth Balance Allocation Efficrency and
Response 1n US Congress Joint Economic Committee {eds ) China s
Economy Looks to the Year 2000 wvol 1 The Four Modernizations
(Washington D C US Government Printing Office 1986 pp 453
496 and State Statistical Bureau PRC Statistical Yearbook of China
1985 {Hongkong and Beijing Economic Information and Agency and
China Statistical Information and Consultancy Service 1985} p 283
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Application of manufactured fertilizers to cassava 1s likely to
be much below the average level for all crops 1n Guangx1 except on
state farms but scattered survey reports 18 confirm that on farmers
fi1elds near cassava research institutions 1n South China y1elds
which are comparable to the recent Guangxi provincial averages are
only obtainable with fertilizer application or under good so1l and
clwmatic conditions atypical of most Chinese cassava growing areas
One of the survey respondents however also indicated that the
cassava research in China had made significant progress 1n developing
improved varieties and low-cost cultural practices a decade earlier
Yet the predominant varieties planted 1n the 1980s were among those

selected (or bred) during the late 1950s and early 1960s (see below)

The rise and fall 1n cassava area during the 1978 84 period 1s
attributable to a number of factors the most powerful of which has
been the rise and fall of opportunities for export to the European
Community With EC pressure on Thailand (the dominant and low cost
supplier}) to reduce exports during the late 1970s Chinese exports

responded to the opportunity with rapid growth in 1979 1980 and 1981

14 Delph1 Survey for the Assessment of Potential Yields of
Cassava circulated to cassava breeding i1nstitutions in China and
elsewhere by J S Sarma Internatiocnal Food Policy Research
Institute 1986 The respondent who mentioned varietal and cultural
1mprovement a decade ago was Liu Yingjing of the South China
Institute of Botany 1n Guangzhou
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(Tabie 3) before simlar pressure eventually forced a deceleration

begtnning 1n 1982 (with 1981 fall sown cassava) 15

Other circumstances contributing to this responsiveness 1nvolve
changes 1n rural institutions since 1978 79 farmers have been
allowed more control over cropping and management decisions but are
also afforded less market security from the government as a
guaranteed buyer At the same time very poor locations typical of
many Chinese cassava growing areas have been released from tax and
quota obligations while the government 1n response to substantial
success in accelerating national foodcrop production growth began
emphasizing higher quality 1n farm procurement items compared with
the considerable previous period emphasis on cheaper bulkier products
such as most rcoot and tuber crops and the lowest guality grades of
cereal crops These considerations coupled with the overall
Tiberalization of economic activities 1n rural areas explains the
fall in cassava area to a 1984 level below that typical of the pre-
1978 per1od The decline 1n sown area cuts across most grain crops
throughout China bult 1s particularly noteworthy 1n proportional
terms 1n the case of crops typically grown 1n poorer farmlands and
characterized by low prices and weak markets such as sorghum white
potatoes bean crops and no doubt cassava (Table 4) In Guangdong

and Guangx1 although unsuitable for such a warm moist climate

15gruce Stone  An Analysis of Chinese Data on Root and Tuber
Crop Production pp 623-625 Bruce Stcne An Examination of
Economic Data on Cassava Production Utilization and Trade 1n China
pp 16 22
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Table 3  PRC Cassava Exports 1963 1984

TotalCassan
Dried Cassava Cassava Tapioca Cassava Starch  Exports in
To European Share of EC net Total Fresh Root
Community Only Cassava Imports Exports Equivalents
(metric tons) {percent) (metric tons) {(metric tons) (metric tons) (metric tor
1963 20 977
1964 33 393
1965 72 676
1966 57 077
1967 53 173
1968 28 015
1969 1 324
1970 4 984
1971 14 859
1972 16 079
1973 3 083 -
1974 4 111 g2 4 000 11 429
1975 4 211 0 2, 4 000 11 429
1976 7 253 02, 7 000 6 500 2 000 60 657
1977 999 0 0, 1 000 2 000 11 948
1978 1 327 00_ 1 000 1 000 7 403
1979 51 449 1 0, 51 000 5 800 2 060 183 522
1980 335 989 6 9_ 336 000 20 500 2 500 1 067 070
1981 606 589 9 1, 607 000 10 0090 1 500 1 788 073
1982 440 181 54 445 000 14 000 1 500 1 343 397
1983 15 222 04 460 000 1 314 285
1984 143 000 2 7 1 314 285

Notes and Sources

European Community data for dried cassava wmports from China and other countries are
compiled from EUROSTAT and NIMEXE Analytic Tables for Foreign Trade {(which are 1n close
agreement) Total dried cassava cassava tapioca and cassava starch export data are from Fooc
and Agricutture Organization of the United Nations Supply Utili1zation Accounts Tape 1984
Rome 1985 The fresh root equivalents of all cassava exports aggregated together appear 1n
FAO Standardized Commodity Balance Tape 1984 Rome 1985 The 1983 and 1984 data must be
regarded as open to some question and may be revised in future compendia




Table 4  Area Sown with Major Cereals Bean Crops Roots and Tubers in China 1976 85
Sweet Other
and Only Cnly Cereals
White Sweet White & Bean Total
Rice Wheat Corn _ Soybeans Millet Sarghum Potatoes Potatoes Potatoes Crops Foodgrains

{thousand hectares)

1976 36 217 28 417 19 228 6 691 4 501 4 329 10 366 10 994 120 743
1977 35 526 28 065 19 658 6 845 4 477 3 759 11 229 10 841 120 400
1978 34 421 29 183 19 %61 7 144 4 271 3 456 11 796 6 800 5 000 10 355 120 587
1979 33 873 29 357 20 133 1 247 4 173 3173 10 952 10 355 119 263
1980 33 879 29 228 20 353 1 227 3 872 2 693 10 153 9 829 117 234
1981 33 295 28 307 19 425 8 023 3 888 2 610 9 621 9 789 114 958
1982 33 071 27 955 18 543 8 419 4 039 2 183 9 370 6 916 2 454 g 283 113 463 =
1983 33 137 29 050 18 824 8 414 4 087 2 707 9 402 6 840 2 562 8 426 114 047 '
1984 33 179 29 577 18 537 7 286 3 797 2 384 8 988 6 426 2 562 9 136 112 884
1985 32 070 29 218 17 694 7 718 8 571 108 845
Sources  Most data were converted from Chinese unit figures or were calculated from data appearing 1n State Statistical

Bureau (SSB) PRC Statistical Yearbook of China 1985 (Hong Kong and Bei1jing Economic Information and Agency and
China Statistical Information and Consultancy Service Centre {CSICSC) 1985) p 253 1985 data were added from SSB
PRC China A Statistical Survey 1n 1986 (Beijing CSICSC 1986) p 37 1982 84 figures for sweet potatoes and for
white potatoes are from He Kang et al Zhongguo Nongye Nianjian Bian)t Weiyuanhuir [Chinese Agricultural Yearbook
Editorial Committee] (ed ) Zhongguo Nongye Nianjian 1983 [Agricultural Yearbook of China 1983] (Beijing Nongye
Chubanshe [Agricultural Publishing House] 1984) p 40 He Kang et al Zhongguo Nongye Nianjian 1984 (Beijing

Nongye Chubanshe 1985) p 88 He Kang et al Zhongguo Nongye Nianjian 1985 (Bei1jing Nongye Chubanshe 1986) pp
147 148 The estimates for sweet and white potatoes 1n 1978 are from Bruce Stone An Analysis of Chinese Data on
Root and Tuber Crop Production  The China Quarterly September 1984 p 628
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wheat had been cultivated for import substitution purposes With
relaxation of this uneconomic emphasis on wheat sown area declined
1n the two provinces Less drastically area sown with several other
food crops such as paddy sweet potatoes sorghum and millet also
fell in favor of economic crops especially sugarcane (Tables 5 and

6}

After 1979 1s 1t possible to confirm that the trends
indicated for Guangx1 are representative nationally? Even without
national data the addition of series for Guangdong would provide a
reasonable proxy Unfortunately cassava series for Guangdong are
unavailable but a very rough approximation may be discerned from
Table 5 The left hand column 1s comprised of figures quoted for
Guangdong specifically The center column 1s derived from data

appearing 1n the 1984 and 1985 Guangdong Statistical Yearbooks

These data are not estimates of cassava area per se but are formed
by deducting data for sugar cane peanuts sesame Jute kenaf and
tobaccoe from figures for total area planted with economic crops The
estimates in parentheses to the right more closely approximate
cassava plantings 1nasmuch as area sown with all o311 crops all
fibers and medicinal herbs have also been deducted from the

econgmic crop area along with sugarcane and tobacco on the basis of

recent Agricultural Yearbook of China volumes to arrive at the

residuals During the recent decade at Teast cassava has heen
classified as an economic c¢rop 1n production statistics rather than

as a foodcrop and the calculated residual should be predominantly
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comprised of but should overestimate area planted with cassava The
estimate in the right hand column 1s derived by deducting published
Chinese estimates for area sown with cassava 1n Guangxi (1961)

Taiwan (1961) Fujian (1961) Yunnan (1960) Guizhou (1961) and

Hunan Zhejiang and Jiangxl {(circa 196Q0s) from a published 1961
national figure The calculated figure substantially exceeds the
residual based overestimates of cassava area in Guangdong for
surrounding years 1n a period when cassava area 1n other Chinese
provinces was undoubtedly small These data are evidently n

conflict

An examination of 1950s Chinese material provides an impression
that 1950s cassava area 1in Guangdong was greater than that implied by
the residual-based overestimates 1n the center column of Table 7
Guangx1 cassava area 1in 1957 for example was around one-guarter of
all Guangxi fartland planted with root and tuber crops If the same
proportion were relevant for Guangdong 1957 cassava area would total
more than 300 thousand hectares But whereas 36 21 percent of
Guangx1 root and tuber crop production consisted of crops other than
sweet potatoes this figure was only 13 percent for Guangdong and
in¢cluded cassava tarc white potatoes and mao potatoes primarily
the first two categories 16 stq11 1957 Guangdong cassava area

could easily have been 1n the range of 100 200 thousand hectares

1650e data and Chinese sources cited 1n Bruce Stone An
Analysis of Chinese Data on Root and Tuber Crop Production pp 609
616
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Table 7 Estimates of Area Sown with Cassava 1n Guangdong Province 1943 1984
Residual based National estimate
Guangdong Cassava estimates of minus Guangxil Yunnan
area estimates 1n other economic Fujian Taiwan Guizhou
Chinese sources crops 1n Guangdong Hunan, Zhejiang & Jiangxi
(thousand hectares)

1943 33 4

1952 25

1957 57

1961 240

1962 25

1965 149

1970 201

1972 167 3

1975 223

1978 236

1879 (215)

1980 237

1981 200 (201)

1982 243 (195}

1983 188  (158)

1984 206  (159)

Sources Data appearing 1n the left- and right-hand columns are based on Table 1

except that the Taiwan Province figure deducted along with those from
other provinces from the national estimate for 1961 (10 000 ha ) was
taken from the same source as the national figure Liang Guangshang

(ed ) Mushu Zaipel yu Liyong p 9 Data appearing 1n the center column
are based on data from Guangdongsheng Tongj1ju [Guangdong Province
Statistical Bureaul] (ed ) Guangdongsheng Tonglil Nianjvan 1984
[Guangdong Province Statistical Yearbook 19841 (Xivanggang Xianggang
Jing)1 Daobao Shechuban [Hong Kong Economic Reporter Publishing House]
1984) pp 113-114 and Guangdongsheng Tong)iju Guangdongsheng Tong]l
Nianjian 1985 [Guangdong Province Statistical Yearbook 1985] (X1anggang
X1anggang Jingj1 Dacbac Shechuban 1985) pp 107-108 Sown area data
for sugarcane peanuts sesame Jute kenaf and tobacco were deducted
from total area sown with economic crops Data for rapeseed and other
o1lcrops other fibers and medicinal herbs have also been deducted fram
the figures appearing 1in parentheses on the hasis of Zhongguo Nongyebu
{Chinese Ministry of Agricuiture] Zhongguo Nongye Nianjlan 1980 1982
1983 1984 and 1985 (Beijing MNongye Chubanshe [Agricultural Publishing
House] 1981 1983 1984 1985 and 1986)
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During the 1950s cassava was treated explicitly as shules
[1ncluding both tuber crops and tuberous roots] which in turn were
classi1fied as liangshl [staple food crops} occasionally as part of

miscellaneous grains By the m1d-1970s however 1t 15 clear that
cassava was excluded from shuler and 11angshi statistics and
incorporated as a sub category or as a residual within Jingj1 zuowu
[economic crops] The transition date has not been clearly
determined although 1964 and 1976 have been suggested as candidates 17
In view of the trends exhibited for Guangx1 1n Table 2 and the
foregoing discussion attempting to resclive the conflict 1mplied 1n
Table 7 1t seems likely that the 1950s economic crop statistics
appearing in the Guangdong Province Statistical Yearbooks though
recently publiished are unlikely to have been adjusted for inclusion

of cassava hence the center column cannot be used as a proxy for
cassava area for the 1950s nor probably for 1962  From 1965 onward
however these residuals may well provide the best indication of

trends 1n (though not exact estimates of) Guangdong cassava area

since cassava 1s likely to dominate the category It should be

noted however 1in view of economic liberalization since 1879 that

the divergence of this residual series and actual cassava area 15
T1kely to have increased especially since the decline 1n export

opportunities 1n the early 1980s

Yop cit  pp 600 604
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Unfortunately despite the availability of an official cassava
series for Guangxy and a rough appreoximation of trends for Guangdong
1t 1s st111 not possible to be definitive about national trends for
China It 1s clear that cassava was planted on Tess than 100
thousand hectares in the m1d-1940s rising quickly to perhaps around
250 thousand hectares by 1957 and 355 thousand hectares {excluding
Taiwan) by 1961 during the famine Total plantings on the Chinese
mainland probably subsided to roughly 300 thousand hectares by 1365
and were certainly not much Tower in 1972 when plantings 1n Guangdeng
and Guangxt alone totalled 292 thousand Official area sown with
cassava 1n the two southern provinces seems to have risen to 370
thousand hectares 1n 1979 perhaps peaking in 1980 at 410-420
thousand hectares subsiding to 390 tha and 370 tha 1n 1981 and 1982

and plummeting to 275 tha and 250 tha 1n 1983 and 1984

But whether cassava area rose appreciably outside of these two
southern provinces since the early 1960s 1s not clear The (undated)
total of 350 thousand hectares given to the CIAT delegation by
Chinese cassava breeders 1in spring 1982 would 1mply that 1t has not
while the {(undated) Institute of Geography estimate (around 500
thousand hectares) published in 1980 suggests either considerable
expansion 1nto other provinces or more aggressive estimates of non-
field cultivation Barring the unlikely event of relatively even
distributton among cother mentioned provinces officrally recorded
plantings of 120 190 thousand hectares outside of Guangdong and

Guangx1 mplied by the Institute figure and the provincial estimates
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would surely have been mentioned by the breeders or in cassava-
related publications while the 350 thousand hectare figure though
purportedly 1ncluding an estimate for cassava on private plots does
not even appear to cover probable plantings i1n the two southern

provinces

Part of the problem 1s that cassava area 1s undoubtedly more
difficult to estimate than that of most field crops since
considerable proportions are grown on private plots on narrow strips
adjacent to roads and fields on h1lly and incomplietely cleared land
not yet or normally considered farmlands and on tiny corners not
even counted among private plot statistics There 1s even some
111egal cultivation under trees on state rubber plantations for
example 18 The Institute of Geography figure probably incorporates a
more aggressive estimate based on some survey evidence of these
kinds of plantings which 1n large part elude offic1al statistical

caverage

A1l that can be clammed with near certainty 1s that national
cassava planting reached another major peak in the late 1970s or
early 1980s and then declined rapidly with the subsidence of
opportunities for international trade 1ncreasing liberalization of
rural economic activities and a probable cut back 1n the government s

role in cassava marketing

1Bop cit p 621
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National production trends are even less discernible The only
available figure for recent production 1s 3 million tons provided to
the CIAT delegation n spring 1982 19 although 1ike the 350 thousand
hectare figure provided at the same time 1t may well be an
underestimate The best indication of national yield trends 1s
undoubtedly the Guangxi series 1n Table 2 with some reservations
about a few of the years such as 1967 and 1968 The national average
impited by the figures given to the CIAT delegation 1s 8 6 tons per
hectare suggesting that average yrelds 1n Guangdong and elsewhere
are lower than 1n Guangxi But this comparison too cannot be taken
too 11terally since the four to five tons per hectare 1981 Guangdong
average suggested by such an exercise 1mplies too great a divergence
between Guangxi and Guangdong particularly 1n view of greater

general availability of fertilizer 1n the latter province

Within these two southern provinces some of the pring¢ipal
cassava growing areas can be 1dentified The first record of Chinese
cassava cultivation was 1n 1820 in Gaozhou County part of Zhanjiang
Prefecture 1in southwestern Guangdong 20 Gaozhou 15 not a coastal
county and earlier cultivation 1s entirely possible In the 1950s
there 1s continued record of cassava in Zhanjiang Prefecture where

uplands constituted 27 5 percent of cultivated land a greater

19)ames H Cock and Kazuo Kawano Cassava 1n China
unpublished trip report International Center for Tropical
Agriculture Palmira Colombia June 1982 p 1

20L1ang Guangsrang (ed ) Mushu Za el yu Liyong p 4
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proportion than in other Guangdong Prefectures  Suixi County and the
Zhanjiang city suburbs (where uplands comprised 12 percent) 1n the
center of the prefecture and Xuwen County on the southern tip of the
Leizhou Peninsula are mentioned 1n 1950s literature on cassava but
the crop may have been grown more generally throughout the grain
deficient Leizhou Peninsula and 1n the uplands adjacent to the
Jianjyirang Plain where miscellaneous grains (80 9 percent of which
were root or tuber crops} comprised 44 percent of staple foodcrop
production 1n 1955  Throughout the Zhanjiang Prefecture and enclosed
municipal areas root and tuber crops (valued at one-fourth fresh
weight) constituted only 28 percent of staple crop production which
occupied 95 percent of sown area Sweet potatoes were the principal
root crop however with cassava and maoc potatoes comprising a

11ttle less than 5 percent of root and tuber crop production 2l

But cassava cultivation clearly was not limited to southwestern
Guangdong 1n the 1950s There 15 also record 1n the Economic

Geography of South China {1959} of cassava and taro being grown 1n

the mountainous uplands surrounding the Suil and X1 River Valleys 1n
West Central Guangdong notably Huai1ji Guangning Sihuil Gaoyao and
Deging Counties all in Zhaoging Prefecture Cassava was not

specifically mentioned 1n the discussion of Hainan Island but has

2lsun Jingzh1 (ed ) Huanan Dichu Jingji D111 [Economic
Geography of South China] {Be1jing Kexue Chubanshe [Scientific
Publishing House] 1959) Translated 1n Joint Publications Research
Service August 24 1969 no 14954 pp 137-138 and 178 179  WUhen
these statistics were gathered the region incltuded the Qinzhou
special District encompassing known cassava grow ng a us suCh as
Hepu County and the Beiha1 suburbs
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been grown there at least since 1912 when a well-known Malaysian
variety was introduced into Dan Xian rubber plantations According
to 1951 statistics roots and tubers accounted for 38 5 percent of
grain consumption in plains areas of the Island and 69 8 percent 1n
h1lly districts paddy rice providing most of the remainder in both

cases c2

In Guangx1 cassava was generally distributed 1n the Xunjiang
and Liujiang Valleys (east central Guangxi} characterized by
relatively barren drought prone land Yet yields of 7 5 15 0 tons
per hectare were cited It was used as food feed and to produce
starch for cotton yarn 1n the city of Wuzhou 1n east central Guangxa
on the Guangdong border where Guangxi s first starch factory was
opened 1n 1952 Cassava was also widely planted 1n southeastern
Guangx1 and along the southern coast especially Hepu County and the
suburbs of Beihai1 on the southeast coast But although Beihail and
Wuzhou remained major centers by the mid-teo-late 1950s cassava
starch factories and consequently expanded cassava cultivation had
spread widely 1n the Autonomous Region including Ningming in the
southwest Bama Yaozu Autonomous County toward the northwest and
Wuming 1n the center of the Region 23 In Yunnan cassava cultivation

in 1960 was recorded 1n Hekou Yaozu Autonomous County 1n the south

22op cit pp 137 138 and p 201 See details of varietal
transfer below

23op cit pp 258 and 333-334 Guangx1 Jing)1 Nianjian
Bi1anjibu Guangxt1 Jingji Nian3i an 1985 p 192




30 -

along the Vietnamese border 1n Dehong Daizu Jingpozu Autonomous

Prefecture in the west along the Burmese border and elsewhere 2k

By 1972 Zhaoqing Prefecture had taken over as the principal
cassava growing region of Guangdong accounting for 57 thousand
hectares or 33 9 percent of the provincial figure for that year
Zhanjiang Prefecture was next with 33 thousand hectares or 19 5
percent  The remaining 77+ thousand hectares were distributed
throughout Guangdong 1ncluding Hainan Island and Shaoquan Meixian
Shantou Foshan and Huiyang Prefectures Some of these secondary
regrons increased cassava plantings rapidly in the late 1970s
Cassava area 1n Meixian Prefecture for example 1n the northeast
corner of the province grew from 10 800 hectares 1n 1977 to 40 000

hectares 1n 1978 25

In spring of 1982 a delegation of cassava breeders from the
International Center for Tropical Agriculture (CIAT) visited a number
of cassava growing areas 1n Guangdong 1ncluding Baisha County and
Haikou Municipality on Hawinan island three state farms 1n Zhanjiang
Prefecture and Dongguan County (Huiyang Prefecture) on the Pearl
River Delta  Some 1mpression of area trends on the Delta can be
obtained from statistics for Dongguan  Cassava plantings declined
from 8 600 ha (1957) to 4 600 ha (1977) with much of the decline

gceurring in the 1970s  Cassava area then fell even more rapidly to

24L1ang Guangshang (ed ) Mushu Zaipey yu Liyocng p 9

251pad
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3 157 4 ha 1n 1978 then 3 100 ha (1981) and 2 816 8 {(1982) But
on the other side of the Delta in Taishan {(Foshan Prefecture)
cassava was not grown on a large scale unti1l recently And Fucheng
Commune {(within Dongguan County) cassava area fell from 500 to 367

hectares between 1980 and 1981 but recovered to 434 ha 1n 1982 26

Yields observed by the CIAT delegation were generally in the 6
to 8 ton/ha range but 20-25 tons/ha was claimed for some state
farms and experiment stations 21 Average yields for Dongguan County
on the Delta were 11 73 tons/ha 1n 1978 and 15 76 tons 1in 1982
Fucheng Commune within Dongguan County claimed around 15 tons/ha 1n
1980 14 43 tons/ha 1in 1981 and 17 75 tons/ha 1n 1982 28  [n
Guangdong generally with 1200-1800 mm of annual rainfall yields on
farmer s fields with poor so1l1s have been estimated by one Chinese
breeder to fall typically between 5 to 7 tons per hectare and between
10 to 13 tons under good climatic conditions and soil conditions
Throughout Southern China (800-2000 mm/yr annual rainfall) yields are
estimated by another breeder to be 5 to 9 tons per hectare on poor
so1ls and 15 30 tons/ha (avg 20 tons/ha ) under good conditions
Without fertilizer or 1rrigation however poor so1l yields were

reported to be 3 to 6 tons/ha (average 4 tons} and for good soi1ls

26Cock and Kawano Cassava 1n Asia op cit The 1957 1977
and 1981 figures for Dongguan County are from p 13  The 1978 and
1982 data the Fucheng Commune data and the impressions for the 1970s
and for Taishan are from Prof Graham Johnson Dept of Anthropology
and Sociology University of British Columbia correspondence Sept
19 1983

21cock and Kawano Cassava 1n China p 1

28Graham Johnson op ci1t
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with good weather 12 to 18 tans/ha  In Zhaoqing and Shaoahan
Prefectures {1450-1700 mm/yr avg rainfall} farmers yields without
fertilizer and 1rrigation were reported by an agronomist specializing
in cassava to average 6 4 tons/ha under poor conditions and 11 2
tons/ha under good conditions With fertilizer but without
1rrigation these averages rose to 11 69 tons/ha and 19 7 tons/ha
with ranges of around 4 tons/ha  Average yilelds on research stations
run 2 to 10 tons per hectare higher than those quoted above for

farmers fields 29

These data 1n sum would seem to suggest that most cassava 1in
Guangdong 1s grown on poor land especially uplands and until
recently rarely received much fertilizer Total cassava area has
falien during the past decade or so on better lands such as those
typical of the Pearl River Delta (with scattered temporary exceptions
due to the short l1ived EC export opportunities) leading to some
decline 1n the average quality of farmland growing cassava This
decline has been more than counterbalanced by the increase 1in
fertilizer application to cassava 1n recent years such that average
yields {though not necessarily total production) have increased
sharply The higher cassava yields on state farms and for private

and cooperative farming in the Pearl River Delta locations 11ke

290e1ph1 survey responses sent to J S Sarma (IFPRI) for
Shacquan and Zhaoging Prefectures by Huang X1 of the Institute of
Drought Grain Crops Guangdong Province Academy of Agricultural
Sciences Guanzhou June 28 1986 for Guangdong by Liu Yingling of
the South China Institute of Botany Chinese Academy of Sciences
Guangznou June 30 1986 and for South China Academy of Tropical
Crops Research Dan X1an Hainan Island June 20 1986
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Dongguan County are partially explainable 1in terms of greater access
to (and more attractive relative prices for) manufactured
ferti1lizers as well as to often better soi1l and higher standards of
agronomy But an additional important factor relates to varietal
adoption  An especially small portion of cassava grown on state
farms and on the Delta 1s 11kely to be utilized for direct human
consumption so there 1s little reason for managers and farmers to
cultivate the lower yielding sweeter varieties characterized by Tlow
¢yanide and higher protein content as well as greater overall
palatibility {see below) The argument 1s at least partially
relevant for Zhaoging and Shaoguan Prefectures which are becoming
one of Guangdong s major regions for processing industries uti1lizing
cassava and for similar reasons east central and southern Guangxh
historically among the principal cassava-growing areas within the

Autonomous Region

Cassava production systems

Cassava 1n China 1is grown both extensively and 1n small plots
and scattered plantings Extensive cultivation 1s most notable on
but by no means confined to state farms and 1s principally
assocrated with starch production the domestic animal feed market
and exports Outside the state farm sector with the formal
dissolution of the communes 1n favor of the household production
responsibility system 1t 1s safe to assume that extensive

cultivation has declined somewhat since the early 1980s  However
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Graham Johnson has pointed out 30 that rural reforms have 1n some
instances strengthened rather than weakened cooperation 1n South
China so 1t cannot be assumed that extensive cultivation in the old

cooperative sector has disappeared

Since the formation of agricultural producers cooperatives
{1954 56) and the people s communes (1958) collective lands
constituting the vast majority of Chinese farmlands have been
cultivated communaily  However the 54 thousand communes have
normally not been the principal cultivation unit More often smaller
units the 719 thousand brigades or most commonly the 5 6 mil1lion
production teams have cultivated as cooperative groups A production
team normally consisted of around thirty farm families (an average of
139 people)} that pooled usually contiguous land and shared
cultivation responsibilities 31 The principal farm unit varied
geographically in si1ze but by the Tate 1970s averaged around 8 6
hectares 1n Guangdong and 8 9 hectares 1n Guangxi and certainly less

in the very densely populated Pearl River Delta of Guangdong 32

30Graham E Johnson  The Production Responsibility System 1n
Chinese Agriculture Some Examples from Guangdong Pacific Affairs
vol 55 na 3 (Fall) 1982 pp 430 449

312hongguo Guojia Tongli1ju [State Statistical Bureau of Chinal
Zhongguo Tongji Nianjgian 1983 [Statistical Yearbook of China 1983]
{Be1Jing Tong}1 Chubanshe [Statistical Publishing House] 1983)
p 147

321p14 p 148 D111 Yanjiusuo Zhongguo Nongye D111 Zonglun
pp 77 79
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Since the early 1980s however cultivation of collective lands
1s no longer a communal responsibiiity but has been delegated to
several specialized households Normally it 1s the particularly
sk11led farmer who 1s entrusted with responsibility for farming
collective Jands But in relatively advanced communes or 1n suburban
areas non agricultural activities with higher 1ncome earning

potential attract the most ahle workers

As1de from collective lands 1individual farm families maintain
private plots of normally 0 03 Q 05 hectares which are used primarily
for family production of food 1tems especially vegetables and
Tivestock products {and consequently fodder for the latter) Although
no estimates are availlable for cassava cultivation on such lands the
mmportance of cassava as a swine feed the considerable 1mportance of
swine 1n the 1ivestock economy of South China and the dominance of
fam11y-owned and managed swine within the swine husbandry sector
suggest that private plot cultivation of cassava 1n South China 1s

not trivial

In addition to formally established private plots assigned to
each family there appears to be cultivation of cassava on an even
more fragmentary basis on narrow strips adjacent to roads and
fields on steep hillsides and other areas not formally counted among
cultivated lands and 11legally 1n economic forests reclamation areas
and other lands managed by the state The Tatter may be
distinguished however from planned cultivation on such lands by the

State Farm and Reclamation Bureau Vhile land 1s being cleared and
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reclaimed cassava 1s often grown as an 1ntermediate crop for a few
years unti1l 1t 1s discontinued when field transformation progress

allows cultivation of the principal crop 33

Finally cassava 1s planted as a field crop on state farms
There 1ts cultivation 1s especially extensive and 1s characterized by
high standards of agronomy and abundant application of modern inputs
particularly fertilizers Visitors interested 1n cassava are often
brought to state farms to view extensive cultivation and high yields
but state farm plantings remain a small proportion of total cassava
area Cultivated area on state farms 1n Guangdong varied between
only 60 and 64 thousand hectares from 1981 to 1984 and remained at
20 thousand hectares in Guangx1 In 1984 state farm sown area n
Guangdong was only 86 900 hectares or less than 1 8 percent of the
provincial total of which 72 200 hectares were planted with cereals
peans sweet and white potatoes o1lcrops and sugarcane Jleaving a
restdual of 14 700 hectares which could have been planted with
cassava vegetables green manure other fodder crops or other
southern 1ndustrial crops such as sisal hemp In Guangxy state farm
sown area was only 17 400 hectares or less than 0 5 percent of the

regional total of which the residual category 1ncluding cassava

33Bruce Stone  An Analysis of Chinese Data on Root and Tuber
Crop Production  The China Quarterly September 1984 p 621 Liang
Guangshang {ed ) Mushu Zaipe1l yu Liyong p 36 Bruce Stone An
Examination of Economic Data on Chinese Cassava Production
Utilization and Trade
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comprises but 3 300 hectares 3% Thus private and collective

plantings dominate cassava area 1n China

Available 1nternational data on cassava utilization 1n China 1s
unreliable but 1t 1s clear that animal (especially swine but also
cattle fish and s1lkworm) feed 1s associated with each of the
cassava production systems  Exports and starch production as well as
less traditional industrial and processing uses are associated with
collective production and the state farms while direct human
consumption 1s associated with private production and the collective
sector in poorer areas Machine cultivation 1s associated with a
portion of the extensive plantings between 100 m and 300 m above sea
level Between 300 m and 1 000 m cassava 1s grown 1n rotation with
dryland crops as far as 30°N Most cassava in China 1s unmirrigated
but the climate provides adequate moisture in most years and
locations This 1s especially true 1n the south where fall-planted

cdassava 18 common 35

Cassava 1s cultivated year round 1n South China with the
principal plantings concentrated 1n spring and fall The planting
material may be either freshly cut stakes or stored material
Storage 1s practiced by cutting long stakes which may either be left

in the sun 1n bundles or placed under trees Cuttings are fairly

3%China Agricultural Yearbook Editorial Board China
Agricultural Yearbook 1985 {Be1)ing Agricultural Publishing House
1986) pp 114 and 185-186

35L1ang Guangshang (ed ; lushu .aiper yu L yveng p 236
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short (10 15 cm) with minimal selection Planting 1s fairly deep (up
to 10 cm and horizontal)  Germination varies considerably by
location but 1s frequently very poor and strands are not uniform

Land preparation 1s generally acceptable and 1s done manually by

draft animal or tractor-diawn 1mpiements 36

Spring cassava (e g 1n the Guangzhou area) 1s typically planted
between January and March and harvested 1n the fall after at least 8
months especially from October although for fodder purposes
cuttings may be taken continuocusly over an extended period of time
The spring and summer seasons considerably aid leaf and stem growth
of spring-planted cassava and fall arrives optimally for starch
formation Yields of spring planted cassava tend to be large but
are less reliable since typhoons 1n fall occasionally cause damage
Furthermore Jlow temperatures i1n spring extend the budding and
sprouting period and thus the risk of insect damage But spring
planted cassava fits well 1nto South Chinese intercrogping and
rotation systems facilitating the achievement of as many as three

crops per year 1ncluding one of cassava 5/

Fall- and winter planted cassava 1s common in the most tropical
areas with harvests starting the following fall The peak period for

both planting and harvesting 1s September to November Fall-planted

36Cock and Kawano Cassava 1n China p 7

37The discussion of spring and fall planted cassava 1s
primarily from material appearing 1n Ltang Guangshang (ed ) Mushu
£atpey yu Liyong pp 10 1 and 33 34
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cassava 1s practicable from around Gaozhou County (21°56 N Zhanjiang
Prefecture Guangdong Province) south where temperatures average
about 22 7°C annually and the lowest average January temperatures
exceed 15°C These areas also enjoy 1304-1718 mm of rainfall per
year and 1941-2455 hours of sunlight higher than more northerly
regions especially during the winter thereby providing more
hospitable conditions for fall planting Of course fall-planted and
spring-planted cassava are not mutually exclusive Qi1Jing Brigade
for example 1n Dianbar County {within the coastal zone lying along
the South China Sea well to the south of Gaozhou} planted 25
thousand hectares of cassava 1n 1972 approximately one-third falj-

planted two-thirds spring planted

A principal advantage of fall-planted cassava 1s the potential
for avoiding typhoon damage This 1s particularly important on the
Leizhou Peninsula and Hainan Island Insect damage to the sprouts 1s
also lower since cricket populations decline rapidly 1n fall and the
sprouting period 1s collapsed with sprouts and roots beginning
within a week after planting Fall planted cassava can be more
conveniently linked with sericulture since leaves are provided more
opportunely without 1nfluencing root yi1eld With the longer season
cassava planted in fall facilitates fuller utilization of production
capacity 1n local starch factories and 1s convemient for on-farm
l1vestock development The principal drawbacks are the slower winter
growth and the inconvenience of the longer season for rotation and
multiple cropping Thus even 1n the far south 1f the cropping

intensi1ty 1s high cassava 1s apt to be planted 1n spring lith
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virtually all cassava north of 22°N and an 1mportant portion of the
remainder planted 1n spring the majority of cassava 1n China 1s

11kely to be spring planted

The Chinese are well aware of the necessity of rotation and
intercropping for continued cassava cultivation They estimate that
y1elds decline by 20 30 percent 1n a second consecutive year of
cassava cultivation and by 30 40 percent for three consecutive
years 38 The CIAT delegation noted however that cassava 1s grown
as a monocrop 1n some areas 39 south Chinese rotation systems are
comptex and varied those including cassava are no exception Figure
A presents notable 2-year through 6-year rotation systems for cassava
and other dryland food crops In newly reclaimed areas cassava 1S
often grown for one or two years among jJade cassia {(Chinese
cinnamon) mountain apricot bamboco tong 011 tea 011 rubber trees
or 1n other economic forests Chinese literature points out the
mmportance of rotation of cassava with green manure crops in economic

forests to avoild erasion

Cassava 1s normally the principal crop 1n a small number of
exceedingly poor localities and a very few state farms As Table 5
and 6 indicate the most important crop 1n South China 1s
unquestionably paddy rice comprising 63 percent of sown area in

Guangdong 1n 1984 and 59 percent 1n Guangx: Paddy f1elds occupy 63

38L1ang Guangshang {ed } Mushu Zaipe1l yu Liyong p 40

3%cock and Kawano €a sava 1n China p 8
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Figure A Cassava Rotation Systems 1n China

2 year systems

cassava - upland rice sweet potatoes

cassava - peanuts sweet potatoes

spring peanuts falli-planted cassava - fall harvested cassava
spring soybeans

3-year systems

cassava - sugar cane  sygar cane
cassava peanuts wheat - upland rice sweet potatoes

4-year systems

cassava mung beans sweet potatoes  sugar cane - sugar cane

b-year systems

peanuts wheat wupland rice sugar cane -~ sugar cane-
sugar cane

6-year system

cassava sugar cane sugar cane - soybeans sweet potatoes
upland rice radishes - peanuts sweet potatoes

Notes and Sources

L1ang Guangshang (ed ) Mushu Zaipe1l yu Liyong p 40 In Cock
and Kawano Cassava in Asi1a p 8 the authors noted that cassava was
often grown with legume crops predominantly peanuts
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percent of cultivated land 1n Guangxi and are similarly dominant 1n
Guangdong  Sweet potatoes are second in order of planted area 1n
Guangdong and combined with white potatoes totalled 10 percent of
sown area Peanuts (6 percent) and sugar cane (5 percent) rank third
and fourth probably followed by cassava at around 3 percent

Soybeans maize bast fibers and tobacco are also grown and untal
1ts de-emphasis 1n recent years wheat area exceeded cassava
plantings In Guangx1 maize 1S second at 11 percent of sown area
followed by soybeans and sweet potatoes (5 percent each) sugar cane
and peanuts (3 5 percent each) and green manure crops as a group (2 5
percent) Cassava at 2 1 percent 1s slightly below vegetables and
melons as a group When cassava area peaked 1n 1980 1ts share was

4 3 percent ranking fifth behind rice maize soybeans and sweet

potatoes and higher than all economic crops 40

Yields

Most available information on cassava yields was provided 1n the
section on production trends and distribution In that section 1t
was suggested that the considerable 1ncrease 1n average yields during
the latter 1960s (Table 2) was due to varietal 1mprovement and to
some extent 1mprovement 1n cultural practices while yield growth
since the late 1970s has been principally the result of increased
ferti1l1zer application to cassava complemented by some improvement
1n varieties and cultivation technigques Mean cassava yields

throughout China ( 8 6 tons/ha 1n 1980) approximate the average for

407able 5 and 6 China Agricultural Yearbook 1985 pp 114-126
and D111 Yanjiusuo Zhongguo Nongye D111 Zonglun pp 77 79
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the rest of the world but are somewhat higher than mean yields 1n
the remainder of Asia Mean ylelds 1n Guangxi {13 1 tons/ha 1981-84
average) however are somewhat higher than the international
average and the highest yields from field cultivation 1n China
(average 20-25 tons/ha with a maximum of 30 tons/ha or more) are
comparable to the very highest yjelds 1n the world 41 But Chinese
cassava 1s also grown on poor so1ls with no fertilizer or 1rrigation
where average yi1elds have been characterized 1n the 3 to 8 ton range
The average figures cited above suggest that those poor conditions
are more typical of Chinese cassava cultivation than the state farm
or Pear] River Delta private and cooperative farming experience
However survey results suggest that even on poor so1ls without
1rrigation fertilizer application can increase yields on both
research stations and operating farms by an average of at least 6

tons per hectare

Yield di1fferences among farms are due not only to differences in
so1] fertility c¢limatic conditions adopted varieties and applied
fertilizers but to substantial differences 1n management as well
Farmers 1n some areas use unselected planting materials giving very
poor stands and low yields On private plots management varies more
than on coliective lands within a single vicinity but the ltevel of

agronomy 1s often fairly high 4z

4libd p 1 and 8 Delphy Survey responses and correspondence
from James H Cock June 24 1983 Table 2

%2¢Cock and Kawano Cassava 1n China correspondence from James
Cock June 24 1983
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Among the responses of three Chinese cassava breeders surveyed
low y1eld potential of existing varieties and unavailability of
fertil1zers were both listed by each respondent as important
constraints on farmers yields But the survey results also suggest
that output marketing problems storage and processing difficulties
and general lack of production incentives may restrict application of
labor and fertilizers to cassava 1n some areas 43 Although there 1s
considerable variation in the guality of cultivated varieties China
has several popular varieties such as South China 205 providing
reasonably high and stable yields It 1s the provisional conclusion
of one 1nternatigonal breeder that 1i1ke Thailand i1n the recent past
and Malaysia currently ri1g1dly selected CIAT clones could outyreld
the best Chinese cultivars only slightly This contrasts with
Indonesia and the Philippines where the best local varieties are more

eas1ly dominated 44

Paor fertilizer response and inadequate extension were listed as
a secondary constraint on ylelds as was inadequate moisture 1n some
areas The 1982 CIAT delegation noted that fertilizer applications
were not generally linked to so31l analyses or recommendations made on
the basi1s of experimental results Each of the surveyed breeders

appeared to agree that pests and diseases were relatively unimportant

43De]ph1 Survey results

#yazuo Kawano Trip Report to China (18-24 January 1986)
unpublished trip report provided in correspondence from Kawano Apri]
14 1986
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in 1imiting cassava yields The 1982 CIAT delegation also found that
although pests and diseases were not chemically controlled they
appeared to be of very low incidence and harvest losses from such
sources were concluded to be minimal The most commonly observed
disease was Cercospora leaf spots and during the dry months

Tetranychus mites are reported to be a problem 45

Costs of production and labor utilization

The 1982 CIAT delegation was told that laber use varied from 100
man days per hectare with mechanical land preparation to 270 days
without machines and total production costs were estimated at $550
US per hectare 170 days may be somewhat excessive for manual land
preparation but although the total of 270 days per hectare 15 higher
than 1n some Asitan countries 1t 1s not unprecedented The total cost
figures are likely to have come directly from the production accounts
of one or more Guangdong state farms where workers are paid set
wages or from a small sub-group of more prosperous cassava growing
collectives which happened to have kept good records and where yields
are high Most of the 1mpiied cost per man-day of around $2 US would
be labor A project prospectus for an agricultural credit
application to the Worid Bank 1nvoliving cassava cultivation 1mplied a

return to labor of $1 25 US per day Much of the labor 1nvolved

43Cock and Kawano Cassava in China p 7
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especially where cassava 1s fertilized 1s for hand weeding since

herbicides are not used 46

Much of the non-labor costs on state farms would consist of
fertili1zer application The highest per hectare application rates
encountered by the CIAT delegation 1n 1982 were 20 tons of orgamic
manures 375 kilograms of superphosphate (45 68 kg of PZOS) and 150
kilograms of muriate of potash (37 5 kg of KZO) 47 Such rates are
Tikely to have existed only on state farms with plentiful access to
fertili1zers and/or few alternative uses Implied per hectare retail
value of this level of manufactured fertilizer use alone would have
totalled $ US 48 pn collective lands with plentiful access to
fertil1zers use of manufactured products 1s less lavish but organic
manure use with assoctated high labor requirements 15 very
substantial In Fucheng Commune of Dongguan County on the Pearl
River Delta average ytelds of 21-22 5 tons per hectare on 400
hectares of cassava were achieved with 225 kilograms of ammenium
sulfate per hectare But 1n addition three organic manure
applications were undertaken involving total per hectare use of 3
tons of swine and cattle manure 3 4 5 tons of human night seo1l and
15 tons of green manure (primarily legumes) mixed with 22 5 tons of

5011 On the Huashan State Farm 1n Lingshan County Guangxi per

461p+4 pp 7-8 correspondence from John Lynam CIAT Cassava
Program December 22 1983 Stone An Examination of Economic Data
on Chinese Cassava Production Utilization and Trade pp 6-9

47cock and Kawano Cassava in China p 7

48
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hectare applications of 255 kilograms of ammonium sulphate and 15
tons of organic manure ylelding 19 62 tons per hectare were estimated
to provide 141 kilograms of nitrogen 79 kilograms of phosphoric acid

and 180 k1lograms of nitrogen 49

One of the 1986 Chinese survey respondents provided a combined
per hectare estimate of farmer fertilizer use on poor soi1l cassava
lands 1n Guangdong of 150 kilograms associated with average yields
of only 5 tons per hectare while another respondent based on Hainan
Island (Guangdong) 11mpiied that no manufactured fertilizers were

used on cassava by farmers regardless of so1l conditions 20

It 1s very unlikely that much fertilizer has been applied to
cassava on distant collectives and private plots This 15 due to low
farmgate cassava prices a weak cassava market 1n many areas (see
below) and to the higher prices and difficult access associated with
fertilizer purchase unless such purchase 1s T1inked to safes to
government procurement organizations of farm goods 1n particular
state demand Private plot production of cassava employing household
labor and without manufactured fertiiizer use could be conducted for
purposes of home consumption and hog feed at very low mplied return
to labor However with the low yields associated with most
production such returns could be well under $1 US per day and may

have been sustainable only as a function of Chinese labor market

49L1ang Guangshang (ed ) Mushu Zaipe1l yu Liyong p 86

5ODe1pH1 Survey responses
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restrictions With 1ncreasing liberalization of economic activities
in the 1980s Tabor opportunity costs have risen substantially in
suburban and wealthier rural farm areas As export opportumities
have declined these healthy economic movements have undoubtedly
worked against cassava cultivation in such areas Opportumity costs
would be less affected in poorer and more distant farm areas but the
state s declining marketing role 1s less apt to be vigorously

replaced by private market development 1n such areas

Technotogy development

Publication of Liang Tingdong s Zhong Mufanshu Fa [Cassava

Planting Methods] 1n 1900 was a benchmark 1n the i1nitiation of a
formal process of cassava technology 1mprovement in China which
could span time and space As indicated 1n the first section
cassava spread to Fujtan and Taiwan 1n the 1920s roughly 100 years
after 1ts first known cultivation 1n neighboring Guangdong
Introduction 1n Hunan and Jiangxi in the early 1940s may have been
the first example of deliberate trans-provincial dissemination by

Chinese scient1fic 1nstitutions

The Peoples Republic agricultural science establishment gave
attention te cassava as a bulky relatively drought resistant craop
which could be grown on poor soi1ls and sti1l provide growth in
available calories per umit of farmiand with some advantages 1n
yield stability Alternatively 1t could also furnish raw materials
for industry This orientation toward bulky cheaper food 1tems and

ndu trial crops was well within a tradition established early in the
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history of most socialist governments and st11l continues to
distinguish the pattern of food production and availability although
to a decreasing extent over time 1n the Soviet Union Eastern
Eurcpean countries and North Korea as well as in China Vietnam and

other socialist nations more suited to cassava production 51

Although dissemination of cassava was emphasized throughout the
1950s broadening cultivation 1n the two southern provinces and
ini1tiating 1t 1n Zhejiang and Jiangx1 cassava research began to show
results 1n the late 1950s Between 1957 and 1962 the Agricultural
S¢ience Department s Grain Crops Laboratory of the South China
Academy of Agricultural Science 1n Guangzhou (23°8 N) selected 10
varieties from a pool of 30 for dissemination at least six of which
have been extensively cultivated 1ncluding Zajirao [Hybrid] no 4 and

\finn1 X1ye [Indonesian thin leaf] exhibiting 11 percent and 23
percent yleld improvements over widely planted Hongweizhong [Red Ta1l
Variety] and Mianbao Mushu [Bread Cassava] Zajiao no 1 and Nanwan
Mushu [South Bay Cassava] yielding 70 86 percent of Hongweizhang
but exhibiting other desirable characteristics such as superior
edibi111ty higher starch rates and/or yield stability  Although
breeding objectives for cassava have broadened considerably since the

1950s higher root yields and improved edibility remain as central

51Sh1geru Ishikawa China s Food and Agriculture A Turning
Point Food Policy 2 (May 1977) p 93 Bruce Stone China s 1985
Foodgrain Production Target Issues and Prospects in Anthony M
Tang and 8ruc= Stene Food Production 1n the Peonles Republic of
China Research Report no 15 (Washington D C International Food
Pol1icy Research Institute 1980) pp 92 96
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Table 9 Cassava Root Nutritional Content

(percent)
Water Starch  Soluble

Variety Content Rate Sugar Praoteln Fat Fiber
Mianbao Mushu 101
{Bread Cassava 101] 64 0 29 2 129 0 61 020 Q74
Naom1 Mushu 102
[Glutinous Rice Cassava 102] 63 Q 29 0 2 18 0 8l 020 080
Malathuang 103
[Malay Yellow 103] 63 2 31 3 146 1 09 015 0 72
Wenchang Hongxin 104
[Wenchang Red Heart 104] 62 4 a0 5 126 155 021l O 84
Maoming Baixin 105
[Luxuriant & famous White Heart 105]60 6 32 6 154 104 013 0 68
Hainan Hongxin 211
[Hainan{Island) Red Heart 211] 67 0 26 8 185 0 50 021 071

Q
Huguang ghingjing 210
fHuguang Green Stem) 57 6 36 8 123 140 114 063
Hongweizhong 201
[Red ta1l variety 201] 71 0 23 7 2 22 0 59 032 068
Jinm Xiye 202

[Indonesian Thin Leaf 202] 65 4 27 7 2 03 073 013 076
71nn1 Daye 203
[Indonesian Big Leaf 203] 66 0 28 2 1 69 0 92 014 © 61
Nanyang Qingp1 204
[South seas Green skin 204] 66 0 28 8 2 87 0 60 017 072
Nanwan Mushu 205
[South Bay Cassava 205] 66 0 28 1 185 113 017 0 o4
Huanan 206
[South China 206] 59 0 356 193 0 99 016 071
Huanan 207
[South China 207] 64 8 29 6 1 00 0 88 012 074
Z131ngzheng 208
[Purple stem variety 208] 70 1 21 5 343 Q0 47 019 090
Fanyu Z1J31ng 209
[Fanyu (County)Purple Stem 209] 61 8 23 0 2 02 0 86 015 0 88
Average of all varieties 64 2 28 8 1 86 0 89 017 0 74
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Sources Lrang Guangshang (ed ), Mushu Zaipei yu Liyong [Cassava
Cultivation and Use] Guangzhou Guangdong Kezh
Chubanshe [Guangdong Scientific and Technical Publishing
House] 1981) p 108

foc1 of the Chinese breeding program 52

South China 201 1s also known as Hongweizhong or Dongguan
Hongwe1 [Dongguan Red Ta11]l A high yielding cultivar with high
cyanide content 3t 1s the most popular variety for flour production
Cultivated on plains hilly tracts and mountainous uplands this
variety covers 70-80 percent of cassava area in many Guangdong and
Guangx1 Prefectures It 1s also experimentally cultivated 1n the

Yangz1 Valley

South China 202 orYInm1 Xiye was introduced from Indonesia 1n
1956 by the South China Agricultural Science Department in Guangzhou
It typically outyields Hongwel by a small margin but has the highest
cyanide content of popular varieties and is thus alsoc used n
processing industries praimarily for flour and starch production
Plantings are concentrated on the Aoxy State Farms There has also

been successful experimental cultivation 1n Nanjing

South China 205 or Nanwanmushu was the shortest of the sixteen
Teading cultivars tested and is famous for withstanding the August 17

typhoon in 1963 It combines yield stabi1lity with high potential

52L1ang Guangshang (ed ) Mushu Zaipel yu Liyong po 10 and 77
Much of the succeeding discussion on varieties and institutions 1s
based on pp 77 80 and Table 9 with a few additions from Cock and
Kawaro Cassava 1n Asia
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and 1s good for flour and especially starch production where 1t
significantly outperforms other popular varieties As Table 9
indicates Huguang g%1ng31ng [Huguang Green Stem] or South China 210
and South China 206 have by far the highest starch rates per unit
weight but Nanwanmushu s respectable rate coupled with higher yield
potential make 1t a ciear Teader 1n starch per unit of harvested

area Following Nanwanmushu South China 206 207 and)Inmi Xiye
feature the highest starch content per unit area  South China 205 1s
an 1nternationally recognized cultivar with similar characteristics
to those of the Vassourinha variety of Brazil and the Philippines

The greatest area of Nanwanmushu concentration 1s Zhongshan Dongguan
and other counties 1n the Pearl River Delta but 1t 1s planted widely

throughout Guangdong

South China 101 or Mianbao Mushu 1s also known as Malavhong
[Malay Red] since 1t was 1ntroduced onto rubber plantations 1n Dan
X1an from Malaysia 1n 1912 The variety combines yield stabiiity
with low cyanide content and reasonably high yieid potential and 1s
recognized as China s best tasting cultivar Plantings are
concentrated on Hainan Island especially 1n Dan Xian Wenchang and
Baoting Counties but bread cassava 1s also grown in most areas of
Guangdong and has been experimentally cultivated in Hebei Province
farther north than any other variety (39°20 N) Its characteristics

are relatively similar to those of Ai1pin Valencia of Southeast Asia

South China 104 or Wenchang Hongxin [Wenchang Red Heart] 1is the
highest y1elding variety among the better tasting (sweeter)

cult vars It has the highest protein content of the 16 leading
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varieties also features low cyanide concentrations reportedly
outyields Mianbao Mushu by 22 percent but 1s not typically preferred
to the latter for direct consumption  South China 104 1s planted
predominantly 1n Wenchang and Qiongshan Counties on Hainan Island

with Ti1ttie cultivation elsewhere

Among other palatable varieties Maoming Baixin [Maoming White
Heart] or South China 105 from Maoming Municipal Area near
Guangdong s Leizhou Peninsula and Nuomi1 Mushu [polished glutinous
rice cassava] or South China 102 are worthy of menticn  Both
outyreld Mianbao Mushu by 10 11 percent with substantially greater
superiority 1n more northern areas Both are sweet and Tow 1n
cyanide content with South China 102 lowest of the sixteen prominent
varieties A variety known as 6068 1s also famous for 1ts excellent
eating qualities and 1s planted on around 10 000 hectares despite 1ts

modest yields

In sum the South China Tropical Crops Research Academy
concentrated not only on selection and dissemination of cultivars
featuring higher and more stable root yields and 1mproved edibility
but has focused breeding attention in combining those
characteristics and nitiated research on starch content By
focusing on faster as opposed to strictly higher root yi1elds the
Academy also brough to cassava breeding in this early period the
beginnings of a guintessentially Chinese orientation breeding to

fit rotatiornal patterns and multiple cropping sequences
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llith the catastrophic famines of 1960-61 centered in North China
and the Yangzi Valley efforts to spread cassava cultivation
northward intensified considerably The focal institution 1n this
effort was the Zhejiang Province Sub-tropical Crops Institute in
Pingyang (27°38 N) Between 1962 and 1964 the institute 1ntroduced
31 varieties from Guangdong Guangxi and Fu)ian including Hongwen
Nanwanmushu Inn3i Daye Sh1be1;h1ngj1ng [stone tablet green stem] and
Zaji1ao nos 1-6 But as Table 10 1ndicates there has been
experimental cultivation much further north although the South China
Tropical Crops Research Academy has indicated that good growth and
yields are consistently obtained only up to around 26°N which cuts

across southern Hunan Guizhou Jiangx) and Fujian

Aside from the above-mentioned institutions some cassava
related research 1s reportediy conducted 1n each of the provinces
within which cassava has been 1ntroduced In South China other
relevant institutions are the Guangxi Province Asian Tropical Crops
Research Institute in Nanning the South China Crop Research
Institute and the South China Institute of Botany within the Chinese
Academy of Sciences the Institute of Drought Resistant Grains and
the Upland Grains Department 1n the Guangdong Agricultural Sctence
Academy and the South China Agricuitural College all 1in Guangzhou
However cassava research 1s not reputed to be a significant current

focus of any of the Guangzhou institutions

Cassava research and development 1n China 1s 1ncreasingly

shifting i1ts focus from the original narrowly defined goals of
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Table 10 Results of Cassava s North Migration Cultivation Experiments
Planting Harvest Total Growing Fresh Root
Experimenting Unit Location Variety Date Date Days Yield
(N Tatitude) {tons/ha )
Northwest Agricul
tural Science
Academy 29°30 A B Apr 25 Nov 25 216 330
Hubey Dashahu Farm 30° ABD Apr 21 Nov 22 216 18 75 30 0
Anhui Province
Crops Institute 31°53 B Apr 12 Nov 3 206 20 325
Nanjing Botanical
Institute 32 04 ABC Apr 15 Nov 5 205 23 25 24 4
China Root and
Tuber Institute 33°58 A B May 6 Oct 24 172 375450
Shaanx1 Province
Grains Crops Inst 34°21 AB May 7 Oct 23 170 5 715-17 17
Shandong Province
Crops Institute 36°41 A Apr 15 Oct 24 193 22 5
Luda {Dalian) 38954 A B May 6 Oct 23 171 12 75 19 5
noe 1 Farm
Hebel Province
Forestry Science
Institute 38 20 AB Apr 21 Oct 24 187 375450
Notes A= Naomimushu [Glutinous Rice Cassava]

B= Mianbaomushu [Bread Cassava]

C= Inm Xi1ye [Indonestan Thin Leaf]
D= Malalhuang [Malay Yellow]

Sources Liang Guangshang (ed )

Mushu Zaipel yu Liyong [Cassava Cultivation and Use]

Guangzhou  Guangdong Kezh1 Chubanshe [Guangdong Scientific and Technical Publishing

House] 1981) p 26
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improving yield and edibility The main improvement efforts

st111 1include edibi1l1ty but also emphasize cultivation techniques
especially cassava s relation to other crops In various systems and
the combined development of cassava and non-crop rural activities
Breeding objectives also include early planting early ripening and
rapid maturity goals as well as disease resistance high yields and

high starch and protein content 33

Research and development goals related to cultivation techniques
feature 1mprovement 1n rotation synergies seasonal cultivation
intercropping and achievement of two or even three ripenings per
year  Bean crop and cassava rotations and 1ntercropping are of
particular interest as techniques for developing s011 strength The
1982 CIAT delegation observed that cassava was often 1ntercropped
with grain legumes 1n more 1ntensively cultivated areas and estimated
that yields of both crops were probably reduced by only 15-30 percent
resulting in relatively efficient Tand use with goed se1l

conservation properties 54

Since 1979 non crop agriculture has been emphasized 1n China
part1ally correcting for the substantial pre 1979 stress on food
crops especially staples Consequently a recent goal for cassava
development has been to i1ntegrate cassava with forestry animal

husbandry sericulture aquaculture and rural sidelines for

53L1ang Guangshang (ed ) Mushu Zaipel yu Liyong p 10

S41b1d correspondence from James H Cock Cassava Program
Director CIAT June 24 1983
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cooperative production Investigation of additional and even novel

industrial uses 1s also of increasing 1nterest

Survey respondents among Chinese cassava breeders and
agronomists 55 appeared optimistic about the potential for growth 1n
farmers yields during the next 4 and 14 years Respondents were
instructed to base their assessments on existing varieties and those
currently under development but their estimates differed
considerably They were also optimistic about the prospects for
1ncreasing that potential via a doubling of research expenditures
related to cassava with the most conservative assessments provided
by the representative of the institution where most research on
cassava 1s conducted In his view farmers yields on voor soils
could increase from currently 3 6 tons per hectare to 4-8 tons by
1990 and 5-9 tons by 2000 or 5-10 tons and 6-12 tons respectively
with a doubling of research expenditures With good so11 and
climatic conditions farmers yields could increase from currentiy
15-30 tons/hectare with fertili1zer to 18-35 tons by 1990 and 20-40
tons by 2000 or 25 35 tons and 35-45 tons with a doubling of research

resources

It 1s clear that yields can improve especially 1n Guangdong
via greater access to manufactured fertilizers analysis and
extension related to 1ts optimal use and to proper selection of
planting materials Fertilizer pricing distribution and analytic

systems are undergoing considerable structural change 1n China

55091ph1 Survey responses
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Proper resolution of remaining and newly emerging difficulties will
be instrumental n achieving yi1eld progress through growth 1n

fertilizer use 56

It also appears that there may be some Timited potential
exploitable with further i1nternational exchange of genetic
materials 97 State farms are technological leaders 1n cassava
cultivation though not for most staple crops and careful selection
of planting materials and quest for 1mproved cultivars are evident on
state farms Y1eld progress on several state farms in recent years
has allowed continued profitability of cassava cultivation despite
declining prices This means that new improved varieties can move
rap1dly into full scale production 1n China What may be called for
are 1nstitutional Tinks which can bring state farm developments 1nto
the private and collective economy more expeditiously A new variety
must undergo regional testing for three years The results are
presented to the provincial seed commission which may then recommend

the variety to seed production companies for multiplication

Work aon intercropping and rotational systems 1s something
Chinese researchers do particularly well and 1s Tikely to lead to

some further 11mprovements Some of these may not immediately

58For detalls see Bruce Stone Chinese Fertilizer Application
in the 1980s and 1990s  Issues of Growth Balance Allocation
Efficiency and Response 1in U S Congress Joint Economic Committee
(eds ) China s Economy Looks Toward the Year 2000, vol 1 The Four
Modernizations (Washington D C U S Government Printing Office
1986) pp 453 496

57Cock and Kawano Cassava 1in China Kaviano Trip Report to
China (18 26 January 1986)
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1ncrease cassava yields per se but may 1mprove the attractiveness of
planting cassava and thus arrest its decline 1n area What 1s
singularly missing for cassava as well as for many other crops 1is
S0C10 economi¢ research 1n cassava areas particularly poorer ones
Lack of agro-economic data and analysis for assessing constraints
Timiting farmers yields is recognized by the South China Tropical

Crops Academy 58

Finally with the reduction in export opportunities and the
curtailled government role in markefing development of demand and
market 1nstitutions are of particular importance for continued
expansion of cassava production and use These 1ssues will be

undertaken 1n the following sections

MARKETS AND DEMAND

A synthesis of production and utilization

As indicated above production statistics for cassava 1n China
are highly fragmentary except for Guangx1 Zhuang Autonomous Region
for which data are complete though even for Guangxi questions of
reliability and comparability remain Utilization data however are
almost wholly unavailable with the exception of the i1nternationai
trade data compiled from European Community Analytic Tables for
Foreign Trade appearing in Table 3  Government procurement data for

cassava assuredly exist but have not been made available in Chinese

580e1ph1 Survey response from Tan Xuecheng breeder
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statistical compendia on marketing and trade Production data from
cassava flour and starch factories as well as from other 1ndustrial
processors are certainly generated but are not of sufficient
importance to appear among national statistical series 1n the

relatively detailed Guangdong Province Statistical Yearbooks and the

Guangx1 Economic Yearbook 1985 although the latter contains a single

column of discussion of the starch market 1n which cassava 1s
mentioned As a regionally concentrated crop cassava has not turned
up among published results from national farm surveys Even Liang

Guangshang s cassava-specific publication Mushu Zaipei yu Liyong

[Cassava Cultivation and Use] provides not a single statistic on

aggregate utilization

In the past 1t has been clear that FAO estimates of cassava use
were all based on constant percentages of estimated production 59
For example the FAQO Supply Utilization Accounts Tape 1981 evidently
incorporated the following percentages feed use {25 percent) waste
(5 percent) food use (67 percent) processing (3 percent) use for
tapioca (70 percent of processing) starch use (30 percent of
processing) 60 Sqince the production series was mechanically
generated from virtually no statistical base the utilization series
were 1nevitably unreliable even 1f the percentage shares were
roughly correct Conversely regardless of the accuracy of the

production estimates the utili1zation shares have assuredly not been

59Bruce Stone An Examination of Economic Data on Chinese
Cassava Production Utilization and Trade pp 13-22

60Fo0d and Agriculture Organization of the United Nations
Supply Uti1l1zation Accounts Tape 1981 Rome 1982
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constant over time with feed and processing use i1n¢reasing 1in
importance at the expense of direct human consumption  Moreover
shares for feed and processing would exceed the shares 1mplied by the

1981 Utilization Tapes even for the 1960s 6l

As an examination of Tables 11 and 12 w11l reveal
FAQO utilization series for China are now generated in a more
complicated fashion but historical production area and yield
figures are identical to those appearing on the older tapes Aside
from the international trade series which relates well to and 1s
probably based on the EC Analytic Tables for Foreign Trade FAQ
series are st111 generated from an extremely weak statistical basis
which probably consists of no more than the partner country trade
data and the single production figure circa 1980 provided to the

1982 CIAT delegation

In these recent FAO series such as Supply Utilization Accounts
Tape 1984 released at the end of 1985 unprocessed feed 1s set at
10 percent throughout the 1961 83 period and waste 1s dropped from 5
percent on previous tapes to 3 percent for the entire period Direct
food consumption estimates have become trended values declining from
72 0 percent of production 1n 1962 to 67 0 percent 1n 1979 (Table
12) Processed uses have become monotically non-decreasing trended
values beginning somewhat arbitrarily at 15 0 percent 1n 1962 and

rising to 20 0 percent 1n 1979 of which dried cassava (chips and

6lstone An Examination of Economic Data on Chinese Cassava
This paper was provided to both CIAT and the FAO Statistical
Division s Basic Data Unit 1n 1983 and provided part of the basis for
subsegquent adjustments
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Table 11 FAO Estimates of Chinese Cassava Production Area and Yield 1961-1984

Harvested Area Production Yield

1982 Tape 1984 Tape 1982 Tape 1984 Tape 1982 Tape 1984 Tape

(1000 hectares) (1000 metric tons) (tons per hectare)

1961 80 940 11 750
1962 85 1000 11 765
1963 85 950 11 176
1964 90 1000 i1 111
1965 90 1100 12 222
1966 95 95 1100 1100 11 579 11 579
1967 100 100 1200 1200 12 000 12 000
1968 120 120 1400 1400 11 667 11 667
1969 130 130 1500 1500 11 538 11 538
1970 140 140 1600 1600 11 429 11 429
1971 150 150 1800 1800 12 000 12 Q00
1972 160 160 1900 1900 11 875 11 875
1973 170 170 2000 2000 11 765 11 765
1974 170 170 2000 2000 11 765 11 765
1975 180 180 2100 2100 11 667 11 667
1976 180 180 2200 2200 12 222 12 222
1877 190 190 2200 2200 11 579 11 579
1978 200 200 2300 2300 11 500 11 500
1979 200 200 2500 2500 12 500 12 500
1980 226 226 3000 3300 13 274 14 602
1981 236 230 3120 500 13 232 15 217
1982 235 3600 15 319
1983 240 3800 15 833

1984

Saurce FAO  Supply Utilization Accounts Tape 1981 Rome 1982 FAQO  Supply
Utili1zation Accounts Tape 1984 Rome 1985
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Table 12 FAQ Estimates of Chinese Cassava Production and Use 1961-1983

Production  of which
Feed Waste Food Processed of which 1nput to
Chips & Pellets Tapioca Starch

(1000 tons)

1961 940 94 28 668 140 90 20 30
1962 1000 100 30 120 150 100 20 30
1963 950 95 28 666 160 110 20 30
1964 1000 100 30 699 171 120 21 30
1965 1100 110 33 756 201 150 21 30
1966 1100 110 33 740 217 160 22 35
1967 1200 120 36 807 237 180 22 35
1968 1400 140 42 959 25% 200 24 35
1969 1500 150 45 1014 291 230 26 35
1970 1600 160 48 1099 293 230 28 35
1971 1800 180 54 1246 320 250 30 40
1972 1900 190 57 1330 323 250 33 40
1973 2000 200 60 1384 356 280 30 40
1974 2000 200 60 1380 360 280 40 40
1975 2100 210 63 1467 360 280 40 40
1976 2200 220 66 1519 395 300 50 45
1877 2200 220 66 1519 395 300 50 45
1978 2300 230 69 1606 395 300 50 45
1979 2500 250 75 1675 500 400 55 45
1980 3300 330 99 1466 1405 1300 60 45
1581 3500 350 105 1545 1500 2000 65 45
1982 3600 360 108 1512 1620 1500 75 45
1983 3800 380 114 1606 1700 1700 78 45

Notes and Sources FAO  Supply Utilization Accounts Tape 1984 Rome 1985 To
reach quantities of processed products extraction rates of 35 percent for chips
and pellets {dried cassava) 22 percent for taptoca and 18 percent for starch
are applied 1n FAQ data
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pellets for feed ei1ther for domestic use or export) starts at 2/3 of
the processed amount in 1962 and rises to 80 0 percent 1n 1979
Cassava 1nput to starch production begins at 20 0 percent of the
processed amount 1n 1962 and declinesto 9 0 percent 1n 1979 The
absolute gquantities tn FADO data form a step function remaining
constant for five-year periods then increasing by 5 thousand tons 1in
a single year then remaining constant again for five years Cassava
1nput to tapioca production comprises the remainder with absolute
quantities rising 1n similar monotically non-decreasing fashion but

with shares declining slightly to 11 percent by 1979

FAO data appear 1n other formats but the statistical base or
lack thereof remains the same For example the Standardized
Commodity Balances Tape 1984 {Rome 1985) includes series for
availability (production minus exports) food (direct food
consumption plus cassava 1nput to tapioca processing) and other
uses (waste plus cassava 1nput to starch processing) Because of
the massive increase 1n exports 1n 187%-81 the post 1979 FAO series
exhib1t some peculiarities Dried cassava 1nput on the Supply
Uti1lization Tape 1ncreases from 20 0 percent to 42 6 percent of
production from 1979 to 1980 (Table 12) for example and the program
synthes1zing these series generated large negative numbers for other

uses 1n 1980 and 1984 on the Standardized Commodity Balance Tape

Nevertheless these series represent some 1mprovement 1n
credibil1ty over the 1981 82 tapes The waste percentage has been
lowered (to what 1s probably the minimum parametric value used by

FAQ) The estimated production shares of processed cassava have been
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raised very substantially and exhibit a rising trend 1ncluding
slightly rising then stagnating absolute guantities for starch
production and a massive acceleration 1n dried cassava to parallel
the appearance of lucrative export opportunities 1n the 1980s  Food
uses exhibit a plausible declining share of cassava production and
the FAO trade data now 1ncludes the overwhelmingly important
movements in the dried cassava trade since 1979  But 1t must be
remembered that there 1s no actual statistical basis for these
ut1l1zation shares save a very indirect one based on the foreign
trade data and all series are essentially derived from the almost

wholly unreliable productron estimates

Of course 1t 1s much easier to criticize than to suggest
superior alternatives since little quantitative information from
China 1s available But 1t may be reasonable to suggest that several
of the i1mprovements since the 1981-82 tape did not go far enough
China has developed a considerable reputation for low food waste As
others have previously indicated this reputation may be somewhat
exaggerated 62 But with a Targe proportion of the cassava crop
allocated to same farm animal feed and high labor application per
hectare one may reasonably expect that at least cassava waste 1n

China 1s quite low

The 1982 CIAT delegation observed that the primary use of
cassava was as animal feed Of course their sample was biased

toward more productive farms though they visited some very poor

62¢ g Vactlav Smil China s Food Avairlabi1ltty Reqguirements
Compostition Prospects Food Policy (May 1981) pp 67-77
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communes where cassava was the principal human food source Visiting
any of the state farms tmmediately biased the sample on such a brief
trip Based on Table 1 and other figures provided above state farm
cassava plantings could not have exceeded 3 5 percent of Guangxa
cassava area 1n 1984 although probably totalling 5-10 percent of
production  In Guangdong the proportions could be slightly higher
but state farm cassava 1s clearly a minor share of the total

However the CIAT delegation found cassava primarily grown for animal

feed on communes as well as on state farms

According to the extensive surveys (also biased toward more
productive farms) conducted by Nanjing University students supervised
by John Lossing Buck between 1929 and 1933 18 percent of the output
of sweet potatoes (generally a food preferred by Chinese to cassava)
was employed as animal feed in the region  The proportion was almost
half 1n the more productive areas of eastern Guangdong Only 60
percent of the tarec crop was used for human food 63 Since the 1930s
swine stocks and grain and sugar production have i1ncreased more
rapidly than the human population 1n the region (Table 13) and per
capita incomes have increased (11seed and soybean producttion has
declined 1n Guangxi but 1n Guangdong production increased at about
the rate of population growth over the 5 decade period given that
1ncluded 1930s figures are somewhat prone to overestimation Cattle
stocks deciined over the 1970s 1n Guangdong but due to their smaller

numbers and diet preference for leaves and grasses over roots this

83J0hn Lossing Buck Land Utilizatior wn China {Atlas and Study)
(Nank1ng Nanking University 1937) Atlas pp 82 and 98
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Table 13 Growth Indices for Human Population Livestock and

Grain Sugarcane Peanut and Soybean Production 1n
Guangdong and Guangx1 1930s-1984

1979 84 Average
Guangdong Guangx:t Guangdong Guangxa

{1952-1957 avg =100) (1930s=100)
Human population 162 af 181 174 221
Swine stocks 280 b/ 257
Cattle & buffalo stocks 74 ¢/ 261
Small ruminant stocks 15 ¢/ 310
Foodgrain production 171 181 178-199 205-249
Sugarcane productian 246 691 1631
Peanut production 285 d/ 138 168 69
Soybean production 182 e/ 156 469
Cassava production 157

Notes

a/

Based on a weighted average of midyear figures for 1954 and 1957
to approximate a midyear 1955 figure 1979-84 data are year end
figures

Based on a midyear 1955 figure A weighted average of midyear
1953 midyear 1955 and a year end 1957 1s slightly lower

Based on year-end 1984 and 1957 figures

Based on 1953-56 average The 1ndex number based on 1957 alone
15 199

Based on 1952-56 average The 1ndex number based on 1957 alone
15 94

Sources Bruce Stone An Examination of Economic Data on Chinese

Cassava Production Utilization and Trade paper prepared
for the International Center for Tropical Agriculture

(CIAT) [IFPRI Washington D C  August 1983 Table 11

Data have been supplemented from Guangxi JingJ1 Nianjian
Branjyibu Guangxi Jingji Nianiian 1985 pp 519 530 532 and
594 and from State Statistical Bureau PRC Statistical
Yearbook of China 1983 1984 and 1985
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decline would have less effect an the allacation of the cassava root

1tself than would the swine stock growth rate

According to a 1980 survey of 15 914 households an average of
94 4 kilograms of meat (mostly pork) 35 6 kilograms of grains and
126 k1lograms of vegetables were produced on private plots
Although hog feeding regimens in China have been concentrate poor
historically the fattening process would sti11l require around 82
ki1lagrams of concentrate per hog and the requirement has been rising
with greater peasant autonomy adjusted purchase price structure and
growing acceptance that extremely concentrate-poor diets are
uneconomic ©% In Guangdong and Guangx1 a sizable proportion of
this concentrate consists of cassava taro and sweet potato  Of the
three cassava would be the crop with the highest proportion
allocated for feed (One may conclude that even for domestically
uttlized cassava 20-25 percent (for feed use plus dried cassava )
from 1961 79 1s probably too small a preportion for feed and the
trend must have heen rising more rapidly over the period than assumed
by FAO  When one considers that from 1980 82 dried cassava exports
must have constituted 30 60 percent of what the 1982 CIAT delegation
was told was national production and that exports may sti11]l exceed
30 percent of annual output even the current FAO feed proportions of

50 55 percent ( dried cassava plus feed ) may be too Tow

645ee Stone  China s 1985 Foodgrain Production Target
pp 99 103 The 1980 survey appeared in Xinhua [New China News
Agencyl news bulletin June 16 1981
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Tabie 14  Development of Starch Production in South China 1952-1984

Number of Starch Required Proportion of Total
Operating Factories Production Fresh Root Cassava Qutput
Guangx Guangdong Guangxi GQuangxi Guangxn
(metric tons)

1952 1 282 { 1 500) ( 1)

1959 12 275 { 68 000) ( 10)

1862 29

1972 56 10 000 (40 60 000) (3-14)

1983 2384 59 400 { 242 500) { 15)

1984 240 49 000 ( 200 000) ( 17)

Notes and Sources  Figures 1n parentheses are calculated estimates
The FAQO extraction rate of 18 percent was used for the 1950s
data to calculate fresh root equivalent assuming also that all
Guangxt starch was produced from cassava (Actually small
amounts of corn are also used ) For later years an extraction
rate of 24 5 percent was used based on the statement that starch
content of dried cassava 1s more than 70 percent (Guangxi Jingji
Nianjian Bianjibu 1985) [Guangx1 Economic Yearbook Editorial
Board] Guangx1 Jingji Nianjran 1985 [Economic Yearbook of China
19857 (Nanning  Guangx1l Jingjy Nianjian Biranyabu  1985) op
152) If the FAO-adopted drying factor of 35 percent 1s used
this mmplies a starch extraction rate of more than 24 5 percent
which 1s possible especially 1n view of substantial cassava
selection and breeding 1n China for high starch content The
1982 CIAT delegation cobserved extraction rates of 25 29 percent
with 5-10 percent residues for animal feed (Cock and Kawano

Cassava 1n Chwna p 8) It 1s not clear why the FAO-adopted
extraction rate for tapioca (22 percent) 1s higher than for
starch and exhibits as much as a 4 percent difference since
tapioca production normally follows from starch production
thereby achieving a very slightly lower extraction rate
(correspondence from John K Lynam Cassava Program Centro
Internacional de Agricultura Tropical (CIAT) December 22
1983 )

The proportion allocated to starch production 1s probably also
consistently underestimated by FAQO Data assembled 1n Table 14
suggest that 1f the Guangxi record can be taken as representative of
both southern provinces utilization of cassava for starch production
during the 1960s and 1970s constitute not 10 20 percent of all
cassava used for processing as assumed by FAO (2-3 percent of

production) but cleser to 10 percent of total proeduction and
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potentially higher 1n several low production years  Assuming the
adopted extraction rates and the Guangxr series are roughly correct
and that starch produced from raw materials other than cassava was
1indeed very minor 1n Guangxi then the starch i1ndustry claimed more
than 15 percent of fresh root production 1n the Autonomous Region 1n
1983 and 1984 The proportion for Guangdong 1s probably somewhat

Tower but appears to be rising at present

A1l 1n all 1f forced to estimate current utilization of
Chinese cassava might run 60-65 percent for feed {(including dried
cassava plus fresh feed exports and domestic use} 15 20 percent
for the starch industry 2-4 percent for tapioca production and as
11ttle as 1-3 percent for waste leaving somewhere around 10-20
percent for direct human consumption As suggested 1n earlier papers
and as FAO seems to accept 1t 15 quite possible that the 3 mil1l1on
ton circa 1980-81 production figure 1s an underestimate but the

production trend for the last few years 1s almost certainly downward

The Guangx1 starch production figure Tisted somewhat arbitrarily
for 1972 1s based on the statement that starch production 1n Guangxs
remained at around 10 000 tons during the 1960s and 1970s (Guangx1

Jingj1 Nianjyian 1985 p 192) Most data 1n the table appeared 1n

1bid  The number of starch factories operating 1n Guangxi 1n 1962
and 1n Guangdong 1n 1972 are from Liang Guangshang (ed ) Mushu

Za1pe1 yu Liyong [Cassava Cultivation and Use] (Guangzhou Guangdong

Kej1 Chubanshe [Guangdong Scientific and Technical Publishing House]
198%} p %¥ The proportion of total Guangxi cassava production was

calculated from data appearing 1n this table and 1n Table 2
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Cassava for direct human consumption

The previous section has concluded that cassava for direct human
consumption probably comprises only 10 20 percent of current
production There appear to be four principal categories of direct
human consumption of cassava i1n China consumption related to ethnic
minorities where cassava has a traditional dietary role consumption
related to forest cultivation 1n remote areas consumption associated
with exceedingly poor and/or risk-prone farming areas consumption
related to particular cuisine and especially seasonal preparations
These four categories are not mutually exclusive but seem to

characterize the direct human consumption demand for cassava

Little recent ethnographic information on minorities 1n South
China seems to be availabie but taro and cassava are known to be
1mportant food i1tems among the Yae minority 1n northern Guangdong 65
The Mao people of Thailand are also habitual consumers of cassava
Mao people 1n South China were likewise reported to eat cassava and

mao potatoes during t;é 1950s 66 Even among Han Chinese (93 3
percent of China s population) home-processed cassava flour is often
used as a thickener 1n southern Chinese soups and 1n making special
cakes at festival times such as New Year s Eve 1n Fujian for

example 67

65Buck Land Utilization 1n China {Atlas) p 98

665un Jingzhi (ed ) Huanan Dichu Jingji Dili  State Statistical
Bureau PRC Statistical Yearbook of China, 1985 p 195

67Cock and Kawano Cassava 1n China p 11 State Statistical
Bureau PRC Statistical Yearbook of China, 1985 p 195
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Poorly developed and poorly integrated markets are almost a
defining characteristic of developing countries and China 1s no
exception In China market development was further retarded by a
number of factors First for a thirty year period civil war and
World War II combined to destroy normal market activity in many areas
of China  Although Guangdong and Guangx1 were spared to a much
greater extent than North China the Northeast and the Yangzi Valley
they were not unaffected by war and nearby cassava-growing provinces
such as Yunnan and Hunan were directly involved as was Fujian
located directly across the straits from colonial Taiwan  For
example transport vehicles and draft animals were purchased or
commandeered for the war effort War time inflation sent marketing
back to a semi barter era and credit facilities were severely

affected

In the 1950s conditions stabilized but the government soon
began to take over large segments of marketing activities With
grain crises 1n 1953 and 1955 and the difficulties the government was
experiencing with procurement of foodstuffs f