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CURRENT UTILlZATION AND FUTURE POTENTIAI. FOR CASSAVA 
1 

Barry Nestel * 

The purpose of this introductory paper is to present an overview 
of the role that cassava playa In the world today and then to explore 
the future potential for this commodity. Some of the data and ideas 
brought out in the paper will suggest that the use of cassava as both 
human and animsl food ls likely to increase in future years. Bearlng 
in mind the fact that chronic tox~city in humans and animals on high 
caaaaya diets la already a well recogoized problem. lt would sppear 
that unIeas effectiye steps can be taken to reduce this toxicity it 
could become a problem of increasing significance in the future. Apart 
from the nutritional implications of this, it appears possible that . 
toxicity could a1so play an important role economically in, perhaps. 
retarding the development of new markets for cassava both domestical1y 
and overseas. 

PRODUCTION 

Although production statistics for cassava are notoriously 
unreliable, the best available evidence indicates that. 00 s connsge 
basia, annua1 world production is ooly exceeded by that of slx other 
crops (Table 1). 

Cassava 18 produced in more than 80 countries, but two thirds of ',' 
worId production takes place in only five nf them (Brazil, Indonesia, 
Zaire, Nigeria. and India) and 901 of global production comes froro 19' 
countries (Table 2: Fig.l). . 

In producing countries, production has grown steadily at about 
the same rate as the population increase during the past 20 yeara. 
Mast of the inerease in production appears to be due to an increased 
area under the crop sinee only limited changes in yieId have be en 
reported. Ibere ls, however, a wide range of variation in yieIds. 
with a global average of 9.4 tons/ha. A number of countries, especially 
in Africa, have average yields of les s than half this figure whereas 
others report averages exceeding 20 tons/ha •. , 

. , 
, . 

1 Reprinted from Chronic Cassava Toxlcity. Edited'by: 
and Regicald Mac1ntyre •. IDRC-OlOe. 

Barry Nestel , 

* International Development Research Centre 265 Arts, Building, 
Uniyersity of Guelph. Guelph, Ontario. Csnada. 
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¡Jnder e>;pcrimcntal conditt"ns, yields of mor" than 70 tons/ha have 
o.::en t.úcn in 11 12-month period in spite of the fact that cassava has, 
',: yct, rece1'·'cd relatL'ely little attencion from agricultura1 scientists. 

¡.lthough there are major difficulties in bringing about yield and qua lit Y 
improvements in this spceics, the potential at least for yie1d improvements 
'loes appear t(, be considcrab1y greater t.!.tm that of many plant species 
that have be~:: subjccted to intensive study for man)' years. 

rABLE l. Worlj production, acreage, and ylcld of selected erops, 1971 
(source: FAO j'roducti"n Yearbook 1971) 

Cereal grama 
¡':heat 
Rice (paddy) 
• 11ze 
Millet and sorghum 
adey 

uats 
~ye 

'{oot crops 
!~otat:)e$ 

Sweet ¡'atatot's and 
::assavaa 

Sugar bE'e ts 

Legumes (pulses) 
<;oybeans 
Pigeon peas 
Dry beans 
Peanuts 
Chick-peas 
Cowpeas 
tlry braad beans 
nry peas 

a 
1970 data. 

)'am" 

World hE'cetarage 
(miUion ha) 

217.2 
134.9 
112.9 
113.4 
82.2 
31.2 
19.7 

a' 22.5 
17 .0 
9.6 
7.6 

36.2 
2.9 

22.9 
18.8 
10.2 
3.1 
4.7 
9.0 

World yield 
( 100 kg/ha) 

15.8 
22.8 
27.3 
8.9 

18.5 
16.5 
15.7 

136.0 
87,0 
94.0 
29.9 

13.3 
6.8 
5.1 
9.8 
6.6 
3.7 

11.2 
12.2 

WorId produet1on 
(mi11ion metrie tons) 

343.1 
307.4 
307.8 
101.1 
152.7 
57.7 
30.9 

• 
306.4 
147.7 
92.2 

228.2 

48.3 
2.0 

11. 7 
16.5 
6.7 
1.1 
5.2 

10.9 

r:tsaava 15 generally groom as a sub~ence erop. lt la particulary 
"alued becauce of its drought tolerance, its ability to grow in poor soile, 
and ies relativa Tesistanee to weeda and inseet pests. These eharacterlstics, 
plus the fact that it can be laft 1n the ground without harvesting for a 
lengtby period of time, mean that lt ls a very useful erop as a security 
agalns~ famine. Furthermore, it ls not season bound and can, therefore, be 
planted and harvested st an)' period of che year. For these raasons easaava 
i8 ob,,; ,'usly an attractive erop for the 5ubsistence farmer for whom risk 
nversion must, of neeessity, be an important value objective. Indead for 
such a farmar, the seeurity of bcing able to harvest a erop in adversa times 
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may be more important than the disire to harveat a higher yield, 
although as development brings subsistence producers lnto a market 
economy the production of marketab1e surpluses can be expected to 
assume increasing importance. 

Cassava also possesses certain characteristics which make it of 
particular interest to the biologlst and to the economist concerned 
with resource development in tropical areas. Flrst and foremost of 
these is the iact that cassava productivity in terms oi calories per 
unit land area per unit of time appears to be significantly higher 
than that of other staple food crops (de Vries et al. 1967). 

Coursey and Haynes (1970) indicated thaj cassava can prodUcj 250 
X 103 ca1/ha per day as compared to 116 X 10 for rice, 110 X 10 for 
wheat, 200 X 101 for maize, and 114 X 103 for sorghum. They also peine 
out that the grain crops have been subjected to considerable research 
to improve their gene tic potentia1, whereas casssva offera considerable 
acope for gene tic improvement. Corusey and Bayuea also lndicate that 
root crops have a higher biologica1 efficiency as food producers. They 
attribute this efficiency to structural engineering considerations 
since the edible part of tuberous roots lies beneath the'ground snd does 
not have to be supported by a stem. In fact 60-8'·of the total dry . 
weight of root crops may be edible whereas in wneat the figure ia only 
up to 361:. 

TABLE 2. World production of cassava in 1970 
(source: FAO Production Yearbook 1971). 

• 

Bradl 
Indonesia 
Zaire 
Nigeria 
India 

Mozambique 
Uganda 
Thailand 
Paraguay 
Burundi 
Ghana 
Angola 
Tanzania 
Madagascar 
Toga 
Colombia 
Central Afr1can Repub1ic 

3 

Million 
tons 

29.5 
10.5 
10.0 
7.3 
5.2 

2.1 
2.0 
2.0 
1.8 
1.6 
1.6 
1.6 
l.' 
1.2 
1.2 
1.2 
1.0 

.. 
,,'-

.'%.world. 
Production 

32.6 . 
11.4'~ . 
10.9 
7.9 
5.6 

61.9 

2.4 
2.2' . 
2.2:" 
2.0 
1.1 
1.1"-' 
1.7 
1.6 
1.3. 1 

L3 
1.3 

., 
1.1 

20.4 . 



Cameroon 0.9 1.0 
Dahomey 0.7 0.8 
North Vietnam 0.7 0.8 
Ivory Coast 0.5 0.6 
Guinea 0.5 0.6 
Peru 0.5 0.6 

4.1 

63 Other Countries 7.1 7.7 
- 92.2 100.0 

In order to utilize the biolagieal efficiency af cassava aud to 
develop the crop. uses for it have to be found. Purthermore. it has to 
be produced at a price at which these uses are economic. Uti1ization 
prospects appear to vary widely betweeu different couutries. Thus the 
Thai farmer who grows most of the cassava which reaches the world market 
obtains U.S.$11·12 far the farm-dried chips from a ton of fresh cassava 
whereas for fresh cassava for human use, the Jamaican farmer obtsins 2~ 
times this price (Rankiue and Roung 1971) and at certain times ~f year, 
the Colombian farmer roay obtain 6·10 times the Thai price (P. Pinstrup 
Andersen, CIAT. personal communicatian). However, generally speaking 
thL farro price seema to lie in the range of U.S. $10·15 ton of fresh 
root equlvalent. 

It i9 difficult to cost cassava production since the main inputs 
are family 1abour and land, and in subsistence farming areas, the lsnd 
ia often communslly owned. Brannen (1972) reviewed some of the 
literature on production costs and found that the usual cost of producing 
cassava was about U.S. $6/ton. The major production cost was labour. 
For a variety of reasons, it i8 difficult to compare tbe various labour 
costings available, bue 1n various surveys the man-hours used to produce 
a ton of cassava appeared to range from SO to 200 and to average about 
100 (Brannen 1972; Rankine and Houng 1971; Raeburn et al, 1950). 
Obvious1y the return to 1abour from cassava production 18 very low, 
notwithstanding the fact thst Raeburn et al. found the yield per man-day 
from cassava production exceeded that oi other tropical staples. Clarke 
and Haswell (1964) reported a similar finding when comparing both the 
output value and the labour productivity of various tropical crops in 
terms of FAO standard wheat equivalents. 

The low ;eturn to labour relates to the fact tbat the opportunity 
cost of labour in many subsistence areas is often regarded as betng 
close to zero, otherwise a production cost per ton of U.S. $6 would not 
be possible. However lOe may anticipate that soma mechanization may be 
necessary in the future since, as economies develop, labour generally 
tcnds to demand a higher return, especially for sn unpleasant job such 
as harvest1ng casssva (lOhich commonly accounts for 25-30% of the total 
labour costs). For this ressons produetton costs may be expected to 
rise. Againse this ie must be taken into account that subsistence 
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yields are often on1y about 10% of the produetion potential of the crop, 
50 that there 18 a great dea! of scope for reducing the costs of 
production by raising yields. This is especia11y true if high yield 
varieties can be produced that are more easily harvested (by either man 
or machine) but sti1l retain adequate drought and disease to1erance. 
In view oí the limited past resources devoted to both the breeding and 
the mechanization of cassava, compared with those now available, it is 
difficult to make any forecasts of the likely future pattern of production 
costs. l-Ihat does appear probable is that these costs wi11 be strongly 
influenced by the results of plant breeding work in terms of the 
aehievements that are made witb respect to yield and morphology (and 
perhaps,eyanogenie glucoside eontent). 

CONSU?-!PTION 

The mast important use of easssva 15 as human food (Fig.2). 
Consumption data are presented in Table 3 from 14 eountries in whích 
cassava is an important dietary staple. These national data may be 
mis1eading in some of the larger countries in which cassava ~s tbe 
primary staple in cereain areas but not in others. For example, cassava 
is more important in the south and east of Nigeria than in the nortb. In 
a survey of southern Nigeria, Nieol (1952) found that 25-56% of the dietary 
calories came from cassava (as opposed to the national figure of 14% in 
Table 3). Bailey's (1961) surveys in Java showed 63.5% of the calorie 
intake (as opposed to the indonesian national figure of 15.2%) came from 
cassava. Normanha (1970) reported that in Brazil in 1962-63 cassava 
consumption was 124 kg/person per annum at the national level. This 
represented an urban intake of 42 kg and 200 kg in rural areas. By. 
comparison, it ls interesting ta note that the average intake of wheat 
(ln the form of flour) in west European aud North American countries 18 

IABLE 3. Human intake of cassava in 14 eountries 1964 66 (source: FAO 
Food Balance Sheets 1964 66). 

Human popu1ation Cassava as % 
(million) . Total calorie intake 

Congo 
(Brazzaville) 0.84 54.8 
Zaire 15.63 58.5 
Central I 
Afriean Rep. 1.33 48.7 
Gabon 0.46 47.0 
Mozambique 6.96 42.6 
Angola 5.15 34.5 
Libeda 1.08 26.2 
Togo 1.64 26.5 
Dahomey 2.36 20.1 

7 

Cal/day 
froro cassava 

1184 
1193 

1057 
1027· 
908 
659 
600 
590 
438 

Cassava 
per yea:r(kg) 

470 
437 

354 
342 
304 
220 
201 
197 
148 



Paraguay 2.03 19.7 540 181 
Ghana 8.14 18.2 380 130 
Brazil 80.77 10.8 274 107 
Nigoria 58.48 14.1 306 103 
Indonesia 105.74 15.3 269 92 
Total: 304.15 

Weighted avg. (14 countries) 19.4 374 124 
----_ .. _-----
TABLE 4. Da11y purchases expressed in calorles, and prlce par 1000 

calorles of selected staple feeda, !Cumas! and Sekond1-Takoradi, 
Ghana, 1955 (Johnston and Kaneda 1960). 

Kumasi Sekondl-Takoradl 
Purchases Price Purchases Price 

(cal person day) (i- 1000 cal) (cal person day) (l. 1000 cal) 

--------
Cassava 
and products • 
Fresh roota 243 2.68 456 2.73 
G,,-1 (meal) 46 2.94 64 3.23 
Kekonte 
(dried rocts) 212 1.63 57 . 2.69 

Plantalns 389 3.05 168 4.32 
Yams 123 5.91 49 7.64 
Habe and 
Products 

Kenkey 50 5.74 188 5.33 
Dough 43 49 

Rice 101 5.20 111 5.28 
Cocoyams 98 3.76 15 5.02 
Bread 27 11.03 47 11.70 
AH stal'chy 
Staples 1364 1260 

50-80 kg/person par year, providing between 500 and 800 cal/day. 

Wheat. of course. does tend to be the prefel'red energy staple in many 
non rice grow~ parts of the world but the difficulty of growing it in the 
tropics usually makes it an expensive ltem. Bearing in mind the low income 
normally encountered in tropical areas (where snnual per capita incomes 
rarely exceed $200 snd sre often under $100), the relative cost of cassava 
and its products i8 of considerable signifieance. Table 4 presents data 
from two areas of Ghana where calorie intakes from cassava averaged around 
500/day at a daily cost of under U.S. 2¿. This contrasts rather favourably 
in cost terms with calories derived from other staples. 
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LEAVES 

I 
lIoUed -

Macerated 
(mast HON removed) 

EATEN 

+HCN 

FrG. 3. 

Bitter(Amer) 

Fermentation 
(Soaking) 

(most RON removed) 

llrying l. Wet Grinding 
I I 

ROOTS 

Cossettes Wrapped & 
'ground to flour boiled 

(some RCN removed) (soma RON, removed) 

I 
I I 

Mixed with RZO Refermented 
and heated (soma RON removed) 

I I 
Fou Fou Wrapped & boiled 

I I 
Add "sauces" Chickwangue 

I 1 

Chickwangue 
. I 

EATEN EATEN EATEN 

.. -RON +RCN :l;RON 
(questionable remnant) (probab1y (some remalning) 

safes t form) 

Cassava use in the Kinshasa area, Zaire (source: Rogers et al. 1971). 

Swee t (llouce ) 

Boiled 
(some RON removec 

EATEN 

+RCN 
(some remaining 



TABLE 5. Amino acid content/100 g food .(source: FAO Amino Acid Content of Foods and Biological Data 
on Proteins. Nutritional Studies No. 24, Rc.,"e 1970) 

Total 
Con- essentia1 Total 

Nitro- version Methi- 'Ibreo-Trypto-amino amino 
Food Moisture gen factor Protein Lysine on1ne nine phan acids acids 

(g) (g) (W) (mg) (m8) (mg) (mg) (mg) (m8) (mg) 
Cereal grains 
Barley 12.0 1.88 5.83 11.0 406 196 389 180 4.203 11,118 
Mabe 12.0 1.52 6.25 9.5 254 182 342 67 3,820 9,262 
Mil1et 11.0 1.55 6.25 9.7 332 239 374 189 3,979 9,505 
Oats 10.0 2.23 5.83 13.0 517 234 462 176 5,169 12,998 
Rice (brown) 13.0 1.26 5.95 7.5 299 183 307 98 3,033 1,973 

.... Rice (polished) 13.0 1.13 5.95 6.7 255 150 234 95 2,695 6,785 
N Rye 12.0 1.89 5.83 11.0 401 172 395 87 3,732 10,868 

Sorghum 11.0 1.62 6.25 10.1 204 141 306 123 3,945 9,756 
Wheat 12.0 2.09 5.83 12.2 374 196 382 142 4,280 12,607 

Roots and tubers 
Po tato 78.0 0.32 6.25 2.0 96 26 75 33 667 1,572 
Sweet pota toes 70.0 0.21 6.25 1.3 45 22 SO 22 414 994 
Taro (Colocasia) 72.5 0.29 6.25 1.8 70 24 74 26 707 1,737 
Yam (Dioscoria) 72.4 0.38 6.25 2.4 97 38 86 30 821 2,009 
Ca.ssava meal 

(Manihot) 13.1 0.26 6.25 1.6 67 22 43 19 404 1,184 

Legumes (pulses) 
Seana (Phaseolus) 11.0 3.54 6.25 22.1 1,593 234 878 223 8,457 20,043 
Beana, B~oad. (Vicia) 11.0 3.74 6.25 23.4 1,513 172 786 202 8,244 20,951 
Chick-pea 11.0 3.22 6.25 20.1" 1,376 209 756 174 7,602 19,290 
Cowpeas (Vigna) 11.0 3.14 6.25 23.4 1,599 273 842 254 8,640 21,086 



Table 4 also indica tes that casaava ls marketed in Ghana in various 
forms. This 1s 11 common situatíon in many cassava producing areas. Tbe 
marketing system 18 often fa1rly complex with a large variety of eassava 
products being handled.Figure 3 shows the variety of forma in whleh 
cassava ls consumed in one part of Zaire. The range of proeessed 
products and the number of stages in marketing both tend to depress the 
prJoueers'share of the price of the product that 15 flnal1y consumed. 

In areas where cassava intakes are high there are sometimes problems 
by virtue of the low content of essentlal amino acids in the root (Table 5). 
TIte essential amino acid profile of cassava also indieates that it ls 
particularly deficient in sulfur containing amino aeids (Bal1ey 1961). 
TIte significance of this in the detoxiflcation of eyanogenic gIuco5ides 15 
di5cussed in several papera in these proceedings. 

INDUSTRIAL USE 

As already noted, cassava ls used to make a large number of processed 
products, most of which involve some form of drying and/or fermentation. 
One of the most important of these products ls industrial ~arch. Csssava 
starch contains only 17% amylose as apposed to 22% in potato starch snd 
2% in coro stsrch and because of this it possesses unusual viscosity 
characterlstlcs. TIte large percentage of branch chained amylopectins in 
cassava starch gives it great dimensional strength, which makes ie i,. 
particular demand for slzing paper or fibers, to give them greater tensile 
strength. 

" : 
TABLE 6. Imports of cassava atareh and flour to Canada and the U.S.A. 

(Canadian imports include some sago fIour (source: National 
Trade Data». 

U.S.A. Cana da 

Million MUlion Million MUltan 
lb $ lb $ 

1964 294 9.6 1 0.5 
1965 358 12.2 10 0.6 
1966 341 11.5 13 0.1 " 
1961 304 10.1 20 1.1 '. 
1968 i 194 1.1 16 0.9- w, 

1969 195 6.8 15 0.8 
1910 207 7.0 20 1.0, 
1971 182 7.1 9 0.6 

1 : •• ': 
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Cassava starch also provides good parent material from which to 
hydrolize dextrina for formularing adhesives. Such adhesives made 
from casssva appear to hsve a grearer flexibiliry snd les s brittleness 
at low humidities than dextrina derived from cereal starches. Cassava 
starches also possess speeific charaeteristics thar are in demand in 
the food industry. 

At the presenr time the United States ls the principal user of 
eassava starch and imports around 90,000 tons/year (Table 6). 

FEED USE 

Cassava has bccn used as a 11vestock feed on subsistence farms for 
many years, although there has been a traditional prejudice against its 
use in some areas beeause of the toxicity attributed to its cyanogenic 
glucoside contento However, the literature on this subject has tended 
to be lnconclusive and controversial. Recent work by Maner (1912) and 
his eo-workers clearly demonstrates the potential of high cassava 
r~tions. Only in che last decade has cassava assumed any significance 
as a component of compounded anlmal feeds where ie is used in place of 
grains. This situation has arisen mainly because eassava enters the 
Ea-opean Common Market at a highly favourable tariff rate compared to 
wheat, msize, and other energy components of compounded animal feeds 
(Tables 7 and 8). 

TABLE 7. Comparison in prices of barley, maize, and manioe in EEC in 
September 1967 (U.S.$/ton) (source: GATT 1968 Tbe markets for 
manioc) • 

Tbreshold prices Difference 
ClF Impore or prices after 

Priee levies levies paid Barley Maize 

Barley (59.65) 30.65 89.00 
Maize (57.25) 31.03 88.28 
Manioe chips 61.60 5.52 67.12 -21.88 -21.16 
Manioc pelleta 64.40 5.52 69.92 -19.08 -18.36 
Manioc mea! 56.00 8.02 64.~ -24.98 -23.26 

At present the main usera of cassava are Germany, Holland, and 
Belgium. France hss a low usage because her agriculture ia st111 in the 
process of modernization, the animal feed industry la backward, and large 
surpluses of cereal grains existo Italy at present se111 benefits írem 
low cose maize fceds (which theoretically are fiot permitted under che 
common agricultural policy of che European Economic Cornmunicy), and the 
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United Kingdom, Eire, and Denmark have developed their feed industries 
on lav-cost cereala which can be bought at a lm~er price than cssssva 
in the world market, but not within the framework of the EEC Common 
Agricultura1 Pollcy. 

In the last decade che importarion of cassava to the countries of 
the European Economic Communlty has more than tripled (Table 9). 
Between 80 and 90% of the world market lB Bupplied by Indonesia and 
Thai1and. The lattar country La a very small consumer of cassava and 
produces mainly for the world market (Table 14). Brazil, China, 
Tanzania, Malawl, and Angola a1so supply the world market to a much 
smaller degree (Fig.4). At che present time 80-90% of the world erade 
in cassava for feeding purposes i8 absorbed by the &EC. 

TABLE 8. Relationship of prices for manioc, maize, and barley on basis 
CIF Rotterdam resp. FOB lncl. tax and levies (source: Phil1ipa 
unpublished dats). 

Manioc Feed 
Habe pel1eta bar ley 

Average prices: 
1968 World Marker Price 100.0 100.3 10~ .7 

EEC price 177.3 126.0 174.0 
1969 World Market Price 100.0 93.6 81.9 

EEC price 172.3 112.1 163.8 
1970 World Msrket Price 100.0 101.1 84.6 

EEC price 148.2 114.4 148.0 
Maize World Market Price _ 100 

The use of cassava io campound feeds in che developlog contries does 
not appear to have received sny atcentian. This may seem surprising 
since che 1.5 million tons of cassava reaching the European milIs about 
U.S.$75/ton has about 30% of its price made up of shipping charges from 
the Far East. In fact, the FOB cost at the dockside in Thailand and 
lndonesia appears to be 1ess than U.s.$50/ton, a price considerably leas 
than that st which cereals of similar energy value can be purchased for 
use in feed compounding in mast developing countries. 

Whi1e it i8 not possible to fully explain this situation. it would 
appear that the feed industry in developing countries is, to a large 
extent, o,med and direcred by multinational corporstions who prefer to 
rely 00 koown technology rather thao to lnvest in the development of new 
technologies appropriate to the typica1 developiog country situation 
(Johnson 1970). Within che EEC the aize and fiercely competitive nature 
of the market is such that its ski1led compounders appear to be prepared 
to utilize alternative energy sources in an innovatlve manner. 
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TABLE 9. Importe of dried cassava products into the European Economic 
Community 1962-10, in thousands of metric tons (source: 
International Trade Centre GATT). 

1962 1963 1964 1965 1966 1967 1968 1969 1970 

Germany 366 387 462 520 702 NAa 481 548 591 
Nether1ands 1 5 17 76 96 NA 237 444 502 
Be1gium 23 72 105 100 70 NA 127 212 268 
France 23 20 18 17 16 NA NA NA 35 
Ita1y O O O 1 O NA . NA NA 14 

Total: 413 484 602 714 884 845 1204 1410 

aNA, data not available. 

PROSPECTS FOR THE FUTURE 

.. 
Cassava has a very low income elasticity of demando This means that 

when personal incomes grow peop1e tend to spend very sma11 parts of the 
inelease on cassava. In fact, when their incomes lncrease cons1derab1y, 
they actua11y tend to shift their consumption from cassava to cereal gralns. 
However, at the income 1eve1s encountered in cassava-eating areae, this 
change takes soma time to occur (Fig. 5). 

Recause of this situation, thé global food demand for cassava la 
1ike1y to increaee sr s rate very similar to that of the human population 
of eassava-eatlng area8. In table lO, two projections for the demsnd 

TABLE 10. Consumption demand for cassava in 1980 ln thousands of tons 
(aouree: FAO 1972 unpub1ished data). 

1970 

Wor1d 55,087 

Afdea 29,306 
La tin Amerlca 8,492 
Asia and Far Ust 16,422 
China 734 
Rest of World 133 

aDemand projected on basis of past trend. 
b 

Demand projeeted on basia of Second Development. 
Decade growth model. 

18 

1980a 1980b 

71,500 70,460 

38,204 37,481 
10,838 10,651 
21,318 21,154 

971 1,007 
169 167 
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for caseava in 1980 are shown. the first represents a continuarion of 
the past trend in demand and che second representa a projection based 
on a higher ineome growth tnan in the past, namely the one targeted for 
1980 in the United Nations Seeond Development Deeade studies. the 
difference between the two projections ia very 5ma!1 for the reason that -
has already been noted. Both projections represent a growth rate in 
demand of about 2.6% per annum. 

If we assume that there i5 some reduction in population growth 
in cassava-eating countries by the eud of this century, it would appear 
that che demand ae that time for cassava as a food will be not fsr short 
of 100 milIion tons. Even if we accept chat cassava represents the 
food of low income groups and that people will shift into cereals as aud 
when their ineomes permit, we are still likely to have twice as many 
food calories derived from cassava at che end of the century as are 
derived from eassava today. If we refer back to. Table 3 "e wiU see this 
means we can expeet a very large number of cassava eaters in the year 
2000. this suggests that the medieal problems descríbed in soma of tiu{ 
papers presented in these Proceedings are not likely to be solved in the 
foreseeable future by a reduction in the use of e8sssva as a food • 

• 
The "orld starch industry ia a fiercely competitive one in whlch 

eaSS8va starch is only one of several avsilable. The industry is 
dependent not only on preduction of stareh but also on producing other 
products snd by-produets involving complex technology and marketing 
systems. Generally speaking, csssava proceasing in developing countriés 
la earried out in a primitive fashion and the marketed produet is often 
of poor and variable quality. In the absence of large infusions of. 
eapital the future prospects fer cassava starch are questionable. . 
particularly insofar as lt competes in many respeets with starches being 
produced in the developed countries which represent the main outlet for . 
the starch industry. 

There are some prospeets fer the inereased use of eassava flour a 
partial substitute for wheat flour in composite breads in those countries 
where wheat flour is in limited supply. In recen.t years considerable ._ 
progresa has been made in overcoming the problems of finding: . (a) appropriate 
additives to substitute for wheat gluten. (b) new mixing teehniques to 
obtain improved gas retention and control of gelatinization during baking 
with ·non-wheat flours, and (e) appropriate methods of protein fortification 
of suen floura. Beeause of this progresa the future prospects for expanded 
use of caSS8va flour in composÜe breads appear promising.~ .. _ .. : :.: . ,,-.. , l . ~! I ",' •• " .' ,- .... 

During the process of flour and bread making most of Che cyanogenle 
glucosides appear to. be destroyed aud from the toxicity. standpoint ' .. 
compoaite breada containing eassava flour may no~ bé of any significance. 
However. since this use for cassava will lil<ely become significant (bread 
eontaining up .to 50% eassava flour has already undergone. suecessful .. ", 
aeceptabllity trials). soma discussion of this point is warranted •....... ,: 

• -; .' ,,1:,,, ":: 
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The really attractive area for future potential use of csssava 
seems to be in the compound feed sector. Tsble 11 shows tbe phenomenal 
way 1n wh1ch this sector has grown 1n recent yeara within the s1x 
original members of the BBC. A s1milar psttern of growth ln feed use 
ls tsking place in certain developing countries where incomes have 
reached the stage where people can afford intensively produced meato 
For example, Taiwan's importation of feed grains has increased from 
94,000 ton s in 1964 to more than 1 million tona in 1971 and, as yet, 
shows no sign of levelling off. 

TABLE 11. Compound feed production in the ERC from 1955 to 1910 and 
percentage of incresae in thouaands of tons (source: EEe). 

Be1gium and Total 
Luxembourg France Germany Italy Nether1ands ERC 

1955 993 1,270 1,968 380 2,900 7,511 
1960 1,550 2,220 3,578 800 4,600 12,746 
1965 2,527 4,544 6,594 2,600 5,625 21,290 
1961 3,119 5,847 7,723 2,500 6,392. 25,316 
1968 3,240 5,516 7,872 3,100 6,838 26,566 
1969 3,668 6.244 8,863 3,300 7,117 29,192 
1910 4,282 6,475 9,127 3,633 1,851 31,968 

"increase 
1955-70 331 410 394 856 171 326 

Yearly incresae 
1.avg 1961-65 10.3 15.5 13.0 20.3 4.1 10.8 

1.avg 1965-10 9.0 4.9 8.3 12.9 6.8 8.6 

The projected demand for cereal grains, and the1r substitutes as 
energy aources for livestock feeda, 1s expected to grow global1y at a 
rate approaching 3"/yesr (Table 12). A1though a substantial part of 
this growth will take place within the developing countries. su even 
greater part 1s expected in the developed countries aud in the centrally 
plsnned economies, and this would sppear to represent a psrticular1y 
promising opportunity for export market development in s number of 
tropical coun~ries. 

At present the export of cassava and ita products produces about 
$80 mi11ion of foreign exchange for the developing countries. However. 
mast of this money flowa to only two countriea, Thailand and Indoneeia. 
lt is earned by export1ng around 1.5 million tons of dried csssava 
products which representa about 5 percent of total world fresh csssava 
production. These figures are relatively amal1 in terma of the export 
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TABLE 12. Estimated demand for grains for feed use, in lIIi1110ns of 
tons (source: FAO 1969 Indicative World Plan). 

1962 

Deve10ped countries 202 
64 deve10ping countries 17 
Centra11y p1anned countries (excl.China) S2 

Total: 271 

1985 

320 
48-68 

126 

494-514 

levels of soma other tropical commodities (Table 13) although it wou1d 
appear that a 6- to 10-fold increase in cassava exports by 1985 might 
eas11y be absorbed in the world feedstuffs market. At present price 
levela such sn ineresse in exports would put esssava next to coffee 
and sugar as the most important agricultural export from tbe developing 
countries. 

While such an increase in exportation may seem fanc'iful at first 
glance, recent computer studies of the compound feed market undertaken 
in Germany. England, and Canada (A. 1I0ne, Institute of Commonwealtb 
Studies, Oxford, personal communication) indieate that at its present 
price level, and assuming that the EEC Common Agricultural Po1icy dOBa 

TABLE 13. Exports from deve10ping countries of selected agricultural 
products, 1965-67 (source: FAO 1969 Indicative Wor1d Plan) 

Millions U.S.$ 

Sugar 1109 
Wheat and coarse grains 771 
Beef and veal 321 
Citrus frults 194 

Coffee 2167 
Tea and mate 547" 
Cocos 477 
Bananas 411 

Cassava chips, pellets, snd starch 80 (1971 approx) 

---- ---------

not discriminate specifica11y against cassava, a market demand of 4.3 
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milI10n tons (almast triple che 1970 level) may be expected in tbe EEC 
by 1980. !hese studies' also indicare tbat there may be some difficulty 
in suppIying tbis market unIese either tbe West African producere, wbo 
bave preferentia1 accesa to tbe EEC, or mainland China (wbo8e produetion 
potential i8 not known); beeome signifieant exporters. 

These project1ons do take into aeeount expected increases in tbe 
demand for eassava in ltaly and France (due to developments in their 
livestock industry) and in the three new ERC members (which will have 
to give up cheap imports of feed grains by 1971 to conform to the 
Common Agricultural Poliey), but tbey disregard the Japanese market. 
Unci1 recently Japan appears to have relied heavily on imported maize 
as irs main source of feed energy, snd indeed the Japanese feed market 
has pIayed an important role in the development of the !hai aud 
Philippine corn industries. Japanese buyers now appear to be active in 
tbe cassava market (T.P. Phillips, University of Guelph, personal 
communieation) especial1y in Brazil where tbe growtb potential i6 
enormous. If Thsiland can build up a 1.2 milI ion ton dried eassava 
exportin a deeade it is not unreasonable to expect that Brazil (whose 
eurrent production of cassava i6 reported to be at least eight times 
that of Thailand) eould also become a major exporter. Otber c~untriea, 
sueh as Malayaia, are also already acttve in attempting to enter this 
export market. 

TABLE 14. Uti11zation of cassava in se1eeted countries, 1964-66 
(source: FAO Food Balance Sbeets 1964-66). 

Total 
produc- '-used 

Han 'f. as '7. 
(million con- animal ex· ~ as 

tons) sumed feed ported '''''aste'' 

India 3.1 93 O O 7 
Zaire 7.2 95 O O 5 
Nigeria 7.5 80 O O 20 
Indonesia 11.1 88 2 9 10 
Brazil 24.7 3511 39 1 ' ~" 20 
Thailand 1.6 39 O 56 5 

a35 as food~ 5 for non-food industrial use. 

I have partieular1y stressed the export market potential beca use 
beef, and to a 1esser extent feeds for livestock, represent the on1y 
commodities for which 11 real1y strong export growtb potential appears 
to exlst for the products of developing countries. However, if we 
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assume that at least part of the projected demand for cassava in the 
developed marke'ts 15 reaUzéd,. tt would not be unreasonable, to assume 
a pnrtial spln-off in the devélopment of the use of cassava for 
compound feed in the developing countries themselves within the next 
decade. Such;': development which obviate~ shipping costs should be of 
particualar interest to countries which currently import animal feeds. 

If we bcar 'in mind RIso' thst c~ssava ls' s'commodity to which very 
limited résearch has been applied in the past (t .... o major intcrnational 
agricultural research centres, in Colombia (CIAT) snd Nigeris (lITA), 
are now giving priQrity attention to this crop); it. i8 not unressonable 
to expect that within the next few years we,may see sorne p"y-off for 
this research in the form of the development of'production systems which 
will result in increased yields at lm,er u<lit costs., This in itself 
would be likely to increase the' utilization of cassava as animal feed· 
bothln developed and developing countries. 

Bearing in mind both the current role and growth potenti,al that 
appear to exist fo": the' use of cassava, a bette,r, understandig oí the 
toxic role oí 'its cyanogenic glucosides is both desirab1e and necessary. 

IVe hope that this Workshop will contribute towards such aft understanding.' 
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AGRONONIC POTENTIAL FOR CASSAVA PRODUCTION 1 

James H. Cock * 

CASSAVA (Manihot esculenta Crantz) is grown between 30·north and 
south latitudes and at altitudes below 2000 m. Yields decrease as 
temperature decreases with altitude above 1000 m near the equator 
(Cock and Rosas, unpublished). It can be grown on very infertile soils, 
often as the last crop in a rotatíon. It wil1 produce on extremely acid 
8011s .. here few ocher erops will yield snything. Cassava has s great 
advantage over most stareh-producing crops in drought toleranee. The 
cereal erops need water during the flowering period; if not they will 
often yield little or nothing. Cassava, once established, has no critieal 
periodo At the onset of a drought period, it drops lts leaves snd 
remains essentially dormant¡ when the rains come, it draws on its root, 
reserves to form a new leaf eanopy and 1ater fills lts roots. nence, 
cassava can readily be grown in areas with rather uneertain rains that 
may prevent planting of other erops. < 

A further attribute of cassava is that it has no determined harvest 
period after which it spoi1s. Cassava, as far as is known, grows almost' 
indefinltely, increasing its yie1d with time; hence, the farmer can harvest 
bis crop when it i5 convenient or when it will demand a high price rather 
than on a set date. This adds great flexibility to a crop program based 
on cassaV8. However, if the cassava ls left'too long, there may be 
marketing problems because of oversized roots, whlch are usually 
unacceptab1e, lncreased fibra in the roots, and a decrease in tha starch' 
content (Ghosh 1968). 

The total area on which cassava is grown i8 about 10 million ha and 
yields average about 10 metric tons (t}/ha per year (FAO 1971). These 
yield levels are far ba10w sorne of the very high figures that have been 
quoted (de Vries et al. 1967). suggesting that its yield potential ia 
rarely reached in practice. At CIAT, we have obtained yields of over 50 
t/ha per year on a fertile soil with minimal inputs. and on a nearby 
farm with rather infertile soils and no irrigation, yields of over 40 t/ha 
per year. These results suggest thst cassava's known yield potential is 
40-50 t/ha even on rather lnfertile soils with limited inputs and without 
irrigation. 

• In spite of its great . ,'\ yield potential and certsin attributes that' 
make it easy to fit into a farming system, world cassava yie1ds at 10 t/ha 

1 Agronomic potential for cassava production, p. 21-26. In Cassava . ,., 
processing and storage: proeeedings of an interdisciplinary workshop, 
Pattaya, Thailand, 17·19 April 1974. Int.Develop. Res. Centre IDRC-031e. 

* Physiologist. Lider of the eassava program, erAT. 
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are far below those tbat might be expected. The reasens fer tbis 
cannot be stated categorically, but probably include: (1) poor 
agronomic practices; (2) por varietsl selection¡ and (3) diseases and 
insects. In this paper 1 sball try to outline same of the more 
important of these. 

Agronomic Practices 

Cassava is reported to be agressive toward weeds and insect pests 
(Hendershott et al, 1972) but adequate weed control can markedly improve 
yields. In trials at CIAT, yields were reduced to less than 2 t/ha when 
no weed control was used (Do11 1974). In the same trial, pIots weeded 
twice by hand yielded about 20% les s tllan plots kert weed-free al1 the 
time. Hand weeding twice was considered to be sufficient by Hendershott 
et al, (1972). 

lt 18 also reported that cassava depletes soi1, especially with 
respect to potasslum, due to its higb nutrient requlrement (Dijk 1951). 
This i5 not surprising. hny crop that ylelds wel1, particularly on poor 
sOils, wi11 dep1ete the nutrient reserves in that soi1. However, 
Birkinshaw (1926) reports up to 15 cassava crops being harvested 
continuous1y. De Geus (1967) states that to obtain high yie1ds on poor 
s"tls, particular1y lateritic soi1s, use of fertilizers i8 easential. 
In Latin America, farmera frequently say that excessive nitrogen actual1y 
decreases yie1d duc to excesslve top growth. In our trials using up to 
300 k/ha of N, we have not observed any negative nitrogen response. 
Reports on favorable response to fertilizers are numerous (Blin 1905; 
Doop 1937; Malavolta et al. 1952, 1953; Normanha 1951: Chadha 1958; 
A1buquerque 1958; Jscoby 1965; Jacob snd Uexku11 1966; De Geus 1967; 
Silva a Freire 1968; Normanha et al. 1968; Samuels 1970; Chew 1970; 
Kumar et al. 1971: A1meida 1971). However, due to the low value of 
cassava and high price of ferti1izers in soma regiona it ls not considered 
to be of economic interest to the farmer (Normanha 1951). !he response 
to the different e1emants is extremely varied depending on 80il type; 
however, it is obvious that yle1ds can be increased by judicious use of 
fertilizers. In Colombia, less than one-quarter of the farmers use 
ferti1izer, and those who do app1y on1y amall quantities (P. Andersen, 
personal communication), and it i8 11kely that this situation does not 
on1y occur there. 

!he 1ength and quality of planting material marked1y lnf1uences 
yie1d. The s~ke$ shou1d be from the basal part of mature plants for 
optimum yields (Huertas 1940: Jeyaseelan 1951; Krochma1 1969; Enyi 1970), 
and in general, longer cuttlngs give higher yields (Jeyaseelsn 1951; 
Fernando and Jaysundera 1942; Brandao 1959; Rodríguez et al. 1963). 
However, Loria (1962), found no significant yie1d differences between 
40-,60-, snd 80-cm stakes, suggesting that aboye 40 cm there la 1ittle 
yield increase by uslng longer stakes. 

The resulta from studies on planting position -vertical, inclined, 

28 



¡ 

L 

or horizontal- and planting on the f1at or on ridges do not sh~ any 
eonsistent trenas. It i5 possible that different systems are needed for 
for different soil and e1imatie conditiona. Recently, it has becn 
reported that planting on ridges in a vcry wet area prevented root rots 
and effective!y increased yield (C. Lozano, personal communication). 

!he results froro spaeing trials are also equivoca! (Verteui1 1911; 
Fernando and Jaysundera 1942; Machado 1951; Rodríguez et al. 1966; Enyi 
1972) Normanha ec al. (1950) suggested that optimun plant population 
varied with soil conditions and more recent1y large variations in 
optimum distance have becn shmm for different harvesting times and 
different varietles (Cock, Cutierrez, and Wholey, unpub1ished). Large 
yield increase5 can be expected by using the optimum plane popu1atlon. 
In our triaIs, yields of ~! Colombia 1438 decreased from about 45 t/ha 
at 6000 plants/ha to about 30 t/ha at 20.0000 plants/ha, "harcas tilose 
of M Colombia 22 increased from about 42 t/ha to 55 t/ha over the same 
range (Cock, Gutierrez, and Who1ey, unpublished). Hore "ork 15 needed 
in specific 10ca1ities, but undoubted1y yields can be increased by . 
planting at the optimum density. 

• 
!here i~ ample evidence that different var1eties grO\m under similar 

conditions have very different yielding ability (Ca1ans 1931; Lambourne 
1937; Arraudeau 1969; Sarmiento 1969; CIAT 1912, 1973) and that these 
variations are large enough to be highly important to the gr~er. In a 
recent tria1 at CIAT with a very low level of disease and pest incidence, 
yields of varietles varied from 16 to 46 t/ha per year. TI1US, simple 
selection opens thc way in somc instances to very large yield increases., 

Diseases and Pests 

!he two most important cassava diacases in the yor1d appear to be 
African cassava mosaic and bacterial blight. !he cassava bacterial 
blight(CBB) causes extreme1y aevere 10Bses. C. Lozano (personal 
communication) has shown that it can reduce 11e1ds froro 41 tlha to 25 
t/ha in susceptible clones. The e~tent of the dlsease 18 not clear1y 
defined. However, it is widespread in Latin Amarles and Africa. 
Recent1y, a requellt for information on ita control from Tai .. an 5uggested 
that it roay also be a problem there. The disease ean survive lor long 
periods in planting pieces from inft'cted plantations and these cán forro 
a focus of infection in a new plantation. !he disease will spread 
rapid1y through a plantation by rain splash once a focus for infections 
15 prese~t. Disease-free planting material can be produce (Lozano and 
Wholey 1973), even from infected stocks, and from these disease-free 
plantations can be established to give haigher yields (CIAT 1973). " 
Resistant lines are also aval1able, but they have in general, low yie1ding 
ability. In time, high-yielding resistant types wil1 be produced~ , 

Although cassava is of Latin American origino African cassava 
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mosaie has not been reported in Latin America, but has be en found in 
most areas of Africa and India. Reported losses due to this disease 
have been between 20 and 907. (Lozano and Booth 1974). The disease 18 
~pread by a white fly (Bemisia tabacl), as well as other apecies (Chant 
1958), that feed on cassava. The di8ease may also be spread by planting 
infected cuttings, and as the vector i8 pantropic the disease 18 a 
potent1al menace to al1 cassava~producing areas. It also appears, as 
with cassava bacteria blight, that higher yields can be established by 
planting elean cuttings (Opsomer 1938; Briant snd Johns 1940). Another 
effective method of control appears to be genetic reslstanee, snd severa! 
highly resistant clones have becn isolated (Doughty 1958; Jennlngs 1960; 
Sam Raj 1966; 8eck' 1971; Childs 1957). 

Apart from these tvo diseases, there are many of lesser lmportance, 
e.g. Cercospora spp. and Oidium spp., and others of local importance, 
e.g. Phyllosticta spp. in the colder C8ssava growing areas and 
Coletotrichum spp. in Africa. These diseases may be of great importance 
in certain environmental situations, and reslstant varieties should be 
sought. A new disease has recently been reported in Colombia that 
causes a superelongation of the stem. This d1sease, caused by a lower 
asco~cete, 1s potentially extremely dangerous as lt causes severe yield 
loases when ca8sava i8 grown under humid climat1c conditlons (Lozano and 
Booth 1974). Fortunately, resistant varieties with reasonable agronomlc 
chara.ters are known to exist (C. Lozano, personal communication). 

Outslde Latin America, Cassava pests are not generally considered 
to be lmportant. In Latin America, thrips are extremely widespread and 
during dry periods cause damage to the apex, reducing leaf area. Yield 
los ses due to the pest are not known. 1 suspect that they may be quite 
severe. A large percentage of the known germ plasm has high levels af 
resistance to the pest and should be used where tt ls a problem. Thrips 
have also been reported in Zanzibar (Briant and Johns 1940). 

Other pests are problema in specific areas. The shootfly (Silba 
pendula) and spidermites (recently introduced to Africa) do attack plants, 
but no estima tes of damage are known. Hlghly resistant lines have not 
been found. but there are differences in susceptibility and less 
sU8ceptible lines should be used where these pests are problema tic. The 
hor~orm (Errinys ello) occurs in sporadic severe attacks, and these can 
be controlled by insecticlde application. 

By using improved agronomic practices. selecting better varieties. 
and planting c\ean cuttings. it la certsin that ylelds of cassava can be 
improved ta near tbeir known present potential. However. when introducing 
new varieties, great care should be taken not to introduce new diseases 
and insect pests, as this could largely negate the desired objective. 

Future Yield Potential 

It ls of interest to speculate on the possible yields of cassava, 

30 



·.n the future, under good agronomic practices with varieties that 
have good innect ,and disease resistance. Cassava, when growing its 
maximum rate under moderate conditions of solar radiation, will 
produce total dry matter at the rate of 1.2 t/ha per week. Most current 
cassava varieties do this for only a short part of their growth cycle 
when they have sufficient leaf area to intercept most of the incoming 
solar radiation. After about 6 OlO growth, leaf area of most cassava 
varieties tends to decline because of increased 1eaf drop. Ilowever, 
varieties do exist that maintain a high 1eaf area and high growth rate 
during their full growth cycle. Apparently, the leaf fall is not 
associated with movement of carbohydrates and nutrients to the roots, 
suggesting that varieties can be obtained that maintain their leaf area 
and also fill their roots. 

Varieties have also been found that distribute up to 70% of their 
total final harvestable dry matter to their roots. Unfortunately, these 
varieties do not maintain their leaf area. With a hypothetical cassava 
of the future, if we allow 6 wk for crop establishment and assume a total 
dry matter production of l.2 t/ha per wk for 46 .. k, of which 0.2 t/ha per 
wk i8 lost in leaf fall, it would be possible to obtain a variety that 
produced 46 t/ha per yr of total harvestable dry matter. Assuming that 
70 percent of this dry matter can be distributed to the rOGts it appeara 
possible to produce a variety that could yield 32 t/ha per yr of dry 
roots or at 65 percent moisture content a variety that would yield over 
90 t/ha of fresh roots per yr. 

So far at CIAT we have obtained in small plots yields of 66 t/ha per 
yr with a variety that had very high total harvestable dry matter 
production (more than 40 t/ha per yr) but a rather lower harvest index 
than asaumed in the section aboye. lt seems feasible to think in the 
future in terms of varieties with yield potential approaching 90 t/ha per 
yr. 
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GROWTH ANO DEVELOPMENT STAGES OF CAsSAVA 

* James H. Cock 

Germination 

When the cassava plantins pLece is planted in moist soil it lcoses 
dry weLght through respiration during the first week. During the second 
week the axilliary buds begin to expand and a callus forms on the cut 
lowcr cnd of the st.ake. 

During the third "eek fibrous roots from the callus and also the 
internodes and one, UiO or three of the axil1iary buds elongatc snd 
produce lcaves. Ibc fibrous roots a1l start to store starch froro the 
32-38th day after planting (Lopez 1976). Ibe starch is depositcd in 
che xylem parenChyma. 

Early srowth 

During the germination phase the shoots and roots are formed from 
the reserves in the plantins plece. After about one month the new 
1eaves produce the carbohydrate necessary for growth. Ibe first formed 
leaves are 8IDal1 with few lobes. !he size of each successive leaf 
increases with time and the apex produces up to four or ·five new lesves 
per week. Growth of roots occurs but ti\ere is little root thickening. 
At this stage almost all carbohydrate produced by che plant i8 used . 
for production of new foliase. !he roots do however have che capacity 
to expand at this stase. Tan (1977) restricted top growtb by removal 
of apices and showed tbat che roots did enen tbicken. 

In sorne varieties branebing begins in che early grO\ith phase. In 
eassava there are two distinct types of brancning. First axilliary 
buds on che main atem develop well below che main apex and form new 
branches. !hese branches develop in tbe ahade of tne earlier formad 
leavas and ara generally etlolated with long lnternodes and amal1 
leaves. In the second type of branching the maln apex becomes 
reproductive and produces no new leavea. tne axl11iary apices immediately 
below the main apex develop into almost equally sized branches. !he 
lII.Imber oi branches at eaeh oi tbese branch points vades from 2-6. 

I 

* Physiologillt. Leader of the cassava programo ClAT. 
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Root bulking 

Afte~ three to four months the plant starts forming thiekened roots. 
In some of the more vigorous varieties the root bulking phase i8 delayed. 
Root bulking apparently starts due to a slowing down of the top growth 
leaving carbohydrate for root expansiono During this growth stage leaf 
size declines and rate of leaf formation per apex decreases. Leaf fall 
is also eonsidrable during this phase and leaf area per plant tends to 
decline. Thc roots thicken during this period but the numberof thick roots 
does not ehange. 
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THE ADjlPTABILITY OF CAS~AyA 

James H. Cock * 

In this paper the adaptability of eassava to different climatie 
conditiona wil1 be reviewed. The clima tic faetors reviewed will be 
temperature, day length, radiatlon and- rainfall. 

Temperature 

Mast of the work reported in this section was.done by Dr. lrikura 
whi1st at CIAT on leave frem !ARC in Japan. 

Cassava i8 successfully grown in zonea from latitude lOeN to 300 S, 
at altitudes froro sea level to up to 2000 m. It tolerates very hot­
climates but a critical point aeemB to exist between a daily temperature 
of lS-20·C below which growth ls reduced snd yields decline rapidly 
(Jones, 1959, Castro, 1964, Rogera snd Appan. 1972, Cock snd Rosas, 
1975). 

• Cock and Rosas (1975) sbowed tbat st reduced tempera tu res (mean_ 
16°C) germination was delayed and leaf formation rate was slow. Nine 
mantha after planting yields were very low and tbis was related to 
extremely 10w biomass production. 

Irikura has now shown that different genotypes react different1y 
to vsrying temperature conditions. Over a temperature range of 20, 24 
and 2Soc the varlety Popayan '12 montha after planting yielded 39, 15 
snd 9 tons per hectare respectively whilst M Col 22 yielded 9, 27 and -
40 t/ha (Fig. 1). These data canclusively demonstrate tbat high ylelda 
of caasava can be obtained se temperature of 20°C but special genotypes 
may be necessary to ac:hieve eh_. 

Irikura alao studied the physiological hasis for high yields at 
different temperatures. In the previous secc10n on the ideal plant 
type a lAI optimun of 3 was suggested !'or rcot buIking under CIAT 
conditiona. Tbe same opt1mun lAI fer TOOt: bu1ld.ng was found, st s11 
three temperatures for the four varieties used (rig. 2). These results 
suggest tbat although the same phenoeype may yield wel1 at different 
temperatures. different genotypes are required when temperature ls 
below 21 or 22·C. 

I 

* Physiologist. Leader of the cassava programo eIAT. 
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Photoperiodie response of cassava 

In green studies Bolhuis (1966) and Mogilnen et al showed reduced 
root number and hence total root weight when plant;-w;;e exposed to long 
days. In a field trial at CIAT with lS hr.days throughout the growth 
cye1e the proportion of total dry weight in the roots was reduced whilst 
total dry wight was unchanged (Cock & Rosas 1975, Fig. 3). Later work 
has sbown that long days during the firse three months after planting 
reduce yields of roots in some varieties (Pig. 4) but ae 1ater stages no 
reduction ls observed. 

These datasuggest that to maximize yields in areas witb long days 
either photoperiod insensitive varieties shou1d be used or planting 
should be done during the short day period of the year. 

Radiation 

In general, crop growth rates increase as solar radiation increases, 
shading was used to decrease radiation receipt of a cassava crop and crop 
growth rate was markedly decreased (Fig. 5). However, not only did 
shading decrease the crop growth rate but al so the proportionof dry 
ma-tter distributed to the roots. Of the new1y formed dry matth of 
caBsava under 50% shade during the period 5-10 manths after plantlng only 
401, was found in the roots as opposed to 58% in control plants. Shading 
inc:eased Btem e10ngation snd internode weight and little exeesa 
carbohydrate wss avai1able for root expansiono Shading also decreased 
leaf life in cassava (CIAT, 1973) resulting in lower leaf area indices. 
Renee, low radiation levels have very deleterious effects on caSSBva 
growth; tbey reduce crop growth rate due to decreased leaf area index 
whi1st low radiation E!! !! decreases crop growth ratea and also lowers 
the proportion of total assimilate IIIOving to tbe rooes. 

!he critical times when low radiation may have its mast serious 
effects on yield have not yet been studied. 

Water reguirements 

!here are few data on the water requirements of caaaava, critical 
perioda when water la essential or che reaponse to irrigatlon. Our 
experience with cassava, unfortunately not yet aupported by data, suggest 
that it requires moist soi1 for germination and establishment. After the 
firsc two manths of growth, if a drought occurrs,the cassava plant 
virtually stepa growing, that is, no new leaves are formed. !he leaves 
.on the plant when the drought oecurrs fall and the p1ant becanes essentially 
dormant whl1e otber crops 1ike corn, beans, and rice, die; with the onset 
of the rains the p1ant utilizes carbohydrate reserves in the stems and 
roots to produce new leaves (Cours 1952). !hese observations suggest that 
cassava ls an extremely useful crop in areas of uncertain rainfa11. 

In low rainfall areas caasava responda to irrigation (Smith, 1968, 
Dos Reia Campos, 1974, Muthukrishman, 1973). In two of these three 
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reports, y1eld vas shown to decrease when irrigation vas applied more 
frequently than once a veek. We speculate that too frequent irrigatlon 
may lead to eccesaive tep growth and reduced yields vith many af the 
existing cultivara and hence cassava may be vel1 adapted te low rainfall 
areas and 50i1s with low vater holding cspacity. Conversely, cassava 
like mest other cropa viII not taterate excess water and yields can be 
seriously reduced by poor drainage on heavy solla. 

• 
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TIlE IDEAL CASSAVA l'LANT 

.J_s H. Cock* 

TIte proouction of any ct'Op dependa on the total dry matter 
productian and the proportion of that dry matter dep08ited in the 
useful parts of the planto In thia paper 1 ahall discUS8 factora 
involved in increasing dry matter production and ehe balance between 
total production and a goad dlatrlbution of dry matter to the roóta. 

Dry mattar production and distributlon 

Leaf area index snd growth. Crop growth rate in moat crops 
increasea as LAl increaaea up to a certain level, aboye thia level 
crop growth rate may atay constant or decline. TIte crop growth rate 
ln one trial reached a level of about 110 gm-2 vIt-1 at LAl of four 
(Fig. 1). Ibe decrease in crop growth rate aboye LAI 4 may be due to 
very sbart leaf life at high LAI's wlth a resultant high proportion 
of very young expanding lesves whlch have low photo_ynthetic rates 
(Tan & Cock unpubliahed data). rhls maxlana level is siJnilar to tbat 
found in other CIAT triala (rlg. 1, CIAT 1972). 

Roct growth for M Cal ll3 rate has s marked optimum st a LAl of 
3-3.S (FiS. 2). With three vsrietles the s_ tendency for an optlana 
LAl far root growth vas observed (F1S. 3). An bypothes1a to explaln .. 
thia marked opttmum leaf ares lndex ls sbown schematlcally ln Figure 
4. Crop growth rate increaees w1th lesf ares index but at higher 
levels 01 LAI the marginal lncreaae of CGa wltb LAI 1.8 amaU, and 
becomGs less t~ the material required to form a~ .alntain the extra 
LAl. Hence as LAI lnereaaea abcwe t.be opt;tmuIa lesa, .aterial ia 
ava1lable far root grGWth. 

TIte crop growth rate doe .. not. vary lIIUCh aa a fUIIiCUDn of leal area 
lndex ln different vsneUes. Crop gr_ch rata increaaea wtth LA! 
g1ving valuss of abaut 110 mg-2 wlt-l al: LAX of 4 (Flg. 5). '!'be 
dlfferences batween two varietlea w1th very 41fferent leaf angla vere 
aiDall. H CoIClalbia 1148 cona18teatlybeÚ18 10'1. peater in erop sr-th 
rate at eny given LAI t~ K CoIClalbla 12. Kcdel data used to predlct 
crop growth rata of _be suggest t:hat bel_ LAl 2 hoIrhontal leaves' 
ara advantageoua and above 3 vertieal leavea st.va grester crop growth 
rataa (1)uncan.!!!..!! 1967) _d hence t:heaa diffar_u 8ft probably not 
due to differences ln leaf angle. Furthermore differences due Co leaf 
angle are undoubtedly amall ln coapariaon v1th the d1fferencea due to 
LAI ene!. when deall.ng vith a crop ln the pruent atate of development of 
callaava the differences are too _11 to be of tmportance. Bence the 

* Physialogiet. Leader of che. Caasava Program, ClAT 
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leaf area index ia of paramount importance in determining crop growth 
rateo Up to the preaent on1y minor differences between varieties have 
been found. 

Raot growth and its relatlon to lea! and stero growth 

In order to understand the growth of csssava lt ls necessary to 
know if the root sink capacity limits root expansion or even total 
growth and a1so if the sink draw by the roots affect the development 
of the aerial p1ant parts. 

When thlck root number of M Col 22 was -reduced tbree months after 
planttng no significant effeets on any plant eharacter were observed 
(Fig. 6) except that root number was reduced from 12.5 to 9.1 and 
weight per root increased, so that total root yield was not signifieantly 
effeeted. In another trial with eMC 84 root number was redueed by 
clipping snd once sgaín no effect was observed on top growth (Fig. 7). 
However, when root number was greatly redueed from 10.2 to 3.9 per 
plant both root dry weight and total weight were reduced. Nevertheless 
when root number vas reduced to 6.1 the reduction ln both root dry 
weight and total dry veight vere small (Fig. 7). 

Girdling or ringbarking of plants cuts the phloen and henee 
prevents transport of carbohydrates from the tops to the roots. This 
me~hod can be used to isolate t~a leaf source from the root sink. 
M ~olombia 22 aud CMC 84 vere . ringbarked at the atem base to eliminate 
of the sink effeet of the roots on che topa. No significant variety 
per treatment interaction vas observed on any character measored 2 
mantha later and so ooly treatment means are presented. There vas 
no significant treatment effeet on 1eaf area per leaf or pec planto 
SCem weight lnerease was greater in ringbarked plants but the stem 
plus root weight change was similar in treated and untreated plants 
(Table 1). In another girdling trial the treatment had no effeet on 
rate of leaf production per apex nor leaf siae (Table 2). 

Wheo M Colombia 22 was shaded for two montbs doring the root 
filling period top growth vas not reduced significantly but root 
growth vas redueed by 35~ (Table 3). Leaf siza vas not reduced but 
leaf production rate was reduced by 5 - 15~. 

These data suggest that leaf and stem growtb has preferenee over 
root growtb; the ronta aceept the carbohydrate produced in exeess of 
the potential oeeds of the topo When root number is greater than 9 
per plant (at 10.000 plants/ha) root sink capacity naither limita . 

. root growth1nor total dry matter production. If root number is very 
ltmited then tbe limited sink capacity may either limit total dry . 
matter produetion or the stero may accept more carbohydrate in the 
internodes. Extra available carbohydrate does not change the pattarn 
of leaf area developmant. 
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Development of LA! 

The previous sectiona emphasis the ÚQportance of leaf area 
index and the lack of overiding sink limitstions as yield determining 
factors snd henee a descrlption of the development of LAl ls essentia! 
to define the process of yield formation. 

Leal aize. The leat area index 18 a funetion of individual leaf 
size, rate of-Ieaf formatlon per apex, nunber of aplces per unit area 
and leaf lil'e. In CUC 84 plots planted and harvested at dHferent 
times there was a tendency for leaf size to inerease until four months 
after planting and then deerease (Fig. 8). SÚQilar trends were fouud 
in otber varieties, both with profuse branehing Q( Col 1607) and 
witbout branches 01 Col 72 and M Col 1120) suggesting that the same 
trend occurrs in both branching and non branching types (Fig. 9). 
The more profuse branching type in this trial showed a slightly 
greater decline after six manths and further triaIs are needed 
te define the interaction between the decline in leaf aize and 
branching habit. l!owever. when braneh number waS artificial1y 
reduced by 757. in M Col 113 five months after planting leaf size was 
only increased by 107. ten months after planting. 

Leaf life. When casaava leaves are placed in darkness they 
abscise and fa1l within a ten day period (Rosas, Coek add Sandoval,-
1976). In order to test the effects oí partial shade varioua 
treatments were imposed on leaves 10 and JO days after formation. 
The leaves did not show any tendeney to fa11 more rapidly until light 
was reduced by 757. and then the effects were small. With shading up o 

to about 851. the leaf lire was merked1y reduced; however, the reduction 
was not such that the leaves fel1 within 10 daya of app1ying the 
treatment as in the case of complete abading (Fig. 10). The exact 
mode in which shading reduces leaf lite is not elear but the data 
do suggeat that (1) under complete ahade leaf life ia ten days froro 
the time after wh1eh complete shade oecurrs and (2) levels of shade 
up to 757. bave very 11ttle effeet on leaf 11fe. 

Five lines were planted as spaced plants and leaf life was 
measured through the greater part of their life cyele. CMC 9 had a 
eonsistently greater leaf 1ife than the other varietles (Fig. 12). 
lt ia unlike1y that these differences are due to different ahading 
effeets because CMC 84 has about the same vigour as CMC 9. but abowed 
mueh ahorter leaf life. Furthermore there was no trend for leaf 
1ife to change with time as would be expected when LA! reaehed 
maximum. Recently the variety M Col 72 has been shown to have a leaf 
life of up to 125 days (CIAT. 1976). In another trial it was found 
that gi~d1ing or ringbarking tbe plant to prevent the ronts dra1ning 
carbohydrates and minerals froro the stams had no effect on leaf life 
(Rosas. Cock, snd Sandova1. 1976). Renee leat life is independent of 
root expsnsion but ls dependent on variety and ahading. 

Lea! formation rateo The rate oí lear formation per un1t land 
area dependa on (1) the rate of lear formation per apex (2) the number 
of apiees per plant and (3) the number of plants per un1t area • 
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The rate of leaf formation per apex of two varietiea M Colombia 
113 and M Colombia 22 showed a trand to decrease with time (Fig.13,14) 
and little difference was noted between the varieties. Further trials 
with flve varteties grown as spaced plants (Fig. 15) showed the sama 
treúds sud little varietal variation. (Data for three variettes ts 
presentad, the ocher two were always between the extreme values and 
are not sbown). Furthermore the actual rates in the two triala grown 
at dlfferent t~were remarkably similar for plants of the same age. 

Plant population. The number of plants per untt area dependa on 
che planting denslty and germination. In general germination ia near 
100 percent and hence number of plants per hectare 18 nearly equal to 
plant population. 

Branch1ng hsbit. The number of apices per plant 1s determined 
by the branching. There are two classes of branching in cassava. 
(See previoua paper in chis series ). 

The time at 'Which this branching oC'currs is a varietal character 
the variety M Co.l 1120 has never been observed to produce reproductive 
branches, M Col 72 occassionally branches after lOor 11 months, M 
Mex 11 starts branching after abont 5 manths 'While types such as eMe 9 
will SLart branching les S than two months after planting aud will 
continue branching six or Seven times before they are one year old. 
Tan (1977) has shown that branching occurrs at the time interval 
between branch po~Dts is constant for example if the first two branches 
are at 4 & 6 months then the plant viII branch at 8, 10, 12, etc. 

Suker or side shoots start growth in the shade of the upper 
leaves and are normal1y etiolated vith amall leaves. When these side 
shoots were removed at high plsnt populations yiel&were increased, 
at l:ow pópuJ.ation, 'When total yield wa:s lower in a non vigorous 
variety, yield was slightly greater when side branches vere present 
(CIAT, 1975). lt doea however appear that in order to obtain maxfmun 
yield varieties that do not produce side branches are necessary. 
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D 1 S e u s S ION 

In order to obtain high yields of cassava roots tt appears necessary 
to maintain a leaf area index of three for as long as possible. 
During the first three months leaf si:e increases and leaf formation 
rate decreases while few leaves fallo The net effect of this is to 
increase the total lea! area indexo In non-branching types leaf at:e 
and lasf formation rate decrease and leaves atart to fall in large 
quantities, causing a decrease in LAI from 4-6 months onwards. The 
only viable manner to prevent this decrease in LAI from this time 
appears to be via branching at about 6 months. This increaaea the 
number of active apices and hence the leaf area formation. 

Furthermore maintenance of leat area index can be obtained with less 
energy wasted in new leaf formation by maintaining a longer leaf life. 

A simulation model has been used to define tbe ideal plant type (Cock. 
Franklin, Sandoval and J"uri ~ presa) and suggests that the ideal 
plant type has: 

l. Haximum leaf sbe of SOO cm2. 

2. Three point branching at 20 or 30 weeks 
after planting. 

3. Leaf life witbout shading of 15 ·weeks. 

4. Light nodes. 

5. More than ten roots per planto 

I 
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TABLE l. EFFECT OF RINGBARKING AT 'I'HE STEM BASE ON GROIrnt OF 
CASSAVA. (MEAN OF l'WO VARIETIES). 

Control 

Treated, 

Rool: dry weighl: 
change (8111-2) 

456 

60 

* Leaves nol: inc1uded. 

Stem dry weighl: 
crumge (8111- 2) 

162 

580 

52 

Stem + root 
weight change * 

(8111- 2) 

618 

.' 640 

J 
I 



TAl!LE II. EFFECTS OF GIRDLING ON LEAF paODUCTION RATE AND 
LEAF SIZE. 

Leaves formed Hean leaf size 
per apex (cm-2) 

• 

Control 11 72 

Girdled 12 68 

1 

S3 

.. 



TABLE IIl. EFFECTS OF SHADING FOR 'IWO MONnlS DURING ROOT FILLING 
PERIOD ON M COL 22 

Root dry Stem dry New nades Nev nodes 
ve1ght 1ncrease 

grn-2 
ve1ght increase 

grn-2 
per p1ant per apex 

• 
Control 303.5 76.6 29.6 18.9 

ShE.ded 196.6 70.2 27.7 16.1 

1. reductíon due 
to abadíng 35 8 6 15 

54 

I 
I 

Final leaf 
siza (em2) 

130 1 
; 

l 
~ 

146 
j 

1 
-12 J 
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TABLE IV. EFFECT OF REDUCTION OF APEX NUMBER AT 5 M:>NTIlS ON PIANT 
CHARACTERS OF M COL 113 AT 10 MONTIlS. 

Reduction 
in apex 
number 

(X) 

o 

25 

50 

75 

Significant 
Differences 

** p- 0.01 

Fresh root 
yield 
(t/ha) 

33.6 

38.5 

39.7 

40.3 

** 

Dry root 
yield 
(t/ha) 

11.3 

13.3 

í3.6 

14.0 

** 

55 

Dry atea 
weight 
(t/ha) 

12.5 

12.7 

12.0 

11.8 

NS 

Harveat 
index 

(X) 

44 

47 

49 

49 

• 

Final 
LAI 

4.86 

4.44 

4.28 

4.92 

NS 

" .-
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FIG. 1 Crop gl"O'Nth rate of M Colombia 113 as a functlon of leaf' area index 
compared with (o) data from M Col 1148 in two dU'ferent expertments 
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Fig. 2 Root weight increase as a íunction oí LAI 
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FIG. 3 Changes in root dry wetght as related te mean leaf area 
index 4-6 and 6-9 months after planting 

-
X Mexico 11 

o CMC 94 

• M Colombia 113 

L 
9 

)( 

o 

6 

Root dry welght 
change 

4 

-2 -1 
9 m ,day 

2 .... I 

.~ • 

1 2 3 4 5 

LAI 

."dANN--'''''' ••• L..r-... ,) '1";"'4 a"" __ Ih, ~~~' 



_.. .. ,-"~-"' . 

'" ,... 

. '~:r" ;,t' .~.\.~. 

FIG.4 

Dry weight 
change per 
unit area per 
unit time 

~ 

';¡" (-:' 

Schematic representation of relationship between leaf area 
Index. crop growth rate, dry matter used in leaf area 
formation and root growth 
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F IG. 6 C~op growth rate as a functton of leaf area index 
M Col 1148 (e) and M Col 12(0) 
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FIG: 8. Leaf size of M Col 1513 as a function of time 
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Fig. 12 LEAF LIFE OF FIVE VARIETIES AS A FUNCTION 

OF TIME AFTER PLANTING (SPACED PLANTS) 
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Fig.15 TOTAL NUMBER OF LEAVES PRODUCED PER APEX 

FROM NINE WEEKS AFTER PLANTING. SPACED PLANTS. 
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CASSAVA "SEEO": QUALITY, SANlTARY CONOITIONS 

AND STORAGE .. 

ABSTRACT 

J.C. Lozano 
J.C. Toro 
A. Castro 
A.C. Bellotti** 

Quality cassava aeed productíon dependa on several factors, 
including the type of material used, sanitary conditions and 
atorage. The quality of the seed por se is determined by the age of 
the atem used, The number of nodes per cutting, the thickness of the 
cutting, varietal differences in germination, and the ext~nt oí 
mechanical damage that the cutting may auffer when it is being prepared, 
transported and planted. 

Seed quality ls reduced by the presence of systemic, localized or 
so11 borne pathogens Ilr by the attack of mites and ;.nsects that may be 
found on the surface of the atem cutting, within the stem, and/or in 
the soil. 

Storage gencrally reduces germination oí cuttings as a result of 
dehydration or attack by pathogens and other pests during the atorage 
periodo 

To avoid problems involved with cnssava planting material, cuttings 
should be selected carefully frem good·quality atems, they should be 
disease and pest free and treated with eradicant as well as protectant 
fungicides, insecticides and/or acaricídes. This tratment makes it p 
possible to store cuttings ror perioda of more than 30 days. 

Cassava01anibot esculenta Grantz) 1s a vegetatively propagated 
perennial sbrub. The swollen roots accumulate carbohydrate (25). Since 
the pIant does not mature physiologically, the roots are harvestcd 
frem 7 to¡24 montha oE age, depending on the ecological conditions, . 
on the demand for the product, and on tbe variety used. lt should tbus . 

.. Throughout tbe text the term "seed" i8 used to refer to the asexual 
form of propagation; t.e., vegetatively. 

** Plant pathologist, agronomists and entomologist, Cassava Production 
Systems Program, CIAT. 
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be considered as a crop ~ith a long growing cycle. 

In any vegetatively propagated crop good propagating material lB 
necessary. for high yields; in cassava, loases in germination reduoe 
yield drastically. Unfortunately, this aspect ía underestímated by the 
majority of farmera. In most'cassava plantations, the plant population 
Ls lower thao the number of cuttings planted originally, there 18 no 
uniformity in plant vigor from one plant to another, production per 
plant varies considerably, and root rots are genera1ly found at 
harvesting. A1though edaphic and climatic factars may account for some 
losses the use of high quallty, sanitary cuttings wi11 generally reduce 
the relative freq~ency and intensity of lasses. 

In addition, systemic pathogens (viruses or viruslike organisms, 
mycoplasma. bacteria and fungi) as well as mites and insects that attack 
the cassava stero, are diseminated through the use of infected propagating 
material (1, 14, 15, 19, 20), and are commonly introduced into 
plantat:ons, regions, continents or countries where they did not 
previously existe 

For these reasons it is of the utmost importance that cassava 
growers always use good seed in order to obtain uniformity in thetr 
establishment, vigor and production, to reduce root rots, an to prevent 
the introduction of pests nol: found in the area. Cood cassava seed ia 
produoed from qua1ity cuttings, under sanitary conditiona, and with 
proper atorage. 

QUALITY OF THE CASSAVA SEED 

Ibe quality of cassava aeed dependa on age, thickness, number of 
nades per cutting, and aize. Although there have been no conclusive 
findinga in this respect, repeated observations lndicate that control 
of these factora i9 essentia1 for the germinatlon of vigorous plants 
capable of productng a good number of commercial roots. 

Age ol the cutttng. 

Ibere ls no definite standard for the age of a stem cuttlng. Never 
theleBs, it la we11 known that a1though cuttinga from green ateros 
(slightly lignified) will germinate, they are extremely susceptible 
to attack by soi1 bor~e pathogens as well aa by sucking insects. Besides, 
inmsture herbaceous (green) stem cuttings cannot be stored for a long 
periad of time sinee they have a high water content and tend to 
dehydrate rapidly. AIso, since they are succulent, many microorganisms 
(bacteria and fungi) attack them, csusing severe rot a short time after 
planting (11, 27). 

When euttings are taken from plants more th~n 18 months old, the 
atem is well lignifíed and sc1erotized, containing on1y a smal1 amount 
of food reserves for the shoots that germinate from the buds. For this 
reason, germinating buds bavo reduced viability. present delayed 
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¡;~rmination, and/or produce shonts of l1ttle vigor. These older stems 
may alBo have suffer'ed a ¡¡reater number of lesions caused by localized 
pathogens or insects. lt is also more difficult to prepare the cuttiogs 
from older, woody stems. 

It ls recommended that seed be taken f~om plants ranglng froro 8 to 
18 montha of age. The younger the plant, the more llgolfied ahould be 
the part of the stem selected for the eutting. One practical way of 
knowing whether a stem is sufJiciently mature ia to determine the 
relationahip between the diameter oE the pith and the stem cutting in 
s transversal cut. If the dlameter of the pith la equal tO,or lesa than 
50 percent of the diameter of the atero, it ls sufficiently mature to 
be used for pianting (27). 

Number of nodes p~~cutting. 

Each stem node haa a germinating bud; theoretically, one plant can 
be obtained froro each nade. Nevertheless, it has been found that cuttings 
with one to three nodes have a lower percentage of germinatian under 
fleld conditions (27). These cuttings are very short and therefore more 
susceptible to rapid dehydration. AIso, pathogens can invade the whole 

,cutting in a relativcly short time. Final1y, cuttings with a few germinatlng 
buda have a greater probability of losing the viability of a1l their 
buds during their preparation, transportation snd planting. Long cuttings 
-'ith more than ten nodes theoretically have a better chance of conserving 
their visbility bccause of the greater number of germinating buds. 
Nevertheless, when long cuttings are used, much more propagating material 
per unit of surface area ls required, and there is also a greater 
possibility that this material will be affected by localized pathogens 
and inaects. 

Based on these data, the atem suttings used should have froro 5 to 7 
nades and a minimum lenght of 20 cm. 

Thickness of cuttings 

Although any part of the cassava stem can be used for propagating 
material in a commercial operation, shoots from thin cuttings are weak 
and produce only a few swollen roots, which are small in veight. It 18 
therefore recommendcd that the thickness of the stams used for cuttings 
should not be less than one half the diameter of the thlckest part of 
the sten oí the particular variety being used. 

Variety 

Great varietal differences exist as regards the germinating capacity 
of cuttings. These differences are accentuated when the cuttings are 
storad: the longer the period of storsge, the greater the differences 
(Sanay and Lozano, personal information). Therefore, varietíes with s«' 
higher germinating capacity should be usad. The germinating capacity 
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of any given variety can be determined easily by evaluating the percentsge 
of germination among cuttings from different varieties after a short storage 
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perind~ t.e., 15 days. 

Mechanical damage 

The epidermis and buds nf cuttings sugger bruiser,friction, and 
machete wounds during their preparattnn, transportation, atorage and 
planttng. Each wound i8 a new site of entry for microorganisms that 
cause rot during storage or after planttng. le i8 very tmportant that 
all precautions be taken to avoid rough handling when cutting and 
transporting the stems or branches that have been selected tor 
propagating material. The cut should be made on a resiliant surface 
that will soften the blow of the machete, or a mounted saw should be 
used, holding the atem with both hands while tt i8 being cut. The 
cut should be made 'at a right angle in order to obtain perimetral and 
uniform rooting (9, 27). 

SANITARY CONDITION OF THE SEED 

The atem o~ the cassava plant is attacked by various pathogens 
that induce internal or external rot and/or cortical or epidermal oankera. 
Other pathogens invade the woody stem tissue systematically without 
leaving any visible symptoms (viruses, mycoplasma, cassava bacterial 
blight). '!he cassava atem is also attacked by insects and mites that 
are lc~alized on the epidermis or within the stem. 

Pathogenic aspects related to cassava seed 

Rased on tbeir localization and presence on the stem, the pathogens 
attacking caasava can be grouped as follows; 

1. Systemic pathogens 

Are vascular viruses and mycoplasma (10, 14), Xanthomgnas 
manfbatfs (19). and cortical or epidermal (~phaceloma manihoticola) 
(5, 13), causal agents that invade the host systemically without 1eaving 
any visible signs in the mature portion or ehe stem. For this reason 
a high percentage of the plants caning from diseased cuttings are diseaded; 
these plants may constitute the source of primar.y inoculum in Ibe new 
plantation. lt ls by this means that systemic pathogens are dlsseminated 
from different regions, countries and/or continents (20). 

To prevent ene presence of these pathogens it ls essential to use 
healthy seed. For examp1e, African mosaic appears tn be caused by a 
poíyhedral virus (2, 24) not found in the Americas or Asia (except far 
India). However, its vector (the Whitefly Hernisia spp.) has been reported 
in Latin America (1). For this reason lt is vital ta prevent the 
introduction af propagating material from Africa and India • .In places 
where the disease 18 found, its incidence has been lowered through the 
selectlon of apparently healthy plants from diseased fields (2). 
Resistant varieties exist (22), but their seed may bear che causal agent, 
thus constituting the source of lnoculum for plantations where susceptible 
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varieties are used. 

lt was reeent1y shown that apparently healthy plants can be 
produeed by eultivating plant meristem taken from plants infected with 
African mosaie (12). Nevertheless, sinee there i8 still no method that 
deteets the presence of the causal agant in the host, the system does 
not provide a margin of absolute safety. 

The American viruses (eommon mosaie and leaf veln mosaie) and 
myeroplasma (witehes'broom) appear to be transmltted in cassava only 
by meehanieal means and in relatively low p'ercentages (lO, 14). Ihere, 
fore, the pereentage of infeetion from these diseases is limited (lO). 
Disease-free plants are always available for selecting seed for planting, 
and the disease can be eradicated with a high degree of efficiency by 
roguing (lO, 14). 

lt has been shown that healthy plants can be obtained from plants 
affeeted wlth eassava bacteria1 blight by taking ahoots (5 to 10 cm) 
froro cuttings from diseased plants (17. 18), using the method of rooting 
in sterilized water (26). The plants obtained by this method eonstitute 
the foundation for producing certified disease free seed (18). Tba 
foundation stock can be mu1tiplied by traditional methods or by uaing 
the rapid propagation method developed by Cock et al. (8). Ibe disease • free material can then be used te plant lots where cassava has not been 
planted before or where the pathogen has been eradieated by a six mooth 
rotation (16,17). Ibis seed can be distributed without risk to other, 
regions where the disease does not existo 

The causal agent of superelongation ( !. manihotico1a) can also 
be introduced into a plantation, geographie area, country or eontinent 
by uaing cuttings taken from infected plantations (4, 5, 6, 13). For 
this reason, oo1y cuttings from bealthy, disease free plantations should 
be used. Nevertheless, it has been found that treating cuttings with . 
fungicides such as Difolatan and Orthocide (4000 ppm a.l.), the patbogens 
can be eliminated from the cuttins (7). Therefore, ooe of tbese fungicides 
should be used to treat tbe cuttings that are taken from areas where the 
disease i5 endemic. 

2. l.ozalized ..I!.athogens 

Are nonsystemic pathogens (causal agenta of bacteria1 stem rot, 
anthraenose, concentrie ringa leaf spot, some basidiomycetes, etc.), 
that only invade a part of the stem. Tbese pathogens generally leave 
eankers of light brown to blaek necrotic areas on the epidermis of the 
stsm. Otherpathogens such as the causal agent of bacterial stem rot 
sIso invade the pith region, which turns reddish yellow to dark brown 
in color. 

This group of pathogens enters the atem through wounds produced 
mechanically or by insects or by invading the leaf petioles, penetrating 
them direct1y or through the stomata. Others cnter directly into the 
stem, rapidly invading tne green portian. Ibe degree of invasion deereases 
as the stem beeomes lignified (15). 

1',. 
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Any part of the stem,that ls healthy and that does not show any 
signs of attack from localizad pathogens can be used for planting 
material. When selecting seed, all parts that are affected by these 
pathogens i.e., cankers, blackish epidcrmal areas or reddish pith areas­
should be destroyed. It i8 also advisable to disinfest or handsaws that 
are used to cut stems, cleaning them with commercial preparations of 
formaldehyde at 5 percmt to prevent mechanical transmission of the 
disease through infested tools. 

3. Soilborne pathogens 

tbat comrooqly attack some other host such as fore$t trees 
(Fomes lignosus, Rosellinia necatrix, Armillaria mellea), perennial 
crops such as coffee, bananas and plantains (Fusarium spp. Rosellinia 
spp., etc.), and herbaceous crops with short growing cycles such as 
cotton and beans (Rhizoctonia spp., Sclerotiumrolfsii, Whetzelinia 
(Sclerotinia) sclerotiorum, Phytophthora spp., Pythiun app.) often also 
attack cassava. Attack by tbese patbogens occurs once the cuttings 
have been planted, beginning st the ends of the cutting, entering 
through the epidermal wounds or at tbe base of the shoots and/or in 
the rootlets. • 

!he best way to prevent cuttings and seedling from sttack by these 
psthogens ia to diminlsh so11 lnfestation by rotating cassava witb 
nonsu3ceptible crops such as Gramineae and by using certain cultural 
practices such as good drainage and planting on ridges (3. 23, 27). 
In addition. it has becn shown that trcating the cuttings with 
disinfestants, desinfectants and seed protectants ia highly advantageous. 
Treating cuttings with certaln fungicidas or mixtures Di these has the 
following advantages: (1) a disinfestant effect, (2) protectant action, 
(3) longer storage time, and (4) acceleratcd germination, rooting and 
growth. Among the fungicides and mixtures that can be recommended are 
Ortbocide + Bavistin, Daconil + Manzate, Dithane M 45 + Manzate, Demosan 
65, Brassicol 75, Vitrigram and Agallol (2000 ppm. a.i. in mixtures; 
4UOO p~ a.i. when used alone). Mixtures usually previda a broader 
protective spectrum. !he cost of the treatment 18 relatively low (aee 
table) since only one prepatationis required for treating a large number 
of cutting. !herefore, it is recommended that this treatment be done as 
a matter of routine immediately after the propagating material has been 
prepared. Results suggest that once cuttlngs have been treated, yields 
will increase more than 25 perccnt and the material will atore for ene 
month without losing its germinating cspacity (Sany and Lozano, personal 
information).! If su?erelongation is found "in the region, Difolatan or 
Orthocide should be used. In addition, as discussed below, an insecticide 
súch as malathion, tamaron or basudin should be used to control insects 
found on the surface of the cutting. 

~olo&ical aspects of the cassava seed 

!her~ are mites snd insects that attack tbe cassava strun. reducing 
tbe production and the quality of the propagating material that comeS 
from affected plants. 
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Soilborne insects arealso found and attack after pla~ting causing 
",óunds or boring ho'les througll wllich soilbornepathogens can enter. 
Ibey may also destroy thc epidermis and/or bude of the cuttings 
completely. Other insects eut the roots and/or ahoots shortly after 
their eruergence. ~lites and insects attacking caasava can be classified 
as follow: 

l. Mitos and insects located en the stem surface 

Mites generally attack leaves and green parts oE the planto 
When they migrate, they.are found on the stem surface of the infected 
plants, where they attack the germinating buds. Ibrough infested 
material, they can be carried to other geographical areas and continents. 
For example, Menocychellus tanaloa WaS introduced to Africa en infested 
cuttings (1.2b). Ibe scale inseets (Aonidomytilus albus, Saissetia 
miranda, etc) and the mealybug (Phenacoccus gossypii) are also disseminated 
in this manner. These insects can reduce the germination nf 1nfested 
cuttings'up to 70 percent, depending upon the degree of infestation. 
Ibe eggs and larvae of other insects sueh as thripa.(Frankliniella 
williamsi, Corynothrips stcnopterus, Galiothrips masculinus), mealybugs 
(!. gossypii), lace bugs (Vatiga spp.) and others can also adhere 
to the surface of stema and sre spread when the infested cutt~gs are 
transported from one place to another. 

In order to prevent mite and insect infestations on cuttings, 
acoricides and insecticides such as malathion E.C. (100-300 ppm), 
tamaron (200 ppm) or basudin (200 ppm) should be used. Th"se products 
can be applied by dipping the cuttings in~e product for 5 minutes; 
the product can be mixed with the fungicides that are recommended as 
protectants, disinfestants and/or disinfectsnts (iee table). 

2. Insects fo~~ithin the st~ 

Ibs insects that are found in:the cassava stem are generally 
atemborers (varlous species of Coleoptera, Lepidoptera and Hymenoptera). 
Larvas of these and other insects such as che fruit fly (Anastrepha 
spp.) and the surface or subterranean cutworma that feed on the stem 
(Agrotis tpsilo, Prodenis eridania) are often carried unknowingly 
from one place to another. The tunnels snd galeries they make in the 
stem are another means of acceBB for microorganisms that cause atero 
roto To avoid uaing cuttings that have wounds or that are infeRted 
with inaects. a careful selectien should be made of the steros beforehand. 
Any part of the stem that has external or internal lesiona caused by 
insects shou\d be discarded and bumed. 

3. Insects found in the soll 

Some insects that attack cassava cuttings after plantiug are 
gound in the soil. Ibey usually de~troy the cortex of the cuttings and 
make tunnels. which favor microbial rots. Losses in germLnation and/or 
sudden death of the seedlings resulto The most common soL1 insects are 
white grubs (Coleoptcra balongtng to thc families Scarabaeidae or 
Cerambycidae). termites (Coptotepns spp.) aud cutworms (Agrotis spp.). 
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To prúvent the attack of thesc inaects, aldrin should be incorporated 
in the soi1 (1.5 Kg a.l./ha) or carbofuran (0.9 g a.l./plant) should 
be placed immediately under the cutting. In the case of termites 
(Coptotermes spp.), the use oi a residual insecticide such as aldrin, 
dieldrin or chlordane should be used. Toxic baits (i.e., 10 kg 
sawdust, 8 to 10 liters water, 500 g sugar or molasses, and 100 g 
trich1orphon for 1/2 to 1 ha) aleo give excellent results (1.21). 

STORAGE OF CUl"l'INGS 

Farmers usually store cuttings while they prepare the 'land for 
planting or until the rainy season begings. While the euttings are 
being stored whether already cut or in long pieces 01 stem"buds 
usually germinate, pathogens and insects contamlnate tbe material, 
and the material dehydretes. Longer atorage periods favor more severe 
damage. The material may dry out, with signs 01 visible rotting and 
eankers on the eortex or, immediately after the euttings are made, 
they may lose their germinating espacity. The final result of etorage 
15 e reduction in plent population per unit of eurface aree, which 
beeomes more severe as the period of storage increases. ' 

It has been found that more than 90 percent germination can be 
obtainAd after one month of storage when 20 or 80 cm cuttings or 
stem pieces are treated before atorage with the protectang fungieides 
reeommended previously {see aection on aol1 pathogens}. 

An addit10nal treatment befare p1anting (with the aSllle fungicides) 
favora germination even more. Theae treatmenta can be made with the 
insecticide applied for controlling the insects that are comoonly found 
on the euttinga. To prevent dehydration of the cuttinga during atorage, 
long pieces of stam, preferable 50 to 80 cm, should be used. When 
prepating the cuttings. tbe 10 cm at each end of the stored stem should 
be discarded. 

The storage area should be well shaded and offer high. but not 
exeessive, relative humidity !about 801.), and moderste temperatureS 
(20-23·0). Planting should be right after a rain or after the lot has 
been sprinkled, sinee high so11 temperatures inhibit germination. The 
termal inaetivation point of cuttings ia 1~. 

Although it is not known whether there ia varietal resistance to 
faetora that damige cuttinga during storage (debydration, attack by 
pesta, and rapid germlr.ation oi' the buda), higbly significant varietal 
differences have been found (Sanay and Lozano, peraonal information). 
Consequently, varietLes that have a bigh germinating capacity shnuld be 
used. 
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CONCLUSlONS 

lt 18 necessary ta p1ant good cassava seed in order to obtain 
hlgh yields. In order ta obtaln good seed, the following points 
should be considered: 

l. Goog quality seed come from a variety witb good germinating eapacity. 
!he part of the stem selected for the euttlng shou1d be of correct 
maturit1 (between 8 and 18 manths old), bave 5 ta 7 nades, measure 
at 1east 20 cm in length,and have a thickness óf more than one half 
the maxUnum thickness of the stem of the variety planted. 

2. Care should be taken to prevent mechanical damage to the eutttngs 
during their preparation, transportation and planting. !he euts 
should be even and transverse. 

3. Propagating material should not be introduced from Africa or Asia. 

< 4. Propagating material should not be introduced from regions where 
there ls cassava bacterial blight or superelongation. When these 
diseases are present in a region, sources of planting material should 
be taken on1y from those plantations that remain disease free during 
the rainy season. lf there ls no such material available, material 
free of bacterial blight should be produced (l8) and the cuttlngs 
treated with fungicides that will eradicate the causal· agent of 
superelongation (Difolatán and Orthocide). 

S. Cuttings shoultl not be taken from plants that present symptoms of 
virosls or mycoplasma. Al1 such plants should be rogued and burned. 

6. All cuttings should be checked carefully and any piece of atem 
that shows signs of localized pathogens (Locallzed epldermal cankers 
or pith rotting and inscct dmnage (galeries or tunnels, epidermal 
wounds) should be destroyed. 

7. Cuttings should be treated with fungicides and insecticides as 8000 

as they are cut from the plant and bef.ore storage. Storage should 
be reduced to a minimum, preferably no longer than 30 days. 

8. Cutt~ngs should not be planted in soU infested with insects (l~hite 
grubs, termites, cutworms) without applytng insecticides around the 
cuttings or in the 90i1. 

9. Planting should be done when the soll has a good moisture level and 
not during the dry seasan. Goad agricultura! practices should be 
used, preparing the so11 well befare planting. 

10. If upon harvesting, thereis a lack of uniformity in productian and 
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m-re than 5 percent root rot, cassava should be rotated with 
Gramineae for a period of no less than six months. 
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COSTS OF TREATING CASSAVA CIlTTINGS WITR CERTAIN PESTICIDES AND ZINC SULFATE 

Price/kg 
Product - G/ha 

(Col.pesos)* 

Dithane M-45 48,5 333,0 

Manzane 80 45,0 187,5 

Vitigran 61,0 3OG,O 

Malath10n E.C. 86,0 750,0 

Zinc sulfate ** 20,0 6.000,0 

* Work of 0,5 man-days 

** Use only When there 1a a defic1ency of zinc. 

Cost/ha* 
(col.pesos) 

16,0 

8,0 

18,0 

65,0 

120,0 

$o 

Aggregate cost/ha Aggregate cost 
(Col. peaos) (US $) 

16 0,43 

24 0,65 

42 1,15 

107 2,93 

222 6,21 

m T; n3? n I 1111 t ¡Pbt 'Q , $; l' sr ; 11 "5 PI· :t r 1 11$ t • ___ _ 



T.ANO PREPARATION 

Alfonso Diaz O. * 

lntroduetion 

By lsnd preparstion we understand the mechanic manipulation of the 
soil, whieh means turning, 100Bening, leveling, cultivatlng and 
packing the material. The purpose of these manipúlations la to pr~ide 
favorable conditinns necessary for plant growth. Exact rules, tn be 
followed Bt Innd preparation cannot be given because the response of 
the 8011 tn lnnd preparntion methods will be different under apparently 
similar conditions. 

Land preparation 16 sn escencial "per!1tion, lt is reoulred by 
every crop, and it 16 also the most important ooeration. Proper weather, 
qua lit y snd the cost of land prepsration influence following cultural • practices as wcll as yields snd nther costs. 

The objective6 and the means used to achieve them wil1 vary 
according to weather, temperature, water, land labor, soil, machinery 
aval lable, tnpography, land tenure, etc. No metho<!. is eorrect by 
itself undcr every condition nor 1t ia incorrect under all conditlons 
as well. Oecisions about lsnd preparstion at each cropping season 
must be made, and the operatlon executed befare planting. To select 
the metho<!. it ls necessary to Mve a knO\~ledge about tbe land, as ': 
well as SOlDe prlnd pIes which may serve as a guide. 

Objectives 
- ";. 

The maln objectives in land preparation are': 

a. To obtain a good seed bed: Le. create favorable cnndítions, 
for the establishment of the desired plsnt population. Such cnnditions 
wil1 depend on: controIIad moisture, sir, nutrients and favorable 
temperature conditions for germina~ion and rooting of the plant:o 

b. To increase the organic matter content of the soil by the 
incorporation of plant residues. 

I 

c. To estimulate microbial activity and liberate nutrients from 
the soil. 

* Superintendent, CLAT experimental station. ,,' 
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d. To allow air clrculation in the ground. 

e. To destroy weeds, insects, as vell as larvae and eggs. 

f. To favour growth of the planta which can be obtained by 

l. Incorporati~n and dilution af fertilizera and other 
materials for a slow release of nutrients. 

2. Increasing the volume and decreasing the density of the 
so11 to allow a higher water reteneion capaclty and a 
better root penetration. 

3. ImprOving the utilization of the nutrients retained by 
coloids. 

4. lncressing water absorption by the roots and controlling 
water movement beyand root zone influence. 

LAND PREPARATION OPERATIONS 

Land preparatlon operations can be classified in primary and 
secondary. Primary labors are those performed with toola like disk 
pl~~, mold board, chisel plows, blades, subsoilers, rotay plows. 
Secondary operations are done with disk cultivators, apike tooth 
harrow, flexible tooth harrow, roller harrow, etc. Preparation of 
a so11 includes the followlng stepa : 

Clearing of the land 

Tbis includes elimination of all typea of vegetatlon like trees, 
tree atumps,ehopping of weeds snd branchea, root chopping and elearing 
of rocka and stones. In new areas this can be ao expansive, slow 
and big task.Tbe "bulldozer" 1s the most frequently used machine far 
this Job. !he ordinary blade used to carry soi1 1s substitute by 
spec.ial implementa. ' . 

In preparing landa covered with graaaes or crop residues, 
la performed with implements which chop the grasa or residues 
burning or incorporation according to prevailing conditions. 
done with choppers or rotary plows. 

clearing 
a llowi ng 
Tbie 18 

Plowing 

Different types of equipment are used for this labor. Disk plowB 
and mold boards are common; but the use of other implements sueh as 
subsol1er8, rotary plows snd chisel plows la becoming wide apread. 

Plowing consists of cuttlng and turning over the upper layer of 
the soil. Plowlng depth depends on the soil itself. loose soils 
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requlre littte depth. Other factors condítioning pl~ing depth are 
the type and development of the rootsystems of the crops to be planted, 
the seed or vegp.tatlve portiona planted, the formation of hard-pans 
in the 5011, the capacity of the available equipment. the 8011 
moisture condítions, etc. In general, the plowing depth varies 
between 15 and 60 cm. 

Pl~s are classified in 

a. Mold boards 

board. 
type of 

These will cut the soí1 with the mold and turn it with the 
Several types of mold boarda exist whose uses depend on the 
soil. 

b. Disk plows 
These were designed ta decrease the traction force necessary 

for the mold board; the rotation of the discs decreases friction of 
the discs. 

c. Rotar)' plo ... 
Thi5 implement 15 composed by a rotator connectcd to the 

tractor's power take, on top of which, certain number of s~ecial1y 
designcd blades, are inserted. These type of plows are particulary 
usefull for horticulture and for the habilitation of pastures because 
of its uniform job st chopping snd incorporating crop residues, besides 
decressing so11 compactation caused by eltcessive machinery traffic. 

d. Chisel plows 
These plows are composed of a set of rigid or flexible blades 

set up liRe cultivator blades, which penetratc hard layera beneath 
normal deJ)th of plOlJing. . 

e. Subs~iler plows 
This ls a very specialized piece of equipment fox breaking 

hard~ns st depths oI 45 to qO cm. Composad by a sharp cutting end 
in a rigid bar, with variable depth. A torpedo can be coupled ta the 
implement, thus forming drainage conducts. lts maln function ia ta 
improve internal drainage of the soi1 nnd to allow a better distribution 
and a deeper development of the roats. 

Cultivation 

This labor includes breaking so11 ehunks, thus providing a better 
seed bed.1 

Several types of cultivators exist: 

a. Spike tootb cult ivators 
Used .to break soil chunks into fine material. 

137 



b. Flexible tooth harrer" 
!he sama use as the aboye implemento 

c. D;sk cultivators 
Together with the plow, they are considered the farm's most 

usefull tool. Several types exist which differ greately in aize, 
weight, number of disks and diameter of the disks. !he biggest onea 
are called rotsry plows and ara very usefull in land recuperation and 
may aven substituta the plow in light 80ils. !he smallest ones are 
called finiahers and are usad to prepare the final seed bed. 

d. Rotary hoe 
Commonly called "diabl.", used to braka the soil crust formed 

by rain action or irrigstion in fine textured soils, facilitating seed 
germioation. lt sIso gives a good weed control during the early 
stsges of development when weeds are begining to emerge. lt la 
composed by star-shapped teeth, coupled to a pulling bar, whieh rota te 
as the implement ls pulled by the traetor. 

Leve li ng 
• 

Ihis operation 18 fund3meotal for an effieient use of the soil. 
lt consists of changing the natural slopes of the lsnd accardingly 
with a tapographical study, leaving the sofl in all directions or with 
one or two elapes. Sometimes will be necessary to Iebel the surface 
on1y in ,~hich case natural alapes remaio untouehed. 

LAND PREPARATION SYSTEMS 

Conventlonal systems 

Consists of combining the primary and secondary tillage practices 
normally used in seed-bed preparation. 

Mínimum tillage system 

Generally, only secondary tillage practices are used at a minimum 
oassible intensity. 

No-tillage planting system 
¡ 

Plantlng i9 done directly on an un-prepared ased-bed. 

Reduced tillage methad 

Consists of using primary tillage practices in combination with 
specta! plantiog systems in order to reduce or eliminate secondary 
tillage practices. 

¡ 
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rANO PREPARATION FOR CASSAVA eROP 

In heavy texture 80i1s, were danger of ront rot exists, cassava 
must be planted on ridges accordingly w1th experimental results 
obtained at ClAT Cassava Program. 

To plant cassava on ridges, land can be prepared in several ways 
as 

l. Conventional tillage, by plowing, disking and furrm~ing with 
furrower blsdes spaced so the ridges are spaced 1 m. 

2. Plowing with a chisel, flnishlng '11th a ratotiller fallowed 
by the furrOller ar ridger. 

3. Furrawing the fie1d at 1.50 m distance follnwed by a r~totiller 
with a bedder nttached behind. 

• 
4. Preparing the land to obtain loose soll fol1owed by a sugarcane 

furrower, I~hich makes ridges spaced 1.50 m. 

In general, we can say that land preparation must seek ta produce 
a rtdge or bed which allows a better development of plants and roots, 
limiting loases due to root rots caused by excess moiature. especially 
in heavy soils. In light soils, land preparation must be such thst 
requires a mínimum energy expenditure followed by planting in the flato 
CIAT reports that planting in rldges also makes harvesting easler, 
even though yields obtained at the Caicedonia area have been somewhat 
lower. 28.4 ton/ha, liben eaasava was planted on ridges, and 32.2 
ton/ha liben lt was planted in the flat; results from some plota were 
1070 kg/man/day harvested in seven hours with cassava planted on 
rldges and 869 kg/man/day when planted in the flato 

The time required for esch of the dffferent types nf land 
preparation for cassava ls presented in the following table : 
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1. Steep ridge ",ith 1 m diStance between centera 

LABOR No. OF l'ASSES 

Disk plow 1 
Flexible tooth hsrrow, , 2 , 
Disk cultivator 3 " 
Furrower I 

Total time/pIot 

Total labora 7 

2. High ridge ",{eh 1.50 m between centera 

LABOR No. OF l'ASSES 

Disk plow 
Flexible tooth hsrrow 
Ridge shsper 

Tot.!.l time/plot 

Total labors 

1 
1 
Z 

4 

. ,: . 

3. 'Wide bed. 1.80 m between furrows 

LABOR. No. OF PASSES -

Disk plow _ 
Flexible tooth harrow, 
Bed shaper 

Total time/pIot' 

Total labora 

4. P1anting in f1at 

, (. 

. '': 

LABOR No. OF PASSES 

Disk plow 1 
Flexible tooth hsrrow 2 
Disk cultivator 3 
Total time/pIot 
Total labora 6 
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Time/pIot (h:mrs) 
(2.300 mZ) 

1.0 
0.4 
0.6 
1.0 

3.0 ' 

Time/plot(hours) 

(2.300 m2) 

1.00 
0.20 
2.45' 

3.65 
"\' 

Time/p1ot(hours) 

(2.300 m2) 

r 1.0 
0.2 
2.4' ' r;' f: 

3.6 

Time/plot(hours) 

(2.300 m2) 

1.0 
0.4 
0.6 
2.0 
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METHODS 

1. 
2. 
3. 
4. 

'PREPARATION TlME/PLOT (HOURS) TRACTOR (HRS) PER HA 

(2,300 m2) 

3.00 
3.65 
3.60 
2.00 
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12.60 
15.33 
15.12 
8.40 
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A RAPID PROPAGATION SYSTEM lOR 
CASSAVA 

J .H. Cock * 
D. Wholey ** 
J.C. Lozano *** 

Cassava, like mast vegetative propagated cropa, has a slow rate 
of propagation. A mature cassava plant wl11 give abont 10 to 30 
normal sized (25 cm) stakes after one year; thus tbe propagation rate 
ia on1y 10 to 30 times per year. This rate can further be lnereased 
to about 100 timea per year by ustng two-node cuttings, but considerable 
care is required to obtaln goad results with this system • 

These rates of propagation are not suffieiently rapid to give 
large sbort-term increaaes in planting material from new varieties or 
to supply disease-free stock for commercial planting. A s~le rapid 
propsgation method tbat requires minimum facilities to function was 
developed by inducing stske aprouting snd shoot rooting. Tbis method 
can provide approximately 36,000 cuttings per year frem onIy one mature 
planto Tbis la not tbe only system that can be usad: fnr example, 
rooting under mist or in peat pots in bumid chambars has been successful. 
However this system is the eastest to use to date • 

MateriaIs • 

Propagation frames. A level, well-drained site (1.20 x 5 m ) 
should be chosen and delÚRited by a wall of hollow concrete blocka 
(0.4 x 0.15 x 0.10 m). The blocks should be placed with the hales 
in a vertical plane, sealing the holes at the bottom with concrete 
to form water reservoirs. Crushed stone ( about 5 cm ) is placed to 
G depth of 10 cm in the area enclosed by the blocks. The frame is 
then filled witb a s011 that drains1ell. Both sand and lateritic e 
8011 brought to pH 6.0 gsve good results. A roaf made fmm woad or 
aluminium cavered with polyetbylene i5 placed over the centre of the 
holes on the blocks (lig. 1). -

I 

1 The initial work on propagation was the research for ~Wholey's 
PhD thesis; later J.C. Lozano roated plDntlets in water under 
labaratary conditions snd tben J.R. Cock put tbe system together.· 

* Pbysiologist, Leader of the Cassava Production System Progra., ClAT. 
** Cassava Researcher, Malaysian Agricultu'·"l Research and Development 

Institute (MARDI). Serdang, Se1sng<,l', Malaysia. 
***Patbologist ( Bacteriologist ), CIAT 
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~ting area. Atable covered with a transparent propagation 
roof frame over it to prevent rai~ter splaah ia used. !be 

-propagation frame must be highter than 1.50 m to prevent high 
temperatures l.nside resu1ting from sunshine. 

Containers. Samll 25-ml glaas flasks, 2 cm in diameter, are 
used (F!g.2 ) .Old medicine vide are a cheap and effective conta111cl·. 

G~neral sundries. Razor hIades and a caldron to boii water, 
sodlum or potallS·l~ h",ocblorite for tool sterllizat ion, and a so11 
sterilant (methyl bromide, Terraclor. Brasslcol, etc. ) are needed. 

Methodology 

.Shoot production. Incorporate fertilizer in the aeed1ing be~s 
if 80il has low fertility. Sterilize the soil using a so11 fumigant 
or chemical sterilant according to tbe manufacturera' instructions. 
Kany ef tbese are bighIy toxic. tbus great care sbould be taken in 
tbeir use. 

Prom a mature plant (eight months or older). cut two node cuttings 
from tbe woody mature part of the stem, using a saw. P1ant these 
cuttings horizontally, 1 cm below the soil surface ( Fig.3 ). Moisten 
soil to fleld espacity and maintain at tbis level by watering daily. 
Fil1 tbe water reservoirs in tbe concrete blocka witb water and place 
the roof on the concrete blocks. 

About three weeks after planting, a considerable number of shoota 
fona (F!g. 1); with s razor blade sterilized in 1 percent sodium ar 
potassium hypoch10rite, cut shaots of 8 cm or more just below a node, 
1eaving a l*cm stub on the parent cutting. Shoot8 will continue to 
be formed (Fig. 4); theae shauld be harvested st three- ta four-day 
intervals, once they reach the appropriate 1ength (8 cm). 

Steri11ze tbe glass f1asks by placing tbem in beiling water for 
at least ha1f sn hour. Boi1 more water for half sn hour, allow to 
cool and then ~ill f1asks to 5 cm. 

Clean 1atex that has aozed from the eut end of choots by wasbing 
tbem ln a container filled with boiled water. This water should be 

changed at regular intervals. Place shoots in flask (1 shaot/flask 
la best) and leave them inside the roatlng area. 

During tbe flrst week many leaves may wilt and fallo After one 
to two weeka, aboots will form roots (Fig. 5). When the first roots 
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Figure 1. The proplgation f~ •• e show1ng •• ny shoots ready lar cutting. 

Figure 2. Shots rooted in water. These plants haye passed tbe sta,. 
, when they should be planted. 
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Figure 3. Planting two-node tuttings in the propagation frame. 

Figure 4~ Two-node cuttings after repeated removal of yOUflg skoots 
show the capacity to produce up to nipe shoots per node 
planted. 

1 
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F1gu~e 5. Rooted shoot ready for plant1ng. 
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Propagahon stock 

150 
Two-node stem 

cuttings 

Figure 6, The nopid prop_1ion _, 
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appear, transplant directly to the fleld, taking care not to damage 
the rocts. The depth of planting should be such that the plants are 
buried to the base of the lowest leaf (5 cm approx~tely). Plants 
should be well watered for the first ten days. 

Dlscussion 

The method dependa on the growth of new ahoots frem the cut base 
of the first sboot ( Fig. 6). It was found that up ta nine ahoots can 
be produced frem one nadal unit; it la reasonable to expect a production 
of eight ahoots per two-node cutting during the four months after 
planUng. 

Starting frem a mature plant with 30 normal cuttings, the rate 
of normal _thods can be compared with the rapid system. 

Normal System 

One mature plant 

30 mature plants or (30 x 30)= 
900 normal planting piecus 
after one yesr. 

Rapid System 

One mature plsnt 

150 two-node cuttings after 
four months (150 x 8)m 1,200 
plants tbat give (30 x 1,200)= 
36,000 normal planting pieces 
after one yaar. 

In msny parts of the world cassava bacterial blight (CBB) ia a 
severe diaease, causing yieId los ses of up to SO percent. The disease 
spreads rapidly through diseased propagating material, reducing 
establishment and yield snd increasing the incidence of root roto 
Witb tbia propagation method. heaIthy material can readily be produced 
and CBB-free "seed" stock buUt up. 

Thus the system can also previda rapid build-up of planting 
material free of cassava bacterial blight.* 

lf planting materlal 18 ta be taken frem a CBB-infected plantation, 
the following recommendation8 are suggested: 

l. Select those spparently healthy plants tnside the plantation. They 
can be identified because of absence of defoliation, dieback, 1eaf 

* See CIAT Annual Reports 1973, 1974 snd Cassava Bacterial Blight 
(CIAT Series EE-8). 
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spot and blight, and exudation of gum along the g reen stem: 
portions. 

2. Take the most lignified (mature) portion of stem:s and cut them:, 
sterilizing tocls in between cuta with 5 percent solution of 
commercial formalin. 

3. Plant this material in isolated pr0l'agation frames, avoiding 
spray watering. After spreuting, select only those shoots that 
are healthy. Tbese must be harvested befo re 20 days after planting 
because eBB i8 able to infect young ahoots systemically from 
diseased cuttings'. 

4. Observe shoot-rooting material daily and eliminate any susplcioua 
or CBB-infected sho~ts. After shoet harvesting, burn lnitial 
planting material and sterili~e frames and covers with a soil 
sterilant (Downfume, formalin, etc.) before replanting. 

Plantlets obtained by this method constitute the foundatioQ block 
of CBE-free material. Th~se must be planted in an isolated field 
free of prevlous CBn infection or in a fieId that has had no cassava 
or volunteer cassava plants for at least slx months. Plants obtained 
are S7Urces of clean material for further propagation six to ten months 
after planting. 

Generally, lt ls rec~nded to USe only CBR-free planting material 
for l'ropsgation since contsminstion could OCéUr easi1y if care i8 not 
taken. 

lf a plantation la CBB-infected, clean material must not be . 
planted immediate1y after harvesting. The elimination of CBB from 
the 8011 may be possible through a fallow or ero¡> rotation. releasing 
the land from cassava for st lcast six months. AIl infected cassava 
residues should be destroyed by burning. lt 15 also recommended that 
large sreas be maintained between clegn nnn infected plantation8 
because of danger from infection through w1nd-borne rain, s011 splash, 
insects, 1rrigation, drainage water, snd any other mechanical and 
accidental mesns of CRB dissemination. 
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SELECTIONAND PREPARATION OF CASSAVA PLANTING MATERIAL 

,Julio César Toro H. * 
Abelardo Castro M. ** 
Ernesto Celis A. *** 

Cassava st.em cut.tings are used as propagat.ion mat.erial or nseed". 

TIle farmcr obtains his cuttings frem the basal. middlc or upper part 
of the plant depending on his tradition. beliefs or experience. Size 
and style of cut of the cuttings will vary aceording to the availability 
oí plant material. 

Field Research Data is varied nnd even contradictory in some cases. 
TIlis may be cxplained by the fact that. in many cases, the enviromental 
conditions as well as the plant material used are differ~nt. Field 
trials are being conducted at CIAT to provide sn answer to this question. 

I. Selection of S;akes 

A. Age of the Plant 

Tender cuttings "ill encounter more problems in the field than 
mature ones, especially if soil molsturc is deficlent. On the other 
hand, as stems grOt~ old, Le. 13 months, tllc axilIary buda w11l sprou-t, 
thus impairinr; the plant material for use in commercial propagation. 
Reference i5 made here to age of the sten! and not of tile plant since 
age of the stem wil1 depend en its relative positien within the planto 
For example: A very tender plant, 1.e. three montbs old, only a very 
small portion of the basal part of the aten! eould be used safely as 
planting material under field conditions. Uowever, as the plant grows 
elder and the stem accumulates reserves, upper portions of the stem 
could be utilized as propagation material. A mature plant (12 months 
oId, under CIAT conditions) l1ke HCol 673, will provide good planting 
material froro its basal, mid and even its apical portion. 

I 

* Agronomist. CIAT 

- Agronomist, CIAT 

*** Ileaearch Assistant, ClAT. 
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Literature is controversial as to recommendations related to 
optimum age and part of 'the plant from "hich cuttings should be obtained 
for propagation material. According to Fairlie (6) germinatioQ, 
number of ahoots and yield are independent of a basal, mid or apical 
origin of the cutting. Delgado (5) and Jeyaseelan (7) obtained the 
best results \.ith cuttings from the woody (basal) section. Costa (4) 
recommends as best propagating material the mid portion of the planto 

B. Diameter of the Pith. 

A practica1 kcy to determine ií' the cutting is mature enough to 
resist adverse c~nditions can be obtained by performing a cross-sectional 
cut on the stake. The diameter of the central pith shou"ld occupy SO 
percent or less of the total diameter of the cutting. '111ese conditions 
may be found in any part of the plant, dcpending on its age. If we 
consider the same cultivar from the previous example, with on1y 7 months 
of age instead of 12, growing under the same eonditions, we would find 
that in cuttings from the apical portion the diameter of the pith is 
more than 50 percent of the diameter of the whole stem, l:tmi.ting the 
use of this material in eoromereis1 plantíngs. If the plants available 
for seed material are too oId (two years) probably only the material 
from the1r mid and upper third would be adeeuate, because the bÍt.sal 
portion of the stem would be too thick and woody which makes cutting, 
transportntion and planting more difficult. Depending on the cultivar, 
it i, also possible to find deteriorated or "germinated" axillary buds. 

C. Crop Protection. 

Plantations affected by disease lfhich can be transmitted by the 
stakes, such as virus and bacterial blight, "hieh affect productivity, 
should not be used as a aource of seed. Certa!ll cortical fungi, such 
as those causing supcrelongation and other5 affecting woody tissue such 
as Dip10dia sp. Glomerella sp., etc. are a150 transmitted by infected 
stakes. In either case, even epperently heaIthy plants sllould be eliminated 
from en infectad plantation. If a stem i5 affected by en insect, the 
etem or et least the affected portion should be eliminated. (Lozano et 
al, 8). 

D. V1abi1ity of .the Stake. 

A cross-sectton cut stake wi11 show a latex flow in the cortex 
zone. This latex is characteristic of the Euphorbiaceae family. The 
presenee of latex determines the stakes potential for sprouting. Latex 
content 19 reiated to the mo1sture content of tlle stake. 

According to CIAT (1), a 10 percent. moisture loss in the cut stake 
results in a 10 pereent 108S in germination but, if 108s of molsture i6 
20 pereent, germ1nation losses will inerease to 50 percent. A total 
los s wil1 occur when moisture le reduced to 60 percent. A stem cutting 
exposed to solar radiation will rapidly loose its germination ability 
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and the amount of latex wl11 gradually decrease. If latex appears 
1mmediately after cuttlng or within three aeconds, ie can be assumed 
that the stake has sufficient moisture, snd consequently good 
germlnation potential. If latex takes more than three seconds to show, 
the stake should not be used for planting if better quality material is 
available. The shorter the stem the more rapid wi11 be the loss of 
sprouting potential snd the apica1 ends will be affected first. Becausa 
transportation and handling may damage the axillary buds, stakes with 
les s than three healthy buds should be discarded. 

11. Preparation of_stakes 

A. Size. 

A cassava plant may be obtained froro a very smal1 cutting, with 
only one bud, but the possibl1ities of germination under field condiCiona 
are scaree especially when the soil 18 deficient. The ear1y development 
would be affected if planting 18 done in poor so11s because nutrltiona1 
reserves would not be enough in a amall cutting for initial growth stages. 
Also the sma1ler, the unburied portion of the stske, the tougher will be 
the competition with weeds. Tbe advantages of using very long stakes. i.e. 
60 cm long, would be higher lnitial beight of the plant arid a fas ter 
overshading of the soll inereasing the ability to compete with weeds. 
Ecoaomic aapacts as well as practical eonsiderations about handling of 
the stakas normally affect the aize of the propagation material. The 
lenght of the atakes ganerally used by farmers 18 15-25 cms. 
Recommendatlons of some research workers are within this range and 
could be applied unless a field trial done under local conditions, 
incloding production costs, indieates a more convenient aiza. Field 
trUls are baing conducted at CIAT to answer these questions. Silva '(lO) 
foune! a positive correlation between sbe of stake and root yield. Ue 
recommends stakes at least 30 cm long. Chan (3) found no differences 
in yield using stakas 8, 15 and 23 cm. long. Ro~as (9) used stakes lO, 
20 and 30 cm. and found the highest yields were produced by 10 cm. long 
stakes. CIAT (2) in three different locations obtalned the best results 
with 40 cm. long staltes. 

B. Cuttlng of Stakes. 

Once the plant material ls free of insects and disease, it ls 
ready to be cut with a sharp instrument, normally a machete. TIle cut 
should be performed uniformly, without ripping the cortex or splltting 
the wood. Wben a knife or a machete are usad, the piece of stem la held 
with one hand, one amall blow ... ith the machete followed by a 180· turn 
of the stem and a second la needed to finish the cut. Using a single 
blow of the machete wlll produce good cuta at firat while lt is st!ll 
abarpened and the opcrator ia not yet tired. After one half hour the cuts 
wi11 start to be defectus. 

When the cassava stoma are placee! "zainst a hard surface for cuttings, 
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great damage ia cauaed ta the stake; it ls preferab1e ta hold tbem 
freely in the a1r for the cutting operation. 

*'!'he use of stationary benches t~ith p"",er saw to cut large amount 
of stakes ia very cornmon in Drazils largc cassava plantations. intended 
to produce alcohol. A very simple device is a150 attached to the unit 
for continuous cleaning or sterilization of the saw to avoid any possible 
contamination by any undetected mechanically tran5mitted disease. 

C. Treatment. 

'!'he cut material can be treated immediately befare planting to 
prevent the attack of so11 born fungi which cou1d impair germinatlon 
and diminish stake vigor. **At present time a mixture of 3 fungicides 
and an insecticide (Tnb1e 1) ls recommended. Some of the products can 
be changed later according to batter findings of the pathology group. 

TAllLE l. STAKE TREAn-mNT RECON~lENDATION MIXTURE 

• 
Product Gramsl Gramsl Accumulated 

Dithane H-45 
Mam:a te 80 
Vitigran 
Malatlon W.P.** 
Zinc Sulphate*** 

Litre 
H20 

2.22 
1.25 
200 
500 

40.00 

ha cost/ha 
US$* 

333. 0.43 
188 0.65 
300 1.15 
750 2.93 

6.000 6.21 

The solution could be prepared in a 200 lt. container, uslng ooly 150 
lt. to a11"", the fuI! immersion of the sack cloth containing the stakes 
without spil1ing the liquido Aproximately 30 lt. of the solution are 
enough for 10000 stakes, depending on the type of sack cloth used. 
Immersion of the stakes shou1d last .5 minutes, when no zinc sulphate i5 
used. When this 1ast product ",hich ls a fertilizer is used, stakes must 
be immersed during 15 minutes. 

For ease of handling it is advisable to place tite material in fique 
or cabuya sacksl"ith a not too thick needle point in such a quantity that 
aUows soft treatment of the stakes snd easy handling of the bags. Once 
immerslon is over, the excess of liquid is a1lm~ed to drain out of the 
bags and the stakes wi11 be ready for planting. 

* 
** 
*** 

Using 0.5 man-day 
When using concetrated cmulsion use lec per liter of H20 
To be used on1y in Zinc deficient soils. 
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PLANTING METllODS AND CARE AT EARLY GROlmI STAGE OF CASSAVA 

. ' 
, , 

Julio César Toro'M. *. 
Abe1ardo Castro M. ** 
Ernesto Celia A. *** 

Whlchever the plantlng method used, it must be emphasized that 
good permination of the s take s , requires, sufficient so11 mo!s~ure snd 
good so11 preparstioo. 

Plantiog methoda 

Several plantíog methods ara used dependíog on climate, soil aod 
preferences of t;he f.srmer. llallical1y there are. four methods 

A. 00 Flat Level 

Plantíng 1s ~done in the field dther by hand or by planetng 
machine after conventional tillage labora have been made. Tbia metbod 
18 much used in lighí: Qr sandy aoila • .. hich do not present problems due 
to exce8S moisture that may cause rottenness.,.Studies carried out by 
CIAT a.t the Oriental PIdns. of Colombi,a. sl\owed that level planUng il! 
advantageous ~hen done during the dry ,season •. ' 

B. On Ridges 

Stakes are planted on ehe erest of a ridge. made with a moldboard 
plow or ridger. !hese furrows may be l1igh and steep or with a nat 
crest. This system is recommended for areas wlth high precipitation 
~here 9011s are h~avy or drainage 18 poor. The furrows in between the 
ridges provide n good surface drainage decreasing the occurrence of 
root rotting. At the Oriental Plafns of Colombia, levee planting 18 
favorable when done during the rainy season. 

!he levee method facilitates the use of furr~~irrigation by 
making water handling easier. Finally, on very heavy soils. levee 
planting makes harvest easier and the sama ,~ill be true for any type 
of son '¿'f harvest is done under dry conditions. 

* Agronoml st. CIAT. 
** Agronomist. CIAT. 
*** Research Assistant. CIAT. 
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C. Bedding 

Under this aystem, developed at CIAt, atakes are planted on a 
trapeze shaped bed. The beds are bullt by attaching a apeelal 
Large Hinge hehlnd a rototiller. Height and width of the beds are 
variable depending on the equipment used and 00 the type of aol1. 

Ridge and bed planting syatemB are usad preferably on medium to 
heavy soils where problema due to excess moiature ln the so11 are 
expected. With these three mathods. planting may be manual or 
meehanized. 

! Leveea or beda are not reeammended for aandy solla sinee they 
would not last too long. 

D. en Billa 

Stalees are planted on the apex of a conical .haped hiU mound 
bullt manual1y. generally by the use of a hoe. Thb method can rep1ace 
the levees in areas where machinery ls not readily available. 

Cutting of the stakes 

The stalee may be cut in a straight or a alant angle. Field 
obsarvationa have showed that when the cut 1& done by ooly ORe blO1f of 
the machete, the angle tenda to be alant. 1Wo b10ws will generally 
reault in a atralght angle cut. lt haa a1so been observed. that as a 
consequenae more roots vill diffarentlate from the straight cut stake 
than from the slant cut. (Fig. 1). 

• 

nifoxm Roots 
Ilistribution 

Straight cut 
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Stake Pod tion ' 

In any of the planting methods mentioned aboye, the posttion of 
the atake may be : 

A. Vertical 
. ' } 

Tbe stake ls introduced vertically, burying at least four buds 
to guarantee a good germlnation. At this posltloo roots tend to 
form at the lower end of the stake, distributed radially, more or less 
uniformel)1. 

B. lnclined 

Tbe stake i5 introduced in the soil at a 45 degree angle with the 
surface. In this case the roots follow the direction of the ang1e of 
inclination of the stake. Some farmera think that harvest labor ls 
easier with this method because of the'position at which the roots are 
formed. 

C. Horizontal .. . • 
The stake 15 placed ln the soi1 horizontally and buried completely. 

To present, this i9 the only plantíng position which has allowed 
mecanization of this operation. It can be done manually, but in either 
instance a furrow must be opened prior to p1acing the stake in the soil. 
In this posttlon roots generally tend to form at the end opposite to 
the dtrection of the buda. When the stakes are too long, roota may 
form on both sides. 

Another system used by farmera conslstII of p1acfng two stakes 
horizontslly with buds opposing. This method has not been eva1uated 
at ClAT. 

A variatlon of the vertical and inclined positions ls the 
staggered or ~ig-zag arrangement, which allows a better use of the 
so11 cube snd of solar energy. The first year research data at CIAT 
shows no major advantage of thia method versus tradltional systems. 
Studies wl1l continue to ascertain this. 

Germination of stakes under fie1d conditions 

I 

Stakes 15 cm. long of cultivara éMC'71'snd CMC 64; were planted 
at CIAT in vertical, h~rizontal, inclined aud vertical inverted (with 
axll1ary buds facing downwards) positions. In both cultivars vertically 
planted stakes emerged more rapidly (Fig. 2); those invertedly planted 
were slowest. Final germination was similar in a11 treatments for 
CMr. 71, and for ~~ 64 germination of inverted stakes was inferior to 
tbe other treatments. 
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Fig. 2 Germioatiou of cassava cuttings planted Bt four 
syst,;IiJS. Cultivara etC 64 aud CMC 71 • 
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Depth of planting 

Stakes can be planted superfieially or deep in any of the methods 
and positions diseusscd before. 

Literature is highly controversial'concernlng this topie. Such 
diserepancies may be due to the fact that reported experimental results 
are obtained from trials eonducted in different countr1es, anó in 
different, regione within the countries, with differing climate , so11, 
precipitatlon, altittide and latitude. 

A good praetical eriteria la requLred; thus,' if eassava 18 to be 
planted' in a dry and sandy soil, stakes should be burted deeper. A 
moist and heavy soH will require shsllow planting. In the latter 
case Lt should be remembered ~hst a deep planting, wil1 make harvest 
diffieult, thus inereasing produetioncost. 

Initial care 

A. Pathogens 

They are abundant "'in tbe so11 and ~~ affect the germLriation of 
the stakes as well as early development oi the cassava plants. 
Treating the stakes by immersion in a fungleide 80lutlon 18 recommended. 
This topie was discusaed in a previous sactlon: 

B. Insects 

Several specles may cause damage to the cassava pIant at its early 
atage of development: 

l. ~pidoptera and Coleoptera. 

Larvae destroy newly formad roots and/or the basal portion of 
the sprouts st1l~ under the suriace, eau.ing death of the planto 

2. Orthoptera adults (cricket), 

Which destroy the "bark" of the stake. 

l. D1ptera Larva. 

Which attack the ahoots. 
I 

4. Thripa. 

Which al so attaek the tender parts oi the planto 

Studie~ condueted at CIAT showed a 95 percent 1088 in germination 
when "chizas" (larval stage of the coleoptera Scarabidae) ",ere not 
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con:.rolled. Good resulta, 80 and 73 percent germination, respectively, 
were obtained by the use of insecticides, Aldrin 1.5 kg i.a./ba and 
Carbofuran 3 g/m2, in ehe granular formo !he latter, applled under 
the stake, resulted in 92 percent germination. 

Diptera larvae may be controlled by dipterex sprayings, and thripl 
are controlled by sprayiog with Dio.top at a 0.25 percent water 
solution. Ants can strip completely the foliage of the plants causing 
death of young plants: the most effective control ls to apply an 
insecticide around the entrance to the ant hole. This insecticide 
could be Octaclor. The Cas88va Agronomy program has usad Toxafeno 
DDT 40-20 1 gal/ha in 400 lts. of water, immediately after planting, 
for che control of Lepidoptera and Coleoptera Larvae, with good resulte. 
In the 1976 growiog sea son, however, far causes not yet established, 
control was not effective and resulted in asevere sttack of TierreroB 
with plant losses in Bucaramanga and ClAT trials. lt should be noted 
that in this case cassava followed a graBa crop in Bucaramanga and a 
bean crop In ClAT. 

c. ~ 

Weeds may sedous1y compete witl. the plants at early growth stages, 
So thelr control ls needed. either by herblcide use of hand weedtng. 

Several herbicides could be used far weed control, among others, 
lasso. dluron and llnuron. applied after planting and before the buds 
begin to sprout. Four days after planting, depending on plant 
population and stage of growth of the weeds. 

D. ilater 

Lack of moisture may cause serlous losses in germtnation tf 
defficiency occurs durlng the first 20 days. Asevere drought when 
plants are very ama!1 may a1so cause plant losses. Cansecuently. the 
8011 should be lrrigated ta fleld capaclty when molsture is not 
enough. If dudng plantiog pedad rain has not occurred far four 
days snd lrrlgation la not posslble. lt ls rec~nded to suapend 
plantlag snd await far rain. 

J 
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TUI> EFFECT OF PIANT POPULATION ON TItE YIELD 
OF CASSAVA 

Abe lardo Ca s tro . 
J",mes H. Cock 
Julio César Toro 

* 
** 
*** 

Cassava 15 a good source of carbobydrates (Vrics ce al, 1967) 
susccptiblp oí lncrcase by improved cultural practices. Since the fin@l 
product is not uscrl "5 pl",nting material, the tnereas!'! ~n the use of 
reproducti.c '.11ter!nl ..loes not affcct th" amount of marketable produet,. 
"nd as a conNc<)uence, iacreas!.ng plllut rJensity per hectare 110uld be "n 
eennomiea 1 11.,y to incrf!ase y1" Id. 

Ilesults of 2 prelimin.,ry study on th .. use of fertilizer and plant 
population, sholled an lncrease in y1.eld -when fertUizer ""s app1i!1d 
under conditions sucb thllt plant density ",as not affcctinp; yield's 
(ClAT, 1970). Calderon (1972) found, .-itb one varicty, yield lncreases' 
up to 30,000 plants/ha, and with another, no varia tions in yie Id "ere .. 
obtl!lned with plant dcnsity from 10 to 30,000 plants/ba. For ClAT 50115, 
optimum plant populations are between 10,000 and 20,000 plants/ha depending 
on the cultivnr. lligber densities decrell"ed ylelds. (ClAT, t972). 

Pbnt type versus phmt den .. ity 

llased on e~;perlmcntnl reslllts '"'c can "ay thar for the caasava ero,!>"'" 
there exists IIn optimum plant dcnsity ",hich vary accordinc to cultivara. 

The use of SYStCWk1tic designs (fan designs) for plant populat10n 
studies. have yielded abllndant "nd valu~ble information on dle response 
to plan!: population. With cultivars }! Col 22. tlex 11 (1:1g. 1) the total 
dry matter yicld incrcased with increased plant popu12tlo\\, 'AberellS H 
Col 1080 and M Col 1438 shoHe<l no response up to 40,000 plnnts/ha, after 
wblch total yield declined. HOHevet', H Col 1467. showed a stt'ong decrease 
ln total dry mattet' yleld with plant populations hlgher than 10,000 plantsl 
ha (ClAT 1974). Root dry muttcr yield of ~I Col 22 ",as bighest with 22 
tons/ha of dry matter, ,.hile Mex 11 roots yielded 19 tons/ha dry m"tter 
(Fig. 1). 

* Agronomist 
** Physiolo&ist 
*** Agronomist. 
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Two short and t:wo ta,U type cultivars with ,lifferent branehing 
characteristics wcre scleeted st CIAr snd planted at densities betwecn 
2,500 snd 40,000 plants/ha, and tlle roots '",ere Ilarvested /lt 12 months 
(CIAr, 1975). Fig. 2 shows that for all plant types total root weight 
increases as plant density lncrenses. 

nlis plsnt population could be a good charactcristlc for industrial 
ellssava cultivation. 1I00~ever, 1m optimwn pIant density must be found 
far production of roote. for fresh consumption (more than 25 cm long 
and 5 cm dismeter). For the short growth hablt and for the tal! erect 
growth hablt cultivan: the optimum plant density was 10,000 plsnt/ha 
but for tall bra~hed varieties the optimum was 5,000 (Fig. 3) under 
CIAr conditions. . 

Consequently each plant type viII have its optimum plant density to 
express its maximum yield potential. 

Present, trisls with different plant typcs, four p1ant popu1ations 
and two fertilizat!on 1evels, are belng conducted in three eeolog1cal1y 
diffe~ent regions of Colombia. Previous experimenta conducted by CIAr 
(CIAT, 1974) in different ~ones showed that optimum plant populstiops 
vary sccording to ccOlos1e.l conditions. In general, poor soils ~how 
good response to plant population increases, in rich soi1s the response 
to plant population inercase will depend on the growing hablt of the 
varicóy. 

In sUIIIll8ry, it has benn observed that as plllnt density inereases, 
the total yield also inenases, but the number of rooes per plant, root 
aize, and harvest index deerease, while "1I.'ed control by competition 
improves. 

The physiological impUclttions of pltlnt (tensity are discussed .1n a 
d1fferent section of this course. 
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GENETIC IHPROVEMENT OF CASSAVA 
(¡IANIlIOr ESCULEIITA CRANTZ) 

roa PRO~UCTr¡lTY 1 

KaZUI') Knwano * 

Cassav., (!1~nih)t psculeota Cr,~ntz) 18 ;loe of the mc>st im¡'lortant 
calod" productog crODS i o the tropics. It IIccount" for 54% of tropical 
root Ilnd tub"r .~cre"ge a[ld prOOuc .. " 5 7t :lr root and tuber 1'1' "duct ion 
(FAO, 1971). Nest",r (1974) ca1clllatpd that approldmately 300 million 
peap1e in th~ tropicn depend on cl1ssava as a major sourcn of their 
ca10r1e jnt~k ... According t:l a ,~orld Bank ana1ysis (Anon, 1976), 
nearly ~ th; rd of th", «arld p,>¡:m lstl ::m 01' 75% of the llopulat j 011 'lf 
und"rd!'!v"lop~d c..,untrit>s i'l th .. tropícs ~uff .. rs from simol" calorle 
deficiency. Cas"av,,' s high calad .. yi"ld Del' hcctare therefélr", makes 
it a prim3ry tn""ns o[ relievíng this food deficit (lIest"l, 1173). 
Furthermore, c"~sava has imp()rt~nt u~es as an ani"",l feed, 
8tarch and alcohol productinn. The dem:¡nd f<:lr c'.lss<~va as nn '.animlll 
feed Is expect"d tn rise rapidly in <~n attempt to elCpand the product!on 
of animal prntein in the tropics (Ph111ips, 1~74). Cassava ls widely 
believed to be highly efficient in carb<:lhydrate production, adal'ted to 
a wide range of environlMntal diversity snd toterant tn dr<)Ught and 
acid 8011s. The potential of ca~sava in tropical agriculture has 
attracted attention «lthín and outside the tropics (de Vries, Ferwp.rda 
and Flach, 1167; Martin, 1"70; Nojima and Hirose, 1')77). 

Limited research has beeo conducted on cassava despite its 
importance. Cassava yields of up tn 50 ton/ha (fresh wcight) are 
occasioruílly reported under experimental conditiooa (Arraud" u , 196') 
but farmer's yield i8 usual1y from 10 to 15 ton/ha. A world center 
for cassava research has been establjshed at CIA! wtth the objective 
of praviding a technical pnck3ge based on imoraved g~rmplasm to 
increase the efficiency oC cassava production. 

CIAT' s cassava brceding urogram alms to obtain ne~ g~nntypes that 
give the ma~!murn calor!e yield ~er unlt area per unit time over a wide 
range of enviroOtn",ntal condítions. 1 define a genetic impr'.lVement· 
program for tn.'ljor food crops a" a research effort designed to reach 
the m&x;mum level of productivity by genetically modifying the plant. 

1 

* 

, ", . 
To be presented in the International Symposiwn of Genetic Improvement 
for Tropical Croos. Tropical Agriculture Resesrch Center (TARC) 
Tokio, 1')77. 

Plant brl'cder, Cssll8va Progr.tn, Centro Internacional de Agricultura 
Tropical (CIAl) , Apartado Af,reo 67 -13, ('-a11, Colombia. 
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st~ucture and defend tbts high leve1 of productivity from yield-reducing 
faetor$. We are on the, way to upgrading cassava germplasm to its 
maximum productlvity level. The importance of breeding work against 
yield reductng factors BUeh as dlsease and lnseet resistances and 
tolerances to speeial soi1 problema shou1d not be neglected. However. 
ln recent yeara. OUr prlmary interest has been to realize the higbeat 
yield potential of cassava. For these reasons, the present paper deala 
witb the methodology of caasava breeding for bigher productivity. 

Botanical Cbaracteristics re1ated to breeding work 

The chromosomenumber of Manihot esculenta ls 36 and the spectes 
la generaIIy regarded as an allotetraploid (Umanah and Hartman, 1972). 
Cassava ia high1y heterozygous spectes (ClAT, 1975; Kawano et al, in 
presa) and thta heterozygoaity ia easily maintainned throug~vegetative 
propagation. 

Both cross-pollination and. self-pollination occur naturally. Tbe 
proportion of crosa-pollination depends on the flowering habit of the 
genotypea and the physical arrangement of the populatlan (ClAT, 1975; 
Kawano et al, in presa). Cassava ls a monoeciua species with t~ , 
.tigma iñd-anthsr usually separated in different flowera on the sama 
planto The male and female flowers almost never apen simultaneous1y . 
on the sama branch; however, it ls coomon tbat the female flawers and 
the male flowera on different branchea of the same pIant open at the 
same time. There la no physiologica1 or genetic mechanis~ to prevent 
self-pollination and cros8-incompatibility has not been found up to 
now. 

Strong inbreedlng depresslon has been observed in characters such 
as root yleld and total p1ant weight (Table 1). Ibis strong inbreedin¡ 
depresslon, in additlon to the vegetatlvely propagated nature of the 
spaclea, ia the bioIogica1 mechanlsm through which the hlgh 
beterozygosity of the species la maintained. Male-sterillty 18 
frequent and tbis la effective in preventing any se1f-pol1ination frrna 
taUng place. 

Vegetative propagation la of great advantage to breeders. Once 
a favorable type ls obtatned, the genotypa can be multlplled 
lndefinitely. 

Existing germptasm 

Cassava orlglnated and completed tne major part of its 
diversifleation in Latin America (Leon, 1976). The ClAT germplasm 
co11ection comprlses approximately 2.400 cultivara whicn have beeo 
collected from Colombia, Venezuela, Ecuador, Peru, Mexlco, Brazil, 
Panama, Puerto Rico, Costa Rica, The Dominican Republtc, Bolivia and 
Paraguay. The collectlon represents the majar genetic diversity of 
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the species. Tens of thousands of seeds obtained in this colleetion 
have been sent to ocher cassava breeding programs in Latin America, 
Asia and Afriea. 

In chis germplasm, enormous genetic variabi11ty in such characters 
as harvest index and root yield ls found (Fig. 1). As we11,resistanees 
to the major cassava díaeases sueh as cassava bacterial blight, phoma 
leaf spor, supere10ngation disease and Cercospora leaf spots have been 
identified (CIAT,l973, 1974, 1975). H~>ever. no cultivar in the 
collection has been found to meet the standard which ve consider the 
new recommended cultivars should satisfy. Tnus, producing a quantity 
of recombination types through hybridizations is necessary. 

Plant Type 

The identification of an optimum leaf area index for root y1e1d 
(eLAT, 1975; Cock et al in presa.) may be the most significant 
contribution of cassava production physiology to the breeders' work up 
to the presento The optimum LAI exists between 3 and 3.5 (Fig. 2) •.. 
lt stays phenotypically constant over a wide range of tempe~ture 
variation, although the genotype which attains the optimun LAI may he 
different under different temperatures (ClAT, 1976; Irikura, Cock and 
Kawano, in press.). 

This leads to a conclusion that to obtain the highest yield, a 
cassava population must reach the optimum LAI as Boon as possible and 
malntaln lt as near by as possible until the harvest. Analysis of the 
components of leaf area suggests that long leaf life and late branching 
are the most important among others (ClAT, 1975, 1976; Cock et al in 
press.). --

Hybridization 

Pollinatlon 18 easy. Genotypes differ greatly in their efficiency 
when used as a female parent for hybridization while they al1 seero to 
funetion vell as a male parent (Table 2). Approximately 30.000 hybrld 
seeds are being produced yearly from the controlled pollination of 
approximately 22.000 female flowers at elATo 

Open-pollinations offer a fair chance of obtainning high yieldl.,g .'. 
hybrid nlections (CLAT, 1976). However, a high proportion of seeds ~'., 
obtained by 1open-pol1instions can be a resu1t of self-pollination and 
the evidence Guggests that self-pollination ls self-destructive in 
many cases (Table 1). 

The inheritance of such important characters as harvest lndex 
(Fig. 3), root dry matter content (Fig.4) and postharvest root 
perishability (Fig. 5) followa a simple additive gene manner. 
Resistances to important diseases such as cassava bacterial blight 
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trials, harvest index i8 highly correlated with the root yie1d (Fig.l0), 
As a conaequence', ln the single-rO"ll trisle harveat index 11 a better 
indlcator of true yie1ding abl1ity than the yield itself (Fig. 11). 

Thls occurs as a result of competition between genotypes. Genotypes 
with hlgh vegetative vigor and low harvest índex can occupy a larger 
space resulting in higher root yicld in seedling or singie-row trials. 
However, when these types are planted in populations, they do not yield 
we11. 

Harveat index ls an indicator of the balance between leaf and stem 
growth and root growth. There exists an enormous genetic variatlon in • 
this character (Fig. l) and lt i8 highly heritsble (Fig. 3). Thus, 
harvest index ls a highly effective character for use as an indlcator 
for the selection of cross parents, 8eedling selections and single-' 
row trials. We are eliminating the materials which have a harvest 
lndex lower than 0.60 and 0.55 in seedling and single-row trials,' 
respectively. 

Recent advances at CIAT .. 
en the CIAT farm where the soi1 is fertile, several hybrid 

selections gave root dry-weight yields of 15 ton/ha/yr or more, 
outyielding a local cultivar by 100% with 655 mm of ralnfa11 and 
without any application of fertilizer, fungicide, insecticide or 
irrigation (Table 3). en the soll of the Llanos Orientales of Colombia, 
which la so acid (pH 4.3), so high in alumlnium (exch. Al 3.5 me/lOO g, 
85X sat) and so low in phoaphorus (1-2 ppm Bray II) that the majority, 
of foad crops can be grown on1y with a heavy application of lime and 
pbosphorus, severa! hybrid selectlons gave root dry weight yields of -
10 ton/ha/yr with a moderate application of lime and phosphorus, 
outyielding a local cultivar by 501 (Table 3). en the Northern Coast 
of Colombia, which 18 one of the caS8ava production centers of that 
country, several hybrid selecttons yielded more than 12 ton/ha/yr in 
root dry weight withstanding 5 months oí dry season and outyielded 
local cultivara by more than 100% (Table 3). A hybrid se1ection auch 
as CM 308-197 did well in al1 of these locations, alwaya exceeding the 
yields of corresponding local cultivars by 50 to 150t. 

To answer the question of whether we can go still further io 
selectlon for higher praductivity, carefu! studies by physiologists 
aod soil sctentists wtll be requtred. However, the genotypes wítb 
this 1ével of yielding capacity shou1d be able to significant1y increase 
the current yields at the farm level of 3 to 5 ton/ha/yr in root dry 
welght. 
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at'j Cercospora leaf spot can be tranamitted relattve1y easily to 
offspring when the resitant genotypes are included in the hybridizations 
(ClAT, 1975, 1976). A great number of high yie1ding geootypes resulted 
from the crosses whicb had iocluded geootypes with a higb harvest index 
(ClAT, 1977; Kawano ~!! in presa.). Controlled band po11ination with 
selected parents la recommended as a general tool of breeding cassava. 
When a breeder has te choose open-pol1instion, the use of male-steril­
ity 18 recommended. 

The simple inheritance mede fer maoy impertaot characters and 
vegetative p.opagation makes the method of casaavs breeding SImple. 
The detaila of methodology are oot important st this momento The 
basie germplasm 00 which the breeder works snd the efficiency of 
selection both of cross pareot.s snd hybrid lines are the most importaot. 

Selection 

Seedling trial 

Sixty to 95 percent germination is obtained depending on genDeypes. 
The germlnation percentage seems to be bighest about five montha after 
seed harvest (or eight montha after pollination) and it drops 
dramatically wben the seeds are stored more than two years ar room 
tem.erature (Fig. 6). 

The yield data of seedllng plants are highly correlated with that 
of the same genotype pIanted with stakes (Fig. 7). This clearly 
indicates that that ehe seedling seIection is hlghly affective. 
In cassava, inter-genotypic campetition ls highly significant 
especlally when different genotypes sre ~lsnred close togetber 
(CIAr, 1975; Kawano et al in press.). Thus ir la importsnt to plant 
segregating materialS-wlth enough spseing among them. At CIAT, the 
seed1ings are planted at 2 x 1 m distsnce. 

Single-row snd population triaIs 

!he selecred seedling planrs sre passed immediately to a single­
row trisl. Those seleeted lines from the single-row trial are then 
evaluated in a replicated population trial in which only the central 
plants free fram border effect sre harvested. 

i . 

There i9 no correlation between root yield data obtained in single- ' 
'row trials and those obtained in population trials (Fig. 8). Since the 
vslid yield data should come from replicated population trisIs, the 
root yie1d data obtained in single-row criaIs have virtually no meaning. 
However, harvest index data obtained in aingle-row triaIs are highly 
corre1ated with those in populatlon triala (Fig. 9). In populatlon 
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CONCLUSION 

!be productivity of the existing cassava germplasm i8 generalIy 
far beIow the potential of tbe species. Limited attentlon has been 
given to tbe genetic improvement of the species. Rotanical 
characteristics of the species and genetic behavior of several important 
characters suggest tbat the genetic management of the species must be 
easy. Attaining the ma~imum level of productivity is eas11y within 
reach. One key factor for maintainlng a high efficieney of genetic 
work is the use of barvest index in selection. 

After four years of work. tbe CIA! cassava breeding program has 
bybrid aelections which outyield local cultivara by 50 to I50~ under a 
vide range of environmental conditions. Sorne of the superior materials 
may be named as a recommended cultivar and dlstributed to national 
cassava programa in the tropics in the near future. The emphasis of 
breeders' work will gradually shift toward incorporating resistances to 
the yield-reducing factors such as resistance to diseases and insects • 

• 
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TABLE 1. Compartson b~twe~n s~lf-pollinated offsr~lng (SI) and parents. * 

- No. of SI Yield (k/plant) Total p1ant (k/p1ant) Harveat index Plant height (m) 
genotypsa SI Parent SI Parent SI Parent §'l_ Parent 

LLanera 9 1.9 4.5 4.1 S.7 .32 .52 1.67 1.82 
M Col 9 1) 0.9 4.0 4.1 12.6 .20 .32 1.64 2.43 
M Col 51 23 1.3 3.0 2.8 5.1 .52 .60 1.40 1.67 
M Col 173 20 1.3 2.6 5.6 8.2 .21 .31 2.72 2.77 
M Col 340 26 1.8 4.S 6.5 12.0 .28 .40 1.78 2.30 
M Col 562 14 1.6 3.2 3.7 7.5 .41 .50 1.82 2.30 
M Col 647 36 2.0 4.0 4.4 9.8 .45 .40 1.58 2.30 
M Col 667 5 0.6 4.8 1.6 n.o .38 .44 1.52 2.80 
M Col 688 10 2.5 4.2 5.3 7.8 .45 .53 2.14 2.43 
M Col 971 15 3.8 3.1 9.5 5.4 .40 .57 1.97 1.50 
Extranjera 12 1.4 2.9 3.2 7.7 .41 .38 1.43 2.43 ... M Ven 179 16 1.4 3.5 5.4 13.4 .44 .25 2.00 2.00 w .... 

Average 1.71 3.72 4.73 9.10 .373 .466 1.81 2.23 

* Data from single-row tria la (2 m between genotypes, 1 m between plants of the same genotype, average 
of .3 plants per genotype). ~ 
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TABLE 2. Genotypic difference in aeed settlng after polltnation 

Crasa No. of fema.le No. ol seeda No. of aeeds set 
flowera pollinated obtained per female f1 olrer 

M Col 1684 x M Col 22 91 72 0.79 
M Col 1684 x M Col 638 350 63 0.18 
.lt Col 1684 x M Mex SS 78 40 0.51 
M Col 1684 x CM 309-56 225 53 0.24 
M Col 1684 x CM 309-239 115 65 0.57 
M Col 1684 x CM 309-260 130 20 0.15 

Average 0.41 

M Col 638 x M Col 1684 274 268 0.98 
M Col 638 x M Mex SS 220 284 1.29 
M Col 638 x M Ven 218 357 402 1.13 
M Col 638 x M Pan 70 324 257 1).79 
M Col 638 x M Pan 114 217 313 1.44 
M Col 638 x Popsyan 285 484 1.70 
M Ca' 638 x CM 309-11 lOS 191 1.82 
M Col 638 x CM 309-26 144 212 1.47 
M Col 638 x CM 309 -29 99 154 1.56 
M Col 638 x CM 309-56 143 206 1.44 
M Col 638 x CM 309-143 64 136 2.13 

Average 1.43 

M Col 755 x Llanera 161 279 1.73 
M Col 755 x M Col 22 . 278 500 1.80 
M Col 755 x M Col 647 233 424 1.82 
M Col 755 x M Col 667 144 234 1.63 
M Col 755 x M Mex 55 284 517 1.82 
M Col 755 x M Mex 59 154 284 1.84 
M Col 755 x M Ven 185 90 157 1. 74 
M Col 755 x M Ven 209 162 204 1.88 
M Col 155 x M Ven 270 163 308 1.89 
M Col 755 x M Ven 307 203 379 1.87 

Average 1.80 

SM 76-66 x M Col 638 488 946 1.94 
SM 76-66 x M Mex 59 59 132 2.24 
SM 76-66 x Popayan 221 427 1.91 
SM 76-66 x CM 157-9 111 186 1.68 
SM 76-66 x CM 170-2 10f': 239 2.25 
SM 76-66 x CM 204-5 75 156 2.08 
SM 76-66 x CM 309-37 112 218 1.95 
S.! 76-66 x CM 309-56 143 221 1.55 
SM 76-66 x CM 334-19 119 241 2,03 

Average 1.96 
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TABLE 3. Selected results of yield trials in three locationa 

Location Genotype Root l':ield {ton/ha/l':r~ 
Dry wt. Fresh "t. 

elAT CM 309-211 17 .9 50.8 
CM 308-197 17.6 50.3 
CH 323-30 16.6 48.3 
CH 308-1 16.3 43.3 
CM 321-15 15.9 46.1 
CH 321-170 15.8 47.S 
01 317 -16 15.4 48.1 
CM 307-135 15.4 44.0 
CH 309-84 15.4 41.1 
eH 152-12 14.7 45.0 

M Col 113 (local cultivar) 8.4 25.6 
Llanera (control) 7.9 24.7 
M Col 22 (control) 7.1 19.7 

Car1ma.¡¡ua SM 92-73 10.6 33.0 
CIl 323-52 10.0 33.0 
CM 308-197 9.9 30.6 
CM 314-2 8.4 25.7 
CM 323-99 7.8 24.3 
CM 323-142 7.5 26.0 
01 309-2 7.5 23.3 
eH 321-88 7.1 21.5 
eH 305-11 6.9 24.0 
eH 323-41 6.6 24.0 

Llanera (local cultivar) 6.9 21.5 
M Col 22 (control) 6.0 19.4 
H Col 113 (control) 2.7 10.4 

Caribia eH 320-2 13.7 42.0 
CH 309-50 13.7 41.7 
eH 309-163 12.8 44.3 
eH 323-75 12.2 37.8 
eH 323-41 12.2 37.6 
CM 322-20 12.1 36.7 
CM 321-85 11.6 36.1 
eM 308-197 11.4 34.5 
eH 309-128 11.1 34.8 
CM 321-78 11.0 38.0-

H Col 22 (control) 11.4 33.6 
Llanera (control) 6.0 20.7 
Manteca (local cultivar) 5.0 18.1 
Montero (local cultivar) 4.3 12.6 
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Oerta1n casaava d1Beases can cause total defoltat1on in a plantát1on, w1tb the consequent 
reduet10n in y1elds. Phyllost1cta (Phomal sp. 15 one of tbe moat severe eassAva pathogens 
dur1ng the eold anQ ra1ny per1ods~ 
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GENERAL CONSIDEHATION ON CASSAVA PAIHOLOGY 

Introduction J.C. Lozano 

Cassava (J~nihot esculenta Crantz) 1s a long-season, tropical, 
perinnial, ;¡hich has been grmm traditionally lvith limited inputs 
on unfertile soils .people from the lmver income strata (22). 

Cassava has been considered to be a hardy crop, resistant to 
both diseases and insects. Nevertheless, it ia nm~ known that the~r 
are devastating dieeases snd insects that can induce heavy losses of . 
more than 50 percent (2, 3, 9, 10, 11, 12) or even cause complete 
crop failure in certain areas (9, 38). The world average yield o 
cassava is only 10 tons/ha. (22, 23, 51). In experimental stations, 
40 tons/ha. have been obtained with relative facility (lO, 11, 12); 
and simply by usine disease-free planting material and inexpensive 
cultural practicas, more than 20 tona/ha. have been resched with 
traditional varietias in regions where yields are no hi8her than 4 
to 7 tons/ha. (12, 45) •. 

As a result of the shortage of csrbohydratas for both human snd 
animal consumption, as well as the many industrial applications of 
cassava (51), the cultivation of this crop being expended continually. 
This increaas in area planted to cassava has obviously led to an 
incraaae in psthological and antomological problems. 

Reaearch in tha field of cassava pathology has been especially 
limited. .Of a total of around 4500 srticles on eassava, only 300 deal 
with cassava patholog}', approximately 40 pereent of which '~ere written 
during the past seven yeara. In addition, fe~1 scientists ( no more 
than 20) are presentIy ~7orking in this area; and in many cases they 
are handicapped by having too rnany other responsibilities and insuffi­
cient physical facilities. A primary objective nf this worshnp is to 
auggast hmi integrated pest control for eassava can be developed. 
tlany nf the suggestions "ill most likely require close cooperation 
among the different institutes if their implementation is to be 
suceessful. 1 hope that this worJwhop "7i11 provide the bases for this 
future col1aboration. 

TItE STATUS OF CASSAVA PA'l'HOLOGY 

. Because of the interest several countries nave taken in improving 
the cassava plant snd expanding its cultivstion, special programs with 
full-time researchers trained in caasava pathlogy have alraady been 
organized in Brazil, Mexico, Thailand, the Philippinas. llalaysia and 
India, as weli as in the international centera. Since sorne of these 
researchers '~ere trained at eIAT. a cooperative link has been establlshed 



with these institutcs by means of joínt projcets, interchange of 
information, or consultation. Ibis type of lirut al so exists between 
lITA and several Afrienn countrles. 

About thirty cnssava diseases induced by viruses. viruslike 
causal agents. mycopla~mas, bacteria and fungí have heen reported 
(38). The information available en the etiology of the causal agents. 
as .. ell as the epidemielogy of these diseaaes, is re.lntively limited. 
At present it is not alt1ays possible to knol~ l~hether t,~o scientists 
are working on the same organism because there i6 a lack of knowledge 
as to the true identification of the pathogen. For example, it has 
not yet beeo proved that Indian and African mosaie are caused by the 
same virus. The follo\.ing i8 a summary of the important features of 
reported cassava diseases. 

Virus es , viruslike organisms and mycoplasmas 

Five viruses have been reported attackinll cassava (3, 16, 35). 
Geographica1ly speaking, the brm~ strcak virus (BSV) and Afrlcan 
mossic virus (AMV) are restricted to Afriea. but the latter has also 
been reported in India (48).Common mosaie (~W). leai vein mosaic 
(Lm,W) and latent viruses (LV) are restrlcted to tropical Amerlea, 
(16,35). but it appears that CiW is also found in Indonesia (Booth, 
personal communication) and that there is another LV in Africa (3). 

In addition to their sharp seosraphieal distribution, there are 
several differential characteristics for each virus (Table l). Con­
sidering distribution, incidence snd losses, AlW is the most important 
viral disease of cesaava lt has a motile vector (the whitefly Bemisia 
spp.). la ~dely dlstributed in tropical Africa and can cause losses 
of more than 80 percent (3). 

A great deal of research is needed tI) elucidate certain aspects 
of each of these viral diseases. In the case of BSV, for example, 
there are controversies regarding the shape of its partieles (3, 29), 
hosts sud methods of dissemination (3, 20, 29), which have only 
confusad the status of this disease. 

A ne" disease ("frog alcin") ol' cassava was recently described in 
Colombia (12, 13). Plar.ts affected by this disease do not preeuce 
swollen roots. Frog s]tin C2n be disseminated by diseased cuttinris, 
mechsnically, :nnd by grafting (12, 13). The etiology of the caus61 
agent snd the epidemiology of the disease are st!ll unknown. 

A mycoplasmal diGease of cassava has been reported in Brazil, 
Venezuela, 2iexico. The Amazonian region of Peru (16, 18, 38) nnd 
Guatemala (Cock, personal communication) and in the Ivory Coast (21). 
Known as "superbrotamento" or witches'-broom, the disease can be 
recognized by several different syndromeG! (1) stunting, shortening 
of, internodes and proliferation of branches; (2) proliferat!on of· 
shoots from the cutting; or (3)' only a fCV1 weak and atunted shoots 
germinating fram the cutting (16, 46). The rensan for the 
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occurrencc of these differcnt syndromcs i5 unknotm, but it has becn 
sumicsted that ,they may be due to the existance of different 
nycoplasmal bIctypes (16, 38). As this disea5e i5 on1y disseminated 
by usin2 disensed cuttings and by mechanical menns (16, 18), its 
incidcnce is relatively lO~l (16, 38). 

Bacterial diseascs of cassava 

Several bacterial epecies have been reported on cassava (33). 
but on1y Xanthomonas manihotís (enssava bacterial blight) (36), 1;. 
cassuvae (bacterial leaf spot) (58), Erwinia carotovora varo carotovora 
(E. cassavae) (bacterid stem rot) (24, 47) and Agrobacter:l,um sp. (bac­
terial stem 8al1) (13) have been established as being truly pathogenic 
to caSSlwa. EF.ctcrum robici <las reportcd as a cassava pathobcn (56); 
htr.¡evcr, no typc culture 1s knOl>ffi, nor has it becn isolated sinee it 
was tirllt reported. It appears that tt ~¡as mist;>ken l1ith 1];. 
caratovora varo ~ovora (E. Cassavae). Pseudomonas solanacearum 
has also bcen reported as a pathogcn of ensllava (28); but recent ino­
culations l~ith raccs of this bacterium hn'Je shmqed thnt cassava is not 
a host. Sínce X. nan'-llotis' forms "hite, mucoid, slimy colonies in 
sugar media, as docs g. solanaccnrum, the identifícation of this pathogen 
could also have been mistaken. 

nle bacterial paChogens of cassava can be differentiated on the 
basis of Ilymptomatoloey in addition to their cultural characteristics 
(Table 2). Cnssava bncterial blight (eDl3) is the most important bac­
terial disense nnd the discase thnt has been most investigated (lO, 11, 
12, 25, 36, 33, 40, 41, 43); hC>11ever, there are many aspects of this 
disease and its causal agent that are still uruconwn. 

Funeal dise~~es of cassava 

Around t,~cnty funGal species have been reported as beillil patho­
genic to cnssava, inducing foliar, stem or root rot diseases. 

l. Foliar diseases. 
111C nont importnnt in this group are superelon­

f;ntj,on (Sph~eJcr:;!.3 n,;::nihotj.col . .,r.:~), Cercospo!'e- lc.of spotG (g .. vicosac) 
S1,. hCl1~ingsii~t f. c~J.b[:c;" z!.1cl~. mnn:i.hotnc) nnd PhOrJú le;;:.r npot 

1'110= (Phyl1osticta)cpp. ,inducin{; :,'ield 105ses chut range fron 17 
to 30 percent (9, !O, 32, 33). i;. henni.nr;sii and i;. vicosne abo 
reduce the starch content of the roots (13, 57) • Their incidence ia 
~lorld"ide, cxcept for §.. mnnihoticola, I~hich is present only in the 
Americas, and Phoma spp., ~lhich are restricted to the cooler cassava­
growing areas (32, 33). 

Othcr diseases I,rllose incidence llnd severity nre LlOderate and thus 
considered of minor importance are cassavs rust six species of 
Uromyces) (33) , anthrllcnose (Colletotrichl1m spp. snd Gloeosporium 
spp.), cassnva ash (Oidium "",nihotis) nnd l'ericonia lear spot 
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Charaeteristiea 

Symptoms 

D1stt"ibution 

LOGS!!! 

l'article 
Mor¡:ohology 

'1:ra nSl'liss ion 

ltJsts 

Conerol 

AfliV* 

Ye110w mosaie, 1eaf 
curling and crink1~ 
lng, 5tunting (20, 

Afdea, India (33, 
46) 

Mar e tha n 50'7. (3) 

Pafred polyhydral, 
isometrtc (3) 

Cutti":iJ, i}.emisia 
sp;>. (3, 7)' 

Hanih"t sP\l., Nico­
ttat\<1 clcvelandU 
(3, 7) 

Roguing, disease­
free cuttings, re_o 
sistél ílt cultivara 
(3) 

''' .. ".~",~,'. -

~B~ l. Character1zation oE cassava viruses 

BSV* 

Y"'.llow leaf patch-", 
necrotic vein etch 
(20, 34, 50) 

East Coast Africa 
(33, 34, 50) 

Not elear1y estimat 
ed -
Fairad, po1yhYdral, 
isometric (3 1); 
long flexuous rods 
(291) 
Cuttings, gra fting, 
meehanical (35), 
inseets (3) 

Petu,lia hybrida, 
Datura stramonium 
!!. glucosa, li. !.'!!!.­
tiea, N. tabaeuf'l, 
&. fer;K, Solanum 
niq,rum, Sal~ighosis 
sinuata (29) 

Raguing, disease­
free cuttings (3) 

CMV* 

Yel10w mosaic, 1esf 
curling, stuntin6 
(16) 

Brazil, Venezuola, 
Peru, Colombia (16, 
31!) 
10-20'7., based on 
plaot yie1d' (16) 
Long flel':ucu s roda 
(16, 30) 

Cuttings, ¡rafting, 
mechanica 1 (16) 

VMV* 

Vein e learinó , 
lea: ti9 CUT l. 
1ng, stunting 
(16, 18) 
lira zil, 'lene­
zuela (16, 13) 

HUd (16) 

Polyhydra 1, 
lsometric 
(30, 31) 

Cllttinzs, 
gra fting, 
mechanica 1 
(16, 30) 

l-lal1ih"t Sj)p., Cheno Nanih()t 5P!'., 
podi.um ac.aranticolor,Q. $tramoniuCl 
f.. ~uinoa. Halva 2!!. (16) 
virlora, Gos~y~ium 
hersutum (16, 30) 

L'/* 

Symotom les S 

Brszil. (16, 13) 
Afriea (3, 4) 

None 

[;ha bdov irus 
(16); paircd 
p~1yhdral 
(3, 4) 
,':;uttings 
gra fting 
insacts 

}Iaoihot S. 
(16), Eu~hor­
biaceac and 
Solana~eae 
son. (16) 

Roguing, disease­
free cuttings (16) 

RoguinS J disease­
free cuttings (16) 

i'AHV ,\frica n moaa ic virus; BS'!" bro\4n strcak virus; c:rv '" e':)l':Il'lon mosa fe virus; 

Vi-W = vein moaa ie virus; LV .. la tent virus 



(Pcrj_conij\ 5l'1'.) (12, 31). l.nthrecnClse appears ta be the most 
CCI:lP.10n, c"nsin;; defoliatí.on, diebnck and stem canl,ers (33). The 
{?xtcnt oÍ d,:H:1~uC nnd yicld reducti'on induced by thcse minor disease 
are 5t5,11 nnlcnoun, but 3nthr"cnosc nppcnrs ta be quite irnportant in 
Hest Africn., 

2. .St¡;-m pathoííens. 
Are of importance in cassava because they can 

affect the quality and sanitary conditiona of planting material, 
reducíng germination and plant vigor (45). Ihere are several 
pathogens that can attack the sterns, but their incidence ia depen­
dent upon h1gh relative humidities and stem injuries enu5ed eHher 
by insectos or meehanically. The most eommon stern pathogens are 
Glomerella app. and Botryodiplodia spp. Several ascomycetes and 
basidiomycetes, 1-7hich are sti11 unidentified, are .11150 found attacking 
atored ste~ pieces und old cassava stem left in the fields during the 
rainy seasons (38, 45). 

3. Root rot pathog~ns. 
Are soil-honl" fungi vlhi<:h attack cass2.VU 

roota befare or after harvesting. Those fungi that attack the roots 
prior to harvesting bcnerally induce soft or dry roto Their occur­
renee is related to (a) poor drainage conditions oi heavy clay soi1s 
(Phytophthora spp. and RYthium spp.) snd (b) the crop or vegetation 
growing before cassava i5 planted (Rigidoporous lignosus, Rosellinia 
bunodes, !. necatrix, Sclerotium rolfsil, Armillariella mellea, 
Rhizoctonia sp., etc. ) (38). l~ny fungi, both soil-borne saprophytes, 
can attack harvested roots through waunds caused during the harvesting 
operations. The intensity of damage induced by these organisms ia· 
related ta thc flora able to metabolize the root tissues and te the 
mechanical damage done to tlle roota during harvesting, packing and 
and shipping. 

CHARACTERISTICS OF THE HOST/PATHOGEN RELATION 

liben loolcing at pathological problems, the follo~7ing facts about 
cassava should be taken into consideration by plant protection specia· 
lists ~lhen designing research programs. 

l. Ca5srrva is n perinnial; this f.<:::.vors t:he perpetuati.on of patholo~ical 
problems in "'reas \<hcre ít i3 cultivated. J\lthough the plants are 

removed at har\7estin~, volunteer plllnts are almost al\t.tays present becat.:se 
of cassava's good germinating capacity. Volunteer plants may arise from 
stem pleces that are either left in the field in the forro of debris or 
incorporated iota the soil after harvestlng. The true seede also have 
a good germinating capacity (27). 

2. Cnssava ls a woody crop (53). .~ny pathegens thnt attack forest 
trees, perennial woody erops and even herbaceous annuals can be 

pathogcnic to cassava. Sorne of these pathogens have already been 
reported attacking cass!1vl1 (38). and many othere are potentiaJ. pathogens. 
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3. Cassava i5 a long-eyele erop, being'harvested from 8 to 24 months 
aíter planting. Planting is often done aver a long time perlad; 
eonsequently, plantations of different a¡¡es are found in many eassava­
grmling areas. In the absence of resistant varieties, therefore, 
susceptible tissue is allVays available so pathogens are mostl" under 
stress froro elir.latie and edaphic faetors. ¡rnen pathogens require 
insects vectors for dissemination, the latter are also under this 
stress. 

4. J3ecause of its long ¡:;ro,.¡th cyele and lack of critical growth 
stages for yield, it appears that cilssava ean tolerate modera te attacks 
of pests and diseases, often with only minor yield reduction (14). 

5. Cassava ls normally propagated vegetatively; therefore, top-quality 
propagating material is essential for good establishment, healthY stands 
en<: ;ligh yields (45). Iloreover, vegetativa propagation faciUtates the 
perpetuation of hybrid material that i5 highly promising fer desirable 
characteristics (27). 
Great care mJst be taken in selecting this pre)agating material since 
loases in stand, resulting from the use of diseased and/or poor-quality 
planting material, affect yields (13, 45). Furthermore. the movement 
of planting material froro one area to another always involves the risk 
of'introducing pests and diseases (37, 39). 

SUGGESTED NETIlODS POR CONTROLLING CASSAVA DISEASES 

In order to obtain a better control of cassnva diseases, it 18 
neeessary to integrate simple control mensures related to excluSion, 
eradication, protection and host resistanee. as unit. The follouing 
methods of control, based en J¡¡;rios I system (1). have been or should be 
taken into'consideration by cassavn pathologists: 

Regulatory methods of contxol 

The mast important cassav4 diseases (Olll, African mosaic and 
superelongation), as well as others that are potential risks (frog skin, 
American viruses and mycoplasmas, bacterial stem rot and stem gal1, are, 
fortunately, still restricted to certain continents or geographical 
areas (37, 39, 42). In order ta prevent the introduction and sp:::ecd 
of these diseases to other araDro, countries must not only establish 
quarantine regulatíons and inspections but "Iso see that they are enforced 
by thei::: plant sanitation officers. Since severa1 Euphorbia spp. and 
Hanihot spp., cOllllllOnly p1anted as ornamental trees, are also hosts of 
some cassava diseases (sea No. 1 under cultural control methods), 
quarantine regulations must also cover importations of these species. 
lt might be worthwhile to promote ehe formation of centers that would 
produce certified cassava seed under the supervision of sanitation ins­
pectors. 
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tAll.LE 2. 'Diffe r.:ntia 1 characterilltics of presently identified bacteria 1 disea ses of ca asava 

Characteristics 

Symptoms 

S~ec ies 

Cultura 1 
features 

Disse'l1ine t ion 

Control 

Cll.B* 

L~a f spotting, blight, 
gum c>:udation, wilting, 
lea f fa lling, dieback 
dry ratting of vascular 

. strandr. of stems and 
r"ots (36, 40) 

::. "'-'lnC,otiS (40, 41) 

. Fnst "rowth; s 11my, 
mucoid and «hite colo~ 
n íes (J 6, 40) 

Infected euttings; 
r"í.n .ond sol1 
sp1<:shíng (lO, 36); 
in~cc t s (lO); in­
fcst~rl tools (41) 

Resistant varietiesj 
discase-free planting 
m;l torta 1 and crop 1'0-

tation (36, 41, 55) 

CllLS* 

Lea f spotting, lea f 
ye llowing, lea f fa 11 
(58) 

~. cassavae (5tl) 

Slo;; growth, yelloH 
¡¡igment; "ma 11 s li'i'lly . 
colonies (25, 58) 

Rain splashing (58) 

Unknown 

ClISR* 

To? wi1ting, stcm soft 
rotting, pith necrosis 
(12, 1.7) 

E. carotovora val'. ca. 
rO~O'Jnra (E. C3SSll',ae) 
(12, 47: 

Fast growth; hydrolyses 
Na-pectates (47) 

lnsects (Ana s trepha 
~~!'.) (47) 

lnsect-resistant varie­
tles (12, 47), insect 
control (2, 46), clean 
planting material (45) 

Cl\SG* 

stem gall, 
s tunt ing (13) 

.\'!r(')b:1ctct"i-1 sp. 
(13) mí--

Fél S t grmvth; 
"hite slimy 
cólcnics (1) 

Inf~cted cutt­
in35 (13); i:1 .. 
fcsted 30i1 

'Claan planting 
(na taria 1 (13) 
erop rotn t ion 

* c;:;;:: ~ cassava bacteria 1 blight; GllLS '" cassave bacterial lea f spet; r:llSR ~ eassava 
bacterial stem rot; C3SG m cassava bacterial stam gal1 
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Cultural control methods 

¡he follo,linr: cultural methods can he applied to control sorne 
cassava diseases: 

1. Host eradication. 
Euphorbia pulcherrima (12), Ji. heterophylla 

llnd other species of Euphorbia (12, 5t ,) and lllln1hot glaziovii (32) 
have been reported as hosts of ~. manihoticols, the causal agent of 
supereloncntion. Other ueeds and ll!m...~ species have also been 
reported as hosts oi viral diseases of cassava (35). The eradieation 
of these apeeics in cassava-growing arcas could prevent the perpe­
tuation of sueh diseases and even eradicate them. 

2. erop rotntion. 
Soil pathogcns of cassava can sometimes be reduced 

in number or eliminated by rotsting eassava ,<¡Uh cramineous eropa or 
erop fallm<¡ing, PhytopJll:horll rool: rot, for example, can be eliminated 
after a six-month period of erop fallol'ling. Since caSSllva is a lonr:­
cycIe crop, this particular control measure could be nf great importance. 

3~ Sanitary measures. 
It has been demnnstrated that American viruses 

sr."! myeoplasmal diseases. as Hell as Al IV , can be controlled effectively 
by roguing lnfected plants (3, 16). ny using diaease-free planting 
material, disinfesting tools, and applying other sanitary preeautions 
for the laborers, cnn disseminstion has also been prevented (36, 41). 

4. Improvement oí f;rm~in~ conditions 
For eassava plsnts can be 

achieved by planting heaIthy, high-quality propar:ating material (45). 
Cultural practices sueh as drainage of fields, ridging, proper spucing 
of planta and weed control will improve planl: growth. these practices 
can slso affect, directly or indirectly, the control of dumping-off, 
root rot and foliar diseases of cassava. 

5. Xhe formation oi h1gh humidity conditiona under the plsnr cnnOpy 
can be prevented by using appropriate plant spaeing, which may inhibit 

1 infections caused by foliar pathogens (~. manihoticola, Ccrcospora 
\ spp., etc.). It is interestinc to note that Cock (14) suggests a 
II~ relatively sparse lea::' cover for maximun yi.cld~, which should also 
, lead to less favorable con¿itions fOl< sucl, diseases. Good 60i1 drainage 
\ cen aleo reduce the number .. nd Jlctivity of Pythium "'pp. and Phytophthora 
i spp., whieh have induced considercl>le losses in areas \lhere rsiufall 
¡1s heavy {more than 1200 mm/yr} and planting is done on the flat 
! (8, 49), 
1 ¡ 'F' Tissue culture hris been reported to be an useful technique inr 

roducin¡; Al'N - (26) ;,nd CllIl-free plants (43; Takatzu, personal com-
nication). . 
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DioloGicnl methods 

V.nietal rcsist:mce to cnu Q;. ~1otis) (36, l¡1), I1HV 
(3,56), Cercosporn lcnf spots ~. hcnninnsii and ~. vicosne)(ll, 12), 
Phoma len: spot CE. r.nnihoticoln)(10, 11, 12) and'~uperelongation 
(2.. munihoticolu) (11, 12, 32) hns been reported. The use of resistant 
varieties to control thcse disecses appears to be the best rneans of 
produeing neceptable yield Hithout expensive 1nputs. Results to date 
on resistnnce to these tour disceses have indicated that the variabil­
ity of their causal agents i5 limited and that there 15 good, field­
stable resistance. Ponsible explanatio~s are that these pathogens are 
specífic to cassava, the plant i5 heterozygous, and continuous suscep­
tible host tinsue is available. In the case of superelongntion, it 
was found that the resistance of certaín varieties WIlS broken after 
three years of continuous eultivntion. Recently, the existanee of 
physiological races "as reported, nbich >las to be expected since the 
patho¡;en has othar Ilnnual and percnnial Euphorbia host spectes (12, 51+), 
indicatin::; that Cllssaw" i5 a na" host 'll1d the pathoBen possib1y evolved 
first on thcse "ild host spaeies. 

111e mycoporasitism of Darluca filur.l reported on Uro!f!\lces spp., 
pathogenic te> cassavn (12, 33), should abo be taken in consideration. 

~lysical control m~thods 

Hicro,.,ave, ultraviolet 1iSht and heat treatments have been used 
to eradicate pathogens infecting cassava suttings (9). Traetíng 
cuttings uith hot "mter eontrolls the m:ycoplasma l1itches' -broom suceess~ 
fully (17). . 

Cheroienl control 

Ir 1s economieally fansible to use chemicals (a) to starilize 
seedling beda \1hen using the rnpid propa¡;ation system (15); (b) to treat 
cuttings before storaBe 'and/or planting because of the protectant or 
eradicnnt in the casa of 1. manihotieola (12, 45) effaet (11, 12); 
(e) to prevent postharvest microbial deterioration of the roots (44); 
nnd (d) to reduce the incidence of AHll nnd IlSn, which are disseminated 
by !lamisia npp. Ilnd Anuthfepha spp., respectively (2, 3, 7). Nevertheless. 
continued chemical control of foliar diseases tvould be prohibitively 
~{pensive sinee cnssava ia a long-cycle crop. 

lffiTIlODOLOGICAL PltODLElíS 

Several problems mny be encountered by caesava pathologists, es­
pecially dur1ng the eerening and evaluation of varieties and hybrids. 
the follo\fing ere the moat comrnon: 

l. Plant yiel can be highly variable if appropriate planting material, 
chernical treatment of cuttings (4S), agronomical practices (6, 45) and 
weed control (19) are not used. As cassava 1e a shrub, the border 
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cffect betueen plots mil,! also induce vnriabilities. Optimun plot 
size should be used (52). 

2. Roet rot problel11S can reduce plant populationl unit crea nnd 
thus yield. In many caseS they nre notic<!;:¡ble only ,·¡hen hllrvestin¡;. 
The uSe of high-qunlity, disease-free planting materi-al (45), es well 
as gond 118ronomic practices (6), should lead to the reduction or 
prevention of these problems. 

3. In rnnny cases the senitary conditions and vigor of the aerial part 
of the plnnt do nat bctlr n relationship to 111gh yield. ViBorous, 
henlthy plants can yield less than others because of the:!.r poor genetic 
y1elding abil1ty. It should be 1,ept in mind that from a commercinl 
standpoint the roots are the most important part of the planto 
It takes more than t,~o yenrs to obtain progenies by sexual recombinations 
(27), and there are ab/ays limitations of planting material for the eval­
ul'\tion of desirable characteristics. Consequently, it seems logical that 
evaluation programs Hould, in the short term, be more efficient if they 
~iere restricted to promising high-yield1ng progeny of controlled crosses 

cross-polHnation in cassava i6 h1gh (27) • In addition, the incorpo-. 
ration of resistance should be restricted to those diseases that have 
been shown to cause losses of economic significance. 

4; There 1s h1gb degree of overlapping of symptoms induced by diseases, 
insects and environmental or edapbic factora. This enn easily lead to . . 
mi.'takes in final evaluations. Consequently, an accurate definition o.f 
the different symptoms for each disease must be kept ilL mind when evalua­
tion for resistance. For example, cassava bacterial blight , gum exuda­
tion on shoots and green stem parts, leaf fallo w11ting, dieback, and 
vascular discoloration of the stems and rool:s. On the other hand, angu­
lar leaf spots are also induced by Xnnthomonas cassavae;blight by 
Cercosporn vicoene nnd Plloma spp.; (;tlltl exudation by shoot flies or as 
the result of mechanical injuries; leaf fall by fungi (Cerc05pora s1'1'., 
l'homa 51'1'.), bacteria Q.;.. cassllvae), soil salinity and drought; ~'lilting 
by E~tinia carotovora varo carotovora ~. cassavae) llnd root rot pathogens; 
dichack by Phoma spp., Spbaceloma manihoticola,mites, thrips, soil 
salinity and drought; snd vascular discoloration by root and stem fungi, 
es well as li. carotovora varo carotovora ~. cassavae). 

5. Greenhouse ev.,luetj.ons requirc spacc and control conditiol1S uhich 
inply costly equipmcnt .. Díscnnes stlch c.s C~rcosporD len!: spots, rhor.:a. 
leaf spet and supereloncation, ,·:hioh are enclemic te nreas tahere environ­
ments favor their incidence and severity. can be evaluated better under 
local field conditians. Those disellses ,·¡here field evaluation clid nat 
sho.l even infection and/or there wa.s an overlapping of symptoms 5.nduced 
~y other factors (such as CBB), are better snd more sccurately eva.luated 
uader greenheuse cenclítions. Subsequent fiald evaluat10ns of the greenhous! 
selected material are recommended. 

The above considerntions are given with the hope tha.t tbey will 
contribute towards understanding the pathological problema of cassav4. 



AlthO\l(;h the llaiqucncf>G oi this erop requircs that pathologists look 
<!t these prQhle,os quite differently fron other eropS, the inte¡:¡rllted 
control oí: clisc(1se Elnd pests could be highly succcssful in cassava. 
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o,"~ DISEASES OF 'CASSAVA ' ¡: 

J. C. Lozano* and R. H. Booth** 

Introduetion 

With the ever inereasing world population and the resultant 
decrease in faod energy sourees, seientifie attention is turning to 
some of the less familiar foad cropa such as eassava. To increase 
cassava yields to a maximum, as in sny other erop, it i8 imperative 
that we inerease our knowledge of the many diseases that reduce yield8 
and how they may be controlled. Limited informatlon ls currently 
available about cassava diseases. This paper ls an attempt to gather 
together much of this information and preseot it with recent 
observations made by the authors. 

lo general, the literature implies that cassava diseases are of 
minar importanee. Although facts relating to actual losses eaused by 
the diaeases are scaree, anyone who has observed cassava in the fieId 
wiIl realize that these diseases are of great importance. The large 
number of publleations which merely mention the existence of different 
pathogens but rail ,to present data on their importance, epidemiology 
or control, serve to illustrate our lack of knowledge. 

Cassava suffera from a wide variety of diseases caused by bacteria, 
víruses and fungi. Ou a global basis cassava bacterial blight i8 
considered one oí the most devastating as it results in complete 10S9 
of yield under eertain conditions. In Afriea, easeava mosaie ls 
undoubtedly one of thc most important faetors limiting production. 
Also of widespread importance are the cercospora leaf spots. Many 
other diseases are les s widespread or are on1y important under certain 
environmental conditions. Several of the root rots, for example, may 
cause severe 10ss in yield, particularly in poorly drained soils, 
and phyl10sticta leaf apot may cause complete defoliation aud dieback 
in certain cooler cassava growing areas. Gappy cropa may result from 
d&~ping·off diaeases snd ste~ rota may cause severe losses of viability 
in thOS8 regions where storage of plsnting material 15 neccssary. 

* Plant pathologtst (Bacteriologist), Centro Internacional de 
Agricultura Tropical, ClAT, Apartado Aéreo 67-13, Cali, Colombia, S.A. 
** Visiting scientist (Cassava pathology), Centro Internacional de 
Agricultura Tropieal,CIAT, Apartado Aéreo 67-13, Cali, Colombia, S.A. 
(Permanent address: Tropical Products Institute, TPI, 56-62, Gray's 
Ion Road, Louden, WC1). 
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While it is not fully understood whether the cause of the rapid 
postharvest detcrioration, of cassava roots i5 physiological or 
pathologícal, or a combinatíon of the two, several microorganísros 
have becn shown to result in postharvest rots and fermentations. 

BACTERIAL DISEASES 

~ava bacterial blight 

Cassava bacteria1 blight i8 the most important of several 
bacterial diseases reportad. It was first recorded in Brazil 
(~ondar, 1912, Costa, 1940b) but has since been reported in Colombia 
and Venezuela (Lozano, 1972a; 1973; Lozano and Sequeira, 1913a, 
1973b) and has been observed in several other countries in South 
America and Africa. This disease i5 now recognized as one oi the most 
important factors limiting production in affected areas where in wet 
seuons it can caUSe complete 10ss of yield (Drummond and ilip6lito, 
1941: ~lliot, 1941: Lozano and Sequeira, 1973a). 

The symptoms, epidemiology, nature oí the causal organism,and 
control oE this disesse have been studied extensive1y by Lozano snd 
Sequeira (1973a, 1973b). Symptoms are characterized by 1eaf spotting 
and blight. wilting, dieback, gum exudation, and vascular necrosis. 
Prima .y symptoms resulting from the planting of infected material are 
indicated by wilting of the young leaves fol1owed by dieback (Fig. 1). 
Secondary symptoms, resulting from secondary infections, show leaf 
spotting followed by blight and diehack. Leaf spots are at first 
small, angular, and water soaked but cnlarge to cover part or a11 of 
the leaE and turn brown (Fig. 2). These necrotized 1eaves dry up and 
rema in attached to the stem for a short time but later fal1 off. Gum 
i& characteristically exuded frcm young infectad stem~ petioles and 
leaf spots.Vascular strands of' infectetl petio1es and stems necrotlze 
and appear as brown strings. This vascular discoloration may a180 
spread into and infect roots (Lozano, 1972a).. The disease has only 
been found in species or varieties of the genus manihot (Bondar, 1915; 
Amaral, 1942b; Burkholder, 1942). 

The causal bacterium ..,as first named Bacil1us Hanihot la Arthaud­
Berthet (Rondar, 1912) but "'as later rena,ned Phvtornonas Hanihoti 
Arthaud-Berthet and Bon¿"r Viegas (\'iegns, 1940). Ho;,rever, DrUlltllond 
and Hip61ito (1941) found that some of tne characteristics of the 
bacterium tney isolated froro cassava Were different from those oi tne 
species originally described by Bondar (1912). Burkh01der (1942) 
concluded tbat the orgañism should be placed in the genus Phytomonas 
and the neme Ph. Manihotis was included in Pergey·s Manual (Bergey,; 
1948). Comparative studies of a new isolate with the straius of 
Burkholder and oí DrUlllllOtld and Hip6lito vere _de by Amaral and 
Vasconcellos (1945). !hey conc1uded that a11 three strains belonged 
to Ph. Mauihotis. Later, Starr, (1946) changed the named to Xantnomonas 
Manlhotis GArthaud-Berthet} Starr. 



0 __ 
Cd~!aVa b2ct€rial bli9ht. Plant !howing typicAl le~f wilt ¿nd 

~ie-b.ck sy~ptoms. 



However, as a result of studies on morphology, physiology, 
serology, and phage susceptibility oE the bacterium isolated in 
Colombia and Brazíl, Lozano and Seque ira (1973a) concluded that they 
were sufficiently different from X. manihotís t:o·be constrlererl a 
separate strain. They reported that the cassava blight bacterium 
differs from X. manihotis in ce1l size, mobility and flagellation, 
productíon of H2S, utilization of nitrate, hydrolysis of starch, a~d 
in several serological relationships. They also reported that a 
comparison with a type culture of X. manihotís revealed differences 
in pathogenlcity, growth rate, sero1ogical characteristics and phage 
susceptibility. 

Lozano and Sequeria (1973a) reported the cassava blight 
bacterium as a gram-negative slender rod, mobile by means of a single 
polar flagellum, not encapsulated, and not apore forming. lt is an 
aerobic, fast-growing bacterium which forros no pigment on sugar containing 
media. lt hydrolyses starch and gelatin and reduces 1itmus milk. lt 
doea not induce a hypersensitive reaction on tobaceo leaves or eause 
soft rotting of potato tubers, or cassava roots. lt produces levan, 
catalaae. arginine dehydro1ase and lipase, but doea not produce H2S, 
índole, urease, tyrosinase or pbenylslanine deaminase. lt ls able to 
grow en media contalning NaC or tetrazolium choloride at maximum 
concentrations of 2.5 and 0.2% respectively. The bacterium uti1izes 
nitrste and· ammonium as sources of nitrogen; most simple sugars can 
serve ss sources of carbon, but acld ls not produced; various amlno 
scida and other organle acids are readily utilized. lt can be 
separated by serological and phage-typing methods from species of 
Erwinia, Pseudomonas and Xanthomonas, inc1uding X. manihotis. A 
species of Bdellovibrio caused lysis specifically on this bacterium 
snd could be ~sed to separate it from other pIant pathogenic bacteria. 
As a result oE this Lozano and Seque ira (1973a) concluded that the 
cassava blight bacterium should be considered a strain of X. 
manihotis but needed further revislon. 

The bacterium normally penetra tes the host via stomata1 openings 
snd wounds of epiderma1 tlssues (Pereira and Zagatto, 1967 ; Lozano 

. snd Sequeira, 1973a). The bacterium eventual1y invades the vascular 
tissues and causes extensive breakdown oí parenchymatous tissues in 

.. -,. leaves aud young ShoOt8. Movement into the aten and petioles takes 
place primarily through the xylem vessels (DrUImlond and Hipólito, 
19~1; Amara 1 , 1942b, 1945) snd poSSibly through the ph10~il (k~aral • 

. 1942b; Fereira and Zagarto, 1967). Movement through the pith tissues 
has also been reported (Drummend and Hip61ito, 1941). In mature. 

·high1y lignified tissues of old stsms the bacterium remains restricted 
"',tú the vascular tissues. In general, planta develop typical symptoms 

within eleven to thirteen days of infection (Amaral, 1942b; Pereira 
",..ad 2.agatto, 1967;1.o2:ano, 1972a, Lozano and Sequeira, 1973b). 
O:.l>.;. 
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The possibility that the pathogen spreads Erom one area to 
another by infected cuttings or contaminated insects was suggested 
by Amara1 (191¡5). Nany workers (Carneiro, 1940; Gonca1ves, 1939, 
1948, 1953; Drumwond and Hipólito, 1941; Lozano, 1972a,> Lozano and 
Seque ira, 1973b) have suggested or d~~onstrated that the pathogen 
could be spread by the mOlTement of soí1 during cultural operations 
and by the use of infested tools. Drummond and Hip61ito (1941) reported 
an increase in leaf spotting during the rainy season. Lozano and 
Sequeria (1973b) halTe clearly demonstrated that rain splashing 1s 
the most important rneans of dissemination in localized areas and that 
dissemination from one area to another or from one growing season 
to another occurs largely through infected p1anting material. 

It has been reported (CIAT, 1971, 1972: Lozano and Sequeira, 
1973b) that by pruning mast of the above ground portion of infected 
plants spread of the disease may be delayed. However, the success 
of this methods is dependent on the susceptibility of the cultivar 
and the interval between initial infection and prunning. A successful 
means of contro1ling the disease has been developed by Lozano and 
Wholey (1974, in press). This method inlTolves the rooting of disease 
free stem tips oE infected plants and can thus be used to clean up 
infected cultivars or stocks and so provide certified bacteria-free 
cssssvs 'seed'.The eXLstence of varietal resistance to this disease 
has also been noted (Carneiro 1940: Goncalves, 1939, 1948; Drummond, 
194~; Drummond and Goncalves, 1953; Lozano and Sequeira. 1973b). 
Botn a hypersensitive reaction and a restriction to penetrstion and 
systemic Lnvasion have been observed (Lozano and Sequeira. 1973b). A 
combínstion of the use of resistant varietles snd disease free planting 
material would thus appear ta be a promising means of control. 

Other bacterial diseases 

Other bacteria1 diseases of cassava inc1ude a disease reported 
in Uganda (Hansford, 1938) characterized by leaf spotting and necrosis 
of the petioles with subsequent defollation. The steros also become 
infected but wilting is not described. The pathogen was named Bacterium 
Cassavae (Hansford) Burkho1der (Bergey. 1957). This organism is a 
gram.negative, facultative, anaerobie rod which does not forro capsules. 
It ia mobile by meZTIS of a few peritrichous flagella; it liquifies 
gelatin¡ it forro:::; base from milk and acid fr0:11 glucosc\ sucrose! 
maltose, and glycercl, but not from lactose 01' reduced nitrates. On 
agar it forms yellow, smooth, entire and translucent colonies. 

Wiehe snd Dowson (1953) reported a bacterial disease of cassava 
in Malawi (Nyasaland). This disease iB characterized by leaf spots 
which are at first yellow and circular. As tbese apots enlarge, they 
become angular with a brown centre and a broad yel10W halo. The leaf 
veins redíating from the margins of these spots become dark brown but 
the leaves are shed before the petioles become infectad thus preventing 
stem infection. 
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Cassava bacterial blight. leaflest showing angular leaf spots 

and l •• f blight. 

eessava .osaie d1s~.se (African Nos_te). Leaf showing typical thloros1s 
and defor •• t1on (Photograp) eourtesey of Dr. R. Wll1iamSt rITA. Ibadan 
(Nlgeria). 
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C.ssava Mosaic dise.se (African Mosa1c). Chloros1s reduction of leef 
lamina and distort1on of severely tnfected leaf. (PhGtGg~ap courtesey 
.f Dr. R. Wl111.m., lITA, Ib.dl". (Nlgerla). 



Under h~id conditions a sticky liquid containin¡ •• eteria ia «xuded 
from lower leaf, surfaces aud rain splashing of thi. exudate apreads 
the dtsease. Ihe causal agent was named Xanthomonas cassavae ap.n. 
which ís a gram-negative rod mobile by means of polar fla&ellum. 
Colonies on nutrient agar and glucose agar are pale yellow, confluent, 
aud viscous. lt forms aeid from suerose, sma1l amounts of aeid fraR 
dextrose and maltose, and no aeid from lactase, sa1iein, glycerol, or 
mannitol. It produces hydrogen sulphide from peptone and nitritos 
froro nitrates (Wiehe and Dowson. 1953; Dowsou, 1957). 

Pseudomonas Solanaeearum E.F.SM. has been reported (Burkholder, 
1942; Amaral, 1945; Kelman, 1953; Orejuela, 1965) as a pathogen of 
ea.sava in Brazil. It induces wi1t in young plants but not leaf spotting 
or gym exudation. Several other bacteria1 species have been reported 
inductng 80ft cots and/or fermentations of harvested cassava roots. 
These are dise~ssed bel~ in the seetion on root rots. 

VIRUS AND MYCOPLASMA LIKE DISEASIS 

Severa1 virus diseases are reported and although considerable 
losses may res~lt from sorne of these diseases, such as easaava 
moaaie disease in Afriea, researeh has been scattered snd spasmodie. 
In a reeent review of the status oi these diseases, Lozano, (l972b) 
pointed out that che information available ia limited snd incomplete. 
Disense symptoms are frequently deseribed in general terms but full 
details are rarely given, los Ses froro these diseases are seldom 
aseertained, and frequently little information is available 00 sueh 
importaot subje~ts as host range and transmission. Similarly, few 
reports give any detailed biological, physiologieal, physieal, or 
charoieal characteristies of the infective agent. 

eassava Mosaie disease 

This disease was first reported by Walbur¡ in 1894, lt occura 
in all parts of Rast, West, and Central Africa and adjaeant islands 
(Storey, 1936; Storey tnd Niehols, 1938; Chant, 1959; Jenn1n:., 196Oa, 
1970) and reported Iones in yi.eld frOOl this diseue r .. nr.e fr"", 20 
to 907. (Lefevre, 1935; Chant, 1959; Jennine', 19604; Doku, 1965; 
Beek, 1971). 'Ihis diseaSe does not "ppe«r in other countries and is 
noti~eably absent from the Americans, the r.cO&ni~ed source of ori&in 
of the ·crop. lt may thus be regarded as a new or introdueed disease 
to this crop. 

The s~toms in cassava are charaeteristic of " mosaie di.eaae. 
Early in the development of the leaf, chlorotic ,,~as can be obaerved 
·aud leaflets are frequently distorted (Fig. 3).' Leaves are acm.times 
reduced in aize, mi.ahapen and twisted, with bri&ht yellow are .. 
aeparated by normal green tissue (Fig. 4) (Jenninga, 1960a). 
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This disease has on1y ?een found in l1anihot spp. 

Successful transmission by Bemisia spp. (Whitefly) has been 
reported. For whiteflies to bccome viruliferous, it i8 necessary 
for them to feed for at least four hours on young diseased leaves 
followed by a further four·hour incubation period (Storey and Nich01s, 
1938; Chant, 1958; Jennings, 1960a). 

Several attempts have been made to purify the infective agent 
without succesa. Gálvez and Kitajima (pers. comm.) were unable to find 
virus like particles in either leaf dip preparations or in ultra thin 
sections. Their purification trials were also unauccessful. Barbee 
(pera. cornm.) reports finding two camponents in a disease extract by 
his purificatian procedure. GAlvez (pers. comm.), however, suggests 
thatthis disease should not be classified as caused by a virus until 
further research clarifies the identity of the causal ageat. 

The only effective control of this disease is by the use of 
resistant varieties (Storey, 1936; Jennings, 1960a; Doku, 1965; Beck, 
1971; Dubern, 1972; Hahn, 1972). 

A similar mosaic disease has recently been reported in Kerala, 
India (Menon and Raychaudhuri, 1970). The symptoms of this disease 
are similar to those reported above and it 19 also transmitted by 
whi~ef1y. As well as being found in Manihot spp. it has been recorded 
in cucumber (Menon and Raychaudhuri, 1970). Whether this ls the same 
disease as that reported above in Africa 15 not known. 

Cassava common mosaic disease 

Coromon mosaic disease occurs in various parts oE Brazil (Costa, 
1940a; Costa et al., 1970) snd has also been reported in Colombia 
(Kitajima and Lozano, pere. comm.). Loases in yield range from 10 to 
20% but because oE its ease oE control the disease i8 considered 
comparatively unimportant (Costa et al., 1970). 

The symptoms of cassava are characteristic oE a mosaic disease 
snd consist main1y of chlorosis of ehe Ieaf b~e. These chlorotic areas 
are not usually as well demarcated as those of the cassava mosaic in 
Africa, but otherwise the genera 1 symptoms are similar (Fig. 5). The 
host range of this virus ís relatively wide snd it 1s able to attack 
Manihot spp., Eupborbia Prunofolia, Chenopodium Amaranticolor, C. 
Guinoa, Malva Parviflora, and Gossypium Rirsutum (Costa et al., 1910). 

The disease has been trasmitted mechanical1y and by grafting, 
but no natural vector has been recorded (Costa et al., 1970). Virus 
infectivity is destroyed when infected sap la heat treated at 65-10·C 
for 10 minutes, but at 20·C infected sap rematns infective for at 
lease 24 hours (Kitajima and Costa, 1966a; Costa et al., 1970). 



The virus particles are elongated flexuous rods measuríng 15 mu 
diam. with a no,rmal length of about 500 mu (Kitajima et aL, 1965; 
Kitajima and Costa, 1966a; Costa et al., 1970) with good antigenic 
properties (Silva, 1962; Costa and Kitajima, 1972a? 

Effective control has easily be en achieved by the use of clean 
vegetative planting material and by roguing diseased plants from 
plantations (Costa and Normanha, 1939; Costa el al., 1970). 

Cassava brown streak disease 

Brown streak disease was first recorded and described in 1936 
(Nicho1s, 1950), and is reported only to occur along the east coast 
of Africa and at altitudes below 3,500 ft. (Nichols, 1950; Jennings, 
1960b). Recent information suggests that this diaease is very 
uncornmon. Losses are difficult to estimate because the plants are 
usually infected Simultaneously with mosaic disease. Because 
diseased roots are unfit for human consumption, los ses are considerable 
(Jennings, 1972; Lozano, 1972b). 

Infected planta show eh1orosis of the leaves, necrosis of the 
root storage tissues and leaf scars remain longer than expected 
after normal 1eaf drop. Brown lesions sometimes occur on the young 
green stems (Nichols, 1950; Jennings, 1960b). This virus is able 
to infect Manihot spp., Petunia Hybrida, Oatura Stramonium, 
Nicotiana Tabacum and N. Glutinosa (Lister, 1959; Jennings, 1960b; 
Kitajima and Costa, 1964). 

Transmission by both mechanical means and by grafting has been 
reported (Stotey, 1936; Nichols, 1950; Lister, 1959) and whereas 
transmission by veetors is suspected, it has not been demonstrated 
(Lister, 1959; Niehols, 1950). Virus infectivity is destroyed when 
infected sap is heat-treated to 50·C for 10 minutes and at 20·C sap 
is reported to lose infectiveness in 1ess than 24 hours (Kitajima 
and Costa, 1964). Kitajima and Costa reported the dilution end point 
of the virus to be 1:1000. They found rod shaped particles about 
60 mu long during e1eetron microseope examination8 of dried material. 

Effective control has been obtained by using disease free 
plantinb material. Resistant varieties have been reported (Jennings, 
1960b; Nichols, 1950; Storey, 1936). 

Cassava vein mosaie disease 

This disease is reported-to occur in scattered localities in 
Brazil, but 1ittle reliable information i8 available (Costa, 1940a; 
Kitajim~ and Costa, 1966b; Costa et al., 1970). Symptoms of this 
d1sease are characterized by vein clearing and leaf cur11ng, and it is 
reported to be transmitted meehanieal1y and by grafting. Manihot spp. 
and Oatura Stramonium are the only known hosts. 
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¡;lectron mícroscope examínstions of diseased material have revealed 
spheroidal partieles of about 50-60 mu in vivo (Costa, 1940a; 
Kitajúna and Costa, 1966b; Costa el al., 1970). 

Witches broom disease 

This has been reported in Brazi1. Venezuela (Gonca1ves et al., 
1942; Normanha et al., 1946; Costa et al., 1970; Kitajima and Costa. 
1971) and Mexico (Kitajima, Costa and Normanha, 1972; Costa and 
Kitajima, 1972a, 1972b). Reduetion in yie1d can be relatively high, 
sometimes in excess of 80% (Goncalves et al., 1942; Silberschmidt and 
Campos, 1944; Normanha et al., 1946). Diseased plants can be 
recognized by their stunted appearanee, shortening of internodes. and 
excessive proliferation of branches. However, care must be taken in 
diagnosing this disease as similar symptoms have been shown to 
result frorn heavy thrip infestations (Lozano and Schoonhoven, pers. 
cornm.). In fact, litt1e is known about this disease, but Costa 
et al. (1970), Kitajima and Costa (1971) and Costa and Kitajima 
(1972b) have concluded that the disease 1s associated with a 
mycoplasma like organismo 

Latent virus 

A latent virus has been reported by Costa et al., (1970). 
This virus has no symptoms in cassava but is tbougbt to be widespread. 
lt ls a rabdovirus of 280-300 mu (Costa et al., 1970). 

FUNGAL DISEASES 

Many fungal diseases of cassava, varying considerab1y in their 
distribution and importance, bave been reported. Those diseases 
considered to be mast widespread or important in particular situatiors 
are described here as leaE diseases, stero-rots snd root-rots. 

Leaf diseases 

Several Cercospora spp. have been reported to induce leaf Gpots 
On cassava. Considering severity and geographica1 distribution 
C. Rennlogs!! A11escher and C. Caribaea Chupp and Ciferri appear to be 
~he most important (Cardin, 1910; Ghesquiere and Henrard, 1924; 
Viegas, 1941; Golato, 1963; Go~to and Meossi, 1966; Gastano, 1969). 
Although tbe economic importanee oi these pathogens on cassava is 
undetermined, several reports (Sydow, 1901; Deslandes, 1941; Chevaugeon, 
1956; Normanha and Pereira, 1964; Castano, 1969; Jennings, 1970; 
Golato and Meossi. 1971) suggest tbat tbey are important in certain 
geographic ar~aa during the rainy seasons. 
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® 
Cassava Common mosaic disease (Braz11ian mosaic). leaflets showing 
mild and severe $ymptoms~ 

erOW" leaf.sport (Cercospora ~enningsff). Lerge brown lesiDns with 
d1st1nct borders~ 
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Brown leaf spot (e Hénníngsií) is probab ly the mast important 
of all the casS'ava 1eaf diseases. Ihis disease í5 widely distributed 
and Can be found in Asia and North America in addition to Africa and 
Latin A¡nerica. rhe pathogen appears to have one of the widest host 
ranges of the eercospora "pp. attacking Manihot Glaziovii (cera rubber) 
M. Piauhynsis, and by artifical inoculation, Ipomea Batatas (Sweet 
patato), in addition to M. Escu1enta (Viegas, 1941; Golato, 1963; 
Ferdinando et al., 1968; Powe1l, 1968, 1972; Golato and Meossi, 1971). 

C. HenningsH grO\ ... s in the intercellular spacee of the 1eaves 
and produces stromata from two to six ce1ls in depth and from 
20-45 u in diameter. From these strornata conldiophores are produced 
in dense fascic1es. The conidiophores are pale olivaceoue brown 
(medium-dark in mass}, uniform in colour and width, unbranehed, 0-2 
midly geniculate, rounded at the tip with a small to medium spore 
scsr, straight or nearly so and measuring 3-5 x 10-50 u, rarely as 
long as 100 u with the 10ngest ones sparingly spetate. The amphigenous 
conidia, produced singly at the apex of each conidiophore, are eylindric, 
straight or slightly curved, with both ends blunt1y ""unded or with a 
ahort abconic base, p1ainly 2-8 septate, pa1e ollvaceous, and messuring 
4-6 (7) x 30-60 (85) u (Chupp, 1953; PO'4ell, 1968, 1972). Black perithecia, 
100 u diam, occasionally appear seattered in the necrotic tissue of 
the foliar spots on the upper surface of the leaf. The ase! are 
elongate~1avat~eight-spored, sub-sessile, 55-72 x 10-13 u. The 
aseospores are ovold, uniseptate, constricted st the septum, 11-22 x 
5.2-6.8 u. The upper cel1 of these spores ls of greater diameter than 
the lower snd ls drswn out as a cañdle f1ame ( Chupp, 1953; Powell, 
1972) • 

The perfect sta te 'of C. henningsii was reported as ~cosphaerella 
manihotis Ghesquiere Henrard non Sydow ( Ghesquiere and Henrar.d, 192t; 
Ghesquiere, 1932) and 1ater corroborated by ehevaugeon (1956). However 
the genetic relationshin between the stages has not been proven. Powell 
(1972) suggested a new nomination needs to be provided for the sexual 
stste as the one in use 15 a 1ater homonym of the name given by Sydow 
(1901) • 

C. cassavae El1. & Eu; C:manihotis P. Henn., C. cearae Fetch, C. 
msnihotico1a Stev. Ined., C. manihotis P. Henn., Helminthosnoruim 
menihotis Ranhel: 11. hispaniolae Ctf. J Bnd Sel"togloerum m~nihot.i5 Zinn 1 

ere 811 considered 1:0 he synonymous ~ith c. Henningsii ( Cife:,ri, 1933, 
Chupp, 1953: Pnwe1l, 1972). 

Symptoms on·cassava are chaTacterized by leaf spots on both sides 
of the leaves. On the upper surfaee the spots appear uniform1y brown 
with a distinct darker border (Fig.6). On the 10wer surface the tesions 
have less distinct margins and in the centre the brown spots assume a 
greyish cast because of the presence of conidiophores and conidia of 
the fungus. As these fIat circular lesinns, 3-12 mm d1am, grow they 
become somewhat irregular and angular in shape as they are limited 
by the 1eaf urgin Ir major veins .• Small veins within the lesinos appear 



black. Someti.mes, depending on the susceptibilit)' of the variet)', 8n 
indefinite halo or blighted area i5 present around the lesions. As 
the di5ease progres5es, infected leaves turn yellow and dry, and 
eventually drop. Susceptible varieties ean thus be severely defoliated 
during warm rainy seasons. 

Primary infeetions are initiated in neW plantings when wind or 
rain carry conidia frcm lesions on oId faller infected tissues to 
infection courts on leaf surfaces. Xf sufficient moistrure ls present, 
th~ eonidia germlnate, producing branched germ tubes Yhieh frequently 
anastomose. Penetration oecurs through s toma tal eavitles and invasion 
of the tissuesthrough intercellular apaces. In warm, humid conditions 
infeetion usual1y Qeeurs vithin twelve houra ( Wallace, 1931 Ciferri, 
1933; 1933; Viegas 1941, 1943a, 1943b; Chevaugeon , 1956). 

When these lesions mature, eonidipbores are produced frcm the 
stomata. Secondary disease cycles are repested throughout the rsiny 
season whenever conldia are carrled to new sites of infeetion by wind 
or rain. The fungU! survives the dry season in old lesions, often on 
fallen leaves, and reneW5 lts activity with tbe ccming of tbe rainy 
seaeon snd the renewed growth of the host. 

Chevaugeon (1956) demonstratéd that on a giv,en ¡llant the older, 
lower leaves are more susceptible than tbe younger, upper leaves, Thls 
is corroboratt,d by othl'=r Iluthors. However, it hes been observed that 
sorne susceptible apecies ( M. carthagenensls) and cultivara of ~ 
esculenta mey be severely snd evenly attacked. Leef1ets, youug leaves, 
perloles, and even fruita of M. cartbagenensis have been observed wlth 
severe diaease aymptoms. It 19 reported that planta that have been 
.. hardened .. by unfavorab1e growing conditions become more resistant 
(Viennot-Bourgin and Crimaldl, 1950) but no differenees in susceptibility 
between plants grown or rich or poor so11 were found ( Chevaugeon, 
1956) • 

Cultural practices, such as wlder spacing, direeted towards 
reducing excess humid!ty in the crop stand are recommended to reduce 
infection ( Springensguth, 1940; Golato, 1963, Golato snd Meossi, 
1966), The use of copper oxides sud corper oxychlorides suspended in 
mineral oi1 applied at arate of 12 l/ha have oeen reported to give 
good control ( Golato, 1963; Golato and Meossi, 1971 ). However, the 
best control of eh!s dis.ease b obtained by plant1ng resistant vsrieties. 
Significant differences in varictal resistance bave been reported in 
Afr1ca ( Chevaugeon, 1956; ~nab, 1970), Bra:!1 ( V!egas, 1941, 1943a. 
1943b ) snd in the extensive co11ection of cassava varieties at ClAT, 
Colombia ( elATo 1972 ) • 

White leaf spot (e.earibae~ ia eommonly found in the humid bot 
cooler cassava growing regtoDs and has been reported in certain areas 
of Asia, Nortb Ameriea.trcpleal Afriea, and Latin Amerlea (Viegss. 
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1941; Chevaugeon, 1956). 

C. caribaea forros slight stromata in infectad leaves from which 
conidiophores are produced in loose fascícles. Ihe conidiophores which 
emerge through stomata are usually olívaceous brown, uniforro in colour 
snd width; rarely branched, 1-15 geniculate, sub-truncate at the tip 
with S fairly large, spora scsr and maasure 3-5 X 50-200 u. Ibe 
hypophyllous conidia are hyalina to aubhyaline, obclavate-cylindric. 
with bluntly rounded enda, 1-6 septste, strsíght or nearly 80, and 
messure 4-8 x 20-90 u (Chupp , 1953¡ Powell 1968, 1972). 

Whi1e the name C.caribsea Chupp snd Ciferri la widaly sccepted 
for this fungus, Powell (1972) sCates that the name 19 not at present 
valid snd will on1y be validated,by the pubIication of a full latin· 
deacríption. This species can easiIy be distinguished from other 
Cercospora spp. en M. esculenta,by the lesf symptoms and by the hysline 
conidia produced (Chupp, 1953; Powell,1968). 

Lesions caused by C. caribaea are smaller and different in colour 
to those inducad by C. henningeii. Ihey are circular to angular, usually 
1-7 mm diameter, and white, or rarely yellowish brown (Fig.7). Ibe 
lesiona are sunken from both sides to about one-half the thiekness of 
the healthy leaf blade. While the white spots remain distinct, the lesiona 
frequently have a diffuse coloured border on the lower leaf surface. 
Ihe border sometúnes appears as an irregular violet-brown 1ine surrounded 
by a yellow or brownish halo. Ibe centre of the apots are given a greyish 
velvety aspect during the fructification of the pathogen which occurs 
predominantly 4n the underside of the lasf. 

Penetration occurs through stomatal eavities and invasion of the 
tissues through intercellular apaces. When the 1eaf spota thus produced 
reach about 5-7 mm a strema la formed froro which the conldiophorea 
are later produced. Secondary disease cycles are repeated throughout 
the rainy aeason when the conidia are dispersed by rain .pIa.h. Ibe 
fuegus survives the dry aeason in old, infeeted.tissues and'renewa 
its activity wlth the coming of the rainy aeason and the renewed 
growth of the host. 

.~ " 

Recornmended control measure$ far this disease are similar to those 
for brown leaf spot. Specific resistant varieties have nat been reported, 
but fieló observations auggest auch resistance exists. 

, ,~. 

Ibe development of the two diaeases, brown·and whlte",leaf apota, 
18 siMilar but generally brown leaf spot la more common in hot, dry 
regions and white leaf apot in' humid, cooler cassava growing'areaa~: 
Ibese distribution differences reported in Africa ( Chevaugeon, 1956) 
and Latin America' (ClA!, 1972) are probably the result oi differences 
in temperature snd moisture responses of the two causal'fungi. Ibe' 
opttmum temperatures tor conidial genDination of C.henningsil and 
C. cariabas are 39 and 33·C, respectively, and the maximum temperatures 



to allow germination are 43 and 33·C, respectively, Conidia of C. 
henningsii wil1 germinate at 50 percent R.H. with optimum germination 
at 90 percent while conídia of C. caribaea need to be immersed in 
water for normal germination. Nutritional studies have a180 revealed 
differences between the two fungi; C. henningssi i8 able to utilize 
acetate, citrate, and various amino acids but not pentoses~ C. caribaea 
however utilizes pentoses as energy and carbon sourees but does not 
generally utiliza trioses (Chevaugeon, 1956; Powell, 1968). 

C. vi8cosae Muller and Chupp is tbe causal agent oí a diffuse 
leaf ~pot in tbe warm cassava growing areas of Brazil and Colombia 
(Viegas , 1941; CIAT, 1972). Leaf spots are large and browu without 
defínite borders. Each apot frequently covers one fifth or more of 
the leaf lobe. Ihe upper surface of the spot is uniformly brown but 
on the under surface the centres oí the brown lesions assume a greyish 
cast because of the presence of conidia and conidiophores of the fungus. 
Ihe general appearance oE the lesions is similar to those induced by 
Phyllosticta sp. but can be distinguished from the latter which usually 
have concentric rings around the lesions on the upper leaf aurface. 

Toe fungus does not form a stromata but sporulates profusel)'. 
Ihe cOIlidiophores produced in coremoid fascicles are dark reddish-brown, 
measuring 4-6 x 50-150 u. Ibe conidia produced are cylindro-obclavate 
and 4-6 x 25-100 u (Chupp, 1953). 

C. viscosae has only be en found infecting Manihot spp. The disease 
occurs daring the rainy season in warm cassava growing areas where 
brown leaf spot i6 also usually prevalent. Ibe disease ls not usually 
serious and is confined to the older leaves where some defoliation may 
oeew:. --.' ""! - •• 

C. manlhohae Viegas has been reported So induce distinct leaf 
apots on M. esculenta in Brazil (Viegas. 1941, 1943b; Chupp, 1953). 
Leaf spoSs are reported (Viegas, 1941, 1943b) to be characterlstically 
snow-white in appearance, but a fu11 description of the disease ls not 
avaUable.· .... ,: I '. t' 

The fungus produces medium dark coloured conidiophores measuring 
3-5 x 50-200 u. The conidia are hyaline to subhyalíne, obclavate­
cylindric, and4-8 x 20-90 u ( Chupp, 1953). .' .... 

Phy110sSicsa leaf spos 
... ~" 

Tbis dls~se is cOmmonly' fo~d in the cooler cassava growing areas 
of Colombia (CIAT, 1972) end Brazil (Viegas, 1943a) snd has also been 
reported in tbe Philippines (Sydow, 1913), Tropical Africa(Cincens, 
1915), and India (Ferdinando eS al., 1968) • Dw:ing rsiny seasons and 
when the temperature ls below 22·C, shis disease may cause severe 

" ! -" "- .. .~. 
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Whlte leaf-sport (Ceroospora cariba.a). Smal1 wh1te 1e51.ns wlth 
distinct vfolet-brown bo~der and diffuse yel10w halos. 

Phyllost1ct. 1e.f-.,ort (Phyllost1cta 'PP.). Le.flet sho_iftg 1.rge 
brown lesions tfitb concentr1-c 1"1"95. 1'0""9 ste. sh'Dwfng die .... blek 
and preseace of P1cn1di •• 
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defoliation of susceptible varicties, final1y resulting in dipback 
of Che plants. The disease has a1so been reported to occur on l:!anihot 
heptaphylla, X. dichotoma (Reinking, 1919, Viegas, 1943a) and N. 
aipi (Spegazzini.· 1913; Viegas 1943a) in addUion .to M.. esculanta 
(Viegas, 1943a). 

The causal agent of this disease has not been clearly defined, 
and several Phyllosticta spp. have been reported (Sydow, 1913; 
Vincens, 1915; Reinking, 1919; Viegas, 19438; CIA!, 1972) as inducing 
the same dtsease syndroroe. Vinvens (19l5) first descrlbed the causal 
agant as Haplographlum manihoticlo Vincens. but the pathogenicity 
of this fungus was later questioned by Viegas (1943a). Phyllosticta 
manihotico1a Sydow (Sydow,l1913), P. manihot Sacc. (Saccardo, 1931). 
and P.manihobae Viegas (Vieges, 1943a) have all since been reported 
as pathogenic en cassava. As the full definition and tazonomic validity 
of these spccies have not been fully determined, the possibility 
remains that thcy could be synonymous and that there is only a single 
csssava pathogenic spectes. Recent studies and observstions indicste 
that this fungus should be classified as a Phoma sp. (Powell, personal 
communication). A full taxonomic study of a wide range of pathogenic 
isolates ia urgently ncedad to clarify this point. 

The causal fungus produces numerous epidermal pycnidia which are 
dark brown, globose, and borne s1ngly or in small clusters On infectad; 
leaves and stems. Tha pycnidia are 100-170 u in diametar with wa1ls 
formed of polyhydrical celIa and have an ostiole measuring 15-2Q u. 
The conidiophoras are short and hyaline and produce 5ma1l (15-20u), 
one callad, ovoid to elongate conidia (Viegas, 1943a; Ferdinando et 
al., 1968). The fungus iso1ated in Colombia forms profusa pycnidia in 
concentric ·rings on lima bean agar. 

The diseasc on cassava i5 charactcrized by the presance of larga 
brown 1eaE spots, usua11y with indefinite margins. These lesions are 
common1y found at the tips or edges of the le~f lobes or along the 
midrib or main veins. Tbe upper surface of the lesions initially 
consistes of concentric rings formad by brown pycn1dia«Fig. 8). Tbese 
rigns are frequently absent from old lesions as mature pycnidia are 
washed off by raindrops. In tnese cases thc uni~ormly brown lesiens 
may resemble those causeP by C. viscosae. On the lower surface few 
pycnidia are produced so the lesions are uniformlybrown. Under 
conditions of high relative hOmidity, the lesions may be covered with 
a greyish-brown hyphal "efr. 00 the underside of the leavcs the veins 
andveinlets around ehe lesions become necrotized thus forming black 
strings radiating out from the ledens. Tltese lesiona gr_, cauaing 
a leaf bligbt. and finally the whole leaf and petiole becoma dark 
brown and are necrotized. At this stage the lcaves wilt and then drop, 
in soma cases causing extensive defoliation. In severe iufections the 

-ftmgus also attacks tbe young shoots causing a dieback (Fig. 8). 
Diseased steas turo brown and are frequently covered with pycnidia. 

Field observations suggest that the olcler lower leaves may be 
more resistant than yotmger upper lcaves, However. young lcaves, fully 
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expa,ded mature leaves, and green atero parts have ~ll been seen with 
seve"e disease symptoms. lt has also been observed that disease occurrence 
i8 correlated with condit~ons permitting spore germination. 
Maximum apore germination has been observed between 20 and 2S"C and 
artificial inoculations succeeded only at temperatures beIow 2S"C. 
SimilarIy, ·under field conditions the disease is always found at 
higher altitudes or in Iowland areas during the rainy season. 
Survival of the fungus during dry periods or froro one season to 
another is not underatood. la ls suggested ( Viegas, 1943b) that the 
fungus may produce a sexual stage in infected stem and leaf debris, 
but this has not yet been confirmed •. 

No control measures have been report~d for the disease, which 
can cause serious los ses in certain areas under specific environmental 
conditions. Although no reports of varietal resistanee are available, 
fieId resistant cultivars have been observed in naturally infected 
plantations in Colombia. Chemical treatment during rainy sea50ns could 
also be beneficial in those areas where the disease ls known to be 
endemlc. 

Cassava aGh diGease 

~e disease was first reported in Afriea' (Saccardo, 1913) but has 
sinee been reported ln Latin Ameriea (Viegas, 1943a; eIAT. 1972) and 
Asia (Park, 1934) and observed in several other countries. The diaease 
is known only to cause yellowish undefined leaf apots on M. esculenta. 
Although widely distributed and of common oecurrence, this disea8e 
la considered to· be of relativelyminor importance. . 

The causal agent has been named as Oidium manihotis P. Henn. the 
sexual stage of which has been deserlbed as Erysiphe manihotis 
(Ferdinando et al., 1968). The fungal mycelium i8 white, producini·· .. 
numerou5 haustaria on the host epidermis. Conidiophores are upright 
end simple with the upper portior. increasing in both length and width 
as conidia are formed. The conidia are oval or cylindrical, one celled, 
hyaline, measuring 12-20 x 20-40 u, and produeed in basipetal.chains 
(Saccardo, 1913; Viegas, 1943b; Ferdinando-et al.,·1968).",_ <, 'J'.:" 

. ,.-' , ~' 

The first symptom of the disease is the appearance· of ",hite .. :.;: 
mycelium growing over the leaf surface. The fungus penetrates ehe celIa 
by means oi haustoria, infected cells becoming chIorotic and thus . 
formlng yellowish undefined lesions (Fig.9). Within these Yellowish 
areas pale-brown engular water-soaked spots of different siies frequently 
develop and mcrotize .In certain varieties, the diaease never progresses 
beyond the yellowish Utldefined lesion stage. These symptoms .are sometimes 
confus.~? with tbose lndueed by lnseets aud spiders.J ( ,.-"",. ,:.n - .C <., .. 

Mature, fully expanded leaves appear .to be the most susceptible, 
but young leaves of certain varieties are also frequently infected. 
The dlsease 1s found commonly during dry sessans in the warmer cassava 
growing areas. 



Cassava Ish disease (Oid1um man1hotlsl. Typ1cal underfines yellowish 
leaf lesions .. 

The superelongltion disease (iaphrina sp. or Sphlcel0 •• 5p.). General 
Sy.pto.s showing young stem Ind petfole elongation. leaf defor.ation 
Ind dtstortion. Ind canters. 
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Although specific control measures against this dísease are not 
general1y considered necessary, resistant varieties have been observed 
(CIAT, 1972). It has a1so been suggested (Ferdinando et al., 1968) 
that spray applications of sulphur compounds control the disease. 

Superelongation disease 

Superelongation disease has recently been found inducing epiphytotics 
in severa! areas of ColOMbia (ClAT, 1972; Lozano, 1972; Lozano and 
Boot, 1973). Ibe disease has been found during rainy seasons, and at 
the onset of dry periods, infection and disease spread decline. The 
yield of heavily infected plants is severe1y reduced. 

A fungus, according to CMI* lt 18 p08sibly a 8pecies of Taphrina 
or Sphaceloma, has been found to be the causal agent. This organis~ 
grows well in any artifical media containing peptone and sugar forming 
yeast like colonies. Each colony is circular, corrugated, slightly 
sunken and oE a nard consistency. Initially the colonies are yellowish 
but after fifteen days incuhatlon they turn dark brown. Ibese colonies 
are formed of a promycelial type of structure. A delicate septate 
mycelium composed of binucleate, elongate or vaslcular celIa ia formad 
around eac~ colony. On artificial media tiny binucleate spores are 
produced in ten days. PrelUnlnary observations suggest that these are 
blastospores capable of multiplying by budding (Lozano and Rooth, 1973). 

Histological studíes have shown that the fungus initially-grows 
over the epidermis and that following penetration tt grows in the 
intercellular spaces of the epidermis and cortex. Following infection. 
mycelial aggregátes which are formed in the cortax push up and rupture 
aurrounding epidermal cells to _ form a canker. Mast cells around aucb 
cankers are abnormally large (Lozano and Booth, 1973)~ 

,-
In the fleld the_disease ia recognized by the axaggerated elongation 

of the internodes of young stems which appear tb1n and weak (Fig. 10) • 
Infected plants are considerably taller than healthyones._ Young ahoots,­
petioles aud leaves frequently show a distortíon which ia usually , 
associated with lens>shaped cankers formed along the midribs or veins of 
leaves snd on the petioles snd young stems. Often leaves are not completely 
¿eveloped snd leaf lamina not fulJy expanded. Whíte irregular apots are 
frequently prescnt on young lcaves (Fig.ll). Partial or total necrosis 
of young_leaf laminae sometimes occurs and-results-~n-considerable 
defoliation. Ibe cankers vary in size and are normally lena shaped but 
may be more diffuse on the atema and reaemble ~e by tbrlpa.-

.::-t,"'r. '1' . ." '.:.' •• '.- • . "r • • "':. :' _ •••• 

During the rainy aeasons tbe spread ofthe diaease ia extremely . 
rap1d. Dissemination is thought to occur by wind and/or rain ~orne 
'pores. High relative humidity appears to be necesaary for apore 
germination and infection. SymptOlllS in the form of yellow leaf marld.ngs 

o,> - ' ~~~:~:;t-~> * Commonwealth Mycological :' .:<~:d. ~;- 4,_. 

~~,~$t.~,:' "~~:' 

InatUute 

~~:i:,- ; :[~¡~ 
"i-~ 7' ":Ji; :,... ... 



t 
:1 
,i 

appear within six to eigh days of inoculation and cankers are rapid1y 
formed. 

Field observations oí more than two hundredcultivars of M.esculenta 
have indicated possible sourceS of resistance. ~reliminary studies to 
control this disease using chemical sprays also showed promising. A similar 
disease causing stem e10ngation and 1eaf spotting and characterized 
by pus tules on etern, petioles and midribs has be en reported in Mexico 
(Normanha, pers. cornm.). 

'Anthracriose (wither-tip) 

This disease has been reported as a disease of cassava in many 
countries (Bouriquet, 1946; Vanderweyen, 1962; Affran, 1968; Doku,1969; 
CLAT, 1972) but it is generally considered te be of minor importance. 
Sunken lear Bpots about 10 mm diam. and similar to those caused by 

,C.henningsii are produced at the base of 1eaves, which may subsequent1y 
die. Stems may a1so be attacked causing a wilt of very young aterns snd 
producing cankers on 01der ones (Vanderweyen, 1962; Irvine, 1969). 
New leaves produced at the beginning of rainy seasons are reported to 
be the'most susceptible, and the disease tends tO dissppear at tbe 
spproaeh of dry sessons (Doku, 1969; Irvine, 1969). Similarly, it has 
been fo"nd that artificial lnocu1ations using apere suspensions are 
only successful when the plants are kept for 60 h at 100 percent R.H. 
(CIA!, 1972). 

Tile causal organism has been variously reported as Glanere11a 
manihotis Chev., Col1etotrichum manihotis Henn. (Vanderweyen, 1962), 
Gloesporium manihotis (Bouriquet, 1946), and Glomere11a cingulata 
(lrvine, 1969). lt 1s possibla that all these refar to the same fungus. 

A stem anthracnose caused hy a Colletotrichum sp., has recently 
been reported in Nigeria (lIrA, 1972). On young green stems oval, pale 
brown , shallow depressions bearing a spot of normal green tlasue in 
the centre are formed. On the bark of woody stems it produces ra1sed, 
round, stringy lestons which develop into deep eankers and may distort the 
stem. The importanee ls not known. 

:.:" .. " 

Leaf and stem rust apot 

. '. , ::.' ' .. : 
,This' has beeo reported in Brazi1 (Amarar, 1942a; NOI'IIIBnha, 1970) 

and appears at the end of dry perioda causing a kind of witches broan 
at the apex of the stems (Normanha, 1970). In Colombia leaf, petiole 
and atem pus tules ~ave been observed 00 cassava growing in cool upland 
regioos, but Normanha (1970) states that the disease is rárely serious 
except occaslooally in the northeast of Brazil during the hot, dry 
susons. 



.. 

i' 

',;,-,' 
i: . 
;~C¡ 

';""'. 

® 
lne superelonQat~on di~ea 
5ho~i~g lpaf curl syapt0n 
and cankers tn t~¿ midrib 

e (T~~f;!";'13 
i rrt;.'ula r 
Ve~f;~ 2.,,1 

191 

sr- or SphacelDwa !;p.). 
wnitp s~ols on the leaf 
retiolt? 

Lcaf 
l.::r. in a, 



B. 5tem rot disease 

Three stem'rot diseases have been observed on stems stored for 
planting (CIAT, 1972). (The storage of planting material i8 necessary 
in those areas which do not have a continuous growing season.) at CIA! 
these diseases greatly reduce viability, directly and a1so indirectly 
through increased desiccation of the cuttings. About 18 percent of 
apparently disease free plantíng material was discarded because of 
disease after fifty days storage at ambient conditions in the laboratory. 
To reduce 10ss of viabi1ity because of desiccation stem cuttings were 
dipped in paraffin wax which, however. considerably increased disease 
incidence. 

Whi1e three distinct diseases have been recognized, it is not 
always possible to distinguish among them. lIacroscopically, these 
diseases may appear similar, particularly during their early stages oi 
deveIopment. Furthermore, more than one of the rot producing organisms 
may be presento 

Glomerella stem rot 

This disease ia the most common st~~ rot of stored cassava cuttings. 
The same fungus also infects old stem debris left in cassava pIantations. 
The rot first appears at the cut ends and gradually spreads throughout 
the cuttings. A black discolouration of the vascular strands precedes 
the development of surface blisters which later rupture the epidermis 
exposing black groups of perithecia in a well developed stroma (Fig.12). 

According tn CMI the causal organism appears to fall within the 
general broad concept of Glomerella cingulata (Stonem.) Spauld. Schrenk. 
Ascospores are hyaIine, one ceIled, and slightIy curved. Infection is 
thought tn occur through wounds and to be favoured by high relative 
humidities. The relationship between this fungus and the CoIIetotrichum 
sp. that causes anthracnose of cassava has not been determined. However, 
the posstbility exists that these may be two different stages of the 
same fungus. 

Botryodinlodía stem rot 

This dí.sease has be en found infccting stored stCnt cuttings and 
~". oId ste.'TI debris in the field but i8 muth less common than glomcrella 

stem roto The disease characteristically shows black discolouration 
snd necrosis of the vascular strands sprcading outwards from wounded 
parts of the s~em. Blistcrs are produced on the epidermis benea~h 

" whlch the internal infectad tissues appear dark brown or black~ These 
,:-blillters t:.upture to revcal masses (jf blACk confluent pycnidia. 

, ' 

. ,;.'~, '. 
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According to CM! the causal agent of the disease is Botryodiplodia 
theobromae Pat. In both host and artificial culture this organism 
produces black mycelium and pycnidia which are erumpent, confluent • 

193 



stromatic, and ostiolate. The conidiophores are short and simple and 
nroduce dark eonidia that are twc celled at rnaturity and slightly 
elongate. Infeetian ls thought to occur through wounds and to be 
favoured by high relative humiditcs. 

1\n uni.dentified stcm rot 

A third stemrot i5 caused by an unidentified basidiom~cete. This 
dísease, althaugh relatively uncammnon has been observed on old, mature 
and young stem pieces both in the fleId and in storage. Infected stem 
pieees ara,necrotized showing slight brown discolauratiori and al: times a 
white mycelium can be observed growing beneath the epidermis. Under 
certain humid conditions small white eup shaped basidiocarps arise 
from the epidermis of heavily infected cuttings (Fig.13). The identificatíon 
of th1s basidlomycete and the importanee of all three stem rots need 
to be investigated. 

Othar woody pathogens reported in the section on root rots infeet 
the stem bases of cassava plants and may al so be involved in losses 
of atored srems. 

Tho occurrence of these stem rots ls favoured by high relative 
humidity; infection probably occurs through wounds. Stem material 
intended for planting purposes should be handled with extreme care 
and carefully selacted so that only cuttings with viable buds are used~ 
The use of fungieides and surface sterilants to reduce the incidence 
of ti eSe diaeases is being investigated. 

c. Root rot diseases 

Root rot diseases of cassava are important ln areas with badly 
drained 8011s or during periods of excessive rainfall. Many of these 
pathogens induce damping-off during the early stages of plant growntb' 
and rot of the thlckened roots during later stages. Although several 
ront rot diseases have been reported, few details are available and 

,. 

the symptoms described for each disease are similar. Generally, infeetion 
of young plants Causes damping-off while infectíon of older tissues 
results in a partial or complete ~ilting and a 80ft or dry rot nf the 
thickened roots. Frequently, follnwing icfection by one or several 
pathogens, a broad spectrum of weak pathogens snd/or ssprophytes invade ti 
the diseased roots, mssldng the ldentity of the initial causal agent 
and causing all raot rots to aopcar similar. Several of these diseases 
caused by woody patho[',e:1s are more commonly found whe.n c.assava is 
plented follcrwing a woorly erop, such as co[f"c, Oé im::nediately after 
forest clearance. Root rots of the growing crop are caused by both 
fungi and bacteria. Several organisms are reported to cause postharvest 
deterioratlon of eassava roots. 

The control of these diseases is similar snd i9 best achieved 
through sueh cultural practices as good drainage, seleetion of lighter 
soils and the avoidanee of waterlogged areas, crop rotation, snd early 
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€ruptíve blisters and groups of tick ~erjthecia. 
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Stem-root {unidEntified basídiomycete} piece Of stem showing typica1 
ba~idiocerps~ to~ether ~tth end oninfectprl contrcl. 178-119. 
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harvest. For dampiqg-off diseases fungicides may aid establishment. 
In a fev cases, resistant varieties have been reported (Drummond and 
Goncalves, 1946, 1957; Casteno, 1953; Fassi, 1957; Muller and Carneiro, 
1970) • 

Phytophthora root rot 

This disease has been reported infecting cassava plantations in 
both Africa (Fassi, 1957) and tropical America (Vanderweyen, 1962; 
Muller and Carneiro, 1970) where it has caused yield losses of up to 
80 percent. The pathogen attacks mature or young plants, frequently 
nesr drainage ditches, causing sudden wilting snd a severe 80ft rot 
of the swo1Ien roots. Initially infected young rocts show spreading 
water-soaked" patehes whieh later turn brown (Fig.14). Infected 
swollen roots frequently exude a pungent watery liquid and eventually 
deeompose completely in the Boil (Fig.IS). 

Thrae Phytophthora spp. have been reported as indueing diseasa in 
eassava roots: P. dreehsleri in Brazil ~uller and Carueiro, 1970) 
and Colombia (CIAT, 1912), and P. erythroseptica and P. cryptogea Path, 
in tropical A~rica (Faasi, 19S1; Vanderweyen, 1962). These fungl whieh 
a1so cause root·rots of several other p1ant species are wel1 known. 

Whíte thread disease 

Ibis is the most widespread and serious root disease of cassava 
in Afríea where its appearance on 'swollen roots is sometimes taken as 
an 1ndication oE the maturity of the erop. Although this disease is 
known in Latin Ameries it ia not of majar importanee there at presento 
The diaease is reeogni~ed by a vhite mycalial mat under the bark of 
swollen roots and by the presenee of white cotton like myeelial threads 
coating part or al1 oi the exterior of infeeted rocts up to the stem 
base. Internal infected tissues of swollen roots appear dry and have 
a eharacteristic rotting wood odour. Oeeasionally yaung plants are 
infeeted resulting in a sudden ~í1t and defo1iation, all the roots 
being neerotizadoThe causal organism of the disease is Fomes lignosas 
(Klot.) Bre. (Vanderweyen, 1962; sffran, 1968; Doku, 1969; Jennings, 
1970; II~, 1972), a basidiomycete be10nging to the Po1yporaceae. 

, ,~ .. 
:'Rosellinia root rot 

Thís disease has been reported from many cassava regions with vat 
soils which are high in organie matter, and most frequently where 
eaasava 1a grown follow1ng a WOodY or forest erop (Drummond and Gonca1ves, 
1946; Gastano, 1953; V1egas, 1955). The disease has also been named 

~ '~laek rot" en aeeount of the eharacteristie b1ack diseolouration and 
cankers on portions of infected plants below the ground. In the early' 
atage of infection white rhizOIIIorphs that eventually turn,black cover 
root 8urfaces. Internally, the infected tissues of 8Wollen root8 becane 
aligbtly dLseoloured and eHUde a watery liquid when squeezed. Black 
mycelial strands penetrate Lnto and grow throughout the infectad tissues 
and amall cavities eontaining whitish mycelium may be formed (Fig. 16). 

L~:: .:: .. ",0-' '. 
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Infected swollen roots have a characteristic rotting wood odour. There 
ere no reports thet youog plants are infected by this disease, but 
ca re should be taken to salect plantíng material that doea not come 
from infected plants. 

Rosellinia nccatrix (Hartig). Che perithecial stage of 
Dematophora necatriz i5 the causal agent (Castano, 1953; Viegas, 1955). 
This rungue induces root rots in other woody and herbaceous p1ants 
(Castano, 1953! vieges, 1955; Alexopnu1us, 1962) snd is adequately 
described in the literature. Little informatioo 15 avai1able, however, 
about the epidemiology ofthis fungus 00 cassava, the sexual stage ls 
thought to occur rarely (Catano, 1953; Alexopoulus, 1962). 

Scleratium roat rot. .. , 

!bis root rot 15. commonly observed on you~cuttings, no more 
m~ture roots, Rnd as a costing on swollen roots of cassava in Latin 
America (Viegas, 1943a, 1943b; Ferdinando et al., 1968; Martin,1970; 
CIAT, 1972). White myce1ium radiates into the soil from infected roots 
or stem bases. This mycelium may on occas1ons penetra te the roots 
tbrougb wounds and cause rotting. Wbi1e young plants are rarely killed 
by this diaease considerable root necrosis may occur. 

The diaease is caused by Sc1erotium ro1f8s1 Sacc., a common but 
weak ,,,,U pathagen which has cottony-white mycelium and characteri8tical1y 
forms numerous rounded sc1erotia, both on the host aud in artificial 
culture. 

Dther root rot disea~ 

Several otber fung1 lIIay indace damping-off and root rots of cassava, 
but litt1e or no informatlon 18 available regarding their occurrence or 
importance. Armillariella mellea Vahl. ls reported associated with a 
atem base snd root cut of mature plants (Vanderweyen, 1962; arrsndeau, 
1967; CIAT, 1972). Pheolus manihotis (Heim, 1931), Lasiudiplodia 
tbeobromae Grif.f. et Mub1.(Vanderweyen, 1962), Pytbium $p., Fusarium 
sp. {CIAT, 1972), Clitocybe tabescens (Arraudeau, 1967), Sphaceloma 
manibotico1a B. et Jenkins (Bitancourt snd Jenkins, 1950), Rhizopues 
spp. (Msjumder et al., 1956),Rhizoctonia sp. (Goncalves and Franco, 
1941), snd Aspergillus spp. (Clerk snd Caurie, 1968 are all reported 
as causing rotting of CaSsava roots. 

Species of Baci11us, Erwinia, snd Corynebacterium have been reported 
asinducing 80ft rots and/or fermentations in swollen roots (Gollard, 
1963., .Akinrele. 1964; Averre, 1967). The symptoms o!' these 80ft rots 
aresUnilar and are frequently accompanied by fermentstions. The bacteria 
are tbought to enter swollen roots through wounds inducad by Gan 4urlng 
cultural operations, by ·anUnals or insects, or by fungi, and are 
frequently sccompanied by msny other saprophytic' microorganisms. 

~. .. . 
Pathogenic apecies of ehe genus Baci11us form apores in most medis 

contsining sugar. Erwinia spp. can. be isolsted and distingulshed using 
the Kado and Heskett medium (1970); their pectinase activity as detected 

J. 
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Phytophthora root-rot (Phytohpthcra dtechsleri). Root·rot of young 
plonts together with and uninoculated eontrol. 

Phyto~htnor¿ root-rot (PhytohpthDra drechsleri). Typicel root.rot of 
s_o 11en roots. 
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on sodium-polypectate medium, and their peritrichous flagella. 
Corynebacteri~~ spp. can a180 be isolated and distinguished by the 
use of selectivc medía (Kado and Heskctt, 1970), pleomorphism of their 
celIa, and their gram-positive reaction. 

Cassava blight bacteria may also induce necrosis, discolouration, 
and dry rol of the vascular tissues of swollen roots (Lozano, 1972a; 
Lozand and Sequeira, 1973b). 

Core root rot is a physiologtcal disorder that causes damage to 
swollen roots in tropical Africa (Barat et al., 1959; Averre. 1967). 
lt a150 occurs in wet, badly drained 50ils where it takes the form of 
a dry interna1 necrosis, irregularly spreading out from the centre 
into the cortical tissues. This disorder is observed in only 10-20 
percent of the roots of an infected plant, and only che larger thicker 
roots are thought to be susceptible. 

While it is not fully inderstood whether the rapid deterioration 
of cassava roots that occurs after harvest is the result of physiological 
or pathological causes, or a combination oE both, numerous microorganlsms 
have been isolated from deteriorated roots. Several of these are known 
to cause disco1ouration and rotting. The literature relevant to the 
post harvest deterioration of cassava roots has been reviewed by Ingram 
and Humphries (1972). Ibe important role oí mechanical damage in 
deterioration and its possible control by wound hesling and curing 
has becn described by Booth (1972, 19738, 1973b). 

CONCLUSIONS 

It can be secn that many diseases which in general are poorly 
understood, attack snd reduce cassava yie1ds. rt is also wel1 known 
that extensive los ses occur following harvest of the roots. If ful1 
use is to be made of this troportant food erop tt ia neeessary to 
increase our understanding and to intensify research into al1 aspects 
of cassava production snd utiliZstion. !he importsnce of reducing . 
losses from fungal. bacterial, and viral pathogens cannot be over­
emphsstsed. However, with the pos8ible exception of cassava bacterial 
blight, little or no information i8 ava11able on the means of 
controlling many casssva diseases. in several instances the exístence 
of re,istant cultivars has been noted but these have rately been fully 
áescribed or confirmed in controlicd eKperiments. In Some Cases diaease 
resistsnce may be found in agronomically acceptable cultivara, but in 
the other cases breeding will be required to transfer resistance into 
proven agronomic types. Thus. extensive researeh 1B required to evaluate 
host/pathogen reactions and determine the sources of resistance to the 
~y diseases so that this information may be used by breeders and 
sgronomists in selecting snd breeding for improved cultivars. For those 
di8esses to which sources of resistance csnnot be found. other mesas 
of disease control, need to be sought. 

205 



REFERENCES 

AFFRAN, D.K. (1968). Cassava snd its economic tmportance. Ghana Farmer 
12: 172-8. 

AKINRELE. l.A. (1964). Fermentation of cassava, Journal oi the Sclence 
of Food and Agriculture 15: 589-594. 

ALEXOPOULOS, C.J. (1962). Introduetory mycology. 613 pp. New York and 
London, John Wi1ey & Sonso loe. 

~~L, J.F. do. (1942a). Ferrugen (Uromyces) da mandioca. Biológico 
8: 148. 

AMARAL, J.F. do. (1942b). Estudo ,organismo causador de bacteriose da 
mandioca. Arquivos do Instituo Biológico, Sao Paulo 13: 199-126. 

~IARAL. J.F. do. (1945J • Doencas vasculares das plantas causadas p a:' 

bacterias. O Biológico, Sao Paul0 11: 250-53. 
AMARAL. J.F. do. and VASCONCELLOS. L.G. (1945). Novos estudos do agente 

etiólogico da bacteriose da mandioca. Arquivos do Instituto Bi61ogico. 
Sao Paulo 10: 361-8. 

ARRAUVEAU, M. (1967). Cassava in the Malagasy Republic. Proceedings 
of the First International Symposium on Tropical Root snd Tuber Cropa, 
Trinidad, 1967, 1(3): 180-84. 

AVERRE C.W. (1967). Vascular spreading oi stored cassava rocts. 
Proceedings of First International Sympoaium on Tropical Root and 
Tuber Crops, Trinidad the, 1967. 1(4): 31-5. 

BARAT, R., DADANT. R., BAUDIN, P. and FRITZ, J. (1969). La pourrlture 
du coeur du manioc. Bulletin Docliclut de Recherchea Agranomique 
de Madagascar 3: 79-80. 

BECK, B. D. A., (1971). The breeding goal a in a cassava breedlng program 
in West Afriea. 5 pp. Lagos, Nigeria, The Ford Foundation. 

BERGEY, D. H. (1948). Manual of Determinative Bacteriology. 6th ed., 
1929 pp. Baltúnore, The Williams & Wilkins Co. 

BERGEY, D. H. (1957). Manual of Determinative Bacteriology. 7 th ed., 
1094 pp! Balttmore, The Williams & Wi1kins Ca. . 

BlTANCOURT, A. A. and JENKINS, A. E. (1950). Sphaceloma manihoticola 
sp. nov. Arquivos do Instituto Bio16gico, Sao Paulo 20: 15-16. 

BONDAR, G. (1912). Uroa nove molestia bacteriana das hastes da mandioca. 
Chacara e quintaes 5: 15-18. 

BONDAR, G. (J 915). Holastia bacte::iana da mandioca. Boletim de Agricultura, 
Sao Pauio 16: 5l3-24. 

BOOTH, R. H. (1972). Cassava production systems: fresh root atorage. 
In Annual Report of the Centro Internacional de Agricultura Tropical 
(CIAT) 1972. pp. 74-8. 

BOOTH, R. H. (1973a). Control of deterioration of tropical root crops. 
Paper presented at 2nd International Congress of Plant Pathology, 
Minneapolis, September 1973. 

BOOTR, R. H. (l973b). The storage of fresh cassava roots. Proceedings 
of the Third International Symposium on Tropical Root and Tuber Crops, 
lhadan, Nigeria. December 1973 (in press). 

IlOURIQUEl', G. (1946). Les maladies du manioc a l'ladagascar. Bulletin 

206 



C0STA, A. S. and NOlmANHA, E. (1939). Nota sobre o tratamento de 
llIanivas de mandioca (Maqihot utilissima Pohlo) em agua aquecida 

a diversas temperaturas. Revista de Agricultura, Piracicaba 14: 
227~30 • 

DESLANDES, J. A. (1941). Doeocas da mandioca no Nordeste. Boletim 
do Ministerio de Agricultura, R!o Janeiro 30: 23-41. 

DOKU, E. V. (1965). Breeding for yicld in cassava. l. Indices of yie1d. 
Ghaoa Journa1 of Science 5: 42-59. 

DOKU, E. v. (1969). Cassava in Ghana. 44 pp. Faculty of Agriculture, 
Department of Crop Science, University of Ghana, Ghana Universities 
Press. 

DOWSON, \~. J. (1957). Plant diseases duc to bacteria. 2nd ed. 232 pp. 
Cambridfe, EngIand, Cambridfe Univ. Press. 

DRIlMMOND, O. A. (1946). Doencas da mandioca. Ceres, ~Iinas Geraís 7: 
24-33. 

DRllMHOND, O. A. and GONCALVES, R. D. (1946). Podridao das raizes. O 
Biológico 16: 17-18. 

DRllMHOND, o. A. and GONCALVES. R. D. (1953). A bacteriose e a mandioca 
guaxupe. O Bio16gico, Sao Pau10 19: 114-17. 

DRllMHOND. O. A. and GONCALVES, R. D. (1957). Apodrecimiento das hastes 
e raizes da mandioca. O Biológico 23: 244-5. 

DRUHHOND, O. A. snd HIPOLlTO, O. (1941). NotaS sobre s bacteriose da 
mandioca. Boletim Escala Superior de Agricultura, Minas Gerais 4: 
86-124. . 

DUBERN, J. (1972). A contribution to the study of African cassava 
mosaLe disease. In Proceedings IDR/lITA CaSsava Mosaie Workshop, 
Internationa1 Institute of Tropical Agriculture, Ibadan, Nigeria, 
1972. 48 pp. 

ELLIOT, C. (1951). Hanual of bacteria1 plant patbogens. 2nd ed. 186 pp. 
Waltham, Mass., Chroniea Botanica Co. 

FASSI, B. (1957). Premieres óbservations sur une pourriture des racines 
du manioc CaUsee par un Phytophthora. BuIletln d'Information I.N.l.A.C. 
6: 313-17. 

FERDINANDO, G., TOKESHl, H., CARVAlliO, P. C. T., BAlMER, E., KIMATl,H., 
CARDOSO, C. O. N. and SALGADO, C. L. (1968). Manual 'de Fitopatologia. 
Doencas das plantas e seu controle. 640 pp. Biblioteca Agron. Ceres, 
Sao Paulo. 

GHESQUIERE, J. (1932). Sur la "Hycospbaerellose" des feuilles du manioc. 
Bul1etin of the Institute of ¿he Royal College of Belgium 3: 160-78. 

GHESQUIERE, J. snd HENRARD, J. (1942). Sphaeriacae nouvel1e des feui11es 
du manioe su Congo Be 1ge. Revuc Zoologique Africainc: SU?!" lernent 
botan~quc i2: 530-31. 

COLATO, c. (1963). Cercospora henningsii aulla manioca in Nigeria. 
Rivista di Agricultura Subtropicale e Tropicale 57: 60-6. 

GOLATO, C. and MEOSSI, E. (1966). Una nuova malattis fogliare della 
manioca in Chana. Rivista di Agricultura Subtropica1e e Tropicale. 
65: 21-26. 

GONCALVES, R. D. (1939). A bacteriose da mandioca no vale do Paraiba. 
Notas e Ingormacioes. O Eio1ógico, Sao Paulo 5: 117-118. 

GONCALVES, R. D. (1948). Bacteriose da mandioca. Notas e Informacoes. 
O. Bio16gico, Sao Paulo 14: 145-146. 

20& 



, 

• 

, 

GONCALVES, R. D. (1953). A bacteriose e a mandioca guaxupe. Notas e 
Informacoes. O Bio16gico, Sao PauIo 19: 114-117. 

GONCALVES, R. D. and FRANCO, J. (1941). Rhizotoniose em mandioca e 
podridao das raizes (oiplodia) ero tunque. Biológico 7: 360-361. 

GONCALVES, R. D., NORHANHA, E. D. and BOOCK, O. J. (1942). O superbrota­
mento ou envassouramento da mandioca. Bo1etim Secretaria de 
Agricultura, Industria e Comercio, Sao Paulo, 8 pp. 

HAHN, S. K. (1972). Breeding for resistance to Cassava mosaico In 
Proceedings IDRe/lITA Casaava Mosaie Workshop, International Inatitute 
of Tropical Agricultura, Ibadan, Nigeria, 1972. 48 pp. 

HANSFORD, C. G. (1938). Annual report of the plant pathologist, Uganda, 
1937. Part 2. 49 pp • 

HEIM, R. (1931). Le Phoeolus manihotis sp. nov. parasite du manioc a 
Madagascar, et considerations sur le fenre Phoeolus Pat. Anualea de 
Cry~ogamie Exotique 6: 175-189. 

lNGRAH, J. S. and HUMPllRIES. J. R. O. (1972). Cassava storage - a revil!w. 
Tropical Science 14(2): 131-148 • 

INTE~~TIONAL lNSTlTUTE OF TROPICAL AGRICULTURE (lITA) (1972). 1972 
Report of Root, Tuber and Vegetable Improvement Program 48 pp. lITA. 
Ibadan, Nigeria. 

IRVINE, F. R. (1969). CasSava CManihot utilissima). In West African 
Agriculture.2 : West African Craps. pp. 153-195. London. Oxford Univ. 
Press. 

JENNlNGS, D. L. (1960a). Observations en virus diseases of cassava in 
reslstant and susceptible varieties. l. Mosaic disease. Empire Joumal 
of Experimental Agriculture 28: 23-34. 

JENNlNGS, D. L. (1960b). Observations en virus of cassava in resistant 
and susceptible varieties. 11. Brown streak diaease. Empire Journal 
of Experimental Agriculture 28: 261-70. 

JENNINGS, D. L. (1970). Cassava in Africa. Field Crop Abstracta 23: 
271-7. 

,JENNINGS, D. L. (1972). Breeding for reaistance to cassava virus in 
East Africa. In Proceedings IDRC/IITA Cassava Moaaic Workahop, 
International Institute of Tropical Agriculture, Ibadan, Nigeria, 
1972. 48 pp. 

KADO, C. l. and HESKETT. ti. G. (1970). Selective media for isolation 
of Agrobacterium, Coryncbacterium. Erwinia, Pseúdomenas, and Xanthomonas. 
Phytopathology 60: 969-76. 

KELMAN, A. (1953). !he bacterial wilt caused by Pseudomonas solanacearum. 
J. litc:rature rcview and bibliography. Tec:hnical Bulletin of the North 
Carolina AgriculturR1 Expe~imental Station 99: 1-194. 

KlTAJIMA, E. W. aud COSIA, A. 5.(1964). Elongated particles found 
associated with cassava brown streak. Bast 'African Agricultural 
Journal 30: 28-30. 

ItITAJIMA, E. W. and ruSTA. A. S. (1966a). Microscopia electronica de 
tecidos foliares de mandioca infectados pelo virus do mosaico comun 
da mandioca. Bragantia 25: 23-8. 

KlTAJIMA. E. W. and COSTA, A. S. (1966b). Particulas esferoidais 
associadas do virus do mosaico das nervaduras da mandioca. Bragantia 
25: 211-22. 

KITAKIMA. E. W. and COSTA, A.S. (1971). Corpusculos do tipo micoplasma 
aasociados a diversas molestias de plantas, do grupo amarelo, no 

209 



Estado de Sao Paulo. Ciencia e Culture 23: 285-91. 
KlTAJIMA, E. W. NORHANHA, E. S. and COSTA, A. S. (1972). Corpusculos 

do tipo micoplasma associados a urna forma do superbrotamento da 
mandioca, naregiao de Tapachula, Chiapas, Hexico, Ciencia e Cultura 
24: 852-4. 

KlTAJAl'lA, E. ¡L, WETTER, C., OLIVE1RA, A. R., SILVA, D. W. and COSTA, 
A. S. (1965). Morfología do virus do mosaico comun da mandioca. 
Bragantia 24: 247-60. 

LEFEBRE, P. (1935). Que1ques considerations sur la mosaiqué du manioc. 
Bulletin Agrícole du Congo BeIge 26: 442-7. 

LISTRE, R. M. (1959). Mechanical transmission of Cassava brown streak 
virus Nature, London 183: 1588-9. 

~ANO, J.C. (1972a) Bacterial hlight of cassava (Hanihot esculenta 
Crant~ in Colombia: Etiology, epidemiology, and control. Ph.D. Thesis. 
University of Wisconsin, l'ladison. 114 pp. 

LOZANO, J.C. (1972b). Status of virus and mycoplasma like diseases of 
cassava, In Proceedings of the IDRC/llTA Cassava Hosaic Workshop, 
International Institute of Tropical Agriculture, Nigeria, 1972, 48 pp.; 

LOZANO, J. C. and BOOTH, R. H. (1973). !he superelongation disease of 
cassava. In Proceedings of the Third International Symposlum of Tropical 
Root and Tuber Crops, Ihadan, Nigeria, 1972 ( in press ). 

LOZANq. J. C. and SEQUElRA, L. (1973a). Bacteria1 blight of cassava in 
Colombia: l. Etiology. Phytopathology 63 (in press ). 

LOZANO, J. C. and SEQUEIRA, L. (1973b). Bacterial blight of cassava in 
Colmr?ia: 11. Ep~demiology and control. Phytopathology 63 ( in press ). 

LOZANO, J. C. and WHOLEY, D. (1971). A technique for the productionof 
a bacterial free planting stock oi cassava. World Crops 26(1) (in 
presa ). 

MAJUMDER, S. K., PINGALE, S. Y., SWAHINATHAN, M. and SUBRAHMANYAN, V. 
(1956). Control of spollage in fresh tapioca tubers. Bulletin Central 
Food Technólogica1 Research Institute, ~tysore 5: 108-9. 

MARTIN, F. w. (1970). Cassava in the world of tomorrow. In Proceedings 
Second International Symposium of Tropical Root and Tuber Crops. 
Hawaii, 1970, pp. 53 - 82. 

MENON, M. R. and RAYCHAUDHURI, S. P. (1970). Cucumber: A herhaceous 
host of cassava mosaic virus. Plant Disease Reporter 54: 34-5. 

Y.ULLER, M. F. snd DE CARNEIRO, F.A. (1970).,Podridao mole das rabes 
da mandioca ~ianihot esculenta). Boletim tecnico do Instituto 
Pesquisas Agropecuarias Brasileiras 5: 289-93. 

NICHOLS, R. F. w. (1950). The bro~~ streak disease of cassava. D~tribution, 
climatic effects snd diagnostíc symptoms. East African Agriéultural 
Journal 15: 154-60. 

NORMANHA, S. E. (1970). General aspects of CaSsava root production in 
Brszil. In Proceedings Second International Symposium on Tropical Root 
and Tuber Cropa, Hawaii. 1970. pp. 61-3.' 

NORMANHA, E. S. snd PEREIRA. A. S. (1964).Cultura da mandioca. Boletim 
Instituto AgronOmico Campinas, Brazil 124: 1-7. 

NORMANHA, E. W., BOOCK O. J. and DE CASTRO, J. B. (1946). Observacoes de 
campo como contribuicso ao estudo do superbrotamento ou envassouramento 
da mandioca. Revista d~ Agricultura, Piracicaha 21: 271-302. 

OREJUELA, L. (1965). lndice de enfermedades de plantas cultivadas en 
Colombia. Boletín Ténico Instituto Colombiano Agropecuario (ICA), Bogotá, 

210 



.ColOmbia 11: 1- 66. 
PARK, M. (1934). Report of the work of the myco1ogical division. 

Ceylon Administration Reports: Resport of the Director of Agriculture, 
1933 p;>. 125-33. 

PERElRA, A. L. G. and ZAGATTO, A. G. (1967). Etiology of angular leaf 
spot of cassava (Manihot utilissúna). Archivos do Instituto Bio16gico, 
Sao PauIo 34: 153-60. 

POWELL, P. W. (1968). The cersospora leaf spots of cassava. 10 pp. 
Ithaca. Univ. of Corn~ll. 

POWELL, P. w. (1972). The cercospora leef apots of casseva. Tropical 
Root and Tuber Craps Newsletter 6: 10-14. 

REINKL~G. O. A. (1919). Philippines plant disease. Phytopath010gy 9: 
114-140 •. 

SACCARDO, P. A. (1913). Sylloge fungorum. Vol. 22, p. 1250. 
SACCARDO, P. A. (1931). Syl10ge fwgorum. Vol. 25, -p. 36, 1973. 
SIL~ERSCHMIDT, K. and CAMPOS, A. R. (1944). Estudos relativos a doencas 

do superbrotamento ou envassouramento da mandioca. Archivos do Instituto 
Bio16gico, Sao Paulo 15: 1-26. 

SILVA, D. M. (1962). Obtencao de antissoro contra o virus do mosaico da 
mandioca. Bragantia 21: 49-52. 

SPEGAZZINI, c. (l913). Nycetes argentinenses. Anales del ~Iuseo Nacional 
de Buenos Aires 24: 167-86. 

SPRINGENSGUTH. w. (1940). Die Kultur des manioks. seine Krankheiten und 
schadlinge im litoral des Staates Sta. Catharina (Brasilien). 
Tropenpflanzer 43: 286 - 306~ 

STARR. M. p! (1946). The nutrition of phytopathogenic bacteria. l. 
Hinúna1 nutritive requirements of the genus Xanthomonas. Journal of 
Bacteriology 51: 131-43. 

Sl'OREY, H. H. (1936). Virus diseases of East African plants - VI. East 
Africa Agricultura1 Journal 2: 34. 

STOREY, H. H. and NICHOLS. R. F. W. (1938). Studies on the moaaie diaease 
of cassava. Annala of Applied B101081 25: 790-806. 

SYDOW, H. P. (1901). Myeosphaere11a manihotis Syd. n. sp. Fung! novi 
brasilienses. Bulletin de L'Herbier Bolssier 1: 78. 

SYDOW, H. P. (1913). Enumeration of Philippine fungi, with notes an d 
descripti9n of new species. l. Nicromycetes Philippines Journal of 
Science 8: 265-85. 

~~NAH, E. E. (1970). Identification and cultivation of currently 
recommended improved cassava varieties. Memo of the Federal Department 
of Agricultural Research, Ibadan, Nigeria 93: 1-18. 

VANDERWEYEN, A. (1962). Maladies cryptogaroiques, In Précis des maladies 
et des ínsecíes nuisibles sur les plantes cultivés au Congo.Ru Rwanda 
et au Burundi. Septieme partíe, pp. 471-480. Brussels, Institut 
National pour I'Erude Agronomique du Congo. 

VIEGAS, A. P. (1940). Mofo dos afideos e alerirorlledos. Revista de 
Agricultura, Piracicaba 15: 475-85. 

VIEGAS. A. P. (1941). ¡·lanchas das folhas da mandioca producidas por 
Cercosporas. Bragantia 1: 233-48. 

VIEGAS, A. P. (1943a). Alguna fungo s da mandioca. l. Bragantia 3: 1-19~ 
VIEGAS, A. P. (1943b). Alguna fungos da mandioca. 11. Bragantia 3:3:30-9. 
VIEGAS. A. P. (1955). A podridao das raizes da mandioca. Revista 

Agron6mica. Porto Alegre 17: 202-8. 

2.11 



CASSAVA DISEASES AilD TlJErR CONTROL 

J.C. Lozano* 
E.R. Tarry* 

For the purpose of control, eassava 
pathoge.ns are classifiad as (a) those 
that attaek vegetative propagating material 
(b) thosa tbat attack foliage and green 
stem portinns, and (e) root rot pathogens 
that can induce pre.barvest and postharvest 
deterioration. Control measuras for aach 
of these categories are discussed and 
recornmendations are mada. These measures, 
bm~ever. sbould be apl'l ied as part of an 
intcgrated system for any eassava cultivation 
programo 

Until raeently easssva was considered to ba resistant to deseases 
snd pests; it i8 now aeeepted that disaases can causa severe lossas 
and that tbey are eeonomieally important. Cassava 1s affeeted by mora 
than 30 fungal bacterial, viral, or viruslika and myeoplasmal agents 
(Lozano and Booth 1974). These diseases can affect plant establishment 
and vigoúr, inhibit photosynthetie efficiency, or cause pre~harvest or 
postharvest deterioration. Some causal agents are distributed worldwide, 
appearlng endemically in almost a11 caSS3va plantations (lenf spota 
induced by Cercospora app. and Oidillm app.) (Lozano 1976; Terry 1915a)." 
Cthera are limited to g~ographieal arcas or continenta (the euasal 
agents of cassava bacteria1 bligbt, American viruses, and mycoplasmal 
diseasea) (Lo~Ano 1972, 1975), possibly because their dissemination 
occurs mainly through the use of infected planting material fo~ 
propagation. 

Afriean mosaie dlsease and brown streak virus are limited to 
Africa (Lozano 1972, Terry 1975a), Asian mosaic disease to Asia, and 
superelongation disease to America (Lozano and Bootb 1974; Lozano 1972). 
Apparently the causal agents of African and Asian mosaie diseases are 
not present in Amariea, although the vector (Hernisia spp.) was recently 
identified oa this continent (Bcllotti personal communication). Othe:; 
widely distributed pathogens attack cassava 001y during the cool and 
rsiny perioda of the yea:: or in areas located at high elevations (more 
tban 1200 m), where temperaturas ara below 22"C (Phoma sp. and Cercap 
Cereospora caribsea (Lozano snd Dooth 1974; CIAT 1974, 1975). 

* Centro Internacional de Agricultura Tropical, Apartado Aéreo 67-13, 
"Cal!, Colombia, and International Institute of Tropical Agrieulture, 
P.H.B. 5320 lbadan. Nigeria, respectively. ,. 
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There are other pathogens whose incidence i5 limited by environmental 
conditLons, pessibly because they require high relative humidity 
(nearly to the saturation point) fer germintatíon aud establishment 
(CIAT 1974). 

PATHOGENS OF VEGETATIVE MATERIAL 

Cassava 18 vegetatively propagated by plantíng piecesof stem 
cuttings; consequently, cassava pathogens can be disseminated easily 
by the movement of planting material from infected to uninfected areas. 
These pathogens can cause considerable damage during the establishment 
of the crop or at any time during its growth cycle. including: (1) 
reduction in germinatíon, (2) damping_off, (3) dec~ease of normal pIant 
vigour. and (4) reduction of the potential number of swollen roots due 
to iuitial root damage. 

These patbogens are mainly fungi, which attack epidermal, cortical, 
. and woody stem tissues (Sphaceloma manihotlcola, Gloeosporium sp.); 

facultative saprophites or parasites (Rosellinia necatriz, Fuaarium 
app., Armillaria mellea, Sclerotinia. sp., Sclerotium rolissi, Penicillium 
spp., Asperigillus spp., etc.). These fungi are frequent1y found in 
the so11 (Lozano and Boo~b1974). Other pathogens ínclude (1) bacteria 
(Xanthomonas manihotiS, Lozano 1975; or Erwinia sp" Lozano et al. 1976 ; 
CLAT 1976).(2) mycoplasma, and (3) viruses or viruslike diseases (Lozano 
1912; Tcrry 1975a). These are genera1ly vascular pathogens located 
inalde piecea of atem used for propagation. 

The occurrence of these pathogens in a plantation may be due to 
the USe of planting material taken froro infected p1antations (Lozano 
1972, 1975), the use of. infested machinery or tools during the preparation 
of land and while planting stem pieces, or infested soils. 

Control Measures 

Taking the foregoing factors into consideration, the incidence of 
tbesepatbogens in a country, region, or plantation can be prevented 
by following these recommendations: 

(1) A carerul selection of a11 planting materl<ll rouat be initiated 
by choosíng th" appropriate area snd field for eh" collection oi 
propagating material. Once in the fieló, plants and plant sections used 
for propaganon should also be carefully selected. General1y, it is not 
advisable to take planting material from Africa or Asia to America due 
to tqe presence of moaatc disease in the former. Cuttings should not 
be tsken from areas.where CBB or superelongation disease 18 presento 
The use of cuttings from plantations infected witb the common mosaic 
or vein mosaic virus and mycoplasmal dlseases must also be avoided 
(IDRC 1975; Lozano 1976; Terry 1975a). Cuttinga should always be selected 
from vigorous, apparently healthy planta. The eliminatian of any stem 
section witb suspicious signs of disease 18 extremely important in 
the control of these diseases. 
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(2) Avoid damage to vegetative propagating material. Germinatíon 
and establishment 'can also be improved by the careful handling of • 
cutting during preparation, packing, shipping, and planting, which 
prevents injury to both the stero and bud cissues. Sorne vascular pathogens 
of cassava are dissemlnated by the use of infec'l:ed tools. When handling 
propagative material, all tools and machinery should be desinfected 
prior to each use with a 5 percent solution of cornmercial forma1dehyde. 

Fungicide "seed" treatment oí cuttings may be valuah1e. Germination 
and establishment can be increased by more than 10 percent by dipping 
cassava cuttings into a 5 percent solution of Demosan (1,4 dich1oro-
2,5 dimethoxybenzene), Arasan (tetramethythiuram disulf.ide), Agal101 
(methoxyetbylmercury chloride) or Brassicol 75 (pentach10ronitrobenzene) 
for 3-5 min ~efore p1anting (CIAT 1974). 

(3) Selection and preparation of 1and are al so important factora 
for successful cassaVa cultivatíon. Heavy sOils, with a high organie 
matter content; are difficult to drain and may remain flooded for 
severa1 hours after a heavy rainfal1. These soils may also contain 
high populations of organ~.ms that can attack the reeently planted 
cuttings. Land that has be en previously used for forest (woody trees, 
bushes, coffee, etc.) or perennia1 crops (plantain, sugar cane, etc .• ) 
may also contain high populations of root rot pathogens (e.g. Rosellinia 
necatrix, Armillaria mellea, Fusarium spp., Sclerotium rolfsii, 
Rhizoctonia sp., Pythium spp., Fomes lignosus, Phytophthora drechslerí, 
etc.l. which norma11y attack caSSava roots and woody stems (Lozano and 
Booth 1974). 

Adequate cultural practices to ensure good $oi1 preparation and 
drainage should always be followed. Planting on ridges may also be 
effective in preventing disease. Soil must be well plowed and drained. 
In regions where rainfall 1s high (more than 1200 mm), planting should 
be done on rldges to improve drainage and reduce root clamage. 

Cood quality cuttings, about 20 cm long, should be planted so 
that ha1f the cutting ls covered by soil. Water should be applied soan 
after planting. 

FOLIAR AND GREEN STEH PATHOGENS 

Several fungí (Cercospora spp., Pnoma sp., Oidium sp., Colletotrichum 
gloesporioides, Uromyces spp., etc.), bacteria (Xanth~as manihotis 
snd Erwinia sp.), cycoplasma, and viruses or v1ruslike causal agants 
attack the leaves and green stem portions of the p1ant, or show the 
most characteristic symptoms in these areas. Damage induced by these 
agents can lead to a reduction of photosynthesis, thereby decreasing 
the production and storage of carbohydrates. Reduction in photosynthesis 
can result from: (l) leaf spotting (chlorotic or necrotic areas) induced 
by certain fungi, viruses, viruslike causal agents, and bacteria; (2) 
blight and dieback induced by certa!n bacteria and fungi; (3) distortion 
and leaf stuntlng induced by certain mycop1asma, viruses, and virus1ike 
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agents; (4) bud pro1iferation induced by mycop1asma; and (5) hypertrophia 
cauled by certain variants of mycop1asma (Costa and Kitajirna 1972) and 
the supere1ongation causal, agent (Lozano and Booth 1974; Krausz ct al •. 
1976). 

Several pathogens includt>d in this group are endemic in major 
cassava growing areas (Lozano and Booth 1974; Terry 1975a). Disease 
severity appears to be related to susceptibility of the cultivar and 
c1irnatic conditions in each area. 

Sorne other causal agents that can be disseminated mechanically 
or by using diseased p1anting material are virus es and mycoplasma, 
found scattered in certain regions of America but whose incidence 
is low. Cassava bacterial blight, superelongation dis.ease,.and Afican 
mosaic disease are also disseminated by infected planting material 
(Lozano 1975; Krausz et al. 1976; CIAT 1976; Lozano 1972). However, 
since their specific means of dissemination are high1y effective, 
thay may suddenly spread in a given region, country, or continent, 
causing serious epiphytotics a relatively short time after their 
introduction (Lozano and Seque ira 1974; Terry 1975b). 

Control Measures 

The control measures suggested for the diseases induced by the 
aforementioned group of causal agents are: 

(~) Varieta1 resistance. Even though there are no resistant 
commercial cu1tivars for many cassava diseases, good sources, of 
resistance have been identified and prornising hybrids are now being 
multip1ied by lITA and CIAT (lITA 1973, 1974; CIAT 1974, 1975). 
Resistant genotypes for CBB, Cercospora leaf spots, superelongation 
disease, and Phoma leaf spot have been tested during several growing 
cycles. Good yielding commercial lines, resistant to the major cassava 
diseases, should be available in the near future • 

(2) Disease·free planting material. This is the best control 
measure to prevent the introduction of causal agents that attack 
vascular and cortical tissues. These causal agents include viruses 
or viruslike diseases (common mosaic virus, vein mosaic virus, snd 
African mosaic disease), mycop1asma (witches"broorn disease), bacteria 
(X. manihotis and Erwinia sp.), 2nd epiJermal and cortical fU::1gi 
(Sphace1oma manihoticola, cte.). Mcthads for producing CEB-free p1anting 
material have been developed at CIAT (Lozano and Whaley 1974; Takatzu 
snd Lozano 1975; Cock et al. 1976). The culture of meristematic tissues 
has also been reported (Kartha snd Gamborg 1975). Both techniques are 
useful toals for producing disease free p1anting material. They could 
be used to supp1y basic stock for the rapid mu1tiplication methad 
recently reported by Cock et al. (1976). 

(3) Roguing. Pathogens reported to be disseminated mechanically 
from diseas.ed to healthy plants (Costa and Kitajima 1972; Lozano 1972) 
can be eliminated by roguing. The common mosaic virus, the vein mosaic 
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virus, and the witches'broom mycoplasma diseases are also included 
in this group. Rogued plants must be destroyad by fire. We al50 suggest 
that tool surfaces be sterilized. 

(4) Cultural practices. Within a fe", days after planting, the 
cassava foliar systcm providas a microelimate with lower temperatures, 
high relative humidity, and low air circuIation between the ground 
surface and the top of the plants. The formation of this microclimate 
depends upon the variety planted (varieties with low or h1gh leaf area 
index), as well as on the plant population. These conditions may favour 
the incidence and severity of fungal and bacterial foliar diaeases sueh 
as Cercospora leaf Bpots, Phoma leaf bligh~ eassava bacterial blight. 
etc. Their incidence and severity may be redueed by seleeting varictles 
with low leaf area indexo Plant population and foliar index should be 
just high enough to supply satisfactory weed control. and good yield. 
A leaf area· index of about 3 appears to be optimal for root yield 
(Cock personal cornmunication; CIAT 1975, 1976). Appropriate planting 
time may also reduce the incidence of these diseases; plantíng at the 
beginning of the rainy season ensures good establishment. The canopy 
will close across the rows during the dry season, approximate1y 4 months 
after planting. Because oE the dry environment. a favourable microclimate 
Eor these pathogens will not be formed. 

ROOT ROT PATHOGENS 

Cassava roots often deteriorate before or after harvesting. 
Preharvest root rot i5 the result of attack by soilhorned pathogens. 
Post-harvest root rot appears to be a combination of physiological­
pathological factors. genera11y accelerated by mechanical injury to the 
roots during the harvesting operations (Booth 1975). 

Pre-harvest Root Rot 

The appearance cf preharvest rooe rot problems in a cassava 
plantation is generally a result of using poor ·quality. diseased cutting. 
lnadequate preparation of the land can al so result in pre-harvest root 
roto Therefore, the aforementioned recornmendations for selection and 
treatmentof cuttings before planting and the cultural practices suggested 
for land selection, preparation, and maintenance should be strictlv 
observed to prevent or reduce root rot incidence. If root rots inc~ease 
to levels higher than 3 percent, which is consídered to be economically 
importan4 crop ~otation with cerenIs (maize, sorghum, etc.) or ero? 
fallowing for a 6 month period ls aleo recommended. These practices 
should decrease the inoculum potential ni root rot pathogens; however, 
effective control of these diseases through the use of crop rotation or 
erop fallowing has uot been demonstrated. lt ie possible that longer 
periods oi rotatien ar erop fallowing are needed in arder te decrease 
the incidence of pathogens that proóuce resting structures, such as 
8clerotia. chlamydospores, rbizomorphs, etc. rt has also been observed 
that sorne cultivars are more susceptible to root rot disease than 
others. The development of resistant cultivars could be considered for 
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the control of these diseases. 

Postnarvest Root Rot 

Cassava roots cannot be kept in a fresh state for more than a 
few days after harvest if certain precautions are not taken. This 
presonts serious problems in the marketing and utilization of the 
crop and results in heavey losses. TWo types of deterioration have 
been reported (CIA! 1974, 1975; Booth 1973): physiological or 
pathogenic, or a combination of the two. 

Several control measures to reduce postharvest deterioration 
have been suggested: 

(1) Leave the roots in the ground until needed. Once harvested, 
the roots shou1d be used immediately or dried for longer storage 
life. This necessitates a scheduled program of planting and processing. 

(2) Tbe rate of primary deterioration varies among cultivars 
(~mntaldo 1973; Booth Noon, and Kawano, personal coromunication), &0 
those which display the slowest rate of deterioration should be used. 

(3) One of the most important factors in the success of cassava 
storage ls the condition of the product to be stored (Booth 1975). Care 
should be taken duríng harvesting and handling to minimiza damage, and 
only the least damaged roots should be stored. 

(4) Deterioratíon can be de1ayed by the use of various surface 
sterilants and fungicides (Booth 1975), regrigeration and waxing 
(Singh and Mathur 1953; IIT, 1973). However, the higb<cost snd low 
efficiency of these techniques scverely limit their use. 

(5) 8mall quantities of roots can be preserved for several days 
by using simple techniques sucb as reburtal, or coating in mud and 
plactng under water. Burying the roots in a trench or covering tham 
with soil or a mixture of straw and soil gives good results (Ingram 
snd Humpbries 1972). Booth (1975) was able to store roots for up to 
3 months in field clamps similar to those used for storing potatoes 
in Europe. He a180 reported that cassava could be stored in boxea with 
moist sawdust at room temperature. As a reault of this research, it 
was concluded that caasava roots, like roany other root and tuber crops, 
CSn be cured, requiring only high relativa hurnídities st temperatures 
between 25 aud ¿aoco 

CONCLUSIONS 

<!here are very few economically feasible ehemical control measures 
for csssava diseases. !be most practical control methods are to: (1) 
pIant disease resistant cultivars; (2) use adequate cultural practices; 
and (3) plant disease free materialtreatedwith fungicide. At present 
cassava improvement programa are concerned with long-term research to 
produce and release high yiclding multiple disease resistant cu1tivars 
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Ihis will take sorne time; however, the foregoing recommendations 
should provide effective short-term control which should minimize the 
incidence and spreád of cassava diseases. 
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l'HE TIIREAT OF INTRODUCING CASSAVA DISEASES 
AlW PESTS Oll PROPAGATION MATERIAL 

. 

J.C. Lozano* 

Manihot esculenta Crantz (cassava, maniac, mandioca, yuca or 
tapioca) probably originated in northern South America (Brazil, Guyana), 
with a secondary center of origin in Mesoamerica (Mexico, Guatemala, 
Honduras) (Rogers, 1963). Its present distrlbution 18 worldwlde 
between latitudes 30·south, at elevatlons ranging from sea level to more 
than 6,500 feet (Jones, 1959; Rogers, 1963). This ecological zone, the 
"ca.ssava belt," coincides rough1y with the FAO Economic Clasa 2, or lesa 
developed countries. Ihis belt accounts for 46 percent of the wor1d's 
arable land, 46 percent of the world'g population and only 13 pereent of 
the world's Gross Domestie Product (FAD, 1971 and 1972). In 1971 (FAO, 
1972), world produetian of cassava was estimated at 92.2 millton tons 
from 9.8 mi1lion/ha, giving an average yteld af 9.4 tons/ha. 

Cassava 15 one of the majar sources of carbohydrate for more than 
300 million people living at close to subsistence levela in tropical 
areaa. Fresh and dried roots, as well as 1eaves, are used either as 
human or animal feed. Fifty-five milIion tona are eonsumed by humans, 
snd recent projections estimate that by 1980 consumption wl11 rise to 
about 71 milI ion tons (Phillips, 1974). Commercial products include 
tapioca, sdhesives and starch for sizing and laundry purposes. 

eassava cultivar s are important as sources of energy: The root ls 
30-40 percent dry matter, 90 percent of which la in the form of soluble 
carbohydrates; but tbere are relatively small amounts of crude protein 
(aversging 1 ta 2 percent of dry matter, fsts, vitamins snd minersls 
(Barrios aud Bressani, 1967). However, the protein content of young 
caSSAva tops (1caves) is around 20 percent (Cock, per~onal communication). 
Toe amino aci .. ; conte:nt cf caSf;Rva root~ 1s ~dmila.r to tnat of coro, with 
low methionine, high threonine, snd intermediate levels oí lysine and 
other amino seida (Olaon et al •• 1969). 

Prior to 1971, limited knowledge was available on al1 aspects of 
e&ssava production. In general, the literature impliea that disesses 
snd pests were not important in cassava although information of losses 
due to tbese vas scaree snd limited. A large proportion of these 

* PIsDt pathologlst. CIAT 



publicatíons mentían che existence of different pathogens, but few deal 
with their importance, ecology or control. In the last four years, two 
international institutions (Centro Internacional de Agricultura Tropical 
and International rnsti'tute for Tropical Agriculture) have establ1shed 
an international network oí cassava researchers somewhat analogous to 
those already existing for wheat and rice. Furthermore, national 
institutes and organizations, such as the Central Tuber Research 
Inatitute in India, have now given high priority to cassava resesrch 
programs. As a consequenee, casaava cultivation has been increasing 
dramatically during recent years, and it ia anticipate~ it will continue 
to increase further in the near future. 

Cassava is propagated asexually by p1anting stem pieces as seed. 
To satisfy the need for a continuous p1anting program to supply a steady 
market. propagating material ls usually produced by the farmera 
themselves, who must often introduce material fron neighboring regions 
because planting stakes cannot be atored for an extended lenght of time. 
To obtaln new cultivara with promising characteristics. to introduce or 
to increase a cultivar with desirable charactertstics, farmers, 
institutions and governments have often interchanged cassava planting 
material. This interchange of material appeara to have increased 
during the fast few years due to the expansion of cassava cu1tivation. 

The efforts to increase yield snd production are threatened by the 
underestimation of the importance oi diseasea and insects in cassava 
and the need for effective quarantine measurea. This paper discu8ses 
som~ problema aristng from the international transfer of planting 
material. 

GEOGRAPHIC DISTRIBUTION 

Cassava is affected by more than 25 psthogens including fungi. 
bacteria, viruses, virus-1ike diseases and mycop1asma (Lozano aud Booth, 
1974). More than 90 apecies of insects and 6 species of mites nave 
beeu recorded as pests of cassava (Montaldo. 1967), and severa1 nematode 
species are cassava psrasites even though the literature on this ls 
aparse. These organlsms can cause considerable loases and, at times, 
are limiting faetors in crop produetion. The potential danger of 
introducing some of thesé organisms into uninfested areas is serious. 

Except for Cercospora henningsíiand ~. vicosae, which have been 
observed in a1most all warm csssava"growing areas of the world, cassava 
pathogens appear to be confined to speciflc geographical zones; l.e., 
~ontinents or eco1ogiea1 regions within the continents. Sorne of these 
patbogens, such as ~. caribaea snd Phoma sp., oecur endemically in 
tropical Ameriea in those cool cassava-growing areas where the average 
maximum tempersture is below 20·C, or in the warmer regions, during 
the co01est periods of the year (Lozano and Bootb, 1974; eIAT, 1974). 
Otherpatbogens occurring in the Americas. such as Sphaceloma sp. snd 
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Colletotrich~m gloesporoídes fs. manihotls, induce epiphytotics in warm 
cassava-growing areas during the rainy season (Lozano and Sooth, 1974; 
Krausz, 1975); or, as in the case of Oidium manihotis, during the dry 
season. Root rot fungl of cassava are commonly present around the 
world alnce they are a1so pathogens oí perennial and forest crops¡ tneir 
incidence seems to be related to edaphic snd cultural conditiona as well. 

In the Americas (Brazil, Venezuela and Mexico) there 15 a low 
incldenee oi casssva (mycoplssma and virus disesses which oceur 
independently of environmental and edaphic conditiona. In eontrast, 
the Afriean mosate disease of eassava ls obserVed in almost a11 eassava 
plantings in tropical Africa, primarily because tt 18 dlsseminated by 
insects (Bemlsia spp.). A s.lmilar disease, abo disseminated by Bemisia 
spp., i8 found endemical1y in India (Lozano, 1972). 

Among the bacteria! pathogens, Xanthomonas cassavae appears to be 
restricted to Africa (Dowson, 1957; Wiehe and Dowson, 1953). The 
causal agent of cassava bacterial bUght, X. manihotis. ls present in 
America¡ but it has been found recently In Afriea and Ania (Thailand 
and Malaysia), esusing severe epiphytotics (Lozano, 1975). Even though 
Pseudomonas solanacearum has been reported as a ca8sava pathogen 
(Kelman, 1953; Ca~tano, 1972) and its different races are found in many 
cassava-growing areas, there ls no eonclusive evidence that this 
bacterial apecles is a csssava pathogen. A new bacteria1 species 
recently found in associatlon wlth certain stemborer insects of cassava 
(Lozano and Bellotti. unpublished data) ia preaent in the Americas, but 
its dlstribution and importanee are.unknown. 

Mites apPear to be a universal pest of cassava. The Tetranychus 
mite 1!. urticae) i8 reeorded a8 a pest in Afriea, Asia and the Americas, 
while the Mononychellus mite ~. tanojira) is reported in the Amerlea~ 
and Atrica. Thrips, whiteflies, stemborers, 1eaf-cutter ants and 
eutworms attack eassava in Afriea and the Americes. The cassava hornworm 
(Erinnyis ello) shoot fHes (Silba pendula), fruit flies (Anastrepha 
pickell and~. manihotí), and ga11 midges (Cecidomya sp.) attaek cassava 
ooly in the Americas. Grasshopper feeding on cassava 18 restricted to 
Africa while white grubs, termites and scale ínsects are reported from 
Africa, Asia and the Americas (Schoonhoven and Belloti, 1975). 

DISSE~!lNATlOl¡ OF DISEASES AND PESTS 

Based on the above general distribution of esssava pathogens, sny 
movement of cassava planting material represents a serious risk of 
disseminating these diseases and pests. Tha.most important pathogenic 
agents in eassava --for example, those that cause cassava bacterial 
blight and Atrican mO$aic disease, vascular pathogens, snd auperelonga­
tion disease, an epidermal and cortical pathogen-- are diBseminated 
unsuspectingly through the use of diseased stalks as planting material 
(Lozano, 1912; Lozano and Booth, 1974); Krausz, 1915). 



For example, the causal agent oi cassava bacterial blight i8 
restricted to the host ~ylem tissue in mature stems because the 
bacteria i5 unable to degrade lignifi~d tissues (Takatsu and Lozano, 
1975; Lozano and Sequeira, 1974). Therefore, the presence of bacteria 
in these ti5sues, which are normally used tor plant propagation, i5 
very difficult to detecto Also the severity of the disease i8 
considerably reduced during the dry periods of the year; thus visual 
selection of healthy material for propagation from an infected pIant 
i5 sometimes impossible. Considering its potential of ~preading by 
rainwater , tools, unhealthy planting material (Lozano and Sequeira, 
1974), infested soil and insects (CIAT, 1974), the rapid dispersion 
from a few unhealthy plants in a plot can oceur in relatively short 
periods oí time (Lozano and Sequeira, 1974), causing economie loases 
of more than 50 percent (Lozano, 1975). Considering that (a) cassava 
originated in the Americas; (b) Xanthomonas manihotis is specific to 
Manihot spp.j and (e) that cultural, morphological, physio1ogieal and 
serological studíes of iso1ates from Afriea, Asia and America show 
similar speeies characteristics (CIAT, 1975; Lozano, 1975), it ls 
eoncluded that this pathogen was probably introduced from America to 
Africa and Asia by the introduction of infeeted plant material. Thls 
introduction eaused serious eeonomic damage in N1gerian and Zaira 
eassava-growlng areas (Haraite and Meyer, 1975) and poses a threat to 
Thailand's and Malaysia's eassava production in the near future. 

The extraordinary severity. ability to be disseminated snd lack 
of ~ffeetive control measures roake the African mosaic disease of 
eassava one of the most serious diseases of the erop in the world. 
Although the disease is not present on the American eontinent, the 
vector, Bernisia spp •• has reeently been found (Bellotti, personal 
cornmunication). Hence. its introduction into America or other 
unlnfected areas represents a most serious threat to these cassava­
producing areas. Although the consequences of sueh an event are 
unforeseeable. it is known that the disease i9 capable of reducing 
produetion by 20 to 90 pereent (Lozano, 1972). 

In general. all viruses and mycoplasma of cassav~ in the Americae 
invade the vascular system (Costa snd Kitajima, 1972) and are 
disseminated mainly by propagation of vegetative material. Their 
introduction into uninfected areas within the Americas or other disease­
free areas represents a serious risk. The rnycoplasma disease 
(witches'-broom) has recent1y been reported in the Ivory COBst (Dubern, 
1972), possibly introdueed to Africa by infected propagative material, 

·sioce there were no previous reports of this disease there. The brown 
streak virus 1s another diaease originating in Afriea that can be 
~ntroduced into the Ameriess through vegetative material (Lozano, 1972; 
Lozano and Booth, 1974). 

Little la known about the dissemination of fungal pathogenic 
agents of cassava through infected stalks, with the exeeption of the 
causal agent ol the superelongation disesse (Sphaceloma sp.). This 
pathogen grows into the cortex and epidermis, producing spores in 
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epidermal cankcrs which are capablc of maintaining enough inoculum for 
secondary infect,ions. lts ability to sporulate and to be disseminated 
by wind flow during the rainy seaaon appears to be responsible for the 
observed spread oí che disesse in csssava-growing areas (Colombia, 
Venezuela and Panama) (Lozano and Booth. 1973; Krausz. 1975). If this 
pathogen ls introduced to other countries or continents, it i9 
suspected tbat a similar rapidspread over long distances will occur 
in a relatively short period of time (Krausz, 1975). 

Because of their possible adhesion to the epidermis of the stalks, 
the spores of other fungal organisms, particular1y those that attack 
the stem (Glomerella sp., Fusarium sp •• Selerotium rolfsii, 
Botrydiplodia sp 'o etc.), cou1d a1so be introdueed into other regions 
with material for propagation, 

Except for cassava bacterial blight (Lozano, 1975), the African 
mosaic disease (Lozano, 1972) and the common mosatc virus (Costa and 
Kitajima, 1972), whf.ch appear to be specific to Manihot spp., no 
lnformation i8 available on host range of other cassava pathogens or 
pests. However, propagating material of specles belonging to 
Euphorblaceae (forest or ornamental crops) al sO representa a serious 
risk oi disseminating cassava diseases. This rlsk 18 emphaslzed by 
the recant finding thst a Sphaceloma sp. found on Poinsettia sp. is 
alao pathogenic to cassava. 

The possible dissemination of the pathogens of casssva through 
true seed ia unknown, except for easssva bacterial blight whicb 18 not . 
seed transmltted (GlAT, 1974), Although the riak of dissemination 
througb the uae of true seed appears limited in cassava, there are 
many examples in literature of its occurrence in other erops, especially 
for viral agents. Beeause of tbis, tt ls logieal to suggest that 
precautions be observed until eonvinc:lng studies on the matter prove . 
otberwlse, 

The dissemination of tnsect eggs and of mites in vegetative 
material is more probable than that of larvae and adulta. Generally, 
adults and larvae living on the epidermis of the stem are relatively 
easy to detecto Nevertheless, stemborer, sea le and mite eggs 
(Belloti, peTsonal communication) can be disseminated via stem pieces. 
A r€cent eXlImpIe cf insect dissemínation, pos$ibly through th" 
importation of stem pieces for propagation, is th6t of the introduction 
of mites into Uganda. This pest was disseminated into western Kenya 
and Tanzania. causing seriouB losses for the cassava growers in these 
areas (Nestel. 1974; Nyiira. 1973). 

GENERAL GONCLUSIONS AND RECCMMEDANTIONS 

Although the economíc effect on yie1d ls unknown. the sanitary 
eondition of the vcgeta~ive material used for propagation can beeome 



,-OH! mast impartant factor in successiul cassava cultivatian. For 
instance, it is known that more than 25 percent of the propagatian 
material daea not germinate "he n cassava cuttings are infected with 
hacterial blight and that losses in germinatían oi cuttings attacked 
hy scale insects (Aonydomitilus albus) are often as h1gh as 80 percent 
(Schoonhoven, personal communication). 

Based on the aforementioned considerations, it ls concluded that 
(a) the spread of pests and diseases of cassava through vegetative 
propagation material representa a serious threat to the crop; {b} 
strict quarantine provisions are necessary ín order to avoid the 
possible introduction of pathogenlc organisms and pests into uninfected 
areas; (c) more information i8 needed about the potential damage tllat 
many plant pathogens and pests can cause to cassava cultivation; and 
(d) cassava requires careful selection and treatment of all vegetative 
material before distribution for experimental or commercial propagation. 

Recent research shows that clean vegetative planting material can 
be produced; thus, it may be possible to eliminate the dissemination 
of vascular patbogens, such as the causal agents of cassava bacterial 
blight (Lozano and Wholey, 1974) tbe American viruses (Lozano, 1972; 
Costa and Kitajima, 1972), and the superelongation (CIAT, 1974) 
diseases. Simi1arly, pests and propagules of pathogens that may be 
disseminated on the surface of plantíng material can readily be 
eli,inated through the use of chemicals. The use of tissue culture 
techniques produces symptom-free material from plants infected with 
the African mosaic disease (Kartha and Gamborg, 1975); however, it 
cannot be asserted whether the disease is present in latent formo 
Nevertbeless, the use of these techniques to transfer material within 
the African continent is suggested. 

°Applying general quarantine principIes specifically to cassava, 
the following recommedantions réBting ta the international movement of 
cassava planting materiaIs were discussed and suggested at the 
Werkshop for International Exchange and Testing of Gassava Germplasm, 
held at CIAT in February, 1975 (IDRC/CIAT. 1975). 

A. General recommendations 

l. The expertise in pest and disease recognition availahlc at 
CIAT and lITA should be utilized te traín national crop protection 
speclalists who could then return to their respective countries and 
conduct courses on pest and disease symptomatology aud recognition 
°for quarantine purposes. 

2. lt i8 recommended that the smallest possible amount of planting 
material be imported; the smaller the amOllnt, the lesB the chance of its 
carrylng a pathogen or pest. Inspection of this material, as well as 
postentry quarantine, will be stmplified. 
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3. The implementation of the recommendations for minimizing the 
risk of disease and pest introductions is the joint responsibility oi 
the donor and recipient. 

4. These recommendations merely supplement existing quarantine 
regulations of recipient countries. 

B. Recornmendations relating to the movement of vegetative propagsting 
material 

l. Material should never be imported frClll countries where Aft:icsn 
moasie diseases and brown streak virus disease are presento 

2. For importations fron al1 other eountries, the fol1owing 
pt:ocedures are recommended: 

a. In the donor country 

l. Use on1y select material from a disease-free source. 
2. Treat the material with a combination of fungicide 

(Thiram or Chloroneb) and insecticide (Methamidophos 
or Carbofuran). 

3. Handle material with extreme carel disinfect and 
sterilize all tools snd packing materials. 

b. In the recipient countries 

l. Burn on arrival al1 material which shows pest 
infestation or disease SymptClllS. 

"2. Retreat the material with fungicide and insecticide. 
3. Establish the material in an is01ated arca and make 

regular and thorough plant inspections over a ene­
year periodo 

4. Burn any of the established plants with pest 
infestation or disease symptoms not found in the 
eountry. 

3. In sddition to these general recommendstlons, material being 
exported from s country where superelongation ls known to be present 
should reccive " hot ",ater clip (50°C for 30 mili) (CIAT. 1974). 
Gountries importing material from countriea where cssssva bacterial 
blight 15 known to be present should undertake shoot-tip indexing 
withln twenty days of germination (Lozano and Wholey. 1974; Takatsu 
and Lozano. 1975). 

c. Recommendstions relating to the mavement of true seeds 

l. In the donor country 

a. Select the seed from disease-ft:ee plants. 



b. Select the best-quality seed (visually). 
c. Treat with a fungicide (Thiram) and an insecticide 

(Halathion) • 
d. Handle the seed with care snd disinfect and sterilize 

handll.ng and packing materials. 

2. In the recipient countries 

a. Burn on arrival pest-infested or obviously diseased aeed. 
b. Establish the material in an isoiated area and make 

regular and thorough plant inspectione aver a one-year 
periodo 

c. Burn any plant with pest infestations or disease 
symptoms not found in the country. 

D. Proposals for future consideration 

1. Consideration should be given to the establishment 'of an 
intermedia te quarantine atation in a noncassava-producing country or 
1sland. 

2. The possible future use ef the tissue culture technique for 
quarantine purposes should be examined. lt 19 considered that the 
technique could give a large margin of security to the known virus 
dis~ases and cassava bacterial blight; nevertheless. it is not 
recommended in the case of the African mosaic disease since the causal 
agent of this d1sease 1s st1ll unknown. 

By follow1ng these recornmendations. the author consideres that 
the risk of introducing new pathogens and pests into an area could be 
greatly reduced or eliminated. In many countries, quarantine 
regulations are nonexistent and should therefore be imposed; in other 
countries excessively strict quaraotine regulations have been formulated 
because of lack of knowledge. From the recommendations preseoted io 
this paper. regulations could be formulated tbat would not only protect 
countries against the introduction of new diseases and pests but would 
also glve them the advantage of obtaining better genetic material. 



I 

• 

i i ~ .. 

BIBLIOGRAPHY 

Barrios, E.A., and R. Bressani. 1967. Compo·s!ción química de la rab 
y de la hoja de algunas variedades de yuca, Manihot. Turrialba 
17: 314-320. 

Castafto, J.J. 1972. Fuego foliar bactería1 de la yuca (Manihot 
uti1i9s1ma Fohl). Revista de la Facultad Nacional de Agronomla 
(Mede111n. Colombia) 27: 56-59. 

ClÁT (Centro Internacional de Agricultura Tropical). 1.974. Annual 
Repart 1973. CIAT, Cali, Colombia. 260 pp • 

ClÁT (Centro Internacional de Agricultura Tropical). 1975. Annual 
Report 1974. ClÁT, Ca1i, Colombia, 253 pp. 

Costa, A.S., and E.U. Kitajima. 1972. Studies onvirus aOO mycoplasma 
diseases of the cassava plant in Brazil. In: Proceedings IDRCI 
lITA Cassava Mosaic Workshop. International Instltute of Tropical 
Agricultura, lbadan, Nigeria, 48 pp. 

Dowson. W.J. 1957. Plant diseases due to bacteria. 2nd ed. Cambridge 
Univ. Press. Cambridge, England, 232 pp. 

rood snd Agriculture Organization. 1971. Agricultural Commodity 
Projections 1970. FAO, Rome. 

Food and Agriculture Organization. 1972. Production yearbook 1971. 
FAO,. Rome. 

lORC/CIAT. 1975. Workshop for Internationa1 Exchange and Testlng of 
Cassava Germplasm. ClÁT, Cali.Colombia, (in p1"ess). 

Jones, W.O. 1959. Manioc in Africa. Stanford Unive1"sity Presa, 
Stanford, California, 315 pp. 

Ks:rthe, K.K.) and O.L. Gamborg .. 1975 .. Elimina.tion oí cassava mosaic 
disease by meristem culture. Phytopathology 65: 826-828. 

Kelman, A. 1953. !he bacteria w1lt cauaed by pseudomonas aolanacearum. 
A literature review and bibliography. N.C. Ag1". Exp. Sta. Tech. 
Bull. 99: 1~194. 

Krausz, J. 1975. The supere1ongation disease of cassava. Ph. D. !heais, 
Comell University. Ithaca. N.Y., (in press). 



Lozano. J.C. 1972. Status of virus sod mycoplasma-like diseases of 
eassava. In: Proceedings oi the IDRe/llTA Cassava Mosaie 
Workshop, International Institute of Tropical Agrieulture. lbadan. 
Nigeria. 48 pp. 

Lozaoo, J.C. and R.H. Booth. 1974. Diseases of eassava (~moihot 
esculenta Crantz). PANS (Pest Artieles and NewsSurnmaries), Centre 
for Overseas Pest Researeh, Londoo. 20: 30-54. 

Lozano, J.C. and L. Sequeira. 1974. Bacteria! blight of cassava in 
Colombia. 11. Epidemiology and control. Phytopathology 64: 83-88. 

Lozano, J.C., and D.l1. Wholey. 1974. The production of bacteda-iree 
plantíng stock of cassava. World Cropa, 26: 115-117. 

Lozano, J.C. 1975. Bacterial blight of cassava. PANS (Pest Articlea 
aod News Summaries). Centre for Overseas Pest Research, London. 
21: 38-43. 

Maraite, R., and J. A. Meyer. 1975. Xanthomooas manihotis 
(Arthaod-Berthet) Starr, causal agent Di bacterial wilt, b1ight 
and leaf apots of cassava in Zaire. PANS (Pest Articles and News 
Summaries), Centre for OVerseas Pest Research, London, 21: 27-37. 

Montaldo, A. 1967. Bibliografía de raíces y tub'rculos tropicales. 
Univ. Central de Venezuela, Maracay, 595 pp. 

Nestel, B. 1974. Current trends in cassava research. IDRC 
(International Development Research Centre). Ottawa, Canada, 
32 pp. 

Nyiira. Z.N. 1973. Repart on studies on M. Tanajoa. Min. Agriculture, 
Kampala, Uganda (Mime o) , 6 pp. 

0180n, D.W •• H.L. Sunde. snd H. R. Bird. 1969. Amino acid supplemen­
tation of mandioca meal chiek diets. Poultry Set. 48: 1949-1953. 

Phi1lips, T.P. 1974. Cassava utilization and potential markets. lORO 
(International Development Research Centre). Ottawa. Canada, 
182 pp. 

Rogera, O.J. 1963. Studies oi Manihot esculenta Crantz snd related 
speoles. Torrey Botanioal Club Bull, 90: 1-43 • 

. Schoonhoven, A. van., and A. Bellotti. 1975. Insects snd mites 
sttackíng oassava. ClAT, Cali. Colombia, (in presa). 

Takatsu, A., snd J.C. Lozano. 1975. Translocaci6n del agente causal 
del anublo bacterial de la yuoa (Manihot esculenta Crantz) en 
los téjidos del hospedero. Fitopatolog!a 10: 13-22. 



• 

, 

, 

Wiehe. P.O., a.nd 1~.J. Dowson. 1953. A bacterial disease oí cassava 
(Hanihot utilissima) in tlyasaland. Emp. J. of Exp. Agr. 
21: 141-143. 

231 



• <.",' 

r;;SECT AND HITE PESTS OF CA$S",VA ",llD TIlEIR CONTROL 

* Anthony C. Bellotti 

Introduction 

Cassava pests represent a wide range of arthropodal fauna; 
approximately 200 specíes have be en recorded. l18ny of these are minor 
pests and cause líttle or no yíeld losses. Several, hO',ever, must be 
classified as major pests "hich can cause severe damage to growing 
plants and result in yicId losses. TIle major pests of cassava are mites, 
thrips, the cassava horrn~orm, scaIes, mealybugs, stem borers 2nd whíteflles. 
Other pests suoh as grass happers, «hite ¡¡ruba, cut.:orms, leaf cut ter 
ants and fruit flies may cause sporad!c or localized damage. 

Inscets can cause da~~ge to cassnva by reducíng photosynthetic area, 
«hich results in yieId reductions; by attaclting stema, "1h1ch \Veaken the 
plant and inhibits nutrient transportó and by attacking planting material, 
which reduces gcrmination. They may al so attack roots and cause sccondary 
rots. Sorne are vectors and disseminators of diseases. 

Indlcations <1re that pests that attack the plant over a prolonged 
perlod, sueh as mites, thrips, seaIes, mealybugs and stem borers, wlll 
reduce yield more Ch<1n those Chac defoliate and damage plant parts for 
a brief perlad l.e., hornworms, frult fItes, shoot fIles and leaf cutter 
ants. TIlia i9 beeause the cassava plant appears abIe to recover from 
short-term damage under favorable environmcntal conditions. 

TIle greatest diversity of insects reported to attack cassava 15 in 
the Americas. This 1s expected since where there exists great gene tic 
variation of the host plant, there i8 also a great variability, of 
organisms ,chich attac', the pIant or are in symbiotic relationship with 
·lt. The 17 general g~oup of pest$ describcd in tahle 1 are found in 
the America~;} 12 nre rcportf'cl from Afric.<t and 6 at"e reportee! froíTI tu: Í<L 

1. INSECTS ATTACl(InG VEGETATIVE PLANTU1G MATERIAL 

Tha planting of inscct free and undamaged cuttings is important in 
obtaining good germination and in the establishment of young plants. 

* Bntomo logis t. CIAT Cass&va Fcogram. 



1.1 SeaIe Insects 

Several species oí sC<11es llave bcen identified that att.ack cassava 
stems in many cassava ¡;rm,¡in¡; ro¡;í.ons throughout the ,_'or1d. The quality 
of plantlng nw.terial c"n be ¡;rcatly r"clueed if cuttings are infested ,vitll 
scale insec tr.., Tile: Hh5. t.e scale, Aoniriomytilus A lbus, c~n reuuce 
¡;ermination by 50-60 pcrccnt dcpemling upon th,c de;;rce of infestation. 
Infested cuttings diPl'cd in insecticidal ::olutions reduced infestation but 
heavily infested cuttin¡;s still ¡;crm1natcd poorly after' c1ip-treatments. 
It is therefore reconrncndcd thnt !'cale infested cuttÍllgS lIot to be uned 
as propagation material. !. Albus is a pest throughout most of the cassava 
growing regions of, the ,",orld. 

1.2 The cassava fruit fly 

1\'0 specíes of fruit· fly, Anaserephn Piekcli and A. manihoti have 
been identificd as attacking c~~sava in the A~ericas. n1e fruit fly was 
orig1na11y reported to att:lck che fruie of cassava ",hich causes no 
pconomie losses. TIte larva" may also tunnel .in the stems, resultin(l in 
brÜ';n ga1erles in the pith area. A bacterial pathogen (F;:rwinia caratovora 
varo caratovora), often found in association ,áth fruit fly larvae, can 
cause severe rotting of stem tissue. euttlngs talcen ft"om damaged stems 
show reduced germination. 

1.3 ,tem borers 

jf.1inly oí the or<ler coleoptera hnvc ¡'C<2n found in ctttting uscd for 
plantíng. It 1s likc!] that infestation occurrcd in the erot~ing plants 
but infestatíon may also occur on stored plantíng material. P1anting 
material should be closely inspccted prior to plantine. 

II. PRE ANO POST GEr.tuNATION DAMAGE ro CUrrIUGS AND your:G PLANTS 

2.1 Grubs 

¡':hite gruhs (Leuco[ll101is rs::id/; pl;1n~lnB 

F.1.tcrL:::l Ol" t11e' rooLfi c[ y00~"'}Z l.lnuts.. :,;(:\":ral :>p:-:.~'ie5 of '-:1j,te grub .. 
h¡jvc becn found att2.cl:ing Caf:$:nlA. tll!::ou[;ho'Jt mUC~l ü,;: tile c,::t~;,,;)va ¿;"-A¡,d:t,1 

areas of che world. Thc adult st.::.gc oí the grub is a bectle, usually oi 
the Searabeidae Or Cerambycidae family. 

Damage ol these gru¡'s 15 charactet"Íl::cd by the destruerían of the 
bark of planted cutl:ings ,.hidl may rot and die. m,en young plants (1-3 
months) are attacked, damage ls "videneed by ",ilting of the leaves. !he 
larvae ",ill feed on the bark of the 10',er part of the stem usually belo .. 
the so11 or tunnel into the cutt1ng. The larvae are "hite in color ,-,1th 
a darkened he<ld and up to 5 cm. in length. They cnn usually be located 
around the cutting or roots of the pl'lIlt. nle biology of L. rorida on 
cassava has been descrihed in Indonesia (62). Adults become active after 



the rains ha,"c startcd, and thc mont sevc,c damage occurs abollt 4-6 
months la ter. The "ti" 1 t beetles initiatc ovip05 i tion aoout nine day5 
after mntin", 1ay1n¡; up to 37 pcarly "hite cggs sinr,ly, 50-70 cm. deep 
in th" soil. Larvae ¡';:¡tch in "uout thrcc """"k5. The larval stnee is 
about 10 months, ,iith l,_ to 6- month-01d larvae being the most destructive. 
Larvae ave about 20-30 cm deep in thc soi1 "here they feed on roots. 
Pupation taken place at a depth of about 50 cm. The pre-pupal stagc is 
14 d"ys and the pupal stage about 22 days. Addi tiona1 hos ts ine lude maize. 
rice and swcct pota toes. 

Observations of fllyllophaga sI'. in Colombia indicate that there ls 
a one year cyclo, ,.ith heavie5t damage occurring al: the onset of the rainy 
season. Attacks often occur if cassava i5 planted after pasture or in a 
weedy, abandoned field. lligh_populations can often be detected at the 
time of land proparation. 

Control: Hh1te gl:Ubs are best controlled with Aldrin (2.1/2%, 50 
Kg/hll) and Fur:!dan (3 sr m2) applied bdo",. the cutting in the soU. 
Insecticidal dip treatmcnts 'for cuttings has not proven as slIccessful as 
soU applications. A. Huscardine fungus, Metarrhizium anisopliae, 15 
pathogenic to the grub. 

2.2. Cutworms 

There are several species of cut"orms that attack cassava and they 
injure p1ants in three principal ways. 

1) The surrace cut",¡orms, such as the b1ack cutworm (lI&rotls ypsilon) 
eat off p1ants just above, at, or a 5hort distance be10w tite surface of 
the soi1 leaving the pIant 1ying on the ground. The larvae i5 greasy gray 
to brown, with faint lighter stripes. 2) The climbing cutworms sueh as 
the southern armyworm (Proden1a er1dan1a) elimb the stems, eat buds añd 
foliage and may girdle stems eaustng plants to wi1t and die. The full 
gro<vn larvae 18 dark grey to near1y black in color and marked with lateral 
yellow stripes. 3) Tlle subterraoean cutworms remaln io the soi1 to feed 
upon roots and underground parts of the stems, eaustng a 1055 of p1anting 
material. L05ses of young plants may re4rch 50 pcrcent making it necessary 
to replanto Cu~,orm attacks occur sporadically but are more frequent "hen 
cassava follo',~ <:oro in rotation. T11c biology of the thrce categorics 
of cut\.10r¡.¡ sp('ci~s attacking cn!Ss-avo i~ :iimilt1r~ Eggs are laía in masses 
011 che u-nder~ides nf leaves nevr the soil. E¡;gs hatch in 6-3 d.<1ys nnd 
dovelop in ¿O-30 clays. Tht> purn1 st;:;c:;c (;J~ll rlnys) ís pnss,,¿ in tnc "eil 
or under plant debris. Oviposi,tion is initieted about one wcek after 
adults emerge. A generation lasts about b10 months, and under favorable 
environmental conditions, several generations ,,111 oecur in one year. 

Control: CUb.orm attacks are sporadie but occur more frequently "hen 
cassava fo11ows mai>:" or sorghum or Hhen planted adjaeent to these erops. 
Longer euttin¡:;s (30 cm) ~.ill aUOI. plants to recover from surface cutworm 
attack. Cutworms attacking plants above or at ground leve1 may be controlled 
effeetively '\11th poison batts (101:1; bran or saHdust, 8-10 liters watcr. 
SOO g sUBar or 1 liter molassc,,-and 1001; trichlorfon for 1/4 to 1/2 ha). 
Subterranenn cublOrms can be controllcd by applications oí nIdrin or carbofuran 
around the cuttines. 
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2.3 Tu:mites 

Termitas attack cass~va mainly in the tropical lowlands. They 
are reported as pesta in several areas of the world but primarily 
in Africa. Coptotermes voltko~i and~. paradoxis (Rhinotermitidae) 
have becn identified from tladagascar. They fecd on propagation material, 
roots, swollen roots, or gro~ing plants. Principal damage appears to 
be los s of cuttings; p1ant establishment can also be affected severely, 
especially during prolonged dry perLoda. We have observed swollen root 
damage and subsequent root rot caus~d by termite attack. 

2.4 Crickets 

Crickets damage cassava plants by c1ipping young shoots after 
emergence. They can also damage the base of tbe cassava plant, rendering 
them more susceptible to lodging by wind. 

III INSECTS AND HITES ATTACKIllG ARTA!. PAIlTS OF TllE rUNTS 

3.1 Foliage Consumers 

3.1.1 The cassava hornworm 

The cassava hornworm, Erin~yis ello ia generally considered as 
one of the most serious cassava pests in the Americas. Ibis insect 
has not be en reported from Africa nor Asia. 

High populations o' hornworm larvae can rapidly defoliate large 
p1antations o. cassava. Defoliation during the, initial montbs of 
plant growtb can cause yield lOBses. Yield reductions of 10 - 50 percent 
have been estimated, depending on plallt age andintensity of attack • 
Heavy attacks can kilI young plants •. Damage simulation s~udies indicate 
than defoliation of young plants (2-5 months reduces yield more than 
that of older plants (6-10 months). Altbougb each larva can consume 
1107 cm2 of lea f area, large'populations can be tolerated since under 
favorable environmental conditions, there can be up to 80 percent 
df::fOliétion wL th no r-edüct :Lon í:\ rnot )licIo .. The ash colored, nocturnal 
females oviposit their lárgc, light greell eggs on t.hc uppcr surfacc 
of cassava leaves. Tbe 1arvae can vary graatly in color: ye11ow, green, 
black, dark grey snd tan are cornmon. Fifth instar larvae may reach 
10 to 12 cm. Wben mature in about 12 days, and migrste to the soil 
whereunder plant debris they form a chesnut brown, black lined pupa. 
The'adult moth emerges in about 2 weeks. Outbreaks generally occur 
after the beginning of the rainy season, but are erratic and may be 
absent for years. 

COntrol: A biological control program appears to be the ,most 
etfective means of horn~orm control. Egg parasitism by Trichogramma 
sp. can effectively reduce populations. The paper wasp (~oliste8 sp.) 
1s an important larval predator and simple protectlve sbelters can 
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be erected in caSSava fields. Apanteles sp. is a hymenoptera larval 
parasite. Effective control with the bacterial disease Baeillus 
thuringiensis has becn obtained. 

Dipterex ls effective against young larvae but che use oE 
pesticides should be avoicled as it interupts the biological control 
system. 

3.1.2 Leaf eutter ants: 

Several species (Atta sp. and Acromyrmex sp.) have been reported 
as feeding on eassava in the Americas. Cassava plants can be defoliated 
when large numbers oE worker ants move into a erop. A simieircular 
eut is made in the leaf; and during severe attacks, the buds may also 
be removed. These parts are carried to the underground nest and chewed 
into a paste, on which the fungus Rhoz1tes gongylophora ia grown. 
Outbreaks frequently oecur during the early months oE the crop; the 
effect on yield is not known. 

Control: Insecticides are the most effective means of control. 
Nests, which are often readily visible by tbe sand piles around tbe 
entrance hole, can be destroyed by fumigation with parbon disulfide 
and sulfur smoke or arsenates. Chlorinated hydrocarbons around the 
nest or granular mirex baits applied along the ant trails give 
effectiva control. 

3.2. Sucking mites and insects 

3.2.1 Mites 

Mites are probably the most serioua pests attacking cassava. 
They are frequently a pest during the dry season and cause serioua 
damage in most cassava growing regions of the world. The green 
cassava mite, Hononychellus tanaloa, native to the Americas, has 
causedconsiderable yield reduetion in parts of East Africa after 
its introduetion into this area. Recent reports indieate that this 
mite i8 spreading trhoughout other areas of Afriea. 

The mito Tetranvchus urticae i8 universal but appears to be 
a significant pest in parts 0f Asia. 

Ihe distribution of Oligonyehus peruvianus is limited to tbe 
Aaericss snd East Afríes and has not been reported f~om Asia. 

Mites can be found in great numbera on the unders1des of leaves 
during optimUIII envirolllllcntal conditions. Uaually older plants are nlOre 
susceptible to attack. 

Ibe Mononychellus mite 1s usually found around the growing 
points of plants, on bude, young leaves snd stems; lower levels are 
leas sffected. Upon emerging, lcaves are markcd with yellow spots, 
lose their normal crecn color, develop a mottled. bronzed, mosaielike 
appearance snd beeome deformed. Under severe attack, shoots lose 
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thcir .grecn color, stcms become scarified, first turning rough and 
brown, and evcntually presenting dieback. Stems and leaves necrotize 
progressively from top tó bottom. 

Damage from the Tetranychus mi te appears first on the lower 
l"aves of theplant. Ie first showa as yello" dota along the main lcaf 
vein, eventually spreading over the whole leaf, which turnsreddish 
brown or rusty in color. Beginning with the basal leaves, severely 
infested leaves dry and drop, and plants may die. 

Tlle pres.,nce of: the Oligonycllus mite is characterized by small 
wh1te spota, which are webs the female apreads on the leaf undersides, 
commonly along the central and lateral leaf veins and margino Egga 
are oviposited under tilia web where the irnmature Gtages develop. 
Corresponding yellow to brown dots forro on the leaf upper surface. 
Damage ls more pronounced on the lower leaves. 

Yield reductions aS high as 40 percent have been reported by 
Nyiira in Afriea for the green caSSava mite (~. tanajoa). Recent 
studies in Venezuela (Doresta pers. comm.) show a 30 to 40 percent 
yie1d reduction for thia same mite. Mite infestations at CIAT 
consist of all three aforementioned species snd recent experiments 
resulted in a'20 percent yield 10ss when the mite attack occurred 
froro the 5th to the 7th month of pIant growth. 

~ontro1: Evaluation of the CIAT germplasm bank for mite resistance 
indicates that there are low 1evels of resistance or tolerance to 
the Tetranychus mite and moderate levels to theMononychellus and 
Oligonychus mite. 

There also appears to be several effectivebiological control 
agents for:.supressing mite populations. 

Control with ~10nocrotophos (Asodrln), Galecron (Fundan and 
other organo·phosphates with a cornrnercial dosis ia effective. 

3.2.2 The Cassava Lace bug 

Lace hug (Vatiga manihotae) damage has been reported only from 
the A~ericas. Yicld loases due to this insect ere not know. The adults 
are grey in celor snd meaSure about 3 mm in length. The whitish 
nymphs are smaller "ud both adults snd nymphs can be found in great 
numbers on the leaf underside. Damaged leaves show yellow spots which 
eventually turn to reddish brown, resembling mite damage. Considerable 
damage to the foliage can occur. 

Laboratory studies at CIAT showed five stages, lasting 2.9, 2.6, 
2.9, 3.3 and 4.8 days, respectively (totaling 16.5 days). Tbe egg 
stage 1s about 8 days; females oviposit sn average of 61 egga. Adult 
longevity averages about 50 days. Prolonged dry periods are f.avorable 
for 1ncreased lace bug populations, which were bighest during the 
first three months of plant growtb. 



J.2.J ¡'¡hiteflias 

Whiteflies (Alcyrodidae) attack CaSsava in the Americas, Africa 
an certain parts of Asia. Although they may not cause econornie damage 
by their feeding, thcy are of partieula r importanee as vector s of 
eassava mosaic disease in Afriea and India. Bemisia tabaci is the 
most important speeies in these areas. !. gossypiperda and !. nigeriensis 
are al so reported frorn Africa. The speeies most frequently found on 
cassava in the Americas are Trialeurodes variabilis, Aleurotrachelus 
sp., Bernisia tuberculata ~nd Aleur()thrixus sp. Although!. tabaci has 
been reported frorn the Arnericas, there is sorne doubt aS to its eapacity 
to feed on eassava. Afriean mosaie disease, reviewed by Lozano and 
Booth, .. ís not presento .in the Arnerieas. 

High whitefly populations may cause yellowing and necrosis of 
the lower leaves of the eassava planto Severe infestations of 
Aleurotraehelus sp. have been observed in Colombia, where leaf damage 
was manifested as severe mottllng or curling. with mosaiclike syrnptoms 
on susceptible varieties. A black. sooty mold, fungal disease. often 
found on whitefly exeretions, may have an adverse effeet on plant 
photosynthesis. 

Adult whitefly populations are almost always found on the 
undersides oí developing leaves, where they oviposit. One generation 
of ~. tabaci lasts 4-5 weeks, denending upon elimatie eonditions; 

. there may be up to ten generations per year. 

Studies on the biology of 1. variabilis showed that females 
oviposit an average of 161 eggs, with 72 pereent survival froro egg 
to adulto Average female longevity was 19.2 days and for the male, 
8.8 daya. The oblong pupal stage ls normally pale green, but that of 
Aleurotrachelus sp. is black, with a white waxy excretion around the 
outer edge. Heavily infested leaves are almost eovered with immature 
stagea and pupae, givipg theundersurface a glistening white effeet. 
Infestatlons have been observed on upper as well as lower leaves. 

High populations are usually assoeiated with the rainy season 
when plants are more vigorous. Populatlon levela may depend more on 
the plant's physiological conditions than on climate. 

Control: Varietal resistance to the !:)eurotrachelus sp .. , found 
in high populations in Colombia, has been evaluated. The varieties 
CMC-72 and CMC-57 show moderate leveIs of resistance. 

Control of whitef.lies, if needcd, can also be aehieved with the 
insectieides Roxion, Diostop, Hetasyptox, and Dimeeron. 

3.3 Rasping lnseets 

3.3.1 Thrips 

Several species (Frankliniella williamsi Rood, Corynothrlps 
stenopterus, ~nd Caliothrips maseulinus) of thrips, all belonging to 



the Family Thripídae, have been identified as attackiog cassava. 
Thrips are a major pest in Central aod South Arneriea and have also been 
reported from Afriea. 

The mast important speeies ls r. willíamsi which damages the 
terminal buds of the planto The leaves do noc develop normally, 
leaflets are deformed and show irregular chlorotic yellow spots. 
Stylet damage to the leaf ce lis during expansion causes deformatían 
and distortion, with parts of leaf lobes missing. Brown wóund tissue 
appears on the stems and petiales and internodes are shortened. 
The growing points may die, causing growth af lateral buda which also 
may be attacked, giving the plants a witches'-broom like appearance. 
Tite attaek is most 'frequent during dry periods and plants will recover 
wirh the ln1tiarion of the rainy season. 

Yield reductions due to thrip 
Results lndicare a 15 to 20 pereent 
cOQslstant w1th literatura reports. 

attack were studied at ClAT. 
yield 10ss due to thrips which ls 

Control: It la best achieved through the use af resistant 
varieties whicn are reedily available. Resistance is based on the 
~orpbological.characteristic of leaf-bud pilosity snd nearly 50 percent 
of the ClAT germplasm bank (2.300 varieties) sho\> high levels of 
resistance. 

Systemic insecticides such as Roxion E 38 (160 cc a.i./ha). 
thiometon E 28 (113 cc a.i./ha) applicd cvery 15 to 21 days also 
gives excellent control. However this can upset the biological control 
balance for hornworms, mites and other insects. 

3.4 I!lsects Goring .!!! Stems 

3.4.1 The C4ssava shoot fly: 

Damage due to the shoot fly (Silba pendula, Carpolonchacae chalybea) 
can be observed throughout most of the cassava growing regions of rhe 
Americas. Ibe pest has not been reported from Afriea nor Asia. 

Feeding damage of shoot fly larvae ís manifested by a \~híte to 
brmm exuclate flowing from thc growing point, which eventua lly dies. 
"'Ihis _r-eta:rds plant growth, breaks apict}) dominaace and causes side 
buds tú germinate, which mey al so be attacked. In some ceses only 
part of the tip ls killed, and the shoot contínues to gru~. Younger 
plants are more susceptible to attack; repeated attacks may cause plant 
stUnting. During severe outbreaks, 86 percent of the plant p6pulation 
has been reported affccted, súaulated damage studies, removing 50 and 
100 percent of the shoots on plants 2-5 aud 6-9 montbs of age, shawed 
that the degree of eeonomic damage is dcpendent upon plant variety 
and age. Ibe late-branehing variety ~Iccu 150 was more suseeptible than 
Llanera at ear1y stages (2-5 montha), and yield was reduced by about 
30 percent. Shoot removal from 6-9 months did nat affect yieIds of 
either variety. 00 an individual plant basia, there was a 15.5, 16.7 
and 34.12 percent yleld reduction when natural attack occurred at 
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4.5, 5.5 and 6.5 months, respective¡y. Affected plants were sharter 
and roay have been shadcd by healthy neighbors, hlmce these yield losses 
may be an over estimate. 

The dark, metallic-blue, adult shoot fly oviposits between the 
unexpanded leaves in the growing points or in a small cavity made in 
the tissue by the ovipositor. As many as 22 eggs per shoot have been 
observed but 3-8 eggs por shoot 1s average. The eggs hatch in about 
four days, and the young larvae tunnel in the soft tissue, eventually 
killing the growing point. Several whitish larvae may be found in 
the affected tipo The larval period is about 23 days; larvae pupate 
in the soil and the adult fly emerges about 26 days latero TIle fly 
ls especially active on sunny days. 

Attacks may occur througllout the year, but in roany areas they 
are seasonal, often at the onset of the rainy season. At CIAT the dry 
period was favorable for htgher shoot fly populations. 

Control: Larvaa are dtfficult to control. Systemic organophosphates 
are."lrecommended during early attacks if ropulations are h1gh. Insecticides 
and a sugar solutíon spraycd on plants act as a bait for adult control. 
Fly traps using decomposing fruits, casein or yeast withan insecticide 
as an attractant are also recommended. 

3.4.2 TIla cassava fruit fu (Anastrepha manihoti A. pickeli). 

The ca5sava fruit f1y i5 frequently reportad as attacking the 
fruit of cassava whare it causes no economic losses. l!m~ever this pest 
has been found causing severe damage to the steros oi the cassava planto 
Attacks of Anastrapha in the stem occur about 10-20 cm below the apex 
where a small entrance al:' oxit hale is visible. The yellow to tRn 
colo red temAle inserts the egg in tlle stem tissue snd uron hatching 
the white to yellow larvne bore into ~nd down through the pith region 
af the stem. 

A bacteriRl pnthogen is often found in association with the 
larvae ~nd this can cause severa rottíng of stem tíssua. Often a whita 
exudate ls found flowing from the l~rval tunnel. Severe attacks may 
caUSe desth aud col?sDC oE the gr~,ing points which retards plant 
growth Rnd I:?nc0urt":ge.s. grrn.;th of la ter~ 1 buds. This sec:ondnry rott in8 
m2)' cause a reductionin yi(71d ilnd :l 1055 of st'lke planting m;;teriHI .. 

TIle extent of crop los ses due ta this pest is not yet known but 
it appeara that plAnt age ~t.the time of attack is important. Younger 
plants (2-5 mo.) suffer more from fruit fly attack. 

Control: By using attractants ar poison baits appear promising. 
A Hymenoptera parasite (Opius sr.) has be en id:ntified. The insecticide 
Lebaycid (Fenthion)gives good control af the larvae in the etern. 
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3.4.3 Stem borers 

Numerous inscet spccies ha ve becn reported to feed on and damage 
stems and branches oi the cassava pInat (1abie 2). Although nearly 
worlwide in distribution, they are of particular importance in the 
Amerieas, especially in Brazil (78). They generally cause sporadic 
or localized damage, and none can be clasaifted aS universal pests. 

The most important stem:borers belong to the orders Coleoptera 
and Lepidoptera. Stem borera appear to be highly host spee!fie, and 
few are reported to feed on alternate hosts. Several lepidopteran and 
eoleopteran sten borera are identified írem Afriea the on1y one reported 
frem Asia is Lagoch~ sp. from Indonesia. Seven speeies of Coelosternus 
reportedly attaek cassava in the Amerieas, and f. ~nihoti i8 reported 
as a pest in Africa. On1y Coelosternus spp. and Lagochirus spp. are 
diseussed in more detail bere. 

Larvae vary ln aize and abape depending on the species. Some may 
measure up to 30 mm in length. Larvae are usual1y white to yellow ta 
tan in color and can be found tunneling through the arial parts of 
the plants. Stema and branches may break or be reduced to sawdust. 
During dry perLods branches may lose there leaves or die and under 
heavy infestation plants can completely die. Frasa and exudate from 
the st~mwood ejected from burrows by larval fee1ing can be found on 
infested branehes or on the ground below the planto Female Coelosternus 
spp. may oviposit on various parts of the cassava pIant but prefer 
ehe tender parts. In !;.. alter.!!!!!.... oviposition has been observed near 
broken or cut ends of branches or beneath the bark in eavities mada 
by the proboscis. Oviposition by f. &ranieollis begins tbree daya after 
copulat10n; the female penetrates the stem, and oviposits up to several 
white eggs. 

Larvae vary in size depending upon tbe speeies. Fully grown larvae 
of C. altemans are 16 mm in length, with a maxtmum width of 4 mm, 
whereas those of Q. tardipes are 9 x 2.5 l1IIIl (l8). Host larvae are 
curved, with a yellowish wh1te to pale brown body, a reddish brown 
head capaule and black mand1bIes. In f. rugicolis only a single larva 
is found in eaeh stem; whereas in the other epectes, tbere may be 
~everal. !be larval periad ranges from 30-69 days. The fully gro~n 
larvae of all speeies pupste within a cell constructed in the pith 
regian. The pupa is held securely in place in it$ ehamber at one end 
of the burrow with larval frass; clurationof the pupal period 18 about 
one month. After emerging from the pupal case. the adult may rem.ain 
in the chamber for several days befare Ieaving the Btem. Adulta range 
in &izes from 6 mm in lengtb for f. granie0111s to 12 mm for S alterans 
and g. rugicolis; Adults are light to dark brawn and may be.almast 
compIetely covered with yellowish seaIes. lbey are active tbroughout 
tbe year, but aetivity may decrease during cooler months in some areas. 
Lagochirus spp. adults oviposit in ctema and branehes about 2.5 cm 
below the bark; eggs hatch in 5-6 clays. Tha larval devalopment periad 
1s about two months; larvna maasure up to 29 mm; they feed at the 
base of the plant and many can be found in one planto The pupation 



period, which i8 about one month, takes place in the larval chamber. 
Adulta are nocturnal-, rapid fUers, and active throughout the year. 
They are bro''¡11 in color, about 17 mm long, and fced on leaves and bark. 

Control! Since adult stem borers are difficult to kili aud larvae 
feed within the stems, pesticidal control is impractical. Cultural 
practices that Hi11 reduce pest populatious inc1ude removal and buruiug 
of infestcd plant parts. On1y uninfested and undamaged euttings should 
be used Tor propagation. 

3.5 ~ Deformera 

3.5.1 Gallmidges 

Several species of Gallmidges (Cecidomyiidae, Iatrophobia 5p.) 
have been reported on cassava in the Americas. Ibese fragil flies are 
usua11y found on the leaf under surface where they 1ay their egg!. 
The emerging larvae cause abnormal cell growth in the leaf and the 
formation oí a gallo Lcaf galls on the upper surface of the leaves 
are ye1low-grecn to red, narrowcr at the base and often curved. When 
opened, the galls show a cylindrieal tunne1 with the larvae inside. 
Gallmidges are considered of 1ittle economic importance and generally 
do not require control. Retarded plant growth, however, has been 
reported due to severe attack on young plants (2 to 3 months). 
Collection and destruction of affected lcaves at weekly interva1s ls 
recommended to reduce populations. 

3.6 Stem feeders 

3.6.1 Sca!e Inseets 

Several species of scales (Aonidomxtilus albus, Saissetia spp.) 
have been idcntified as attacking cassava stems throughout most of 
the cassava growing regions. Yield losses recorded at CIAT on a per 
plant basis reached 19 percent on heavily infested plants. 

Attscked stems can cause leaves to yellow and diop: In severe 
attaeks the planta are stunted and stems can dessicate, causing plant 
mortality. The greatest damage due to scaIe sttsck appears to be the 
loss of plant~ng ffit;.te!'ial. When cuttin[;$ heavily infested '(..Tith sca,les 
are planted,gcrmination is greatly reduccd and roots wi.ll be poorly 
developed and unpalitable. Toe sdult seale of Aonidomxtilus albus is 
mussel-shaped and eovered with a white waxy secretion. It attacks the 
b~anches of cassava, especially in the dry season, thus aggravating 
regions of the world. 

Ibe biology of ~ albus has been studied in detail by Swaine(1950). 
The cast skins of the 1st and 2nd nymphal stages are ineorporated in 
the seale. Unlike the females, males haya well-daveloped lega and wings. 
Tha female produces en average of 47 éggs, ovipositing them between 
the upper scale covering snd the lower cottony secretion. During 
oviposition the f~lale shrinks snd shrivels up. Eggs hateh in 4 days; 
the first nymphal instars (crawlers) are locomotive and can disperse. 
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These crawlers become fiKed in 1-4 days, cover themselves with numerous 
fine threads, molt in 11 days and become il1'O.Tlobile. After four days the 
adult female appears and commenceS oviposition in 1-2 days. One female 
generation passes in 22-25 days. 

Dispersa! occurs by wind, active crawling or via infestcd cuttings. 
The most important means of dissemination i8 by storlng infested 
cuttlngs with healthy ones. 

Control: The most effective means of control ls through the use 
of uninfested plantíng material and cutting and burning infe~ted plants 
to prevent the spread of infeststion. Chemical control msy be required 
during the dry season. l1essured in percentage of adults killed, systemic 
insecticides snd psrathion were mOSt effective. As for chemieal control 
of cuttings, dipping those that are infested with crawlers in DDT 
emulsions for 5 minutes reduces infestatian; ho\#ever, heavily infested 
cuttings 8t1l1 germina te poor1y after dip treabnents. Preventive control 
of storcd cuttings has been $ucessful. 

Heavy predation of !. albus by ChilocorulI distigma (Coccinellidae) 
is reported (64). Hymenopterous parasites (Aphelinidae), Aspidoiphagus 
citrinus and Signiphora sp., are reported in Cuba. o'e have observed 
heavy parasitism and predatian of S. miranda in the fieId, but the 
species have not been identified. We have also found a brown, sponge11ke 
fungus, Septogasidium sp. growing on !. albus. 

3.6.2 Mealybug , 

Mealybug damage to cassava has been reported fron Colombia, Brazil 
and parts of Africa. The spectes at CIAT has been identified as 
Phenacoceus gossypii, the Uexican mealybug, while ~. gossypil and 
Phencoccus sp. are reported from Brazil. 

Mealybugs reported from Afrl"CtI are l'seudococcus virgatus (Ferrisiana 
virgata, Dastulooius virgatus), ~. cítri and~. adonidum. High mealybug 
populat1ons cause defoliation of cassava plants and drying oí stem 
tisBue, resulting ln a 10ss oí planting material. Leaves w111 turn 
yellow and dry and defoliated plants will form new buds, which,are a1so 
attacked. 

~. g066Ypii has a wide host range, including food crops as 
well as many ornamentals. Females deposit sacks containing a large number 
oí eggs around tne axi1 of branching stems or Ieaves, en tha undel'side 
of the leaf where the leaf petiole joins the leaf, al' around the buds 
on tbe main stem. Tbe young nympbs, ahortly aftar initiating feeding, 
exude a white, waxy material from their bodíes which forms a caver over 
the insecto High populations give a cottany appearance to the green 
ol' Bucculent portian of the stem snd to tbe leaí undersul'face. They do 
not rema in fixed but move slowly over the plant surface. Adults measure 
abollt 2.4 by 1.5 111m. The Ufe cycle of"thi.s insect has not been studiad 
on cassava. 



Control: There are numerous predators and parssites of mealybugs. 
Chemical control ~ith malathion has been successful.' 

IV. DRlED CASSAVA STORAGE PESTS 

Approximately 38 insects, mainly Coleoptera, are reported to be 
found on dried cassava chips or products. Many are polyphagous; only 
those that are able to reproduce en dried cassava are important. 
Ihese include Stegobi~ paniceum, Araecerus fasciculatus, Rhizopertha 
dominica, Dinoderus minlltus, Tribolium C3.staneum and Latheticus oryzae. 
Host damage is reported from Asia, Africa, or from Europe on imported 
dried cassava. 

No data are available on los ses in dried eassava due to inseets. 
CaSSava chips were reduced to dust in 4-5 months in India. Reeent 
studies at CIAT indicate thát A. fasciculatus, the coffee bean weevil, 
aud Q. minutus, the bamboo powderpost beetle, can cause considerable 
losses. 

Control: Proper sanitary measures, such as cleaning and dlsinfeeting 
warehouses prior to restocking and rapid removal of infested material, 
are the most effective control measures. Bitter varieties of caSsava 
are reported to be more rcsistant to weevils than sweet ones; however, 
this needs confirmatían. Standard grain fumigatinns also give effective 
control of these pests. 

V. BASIC PRINClPLES OF CASSAVA 
INTEGRATED CONTROL SYSl'EM. 

Cassava ls ideally suited for BiologiealControl Programo 

High levels of pe~t resistance are not needed and resistance to 
some pests ere available. 

It is neccssary to unrlerstanti thc insect- plant -environment 
interaction. Rainfall appears to be key factor. 

Cultural practices (selection of planting material, crop rotatian 
etc.) can reduce pest incidenee. 

The use of insecticides intelligently and only when needed. 

The indiscriminate use of pesticides wil1 lnterrupt Biological 
control programa. 
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TABLE I. THE CASSAVA HI~_AND J]!!!~C0ló!P..1M... 

CQMlIION NAME 

Thrips -

Mites -

The cassava hornworm 

The cassava frult fly 

The cassava shoot fly 

WhitefHes 

Stem bores 

White grubs 

THPORTANT GENUS/SPECIES 

Frankliniel1a williamsi 
Cor.ynothrips stenopterus 
Caliothrips masculinus 

¡¡ononychellus tanaloa 
Tctranychus urticae 
Oligonychus peruvianus 

Er i nnyis .!ll2 

Anastrepha picke11 
!.~ manihot1 

Si lbn pendula 
Lonchaea chalybea 

B~misia tahaci 
~leurotrachellus sp. 

Coelosternus spp. 

Leucopholis rorida 
Phyllophaga sp_ 

,~, 
·~"~l;'· 

:~'/A' .~ 
,~" ,.~,,!, 

REPORTEO FROH 

11a1n1y in Americas but 
also in Africa 

Americas and Africa 
All regtons 
Americas 

Americas 

Americas 

Americaa 

Africa, Asia, Americas 

AH regions but mainly 
Americas 

All regiona but mainly 
Americas and Indonesia 

PLAN! PAR!S ATTACKZD 

Derormation O" foliage 
and outer sCero tissua 

Lesf yellowing, necrosis 
and death of buds 

Foliage, buds, and tender 
stem consumad. 

. ',', '. 
'!' . 

Frutt (aeed) and atero boring 

Death of apical buds 

Foliage deformation, necrosis 
and virus transroission. 

Stem and possibly swollen 
roots. 

Planting material, roots 

, 
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CO!-!MON lWtE 

. Cutworms 

Gal1 Htdges 

Lace Bugs 

Grasshoppers 

Mealybugs 

Seales 

Leaf cutter Ants 

Crickets 

Termites 

;;:-.;..,~ .. ~'-

INPOR.TANT GENUS lSPECj!L 

Ptodenia litura 
Agrotia Lpsnon 

:!.~ophol!.!! !!!,s!.Piensls 

Vat!ga man1hotae 

Zonocerus elegans 
~ vareigatus 

Phenococcus gosaypLi 

Aonidomytilus albus 
Saissetia sp. 

~ sp. Acromymcx sp. 

Costotermes voltkevi 
S paradoxis 

m.Q.RTED FR.OM .:,.p.LA=NTc.:.....!P'-"A,R • .::.T::..:S::.....:!;ATT=A""CKE=D 

Americas snd Madagascar Planting material, stem 
girdling snd folliege 

Americss LeaE galls 

Americes Leaves 

Mainly Africa but also 
J\mericas 

Americas And Africa 

AH regions 

Mainly the Amaricas 

Foliage consumed 

Foliage snd stems 

Stema 

Foliage 

!he Americas and Africa Young plants cut off 

All regians but mainly 
Afriea 

PlantLng material,roots, 
steros .and swollen roots 
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~mTHODS OF WEED CONTROL IN CASSAVA 

(Manihot esculenta Crantz) 

J.D. Doll* 
W. Piedrahita C.* 

It has been recognized that cassava yields can be greatly lncreased 
by eliminating weed competition during the initial growth perioda; 
nevertheless, many consider that lt ie able to survive, compete and 
produce with only minimal weed control efforta. Even under ideal 
growlng conditiona, it takes two montha or longer for the cassava 
canopy to close; under less favorable conditiona, it may take up to 
four months. Untíl a complete canopy ia formed, attention usually needa 
to be given to controlling weeds. -

Cassava yields, four times greater than the national production 
average s ofnuny countries, are being obtained experimentally as a reBult 
of the integratíon ol many technological advances (i.e., improved 
varieties, proper pest and weed control measures, adequate fertilization 
and other cultural practicee). A very essential part of this cassava 
production package le weed control. Thls bulletin presents the results 
ol three yeare' research efforts ar eIAT and highlights the importance 
oí timely weed .control and che adoption ol an adequate control programo 

Eflects ol weed competition 

As with any croP. caSlava ls subject to weed eompetitian far light, 
water and nutrients. For most short.season annnal craps, the critical 
period of weed competition accurs during the first few veeka after 
planting (Kasasian and Seeyave, 1969). If crops are kept weed free 
during this ,period,optimal yields are obtained. An experiment W8S 

conducted to determine the critical perlod ol competition in cassava, 
based on hand weedings performed st varioue frequencies aud intervals. 
!he vsriety 0-!C-39 was plantad in ridges at a populatíon of 10.000 
plants par hectare in a field where the principal weeds were Cyperus 
rotundus (purple nutsedge), Rottboel1ia exaltata (Raoul grass), Sorghum 
Balepense (Johnson grasa) snd Ipomoea spp. (morning-glory). 

Results indicate that the weeding operation must beglo 15 ta 30 

* Weed Control Specialist and Research Asslstant, respectlvely, Centro 
Internacional de Agricultura Tropical, ClAT, Cal!, Colombia. 
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days after planting and continue unt!l a canopy has formed; in this 
trial, it was 120 days due to che high density of aggressive weeds 
(TabIe 1). Weeding after 120 days did not tnerease production. One 
weeding was not sufficient, whereas two well-spaced weedings produced 
75 percent of the maximum yield. When weeds competed during the first 
60 days, yieIds were redueed by nearly 50 percent. The highest yieId 
was obtained by chemieally weeding the eassava, never allowing weeds 
to compete with the erar. Under the foregoing conditions, the critical 
periad of eompetition began at planting and eontinued for 120 days. 

flant populations and weed control systems 

The weed complex, so11 fertility level and characteristics·of the 
ca •• ava variety are not the only important faetora that effect the 
degree of weed competition¡ crop density is a1so ve·ry lmportant. Under 
veed free conditions, a erap maximizes its use of essential Dutrients, 
water and 1lgbt; and a low cassava population yields as mucb as higher 
ones (CIAT, 1973). On the other hand,when weeds are present, it ia 
expected that higher crop populations wilI compete better with the 
weeds than lower densities. This expected interactlon was studied. 
The varieties CMC-9 (a ta11, branching type) and Mexieo 11 (a shorter, 
nonbranching type) were planted in populations ranging from 2,940 to 
25,000 plants per hectare. The results are presented in Pigure l. 

Cassava kept weed free during the ten-month periad with herbicides 
(alachlor plus diuron in preemergence and directed, shielded applications 
of paraquat in postemergence) gave the highest yields for each variety; 
optimal production was resched around 15,000 plants/ha. When the 
traditional methads of one or two hand weedings were employed, the 
highest yields were obtained at 15,000 te 20,000 plants/ha for Mexico 
11 and between 20,000 and 25,000 for CMC-9 (Fig. 1). TVo hand veedings 
were nearly as effective as the use of herbicides. 

Higher crop density viII compensate for the effects of weed 
competition when the weed control system is not ·sufficient1y intensive 
to keep the caasave relative1y weed free. The data also illustrate tbat 
by keeping thecrop totally weed ·free,especially during the ear1y 

·growth ··lItages, fewer plants perhectare are ·necded to achievc maximum 
praduetion. "'hen no weeds were removed, caSSava yields were extremely 
lo~; nevertheless, yields increased 8S plant density increased. 

Herbicide selectivity'··· . 

Preemergence and preplant-incorporated herbicides 

ID Latin America up to the present, relatively few large-seale,. 
preemergenee herbicide applícations have been made in cassava In 
compariaon ta othe!' load crops. In part this ls due to incomplete 
knOt~ledge of safe ~nd/effective herbicides; therefore, four triaIs 
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Table 1. 

No. oi hand 
weediogs 

4 + ** 
3 + 
2+ 
1+ 

4 
3 
2 
1 

2 
2 
O 
O 

Effect of hand weedings at different times and frequencies 
on the fresh root yield of cassall11. (CHC-3'l) at 280 days 
after planting. 

Fresh root :l::ield 
Frequency of hand % of maximum 
weedings (days) (tons/ha) yield * 

15, 30, 60, 120, 00*** 18.0 86 
30, 60, 120, UH 16.0 76 

60, 12O, 00 11. ') 52 
120, 00 7.0 33 

15, 30, 60, 120 19.5 92 
15, JO, 60 12.9 61 
15, 30 13.3 63 
15 5.8 28 

30, 60" 16.3 77 
15, 45 15.4 73 
\Jeedy check 1.4 7 '. Chemical control **** 21.1 100 

* Percentage oí the yield of cassava weeded with herbicides 
** The n+" indicates additional weedlngs 

*** 00 - until harvest. as rteeded " 
**** Alachlor + fluometuron were applied In preemergence, and 

directed'applications with a shlelded nozzle were made of 
paraquat ss needed in postemergence. 

were condueted to SCreen cOmlercíal afid promJsing experimental 
herbicides. To determine tha margin of selectivity oí each product, 
the recommended .ate ,andtwa, tht:ee ol' four times this amaunt WIilre 
applied. Those herbicides.causing serious,injury ~o CAssava at the 
rec0QD8nded rste were classified as nonselective; those causing injury 
only at double the recommended rate, moderately seleetive; and those 
causing no injury even st 3 or 4 times the recammended rate, highly 
selective (Table 2). 

Eighteen products vere fcund to be highly selective in CAssava, 
and SlIong those the right herbicide or eombination of tMee could be 
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found for almost any weed complexo Those,products classified as 
moderately selective could also be recommended as there is no danger 
of crop damage if the exact rate for a given so11 type i5 applied; 
only if an overdose is applied would there be a problem of erop injury. 
Herbicides in the third group may be harmful even at the normal rate 
and obviously should not be recommended. 

Incorporated herbicides and the plantíng scheme 

One óf the bardest weeds to control in the trópica i9 purple 
nutsedge (Cyperus rotundus). Buty1ate is the only selective herbicide 
(Table 2) that controls tt, and it must be soi1 incorporated immediately 
after application to prevent losses due to its high volatility. This 
can present a problem when cassava ia to be planted in rldges, as ia 
frequent1y done in relatively flat areas and in heavy textured 90ils. 
As the ridges are formed after the herbicide has been incorporated, 
the herbicide accumulates in the ridge, reducing crop tolerance as 
well as leaving the area between rldges with less product and therefore 
poorer weed control 

A trial was conducted to study this aspect of three preplant 
incorporated herbicides: butylate; EPTC and trifluralin. Eaeh vas 
applied at the recornmended and double the recommended rate and 
immediately incorporated. Half of each plot was then ridged while the 
other balf was left non ridged. 

More erop damage was observed ,~ith EPre in the ridged than in the 
non.ridged system (Table 3). Butylate gave similar results but was 
much more selective, verifying the selectivity elassification of 
Table 2. Tr.lfluralin caused no eral' injury at elther rate in elther 
Byatem. Grass weed control was reduced by the ridging operatlon, 
48pecial1y between ridges, confirming that less product remains in 
this zone after ridging. In each system a comhination of diuron + 
alachlor was applied in ,reemergence after planting cassava aud gave 
excellent weed control in botb (Table 3). In conelusion butylate ls 
reccmmended to control purple nutsedge, and better control 18 obtained 

. in non, ridged systems. Hand or mecbanica1 weedinga should be performed 
c.r'¡;:"::, • as often as needed untll the cassava ,has shaded over since the residual 

~ffect of but:ylate is normally 30 to40 days on1y. Trlf1uraUn can 
aiso be used in this ... ay (incorporatedJ ,especially ",han theprincipal 

:,weeds are grasses • .. 
Postemergence herbicides ¡t¡~<~;' ,~;t 
Farmers who do not apply preemergence herbicides often.have serious 

,'weed infestations and Beek solutions wlth,postemergence products. For 
this resson, several poatemergence herbicides commonly applied ln other 
crops vere tested on cassava. ",." 

Diuron proved to be the most selective product in over the top, 
; ~ broadcaet appllcations; but even then y1el~s were reduced 16 pereent 

j.; ·"'f 'Íi 
~~s~- /;: :¡.:.~.: 

-. ¡k- . -:':: ~~,: '. 
, ~1 

- (,~j;~ +0-<" 
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Table 2. Selectivity of preemergence and preplant-incorporated 
herbicides In cassava.* 

Highly selective Moderately selective Nonselective 

Alachlor 
Benthiocarb 
Bifenox 
Butachlor 
Chloramben 
Cyanazine 
Dinitramine 
llmP 
Fluorodifen 
H-22234 
Methazole 
Napropamide 
Nitrofen 
Norea 
Perfluidone 
Pronamide 
5-2846 
TrifluraHn . 

• 

Ametryn 
Butylate 
Chlorbromuron 
Diuron 
DPX-6774 
Fluometuron 
Llnuron 
Hetbabenzithiazuron 
Hetribuzin 
Oxadiazon 
Prometryll 
Terbutryn 

* Based on tbe results of four trial. 

,. 

Atrazine 
Bromacil 
DPX-3674 
El'TC 
Karbutilate 
Tebu1:hiuron 
Vernolate 

a. comparad with hand ·weeded ca •• ava yield."lIIIIitrol.bentazon. 
paraquat. dalapon. MSHA, DNBP aud glyphosate were totally nonselective; 
bevertbeless, directed applicatlona greatly iocreased tbeir aelectivity. 
For example. diuron, ttSHA and dalapon, applied to tbe lower baH of 
the ,plant, did not decrease yields. Paraquat and~lyphoaate were.stl11 
injurious to cassava with this systern, especially in young plants 40 
to 65 days oJd. These postermergence produces should, therefore, be 
applied only with a shielded nozzle to prevent ~lant contacto 

•••• ', ,>, '.' 
'~"""""--"''' ~. '>~". ~ ~~.-

. RecOIIIIIIInclations, ' .. 
. .-. '. 

BaBed on the foregoing and other reaearch, chemical control 
ree_nclations are presented in Table 4. To arrive .at these 
recommendations, tbe effectiveness. aelectivlty. availabl11ty and cost 
of eaeh product have been taken into account. As was prev10usly 
mantioned, rarely wlll the single application of a herbicide give 
aufficient weed control unt!l the erop canopy closes; therefore, eaeh 
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Table 3. Effect of three p~eplant-incorporated het~icides on percentage of germinatlon, injury rating, 
grass control and caaaava production when caasava ls planted ln ridged and nonridged soil. 

, , 
• 

Treatments 

Cassava planted in ridges 
El.'TC (PPI)4 
EPTC (PPI) 
Ilutylate (PPI) 
Butylate (PPI) 
Trifluralin (PPI) 
Triflu~alin (PPI) 
Diuron + alachlo~ (PRE)5 
Weedy check 

Average 

Cassava planted on the fiat 

Rate 
(kg a.L/ha) 

4 
8 
4 
8 
1.5 
3.0 

0.8 + 1.5 

EPTC (PPI) 4 
E~ (PPI) 8 
Ilutylate (PPI) 4 
Butylate (PPI) 8 
Trifluralln (PPI) 1.5 
Trifluralln (PPI) 3.0 
Diuron + alachlor (rRE) 0.6 + 1.5 
Weedy check 

Average 

1 60 daya after planting 

'7. germi­
nationl 

75 
45 
77 
83 
94 

100 
96 
94 

83 

92 
64 
98 
79 
96 
94 
98 

100 

90 

Injury 
rating2 

5.2 
7.7 
0.7 
3.5 
1.5 
O 
0.5 
O 

2.3 

1.5 
1.2 
O 
1.0 
O 
0.5 
O 
O 

0.5 

2 60 days after planting; O • no lnjury. 10 • completely ~illed 
3 10 months after planting , 

Grasa 
controll 

('7.) 

73 
86 
36 
80 
62 
76 

100 
O 

64 

98 
100 
92 
96 
88 
93 

100 
O -

83 

Fresh root 
yield3 

(tons/ha) 

22.0 
8.4 

33.0 
30.8 
35.8 
35.6 
27.9 
18.3 

26.5 

41.1 
33.1 
34.2 
39.0 
42.5 
42.6 
36.9 
21.4 

36.4 

4 PPI. preplant lncorporated 
5 PRE. preemergence 
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I Tablé'4. 'Gh@mic~l we~d control recommendationa for casaeva. 
¡;¡ ,'.' . • . ,'i!' '.j, ' 

:r 

Herbicide1 

Fluometuron (Cotaran) 
Diuron (Karmex) 

, Alachlor (Lazo) 
Llnuron (Afalen 01:' Lorox) 
Fluometuron + alachlor 
Diuron + alachlor 
Trlfluralln (Treflan)' 
lIutylate (Suten) .: 
Dalapon (Dowpon or Baafapon) 
Paraquat (Gram~xene) + diurnn 

Rate 
(com. prod./ha)2 

4 ·S' Kg 
2-3 Kg 
4-6 litera 
2-3 1<g 

2 Kg + 2.5 litera 
1 Kg + 2.5 litera 

2.S-3.S liters; 
5-6 litera 

8Kg 
2 liten + 2 1<g 

,1 Neme of c~~ercial ?roduct given in parentheses. 

Time of 
application 

Prel 
Pr. 
Pre 
Pre 
Pre 
Pre 
PPI4 
PPI 
PostS 
Post 

Notes 

Mose annuel weeds 
Most annuel weeds 
Excellent on grassee 
Mose annual weeds 
Tank mix 
Tank mix 
Excellent on grasses 
Controle grasses and sedges 
Directed a?plication 
Tank mix; directed appli· 

cation with a shield 

,,2 . The lower rattl la for l1ghter 80119 and the htgher one for heavy telttured soils. 

3 Pre· preem~rgence, before crops and weeds emerge. 

4 PPI. preplant incorporated; ridging after incorporation may reduce weed control 

5 Post. postemergence; a 8urfectant should be added. 
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field must be observed closely to determine when complementary hand or 
mechanical weeóings should be ~erformed. \ 

lntegrated control 

In order to develop the best weed control program for each farm. 
lt la not enough to know whieh herbicides are selective, nor should 
cassava be considered as a ahort season crop 8uch as coro or soybeans. 
Its slow initial growth gLves weeds ao opportunlty to grow vigorously; 
and even when herbicides are used, the best products eontrol weeds for 
approximately 60 days and the caasava cano"y has not yet closed. 
Therefore, an experiment was conducted to evaluate how to integrate the 
various methads of control best. TIle ayateDls atudied were preemergenee 
herbicides followed by postemergence ones, preemergenee herbicide 
applications complemented with a hand weeding, and postemergenee 
applicstions followed by a haad weading. These methads were comparad 
to the traditional system of three hand weed1ngs. 

The highest y1eld WSB obtained witb three timely hand weedings 
(31 tons/ha st ten manths); the use of diuron in preemergence, 
complemented with one hand wseding, wss the next bestayatem (27 tonsl 
ha). TIle lowest yielda were fram the preemargenee treatments alona, 
emphasizing the naed to integrate the uae of chemical control with 
complementary measures. 

In general. the hand weeding that fol1ows the preemargence 
applicstion should be done tvo to three weeks prior to the canopy's 
closing' (normal1y 60 to 75 day. after planting under conditions at 
Palmira); but tf there la a aeriou. weed problem prior to this time, 
veedings ah~ld be practiced as often as needed te svoid competition. 
with cassava. 

BlBLIOGlW'HY 

l. cONTROL DE _leua. In centro Internacional de Agricultura Tropi-' 
cal. Informe AniiAl 1972. eau. CoIOlllbia, 1973. pp. 75-110. 

2. • In Centro Internacional de Agricultura Tropical. Infor-
me Añüal 1973. Cali, Colombia, 1914. pp. 117-124. 

3. IiASASIAN. L. aud SEEYAVE. J. Critical pertod~ for weed competition. 
Pans 15: 208-212. 1969. 
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mE HmEllAT. mlTRITIOll Al:j) l'r:r:TILlZATIOl1 01' CASSAVA 
• 

Reinhard t lI. llo-we1er 

In general cassava i8 considerad a rUGtic erop that grous 
relative1y we11 on poor soi1s without the application of mueh 
fertiIi:ers. ún the other hand, farmera consider ensaava a erop that 
exbaust the'soil, and for that reason prefer to p1ant it as Che 1ast 
erop in a rotation before returning che pIot: to bush fallol'l. llongsapan 
(1962) reports chat in,Tbailand yields dropped from 25-36 tons to a 
1evel of 12-13 ton/ha duo to eontinuous enssava produetion. Though 
eassava e;:traets larse runounts of K from the soil, he considers that 
=ng erops 1i!~e eorn, Bugareane, bananas, eabage, cnsllava is not the 
most so11 deplcting crop por ton of foodproduced. Sti11, on a per 
erop basis, cnsallva e%tractll more nutricnts from the soi1 than mast 
other tropical erops as shmm be101~ (Y-anapathy 1974): 

Cr0l! and Production • N g 1~ liS 

Kg/ha 
eassava (18.6 ~on/ha':' 6 manths) 87 37.6 117 35.1 

011 palm (18 ton/ha) 61 9.9 84 13.6 

nubber (1.13 ton/ha) 9 2.0 11 2.3 

Coro (3.4 ton/llll) 82 20.7 69.2 14.7 

On peat soils of West Malayaia high yie1ds of continuously grown 
cassava cou1d be maintained with adequate fertilizer applieationa 
(ltanapathy, ¡970). Birkinshnw (1926) reports thae acellant yie1ds of . 
rubber'were obtained aftor 15 conoocutivc.we11-ferti1ized eassava erops. 
Thus, due to its high nutrient c;:trnctio11 rote, ctlss.ava r.apic11y e~iliausts 

the so11 if nnt fcrtili;:.cd, but \1ith adcquate fertilizar ion soíl 
,,' .. fertllity can.he caintained • 

• , e .• ~ ~~.,'~ ~ _ • 

. ,:.: ,; ~ .. ':'. ~ 
' .. Desides nut1:ient c::trl1ction by the erop, the fertllity of the so11 

_.' ,may a1so deterlorate bccause of eroslon, slnca cassava tands to enhance 
• . 8011 aroBlon, aspeeially during scedina And aftar barvest. Oómcz (1975) 

caleulated an aroslon inde~ of 9.n for cassava comparad wlth 1.1 for 
8ugarcane, 1.7 for pineapp1e, 1.0 far pasturc andll.8 for coffee in a 
.volcAn1e ash soil with 60 pereent slope in Colombia. 

"lfui~ie~t Rcmval 

To maint:ain coil fC1:tility 1t ia ncccllsary to fertilize the so11 



at lenst ~lith the qunntity oi' nutr!ent" eho:: the erop removes in the 
harver.>t.. AmOltg trr'pical crops ens::;tl.V:l prouc:bly e:t:trtlcts more K than nny 
otller erop. Aecordin¡:; Co Prevott (195D) eassavn has the highest K/U 
e:ttrl1ction ratio (Figure, 1). Other crops ox high ¡:/N ratio are bananas, 
oi1 palm, pineapple, coeonut l'Ind sugarctlne, uhile corn, rice and cotton 
have a relativcly lm1 ;:/11 ratio. lile e:ttrllctbn ol" nutrients per ton 
ol" cassl'Iva roo::s hlll~eGted, llceording to different autllors is Gh~~ in 
table 1. 

Although the dn::l1 v.n:y c0l1siderab1y D.l:lon¡; nuthors due to different 
soi1 conditions, cultivars, etc., on the avera¡;e cassnva extraets per 
ton of roou about 2.H k¡; 11, 0.46kg 1', 3.5 kg i:, 0.69 '1tg Ca, nnd 0.39 
kg Ha, when only roo!:s nro removed írom the field. lbus nn avera¡:¡e 
¡ield of 25 ton/ha removes 53.5 kg li, 26.3 kg 1'2°5, 105 kg 1:2°, 17.2 kg 
Ca, 9. 75 l~g :I-Ig. lf the ,*01C!! plant 1s removed from the field this 
corresponda to 174 1"1;; tl, 72.1 kg 1'205. 200. 7 l~g 1~20. 71.7 ks Ca, aOO 
24.7 lq:; lIg, thus, casanva e:::tracts a larr;e amount ox nutrients from tite 
soil \lith each crop, but retu:..-ning stet:l!l and leaves to ehe field 
considerably reduces soil dcpletion. JJeaides ¡~. cassava extx.-acts larse 
&mounts of ti ,,¡hile thc e::traction ol: 1', Ca and Hn is relatively 1ow. 

Uutrient aceumu1ntion <n tl1e plan!: 

~¡¡mpling and ana1yzing every t."\'10 ~'leel<s different plant parts. 
Ori~li (1967) in Argentina determined the nutrient accumulation and 
distribution in the pl~nt up to si:. months of ase, both for plants 
fert:llized and not fertilizcd. Ficure 2A ShO'"S dry matter (D.U.) 
accum.llation aOO distribution during the ::;rm1th c::c1e. lt can be seen 
that D.ll. production \-1I1S n1011 during tlle {'irst three mantha, being llbout 
201 of tlle total ¡lecumul:>.tion. In tilO Ite::t t¡,lO f.\ontbs p1ant3 accumull1ted 
D.u. at about 25 pereent per rnonth ,411110 durin:; tlle si:::: months· the· 
I1ccwnu1;:.t1on slowcd uo::n. TIlia reduction in ::cclunulc.tion rnte after the 
fifth n\()ntll 1s probn\;l:¡ duo to the ouset oí' 11intor in Argentina &ud io 
not observed under tropicc.l condition" (nee l;e1~,¡). 

Roots accumulated D.U. at ratner con::tant rnte during the eatire 
growth eycle, while tlle le;:.ves nnd nteros tlccumu~ntod little durlng the 
a1x 'month., Al.thou¡¡h fertili:::ed plnnts aceur.!Ulnted d~ matter in grel1ter 
quantitien' thl!n un(er~i1i::od pbnts, Fi:;urc 21'. Sh0'>7S that tllc ::-eIative 
aceumuleti-on CU'l."C~ '·lC¡"0 c.'!r:l::')st :t.d~l1::ic.:tl ;n'Z: l!r'Ji:::l c~nQiti(\nG. 

:'f[;urc 2: sno:n:; t;1~ occut'rúl::tio:l {'.( ::- in U1!:! plant uu:ring thc &=o~~th 
cyc1e. Agl1in. tho 11 i:1ccumul;:¡,ti:m rc~c u;:¡::; slal·, duri:1{l the first t~10 
IIIOnths ronchin& n nm:::i,n:um '!,n the third tmd fourt~l nlflnths, while the 
last two Clonths 1il:t10 or no 11 accUCIU11!I::ed, t.ith cven eomc loeses for \:he 
non-fex.-tilized plant::;. .\lthou¡;h tbe drJ .rn.ltter ir. c.bout cqually 
di~tributed el: si:: ronnths bet¡;~cn rOol:5, stelllS nnd leaves, Fisure 2n 
shows that Il is presen:: tlIlinly in che len,\¡c::; t1ith rclatively lUtle 
accumulntion in the roots c.nd ot=. :;'hi::; reflllcts tlle hi¡:;h protein 
content of the leaven llnu 10',' content ,,:: the r"oto. 'Ihe 11 ~ccumu1ation 
rate for the lcaves 111:',5 praetical1y COl1!lt<lnt durin¡; the entire ¡;1:'owth 
cycle hut for t!v: Gtet:\S nnd 1'0,,1:5 Ilceunulntion .n~crly Gtopped in tue 
lut IIIOnths. 
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Accumulation of P and K ,.¡as similar to tha!: of N, being SlO~l during 
the first t\10 months, reaching a 11k"\..",imuffi of about 40 pereent per month 
Gurin¡; the third und !:ou;:th month und slrniing dmin to almos\: ",ero et 
six months. Aga:!.n, mos!: oí the r and 1: was present in leaves; during 
the last month both leaves ond stems lost soma l' while the roots end 
stems lost sorn~ l~. 

Colcium nccumulation differed from that of H1'K in that aftar the 
first two months, the raée oí accumulation remilined nearly constant 
throughout the gro~lth cyc1e. Ca accumulation in 1eaves and roots 
.topped after three months. while that oí stems continued • 

. !he relative nutrientaccumulation curves for fertilized and non­
fertil1zed plants was very similar although the fertilized plants 
abaorbed nutricnts in greatar .quantities • 

11yho1t (1935) determinad dry matter tlnd nutrient accumu1ation in 
different pl~nt parts up to 14 manths, semp1ing plants at monthly 
interva1s,'using ~iO cultivara grown on en acid !ataritic soi1 in 
Indonesia. Figure 3 all011S tbe fresh matter accur.tUllltion snd dlstribution 
during the groHth cycle. Unlike the Argentina data presented above, 
under the tropical conditions of Indonesia, D.H. accumulation continued 
tbroughout the growth cycle. with on1y a alight decrease in rate after 
six months. Urn~ever, D.H. accumulation stopped after six months in the 
1eaves, and slowed dmm in the stems. whl1e it continued in the roots. 

Figur~ 4 Sh~tlS tlle accUlllulation and distribution of 11. P,l{,Ca and 
llg during the growth cyele. !he amount af II in the pIant inereased at 
a near1y constD.n~ rllte up to six months, then remained constant and 
IlctuaUy decrellSed D.fter eight months. 1'11.18 W48 due to a 10S8 of· 1eaves' 
o.fter six montIls. Roots accumulated t{ only up to eight IDOnths, after 
whicb the amount remained constant. Ibough root weight continued to 
increase up to 14 months, the N content decreaced from 1.03 percent 
at two months to 0.17 percent at 14 months. Only the stems continued ir .• ' toJ.:~WIIIll~te u throughout the growt.h cycle",;y.L 

i,' '~~+..l',r~,Ca and lIg accur.tUlIItion continued at a rather censtant 
;. .~ throughout the grtnith cycle, a1thoush tbe MIOunt in the 1eaves 

rAtc 
decrea.sed 
in the ; ,>. W "fter ,six month:; duo to leaf falI. l: ani! l' accumulnted rnainly 

roots,. and Cn. an<l ~Ig mainly in the stcm# 

..i Hut¡ient content in the ·plant_ .' 

.. ..,.:" ·The nutrient content va.ries considerably among plant parts and 
.~~ al80 cbanges during the growth cyc1e. l'D.ble 2 ( Nyholt 1935 ) 4hows 
~.~ how the coru:entration of vnrious nutrients varies with time in .roots, 
".,,;!r. stelllll rmd lenves. 11,1' rutd K centents decrease significantly in a11 three 
":':':'::1':' plant parts w1th tlle 'llSing of the planto Ca and 11¡¡ contents tend to 
",1) •... increase in tbc 1caves, but decrense in stelllll and roots. !hus, in 

,:~1;;;>', general, a11 nutrients centents <lecrerule during the ¡;rowtb, cyc1e, 

ce, ti -,., <h, '" """ p ... lbly ...... :~"n< .f .", 1~ """oh i~u". 



';J1C r{ contcnt is very híCh in lonvcs, r.\uch lOi:lcr in stems nnd ver} 
1011 in the rcots, rCDuldn¡; in a l0" protein content el' che latter. 
'lUc !~ contents too ere hi::;hc¡~ in lc~vCG t~lnn in ~tein!:: and roots, but 
the differenccs ~re n).nni.-.. '.lIle r, en ~nd :::; cont:cnt$ e.re o.l~H"J hiGhcnt 
in le~,,"cs, fol1o"VIcd by r; tCi:'.13, ~nd Lhcn r0ctr;, ¡.¡ith COltsídcrnb la 
clifferences in tha con~:~r.l:5 t~f varíous plcnt pnrtG .. 

Cours (19(,1) dctcl:nincd 1:1tnt ,dthín tlle aerial p::trt el' the plant 
considerable differcnces eccurcd betl~een older Ilnd :¡ouf\&er parts. TllbIe 
3 shOlvs thae tlle youn¡:; lc~.vcc c::c hi::;her in 11 l' 1:, but 1owe-r in Ca ellan 
old 1cnves. 111(1 peCiole:! el: ycunr; lecvon are higlie-r in n P Ca, but 
l,mer in K thlltl theso Dr o1rl lcn?eo. 1110 leaves are higher in N P but 
lower in K Ilnd Ca thtm tllo p"tiolec. A1::o, the upp<:::r green branchc:l are 
higher in N.P.I~ and c.~ thnn t;¡C lmler creen branch~o, which in turn are 
higher tlllm the prir.mr;' brnllC;l Ol: che =1n (¡ter.l. '""e plleloderm of tbe 
main stem :l3 e:{ceptionr.lly h:!.::;h 5.n ¡~, and Cou-rs (1%1) recommend to use 
this plllnt part for dinr;no1>in::; 1: deficiency. In n more dctlliled stud::.r 
Cours (1953) dctermined th:::t the content:: of U r !: dccrcase from uppcr 
to 10\'1e-r lca.ves ox the pril1 .. ~r; t>l:nueh, o.ml frOT.l upper to lowcr branches, 
while the Ca <lOO ¡re contents inerease from uppcr te lower 1caves end 
from upper to 10l~er brancll';'8. 

Ieble 4 surnmnrizes nutrient eontents in various plnnt parts reported 
by several investigator:;. Even =on8 the ::lame plnnt part!l nutrient 
conte·,ts vary becllunc of <!iffc:::eneco 1.n coil [ertillty, cultivars, u¡::;e 
of plllnt, and plant lK1:t :;,,~led. 1:01: din¡;nood.c purpo!les it is very 
importnnt to staudnr(E~:'J the pm:t of the pl'mt 1:0 be snmpled, aml thc 
physiological asco of the pIca!:. n': nicmplin;;. In CClleral, the uppermost 
fully c"panded 1caven, i.e. the {,th o;; 5th lcaf from the tcp, are usad 
for sampling, anuIizi.nc enly thc lcaf blndo ror nl1 elementa, or the 
petiolcs for 1:, Ca and j~. The be::t· ph:¡siolon5.cal egc 1.8 about threc 
months when the plant rcaches it nm:dmurn rato oro nutrient abaorption 
(sea Figure 2). llOt·lcver. if ea:::!l!tva t:re pl::nted before a dry saason, 
samplinn should be pO!ltponed untUl the onaet of the rlliny sClason, 
when the p1ants star!: to grm~ nctively apain. 

Fcm (1975) -repo;:::!) that en ¡¡ lavel of 5 perccnt nt 1.-,5 months 
corresponda to mm~imum y:1.cld. ~'i::;urc 5 :::hom:1 the ;:cletion bct1·¡een yield 
and the P contll!nt oi le::!: bl:::dos ilt Uve mont!,::; (3 montho phY8101081cal 
ase) indicatin¡:; n e;:Ulcd level of nbout 0.1:. pcrcc:'lt P. Rochc (l!l57) 
suggcot n c"!'ítico'l ~: c~nt~:"lt 0:::- 0.6 p~rccnt =.71 lc:"..vcs ~nG 0.5 percent 
in phelloderl!!) \-Jhilc ~~:,~L of !]o':l ~:J O.Oú ::lc/lOD :;;J~ In Ecs<li::; de 
fumurc (1953) it in :::1'::;~c3tcd th:1L leavcs wit:it lCGf1 th~':l O .. 7 percent 1: 
Ilre indicativa of K d'J>.iciency. CIAL (197/1) obtt.ined hi¡;;hcGt yiclds 
in' a pot ~tper1ment -¡¡ieh l!. 1el!.f ¡~ content ol: 1.1-1.':: percent. Though 
critical 1evels have not beell de~ermincd e:~octly and t'lill Vll.ry somewhat 
w1th the cultivar uGed, che fol1<r.'1ing levcls Gecr.t a recsoMble 
approximlltion i.c. no f:er::ilizcr respoMc is ver:; liltely 1f uppermost 
ful1y expanded lcar 1J1ndes conl::nin more thr:n 5.0 perccnt !l, 0.4 percent 
P, 1.2 percant K, 0.7 pcrccnt Cn. 0.3 pC'l:'cenl: :l¡;; .:mcI 0.35 y>ercent S. 

L.r. teraturc on í:lín"l: elcr.\ent contcnto is even more Ilca-rse llS tll;1t 
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on major elements. Table 5 surnmarizes some datn froro the literature, 
The great variability of the data probably reflects the 1w:ury uptake • 
of sorne minor alements in soils that are well supplied with them. CIAT 
(1975) reports a critical level far Zn of about 60 ppm in the uppermost 
fully expanded lenves. Zn deficiency symptoms generally appear when 
the Zn content ia bclo\; 20 ppm. Since Zn deficiency is quiet cormnon 
in cassava the proper diagnosis through leaf analyses ie very important. 

Normal leve1s of minor elements in the upper leaí blades are 
approximately 15-40 ppm n, 60-100 ppm Zn, 50-150 ppm Un, 6-12 pP111 Cu, 
100-200 ppm Fe(CIAT 1974), 

ln order to 8upply the plant with the nutrients needed for maximum 
produetion, it i8 important to know the plant's requirements, to diagnose 
correctly any defieiene)' through visual ohservation or soil and plant 
ana1yaes, and to knOOl the mean s to correct the deficiency. Below these 
points are treated for each element separately. 

Nitrosen Fertilization 

Nitrogen is a hasie component of protein, chloropbyl, enzymes. 
hormones and vitamins. 

N deflciency is most eorumon on sandy soils or very acld so11s where 
texic levels of Al and/or Mn reduce the microbial decompos1t10n of 
orgamc matter, 

Nitrogen deficieney is alao common in volcanic aah sOils, these 
normally have a h1gh amount of organle matter, hut its decomposition ia 
slaw and doea not contribute much to the N supply. 

Plants suffering from U deficiency havo l1ght-green colored leaves 
and general1)' a sCunted growth (Krochma1 1968, AsIler 1975, Lozano 1976), 
7he older leaves are affected firts, but the who1e plant may becoma 
uniform1y chlorotic. In nutrient aolut10n trials (Fomo, 1977) cassava 
produced only very mi1d aymptoms at low N concentrations wh1le corn, 
sorghum, and cotton shawed, severe symptoms, Cassava grawtb was 
markedly reduced, 7his corresponds with ohservat1ons st CIA! (Lozano 
1976) inwhich CBSSRva suffering from N deficiency abowed atunted growth 
rather than deficiency symptoms. 7he ariUad 1evel oí N deficiency la 

,abOllt 5 pereent Hin the leaf blllde (Fox 1975). 

Cassava extracts relatively large amauntc of H from the sOil, 
especially ií lsaves and ateros are removed with the roots. With 25 ton 
of roota about 50 1(,g of 1, is TelllOved, . lf the efficiency of N is 
eatimated to be about SO percent (43-69 pereent according to Fax 1975) 
about 100 kg of N ahould be returned to the soil to maintain its ferUHty. 
In Madagascar inveaUgators (Essais de Fumure 1953, Le Uanioc 1952) 
rae_nd inoorporlltion of farm yard manure (mi) crr green manure auch 
as 11ucana utilis, Vigna or Crocolaria. However. Crotolaria ls very 
susceptible to aeid 80i1s and doea not produce well at a pR below 5 ' 
(CIAT 1974). De Geus (1967) and lWmar (1977) also iudicate thal: cassava 



rcsponas "" ... 11 to applicnti.oa o:: 1'Y11, cspccblly ,.;\on fortified l/ith 
SOne chenicn1 ¡¡Pi: fertilizCl:S. In llall1ysil1, Lambourne (1927) obtl1ined 
bettcr results ,;ith mI (10 ton/ha) th<l.n with cheniea1 fertilizcrs or 
green """nures (Crotolarin + bas!e slng)~, 

On Ultiso1s of Puerto nico, Fo~:(l975) rcports a response to on1)' 
40 Kg 11/ha, Hith no signifiennt response to hillh"r leve1s up to 209 leg 
Wha, '1ith no si¡;nifj.c:lnt response to l1i¡;her levels U1' to 200 kg N/ha. 
lCA (1971) obtained a positive response to 50-60 l:g II/ha in 16 out of 
23 trinls in farmers fields in Colombia. Ibe greatest respon:;e uas 
obtained in the voleanie I1sh SOil5 nenr Popoyán. In (>:::i501s of the 
Llnnos of Colombia in the dry season planting, CIAl (1976) obtained a 
positive response to 100 kg N/ha, ",hieh "las not significant (Figure 6). 
Sp1it app1icIltion was equally effective as 11 basal app1icat10n at 
sceding. On the same soil, but during the ,~et sellson, a significent 
response "las observed to 100 kg n/ha as· urca and to 200 1;1:; N/ha as 
su1p1ur coated urea (SCU) as shown in Figure 7. On IlÍmilar soUs ¡1&0:\&i 
(1976) obt:lin~d a response to 100 kg II/ho, but ooly in tlle prescnce 
o:: 150 kg 1:20/ha, Ilnd the applieation of 200 kg ll/ha .ms detrimental. 
On voleanic a~h soil5 in Colombia, nodrigue:: (1975) obtained highe~t 
yie1ds Hith 145 ¡'g II in combinntion "lHh 194 kg 1'205 and 46 lq:; 1:2°/1111. 
llany 5.nvestigators (Vijaynn 1969, Acosta 1954, Obigbesan 1976, Fo:: 
1975) have reported a negotive response of eassava to high ~l 
applications, whieh produce exeessive fo1ia:;e and 1ittle roota. 
lJochmal (1970) reports a root yield reduction of 41 pereent and an 
inerense of top grm'1th of 11 pereent by higb ti applieation. Vijaynn 
(1969) noted a decrease in the number of tubers al1d starch content 
with ¡¡ oppHcations abovo 75 Iq;/ha. Also an increase in nCN content by 
h1gh n rates m~re reported by several '10rb~rs (Vijayan 1969, lluthuGwamy 
197f., Obfgbesan 1976). Apparent1y, hlgh n application stimu1n.teo lhe 
formation oí nlt\:~benouG products Guch as proteinand llCU and inhibits 
the synthesi::; oí starch (Dias 1966, Ha1avo1ta 195ft). 

In Costa r,icll (Acosta 197fl) a yield response ,~as obtained to 50, 
kg U/ha l'l1th a yield depressioll st higher rates. In nrasil, no response 
to ti "ns observed (Silva 1968) in SOlO Paulo, while for infertile Gofas 
soil tbrmanha (1960) recolllllends only 20 kg H/ha top dresscd at 3-5 
months.ln Rio de Janeiro l/unes' (1974) obtained a positive response to' 
30 l:¡; ll/ha. In l1estern !'ligería, Amon (1973) recomrnenda about 2S kg U/ha 
in combination ,~ith 60 kg ];20, "hile Obi¡;besol1 (1976) obtained high 
yields of 56 nnd 64 ton/ha in 15 months applyi11i\ 50 and 60 1:15 N/ha. 
In Ghana, Stephens (1960) obtlllned a yield responso mainly to P, but 
alBo a slight response to 25 kg ll/ha. In tlle same country. lakyi (1972) 
obtained a 50 pereent yle1d increase applying 60 kg 11 and 45 kg 1'205/ha, 
wbile no rellponsc was observad to l~ and lime. In lladagascar cassava 
reaponded mllinly to K, but the app1ication oí 30-60 kg H/ha is reconmencled 
(Le ~lanioc 1953, De Geus 1967). In acid 1ateritic soils of Kerala State 
in India, Uandal (1971) obtained h:Lghest yields with 100 kg N/ha, applied 
balf as a basal sud half as a top dressing at two months. On peat 8011s 
of Hnlaysia, Chew (1970) obtained the grcatest response to N. applying 
about 160 kg N/ha. For similar .80118 Kanapathy (1974) recommends 120 kg 

.N/ha. In Indonesia (Java) canava responded mainly to K and Den Doop 
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,(1937) did not recommend the application of !l. 

llost ~1Orkers (Samuels 1910, Santana 1975) found no significant 
differences between H sources such as urea, (N\l4)2 S04 Ca (N03)2 or 
Hall03, although in India, CaNl~ (NO:¡)3 was faund ta be' superior, 
probably because of its Ca conterlt (Trivandrum 1970). seu was not 
found to be superior to urea in Colombia (Figure 7) or Puerto Rico 
(Fox, 1975). 

Horrnanha (1959) obtained poor stands when 11 and K vere applied in 
tbe planting row. llo recommends lateral p1acement of the fertilizer 
st planting with s top dressing of N at three months (Normanha 1968). 
In Ualaysia, aum (1970) found no significant differences between 
broadcasting or spot dressing of N st planting. Rodriguez (1975) 
recommends applying fertilizers al1 st planting rather than a split 
application, whlle Samue1s (1970) and llanda1 (1971) prefer to app1y ha1f 
of tbe N at planting and ha1f at 2-2.5 monthG. 

TIlus, in general, caGsava does not respond ta 11 or responda on1y 
to re1ative1y lo~7 rates, producing e<:ceasive tops sud litUe roots witb 
higb application rates. Little differences were observed between 11 
sources¡ its application is recommended al1 at seeding or as a split 
app1ication at aeeding end et 2-3 montbs. 

Phospborus deficiency 

Phoaphorus la a basic eomponent of nucleo proteins, nucleic acids 
sud phospholipids, and all the exzymes involved in energy transporto P 
ia essentia1 for such processes es phosphorilation, photosynthesis, 
respiration, decomposition snd synthesis of carbohydrates, proteins and 
fats. 111rougb these processes lt affects root growth. flowering and 
fruit ripening (Lotero 1974, Fassbender 1967). P is eesential for tbe 
process of phosphorilation in starch syntbeBis; therefor~, a good supp1y 
of P will increase root production sud starch contento Malavolta (1952) 
reportad a reduction in starch content from 32 to 25 percent when P waa 

, , ' e1:1.minated frOlll the nutriant solution. TIte appl1cation of P had no 

1;,."'~"" ~- .... _<en, .f .... _u - 1974).· ~ 
.' ~'r;,'Y}k, Althoughcuaava extracta rather small amounts oi P from the 8011 

.¡f;' ,:,:f sud graws on many solle l_in 1', Edwards' (1977) found thQt caSSSVB bas 
sn extremely high P rcquirement, p"oducing maximum growth st a P 
concentration in so1ution 15·40 times as high as that needed for corno 
At a very low P concentration cassava produced 18 percent of maximum, 
~lile coro and soybeans produced 21 percent and 34 percent respectively. 
Def1ciency symptoms were produced et e much lOt~er P concentretion in 

" caas&Ve tops tban in those of coro sud soybeausj 'Ihus, casseva requires 
"-';h1¡h P leve!s fer nwx1",umgrowth.butis ab1e to adjW!lt its growth 

ute to condltions ef low-P (Edwards 1977). -" - -
J .. ~" .. "$.:;:"~" .. , 

l~oéhmsl (1968) reporta .that of the three mayor elementll.- the 
epplicstion ol P had mast effect on yield, ceus1ng a 93 per~ent increase 

_.in tuber produetion in a smld culture experiment. Krochmal (1968) 



9bserved no P deficiency symptoms and only a stight reduction of growth 
in a zero-P nutricnt sand culture, Ashcr (1975) abscrved an upward 
cur1ing and yellrn4ing of the lower levels of P deficient plants. 
Eventually these leaves fall off and prant growth in seriously stunted. 
A yield redt!ction of more thlln 70 percent: 1,'as required ta produce 
defieienc)' symptoms. Figure 8 shows how dry matter productior: and 
nutrient content of the plant was affeeted by various levels of 
nutrients in solution. Without P in solution pIant growth was redueed 
to about 10 pcrcent of normal, but no deficiency symptoms could be 
observed. TIle critical content for P defieiency was about 0.44 percent 
P in the lenf blade and approximately 15 ppm of P in the 50i1 extracted 
witbBray 11, Olsen, or North Carolina solution. 

P deficiency is most common in Oxisols and Ultisols such as those 
of the Campo Cerrado of Brasil, the Llanos Orientales of Colombia, the 
Llanos of Venezuela, and a majority of soils in tropical Africa. In 
Asia Ultisols are co_on in llalaysia, parts of India and Indonesia. P 
deficiency snd extremely high P fixation are eharacteristic5 of many 
Inceptisols such as those of th" Andes mountains (Andosoles), and parts 
of the Llanos of Colombia, along the Amazone in Brasil, in Hawaii, 
Cambodia, India and Indonesia. 

In Costa Rica, Acosta (1954) did not observe a P response, exc~pt 
in the presence of U. In volcanic ash soils of Colombia Rodriguez (197S) 
obtained maximum yield at 194 kg P20s!ha. ICA (197l) reports a positive 
response to 300 kg P205!ha in 13 out of 14 triala in farmers fields, 
located principally in acid P-deficient soila of Cauca and lleta in 
Colombia. TIley did not find much correlation between the responae and 
the P content of the soil. In Oxisols of the Llanos of Colombia, ClAT 
(l976) obtained a highly significant response up to 200 kg P20s!ha. and 
an additional response to 400 kg P20S!ha with the use of the baslc slag 
snd simple super phosphate (SSP). TIle lack of P was the main limiting 
factor for cassava in these soils. Figure 9 shows thet c:assava foliage, 
production increased almast linerarly with P applieation, while root 
produetion inereased quadratically. !bus, at low P and intermediate P 
ratea the plant had thehighest harvest index and vas mast efficient 
in root production, whi1e at high rates the plant responded mare in 
foliage than root producto Under eolombisn conditions the application 
of 200 kg/ha vas the most economic for most P sourees, except basie 
alag which was more economical at 400 kg P205 (ClAT 1976). 

In Brasil, Normsnha (1951) (1960) found that P was the main 
11.m.iting factor for cassava in Sao Paulo and Goias. He recommended 
the application of 60-120 kg P205/ha as bone meal or SSP. On poor 
asady soils in tbe same stete, Silva (1968) obta1ned no P but a 
sigoifieant K response. In nio de Janeiro, Nunes (1974) reporta an 86 
percent yield inerease with the application of 40 kg P205!ha. P being 
the main 11.m.iting factor. Host economical was 67 kg P20S/ha. In the 
Amazone estuary. Albuquerque (1968) obtained max~ yields with 100 
kg P205/ha as SSP. 

In Western Nigeria. Aman (1973) did not recommead the use of P 
'while in Gbana, Stephens (1960) and Takyi (1972) obtained highest yields 



t~ith 24 aud 45 lq; 1'l05/ha. Though eassava reaponded mainly to :~ in 
Hadagascar, the use 130 kg PzOs/ha (Dc Ceus 1967) (Le Hauioc 1952) t~<!s 
reeommended. 

Vijayan (1969) and Trivandrwn (1971) in l:erala State' of Indin 
obtained best yie1ds ~1ith 100 l<g 1'205 in eombination with 100 l:I and 100 
1(lO/ha, basie slag being the most eeonolnieal P souree. In the s.ame 
state, Chadha (1958) reported up to 25 pereent ¡ield inercasc ,,11th 30 
1eg 1'ZOs/ha. In Thailaud llongsapan (196Z) obtained best yields t~i1:h 
32-48 kg 1'Z05/ha. For llalaysian pent soils, Ch~g (1970) reeommends 
50 1.& l'105/ha. although l:anapathy (1974) did not observe a P response 
in tbese soils. 

The mast common1y used r aources are single and triple 
superphosphate. nasie slag is as effective as TSP, especially on acid 
soila, and where nvailable, thia is generally a more econollÚ.cal source 
(CIAT 1976) (Trivandrum 1971), Figure 10 5h0\18 the response of cassava 
to variou5 P-sourees in tbe Llanos af Colombia. lt 11'1 clear that TSP 
was superior to SSP (when band applled), and thnt incorporated baslc 
slag aud rock phosphate were a.Iso bigh1y effective sources. lIixing 
the rock with elemental sulphur or 1128°4 improved considerably its 
avllilabllity. Rock phosphates from different parts of tbe world vary 
greatly in P-availability and cassava responda ta tbeir application 
aecording ta their eitrate-solubility. Roetes from N. Carolina, Horoceo 
and Peru were among the best sources (CIAT 1976). Figure 10 also 
indicates the cffect of method of application of baste slag; 
broadcasting was higbly superior tohand application. For TSP no 
significant differences uere observed betweenhand or broadcast 
application, although tn highly P-fixing soi1s hand application is 
expected to be superior. Oforl (1970) suggests that broadcasting P 
on the 50i1 surfaee once theplant ls cstablished, maybe most effective 
as tbe actively absorbing roots are present in the top 10 cm of soil; 
once the roots start functionlng as carbohydrate sinks·they no longer 
playand active role in nutrient absorption. Campos (1974) and Sena 
(1973) report the presence of casstlva roots to a depth oi 140 cm, but 
calculated'that 36 percent of the roots were present in the top 10 cm 
of soil. Thus incorporation of fertilizers does not seem to be 

~a*(, beneficial. 
,-~' ~" ' 

Potassium deficiency 

Potas6ium i5 not n b=j,c componen\: of proteins. carbohydrates or 
·'15' fats, but ls deflnitely involved in their mecabolism; K ls easential 

',~,*~-
. 'tt for carbohydrste trnnslocation fmm the topa to the roots (Malavolta 
",,:,. 1954). Thus K deficiency will lead to excesslve top and lictle roct 

.'~'¡~"".""'; produetion.· nuu (1905) tmd Obigbesan (1973) reports tbat lt inc:raases 
fj,~ the starch (lOO decreases the RCl:t content oi roota, which is opposite 
~". to the effec:t of U. Uuehuswamy (1974) found no effect of P .snd K on ·· •.• ~.1 .. · ·the RCN content of roots. nhile payne (1956) reports s higher RCN . 
'~". content of root8 in 1:' deficient than K aufficlent 80ils. As mentioned 
'ir~' ebove. casaava. extracts more K than al!)' other element frOlll the sol1, 
.. ;...... .ud. lIn average crop ui11 relllOve about 100 kg K20/ha from the 8011. 

f~¿;.",., . 
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Potassium dcficiQLlCy ís ch:tr~cte1.*i;:ed by rcduceu plent gro-wth <!.nd 
in very severo ca5es pU1"plc moí.:t1inc oí oIder lc~vc5, curling up Ol: 
leuf margins amI ch10rosi$ eno n"c:cosis ox leel' ti1' and margins (Asher 
1975, l:rochmal 196C). Older leaves and petioles senescenee prenulturely 
and fall off. K-defieieney a1:::o results in shorter interno des and 
reducad plant heighl:. Dias (1966) aIso reports c;:cesslve ramification 
ox 1: defieient plllnts. ilgongi (1976) observed that l~ a1'1'licl1tion 
inereased leal' size, leal' lobe numbcr, leaf retentien and plant hei¡;ht. 
Tbc o eritiell1 K eontent el' leeves 13 about 1.2 perccut in the lea!' blade 
and 2.5 1'ercent .tn the petio1es. o 

PotassiW1l defieienc)' in caSllav;: is corrnnon in can}' soils t1here 
other ero1'5 do not rcspond to ¡~. Sevare1y K defieient soils are those 
ol' the Llanos Orientales ol' Colombia. 1I0st ol' the ildolso1c in S. America 
are reasonab1yO well supplied "ith l~. ¡~ deficienc:.' can sIso be .cxpected 
on sandy lIoils. 

In Puerto nieo llnmuel!: (1970) obt;:inod, t! rcaponsc to 100 kg 
KaO/hs, t~hilc Uurillo (1%a) ¿idO not find a l~ response in 1atcritic 
BOÜ of Costa Rict!. In Colombia a K re::11'ouso "<las reportad in 11 out of 
14 trials (ICA 197;1 . .). Hr;onr.;i (1976) obtainod a siGn5.ficent res1'oncc to 
240 kg K20/ha in OtIle Llanos Oritmtales and to 120 l;g 1:20/11a in the 
Cauea Valley (Fi¡;ure 11). In the Llanos, 1C2S04 \laS superior to KCl 
s1nea h1gh ap1'lications of 1,CI induced a 3 doficienc)'. 1'his could be 
overcOll1C by ;:pplyin¡; K2S04 or rni;;:ing elemental S Hith the l:Cl. ll.iSh l~ 
applications also rcduccd the 113 con1:en1: .of leaveG and 1'otio1e9, 
possibly inducing a lle deHeieney. 11gon3i (1976) also observed a strcmg 
il :, R interaction, in w'lieh a ti response ",as obtained only in the 
presenee of 1,. On the same soils CIAT (1976) reports ma:;imum yie1ds 
with 160 kg ¡:'20/ha. 

In LrB.sll, llunes (1974) did not find a significant K resporu:e in 
Rio de Jane1ro, while in Sao Paulo and Goil:sUorrnanlUl. (19(0) (1!l61) 
recommends the applieation of 30-100 l<S KaO/ha. Silva (].968) obtailled 
a signifieant t~ responee on poor sllndysoils ol' Sao rau10. Dias (1%6) 
atates that K o deficiency is not common in Sao pl:ulo." In the Amazona o > 

estnary A1buquerque (1963) obtained =imum yields with leO l~g I:20/Wt~ 00 

In ellstcrn i~i[;erin, !=vinz (1947) obtcincd t:! 1: ¡,cspon~c on 11ght 
8cid sOil:::, w-hile in uc:;tc~a ::i~crit.) Ilra'-":1 ~1l)i3) ~Qcof.lmencls t'!1e use 
60 k[; 1~20/hn. In Gh:!.l1tl ':..~hyi (lS7:!) found no ~: rC3pcor!sC in a forcst 
ochro:iol. ' ! "'; -'~ .' ,:.'~ - " 

~ 

In r:adn¡;asear r.:deficicmcy ":lS tbe roaoin 1imitinSfactor (noche 
1957) nnd I1pplication:: of 110 k:; ::20/h.:l ware reeommcnded (DeGeuo 1%7, 
Le 11:1.010c 1952, Esnais de ;;'UO'Jre 1953). K npplication significantly 
inereased the K eantent of the pheloderm (Cours 1961)0' and decreased 
the N and P contents. K cantents af leaves roay increase witb 
inereasing K app1ications without increasing yield (Ngongi 1976). 

In India l~umar (1971) and Trivandrum (1969} obtained a significant 
response to 100 kg K20/ha •• while Cbadhl1. (1958) repor!: inereases in 
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yie1d of up to 75 percent .. ith 160 kg K20/ha. !le found a strong N x K. 
interaction and recommended the application of N and KZO in the ratio 
of 1:1.75. On l:alnysian pest soils continuous csssava could be grO't-m 
,~ith 90 kg K20 and 120 leg n/ha applications (Kanapathy 1974). Chel~ 
(1971) recornmended 110-160 kg 1':20/11a for these soils. In Indonesia, 
both N¡hole (1935) and Den Doop (1931) c:ons1der le the main limiting 
factor. Den Doop (1937) obta1ned n positive response ta 150 kg K20/11a 
in the first planting, and a strong residual effect to application of 
300 leg ~O/ha in the second and third planting (Figure 12). He reports 
that l~ application increases the P requlrement. and that K availo.bility 
i6 redueed during drou~lts. l~r (1977) reports best results with 
the appHc:ation of half of the K llt p1auting and balf at one muth. 
Normanhs (1:952) and Silva (1968) report tbat appl:l.cation of KCl in 
contaet with the stalee 1s especial1y detrimental for germination. and 
reeommended lateral placement of both'K and P, and top dressing at 
three manths of N. CIAr (1976) reports no significant difference 
between methods oi applicatlon of NPK (10-20-20). includiug broadeast. 
band, cirele and apot application under the sto.ke. 

Caleium snd lÚlr.nesium deficiency 

Caleium plays a major role in the ~vater regulation of the plant, 
vhile magnesium is a component of chlorophyl and therefore involved in 
photosynthes is. 

Ca deficiency presents itself mainly as o. reduction in root growth 
without cleo.r leaf symptoms. Forno (1976) found that lacle of Ca during 
mist propagation of ensaava resulted in root roto Tbis eould be 
overcome by the addition of 150 ul! Ca to the misting solution (Forno 
1976). 

IIg deficiency is characterized by intervenal c:hlorosis of lower 
leaves stnrting at the leaf tip and margina. while the veinea remain 
dark green (Asher 1975. Lozano 1976). Ug deficient bottolll leaves had 
Mg lovels of 0.05 ppm and normal leaves had 0.26 ppmwhile the petioles 
had 0.04 ppm and 0.28 ppm, respeetively. In general the petiolea are 

:;;;;c" more sensitive to Ca and 118 deficiency tban the lea! blades. 
~~".~,: 

en and 11G deficiencies ere most coromon on acid infertile Oxiaols 
anO. Ultisols, \vhile l~g deficiency in cilSSnvn has also been observed in 
1"", Hg, lligh 1; volcanic I1sh 60ils of Popayán, Colombia. 

Ca deficiency is generally controlled by the applieation of 
lillie a1thoullh the more soluble aouree. gypsum or CaS04 can alBo be 
used. especia11y if the 80i1 ia also low in sulphur. Mg deficiency can 
be eontrolled by application of dolomitic lime (CaCOS+ MgC(3). MgO Ol: 
MgS04. In the Llanos of Colombia Unongi (1976) obtained a signlf1cant 
response to the application of 50 kg llg/ha ns ~fgS04 or .lgO. the UgS04 
being mueh 8uperior to the IlgO, probably due to its S content and 
greater s olub ilit Y (Figure 13). Applictltion above SO kg flg/ha resulted 
in a )'ie1d decrease l'robably du!! to induction of Ca defieiency. 



¡\luminurn and aan¡:;anesc to:dcity and lhe effect of pIl 

Han)' soi15 in the trorics are unproductive bccause of e¡:treme soi1 
e.cidíty, ,~hich in case of mincra1 soils ::;cnerally 1.S accompanied by 
to~icity of Al and/or 1m. Thcsc so11s can bc made productiva by liming, 
which increases the pll and Ca content aneI decreases the exchangeab1e Al 
and 1m (Figure 14). llouéver, in f:lany arcas the cost of lime, including 
its transport, is prohibitivoly hi::;h, and on1y re1ative1y smaU 
qu.antit1es can be applied econooicc.lly. Far these are_Els the selection 
of crops that toler~te soil acidity l\nd hi:;h levels of Al and Mn is 
very important. And ,.,i1:hin the tolerl1nt erop varieties could be 
selected that are especial1y tolerant to these adverse conditions. 
_Edt1ards (1977) shcmed thllt nlllOng 3 crops tested, cassava t-las best able 
to tolerate s 10>1 pU oí the nutrient solution. In addition, ca.ssava 
was least affected by hieh levels oí Al snd Hn. Figure 15 shows tbat 
in field screenings oí cultivars oí si): foad crops, cnssava aud CO'-l­

peas produced 54 and 60 percent ai the!r maxinium yields l-11thout lime, 
while rice, corn, and benns produced essentially no yield uuder these 
conditiona. TIlus, although a11 these crops responded positively to 
liming, cassava and cm-;pea "ere most to1erant to Rcid soils. Large 
seale sereenings ar.e presently under way in the fie1d and in nutrlent 
sol~t1ons to identi[~ the most to1erant cassava cultivars. 

Aluminum toxicity is charncterized by a generlll lacle of vigor and 
very poor root grol-7th. ¡;'o\~er 1eaves aro ofter yellot~ and necrotic 
a1ghough this can also be duo to !l¡¡ deficiency \'1h1c11 often accompanies 
Altoxicity in the fie1d. Fieure 16 shm13 that liminr; the so11 mil)' 

actually decrease yields of cassava due to the induction of Zn deficicncy. 
Only in the presenee of sufficient zn did cl\ssava, lilte most crops, shot., 
s positivo response to liming up to 6 ton/hn. rieure 17 shows that the 
Zn content of the lcaves decroased drastically by liming, roaching -
leve1a below the critical Zn content of 60 ppm 'lith tbe application of 
6 ton lime/ha. When Zn was applied, the critica1 level was not reached 
aud plants dld rlot suffcr froro Zn deficiency even at the bigh liming 
rateo Thus, in very infertile so11s. liming should be done with cautlon 
so as not to induce minor cIernen!: deficiencies such as those of Zn, Cu, 
!-In, aud :B. 

In Puerto Rico Sru:mcls (1970) obtained e po:::i t:!.vo response to tilo 
applicntion of 2 to;-¡~ of 1i",0/;1<1 to "- soíJ of p:l 1¡.5. In Cruz das 
Almas (BraSil) no lim~ response wns obtnincd in 3 years of testing 
(Conceicao 1973). l1oucver. Silva (1963) ;md No:rmAnhs (1961) recoClllend 
the applicntlon and deep incorporlltion of lime in 60ils of 5ao Pllulo. 
Rodr1guez (1976) reco~cnds to ~pp1y 1.5 ton lime/ha for each me AI1100 
sm., although data from CUT (1975) indicnte that cassava can tolerate 
reasonab1y well levels ni' 2-3 me Al/lOO cm. llormanha (1951) recommends 
the use of 2 ton dolo:nitic lime if the ooil 1'11 ls bclO\, 5. Also in 
ludia Trivaudrum (1971) recommended the npplication of 2 ton lime/ha and 
found that it increased the P svllilabi1ity. 

-On peat !lOnS in ::nlaysin, !:. ... napnthy (1970) and Lim (1973) observed 
ehat cassava survivcd :1:I.thout liming in n noil oí pll 3.2, "hile corn -nnd 
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peanuts died. Sinee the Al cantent af these saila is ver;¡ lw, this is 
rnainly a direct pU eHecl:. Far aptimum yields, hot~ever, they recommend 
the use of lime, and sugr,est that its beneficial effect i8 mainly ~hat 
of increasing pU rather than the supplying of Ca. 

Although cnssava is quite tolerant to ac!d soils, lt does not 
tolerate an extremely hlgh pIt, and i6 quite sensitive to soil 8s11nlty 
and alkalinity, Fi¡¡ure 18 shcr..,s thnt csssava yields ~lere drsstical1y 
reduced when tae pU t.as above 7.8, the percentage of Na aaturation vas &hove 
2.5 pereent, or the electricsl conductivity vas sbove 0.5-0.7 mmhas/cm. 
In compsrison, benn yields were much less affected by these conditions. 
Cassava cultivars varied greatly in the!r tolerance and certain 
cultivara could be selected fer high pH solls. Although the 
applicatien of 2 ton S/ha was effactive in increasing yields uuder tbe 
high pH conditions of t:he CIAT farm (CIAT 1976), tbis practice ia 
generally too costly to be recommended. Changing to a different crop 
or a different cultivar with bettor salt tolerance is a more practica1 
aolution. 

Sulphur defieieney 

Sulphur is a basic componant of various amino acidsand is thus . 
involved in protein synthesis. In the absenee of aufficient S,plants 
accumulate excesive amounts oí inorganic N, amino acids and amides in 
the leaves, tvitltout tlle formation of protein (Ste'lrart 1969). Krochmal 
(1968) end Asher .(1975) ohserved tbat S deficiency is characterized 
by a l1gbt Breen to yellot~ coloring of the upper leaves, similar to 
that of N deficiency. In the Llanos of Colombia ligongi (1976) 
obaerved that the appl1cation oí 1~2S04 waa significantly be.tter tban 
that of KCI. but'a similar beneficaleffect could be obtained by mixing 

" elemental S w1t:b the RC1. 'l'hus, he concludes. tbat S was the 1imiting 
':;.:: factor. and that higb applications of chloridea may inhibit sulfate 
~.~ . uptake and bdnee an S deficiency. 

-" .;',-,. ~ .,"''::.: ,_\c,."' 1,' Minor el_nt deficiencies ;'~:~~'-~, ~t',- , :':~'~~ ~~>:~:;" 
. ,~" \(~~r dl~gnost~cmino~ el_nt deficiencieí~' le&fand or so11 . 

,e,. p_ :" analiSes are rccOllllllended. Levels . that can be considered norll\lll are., .. 
, ~~ shownat the bottom of table 5.· Critical levels of Zn deficiency are 

about 60 ppm in the lenf blades ólnd 2 ppm in the soil (detennined by 
extractíon Hith 0.25 11 UiW4 + 0.05 li llCl); for TI deficiency ia about 
15 ppm in the leaves (Fomo. 1976) aud 0.3-0.6 ppm hot water soluble D 
in the so11.":· ,ce ,. .. 

Althouzb visual deficieney aymptoms of major elementa are DOt vary 
clear in caasave. tbose of minor elamenta ere ~uite dlatlnctive ana can 

. often diagnose a minor clement prob1em. Lozano (1976) ahowa color 
photographa of tbese aymptoDlS. 'l'hey can be briefly deacrlbed as follows 
(Krochmal 1968. Asher 1,975. LazaDO 1976): ' 

,J_', :.". ,;.' 

,Zn deficteney;"' :"'C 
Interveual white or yel1aw mottlinc of the upper leaves, 
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production of very ::;"1':11, pdc :;rccn le"lvcs at the zr01'1inz point. In 
severe caSes completely ,,¡hite to ycllo¡.¡ lcavc~. 

Cn dcficiency: 
, ." 

Intervenal ,~hite mottlin:;, similar to thát ~f Zn deficiency. In 
el:treme éases uniform ycllO'i~in:; of the uppcr pcrt of tÍle plant, 
defonnation of the (lroHin¡;; point,. ,!lud reduction in root development. ' 

'Fe defic1cncy: 

Intervenal ch10ro::;1s follo-,,:ed by uniform yc11a:~ing or complete 1088 

of color of leaves in' tbe, upper part of tlie plant, 1dthoutrecluctionin 
plant: he1sht:~ , 

Un' deÚc.iency: 
'~ . 

Intervenal ch10rosi5 fol101.¡ed by uniform ye11ou1n(; of the lcaves. 
similar to Fe deficie11cy but only paler ,1111<1 "ith less color contrsst· 
between veins snd intcrvenal areas. 

n deficiency: 

Small 'chlorotic spots near 'tlle tipo of youn¿'; leaves;, .small lea.ves.' 
soo plants; death of root tip n11<l inhibition oi ltl.teral root ,formation. 

~, 

.. , ~ 
-J ,. 

Necrotic, spotS', ¡¡ud hum al: thc lenf, tipand olonr; the marcins of 
lowe-r' leaves. . '. ",.:,. ,'" 

. : - ~ 

llinar element deaciehcie~ árc;"ot f~equently' repOrtect fo~ cassa';;'a. 
but il: =y be !llore common to limiting yields thll!\ is generally realized. 
On the peat soils of llelaysia cassllva is stunted ando che :.upper p&-rt o';~ 
the plan!: completely ye1101'1 if eu is not epplied té, tñe soU Tr..anapai:hy 
1970). Che." (1971) reco=nds a basal fertilization .oí 15 kg Cu/ha .as 
CuS04, which ,elimina,te's 'the ,probler.t foi ,severnl years •.• lloch ,nnde-r che", 
a111:a1ine conditions óf ,th!l Cll.T J:;:¡rm tlnd tlÍc e::tr-cmelv acid coOOitiuns: 
o! thc Llenos in Colo~bi.:!, 2n "ueficie:1cy s;~rn?t~)::l:3 are'" cOl!fJ1unly observed 
and cnssúvD. responds si~nifica:1tly tn -the applic~~io~1. of:. Zn" In CIAT 
bes!: results were obtainccl "1fth ::.: foliar appiica::ion ofl pereen!: znS04 
or a stake dip in l'l'ercent znS04 solntion just before planting., . ;ln. ,:, • 
the acid soi1s of the Llanos,soil al'plication of ZnS04 (10 kg Zn/ha) '\Vas 
tha lIIDSt effective, althollch a combination oi stake -Gil' snd foliar :, 
applicatiott is probabiy thc llIOat, economic' mcthod oí aPl'llication., 

" , F • ~ "" . ' 

Figure 19 shOl1!! that of, the minor elements tested in che Llanos,' 
the greatest response t~as obtained from.Zn, followedby Cu,and MIl •• ! 
Deficiency symptoms of Un and Cu, howevcr, ~'lcre never observad.. Although 
these soils are low in D, COSSRvn did not rcspond much to D.application. 
Compared with crops Hlce corn nnd bcnns. c;t\ssnva seo..,. to hnve Í1 101-1 B 



requirement; in contrnet, ita Zn rec¡uirement is exceptioIUllly high. The 
e;:ceselvl\ llpplicllti,on oS: Qne minar element can easily induce a deficiency 
of another. llinor clements can be extremcl)' important for optimum 
production, but their applicatlon should be done ~1ith caution. 

smn1AltY AND COUCLUSIOHS 

Although casncva Ilrou5 relative1y \4e11 on acid infertile so11e 
~~here meny crops do ¡lot :;rm~ at a11, lt does respond to fertilization 
and actually has an e7.tremely hiSh P requirement for maximum ~owth. 
In tbree tropical soils. P la generally the element mast limiting yleld; 
ylelds were increased three fold by lldequate P fertilization in the 
Llanoa of COlombino 

CassavlI. e::trllcts lllrr.;e amaunts of 1: frOlll the so11 (about 100 kg 
1:20 for eaeh 25 tons of tubers) and the soU mey beeome emausted of K 
if cassl1va is crm.¡n eontinuously t~ithout adequate K fertilization. 
Under those conditions the crop responds to high ratesof applied K. 

Compared to meny other crops cassava hns en equel on lower 
requirement for N, and gencrally only low lovels of U are rccOlllmCnded¡ 
excessive N fertil1zatlon leads to excessive top grouth wlth a reduction 
in starch synthesis. Cnssava is very tolerant of acid soils, where 
otber crops Buffer frop! ,'\1 on Un toxieity. lt alBo tolerates a 1m. pU 
por.!.S. althour;h the optimum pH ran::;e is bet\~een 5.5 and 7.5. TIle crop 
oftentimes ¡:esponds to 1<1"1 rates of liming. bul: is susceptible to 
overlÜ!!1ng. ~7hich _y induce mnor element deficiencies. Of the millDr 
elements, Zn defieiency le the most common. It ean be overcome by 
applicatlon of ZnS04 to the so11, ss a foliar spray. or a stake dip. 

By screeninr; large numbers of cassav4 cultivars for tolerancs to 
adverse soil conditions, such as acidity or low P svailability, it will 
be possible to select genetic material tbat ls excaptionally well 
adaptad to srow on poor so11s with a minimum of fertiliser imputo 

. -
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Tabla 1: Tbe runaunt of nutrients e::tracted per ton of nllrvested cassava 

roots. 

l'lnnt l'a¡:t Root Yield II P 1: Ca 1&,\ ncfercncc 
Ton/ha k¡;/ha 

noots ItO 1.n3 0.37 1.82 0.36 1.08 Du1on::; (1971) 

RoGts 52.7 0.72 0.53 5.08 0.65 0.37 t1yholt (1935) 
Total 1'1ant 52.7 2.50 0.92 9.04 3.06 0.99 Nyho1t (1935) 

noots 6!¡..G 0.70 O.M 4.91 0.79 0.28 Ilyho1t (1935) 
Total: Plant 64.6 1.93 0.70 7.53 2.40 0.66 Hyho1t (1935) 

~< .,' ,r '_' . 
P.oots 6 1.0 0.29 2.M Hongsllpan (1962) 

:r. '~ 
Roots 42 3.61. ,0.110 1 •• 40 0.60 0.14 Dufol1¡:n,et (1957) , :.,. , 
3tcms It2 2.38 0.26 1.55 0.40 0.55 Dufournet (1957) 
Total '.2 6.02 0.67 5.95 1.00 0.69 Du[ournet (1957) 

Roots 26 6.35 0.77 3.50 1.0 0.12 Dufournet (1957) 
Stems 26 1 •• 12 0.62 1.19 1.15 0.35 Dufournet (1957) 
Total 26 10.96 1.38 4.69 2.15 0.1.6 Dufournet (1957) 

• Reots \ 25 2.20 0.19 1.60 Diaz (1966) , 

I ,).,'~. 

Roots 50 3.06 0.3/t 3.70 0.50 0.12 Cours (1953) 
Stems 50 2.00 0.22 1.30 0.34 0.46 Cours (1953) 
Total • 50 5;06 0.56 5.00 0.84 0.58 (1953) Cours 

Roots 13.6 1.14 0.50 2.35 0.41 0.53 l\.anapathy (1974) , '. 

I 
Total 1'1ant 13.6 4.67 2.02 7.33 2.45 1.37 

"." , 

.~~5:r 
- ---" .. -

Rootll 2.6 1.49 0.49 2.11 llej!a Franco (1946) 

J Rootll 0.70 O.M 2.3 1.00 0.05 Bonnefoy (1933) ,;. ~-"-

.(.~::;: Total p1ant 20.10 2.40 9.0 9.90 2.20 Bonnefoy (1933) ;, f 

il -'-: 1& 
< . ' .. -~ . - - -

.-~~; , ñ. ~_, ·Roots 2.02 OA3 3.02 r:tlnapathy (1970) 
",_;._" ,It, Total plant 6.2G 1.09 . 6.53 

¡ 
¡ 

Roots 3.00 0.50 3.5 O.GO 0.10 Cours (1953) j 
Stem.s 2.00 0.30 1.5 0.60 0.40 Cours (1953) 
Total !i.00 O.CO .5.0 .. 1.20 0.50 Cours (1953) 

D.oOtll . l. e2 0.36 1.77 0.34 1.03 Velly (1969) 

Rootll 30 2.0 0.71 <7.05 De Geus (1967) 

r 
Roots 40 2.12 0.66 5.71. 1.32 De ecua (1967) , , 

, .. 
; -;: 
, . 

. Averar;e , Rcota 2.11: 0.1.6 3.50 0.69 0.39 
'¡ Total P1ant 6.95 1.26 6.67 2.07 0.99 • ,! 
'-
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mI.: 2..- Uutrlent eontent of 1eaves, IItems tlnd roots <lt v:l1:'ious a¡¡es of the cllssnvn 
plnnt (ade.pted from i:lyholt 1935) 

Let'.v~a-% of D,ll • Stcr.tS-Z of D,g Ro~ts-% of D.a r--,------· .- 1[ -'-.-1 - "-'-1 I ,,~th I " ¡ p "' c. :~ :¡ i ' I :: ! c. ¡:.!" ,¡:: I o. i;" ! 
2' ¡13.20729 2.21j1.13 0.3::' o.G:;r.2711.9~¡1.07¡0.3jll.0310.1SI2.1310":'()¡C.16 ! 
t. 3.t~1 1°.27,2.05 1.38 O.2~ 0.31,O.21¡1.6911.0:;!0.27J! 0.45 0.U11.117 0.221°.07: 

I ¡' !".. 1 
6 3.0:; jO.2ll,:2.1l 1.37 0.2i

t 
0.64

1
0.13¡ll.53 0.7Ü¡0.2~1 0.36 b.lllll.l~l 0.16:0.C5 ¡ 

8 13.20 IO.?l. 2.16 1.[.3 0.2CI 0.1¡9¡0.12 1.52 0.69;°.1511 0.20 0.09.1.18 0.1310.05 ! 
• l ' 1 • l· I ¡ • 

10 12.7::" i O;~212.001.39'0.2GI 0./;CIO.12 1.53; 0.73;0.1'11 0.2210.10 1.0710.13
j
'0.C7 : 

I t : I : ¡ i : ,!'! I : 
! 12 2,1.7 jO.23,i1.61j1.M 0.291 0.4/.:0.12 1.3C¡0.70jO.151¡ 0.lOI0.09 1.140.161°.05 " 
I I ¡, . I 1 • 1 1" " 
I 14 2.24 10.2311.3311.61 0.35

1
' 0.l;C,0.12 1.2610.72.0.171: 0.1710.1111.19110.191'°.07. 

L .J I I ! .1 !_. ¡ !-.JI I _ _ _ I ' 

: . : IIIV _.-....... ............. ~_~ ___ .~_ 



, , 
.'~ . 

TiJ3LE 3.- ¡¡utri~nt contont of diffcrcnt 1e"ves, 1'etiols and stem of 
casscva (Couro 1961) 

'~P~l~an~t~p~a~r~t ____________ ~,~ ____ I~i ________ ~ __________ ~~~ ______ ~C~n __ 

Top leaf 

tottom 1eaf 

PeCiol top lellf 

Petio1 bottom leaf 

, Upper part young branch 
, ' 

Lol'ler part yOUll¡; branch 

Primar; branch 
". <""", .~. . ',- j; 

,-l'he1od.erm of 'mdri 

l1ood. of main &ten 

,..:- "R. _"< c ... , :':) 
('qd',: .(";,) 't;.. cv ,,::. ...... -"e ..... . ... , 
::;;,' _ .. V' ;:,. ..... nJ e -""", ~-

~, -, ,-

r .. '" ... N ~ ., ..... .. ., ,(;'i " " '" , 
U t.!'" " t:" " 

'" '.~ - .. "' t-: 
~' '" ~ -' .. :. -~ ....,;;-.. -::. 
{"! e ~-.;: ~: 
~~ l"Y" 4.' '. '-', l-':'J ~ 

o ,,U { 
.:. t;.. ('" 
;:::.:::... t-. 

l.; r," ~; ~~ :: 
:::. ~ L,~; ¿ 

t: ' 

.. 

r'~: 

."" "'00' t·, 

. ' 

c • 
(~ ;; l": 

:: .'-. 
"'.: ~. 

________ % 01" D.l! •. ______ _ 

3.0l l 

2.43 

1.68 

lAO 

1.23 

1.00 

0.76 

ro' 
N t·, ..:.­
'- t- .:; 
::,- e t.~ 
:-, .... 'l7 

_ - :~ :'-:: !,..... 

0.23 

0.13 

0.17 

0.08 

0.16 

0.06 

0;05 

0.'07 

, '. 

'0.80 0.45 

0.72 0.81 

1.04 1.13 

1.15 1.02 

0.49 

O.lIO 0.45 

0.51 0.37 
, ' 

r :' 1.81 ': 
~~' ~-

0.40 trace: 

':.' c: -, _ c-. e: ,' __ 
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tABLE 4.- HUtrlent content of d!fferent plant parts of ceasava as reported by varlous lnvestigators 

1'1anLl'Lax.t N Ji! K Ca. l!~ S Rt'ference 

Young leaves 5.5 , 0.4 1.2 0.7 0.3 Cours (1953) 
Old leaves 5.0 0.3 0.7 1.4 0.4 

St:1ke 0.95 0.39 2.47 0.42 Oriol! (1967) 

Leaves U)O 0.25 ' 1.27 2.23 0.55 Krochmll1 (1970) 
Petioles 0.85 0.24 1.55 5.86 1.23 
Stems 0.60 0.36 1.92 0.83 0.17 

Roots 0.27 ,0.11 0.59 0.10 0.13 ¡~anllpsthy (1970) 

Leavl.!s 4.:n-4.82 0.33-0.37 0.58-0.92 I\l)che (1957) 

LeavCls 3,51,-6.17 0.22-0.37 0.78-1.05 0.27-0.93 0.24-0.44 Cours (1953) 

Leaves 0.19 1.29 Dilrrios (1967) 
Roots 0.10 o.M Bm:rios 
Roots 0.10 0.12 Barrios 

L!!aves + tld.gs 3.11) 0.33 1.33 1.03 0.64 l:.s:1spathy (1970) 
Stems 0.61 0.49 1.13 0.52 0.36 
Roota 0.20 0.12 0.57 0.10 0.14 

LeaveB If.65 0.18 1.14 1.07 0.42 0.16 CIAT (1974) 

L!!af blades t'.70 0.22 1.65 0.60 0.22 lT¡;ongi (1976) 
Petio1es 1.59 0.11 2.00 1.48 0.22 JI " 
r.oots (pee1ed) 0.70 0.07 0.73 0.04 0.03 II " 
Leaf bledes 5.0 1.74 0.37 11 11 

Petioles 1.6 2.35 11 11 

Roots (peeled) 0,l17 0.80 0.06 " 
,. 

Leaf blades 11.9 0.22 1.48 0.66 0.23 11 " 
Pet:l.o1es 1.52 0.11 1.8S 1.52 0.30 11 11 

Roots (peded) 0.35 0.05 0.67 0.04 0.05 " " 

Lea! bledes t¡.S-6.5 0.2-0.5 1.0- 2. O 0.75-1.5 0.25-1.0 CIAT (1974) 
Lea! b lades 4.9-5.6 0.25-0.27 1.5-1.8 0.6-0.7 0.22-0.23 0.34-0.37 CIAT (1975) 
t>et:!'oles lJ,-1.6 0.12-0.13 2.2-3.3 1.2-1.5 0.30-0.41 0.13-0.14 11 " 

- ' •• ,~.~:. ... ""'"' ..... < • 7"'~·;~'·"",~¡.::.. ___ .. ~~._ 
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TABLE 5.- Minar e1ement contente of various plant parts of cassnva reportad by diffarent investigators 

• ppm 

P1ant part n Zn Hn Cu Fe n.~fer..2!lce 

Roota 10.5-63.2 4~2-10 2.1-3.4 13.2-74.2 

Roota 28.2 6.1 3.3 34.2 ¡¡uthusUS~;Clmi (1974) 

Rootll (peeled) 204 273 20 152 A1buguer~ue (1968) 

Laavea + t'\'li¡¡s 262 72 l<enap<lthy (1970) 
Stems 65 45 " n 

Roots 10 17 " " 
Rootll (who1e) 274 Barrios (1967) 
Roots (paslad) 592 11 11 

Roote (uho1e) 443 " 11 

Rootll (pee1ed) 729 n 11 

Leaves 505 ti " 
Leaves 150 140 Pages (1955) 

Leaves 15-40 40-100 50-150 6-12 100-200 CIAT (1974) 

Shoots 15-150* Forno (1977) 

* RanGe from B-dcficiency to B toxicity 
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MULTIPLE CROPPING INVOLVING CASSAVA AS THE MAlN CROr 1 

M Thung and J.R. Cock * 

1- 1ntroduetion 

Multiple cropping or growing of more than one erop on tbe same land 
at the same time, i8 commonly prscticed by the farmera in the tropics 
aud subtropics. Ibis teehnique. which is labor intensive and often uses 
low input to maximize land productivity per unit area per season by 
util1zing the natural resources, -l1ght.water and .nutrients- has persbted 
for centuries. The yield of each component in multiple cropplng is lower 
than the yield in monoculture. but this system tends to give relatively 
atable, risk freeproduct10n. Ibis kind of cropping system produces a large 
proportion of the food for human consumption in the trop1cs. In Colombia 
70 percent of the food consumed 18 produced on farme where multiple 
cropping 18 practiced (Pinchinat 1976). Most of the beans'produced in 
Latin Americs are grown with multiple cropplng systems. Scobie!!!l 
1974 found that the contribution from besns produced by intercropping 
system ls 85 percent in Colombia, 50 percent in El Salvador, 50 percent 
in Mexico and 80 percent in Brazil. 

Multip1e cropping systems are also suggested as one of the future 
forma of agriculture to meet the future demand of food (Martin 1970 and 
Sánchez 1976). because estab1ished foad crops production in monoculture 
with one harvest per season per unit area. has not shown sufficient 
potential to mcet the future demando Exp10ring old and new crops with 
genetic high yielding potentlal. for example cassava. Recent1y cassava 
ia emerging from its obscurity in the tropica and 1a marching toward the 
future a~ to be en universal crop. lt mey replace to sorne extent yams. 
aroida. and sweet potatoes. (Martin 1970). Still the cassave cultivara 
bave not reached their genetic ceiling potentlal (de Vries 1967, Cock 
1976). Cassnva as an effieient starch producer has rsther low protein· 
content and vitamina. To balance the human diet in tegions where cassava 
i6 highly consumed, legumes may be a good alternative. 

l· Casaava multiple -eropping is carried Cln by the casaava pbydology . , 
program at ClAT. 

* Physiologists, Post doctorel fellow aud caasava program leader. 



Il- The emphasis s:.f·the cnssavn pbysiology program at CIAT in studying 
muttipte cropping systcm. 

It is ",ell known that in multiple cropping systems the yield of 
each component wtll be lower but the total yield of the components may 
be greater than in monoculture. This is the result of the inter-specific 
interactions between the erops during the growth cyele. By understanding 
the crop to erop interacrion «e can obtain the basie information of the 
multiple cropping Rystem nnd uith this data we "7i11 be ab1e to define 
a better cropping system • 

111- Definitions 

Accol'ding to Ruttenberg 1971, modified by Sánehez 1976 

Multip1e~op~ 

The intensifientioll of cropping in tIme and space dimensions. 
Growing NO ol' more crops on the· sama field in ayear. 

a. Intereroppiug. Growiog NO or more crops simu1taneously on 
the same field. Crop intensification 15 in both time and space 
dimensions. There ls intercrop competition during all or·a part of 
c-.:op gro~lth. Farmers manage more than one erop at the same time in 

. the sante He Id. 

·Mlxed intercroppi~. nrowing two or more crops simultaneously wlth 
no dis tinct rmo arrangement. 

Row intercropping. Grol.ing NO or more eropa simultaneously where 
one or more eropa are planted in rows. 

Strip intercroppi~. Growing two or more erops simultaneously in 
different stl'ips wide enough to permit independant eultivation but 
narrow enough for the erops tO interaet agronomieally. 

Relay int~r~roDping. Growing two or more crops simultaneously 
dl1ring part of the life cycle of ""ch. A ,ccoed erop 15 planted after 
the first stage of grOl •• th ¡mt befare it is rcacly for harvest. 

Seguential cropplog. Growing two OI' more erops in sequence on the 
same field peI' year. DIe sueeeeding crop la planted after the preeeding 
erup has been harvested. Crop intensification i5 only in time dimensiono 
There is no intercrop competitíon; farmers manage only one erop at a time 
in the same fieId. 

Cropping patter~. 

The yearly sequenee snd spatial arrangement of erol' or of erops and 
follow on a given arca. 



Cropping system. 

!he cropping patterns used on a farro and their interaction with 
farro resources, other farm enterprises and available teehnology which 
determine their make-up. 

Monoeulture. 

!he repetitive growing of the same sole crop on the same land. 

Crop rotaticn. 

The repetitive cultivation of an ordered successicn of erops (or 
crops and fallow) on the same land. One cyele often takes several years 
to complete. 

Lend eguivalent ratio: tER 

Lend equivalent ratio i8 the area of that would be required for 
total monoculture production to be equivalent to that of one hectare of 
1ntercropped production at a given level of technology (without paying 
any attention at the time and price factor8). 

m 

LER = Xl + X2 + ..•....•. = L 
yl Y2 

Where X 18 intercropped yields of each crop and 
y 1s monoculture yield of the same erop. 

= 1 
Xi 
YI 

Example: Intercropping cassava with beaos. The.monoeulture of cassava 18 
30 tons/ha and the beans 3 tons/ha. In intereropping syst~ the eassava 
yielded on1y 25 tons/ha and the beans on1y 2 tons/ha • 

• 

The L!R is ealeulated as follow: 

.. , 2 
LER - :2 !! = '25 

1 .. 1 Yi 30 
(~.,.. :," - '.-' _. 

«~ ... -
. ~., .. - ,,- . , -

+ 2 
3 

25 
30 

+ 20 
30 

., - 1.5 



,.-liiii' •• 'iíi?líircíWiI· __ W_r .. D/í-.rI •• _____________ . 

Intercr?~ , Uonocultura 

1 ha. 1.5 ha. 

Cassava 
25 tons. Cassava 

5/6 ha. 
20 tons 

I1eans 
3 tons. 

Beans 
4/6 ha. 

2 tons. 

IV-. Phylosophy of tlul[t.iili croppigg. 

Plants ean gr0'l4 all ¡ear round in tlle tropics beeause of thc abundance 
of solar energy availab1e. The natural ecosystem in these regions consist 
of an enormous amount of plant species whieh bui1d up a complex biological 
unit. Tbeagro-ecosystem of the tropics i5 like its surrounding nature. 
This systemwas characteri::ed by llarris (1972) as having "Diverse 
assemblages of crops in polycultural pattern of structura1.and ~~iona1 
interdependence", as oppoaed ·to the temporate regions agro-ecosystem, which 
is relatively ·simple and tenda toward monoeulture. Roldridge (1959) 
suggested that a potential, suecessfull tropiealagro-eeosystem strategy 
18 ta plant "a polyculture simul~ting the natural vcgetation" as closcly 
ss posslble. Multiple cropping systems can be defined as a symplified 
polyculture ecosy~tcm of the tropics. 

Introducing tite TOonoculturc system inte tite complex ecosystem of the 
tropies will change the stability of this systern; eontinuous pest 
suseeptib11ity has been observed (Pimentcl 1961, Nickel 1973 and van 
Sneider ct al 1974), more alr born disease is evident (Soria et al 1975) 
and the wee¡-community ehanges to favor the more aggresive weed (Bsntilan 
!.!:. al 1973) and a higher total weed biomas (Soria 75) wbieh means a 
grester nutrient water and light competition for the crops. 

Intercropplng the cassava with beans may bring them a step back to-wards 
their arigin and it might help to restare the upset ecosystem and give 
a favorable pest·predator balance. less discase and also ,~eed problems. 

, , 



I 

. ':. 

v- Physiology of intercropping cassava with beans. 

Cassava usually planted in wide spacing arrangement snd has a slow 
buildup of canopy at the early stage. The canopy ,buildup can be slower 
if it grows in unfavorable conditions. This can be seen in simplified 
form of the light interception curve of cassavs. 

7-
Light 

lntercepted 

100 

Time 

In the early stage cassava does 'not utilizc much light but neither 
dOes ie tolerate shade and competition (Doll 76). Renee mueh light 
apparently is not utilized. The available light eould be utilized more 
effieiently if LAI of the stand were increased rapidly; !bere are 2 ways 
to inerease the LAI within a ahort period: 

1. Increa~ing the eassava dens1ty 1ncreases LAI rapidly lub. !bere 
ls a l!mit of pInnt density beyond whieh the eassava can not develop to 
its fullest·due ~o the severe intra-speeifie eompetition, snd the erop 
growth ~ate remains eonstant. (Coek and Yoshlda; 1973) • 

. --. "" 

., 2. Intercropping the cassava w1th another erop should allOl> this 
crop to build up tts full canopy in a short time before tbe cassava 
covers the ground., ., . " , 

From 6 months onwards caS6ava tends te drop its leaves. Again 
suffieient light 18 available beneath the cassava canopy. In this case 

. climbing beaas could be intereropped w1th the matur1ng C&6sava by using 
, caSGava stem as support. An advantage of thh method of grow1ng elimbing 

beans is that thcre is no need to try expensive artificial supports • 

VI- Competitton problems :in intercropping system. 

Plants require the growth factors: L1ght, carbond1oxide, water snd 
nutriente. Light aud C02 are absorbed by the leaves, water aud nutrc1ents 
matoly by the roots. Competition between plants for theae resources 



resources occur in "U 'erors plcntcrl at ngrJ.c1l¡ tunJl density. RUl in 
intercropping systc~ it T!1[lY oC'cur ¡:;ome~.¡hat ('.Trl) c'r than in monoculture 
system. 

Light and C02 

Even though in the tropics there is abundant of solar energy available 
it may be a critie:)l factor in intercropping system. Uhen the photosynthetie 
canopy of the eompo!lt'nt are ,ot the samc height and have the llame Leaf area 
index (LAI). compctition fur light mily occur vI:?1;'y soon at the early stage. 
When the pbotosynthetic canopy oi a component is higher than the other 
the higher intercepts the gr"ater share of Hght. In thls case the 
shorter component ls in an unfavorable condition. 

TIle intercropping systcm of eassava with beans shows an ideal canopy 
stratification in order to utUize efficiently the solar energy. The 
young cassava plant "hich 5ti'l has" lo" LAl nh .. ays standa at the same 
height or slightly "bove the beilns'canopy. This ideal eondition can be 
obtained by manipulatin8 the planting date of one crop relative to the 
other. 

Competition for light may occur within the plant itself when one 
leaf shades anothe,,' 1Mí. Thia intra-plant competition happena on1y for 
litllt because light i5 basically not redistríbuted l1ke the other 
resources such as nutrients. An ey.ample for this can be shm~n in wheat. 
Wheat with a local application of concentratcd fertilizers to a few of 
itsroots, as wlÍen fcrtilber is drilled, w111 do better than plants with 
a 1ess concentrated fertilizer on the whole root. 

lf the 'Soi1 conditions are not limiting and the eropa are still in 
vegetative phase, the photosynthesis and growth rate of their canopies 
are near1y proportional to the radiation which they intercept (Stern and 
Donald 1962). 

During the critieal phase of grm.th, shading may be crucial for 
yield production. Ueans critical phase i5 rluring the f10wering time. 
If shading occurs during this period a yicld reduction of 2~1. i5 expected. 
(CIAT 76), "hile ~hadin8 the C1lssava {lurin!; thp first two l110nths of 
growth reduced CBssava yield is 50 pc~cent (~oll 1976). 

Competition between componentG for COZ play a minimum role in an 
open stand although theoretieally p08sible •. Tbe turbulence t.ithin the 
cauopy is usually so great that it seems unlikely to oecur (de Witt 1965). 

-Furtbermore the respirated COZ during photosynthesis can be utilized 
again by the plant for reassimilation. (Cock and Yoshida 1972). 

Water and nutrients·- . 

Roots cake up water and nutrients from tllc soil. When both crops 
are at seedling stage, roots "i1l be far ennugh from each other. Sinee 
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the surface arca of tit" roat system may be over 100 times grenter than 
that the of shoot area (nittmcr 1937). che soil soon becomes crowded and 
competition may bcgín. Ihus compctition by rODts can occur earlier than 
the upper part of the planto Water and nitrate ions in the so11 are 
more mobil chan potassium and phosphate (Bray 1954). Thus they are taken 
up at faster rates, hence the depletion zones of water and nitrate grows 
faster than potassium and phosphate. This means competition begins when 
an overlapping of depletion zones'of certain elemeuts takes place. 
Although competieion bet-ween individual roots and root system of one 
component muy begin much earlier. The degree of overlapping between the 
root system of the components determines the intensity of competition 
effect. 

lf the nutrient 15 prescnt in a range of chemical and physical 
forros, the competitive ability of different species may be determincd 
by their capacity to make use of each of these forms. {For examp1e 
clover takes up hetter Potassium than grass in mixed pasture. Cassava 
needs a greater amount of Potasslum 'than other crops and beans need 
pbosphorus more than the cassava does. Xhis crop requires different 
nutritive elements for their bulk need during their growth. lt would be 
unwise to intercrop spccies with high a requirement of the same nutrient, 
for example cassava and sweet potatoes, without adding Potassium heavily, 
because these crops need a large amount of K for their growtb. 

A good knowlcdge of the distribution, density pattern of the roots 
and the metrical requirement of nutritive element of the intercrop 
components is very important in order to get a successful intercropping 
system. 

VII- Approaches to understand tbe casssva-bean intercropping system 

Systematic investigations to understand the cassava-hean intercropping 
system i8 heing carried out by the cassava physiolo~ program since 1976. 

1. .Time of planting are relative to the other. 
2. Optimum density combination of che two components. 
3. Genotypes influcnce in intercropping system. 
4. Light competitlon versus nutrient competition. 
5. ' Intercropping cassava with beans, where beans are .in sequencial 

cropping. 
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The maln objective i5 to test ho,,, intercropping cassava with beans 
can be achieved, ,.,ithout re1ucing the yields severely. 

VIII. Cultural practice problems in intercropping cassava 'vith beans. 

A. Soll TVpe and Fertit~. 

lt is recommended ta plant cassava with beans on ridges, because 
éassava as well as beans do noC tolerate exeessive water. A deep 
dralnable soiId would be the best for both eropa. Seedbed preparation 
should be done more delieately than for ehe cassava alone. Tile recycling 
ot nutrients froro the bean residues may lmprove the nitrogen status of 
the soils. 

• 
B. Water. 

Where there i8 no irrigation facility, like most of the slI\3.11 
fana fielda. planting date i" determined by the onset of the rainy season. 
lUchel (1973) found that the multiple cropping system uses available water 
!!IO!."e efficiently than monoculture. The procesa is probably the same for 
fertilizer utilization. !he total water use may be higher but efficiency 
in tenas of quantity of water used per unit production w111 be 101Ver. 

C. Planting Material. 

Cassava: A high Berminati.on rat<:" of the cassaV2 stake is desirable 
because replanting 15 too difficult in intercropped -fie lds ",ithout 
disturbing the bean plants. 

A late branched caSsava cultivar is preferable for this purpose sueh 
as M Mex 11, M Mex 17, M Pan 70, because it gives less space competition 
and makes ehe bean harvest, easier. Henvy fo1iated cassava cultivars ",111 
abo give too mueh shadow to the benns. lligh yielding varieties should 
be used because there 15 not too much eompetition by ehe beans, 
even though it is difficult to predict, whether the cassavn plant wi11 
manlfest tts high yielding potential in ehe intercropping systero. genotype 
selectton i5 urgent1y needed. 

. 
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Beans: Shade tolerant beans should be choosen when it wil1 be 

intercropped with cassava. The critical period to shading in beaos 15 
durlng ita floHering time. tilieo shade occura during this period yiald 
decreased 20 percent (CLAT 76), at this moment the cassava i5 somewhat 
taller than the beans and lt w111 certainly shade the beans within a 
certaln limito P 30 2 seems ta be the bese type for this purpose, but 
unfortunately th~s line i8 very suceptible to other problems. 

Beans have more pest and disease problems than the cassava. 
Therefore, susceptible bean cultivars to common insects and dlseases 
should be avoided. For example nematods. wll1 affect beans first, 
then casaava in a later phase. 

D. Weed Control. 

Keeping eassava or beans weed free until a eloaed eanopy ls 
formed ls critical for achieving maximum yield. Cassava manoculture 
needs 2.5~3.5 manths to cover the ground (CIAT 1974). 

Introducing the beans between the cassava rows increase the ability 
to cover the ground more rapidly. hence increase the ab111ty of the 
crops to competewith the weeda. Not only the weeds will be suppressed by 
thiB increasing speed of coverage, but also light utilization is higher. 

Weeding in the intercropping system will be ver¡ difficult because two 
eropa are on the fieId instead of one. To avoid postemergence weeding, 
durlng the time between germination to a closed crop eanopy ia formed, 
preemergence application is essential. llerbicides for thia purpose should 
be seleeted carefully, because very seldom herbicides are selective 
enough to two crops. Lazo (alaclor) or Karmex (Diuron) is exeellent 
post planting herbicides on caaaava, but ia harmfull for beans. Soil 
texture may influence tlle seleetivity of a certain herbicide. 

A sélective herbicide, good enougb for two crops have to be evaluated. 
Good experience at CIAT conditions have been derived !roro uBing a mixture 
of: 

.-, . 

Afalon (Linuron) 1 kg plus Preforsn (Flourodifen) 7 L. mixing with 
200 litres of water, wil1 be enaugh ta spray one hectare of land. For 
Iighter soils it is recommended to use Treflan (Trifluralina) witb a 
dosis of 3 l/ha because the above mixture might be pbytotoxic to besns 
if heavy rain follows tbe application of the mixture on light soils. 

, ·E. lnaec t Control. . .. 

Because tbe cassava growth eycle is longer (oneyear or more) than 
the beans, it has the ability to recover from pest attack. when elimatlc 
eonditions are favorable during the rainy season. Hence cassava pest i8 
not as critical as for beans. Visual observations show that in intereropping 
system has leas insect infestation than in monoculture, because of a much 



better insect bal;¡nce .. 

Random or UIVtS8 inc."cticide applications may completC!ly upset 
the natural equilibrium of insect population and the natural pest 
control mechanism. IlIsect infestatíon in beans ls higher than in 
cassava. especially Juring the dry season. Thus our main observation 
of insect populatíon should be stressed on the bean canopy. Sorne important 
insects emphatizcd in benns are: 

l. Empoasca Kraemeri. Can be controlled by Azcdrln 300-400 ce/ha. 

2. Little green bugs. Can be controlled by Diostops 400-600 cc/ha. 

3. Red and green mite. Kelthane or Tamaron according che dosis 
recOllllllended. 

A common insect, which attack both crops Empoasca has not been 
observed ti11 nm-,'. f.mpoasca produce severe damage on1y to the beans 
but harm1es5 to cassava. 

F. Disease Control. 

Cassava and benns are attacked by common diseases and the attack 
"an be disastroug during the rainy season. Intercropping system might 
favor the disease bufldup on one oi the crops by changing the plant 
environment or microclimate. Beans are more suceptible to diseases than 
cassava. esp~cial1y during the rainy ~eason. 

1. Bacterial b1ight. (Xanthomonas Phaseoli). !he attack of 
bacterial blight may be severe during the rainy season. Koccide 101 can 
be applied with a dosis of 1 kg/ha as a preventive application or 2 kg/ha 
when -the attack i8 heavy. This application ,~il1 not only prevent the 
besns against bacteria1 blight. but also protect the cassava against 
superelongation (Space10ma manihoticola) disease as well. 

2. Nematode (tleloidogyne). Both plants may be infestated by 
ne_tods. lhere "re products to er8dicnt" this disease but still to 
costlyand this hr:)"onrl the farrne:rs: r';.1ch .. 

The best way to prevcnt it is by erop rotatían. Some other 
diseases which may attack cassava and benns as well are: Rhirodomo sPP. 
Sclerotium rofsin, Sclerotinira Scleroteotum. !he importance of these 
diseases have still to be evaluated in the multiple cropping system. 
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CASSAVA HARVESTING METHODS 

Iutroduction 

Julio Cesar Toro * 
Ernesto Celis ** 
Gustavo Jaramillo ** 

Harvesting represents 30 percent of production costs, according 
to economic atudies conducted at 300 Colombian Farms by Diaz (5). 
Ihis is greately due to the fact tbat this operation 18 generally done 
following rudimentary manual methads which are often ineffielent. 

Whl mechanieal harvesting 

The above eonsideration 1ndicates that tbere ls plenty ta be done 
in this Brea of CBSSBva barvesting. An increase ln the harvesting 
efficieney by any method or mechanic device would greately reduce 
production costs, as wel1 as reductng man efforts and energy spent 
with this operatlon. 

Intervening rorces at harvesting 

Accordlng to Brieeno (4) the most important forces actlng during 
eaSS8va barvesting are of two typea: , 

1. Vibration 
2. Pulltng 

, " When only traction is exerted the stem will probably break and the 
roots wiil reat buried in the aol1. lt la neceassry to combine both 
forces to abtain goad results. 

MANUAL SYSTEM 

, This methad comprises 2 atag!!!S : !irst, branches and' foliage are 
~út .leaving a portian of the main .tem which is used ta aize and apply 
the two forces. !he 8tripping of tbe plant 18 done generally witb a 
_chateo 

* Agronomist. CIAT 
ti .. Research Ass1atal\ts. ,CIAT .. ~ , ..... 



During the second staga, after removing the material from which 
aeed is later selected, the extraetíon of the roots takes place, 
usually aceompained by cleaning and packing operation. The leogth 
of the stem portian left attached to the roots may vary from 20 to 
40 cm and is used to si?e and pull the roots. 

Modalities 

1.1 By hand 

In light or sandy soils roots can be pulled easily without the 
aid of an instrument or aditional lever action. 

1.2 Drawbar 

In somewhat heavy soils, in order to harvest the roots intact, a 
sbarp implement is introduced under the roots and used as a lever. 
This implement is generally a drawbar. 

1.3 Belt 

In the coffee zone of Colombiawhere soils are mostly medium in 
texture, a belt 15 very commonly used. The farmer will wrap the belt 
a:ound his back and over his shoulder tying the other end to the stem. 
The portian tied to the stem can be a strong rope or a chain depending 
on the preference n[ the farmer. This way the hands are used to grip 
and vibrate, ·and the body serves as a lever. This is a one-men 
operation. 

1.4 Lever 

In areas where soils are compact the operation is done by the use 
of a lever. This tool consists of a 2.50 - 3.0 m long wood or bamboo 
pole straight and firm enough' to execute the leverage. 

This operation needs two men: one to tye the stem to the pole 
and to vibrate th" planr and another to e>:ert the levC'rage fo,,"ce. 

1. 5 ModUied le"er 

A modified lever system is posslble by modifying the fulcrum and 
simplyfying the grip. This method could 'save much energy as well as 
increase the efficiency of the operation. 

HECANIC"¡'IANUAL SYSTEM 

Most of the cassava harvesting methods which include mechanic 
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devices or animal traction can be cálled semí mecbanic and work 
by adaptation nf tbe existíng machinery. 

In this case the harvesting la aostly mechanic but must be 
complemented by hand labor. 

Modalities 

2.1 Funowing 

liben the1:'e ls enough space In between the ealluva rowlI a furrow 111 
opened at each llide of the planto Tile rootll wi11 tben grow in loose 
soi1 thus, making harvest easier. Product10n costa can be greately 
1:'edueed with th!s aystem. Its only diaadvantageoua that some roota 
get broken whlcb causes preservation and marketing problems. 

Tile above consideration ia important under Colombian conditiona 
because according to Booth (3) the roots must be harvested intact to 
prevent the entranee of pathogens whieh can cause root rots. 

Tilis eonsideration ls not as important in countries like B1:'azil 
where most of the eassava goea to processing lesa than 24 houra after 
harvest. 

2.2. Moldbosrd ~low 

A moldboard p10w has been used.successfully in Sao Paulo, Braztl 
and Filippines. The angle and curvature of the plow will uncover the 
roots turning over the soil. Tile roots are then grouped by the farmar 
and picked up latar by a tractor or wagon. 

HECHANIC HETIIOD 
• 

Root harvesting, witbout any doubt ie the moat difficult to 
mechanize of a11 eropping operations. Beaides the irregular size, 
shape, depth and distribution ox the roots, the problem ia agravated 
by the dirt, stooes sud plant material which must be removed from 
the roote without causing injuries. 

The difflculty of designing an efficient and complete harveating, 
.. chine ia clear. lbe varietiea avatlable so far have been aelected. 
for yield insect and diaease resistanee Without con.ideratton of a . 
future need for mechanical harve.ting. 

Varietles With its roots grouped in a semi canical sba~ not too 
deeply .ettled and witb a ahort root system are already in mind. 



The problems of cassava harvestín~.due to hard soils, size, and 
distribution of ronts, etc, Sllg~cst the lISe! oC an ímplement coupled 
to a col ter or ehi ~,,'cr "hose vi bra tí 00 r"duc~s the tractíon and the 
operation manageablc hy a medium nI' big tractor. It i8 a technical 
reality that the vibrator)' !lrinciole ,-,['plicd t'J mechanieal harvesting 
facilitates the extraction oi the roots (2). 

However, H must be 1<;"pt jn mind that the characteristiesof·the 
ground influence greately the l'ower re'luirements from the tractór 
because cassava 18 a deep erop. Because mechanical harvesting ref'uires 
big tractora, it i5 necessary to undertake comparative cost studíes 
.on manual harvesting, in order to determine the most profitable farro 
size for mechanieal llarves::. Distance between cassava '¿""s must be 
considered at crop planning stage so that machinery can be properly 
utU:lzed. . . 

TlIE FACTIBILITY OF THE USE OF HACUINERY IN CASSAVA HARVESTING 

Usually, a root crop harvester ..achine ls composed of a blade to 
cut the plant material, an element that wil1 remove the soil, l.e. a 
blade or furrower, and final1y a system ~,hlch wi11 remove and separate 
the so11 adhered to the ronts. 

Modalities 

3.1 A manua 1 shaker excava tor and a hay packer cou Id provide a 
soJ.ution for cassava planted in ridges in friable soils. A reduction 
in'the suction.could be accomplished by the propellers. A test with 

··.nd without elevator ls suggested in order to make compariaons for· 
tuber deterloration and accordingly w1th these resúlts introduce the 
vibratory principIe. 

Roota coutd be considerably damaged by the cleaning or elevator 
mechanizm of some root harvesters. Becausc of the size nf the 
casaava roota the cleaning sys~cm should possibly ·be eliminated from 
the ·harvest pr"ocedure to perform this task after harvesting •.. ' .. 

'.3.2.· The root ",xtraetir¡n could he faciHated \>Iith little damages, 
by a highl)' vibrnting system opcrated continoll,ly by a·tractor • 

. " 3.3. Bates (1) suggests the posstbility of modjfying a potato 
.'planter which ~ould .work behind the tractor attached te.the power­

take-off, carrying a pulling mechanizm instead of an excavator one; 
lifting the tubers over the surface. lt should BIso be p088ibIe to 
build a root puller at the front end of this I~rvester. 

The.pulHng ef the tubers by the stems can be· done by.a eouple 
of resistant and modified bands, placed in inclined position like 
those used for sugar bp.ets. 

328 
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3.4 Briceflo and Larzon (4) deve'to¡:1t'!d a ;mplement to be used w1th 
a tractor strnng enough to pul1 the ronts from the soil. lt consists 
of a blade that euts into the soll snd a series of tubes that extraet 
the roots aod separate the soil. Sorne of the characteristica of the 
design of this implement are: three point hiteh; cuttlng width of 
0.95 m; 40 cm depth and operation speea of 2-3 km/hour. lt has a 
fleld capacíty of 0.29 ha/day. lt requfres a tractor "ith a pulling 
force larger than 4.000 kg at the indicated operational speed. This 
is equivalent tQ 80 U.P. at che po"er take-off. 

General considerations 

For any device used asan aid in harvesting the following factars 
.aust be k.pt in mind. 

l. Plantins .cthoda 

If planting la done in ridges'or beda, harvesting tends to be 
easier than in level planting. 

2. So11 type 

In 100se or sandy soils harvesting 18 easier than in cIay or 
heavy so11s, regardless of the system used. 

3. So!l moisture 

In sny case harvesting ls easier when the 8011 ls m~ist than vhen 
it is dry. 

Finslly, the type of .cthad used for harvesting is determined by 
economic considerations. In small scale faraing, manual harvesting 
can be efficient, but otber methods must be thougbt of in cases like 
Curvelo ~ins8 Gerais Brazil, where 1.000 hectare plantations are 
common. Al1 these considerations are according to tbe processing 
capacity or to the marketing f1(l1W' • 
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Abstract 

1<;:'1, DEVELOPHEtITS Il; CASSAVA STORAGE 

J.C. Lozano 
J.H. Cock 
J. Castarto* 

Cassava roots deteriorate rapidly after harvest. Deteriora­
tion is éither physiological or microbial, but the former generally 
occurs ",ithin 48 hours of harvesting. Experimental results aho'" 
that physiological deterioration can be prevented either by pruning 
the plants two ro three weeks before harvest or by packing the roots 
in polyethylene-lined paper bags after harvest. Microbial deteriorA 
tion can be prevented by dip-treating the roots with broad spectrum 
fungicides such as Maozate. . 

Introduction 

The cassava root is h1gh1y perishable, often showing cortical 
necrosis (physiological) deteriorar ion as rapidly as 24 houra after 
harvest; five to seven days afterwards, m1crobial rotting occurs 
(lIooth, 1976). 

Sorne progress has been made in seareh1ng for varietal ressist­
anee to both types of deterioration (Kawano, personal communication) • 
Nevertheless, ressistanee to physiological deterioration apperars 
to be positively eorre1ated ",ith,moisture content (CIAT 1976, Ka",ano, 
personal commun1eation). Although this'correlation ia not part1eular-
1ly close, it does suggest that 1t roay be difficult to breed for high 
dry matter content, a desirable'~.iéharacter. and for ressistance to 
physiological deterioration at Lhe same time. Furthermore, moa!: lines 
apparent~ ressiatant to this type of deterioration eventually suffer 
microbial deterioration after a.bout ten days. It is a moot point 
whether ressistanca to dateriorStion for auen a ahort period would 
re.olve aany of the problema 8aaociated with C8ssava periahability. 

In their comprehensive review on cassava storage, Ingram and 
Humphries (1972) mentionad various trsditional methods.such as 
packing in mud and structures similar to potato clamps used in 
Europe. booth (1~77) refined the potato clamp method and developed 
a atorage system using boxea filled with moistened sawdust. These 
syatems are somewhat costly and difficult to manage and bave noto 
up to presento been adopted on a commercial acale. Oudit (1976) 
auggeated that fresh caasava could be atored for up to one month 
10 polyethylene bags with no extra treatmeot. 

* Pathologist, physi010gist and aasociate pathologist. Cassava 
Production Systems Programo Centro Internacional de Agricultura 
Tropical, A.A. 67-13, Call, Colombia. 



During visits to cassava-grm.ing areas, the auChors and other 
me",bers of the CIAT cassava production systems team observed that 
in many local markets the CaSsava roots were sold while sti11 
attached to the stern. The vendors c1aimed that the roots deteriora­
ted tlluch more slowly under these conditiollS than ,.hen removed from 
the stem. 

Booth (1976) showed that roots kept under conditions of high 
humidity "cured" and physiological deterioration was prevented; 
however, as temperature increased microbial deteúoration occurred 
rapidly. 

We have attempted to develop simple methods that may readily 
be adopted to control both physlological snd microbial deterioration 
of harvested cassava roots. In the former ea se both maintenance of 
high humidity and leaving roots sttached to the stems have been the 
basis, whereas in the latter case, use of protectants and sterilants 
were evaluated for preventing mierobial rotting. 

HAl'ERlAL ANO HETHODS 

Ihe symptomatological definition of the two reported types of 
d~terioration in cassava roots (Booth, 1976) was determined by general 
observations on stored roots of different varieties. The severity of 
these two types of deterioration was evaluated by following ~ooth's 
scate of deterioration (eLAT, 1972), considering O as hea1thy roots 
and 4 as the most affected. 

Physiological aeterioration 

The control of physiological deterioration was investigated 
by (1) pruning the aboveground part of the plants before harvesting 
and (2) by using different paeking ayateros. 

l. Prunios. One-year·old plants of two varieties susceptible to 
physiological deterloration (M. Colombia 22 and H. Colombia 1802) were 
used in the first trial. Plants were pruned bsek to 20 cm aboye ground 
and harvested 7, 14 and 21 daya after pruning. lIalf of the roots were 
stored without the stero snd the others with the stem scetion attached. 
RODts were atored in the fleld under sn open-síded palm hut and readings 
taken cvery five da)':;, Deterioration '''as determined on 20 rODts/variety! 
time oí storage. A aceDnd trial included ah varieties (N. Colombia 45, 
M. Colombia 1807. (''I1C 29, CHC 92, H. Hexico 59 and Popayán), whieh had 
in previous trials showed different degrees of deterioratioo. 

1'0 determine the effects of temperature and humidity on deteriora­
tion, M. Colombia 22 was pruned 14 or 21 days before harvest. Ronts 
were detaehed from ,the steros at harvest; half were slieed at both ends 
and half were left who1e. These ronts were stored at 35 and 4S·C and 
20, 40, 60, 80 pereent relative humidity for O, 6, 12 snd 24 hours 
Deter1oration was eva1uated daily on 10 roots per trestment for 20 days. 
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2. Packing systema. Twenty frcsh, recently harvested one-year-old 
M. Colombia 113 roots wcre packcd in burlap sacks, paper, polyethylene­
Hned paper or tranaparent polyethylene bags. Bags were atored in an 
open-sided paIm hut, and every five days the root deterioration of 3 
baga per treatment type was . recorded aS previously. The same tri'al 
was 1ater repeated with fresh1y harvested roots of Llanera and M. Hexi­
co 23. 

~licrobial deterioration 

Io control microbial deterioration Sadium hydrochlarite and Manzate 
(Manganous ethylenebisdithiocarbamate) were used to treat the roots; the 
first becauae of its sterilizing effeet whithout leaving toxie residuea, 
and the'second because of its protectant effect with low reported toxi­
cit)' (Rohm snd Raas Co., 1976) as well as its availability on the marlret. 
!hese products were susp~nded in ~ater at ~ncreasin§-decreasing3mixtural 
concentrations af 5 x310 , 1 x410 , 2 X IR ' 3 X la and 4 x 10 4Ppm a.l. 
of Manzate and 5 x 10 ,Ix 10 , 1.5 x 10 , 2 x 10 and 2.5 x 10 ppm a.i. 
of Sodium-hypochloride. Roots were treated by inIllersian into the suspen­
slon for a periad of 3 ta 5 minutes before packing them ln paper-lined 
polyethy1ene bags. Readings on deterioration'were taken, as above, ever)' 
Uve days. 

In order ta determine mlether light had any eftect on chemica1 de­
gradation after treatment, leading to microbia1 deterioratlon during 
storage, roots of Llanera, M. Colombia 113. and M. }lexieo 23 were paeked 
in transparent, red, green snd blaek po1yethylene a~d po1yethylene-lined 
and paper ~sgs after treating the roots with 3 x 10 ppm a.i. of ~~nzate 
snd 1 x 10 ppm a.l. of Sadium-hypoch1oride. Readings were also taken 
as above avery 5 days. 

RESULTS 

Physiological deterioratlon 18 eharacterized by a dry brown ta dark 
necrosis, normally'appearing in the forro of rings around the perlphery 
of the cortex. This deterioration appeare within the first 48 hours of 
barvesting. depending on varietal susceptibl1ity. Microbial deterloration 
commonly initiates as vascular streadking. followed by soft rot, fermenta­
tion and maceration of the.roct tissues. Ibis type of deterioration which 
does not oceur in any 1!peeial order, ls norma.lly notíeeable 5 to 8 days 
after harvesting, depending on the 60i1 microbial flora able to metabolize 
C8sseva roots snd on tha intensity of damage to roots at harvest (Fig. 1). 

Proning 

When plants were pruned before ehe harvest. the percentage of deterioration 
decreased with the time from proning to barvest up to 14-21 days; leaving 
llOre time between pruning and harvesc.had l1ttle effect (Fig. 2). Roots 
1eft attached ta the stem piece always deteriorated more 810wly than chose 
wlthout the stem (Fig. 2). Variet1es without auy treatment d1ffered in 
$usceptibility to <:leterioraUon (Fig •. 3); for example, H. Colombia 180,1 
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and H. Colombia 22 "'ere more susceptible whereas H. Colombia 1802 
and 11. Hexíco 59 were moderately resistant. Hm.,ever. after 21 days 
of pruning the fírst two varieties shotved less deterioration than the 
last t\m tilat "'ere more resistant withol.>t treatrr:ent. l[ence the 
reaction of varieties to the prunin~ treatment varies and re:sistance 
without treatment 15 not relaten to resistance wíth treatment. 

Damaged roots ~cnerally deteriorate more rapidly than undamagad 
roots (Looth, 1976). Ho·,.ever, after the pruning treatment roots that 
were cut to simulare damage deteriorated at the same rate as un­
damaged controls avan whan held at low humidity to prevent curing. 
High or low relarive humiditias did not increase deteriorat10n of 
roots takan froA pruned plants (Fig. 4). 

When roots were stored after pruning, the physiological deter­
ioration which normally occurs during the first tvo days of storage, 
was prevented; howaver, after tan daya microbial rotting occurred 
(Fig. 5), but this vas prev~nted by uslng4a dip of ~~nzate and 
Sodium hypochlorita (4 x 10 and 2.5 x 10 ppm a.l., respectively). 

Storage in bags 

Storage in burlap and paner baga improved the number of un­
deteriorated roots when compared with controls (Fig. 6), but treat­
mellts still gaya a high perceotage of both microbial and physio­
logical deterioration even five days after atorage. Paper bags 
lined with polyethylena, On the other hand, preventad physiological 
daterioratioo •• There was, however, a tendency for microbial deter­
ioratlon to occur after about ten daya, in s rnanner very similar to 
that found with the pruniog treatments. This tendency was partial!y 
prevented by treatlng the roots with Sodium hypochlorite (2.54x 10 
ppm a.1.) and complately prevented by a trestment with 4 x 10 ppm 
a.l. oí Manzate (Fig. 7). Further trisIs showed that this concentra­
.tion of Manzate4allowed aorne microbial rot and that at concentra­
tions of 8 x 10 pprn a.í., excellent control was always obtained 
(Pig. 8). Preliminary studies on quality showed tllat HCN levels vere 
apparently reduced during storage and that eating quality was 
improved by time of storage 1f physiological deterioration ls avoided. 

lt appears that light ·does not influence the protectant effect 
of the chemicals usen. All roots kept in polyethylene baga vith dif­
ferent colors deteriorated at the SSrne rateo 

GE:1EllAL DlSCUSSlON 

Our results on the definition of the two types of C8ssava root 
deterioratíon vere in agreement "ith those reported by llooth (1976), 
but vascular streaking appears to be a common sympton. Physiological 
deterioration develops as a dry rot which enried in 11gbt brown to dark 
discoloration, alvays found as a ring around the outermost part of the 
cortex. Vascular streaking, which ia also associated with physio­
logical deterioration, is commonly present at ~le initiation oi microbial 
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deterioration as the result of microbial invasion and degradatíon. 
This vascular streaking dl.d not have aay sympthomatological pattern 
and always enrlad in tissue maceration, fermentation and discolora­
tion. Microbial activity was always detected. 

It appea.s that physiological deteriorar ion can be prevented 
both by pruning ihe plants two to three weeks before harvest and by 
packing the roots in polyethylene bags. lf pruniog i8 done and new 
shoots are allowed to deve10p befare harvest, its effect on physio­
logical deterioratíon decreases. This suggests thar the leaves 
produce SOrne principIe that is translocated to the roots, inducing 
the initiatlon of physiological deterioration. ~ooth (1975) report­
ed that this deterioratíon i5 associated with mechanical damage to 
the rocts; however, in the pruning system, wound'ed roots did not 
show signs of physiologica1 deterioration. lt appears that the 
principle is somehow eliminated or minimized in the roots after prun­
ing; thia view is supported by the decline of this type of deteriora­
tion when the time from pruning to harvest la extended. 

When roots arestored under humid conditions, curing apparently 
takes place (l3oOl:;h, 1975) altd tlle eonsequent healing of waunds 
prevents physiological rotting. Recent work done by John tlarriot 
while at CIAT suggests tltat there i5 a further factor involved related 
to water 10ss. l-Ihen water 1055 Has reduced by artifitia1 means, physi,2. 
logical deterioration was delayed (Narriat, personal communication). 
Ibis interesting result may exp1aín why h1gh moisture eontent i8 100se­
ly eorrelated with resistance to this type of deterioration. This 
physio10gical process may initiate on1y when a critical low moiature 
content i5 resehed; varieties ~lose roots have a low moisture content 
may reaeh this level more rapidly. Furthermore, when roots are placed 
in polyethylene baga, the high humidity environment may not on1y favor 
root curing and hesling but also reduce water 108S suffieiently to 
prevent physi010gical deterioration. 

Deterioration due to microbia1 activity i5 a separate entity, 
distinct from physiologlcal deterloration. It is induced by a complex 
of microorganisms able to degrade root tissues. The use of surface 
sterilants alone 19 apparently uneffect1ve, probably becaule sterl1iza­
tion la difficult snd a1so becsuse there is always en opportunity ror 
reínfections. On tOE; other hand j protectants Buen as Hanzate j etc~ 

can be usad to prevent reinfeetions. 

Hence, it seems that protectants can be used to prevent microbis1 
rotting, and either pruning or high humidity conditions, to prevent 
pbysiological deterioration. The pruning treatment has come adverse 
effects on the quality of cassavs for fresh consumption. Tlle roots 
become slightly harder snd dry matter content incresses slightly, 
Vhich mesns that cooking has to be prolonged. On the other hand, 
cassava drying or starch extraetion are facilitated by h1gh dry matter 
content Vhich reduces transport costs and makes processing easier. 
TlmB, it appears that cassava for industrial use can be conserved snd 
its quality improved by the pruning method. 



Although Oudit (1976) suggested that storage in polyethylene 
bags with no further trcatment ¡¡ave no deterioration after 20 days. 
we al"ays hed microbial rotting 7 to 10 days after harvest. HOl'ever, 
polyethy1ene-1ined paper bags, used in conjunction with protectants. 
allowed cassava to be stored safely for up to three weeks after harvest 
with nO change in cooking qU<lli,ty. The problema of toxicity from the 
surface protectants are minima1 heeause the roots are a1ways peeled 
befor~ cooking. Further investigation on the use of several :Ilemicals 
snd their transloeation in tlle roots will be investigsted. 
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Fig. l. Oeterior at ions of harveste d cassava ro ots: Physiolo~ical (abo~e) dry 
brown-d a rk necrosis ;n the form of rin gs around the periphery of the 
cortex; microbial (belowJ soft rotting, with fer~enlation and 
maceration of the root t1ssues • 
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Ct\SS.t\VI\ DliYIHG 

Rupert .llest* 

Introduction 

Tha use ot good cultural practices and the introduction of im­
proved varieties have shown that c'assava yields may be increased two 
to five time~ over those obtained previoosly. This potential increase 
in producCion presents nen problems both in termo of marketing and 
utilization of n crop \,¡hich is ¡;ro\m principally by subsistence farmero. 

Once harvested, ccssava tuhers are h1:;hly perishable and there­
fore they ore tlsually lett in the ground until required for consumption. 
The fresh tubers can be stored in earth clamps or packed in boxes filled 
with noir.t sal/dust, but these' methods are suitnble only for small quan­
tities and sltort periods of time up to six monchs. To 'ensure safe 
storage over a much longer time, tdthouc the risk oi los ses through rot­
ting, the tubers must be dried. In roany tropical nnd subtropical regione 
drying c&n be carried out naturally by utilising the sun and the wind. 

Dry cassnva is uoed both as n humnn and an animal food. Tradi­
tional m.etho<ts exist in roany countries for the home preparation of dry 
cassava based f<,lOds while the teclmology has been developed for the 
part aubstitution of l/heat flour by cessava flour in breadmaking. Equal­
ly, dry cassava i5 fed as a SOllree of carbohydrate to both pigs end 
poultry. 

Cassava Dryin~ 

Sun drying of erops 111,e maize, coffe c end be,!.ns i s earried out 
by spreac!ing th0 grc i ns in thín lnyeT::> on ':loode n trays or concrete patios and 
turnin(; the [,Tti i ns pe r iod i :ú ll :.: ·~ o r, i "' (! un iforrn ¿ry i.~g . I f cas s ava 
tubers ar e cut into ;:e ::;ular chips they m·"y 10150 be dried in e. similar 
manner.. UOHcver, becCluse fresh caSS':::'Vél has .Q. hit;h mointure contcnt oí' 
between 60 and 707., the drjing process is more effieient if better use 
is made of tÍlc drying pOHer of the "ind. This can be aehieved by ra1sing 
the cassava chips off the ground in inclined trays with mesh bottoms, 
Fig. 1. 

* Tropical ?roduets Instit::,te, V:>ndon • 
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For s3fe storLr;e ' C.J.GS::!Va. r.mst be dried to jelm.,¡ 14í~ moisture con-
tent.- ' Thc quontity of dry cnG5nV~ produccc1 uilJ. dcpend on the moi!3ture 
content of the fresh tubers, thc hi[;hcr t:hc I!1of-3ture content thr. lot-lcr 
the yicld of dry cass<:.v:> (Tehle 1) thllG 100 kU03 of frcsh cc~sava ¡.¡itI. 
a r.1oi3turc contcnt of 707. ¡¡i_vcs 11 kilos le~3 proJ,,<:t than fresh ccssnva 
wit:h a mois ture contcllt oE 60',: . Hcncc it i5 import2.nt to !:>clect célssav~ 
varieties lvith él lo~v moi~ture content . 

TAnL~ 1 • .... lELO or Dl:'¡ Cfl.SS ~'\Vl\ '.]1111 TI1E Vf.r.YI1,1C ·¡ 10IS'fUl:E COi:ITENT OF 
rr~3n C/¡,:):)i:"V:l. 

llei&ht of frcsh Jo r.10i3tUT.P. l'hl2orctic~l yr01d ("1X 
cnssavél, leg.. C~i.ltent cJry. cnsG..:-tva ct ll.:-Z 

moi.s-t;: llT."C cn.ntent, . 1-:&. 

100 
100 
100 • 

The dryin; proees3 

70 
65 
60 

%.9 
40.7 
46.5 

Yi~ld ",Uouin;j for 
5% prncc5sin~ losses, 

kg~ 

33 .. 4 
39.0 
/·J,-.5 

The operations ncces!:>:lry for dryioti cn5s:"\v:t are shown in Fir;. 2. 
In th" wet seeBon "n<i on henvy sOlils tile tubers carry a lnrge quantity 
of earth ,~hieh, if "Clt removed, i3 dctrimcntal to b"th the visual and 
nutritional qua1ity of the fin"l proc1uct. -1iu:;hin:; can be ~arried out 
by hand ' in a ler:;" concrete t"nl" FiC. 3. If tÍle c1ry ea~sllva i~ to 
be used as an animal feed nci~hcr tl,c o~t(:r sl:i.n nor the pcel of the 
cassava need be rer.lo"ed. 

The dryin¡:; opcr~tion i;¡ t.h e most tililc c~n~. umin~ p.:lrt ·~ of the proce!'$ 
nnd Lo reduce thi~ ti.me to ~ r:1ini.r.lI.l!71 t!":.r: c é:.".::;!";t'..v~ ·tu;)cr::: are cut into 
regular. eized chip::; o [ c1ir:}(~n;.ions l :: 1 :: 5 Cf:' . ..", m3chine develope(~ in 
l·.;,alcysié! has p!"oved cro.:::;y te cnnstn::ct ~!1d proci \1ce~ chips oí nppro:d.mo.te­
ly the right - size, ribo 4; thp. con'ltruction "nd "per.:!tion of the ehipper 

·are given in Appendi:: 1. O::!cc ehippec1 ::he ca~s ,,·:a is dricd either on 
concrete patios or in -inclined mesh trnys. Th"re muy be situations 

. _ _.~ .. _ r .· 
-- _ .. _---_.:=::... - ::--- .. 

\ '. ,: 
.... . . - __ o _~ ___ • ___ • 

• L 
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where areas of concrete are alreRdy available Rnd therefore both methods 
of drying ,<i11 bé deseribed in the f o11oHine seetion. Provided that 
the moisture content i s reducecl to 50 percent on the first day, Cassava 
will not deteriora te for three d",ys after ehippine. However, cassava 
chips are always whitest when the drying time has been short. 

Cassava chips are sufficiently dry for storaee ~len they break 
easily and are chalky white throughout their cross sect10n; the peel 
often takes longer to dry than the .r90t itself • . ·The brittle nsture of 
dry cassava ehips lea<1s to abras10n and the production of a fine flour 
on handling, so to reduce los ses in storaee, . sacks with a close weave 
should be chosen. Precautions must be taken to avoid damage by rodents 
and insects although poisons and insecticides should be use<1 with extreme 
care in the vicinity of feedine stuffs. If · the chips 
háve to under:;o prolonged storsge it is aclvisable to examine them for 
moisture uptake and the formation of mould; further drying may be neces­
ssry. 

Standards for dry cassava · chips 

Companies buyilll dried crops for incorporation into cempound . animal 
feeds often impose standards to maintain the quality of their product. 
The value of the crop wi11 depend on ,mether these standards are met. 
Table 2 gives a range of specifics·tions for the principal constituénts 
of dried cassava. The moisture content is the most importsnt factor and 
depends • on efficient drying. TIte variety snd age of the cnssava will 
determine the starch content although high percentages of ash snd fibre 
w111 reduce the percentage of stnrch. Dirty cassavs .. ill result in hieh 
ash .contents, while the fibrc content wl11 be · nbove the limit if foreisn 
material like malze husks and Cassnva stalks are added to the product. 

, 
TABLE 2 : RANGE OF SPECIFlCATIONS FOR CASSAVA CHIPS ... .~ . 

Constituent 

110isture 
Starch 
Total ash 
Crude Ubre 

.- ~,. .: 

Percent 

10 - 14 
70 - 62 
1.8 - 3.0 
2.1 - 5.0 

....... ..,.t'" _ 

Dependent on 

Efficient drying 
Variaty, age, ash acd fibre content 
Clcan roots 
No foreign fibrous material 
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Cassava drying on concre te 

On many farms the re are " O,lcrete patios which may be used for 
drying cassava. The clú;>s are spread evenly over the surface of the 
concre t e us ing the typc of 'I.~Toodcn rake shOí·ln in Fie * 5. Turning the 
coips is important to ensure uniform drying, cspecial1y in toe 
initial stages wllen the cassnva is losing large quantities of 
moisture , and should be carried out at intervals of two hours. The 
turning rake, (Fig. 6) form s rOl-IS of chips leaving strips of bare 
concrete bet .. een the rm,s .. hich absorb salar radiation and heat up. 
Absorption of solar radiatlon may be made more efficient by painting 
the concrete black or, when a new patio is putdm,m, by adding a black 
pigment to the final cement layer. On rough patios the cracks fi11 
up wi~h white cassava dust \Jhich obscures the back surface and ther~ 
fore drying patios should have as sOlooth a finish as possible. 

A2single layer of cassava chips is equivalent to between 5 and 
7 k¡;!m of fresh CaSsaVa per sc¡uare mitre. It is pos5ible to put 
dmm thicker layers, but aboye 7 k~!m the effect · of a black sur­
fac e is reduced and, aboye la kg!m turning 15 difficult and must 
be carried out more often. 

. At night and before rain the cassava chips are swept up with 
wooden boards, (Fig.7) and co~ered by sheets of plastic 'or canvas. 
S'ubsequent respniading is made easier. if a nUlllber of 5mall heaps 
are formed rather than one large one • . 

, ' 

Concrete drying can make' a product of high qua lit y if the 
weather is fine, but under poor conditions repeated sweeping up and 
extendieg of the chips increases the formation of fines which are 
lost if the patio is not carefully swept after use. 

Cassava drying in trays 

Inclined trays should he employed where large quantities of 
cassava are to be dried or ,bere the weather conditions are such that 
shorter drying times are necessary. Thc cassava chips are spread on 
trays which are wooden framed with bases of 1" chicken wire and fine 

- "plastic mosquito netting , -Fig .·· 8 ; The tray s are then placed ato 2n--­
ana 1e. by supportinó t her.l 011 a bamhoo frame o f posts and reils which 
is positioned so a s t o utilise to P.l8ximun advantBbc the direction of 
the prevailing wind, Fi¡;. 9 . The improved air circulation around the 
cassava chips results in faster drying without the need for turning ' 
the chips. The trays are positioned at the angle of repose of dry 
cassava chips which lies between 25 and 30°. The maxirnurn angle 
should be employed, but in places with high wind speeds this may 
have to be reduced to prevent the cassava from sliding down the 
trays when the chips are dry • 

The dimensions of the trays should be chosen to make best use 
of the materials available. For example, the trays in Fig. 10 are 
0.90 m x 1.85 m with a depth of 5.5 cm and are robust and easy to 
handle. ' 



f1g_ 3. W .. sMng hnk. 
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Ftg. 4. Ma11ys11n type ch1ppfng .achine 
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10 cm 

1m 

Fis. 5 - 1I00den rake for spreading cassava chips on concrete 

---- --
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0.40 m 

~---' - 1.20 m 

Fig. 7 - ¡-¡ooden bonrds for COllectinó ' cassava chips at 

night or before rain. 
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F1g. 8. Wooden fra.ed dry1ng tray . 

365 



1.00 m 

~ . 

". 

J t I I ·~o 0.40 m 
I I 1.90 m 

0.50,m: : 
Q:¡ L '.J I 

"1 
.' 

I I . ! 
I I / 
I 10.30 m / 
II~ '.J 

i 

( 
! I 2'\~ 

D' . {, • ~ ~ i O· ) i i 
1 

Detail: llambeo cut ta support trays 
-, 

", 
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f1g . . 11. Stack1ng trays at n1ght o'" before rain. 
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The Hidth corresponds to tb e "idth of the ro11s of chicken wirc and 
mosquito ne tting and the length is chosen to minimise tile waste of 
wood. The 'woden cross pieces ~md the chicken vire serve to support 
tbe mosquito netting. ¡'¡ooden b"ttens are then nai led around the bot­
tom edge to secure the chicken \Jire firmly in place. 

Any material s that are 10ca11y availahle can be used to construct 
the trays, although an a1ternative to mosquito netting with a larger 
mesh wil1 result in losses of cassava through the holes. Losses using 
mosquito netting (35 holes/cm2) represent less' than 57. of the dry 
cassava wherear. using hessian ,,,ith approximately 3 holes/ cm2 losses 
incrcase to 15% • 

The quantity of chips' spread on each tray depends on the wine! 
speed, at higher specds thicl<er layers can be used without having to 
turn the . chips. rabIe 3 gives typical loarling rates fo~ different 
wind speeds. The t>ei¡¡ht per tr:1y need not be exact but 'it is important 
that each tr:1y cOllt¿!ins equal quantities of cassnva. This may be 
ensured by first f11ling a contAiner ,mich holds the required amount 
per tray; using shovels alone to load trays is usual1y innccurate. 
For trays of different dimensions the loading may be founrl by multiply­
ing the trny area b¡ the appropriaLe figure in co1t~n' 4 of table 3 
(tray loading in kilograms/metre2). The thicker the layer the more 
difficult it is to srread the chips evenly and SOOle respreading may be 
necessary. 

Before rain, the trays are stacked horizonta1ly one on top of 
cach other '-lith canv:lS or a sheet of corrigated iron co""rin~ the up­
perrnost tray, (Fig. 11). The bottom trays is supported on two bamboo 
posts to keep it raiscd off Ground. Thc trays need only be stacked 
at night if it is góing to rain. 

TABLE 3 FRE:;ll CASSAVA CHIP LOADING FOR TRAY:; OF DlMENSIONS 0.90 x 
1.85 }lETP.ES, AREA 1.67 HE:rRES2 

~1ind speed 
conditions metres/second 

Calm-light breeze 
Constant breeze 
Steady wind 

up to 1 
1 - 2 

over 2 

Tray loading . 
kilo"r aro s Itr';y kl1;'grru:1s/mctre2 

17 
22 
27 ~ 

Up to 10 
10 - 13 
13 - 16 



, .. 
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The process of Cé:S G~1\1a rlryin3 C ;Hl b e llivid ed ioto two - stages: 

1. sn initia1 sta;;e' duri n:.; ,·,hieh the fresh chips 100se moisture 
rapidly and nir T nove r.~ C :lt in the form of '\.:ii1d is more iOlportnnt 
than the terr:per Dture or humidity of the airo P.ovided that there 
is suffieient wind speeu this sta¡;e can bc eon,p1eted ' under c10udy 
eonditions or C\'en ,,~ night. Thereforc in the sea'sons when rain is 
un1ikely to fa11, sn appreciable quant1ty 'of moisture can be lost 
by leaving the tr¿!y~ on the dryin3 r~cks overnight (Fil;. 12). To 
mske best use of thi-s period the C"SS2vn shou10 be ' chipped ln the 
late afternoon amI Tahle' 4 illustrates the effcet of the wind 
speed on the :1I'10unt of W:1t"r · removed. In comparison, fresh chips 
left Rp-read On concr~te overuight lose -only a 5mall amount of 
moisture bec;¡use of th~ inability to ' turn them. and the, low wind .. 
speed at ground leveL - .', 

2. In the final dryinil s t:::.;e , "hen the Itlo;,sture content of the cas­
saya has fallen to ~bout 3D?. the rCl'lov,,1 of '·13ter . i5 very 510", ' 
Fie. 13, am! the lo', ,,r humidities of ",i<l(1.oy :;re required ' to com­
plete the drying precess. J)uring this st"ce the relative humidity 
of . the air ' ll'ust fall b"loH :65% . fO.r th'e moisture content of the 
cassava to reach ~ saf,! storage value. On soO\e <1ays, particl.llar1y 
in the rainy season, ·the relative liumidity remains aboye 65% "nd 
the drying time i8 pro10nged until the weather impróves. ' Provided 
th'at the 1nitia1 drying sta¡:e hAS been completed the cassava, wi1l 
not deterior~tc for tHO or threc doys. 

A number of tri,,1s F~r(' cnrrieo out at di fferent 10cation5 to 
determine th'" dryinc ti.,c un,1<,r varyin[, cl.ún3 tic conditions. The re­
sults are shown in :,,,1>le 5 and illustr::¡te the following pOinis: 

.< 

8. Drying U51.1:\11y t"l:cS r,lore thnn 10 hOll1'5 (one .day) but less than 
20 hour3 (t','o rlcys) . Only under ""cp.ptional Ncather eondítions 
will eassa"" dry in tese. th.,11 Olle de.y. 1I0\;cver, where there 
are low ",ind speeds "nd low solAr r",di"tioll rlrying may extend 

- ---into a third day as hoppened occasionr.lly at loeation 2. ' , -

b. Approximately the SII"'e number of hours 
twic e the quantíty of chips per IP.€ tre 2 

_ concrete. 

- - -
are re·quire(l to dry 
in t::-ay s cOlTlp;¡red ,,\.ri th 

c . In areafi ",·.'ith hi::il ";\ul:1i(~itics (locations 1, '2" -and 5) eassava 
dries more quickly if there i5 high .. ind speed'" < , 1 

.---- ----- ._----- ----- --_._- ~. __ .' ."------~---- ._-_ .. - -- .... -- -_._ ...... -. . -
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Fig, 12 - Cassava tray drying curve. 
Drying started at 5 p.m. and continued at night. 
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Fig. 13 - Typical cassava tray drying curve. 
. Losa o E moiature against time. 
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Chippin~ and dryin~ costs 

Th e caSSflva chipper can be constructed by small local workshops. 
In 1977 the cost of having one machine made in Colombia "'as US$220, 
and ",ith a 3 hp petrol engine the total cost "'as US$400. 

The costs of the materials required for 1aying concrete and making 
trays are sho"", in Table 6. The prices of cemerit, sand, gravel and 
"'ood include a transport cost to ClAT 'mích i8 ,approximately 20 km from 
the point of origin of the materials. Therefore in more isolated places 
these prices will be hiflher. The cos t of trays per square mater of 
drying surface is creater than that of concrete drying floors. However, 
taking into account the higher 10ading rate possible, a 351. saving in 
capita10utlay cou1d be made using a tray drying system. Both the cost 
of maintenance and the life of the trays depend on the Care with which 
the trays are made and handled, whereas a concrete patio requires 
1ittle maintenance and wi11 last indefin1tely. 

Washinc, ch1ppinB and spreod1ng of t:,e chips are the most time 
consUl:1ing operations in terms of manpover and carefu1 positionin;; of 
the washing tank, ch1pper and dryinc area wi11 help to reduce th1s , 
time. The handling of the cas sava after sprcading is made considcrably 
e""ier by the use of trays because neither turning nor respreading are 
necessary. In terms of the labour required ,for the whole process a 
saving ' of tHenty per cent is made, (Table 7). 

• 
TABLE 7: Labour requ1rements for chipping and drying one ton of 

cassava with two operators 

_ Activity 

Heiflhing ,,0<\ ' -: ashin;; cassava 
Olipping cassava 
Total 

Extending over concrete/trays 
Turning, 4 times per day 
Collecting snd covering ~t nisht 
Turning 
Collecti~ Rnd baggins 
Extend 11ll; in the morning 
Total 

Total labour 

375 

Labour, man - hours 

Concrete Tray 
drying - - drying 

3 3 
2 2 
5 5 

-. --- -~ _._-_ . -

2 2 
1.5 
1 1 
1.5 
2 2 
1.5 1 
9.5 6 

14.5 11 
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TAIlLE 4: 

Location 

, ' 

1 
2 
3 
4 
5 

TAllLE 5: 

- .. ~ .. _. 

Thc 108s of moisture bet1;·iCl~ n 5 pm 2nd 8 :1:1\ in five locations 
with different clil:1Atic comlJ.tJ.ons. Ine1ined tray drying 
"ith 10 k~ , of fresh cas saVil pe r metre2• 

----,- - -

Avcraze clir.o.1tic con<1itions 
!;ctt,¡een 5 pm an,1 :1 ·11!l 

Temper·· C:1ssava % 1055 
Bturc Humidity Hindspeecl moisture coritent % water 

to 8 
nt at 

Oc % mIs 5 pm " 8 am '7. 

19 87 0.30 59 ·53 7 
20 07 0.45 60 57 11 
22 79 0.87 63 47 48 
27 71 0.35 61 50 34 
27 ,34 ,0.15 64 61 10 

lIours rcquired for drying cassava to 14 percent moisture 
content in fivc different loeations. Drying bctween 8 ar;¡ 
and 6 pm. 

of 
5 pOi 

om 

Inelined trays Black con-
Loca- Temper- 111t",1- l-7ind- Solar 10ndes aZ 10 crete 10aded 

kg/m2 tion - ature .-lit)' sp" ed radiation ' \(g/m at 5 
' --'-~ _._- . '--' ._#_-~ ", 

2 ·C. % !:lIs call cm 15 

1 24 70 1.9 ' 0.73 12 11 
2---- 26 67 0.8 

. -- --_._-
0.5S 19 J7 

3 26 66 1.2 0.61 13 15 
4 30 6/, 0.9 0.65 12 10 
5 31 63 1.0 (J. 71 13 13 

{ I .~. t.o ' . --

" . 

-- -' 
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TABLE 6 : COill'AItISOll C;: I:t.TEItIf.L COSl'S, US DOLI..'ú',s 

<l. Concrete c1r/ i.n& patio, matcrÍ¿ll requirements for 10 cubic metres of 
concrete cquivnlent to 100 square mctres oi dryine surface. 

Item 

Cement 
S::nd 
Grovel 
Blnc!c picmcnt 
Hood boords 
Total 
57. los ses 
Total cODt 

Unit . 

1:3 
. 2.30:< 0.24xO.025 m 

Cost pcr squ~re rnctre oi dryin~ surface 
COflt per ke of fresh c::\5snva 10aded a t 5 

b. 

Unit · 
Cost $ 

1.50 
3.00 
4.10 
1.40 
1.10 

Units 
Uequired 

l,O 
5 

10 
20 
30 

Cost $ 

60.00 
15.00 
41.00 
23.00 
33.00 

177 .00 
9.00 

186.00 
1.86 
0.37 

Tray dryinC, lJ"terid require:nents for 60 trays (LeS x 0.90 }( 0.55 m) 
and supports .equiv<llcnt to 100 squ~re metres of dryi~ surface. 

Item 

Hood 
1" Chicken Hirc 
P1as tic mosquito 
nctting 
Ik.i15 
nl!Illhoo 

- .Tota1 
57. losees 
Total coct 

2.80 ): 

0.90 " 

0.90 x 

Unit 

0.24 x 0.025 
36 m roll 

30 m roll 
1'~ '0 

m 

Unit Units 
Cost $ Required 

1Il 2.70 42 
. 18.90 3.2 

11.50 3 .3 
0.32 10 
0.14 255 

Cost per square mctre c= drying .surfoce 
Cost per !ce of fresh ccssnva loaded at 10 l:g/m2 . 
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Cost $ 

113.l,0 
60.50 

1,3.70 
8.20 

35.70 
261.50 
13.10 

274.60 
. 2.75 
0.28 



CONCLUSIONS 

l. Cas s avD roo t R d e t e riorate r apidly Af t cr ha r ve s ting and for 
l o ng t e n as stor~EC th cy r."us t be cll i pp c Q onr:l dri e (l to belm.¡ 
14% moi5 ture r.::-n t e nt. Dryip[: C:ln b ? carri e d out on the f a nn 
b y s pre ,,,lh¡; th e ch i ps eit!l e r on c onc r-e t e p'ltios or inclined 
mesh tr~ys. 

2. The drying t i ,;¡e dcpe nu s on the climatic conuitions ann the 
loadillG of chip ~ on the dryinc s urfac C! . The shorter the 
drying time th p. high~r the visual qUAlit:y of the product. 

3. 

4. 

On concrete p3ti05 the loading of fresh caEsava i5 
to a ma"irnum of 10 kg/m2 , IIbove this quantity even 
and turnillG is difficult. Th e optimum loading is 
5 and 7 !;::;! m2 • 

Umited 
sprearling 
between 

In trays the air circulation 
and no turning is nec essary. 
10 and 16 l'g/",2 depending 011 

aroun,l the chip5 i5 improvcd 
Tray's Can be 10"oed with between 

the Hinospeed. 

5. I-lith averAGe d ny tiJ1le temperatures " bov", 23°C and re1ative 
humidity be10\1 70%, clryin!t takes betHee n l · Ilnd 2 days ,men 
chips are cJricd at 5 kG/m on concre te or al 10 kg/m2 on in-o 
elined trays. Therefore, in the s"m" time, approximate1y 
douhle the qu"ntity of chips c a n he c1riecl pe r square meter 
On trnyr. .:15 comr ~rcd with concrete. 

6. Tray drying givc s the advantage thnt, in regions .. ith appre­
ciab1e vindnf"'c'h) the ni¡;ht hours e ? n hl' u!;cd to removc mois­
tu re fro'" freshl:¡ ~hipped el1 ~S 8VO. The 10,",,,r humi<!,ity ouring 
t:,e fOllo",inG doy orc then avniI:;,h1 (' to complete the drying 
process. 
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APPENDDC 1. 

Construetlon "nc! operntlon of the eassava ehipper 

The frame, rotor dise drive shaft and feed hopper are m:mufactured 
as .. hO\m in draHing D 1. The rotor dise ls mounted on the drive shnft 
and fi;<ed In thc bearin¡;s (bought io staonard items) on the frame. The 
hopper 15 fitted in position. 

A rotor speed of 500 rpm is required and this .may be achieved via 
belt drive to 3 BHP motor. The machine can also be driven via a powered 
wheel tractor provided that the correct output speed can be obtained. 

Before running, the drive system and the rotor disc must be fitted with 

guards to protcct the operators, Fig. A-l and A-2 

After the machine has been assembled- and sécured to a firm base, 
the machine should be run light to test the drive and the balance of the 
rotor disco On completion of running trials the cutter blades are fitted 
and processlng can co~ence. The ehipper has a throughout of 1 tonfhour 
when lt is oper.1tecl by tHO men Rl1d fed by hand. 

!1anufacture of the cutter blades 

The cutter blades, Fig. A-3 are made up of four pressed out tem­
plates which are welded together. The templates are pressed out using 
the die. Fig. A-4.which may be constructed as detailed in drawing D 2; 
the method of preparation of ·the individual templa tes is shown in draw­
i08 D-3. 

Fig. A-S indic3tes the position of the holes for the securing the 
cutter bli!des to the rotor disc [illO\vance is made for lateral rnovement 

so that one blEPle C.8.n be offsl2t frol~ thc next, Fil;_ A-6; this ensures 
that the casseva chips are of a reGular size .. 
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Ffg. A3. Cut ter blades. 

F1g. A4. Die used to press out the te~plates. 
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C) c=:> C) 
,... ,.... ,.... ,.... ,... ,.... ..., ,... ,.... . ,.... ,.... ,.... ,.... ,.... 

-

? Is 
Fig . AS - The position of holes for securing the cutter blades 

to the rotor disc to allo" lateral rnovement. 

" 

I 
I 

I 

Fig. A6 - The offsetting of one blade from the next to give 
regular sized chips. 

387 



.•. 

SUGGEsn:D GU IDCL I'lES FOR CONDUCTING REGIONAL TRIALS 

Julio César Toro M. 

Regional Trial 

Regional trial i s a~ experiment wbe re a · large number of varieties 
(no more than 20) ar e ag ronomicully eve.lua tcd ~nder a uniform technology 
to see its geograpbica l adap tability and yield po tential over a .,ide range 
of ecological. conditions as compared to tbe bese local prevalent variety. 

Ob lectives 

1. To validate current cassava tecbnology produced by the cassava 
program team. 

2. To transfer this techonology to national agencies once it proves 
adequate results. 

3. To extrapola te results to other parts of the world. 

Criterion 

Since we can not have a germplasm bank everywhere .,e need to evaluate 
our promisin~ ~~terial s acros s contrasting regíons once this material has 
alreadY'under~one preliminary yield trials conducted by the Breeding pro -
gramo We have to measure the performance of these varieties before .,e 
think in releasing them to the national a gencies. 

Guidelines 

l. Identify collaborating Institutions. National agencies must 
have the nced and interest in cassava before we think in planting 
a trial. otherwise. it could be a waste of time and effort. 

2. Selectlon of sites. In a given country • .,e should considero the 
actual cassava growing areas so that trials are more representa­
tive and most relevant. These sites should be selected in visi­
ble fielás so tha t farmer s of .t:he region have en easy access to 
them. 

3. Identify cne responsible persono Usually, we prefer to work 
w1th a person in which we can trust. and relay in order to get 
appropriate management of the trial. We prefer to give a trai­
ning to this persono before a Regional trial 15 undertaken. 

Usually, .,e can not trust in data that an inexperienced person 
in ca5saVa .,nl hand to us. ~le have to be sure that data is fine 
and well taken so we can be confident of what it representa and 
menos • 
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l. 

2. 

4. Time of pUmting • This is dec ided after consulting with cassava 
f armers of what i s the most cornmon time they use in a given 
region . Since the tria l s are not irrigated, ,,,e usually plant at 
the beginning of the rainy season. 

5. Time of harvesting. We follow the most common practice used by 
the farmers of the · .region under study. In the Case of Colombia, 
this usually occurs between 10 and 12 months in regions below 
1.000 meters of elevation; above this altitude we delay one 
month for every 100 meters of elevation. As a rule of thumb. 

6. Design •. The trials 6hould be planted in randomized blocks with 
. a minimum of four replications. 

7. Size of the plot. Plots located at the end of each block will 
have 9 x 8 . 72 plants and those located in the middle will have 
8 x 8 = 64 plants. In both cases, the area occupied by the 
middle 24 plants ,>111 be harvested froro each plot. In plants are 
missing at harvest, they should not be replaced by border plants. 
The number missing should be noted. Yield will be given by area 
not by number of plants ln the plot. 

8. Border rows. As Can be seen ln the enclosed diagram, 1t 1s 
recommended to leave 2 border rows in each plot for each vari­
ety in order to e11minate border effects because of competition 
for light and water mainly due to the different growth habits 
of·the varieties. 

9. Aisles. For demonstration purposes and to take notes each time 
is needed, the block should be spaced by aisles 3-4 meters wide 
according to limitation of the field. 

TECHNOLOGY USED 

·Seed selection. Seed is selected from mature, clean and healthy 
caBsava plants generally obtained . by the rapid propagation 6yatero. 
From selected plants we cut atakes of 20 centimeters of lenth and 
after they are cut, we select the ones "ith adequate number ·of 
buds, without any cankers, mechanical damage, improper cut, spots 
or galleries in the central pyth. 

Seed treatment. Since no selection can be applied as to find 
resistance to soil pathogens and insects we use a simple and 1nex­
pensive mixture of fungicides and one in6ecticide to protect the 
cuttings in the 60il and to ensure a good stablishment of the crop. 
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3. Population. We plant 10.000 cuttings per hectare usually on the 
1 x 1 pattern unless the gro"ing hahits of farmers mostly determi­
ned by the type of machinery they use do not allOtv rows at one meter. 
In al1 case s popu1ation is fixed. 

4. Cuttin¡,s required. For those varietíes pbnted at the ends of each 
block and additional eight cuttings .,i11 be required for each repl! 
cation. An additiona1 10-15% of cuttings oí each variety should be 
preparcd so as to be able to replant each hlock to a full stand in 
those cases "here germination is not cOlnplete. 

To talee care of all unforseen situations, a minimum of 320 cuttings 
of each variety should be available for each regional trial. 

5. So11 preparation. ~le follo" the best common practice in the region. 
In regions where rainfall is more than 1200 mm per year and s011s 
are heavy we máke ridges. This is to avoid root rot diseases to 
occur. The height and width of ridges changes with the machinery 
available. 

6. Planting position. Cuttings are planted vertically with buds facing 
up and trying to get at 1east four buds belrn, the soil. Vertieally 
planted positíon seems to be the safest way to p1ant cassava. In a 
region of adequate amount of rain and good distribution it could be 
the sarne to plant horizonta11y or vertically. In this case all buds 
with good moisture and hir.h temperature wi11 germinate without pro­
~lems. In regions "ith erratic rain ff cuttings are planted horizo~ 
tally they may not germinate because of the following reaSOllS: 

a. cuttings are more vulnerable through thcir buds which const'itute 
the less lignified tissue easier to penetrate by any pathogen and 
or insecto 

b. Since 50il temperature i5 always higher than air temperature, buds 
may cook and roten. lihen a cutting 15 planted vertically in a 
region of erratic rain one extreme of the cutting 15 deeper and 
closer to available moisturé and the other extreme having sorne 
buds on the outside ~~y permit sprouting beeause they do not 

- Buffer of exceSB he.at since" the cutting on th~ outside serves 
. to diffuse heat. - - ' . . 

7. Herbicide and Insecticide applic~tion. To avoid weed and insect 
problems the application of a mixture of herbicides and one insecti­
cide is an standard practice. ~le insecticide we are using i5 
Toxaphene DDT-40-20 without incorporation. Other insecticide, 
specially Aldrin, can be used tf this is not available. Both at the 
rate of 1 gallon per hectare. ___ " .... : ~.' 

.;, .. . 
~ .,' .. . .... ~ 
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¡;. Insect control. 1·'i11 be ¡:;ivell only to severe attacks of Hornworm. 
Biolobical control. ,·,nl be prcferetl but .,,'hen is llot practic::al as 
thc last re~ource íl contact narrmV' spectrum insecticide as Dipterex 
could be uscd. Othcr inseets s hould llot be eontrollcd to check the 
varietal differenecs. 

9. Fertilization. Fertilization should be earried out aceording to the 
preva.iling local practices with eaSsava. Since in many areas the 
erop is not fertilized it is alsd desirable, where resourees permit, 
oto use a fertilizer level based on sound agronomie reeornmendations 
in addition to the prevailinG local praetice. In the case of Colom­
bia, we are only applyillS medium level s of fertilizer to Carimagua 
and Santander de Quiliehao Oxisoils. 

10. Visits reguired. A minim,m of 7 visits will be required as follows: 

l. To seleet the site and order 50il preparatíon 

2. To plant 

3. After 20-25 days to replant 

4. After 2 months to observe weeds and weed control if necessary. 

5. After 4 months to observe diseases, insects and weeds. 

6. A~ter 7 months to observe discases, insects and weeds. 

7. To harvest the erop. 

In all visits eareful notes of prohlems and developlent are taken. 

11. Colleetion oí data 

a. So11 analysis. Should be as eompl " te as possible makins a 
eharacterization of it ineluding minor elements as Zinc, Iron, 
Boron, ¡~ngancse. and Cooper. -A history of the field where 
trial is planted should be recorded too. This should inelude 
Rt least the foll""'íng ltems: location, mun1cipality, state, 
altitude, latitude, mean anual t e m?crature. mean annual rainfell) 
~oil tf'.:·:tur e , scil classific2ti.m, former crop, fe rtilizer ano 
pestícidcs used. 

On e"eh site a raing gau¡:e must be installed so that rainfall 
amount Ilnd distribution can be meas\lred. 

b. Germination. net"cC'.n 20 and 30 days after planting germinatíon 
must be checkcd. Plots ,·;ith less than 80'/., germination should 
be discarded. Hhcrc replantinr, is needcd it should be performed 
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Hith'in 3-5 weeks or the original planting date. On cuttings nor 
f,e rminnted or germinated with poor vigor or symptoms of problems 
they should be dig out and find- out the cause of the probl em. 
Items to he checked as responsible for bad germination are : 

1. Rot 'cutting 
2. Cutting too dry 
3. Cutting too thin 
4. CutÚng too thick 
5. Cutting Hithout roots 
6. Cutting planted, upside down (inverted cuttíng) 
7. nad cut 
8. Bad buds 
9. Root insects 

10. Cutting insects 
11. Insects in shoots 
12. Leaf insects 
13. Deformcd bud 
14. Rot shoot 
15. Difficulty in emergency (lack of vigor) 
16. Cutting in a puddle 
17. Others. 

The total number of plants properly germinated should be 
recorded. 

C. Prevalents \-leeds. The magnitude of the infestation shou1d be 
recorded indicating the type of weeds. Cornmon and scientific 
names. 

d. Important diseases . 23 items can be recorded according to 
incidence of prevalent diseases. 

- Common mame 

l. 
2, 

- - 3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

Cassava bacterial blight 
Bacterial stem rot 
African Mosaic 
Corronoo liose.ic 
Lea f Veio +Iosaic 
Witche s ' Broom 
Brown leaf spot 
Blight -leaf spot 
lo/hite leaf spot 
Concentrie-ring leaf spot 
-Superelongation 
Cassava asb 
Anthracnose 
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Scientifie name 

Xanthomonas manibotis 
Erw1nia sp. 
Unknown causal agent 
Caused by a virus 
C~used by a virus 
Micoplasma 
Cercospora henningsii 
Cereospora vlcosae 
Cereospora car1baea 
Phoma (Phyllosticta) sp. 
Sphaceloma manihoticola 
Oidium manihotis 
Colletotrichum ~Glomerella 
manihotis 



14. Rust s 
15. $tem rot 
16. Frog s kin 
17. Root r ot 

18. Root ro t 
19. Root rot 
20. Root rot 
2I. Root rot 
22. Post harvest root rot 

23. 
24. Others 

e. Importunt pests 

Connnon nra :ne 

1. J.I í tes 
2. ~iites 

3. ~!ites 

4. Thri?s 
5. Thrips 
6. Thrips 
7. Cassava horm,]orm . 
8. Shoot fly 
9'. Shoot fly 

10. Fruit f1y 
lI. Fruit fly 
12. ¡,'hite. fly 
13. ~1hitc fly 
14. ¡~hite fly 
15. I·:h ite fly 
16. f....l1ite f1y 
17. ',nlite {lrubs 

_., . 
18. Surface cutworns 
19. . Climbing cutworms 
20. Subt E:. rranean cu t\vOnll$ 

2l. Stembore r 

22. Stemborer 
23. ~temhorer 
24. ScaIe insects 
25. Scale insccts 

~_.~ 26. wce bugs.o .. 
27. Lace buge . ' 

. . · 28. Termitcs _:.. 
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Uromyecs spp. 
Various pathogens 
Unknown causal agent 
(various ' pathogens) 
Fhytophthora Dreehsleri 
Phytium .spp. 
Rosel1inia neeatrix 
Armillari" Hellea 
Fomes 1ignosus etc. 
Physiologlea1 and or 
pathogenie causes. 

Scientifie name 

l-lononyehellus tanajoa 
Tctranychus urticae 
Oligonychus peruvianus 
Frankliniella wil1iamsi 
Corynothrips stcnopterus 
Celiothrips masculinus 
t:rinnyis ello . 
Silba pendula 
Carpolonchaea chalybea 
Anastrepha pickeli 
Annstrepha manihoti 
Aleurotraehelus sp. 
Aleurothrixus sp. 
Bemisia tabae! 
Bemisia tuberculata 
Tr!aleurodes variabilis 
Larvae of coleoptera belonging 
to the Scarabaeidac or 
.Cerambycidae fam1l1es. 
Larvac of Agrotis ipsl10n 
Larvae of Prodenia eridaníA 
Various 
Coelos ternus sp . . (coleoptera 

.larva) . 
Lagochlrus v' . 

'Phyctaenodes sp. (Lepldoptera) 
Aonidomytllus albus ' 
S~issetia miranda 
Vatiga manihotae 
Vatiga spp. 
Coptocermcs spp • 



29. Leaf eutting ants 
30.< Leaf eutting ants 
31. Gall mid¡;es 
32. Others. 

Atta sp. 
Acrornyrmex sp. 
Cee idomyi ida e 

f. Prob1ems oí nutrítiona1 deficiencie s and toxicities 

1. Nitrogen (N) 
2. Phosphorus (P) 
3. Potassium (K) 
4. Nagnesium (Ng) 
5. Sulfur (S) 
6. Zinc (Zn) 
7. Cooper · {Cu) 
8. Iron (Fe) 
9. Nanganese (Mn) 

10. Boron (B) 
11. Boron Toxieity 
12. Salinity and or Alkalinity 
13. Others 

g. Damages caused by herbicides 

l. Diuron or Karmex (as preemergent) 
2. Diuron or Karmex (as postemergent) 
3. 2, 4-D or 2, 4, 5 T 
4. Paraquat or Gramoxone 
5. Butylate 
6 • . Atrazines 
7. Others. 

h. Dama0es caused by insecticidcs 

1. Others. _ . _ 
.... . ::r. . ~' .... "'- ..... 
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.• CASSAVA PLANTS TO BE nARVESTED (USEPUL PLOT) 

CASSAVA PLANTS USED AS BORDER ROeS 
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12. Harve.s data. At harvesting time, it is necessary to record a lot 
oi very importan t items for a better yield evaluation. 

1. Total number of plants por plot 

2. Total number of plants harvested in the useful are per plot 
because border rows are not included. 

3. Number of lost plants per plot 

4. Total number of roots per plot 

5. Total fresh weight per plot in kgms. 

6. Number of roots per plant 

7. Average of root rot 

8. Number ·of root rot 

9. Root length (cm) 

10. Root diameter (cm) 

11. Fresh root weight in air 

12·. Frcsh root "eight in water 

13. Specific density of roots 

14. Percent Dry matter 

15. Percent starch 

16. Cooking quality 

17. Yield (kg/ha) 

lB, lIonths frorn plantinc to harvest. 
, 

• , , 
~ : " ' .. .. ~ ~ 

.. "' . :..; ~ .... -, .. 
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DA}~GE EVALUATION r,Y PESTS AtID DISEASES IN CASSAVA 

Every evalua t íon should be. cal í brated f rom 1 to 5 ,áth i ncrements 
of 20 to 25% for eReh l eve l of dam'lBe. The a bsenee of aparen t damage wi11 
have a value of ze ro. 

The magnitude of the damage caused by ·sorne pests and diseases i5 
detailed so as to make evaluation eRsier. It i 3 recommended t<;> lIliIke Irritten 
description in each case. This is very important because in sorne cases like 
when evaluating the Hornworm we may not see any damage at all but we can 
observe a lot of hornworn egs parasitized or a lot of Polystes "asps. By 
this mean we Can plan better the kind of control more adequate since we do 
not want to break the biological equilibrium in as mueh as possible. 

GUIDELINES FOR EVALUATION OF DISEASES IN CASSAVA 

l. Bacterial blight 

Value 

1. Hithout visible symptoms 
2. l-iater- saaked angular spots 
3. Up to 50% defoliatíon 
4. More than 50% defoliatian, diehacl, and radical necrosis up to 10%. 
5. Geperalizcd diehack - more than 30% def oliation - radical root 

rot more than 107.. 
, . 

2. Cercosporas 

3. 

l. Healthy plants 
2. Up to 25% defoliatian 
3. 26 to 50% defoliation 
4. 51 to 75% defoliatíon 
5 . More than 8~1. dCfoliRtion 

Superelonsntion 

lo 
2. 
3. 
4. 
5. 

No dam..ige 
Cankcr r. i n ~jn v c i ns a nu l cav c5 
Cankers in petio l es ¿:.nd br anch es 
Elonga tion o f intcrnorle s, petioles Rnd 
General necrosis and death of plants. 

3'13 
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GUIDELINES FOR EVALUATION OF PESTS IN CASSAVA 

1. Nononychcllus Tana j oa -Hite 

1. Hites in growing points, fe» spots . 
2. ~~ny mites, little spots in the grO>1ing point and terminal l eaves. 
3. Gro" ing point afected and surrounding l eaves with many spots. 
4. Deformed ero,dng point, surrounding leaves full of mites. 
S. Death growing point, general defoliation. 

2. Tetranyehus Urticae-Hite 

l. Few mites. YellC/W' s pots notieeable in son>e leaves.-
2. Ycllow spots moderately present in basal and middle part of the 

plant 
3. Lower le2ves deformed, necrotie zones and leaves drop. 
4. Scvere defoliation in middle part of the plant growing point and 

surrounding leaves plenty of mites and yellO>1ish. 
S. Defoliation planto Growing point death. 

3. ·· Thrips 

1 . Little yellow dots in leaves 
2. Grrnving point and surrounding leaves with partial deformation 

a nd yello«' dots. 
3. Intense deformation of leaves And large reduction of leaf area. 

'4. Growing point eompletely deformed or death, no surrounding 
leaves presento 

S. Symptoms of witches'broom; death of growing point and surrounding 
lateral buds. 

4. Sehoot fly -

1. No damage 
2. Up to 25% if shoots affeeted 
3. From 26% to 50% of shoots attacked 
4. From 51 to 75% of shoots attacked 
S. From 76% to 100% of shoots attacked 

5. l#lite fly 

l. Less than 20% of leaves infested 
2. 20-40% of leaves infested 
3. 40-60% of leaves infe 6 ted 

. 4. 60-80% of leaves infested 
5. 80-100% of leaves infested 
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DRY W,TTER AND STARCH COi\"TEi'1T D¡;TERlIlt,ATION I N CASSAVA BY SPECIFIC GRA'lITY 
SYSTEI,¡ 

Since a s icnificant por tion of cas sava production is expected to go 
for animal feedin!; and stnrch cxtraction, yield should be exprcssed in 
tenns of root dry mattcr or starch yield, as HeU as root fresh yield. 

Both, dry T.tatter anel starch content determinations in cassava are 
al so very important to stablish a production potential of a given variety 
for industrial purposes . The varietal diffe renc~ related to these factor s 
arehigh as inñieated by CIAT (1) consequcntly, the determinatíon of these 
faetors in different varietics <lerros locations is hlghly recommended for 
regional trials. 

These determinations are usual1y performed through laboratory 
methods that require a lot of time ami labor. 

Due to the high correlation betHeen root specific gravity and root 
dry matter content, and hetHeen root specific gravity and root starch 
content it is possible to maloe fast and efficient determinatlons based in 
'the specific density of roots taken through the use of a hydrostatic scale'. 

Wania Gonealves de Fukuda .,ho workcd under Dr. Kawano' S guidance 
prepnred atable to "hich we made sorne additions to cover a , wider range. 
These tables are appropriate for cassava varieties harvcsted bet\;cen 10-12 
months. 

To formula u"ed for these determinations ls as follrn.s ; 

Specific gravity Frcsh root we ight in air (FR\o1A) 

(FID~A) - (Frcsh root wei~ht in water) (FRWW) 

" '" ' . 
. . ~ 

, -. ..... " '," ... ' - ,'- ': 
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CONVERTlON TA!)LE TO OETERlIIKE ORY HATTER ANTl 
STARCE PERCENT IN CASSAVA 

SPECIFIC S;:'¡;;CrFIC 

GRAVITY % D.M. 7. STARCH GRAVITY 70 D. tI. 7. ST/lRCH 

1.0200 19.53 17.73 1. 0405 22.73 20.86 

05 19.61 18.80 10 22.81 20.93 

10 19.69 17.88 15 22.89 21.01 

15 19.76 17.96 20 22.97 21.09 
20 19.64 1 ~ .O3 25 23.04 21.16 

25 19.92 11.11 30 23.12 21.24 
30 20.00 18 .19 35 23.20 21.31 

35 20.08 18.26 40 23.28 21.39 
40 20.15 18.34 45 23.36 21.47 
45 20.23 18.41 . 50 23.43 21.54 
50 20.31 13.49 55 23.51 21.62 
55 20.39 18.57 60 23.59 21.70 
60 20.47 18 .64 65 23.67 21. 77 . 

65 20.54 18 .72 70 23.75 21.85 
70 20.62 lS. SO 75 23.82 21. 92 
75 20.70 18.87 f\O 7.3.90 22.00 
80 20.78 18.95 85 23.98 22.08 
85 20.1\6 19.03 90 24.0r; 22.15 
90 20.93 19.10 95 24.14 22.23 
95 21.01 19.18 1. 0500 24.22 22.31 

1.0300 21.09 19.25 05 24.29 22.38 
05 21.17 19.31 10 24.37 22.46 
10 21. 25 19.41 15 24.45 22.54 
15 21.33 19.48 20 24.53 22.61 
20 2\.40 19.56 25 24.61 22.69 
25 21.48 19.64 30 24.68 22.76 
.30 21.56 19.71 35 24.76 22.84 
35 21.64 19.79 {,O 24.84 22.92 
'40 21.72 19.86 45 24.92 22.99 
45 21.79 19.94 50 25.00 23.07 
50 21. ro 7 20.02 55 25.07 23.15 
55 21.95 20.09 60 25.15 23.22 
60 22.03 20.17 65 25.23 23.30 
65 22.11 20.25 70 25.31 23.37 
70 22.18 20.32 75 25.39 23.¿s 
75 22.26 20.40 SO 25.46 23 . 53 
80 22.34 20.67 85 25.54 23 . 60 
85 22.42 20.55 90 25.62 23.68 
90 22.50 7.0.63 ~5 25.70 23.76 

. 95 22.57 20.70 1. 0600 25.78 23.83 
1.0400 22.65 20.78 
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Sl'ECIFIC SPECIFIC 
GRAVITY '7. D.H . % STARCll GRAVITY 7. D.l! . 7. STARCH 

1. 0605 25.86 23 . 91 1.0855 29 .77 27.72 
10 25 .93 23.99 60 19.84 27.80 
15 26 . 01 24.06 65 29.92 27. 88 
20 26.09 24 .14 70 30.00 27.95 
25 26. 17 24 .21 75 30 . 08 28 .03 
30 26.2S 24 .29 80 30.16 28.11 
35 26.32 24 .37 85 30.23 2B. 18 
40 26.40 24.44 90 30.31 28 .26 
45 26.48 24.52 , 95 30.39 28 .34 
50 26.56 24.60 1.0900 30.47 28.41 
55 26.64 24. 67 05 30.55 28.49 
60 26.71 24.75 10 30.62 2(\.56 
65 26.79 24.62 15 30.66 26.64 
70 26.87 24.90 20 30.78 2~.72 

75 · 26.95 24.98 .25 30. 86 26.79 
80 27.03 25.05 30 30.94 28.87 
85 27.10 25.13 35 31.01 28.95 
90 27.18 25.21 40 31.09 29.02 
95 27.26 25.28 45 31.17 . 29. 10 

1.0700 27.34 25.36 50 31. 25 29.17 
05 27.42 25.44 55 31. 33 . 29.25 
10 27.50 25.51 60 31.41 29.33 
15 27.57 25.59 65 31.48 29.40 
20 27.65 25.66 70 31.56 29.48 
25 27.73 25.74 75 31.64 29.56 
30 27.81 25.82 80 31.72 29.63 
35 27.89 25.89 85 31.80 29.71 
40 27.96 25.97 90 31.87 29 . 79 
45 28.04 26.05 95 31. 95 29.86 
50 28.12 . 26.13 1.1000 32.03 29.94 
55 - 28.20 26.20 05 32.11 30.01' 
60 28.28 26.28 10 32.19 30.09 
65 28.35 26.36 15 32.26 .- 30.17 
70 28.43 26.43 20 32.34 30.24 
75 , 28.51 26.51 "25 32.42 30.32 
60. '. '; 28.59 26.5.9 30 . . 32.50 30.40 
65 28.67 

. , 26.66 35 . 32.58 30.47 
90 '.'- 28.74 .' 26.74 40 32.65 30.55 
95 : . 28.62 . ,. 26 .81 45 . . 32.73 30.62 

1.0600 28.90 26.89 50 32.81 30.70 
05 28.98 26.96 55 32.89 30.78 
10 29.06 27.04 60 32.97 30. 85 
15 29.14 27.11 65 33.05 30.93 
20 29.22 27.19 70 33.12 31.01 
25 29.30 27.27 75 33.20 31.08 
30 29.37" . 27.34 80 33.28 31.16 
35 ' 29.45" . . - 27 . 42 85 33.36 . - 31. 24 
40 . 29.53 . . 27.50 90 33.44 31.31 
45 29.61 27.57 95 33.51 31.39 
50 29.69 ' • 27.65 1.1200 33.59 31.46 



5PECIFIC SPECIFlC 
;;RAVITI 7. D.M. % STARCH Gr~lWlTI % D.H. 7. STARCH 

l.1205 35.23 33 .07 1.1455 39.13 36 .88 
10 35.31 33.14 60 39.21 36.96 
15 35.39 33 . 22 65 39.29 37.04 
20 35.46 33 . 30 70 39.37 37.11 
25 35.54 33. 37 75 39.44 37.19 
30 35.62 33.45 80 39 . 52 37.26 
35 35.70 33.52 85 39.60 37.34 
40 35.77 33.60 90 39.68 37.42 
45 _ 35.85 33.68 95 39.76 37.49 
50 35.93 33.75 1.1500 39.84 37.57 
55 36.01 33.83 05 39.91 37.65 
60 36.09 33.91 10 39.99 37.72 
65 36.16 33.98 15 40.07 37.80 
70 36.24 34.06 20 40.15 37.87 
75 36.32 34.14 25 40.23 37. 95 
80 36.40 34.21 30 40.30 38.03 
85 . 36.48 34.29 35 40.38 38.10 
90 36.55 34.36 [,0 40.46 38.18 
95 36.63 34.44 1,5 40.54 38.26 

L.BOO 36.71 31,·.52 50 40.62 38.33 
05 36.79 3i,.59 55 40.69 38.41 
le 36.87 34.67 60 40.77 38.49 
15 36.95 34.75 65 40.85 38.56 
20 - 37.02 34.82 70 40.93 38.64 
25 . 37.10 34.90 75 41.01 38.71 
30 : 37.18 34. 97 30 41.08 38.79 
35 ' 37.26 35.05 85 41.16 38.87 
40 37.34 35.13 90 41.24 38.94 
45 37.41 35.20 95 41.32 39.02 
50 37.49 35.28 1.1600 41.40 39.10 
55 37.57 35.36 05 41.48 39.18 
60 37.65 35.43 10 41.55 39.25 
65 37.73 35.51 15 41.63 39.33 
70 37.80 35.59 10 41.71 39.41 
75 37.88 35.66 25 41.79 39.48 
80 37.96 35.74 30 41.87 39.56 
85 38.04 35.81 35 41.94 39.64 
90 38.12 35.[19 1·0 42.0.2 . 39.71 
95 38.19 35. 97 45 42.10 39.79 

l .1400 38.27 36.04 50 42.18 39.86 
05 38.35 3612 55 42.26 39.94 

. 10 38.43 36.20 1i0 42.33 40.02 
15 38.51 36.27 65 42.41 40.09 
20 38.59 36.35 70 42.49 40.17 
25 38.66 36.42 75 42.57 40.25 
30 38.74 36.50 no 42.65 40.32 
35 38.82 36.58 85 42.72 [,0.40 
40 38.90 36.65 90 42.80 40.47 
45 38.98 36.73 95 42.88 40.55 
50 39.05 36.81 1.1700 42.96 40.63 
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SPECIFIC 
GRAVlrr % D.H. 7. STARCH 

1.1705 43.04 40.70 
10 43.12 40.78 
15 43.19 40.Ü6 
20 43.27 40.93 
25 43.35 41.01 
30 43.43 41. Ofl 
35 43.51 41.16 
40 43.59 41.24 
45 43.66 41.31 
50 43.74 41.39 
55 43.82 41.47 
60 43.90 ' 41.54 
65 43.98 41.62 
70 44.06 41.70 
75 44.13 41.77 
80 44.21 41.84 
85 44.29 41.92 
90 44.37 42.00 
95 44.45 42.07 

1.1800 44.52 42.15 
05 . 44.60 42.22 
JO 44.68 42.30 
15 44.76 42.38 
20 44.83 42.45 
25 44.91 42.53 
30 44.99 42.61 
35 45.07 42.68 .. 
40 45.15 42.76 

. , 
• .J 

45 45.22 42.B4 · · .. ' 
... 50 45.30 . ·42.91 . . 

:.r:;r . 55 45.38 :- 42.99 . .. , 
60 ~ 45.46 . ' : - 43.06 .. . 
65 45 54····· 43 14 '" . . . . - .• .; 

' . . ':":. ,,. ... ~." • ·¡r.. • '.. '. ' _. ' .... - --, .: i . , .~ : 

: 70 .O', _ 45.61.",; .. 43.22 ... ~":"'-:>" , . . c. ; .,'l'",.; . 
75 45.69 . 43.29 

. . 

-.í .., 

80 45.77 43.37 
85 45.85 ' . ,. _43.45 ... ._. ... ... _.. 
90 45.93 ' 43.52 " ... " ,,' - .,J:"::::':. 

-:- . ,.. 95 · 46.00. 43.60 
;.,. , 1.1900 : . .. 46.08- ~ .. · 43.67 'C~' ~ >:.¡¡ ,,; .~., ".," .. 
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~lETHODOLOGY OF THE TRIALS 

Tha c';.ssava J3reeding Program is releasing each year a reasonable 
amount of e lite material that is multiplied to be tested under regional 
trials by the agronomy unit. ' 

It has been said before that the level of technology under which 
varieties are tested should be uniformo If some different technology is 
relevant to teste another trial must be planted with that technology so 
that a comparison can be done. 

Each year the materials showing the best hehavior in a given zone 
can be distributed to f?rmers after testing and evaluation. This distri­
bution 15 done by the national agency through field days, after the re -
gional trial is harvested. It is important to note that we do not promo­
te the field day. The National Agency cooperating with us is the one that 
makes the invitations and l/e participate to give relevant information . 
about results ne" finding as ne" mea sures of control of pests and diseases 
and cultural practices. 

No variety is recommended. Farmers will take home any variety they 
want according to the results they h"ve' observed and to their preferences 
too. The economy unit makes a record of farmers to follow up on t/leir 
results with the np.w varieties since they may test them under their oWn 
technology. 

Farmers do not have better materials because the have not had 
enough varieties to select from, in the pasto Since CIAT manages the 
largest collection of cassava germplasm the posibilities of finding 
superior varieties for each zone are very promising. 

\-le need a good collaboration of National Agencies becBuse they 
will be- the ones responsible tor the multiplication, promotion, technical 
assistance, credit and marketing. !hese collaboration must be on a 
continous basis so it will provide the benefit of promising elite materials 
replacing the local varieties, thereby obtaining inmediate or near-term 
yield and production increases. . . . ' 

STRATEGY TO SELECT PROHISDle VARlETIES 

It is relevant 1:0 briefly describe the two strategie s cornmonly 
used. The f!rst strategy, sorneho\J conservative, would pcrmit the testing 
of the same materials over three years without eliminating any material 
until the end of the third year. Decision over their naming as a variety 
would be based o~ excellence of performance throughout ecological zones 
during the three yea~s • 

. The second strategy would only select for further testing those 
materials which have been definitely superior in that year's trial, 
discarding $ny ,naterial that does not shcn-¡ excellent perfomance the first 
time. Materials passing this rigid test ~70uld be tested during a total of 
three years after which they may become candidates to be named as varieties. 
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The main problem with the first strategy is that it accumuletes 
large numbers of materials in a very short tim~. However, one would expect 
that Hith the second strategy'the number ·of materials to be tested each 
year woulc! rema in more or less the same. This letter strategy would 
probably also lead to fewer named varieties being released • . 


