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~sava Production Systems 

The cassava program is directed to­
wa rd an increase in the p roduction and 
utilization of improved quali ty cassava 
( Manihot esculenta ) in the lowland 
trcpics. Activities include the develop­
ment of: 

1 . Vari et ies with h igher yield, with 
emphasis on the selection of varieties 
with higher nutritive value, i. e., in­
creased p rotein con tent and/ or quality, 
and higher starch content in the root , 
depending en the intended use . 

2 . Marketing, processing, storage and 
uti lizat ion systems which permit more 
constant supplies for human and live­
stock consumption an:l fo r processing 
plants. 

3. Cropping practices and farming 
systems which will increase production 
and encou rage food and feedstuff utili­
zation on subsistence fa r ms. 

4 . lnternational regional testing pro­
grams to assist in the exchange of in. 
form at ion and materia ls. 

During 1970, work was conducted in 
the following areas: 

- Ccllection and evaluation o f germ 
plasm material. 

11 - Cultural practices. 

111 - Plan t quarantine and plant pa thol­
ogy studies. 

IV - Agricu ltura! economics. 

V - Swine feeding. 

1 - Germ plasm collection 

During 1970, additional material 
frcm Colombia and o ther Latín Ameri­
can countries was added to the co llec­
tion of cassava cultivars started in 1969. 
Th is collection now incl udes 1884 cu l­
t iva rs frcm Colombia, 123 f rom Ecua­
dor, 60 f rom Puerto Rico, 118 from Pan­
ama and 8 from Peru . An additional 33C 
cu ltivars collected in Venezuela a re in 
qua rantine in Bogotá. Upon certification 
of freedom from diseases this material 
will be transferred to CIAT headquar­
ters . Another group of 70 cultivars was 
collected in Mexico and will be trans­
ferred to Colombia in the near future . 

Classification and evaluation of the 
materia l in the collection was started 
both from an agronomic and nu'tritive 
quality standpoin t. Root samples of ap­
proximately 600 Colombian cultivars 
were analyzed for ni trogen con tent by 
the Universidad del Valle Nutrit ion La­
boratory. Although nitrogen levels 
ranged from 0.2 percent to about 0.5 
percent, a few samples were found wi th 
slight ly higher percentages. The variety 
Llanera is outstanding in this sense 
with a nit rogen content of about O. 9 
pcrcent. 

Thc widely diffe rent environment 
ccnditicns and the lack of uniformity 
as to the number of v iable plants obtain­
cd from the original vegetative seed ma­
terial collected made meaningful com­
parisons and classificat ions of plant 
and root characteristics impossible. For 
this reason 700 of the Colombian culti­
vars were plan·ted in non-replicated 
three-row plots. Th is wi ll provide uni-
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TABLE l . Cassava response to fertilizer and plant spacing. 

Spacing cm Plants/ ha Yield kg/ ha 1 

120 X 80 
120 X 100 
120 X 120 
120 X 140 
120 X 160 

10.416 
8,333 
6,944 
5,952 
5,000 

35 550 
36,480 
33,790 
35.910 
34 090 

Fertilizer t reatment 

Check 
60-ó0-120 
120- 120-240 

32 660 A ~ 
34,510 A 
38,320 B 

l . Spacing yicld diffcrences are not significant. 
2. Mcans followcd by thc samc lctter are not significan tly d ilkrent at thc .05 leve!. 

form plant material for evaluation of 
plant cha racteri stics as well as the first 
screening for yield potential. Harvests 
will be made at 9 and 14 months with 
the superior lines to be further cested 
in replicated yield trials. Additional 
plantings will be made to evaluate th~ 
balance of the collection. 

11 - Cultural practices 

Cassava fertilization and plant popu­
lation study 

In a p re liminary cassava fer'ti lizer­
plant population study, yield increases 
were obtained from a b~ti l izer applica­
tion where p lant popu lations did not in­
fluence yield. 

An expe~iment was established in a 
clay lcam soil with PH 7 .0, a high 
phosphorus level, and a medium potash 
content. Potassium chlorate anda 14-14-
14 fertilizer were mixe::l to givc a 1-1-2 

ratio and was b roadcast and incor pora­
red into the soil prior to forming r i dg~:; 
for plan t ing the crop. Rat~ of fer­
tilization was O, 60 - 60 + 120, and 
120 • 120 + 240 kg ha of N, P~O;., 
and K~O. respectively. 

Llanera cassava was planted in rows 
spaced 120 cm apart and at varying 
distances within the row in order to 
test, at the same time, the possible ef­
fect of plant population on yields . The 
20 cm seed stakes were planted at a 45 
degree anglc. Roots were harvested at 
12 months mawrity. 

Differences between plant populations 
were not significant; however, the 5. 6 
and 3. 8 ton per heclare increase in 
yie;d from the high f~rtilizer rate over 
the check and low fertilizer rate was 
significan t ( see Table 1 ). 

Results of a Cassava Cropping sys­
tem trial are repcrted in the Agricul­
tura ! Systems section of this report . 

From left to right: 
susceptible. intermediate 
and resistant cultivars of 
cassava to the bacte ria! 
disease of cassava, caused 

by Pseudomonas sp. 



111 · Plant disease and quarantine 
studies 

Cassava diseases 

Studics of cassava diseases revealed 
the p rcsence of w hite leaf spot ( Cer· 
cospora caribaea ), brown leaf spot (C. 
hennings ), powdery mildew ( Oidium 
manihotis ), stem and root rots ( Rhizoc­
tonia sp. and Rosellin ia sp. ) . and a dis­
ease not previously reported in the lit­
era ture caused by a species of PhQma. 

However, the most important disease, 
economically, seems to be caused 
by a bacteri um attacking the fo liage, 
stem, and roots of the p lant. Physio­
logi ca l and morphological studies ident i­
fied the bacterium as a Pseudomonas 
sp. The disease sp reads quite rapidly, 
which suggest s a vector as the main 
agent o f d issemination. Screening tech · 
niques to search for res istance were 
developed and, of 450 Col omb ian col­
lections tested, five were res is tan t. A 
hot-water treatment of plan t ma terial 
at 52':'( fo r 30 m in utes effectively con · 
trolled the d isease. 

Thi s p roject is being carr ied out in 
cooperat ion with ICA anrl th~ Depart­
ment of Plant Pathology of the Univers i­
ty o f Wisconsin . 

Quarantine treatment 
Various methods a re use::! in hand­

ling the seed materia l in the ~erm 
plasm collect ions made within Colom · 
bia which are planted di rectly in the 
fields at Palmira . Collections made in 
other ccuntries are hot-wa te r t reated 
fo r control of diseases and pests and 
then planted in a green house at ICA's 
Tibaita ta Cen ter. When certif ied f ree of 
disease, this material is brought to CIAT 
headquarte rs and planted in the field 
fcr the initial inc rease to p rovide ad­
ditional plan t ing ma terial. 

Studies were made of systems to 
prevent the int roduction of potent ial 
p lan t pests . A hot-wa ter t rea tment of 
52':'( for 30 minutes was found to be 
the most effective in controlling viruses, 
mycoplasma, and bacteria! diseas·es as 
well as nematodes and insects. 

Foliage symptoms produced in cassava oy 
a b::tcterium of the genus Pseudomonas. 

IV - Agricultura! Economics 

A compendium of world data on ca:.­
sava p roduction, yield, and cultivated 
area fcr all producing count r ies has 
been prepared at CIAT from seco ndary 
da ta, part1cularly FAO publications. Pro­
duct icn per cap ita has also been calcu­
lated fcr each country for the last 1 O 
yea;-s. 

World prcduction of cassava has been 
increas ing in the la st five years. South 
Ameri ca and Africa eac h account fo r 
approxi mately 37 percent of world cas­
sava production, Asia about 25 percent, 
und Cent r al America and Ocean ía the 
remainder . On a per capi ta basis there 
has been a s lignt decrease in world cas­
sava production. 

Other studies in prog ress include 
wholesa le and re tai l cassava prices in 
14 Colombian ci ties over the past 10 
yea rs, consumer demand for cassava, 
cassava f lour and starch in the United 
St ates du ri nq the last 14 years; a de­
scr iption and ana lysis o f cassava starch­
prcducing faci li ties in Colombia; the 
marketinq of cassava and cassava starch 
in Colo~b i a; and an analysis of eco. 
nomic factors related to low y ields in 
Colombia. 

V - Cassava utilization through swine 
feeding 

See the Cassava sec t ion of the Swine 
production systems part of this report. 
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A wide range of variability is observed in cassava, as shown by the root 
distribution of these four cultivars. 

At CIAT's headquarters, a vast collection of cassava cultivars is being built up. 
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in protein quality may have been lost 
in the development of the double cross 
material. 

Cassava 

lt has been demonstrated that cassa­
va can be used as the majar source of 
energy during the en tire swi ne life-cycle. 
Prc duction systems based on either 
~resh, chopped cassava or dried cussavu 
meal have been developed. 

When dried cassava mea!, prepare:! 
from the va riety Llanera, was us·ed as 
the maja r source o f enerqy for growing 
pigs, a sma ll but sign ifican! g rowth · 
rate depressicn cccurred. Th is growth 
depressicn might be relat.ed to various 
factors such as digestibility and energy 
utilizat icn, hydrocyanic acid toxicity, 
poor utilization of the protein fraction , 
amino acid deficiencies, and possibly to 
deficient o r marginal levels of fatty 
acids present in diets containing high 
levels of cassava mea\. 

Research with growing pigs and 
chicks has been directed to the iden tifi­
cation of the factor or factors respon­
sible fo r thi s depression . Swine meta · 
bolism studies demonstrated that the 
dry matter and ene rgy fraction o f the 
cassava meal was digested at a level 
simila r to that of commonly used feed 
ingredients such as ma ize and soybean 
meal. Despite this, however, growth de­
pression occu rred. 

For swine grow th studies, all die ts 
were calculated to contain 16 percent 
crude p rotein, of which 8 .8 percent cam~ 
from cassava mea l, and the balance 
of p rotein and en~rgy from a com­
bination of soybean meal and ma ize. 
These diets were supplemented with 
methioni ne, molasses, and beef fall ow. 

Data in thi s experiment indicate that , 
in the absence of beef tallow ( fat), 
methionine supp lementation increased 
gains, as did a 1 O percent i ncrea se of 
fat a l0ne to '!he diet. However, when 
bcth fa t and methion ine were present , 
a depression in ga ins was recorded . 
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Consequently, when soybean mea l is 
used to supplement diets containing 
cassava meal, methicnine appears to be 
a limil ing amino acid ; thus , correction 
o f th is deficiency overcomes the growth 
depression. However , it is no t yet 
known whether the same response 
when 1 O percent fat is added to the 
diet is rel ated to a change in the amino 
acid ba lance of the diet (as the amount 
of soybean meal is increased to mai n­
tain a 16 percent protein diet) or to 
an effect of fat per se (as fat suppl ies 
both ccncentrated energy and fatty 
acids) . 

Suppo rting studies with chicks pro­
vided additi o nal evidence that when 
cassava meal rep laces ma ize in a d iet 
supplemented with soybean meal, sesa­
me meal and fish mea l, methionine be­
comes a limiting amino acid . As with 
the above studies, the addition of fat 
a long with me lhio nine into the diet re­
sul ts in a growth depression. 

In studies with p igs and chicks, ad­
dition cf molasses simila r ly failed to 
improve gains as when fat was added, 
thus suppo rting the theory that fat per 
se suppl ies so me facto r ( energy or fa tty 
acids) deficient in cassava diets. 

Chemica l analysis of the nitroqen 
fracti on o f cassava pulp indicates that 
approxima tely 50 percent of the ni t ro­
gen is no t true protein but is present 
as non-protein ni trogen. Although the 
leta l nitrogen level o f the peeling is 
higher than that of the pul p, approx­
imately 70 percent of the nitrogen is 
non-protcin nitrogen and therefcre of li t· 
tle if any value to monogastric animals. 
Prelimina ry data from chick growth 
studies in progress support the indica­
tions that the biological value of the 
ni trogen fraction available in cassava is 
poor. 

Bananas and Plantains 

In many areas of Central and South 
America, large quantities of bananas 
and plantains unfit for loca l o r export 
merke t consumption a re available for 



T ABLE 1. Lysine and tryptophane a na lyses of selected grains of the opaque-2 
hybrids H-208 and H-255 1. 

Sample 

H-208 Opaque 
H-208 Crystalline 

Whole Kernel H -255 Opaque 

Endosperm 

H-255 Semi-Crystalline 
H-255 Crystalline 

H-208 Opaque 
H-208 Crystalline 
H-255 O paque 
H-255 Semi-Crystalline 
H-255 Cryst alline 

Protein 
( o/c ) 

11.1 
12.0 
10.6 
12 . 3 
12.3 

8.9 
9.6 

10.3 
12.0 
11 .0 

(Grams/ 100 g Protein) 
Lysine Tryptophane 

A.A. Pyr. 

4 . 69 
4.19 
4.31 
3.80 
2.69 

4.00 
3.66 
4.07 
3.21 
l. 76 

4.32 
4.07 
4.23 
3.90 
2.52 

4.08 
3.66 
4.14 
3.00 
2. 18 

1.04 
0.87 
1.08 
0.90 
0.57 

0.87 
0.76 
0.93 
0.69 
0.48 

l . Cour tesv of Dr. Edwin T . Mert;;:, Purdue Uni\'crsilv. 

protein supplements are more than 
twice the price of maize, use of 
::>paque-2 maize would be more econom­
ical. 

The system developed for swine may 
have greater significance for human 
nutrition. lf opaque-2 maize could be 
successful ly int roduced, the added pro· 
tein requ irements of pregnant and nurs· 
ing mother s could be totally supplied 
by opaque-2 maize. lnfant protein mal­
nutrition could a lso be substantially 
lessened by int roducing opaque-2 maize 
into infant diets . 

Despite the nutritiona l advantages of 
opaque-2 maize, its acceptance has been 
hampered by its soft, floury endosperm 
(See Maize Production Systems). Sam­
ples from a commercial harvest of two 
Colombian cpaque- 2 hybrids, ICA H-208 
and ICA H-255, were observed to be 
still segregating wi th some c rystalline 
kernels appearing among the predomi­
nantly soft, opaque grains. These crys­
tall ine kernels and completely opaque 
kernels were selected and a na lyzed for 
protein, lysine, and tryptophane content. 
Results a re presented in Table l. 

The c rystalline samples tended to have 
higher levels of protein than the opaque 
kernels. The lysine and t ryptophane 
level s of the opaque and crystalline 
H-208 samples were si milar to those of 

the opaque H-255 samples, although 
the crystalline H-255 contained signifi­
cant ly lower levels of both amino acids . 

Rat growth studies to evaluate bio­
logicafly the various selections of 
::>paque, semi-crystalline and crystalline 
kernels demonstrated tha t the nutrí· 
t ive values of the opaque H-208, crys­
talline H-208, and opaque H-255 were 
similar. The crystalline H-255 , although 
superior to normal maize, was inferior 
to the dthers in biological value. 

Semi -crystall ine H-255 kernels tes ted 
followed the amino acid analysis in 
suppor ting growth and protein efficie n­
cy ratios approximately mid-way be­
tween the opaque and crystalline H-255 
extremes. 

Floury-2 maize 

Samples of double cross hybrids con­
taining floury-2 genes and produced by 
ICA's maize program have been used in 
nutritional studies with swine, rats, and 
poultry. In a ll trials to date, f lou ry-2 
maize has not equalled local ly avail­
able opaque-2 varieties in growth sup­
port or efficiency of protei n utilization. 
The amino acids Jysine, tryptophane, 
isol·eucine, and threonine have been lim­
iting in these floury samples . Thera are 
i ndications that some of the f loury-2 
genes associated with the modification 
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