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CIA T is a nonprofit urganiLation devoted to the agricultura! and 
economic de\Ciopmcnt of the lo"land tropics. The Government of 
Colombia pro\ide~ ~upport a~ ho~l country for CIAT and furnishts a 
522-hectare farm near Cali for CIA T's headquarters. In addition, the 
Fundación para la Educación Superior (FES) makes available to CIAT 
the 184 hectare ~ub~tatiun of Quilichao, ~ituated near Santander de 
Quilichaó, Departamento del (auca. Collaborative work with the 
Instituto Colombiano Agropecuario (ICA) is carried out on several of 
its experimental ~tation~ and ~imilar work is done with national 
agricultura! agencies in othcr Latin American countries. CIA T is 
financed b) a numbcr of donor\ represented in the Consultative Group 
for lnternational Agricultura! He,earch (CGIAR). During 1977 these 
donors were the l.;nitcd ~tates Agency for lnternational Development 
(USA ID), the Rocl.efellcr Foundation, lhe Ford Foundation, the W. K. 
Kellogg Foundation, the (anadian lnternational Development Agency 
(UDA), lhe lnternational Bank for Reconstruction and Development 
(IBRD) through thc Jnternatiunal Development Association (IDA) the 
lnter·American Oc\ clupment !Jan k (JOB) and the governments of 
Australia, Belgium, the hderal Jtepublic of Germany, Japan, the 
N etherland~, S" it1crland aud thc l nited Kingdom. 1 n addition, special 
project fund~ are ~upplicd b) \ario u~ of U1c aforementioned entities plus 
the lnternational DeHiopment He,earch Centre(IDRC)ofCanada and 
the lmited 1\ation~ Oe\Ciopmeut l'rugramme (UNDP). lnformation 
and conclu~ion~ reported hcrcin do not necessarily refiect the position of 
any of the aforementioned agencie~, fuundations or governments. 
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Cassava Program 

During 1977 the Cassava Program 
continued its efforts to reach its objectives 
of: ( 1) producing a 1ow-input technology 
for increased cassava production in areas 
where it is presently grown; (2) developing 
technology for cassava production of the 
infertile acid soil areas of the tropics; and 
(3) diffusing these technologies to national 
and local agencies and assisting them 
where possible. 

A multidisciplinary team works as a 
group to resolve problems associated with 
meeting these objectives. Of primary 
importance in the program strategy is to 
have a plant that is per se efficient in 
converting solar energy to carbohydrates. 
The characters of a plant to achieve this 
were described last year on the basis of a 
computer model. Experiments this year 
ha ve confirmed the importance of long leaf 
life and late branching. Furthermore, 
efforts to seekvariability in photosynthetic 
rate, which may ultimately be used to 
increase yield potential, showed that 
variation in this character is considerable. 

Different genotypes were grown at three 
sites with average temperatures of 200, 24° 
and 2SOC. The same plant type yielded best 
in all sites~ however, for the coolest site, 
which is at the lower limit of cassava's 
range of ada~on, a different, more 
vigorous genotype was required. 

Cassava is frequently found on the acid 
infertile soils and tremendous potential 
exists for increased production in these 
zones. Cassava will give good yields at low 
levels of lime (0.5 t / ha), however, new 
trials this year have shown that there is 
sco pe for selecting lines that do excep
tionally well at this leve\ or with even lower 
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lime levels. Similarily lines were identified 
with good potential yields at very low levels 
of applied phosphorous. 

Although the technology being 
developed aims to use the lowest possible 
fertilizer Jevels, fertilizers yield a high rate 
of return on investment. The use of rock 
phosphates show particular promise as a 
so urce of cheap fertilizer. W ith modera te 
fertilizer levels yields of 25-28 t/ ha can be 
obtained on acid infertile soils. 

A major problem in these low-fertility 
areas and the regions where cassava is 
already widely grown is the control of 
diseases and pests. Poor germination is 
often due to a number of organisms that 
attack the planting piece, especially if i t is 
not planted immediately after cutting. A 
simple fungicidal and insecticida! dip that 
costs only 3USS per hectare was found 
extremely effective in elirninating this 
problem. 

The emphasis of disease and pest control 
is, however, not chemical. The extremely 
devastating disease cassava bacteria! blight 
can be controlled by planting resistant 
varieties. Many of the new hybrids from 
the program ha ve been tested for resistance 
and have shown acceptable levels even 
when infected with the most virulent 
strains. 

The superelongation disease, first 
reported in 1974, was identified in severa! 
countries of Latín America where it causes 
severe losses. Although it can be dis
seminated by infected planting material, 
the fungicidal dip described above 
eliminates the diseases thus preventing 
early infection. Unfortunately, different 
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races of the causal arganism, Sphaceloma 
manihoticola exist. A small number of 
cultivars showed high tolerance to all 
known races. 

One of the most widespread problems in 
cassava in the Cercospora diseases. These 
often cause yield losses of 20 to 30 percent 
but resistant lines were found which were 
not affected. 

During the dry season severe attacks of 
thrips and mites occur and cause yield 
losses of up to 50 percent. The cassava 
germplasm at CIAT was screened for 
resistance to thrips and more than half the 
material showed high levels of tolerance. In 
the case of mites, high levels of resistance 
have not been e::ncountered, nevertheless, 
massive screening showed that a number of 
varieties are toler a nt to b o th 
Mononychel/us and Terranychus mites. 

No varietal resistance to the hornworm 
has been found, however, biological 
control can be based on maintaining 
Polisres populations in the field , with 
strategic release of Trichogramma a nd 
applications of the bacteria! disease 
Bacil/us thuringiensis. These techniques 
are being tested on a commercial scale; 
early results suggest that the system is 
effective. 

The cassava fruitfly Anastrepha spp. 
bores in the stem and allows the entry of 
Erwinia carfrovora var. carProvora. which 
causes rotting of the interior stem parts. 
Stakes taken from damaged plantations 
and used for planting material give poor 
stands and reduced yields. Merely by 
proper selection of planting material, 
yields can be increased by up to 20 percent. 

Although the desirable characters of an 
efficient plant type, lines tolerant to the 
acid infertile soils and resistant to major 
diseases and pests exist, they ha ve yet to be 
combined in a single line. The breeding 
section tests more than 20,000 hybrids, 
from controlled crosses, each year in order 
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to obtain new varieties with most of the 
desirable characters. New hybrids have 
good yield potential, 60 t / ha under the 
fertile CIAT conditions, 40 t / ha in Caribia 
with less fertile soils anda very pronounced 
dry season and 30 t / ha in the acid infertile 
soils of the Llanos Orientales. Disease and 
pest problems are still serious but progress 
was made this year to combine resistance 
with high yield potential. 

Promising selections from the germ
plasm bank and the new hybrids are 
multiplied with the rapid propagation 
techniq u e. This system was further refined 
and simplified and is now used routinely. 
r he p.r:omisiag material after multiplica
tion, promising materials are planted in 
regional trials throughout Colombia. No 
fertilizer or post-emergence applications of 
insecticides or fungicides were used except 
f oran intermediate application of fer til izer 
in the trials on the acid infertile soils. 
Carefully selected plant material is treated 
with fungicides and insecticides and 
planted, good weed control is practices but 
otherwise, no special care is given to the 
trials. 

The year 1977 provided the third year of 
results from these trials. In the firs t two 
years whcn only preliminary selections 
were used. the advantage of selected lines 
over the best local lines was quite small. 
However, with the final selections from the 
germplasm a tremend ous advantage was 
evident from combining good cultuVal 
practices and selected material. 

Previously, all work at CIAT has been 
o n cassava as a monoculture crop. Much of 
the world's cassava is grown as a mixed 
culture. Cassava was grow n in association 
with beans to test the potential of cassava 
grain legume association. Very high Land 
Equivalent Ratios were obtained -
greatcr than L 7 when cassava and beans 
were planted at the same time, and at their 
normal plant population. Y ields of both 
crops were high at 34 t t ha and 2.9 t / ha of 
fresh cassava and dry beans, respectively. 
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A major problem faced by all cassava 
producers is the difficulty involved in 
handling the crop due to its extreme 
perishability after harvest. The perishabili
ty is due to physiological deterioration 
which often occurs within 48 hours of 
harvest and microbial deterioration which 
occurs five to ten days after harvest. lt was 
found that the physiological deterioration 
can be prevented by either pruning the tops 
three weeks before harvest or by putting 
roots in to polyethylene line~pap1n- bags 

directly after harvest. Microbial deteriora
tion was prevented by treating the roots 
with a broad spectrum fungicide. 

The international cooperation activities 
markedly increased in the Cassava 
Program in January 1977 with the assign
ment of two staff possitions - one based at 
CIA T to coordinate Latín American 
activities and the other, posted at SEAR
CA, the Philippines, to coordinate out
reach activities in Asia. 

Physiology 

Temperature Effects on Cassava 
Growth 

Preliminary results reported last year 
(CIAT Annual Report, 1976) suggested 
that different genotypes of cassava are 
required below about 24°C. These results 
have now been confirmed. The variety 
Popayan was the highest yielding at 200C 
(Table 1) and by 16 months had produced 

39.7 t / ha. On the other hand, at 24° and 
280C Popayan was the lowest yielding 
variety tested. M Col 22 was the lowest 
yielding line at 200C at all harvests but 

• showed good yield potential at 240 and 
28°C. 

Temperature adaptation of a variety 
appears to be directly related to its vigor. 
Popayan is very vigorous while M Col 22 

Table l. Fresh and dry root yield of four contrasting cassava genotypes at different times after plantin¡ at 
altitudes with three different mean temperatures. 

Avg. mean temperature 

2QOC 24°C 28°C 
Harvest date (months) Harvest date ( months) Harvest date (months) 

8 12 16 8 12 16 8 12 16 

Fresh yield1 (t/ ha) 

M Col 22 2.7 9.3 13.3 22.1 21.7 48.3 23.9 39.4 53. J2 

M Mex 59 9.2 22.8 32.8 25.3 38.8 57.0 21.3 30.4 60.3 

M Coll l3 14.2 24.2 28.6 16.4 26. 1 51.3 20.2 23.9 55.0 

Popayan 10.7 28.9 39.7 6.3 IS.7 13.3 4.6 9.4 13.2 

Dry yield1 (tf ha) 

M Col22 0.9 3.3 5.6 8.4 IU 18.0 8.8 14.2 18.4 

M Mex 59 3.0 8.2 12.9 8.2 14.2 18.1 7.5 10.1 19.7 

M Colll3 4.5 8.4 15.6 5.4 10.0 19.1 6.2 7.5 17.0 

Popayan 3.1 10.7 16.2 1.9 S. l 2.6 1.1 2.2 3.0 

' For fra.h and dry root yields temperature x vanety intcraction was st¡nÚicant at P • 0.0 1 

' This yidd wu reduced d11t to robbery in thc uperiment ploL 
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has very low vigor. In general, vigor at 
200C was lower than at 240 and 280C, as 
measured by leaf area index (LAI)(Fig. 1), 
and root bulking is maximized only over a 
small range of LAI (Fig. 2). The vigorous 
variety, Popayan, reaches its optimum 
LAI at a lower temperature than M Col 
113 and M Mex 59 that in turn reach 
optimum LAI at lower temperatures than 
M Col 22. 1 t follows that more vigorous 
varieties must be selected for maximum 
yields at lower temperatures and less 
vigorous varieties for higher temperatures. 

Leaf Lüe 

Simulation results suggest that increased 
leaf life should be a useful character for 
improving yield. The simulation model 
used assumed that older leaves were 
photosynthetically efficient. The older 
leaves are always lower in the canopy and 
receive less light than the upper ones. 
Photosynthetic rate of leaves of different 
ages was measured at 1500,., Em· 2 sec· • and 
500 1-1 Em·l sec·• (about three-quarters and 

• LAI 

Mean temperature (OC) 

Figure l. Mean Leaf Arralndices (LAI) from 8-16 
months after planting for four cassava varleties grown 
in locations having three mean temperatures. 
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Root dry weight increase (t/ ha) 

1 

• 2f1l e 
10 o24o e 

t.2SO e 

1 M Col 22 
2M Col ll3 
3 M Col 59 
4 Popayán 

8~--+---~-----+--~----1---~ 

6f----+----+--

l 
--3- 4 6 

LAI 

Figure 2. Root dry weight inc:rease as related to 
mean Leaf Area 1ndex (LAI) offour cassava varletles 
al 8-16 months after planting in Jocations baving three 
mean temperatures. 

one-quarter full sunlight, respectively). At 
500 )l Em-2 sec-•, the photosynthetic rate of 
leaves up to 56 days after emergence was 
very little less than that of younger leaves 
(Fig. 3) suggesting that even these older 
lea ves can con tribute actively to total plant 
photosynthesis. 

Photosynthetic rate (mg DM-2bour-t) 

500 .uEm-2 sec·t 

1 
4 5 

Age of leaves (days) 

1 
---1 

1 1 
6 7 

Figure 3. Effect of leaf age on photosynthesis of 
leaves of cassava variety M Col 72. 
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Rather than depend entirely on simula
tion data to assess the effect~ of leaf life on 
yield, M Col 72 with a leaf life of 120 days 
or more was planted at 20,000 plantsj ha 
and leaf life artificially reduced to 49 or 84 
days or left at its naturallevel. The natural 
leaf life was no greater than the 84-day 
treatment for leaves tagged up to two 
months after planting and therefore yields 
were similar for Lite 84-day treatment and 
control at the six month harvest but the 
plots with the 49-day leaf life had markedly 
reduced yields. By nine months after 
planting, leaf life of the controls was 
considerably greater than either treatment 
and yield was also greater when Jeaf life 
was longer (Fig. 4). 

T o obtain varieties with a long leaf life, a 
suitable screening technique was needed. 
Leaf life was measured on more than 200 

Leaf hfe (days) 
120 

100 

80 

60 

40 

20 

! 
A 1 

f----1 ....... 
1 

'e Control 
~ Clipped at 84 days 
o Clipped at 49 days 

.. L¡... 
~ ~ 

....... 

~ 
,.., 

new hybrid lines by tagging newly formed 
leaves at two, three and four momns aíter 
¡:;lanting. Only a small variation wasfound 
between varieties when lea ves were tagged 
at two months after planting. However, 
when leaves were tagged at either three or 
four months large differences were found, 
ranging from 60 to 1 SO days. The high 
correlation between the two observations 
suggested that screening for different leaf 
lives can be done by tagging leaves at three 
to four months. ln another tria\ where leaf 
life was measured, little difference was 
found in leaf lives of early-formed Jeaves 
but later-formed leaves showed large 
differences depending on the variety (Fig. 
5). This confirmed that leaves formed in 
the first two months after planting are not 
suitable for screening for varietal 
differences in leaf life. 

Leaf Size 

Leaf size in most varieties increases with 
increase in canopy height and then declines 
(Fig. 6). However, the leaf size ofM Col72, 
a non-branching variety, shows a much 
smaller decline than other varieties which
have varying degrees of branching. When 
branching was restricted in M Col 113, a 

20 40 60 80 
Days after planting 

lOO 120 branching variety, the decline in Jeaf size 

Fresh root yield {t/ ha) 

8 
~ 
~ _.,.. 

30 

/ 

40 

/ -

V 1 

10 

Vi 
20 40 60 80 100 

Leaf life (days) 

Figure 4. Leaf life of cassava variety M Col 72 with 
two clipping treatments (A), and effect of leaf life on 
fresh rool yields nine months after plantin& {B). 
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did not occur, at least up to seven months 
after planting when the experiment ter
minated, while in natural branching plots 
leaf size at seven months was less than half 
that at four months (Fig. 7). This suggests 
that maximum leaf size is not affected by 
branching habit but that leaf size decline 
after four months is greater when 
branching occurs. 

Last year (CIA T Annual Report, 1976) a 
computer simulation model was used to 
predict yields of cassava lines with different 
branching habits on the assumption that 
leaf size declines with time in all types. This 
would indicate that predicted yields of 
single stem types would be slightly lower 
than can be expected when leaf sizedecline 
does not occur. 
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Leaf life (days) 

1 
2 

c=:J 3 
4 

M Col22 
M Col72 
M Col 113 
M Mex 11 1 1 

1 40 
5 ·5 M Mex 59 1 

1 = 6 CMC<O 
20 -- - -

OOr · 

soL 
1 - - r-- -

601- f-- f-- ~ 

401- f-- 1-- -

201- f-- 1-- f--

o 
31 45 59 

- - ----

-

1-- - 1- r--

L :.t 1-- 1- -

1- f-- 1-- -

f-- f-- 1-- -

1-- 1-- 1-- -

-73 87 101 115 

Days after planting when leaves tagged 

Figure 5. Leaf life of six cassava varieties at düferent times after planting. 

Percentage of maximum area per leaf 
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1 
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1 234 56 12 34567!s 1234 56 7 8 1 23 4 56 1243567 1 2 3456 7 

Canopy leve ls 
M Col 22 M Col 72 M Yolll3 M Mex JI M Me.\ 59 l \ll. -10 

Figures above the 100 percent colurflns are the maximum leaf area in cm! 

Figure 6. Leaf size as affected by canopy.Jevel of six cassava varieties. 
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Leaf size ( cm2) 
4()(),--,.--,r--

• Natural branching 
O Reduced to single stem. 

2 3 4 S 6 7 

M onths after planting 

Figure 7. lnterartions ofbranchin& pattern and lear 
size of cassava variety M Col 113. 

Root Sink Capacity 

In previous reports, experiments to 
reduce root numbers by clipping suggested 
that the remaining roots ha ve the capacity 
to accept more carbohydrate than is 
available (CIAT Annual Report, 1976). 
However, when root number was decreas
ed there was always a slight decrease in 
total root yield, suggesting a sink lirnita
tion on root expansion. 

During the early growth phase of 
cassava top growth is very vigorous and 
roots do not norrnally swell rapidly. It is 
not certain whether the roots do not 
expand due to inability to accept car
bohydrates or to lack of available car
bohydrate. Similarly, vigorous top growth 
at this period may be due to lack of 
alternative sinks (i.e. roots). 

When top growth was reduced by apex 
removal total crop growth rate (as a 
function of LAI) was not affected (Fig. 8), 
demonstrating that top sink did not limit 
total photosynthesis and crop growth rate. 
Additionally, while LAI (and hence crop 
growth rate) was reduced, root growth rate 
was increased (Table 2). The roots clearly 
can accept more carbohydrate than 1s 
norrnally available in the early growth 
phase. These results also indicate that top 
growth has preference over root growth 
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and that roots accept carbohydrate in 
excess of the needs of the tops. 

The data demonstrate that top growth is 
a strong attractant of carbohydrates and in 
previous reports (qA T Annual Report, 
1976) it was suggested that in certain cases 
1imitation of top growth cou1d be used to 
increase yie1d. In fact, yie1d was increased 
25 percent by restricting top growth. The 
vigorous variety M Col 113 was p1anted 
and different branching patterns were 
produced by clipping (Table 3). The most 
effective treatment increased yield 70 
percent showing thát the branching ha bit is 
extremely important for yield. There was 
also a el ose relationship between the actual 
yield obtained in the field and simulated 
yields (Fig. 9) suggesting that the simula
tion model described last year (CIAT 
Annual Report, 1976) can be used to 
predict high-yielding types. 

Photosynthetic Rate . 

The simulation model was used to 
predict the effects ofincreased crop growth 
rate on yield. The model suggested that 
very small increases in crop growth rate 
should lead to large increases in yield ( e.g. a 

Crop growth rate (cm-2 week-1) 

60 

eM Mex 11 
ó.M Col 72 
O C MC 40 

0.5 

Mea n Leaf Arca lndex 

1.5 

Figure 8. Crop &rowth rate as a function of Leaf 
Area lndex or thne u ssava varieties. 
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Table 2. Effects of apex clipping on crop growth rate and root &rowtb rate of three varieties of cassava. 

Crop growth rate 
(g!Jl-l wk -1 ) 

M Col72 

Control 67 

Apex-<:lipped 54 

CMC 40 

Con trol 77 

Apex-<:lipped 64 

M Mex 11 

Control 49 

Apex-clipped 38 

Mean 

Control 64 

Apex-clipped 52 

JO percent increase in crop growth rate at 
all LAI's should result in a yield increase of 
slightly more than 20 percent). Severa! 
varieties were screened for photosynthetic 
rate of individual lea ves and large, consis
tent differences were found between 
varieties (Table 4). (lt remains to be seen 
wheth.er these differences can be related to 
differences in crop growth rate in the field.) 
Large differences in crop growth rate 
between three varieties were encountered 
and these differences maintained over a 

Root growth rate Root gro~th 
)\ 100 (o/c.) 

(gm-l wk -1) crop growth 

18 28 

23 42 

18 23 

21 33 

7 13 

10 25 

14 22 
18 34 

range of LAI's (Fig. 8). The cause of these 
differences has not been determined but 
the data suggest that yield may be 
increased via increased crop growth rate. 

H arYe!lt J ndex 

lntheCIAT AnnualReport, 1974, itwas 
suggested that the harvest index is a usef ul 
se lection too! for cassava breeders. It has 
also been frequently noted that harvest 
indices in cassava are very high which is 

Table 3. Fresh and dry root yields of cassava variety M Col 113 with different branch controls. 

Branch t ime 
(weeks after planting) 

12, 19. 27. 40 

14, 20, 28. 38 

13. 20. 24, 33 

o branching 

26 

27. 33 

26, 32, 39 

N o. of branches 
at each branch point 

3- 4 

3 

2 

3- 4 
3- 4 

3- 4 

' F l¡ures an parc:nlh~ses are pcrcentages o( control. 
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Dry root yield F re~h root } ocld 
(t¡ ha) (t h¡¡) 

5.5 17.6 (100)1 

7.3 22.3 p:7) 

10.3 29.6 ( 1611) 

8.4 26.9 ( 153) 

8.5 25 .4 ( 144) 

9.8 30.0 ( 170) 

9.3 n.ó11n 
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Actual yield 
(tf ha} 

14 

12 

10 

8 

-
• • 

• / 
/ 

/ 

1 •¡ --
/ 

/ 

1 

/ __ 
i-

"/r 
¡/ 1 

//í 
1 // 1 

6 

4 

2 

2 4 6 

/' 

/,}'. 1 
1 

·~ ... 
I L~----

--->--1----
1 

1 

1 
8 10 12 14 

Simulated yield ( t ha) 

Figure 9. Relation between actual yield and 
simulated yield of cassava variety M Col 113 with 
brancb control (yield in terms of root dry matter). 

o ne of the reasons for its high yield 
potential. 

The measured harvest index of cassavél 
does not usually ínclude fa llen leaves. 
Nevertheless, when fallen lea ves areínclud
ed, real, hígh harvest índices of over 50 
percent are still obtained. The relatíonshíp 
between real and measured harvest índices 
is consístent and therefore, measured 
harvest índex is still a valid selection índex 
although ít has a systematic bias (Fig. 10). 

INTERCROPPING 

Relative Planting Dates 

As cassava ís slow to establísh and form 
a canopy, it may be possíble to íntercrop 
cassava with a short-season crop such as 
beans. lt was thought that one of the most 
ímportant factors in deterrniníng the 
success of íntercropping would be the 

Table 4. Pbotosynthetic rate of individual cassava leaves of 15 varieties at lOO uE m· 1sec· • of light 
intensity. (Mean of nlne replicates). 

DM Percentage of 
Rate (mg d m-2 hr-• ) Standard Deviation maximum 

M Col 72 33.2 2.6 100 
M Col 22 32.11 3.3 96 

M Col 1292 31.5 2.9 95 
31.5 2.8 95 

C MC 40 31.0 3.3 93 
M Colll3 30.9 2.7 93 
M Col946 30.9 2.5 93 
M Mex 17 30.8 3.2 92 

M Col l 2 30.7 3.1 92 
29.4 3.7 88 

M Col667 30.51 2.6 92 
CMC 84 29.7 2. 1 89 
M Col638 29.8 3.9 89 
M Mex 11 28.5 2.5 86 

M Colll9 28.4 2.3 85 
26.8 2.3 80 

Popayan 27. 1 2. 1 8 1 
26.7 3.2 80 

M Mex 59 26.8 2.4 80 

' Only six repli<:ates compared to nine in the upcriment. 
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Real harvest index 
0.6,..-,---- ,--------,----T---, 

0.51--t----t-

0.2 0.3 

Measured harvest index 

Figure 10. Relation between measured and real 
hanest indtx of cassava. 

re1ative p1anting dates of the two crops so 
that neither suffers from excessive com
petition. 

When cassava and Phaseolus beans were 
intercropped at CIA T, cassava root yie1d 
was litt1e affected by the p1anting date of 
the beans (Fig. 11) compared with 
monocu1ture cassava harvested at 340 
days. When intercropped cassava was 
harvested earlier at 260 days, the effects 
were more pronunced with cassava yields 
being markedly reduced when the beans 
were planted four weeks befare the 
cassava. 

Bean yie1ds were not r~duced by inter
cropping with cassava when the beans were 
planted from four to six weeks befare the 
cassava. H owever, bean yields showed a 
marked decline when beans were planted 
from three weeks befare to six weeks after 
the cassava (Fig. 11). 

When beans were p1anted six weeks 
befare the cassava, total land use time for 
the two crops was 382 days. However, 
when they were planted at the same time or 
la ter, totalland use time was 340 days when 

C-10 

Yield relative to monoculture (%) 

b:2av~ Jo day! l 
1 

60 
' 1 

40~~d_ays 
20 t--\tl 1 

1 , , L 
6 4 3 2 1 o 
Before cassava After cassava 

Bean planting interval (weeks) 

Figure 11. Root dry matter yield of cassava at 340 
and 260 days and yield of beans at maturity wben 
beans werr planted w ith different planting dates. 

the cassava was harvested 340 days after 
planting. The Land Equivalent Ratio 
(LER) of the various planting dates was 
calculated as the ratio of the land area 
needed in intercropping/ monoculture for 
both crops. (The la'\d equivalent ratio was 
corrected so that a ll comparisons were 
made on equivalent total land use time.) 
The most efficient biologtcal land use 
measured by the LER was l. 7 when crops 
were planted at the same time, or beans one 
week earlier ( Fig. 12). This very high LER 
suggests that there is great potential for 
intercropping with cassava. Yields in
dicated that one hectare of land can 

LER 

18~ 1.6 . ' _J 

1.4 1 ' j-L2 Atr~ 
l.O 6 4 3 2 1 o 1 2 3 4 6 

Wceks before Weeks after· 
Bean planting date relative to cassava 

figure 12. land Equivalen! Ratio (LER) of a 
cassaVII / bean association at different relative plant· 
ing dates (cassava M Mex 11). 
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optimaUy produce 34 tf ha of fresh cassava 
and 2.9 tfha ofbeans in lessthan one year. 

lntercropping did not affect root dry 
matter percentage but the starch content 
on a dry matter basis was markedly 
reduced when beans were planted before 
cassava. 

P!ant Populations 

When two different crops are planted 
together they compete for light, nutrients 
and water. As the density of each crop 
increases, competition increases. As the 
cassava density is increased in 
monoculture root yield either reaches a 
plateau or a marked optimum, depending 
upon the variety. As bean populations 
increase yields also increase and then reach 
a plateau. However, optimum plant 
populations for yield in intercropping may 
be different from those in monoculture. 

Bean yicld 
(g/ r:nl) 

280 

270 
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2SO 

240 

--=-

1 1 
P302 bcans 

/ 
......... 

Monoculturc 

1 
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T 

1 
LSD .0.~5 · 
assoctatlon 1 

160 
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cassav~ 

Bcande~ ~ 1 ~ Associated 

/ with M Mex 11 
f- Cassava 

-o _____.. 
1""" 1 

c.v. 11% 
JO 20 30 40 

Two varieties of cassava, M Mex 11, a 
non-leafy, late-branching type, and M Col 
113. early-branching, leafy type, were 
planted at d ifferent population densities 
with P302. a bush bean with f~w branches, 
and Puebla, a prostrate, heavy-branching 
bean type. There was no obvious interac
tion of increasing densities of bean pop
ulations x cassava populations on yield of 
beans or cassava. 

Since cassava was planted two weeks 
before the beans, yields of intercropped 
bf'.ans were low due to the bean planting 
date. Y ield of Puebla in monoculture 
tended to increase slightly as density 
increased but no effect was observed in 
intercropping. However, the yield of the 
intercropped bush bean P302 increased 
with population density (Fig. 13). Bean 
yield was more severely reduced over all 
population densities when intercropped 

1 1 
Puebla beans 

f---t-----·-__.l---~----1 

~~ Monoculture 1 

-1--+-----tT LSD 0.05 -t' - 1 1 

• 1 association 1 
, Associated with l 

M Col ll3 
~cassava t 

--+- __ 11-----, 
1 

Associated with -l 
, - M Mex 11 l 

LSD 0.05 r cassava r--:- Bean density f --<¡ l 

'-y 1 1 ~~ 
~l--+- -+-¡ --i-l--il 

10 20 30 40 

Bean population (plantsf ml) 

Figure 13. Dry bean yield of two varieties as úfected by plant deusity of beans alone and In assoclatlon with 
two cassava varietles. 
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Figure 14. Cassava yi~lds a~ affectcd b) intercrop
ping with two bean ' 'arieties at 'ar)·ing den~ities. 

% maximum yield of cassava 
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% maximum yield of beans in monoculture 
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11.0 14.0 18.5 

with M Mex 11 than with M Col 113. (M 
Mex 11 has more early vigor than M Col 
113 and emerged above the bean canopy 
two weeks earlier.) However, bean density 
abo ve 10 plants/ m2 did not affect cassava 
yields (Fig. 14). 

When cassava density was increased 
hean yield was markedly reduced (Fig. 15). 
However, yield of M Mex 11 increased 
with plant population in both monoculture 
and intercropping. Yield of M Col 11 3 in 
monoculture reached a maximum atabout 
5000 plants / ha and then declined. When M 
Col 113 was planted at more than 6900 
plants/ ha and intercropped with P302, the 
cassava yield was superior to the 
monoculture level at any density. This 
suggests that intercropping beans with 
cassava in certain cases may increase the 
yield of M Col 113 above the monoculture 
level although yield never reached that of 

M Col 113 1 1 

1 
1 

1 : 1 

l 1 

~ ~ / 1 

""" 
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~ Á / 1 
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Figure 15. Cassava yields and bean yields as percentage of maximum yield as affected by cassava plant 
densities in association with beans and in monoculture. 
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M Mex 11 in monoculture. While the yield 
increase of M Col 113. may appear 
anomalous, early competition may have 
lowered early growth vigor reducing the 
later LAI to near optimum; consequently, 
yield improved in a process similar to that 
which occurs when apices are removed. 

These data suggest that it may be 
difficult to breed for high yield in inter
cropping systems without depressing the 
yield of the associated crop. Nevertheless, 
when the best monoculture yields of 39.4 
t ha by M Mex 11 and 2.6 t1 h& by Puebla 
were used as a reference, LER's of greater 
than 1 were consistently obtained in this 
tria l(Fig. 16). Ascassavadensityincreased 
when M Col 11 3 was planted with Puebla. 
Land E4uivalent Ratios declined but 
remained fairl y constant in o ther com
binations. Yields in this experiment were 
lower thAn those of the planting date tria!; 
this may ha ve been dueto Problem X in the 
beans. The highest yields of cassava (M 
Mex 11) were obtained at the highest plant 
population ( 18,500 plants/ ha) whereas the 
highest LER's were obtained at much 
lower p1ant populations of cassava. This 
suggests that optimum cassava pop-

LL. 

O. 70L..L--'---'-----=-'-=---=-'-:--'-=----'-~ 
5.5 6.2 6.9 8.0 9.3 11.0 14.0 18.5 

Cassava de n~itv 
Figure 16. l.and Equhalent Ratio (LER) of 

different cassa' a/ bean lbsociations compared lo best 
monoculture ) ield of cassa' a nnd beans. 

ulations may be different for mtercropping 
ca-;~ava and beans. however. bean pop
ulatw ns commonly emp loyed can be u~ed . 

Pathology 

Special emphasis was placed on research duced stem galls on severa! cassava clones. 
to detennine losses dueto Cercospora leaf The effect of protectant fungicides on 
diseases and the use of cassava bacteria! storage and germination of cuttings was 
blight (CBB) infected planting material. also determined under field conditions to 
The efficacy of greenhouse and field eva luate losses caused by the lack of 
screening evaluations for resistance to sanitary precautions for planting material. 
CBB were aJso determined and s tudies 
were done on the variability of the causal BACTERIAL DISEASE~ 
agents of CBB and superelongation. 

Varieties, from the CIAT germplasm 
bank, and prom1smg hybrids were 
evaluated for resistance to CBB. 
superelongation, Cercospora leaf diseases 
and Phoma leaf spot. Preliminary 
etiological st ud ies were al so u ndertaken on 
an unreported bacteria! species that in-

Cassava Program 

Ca~~a'a Bacteria! Blight (CBB) 

Studies on pathogenic variability ofthe 
causal agent continued this year with 29 
cassava varieties with different degrees of 
resistance and using two strains represen
tative of each of !he virulence groups 1, 2, 
3, and 4 reported last year (CIA T Annual 
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Report, 1976} . Ten 45-day-old 
plants 1 variety 1 strain were clip-inoculated. 
Results confirmed differences in virulence 
among the strains of this pathogen, but the 
strains did not interact differently with the 
cassava genotypes tested. Consequently, 
the existence of distinct races of the CBB 
pathogen has not been determined; the 
most virulent strains must be used for 
screening purposes. 

F ield vs. greenhouse screening methods. 
The efficacy of greenhouse screening for 
resistance to CBB (CIAT Annual Reports, 
1975 and 1976) was determined by com
parison with field evaluations in areas with 
high rainfall (2200 mm¡ year) for prolong
ed periods (nine months). Sorne 109 
varieties were evaluated in the greenhouse 
and in Carimagua, using a highly virulent 
Carimagua strain. Twelve plants ; variety 
were planted in Carimagua, at the begin
ning of the rainy season and six months 
after planting, naturally i nfected plants 
were evaluated. 

Results showed a statistically significant 
. correlation between greenhouse and field 
eva!uations for identification of resistant 
varieties (Fig. 17). Even though sorne 
varieties showed moderate resistance in the 
greenhouse evaluation and susceptibility in 
the field, it was concluded that the 
greenhouse technique is useful as a rapid 
method of screening for CBB resistance. 
but later testing for resistance under field 
conditions is required . 

When the same varieties were evatuate<l 
in the Cauca Valley (400 mm of rainfall 
scattered over six months), the most 
susceptible varieties in both the greenhouse 
and the Carimagua trials were only 
moderately infected eight months after 
planting. Therefore, it appears that field 
evaluation for CBB resistance req uires: ( 1) 
initial inoculations; (2) severa! months of 
host exposure to the pathogen during rainy 
periods; (3) heavy rainfall (mínimum of 
120 mmj month) for at least four months; 
and, ( 4) evaluation at the end of rainy 
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hgure 17. Rclationship between greenhouse and 
field e'·aluation> {al Carimagua) for resistance to 
cas,aya bacteria! blight (CBB) of 109 cassaYa 
,·arieties. {Re~i~tant = 2.0; Su>ceptible = 5.0). 

(Figures within the matrix are the number ofvarieti~ 
for ea eh pair of ratings.) 

periods to avoid confusion with symptoms 
induccd by othcr factors (insects, drought. 
etc.) a nd plant recovery dueto the effect of 
dry periods on disease development. 

Field losses due to cutting infection. 
Disease lossesl caused by CBB in plan
tations infected at monthly intervals were 
dctermined last year (CIAT Annual 
Report, 1976) under Cauca Valley con
ditions. using the moderately resistant 
variety Llanera and the susceptible M Col 
113 and M Mex 23. This year, three 
replícated plots of these varieties (36 
plants 1 plot) were planted with cuttings 
takt:n from 10-month-old plants that had 
been infected at monthly intervals. No 
artificial inoculation was done and the 
rainfall was scattered, totaling only 688 
millimeters. 

When yields of plants from cuttlngs 
infected at nine months were compared 
with yields of controls (Fig. 18), yield 
reductions were 27, 29 and 31 percent, 
respectively, for Llanera, M Col113 and M 
Mex 23. Cuttings taken from plants 
infected at two months yielded 38, 34, and 
46 percent less than the disease-free 
controls. This suggests that CBB can 
seriously reduce yield when planting 
material is taken from infected plantations 
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Figure 18. \ ield lu;,, c;, uf ca;,a•a \\hen cuttings 
were taken from plan!> infect ed "ith ca;,;,ava bacteria! 
blight (CBB) at montl) intenab. 

of susceptible or even moderately resistant 
varieties. 

As rainfall was low and scattered during 
the _ experiment, yield losses can be prin
cipally attributed to the effect of primary 
CBB infections, reflected in reduced 
establishment and death of young plants 
during the first two months. In areas with 
periods of higher rainfall, disease losses 
could be considerably higher due to 
secondary infections. 

Evaluation for resistance. To identify 
new sources of resistance to CBB 328 
varieties were evaluated under greenhouse 
conditions; two were resistant, 90 tolerant, 
and 236 susceptible. Another 585 varieties 
were evaluated under field conditions at 
Carimagua; 5 were resistant, 31 moderate
ly resistant and 549· susceptible. Ad
ditionally, 668 high-yielding hybrids 
developed by the Yarietal lmprovement 
section were evaluated under greenhouse 
conditions (Table 5). 

Cassava Program 

Bacteria! Stem Gall 

A previo usly unreportcd bacteria! dis
ease of cassava has been found affecting 
three-year-old cassava plants. lnfected 
plants are stunted and have large galls on 
the nodes of the most lignified part of the 
stem ( Fig. 19). The galls are characterized 
by the presence of severa! germinal buds. 

lsolation of the pathogen was made by 
grinding surface-sterilized tissues taken 
from galls, suspending them in sterile 
distilled water and streaking on Schroth' s 
and ·Clark's media in petri dishes. Well
developed, white, mucoid bacteria! 
colonies developed after two days incuba
tion at 280C. Pathogenic tests by direct 
stem inoculation with a needle prick were 
done on one-month-o ld plants of different 
varieties. Thirty days after i noculation 
symptoms appeared as normal tissue 
proliferation around the inoculation site; 
fifteen days la ter, galls were clearly formed; 
two months afterward, plants were weak 
and stunted; and three months after the 
inoculation over 90 percent of the plants 
showed dieback. However, the new shoots 
which developed below the galls were 
apparently healthy. 

Galls were induced by this bacteria! 
species on 30-day-old tomato plants by 
direct stem inoculation during a 20-day 
period. Also, galls were produced on 
young freshly sliced carrots on the secon
dary phloem two weeks after inoculation 
with cotton saturated witha heavy suspen
sion of bacteria! isolates. 

Pathogenicity results and preliminary 
physiological and biochemical tests 
suggest that this pathogen belongs to the 
genus Agrobacterium. 

Diseased cuttings produced 13 percent 
diseased plants in sterile soil under 
greenhouse conditions, but when ap
parently healthy cuttings were taken from 
diseased plants, no diseased plants were 
produced . Apparently, this bacteria! 
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Table 5. Greenhouse e''aluation of resistance lo cassava bacteria! bligbt (CBB) ofF¡ crosses from cultivan 
witb different degrees of resistance. 

Reaction 
Cross combination of parents 

M Col 22..x M Mex 59 SxS 

M Col 22 x M Ven 318 SxS 

M Col22 x M Ven 307 S X? 

M Col 22 x M Col 647 SxR 

M Colll3 x M Col 22 SxS 

M Col 113 x M Mex 55 SxS 

M Col 113 x Llanera S X MR 

M Col 11 3 x M Col 638 SxR 

M Col 113 x M Col 647 SxR 

M Col 755 x M Ven 143 SxS 

M Col 755 x M Col 655A SxS 

M Col 755 x M Col 690 SxS 

M Col 755 x M Col 1684 S X MR 

M Col 755 x M Col 647 SxR 

Llanera x M Col 690 MRxS 

Llanera x M Col 1684 MRxMR 

Llanera x M Col 647 MR X R 

M Col 647 x M Ven 143 R xS 

M Col 882 x 7 varieties S X 2 

i R· resistan~ MR- modcratcly retistant; S ::r. suaccptiblc 
' Su~<q>tible: 5, Moderately resistanc 1, Resistant: l. 

pathogen can be disseminated by planting 
infected cuttings, but healthy planting 
material can be obtained from diseased 
plantations if !tem pieces are carefully 
selected and sterilized knives are used. 

FUNGAL DISEASES 

Superelongation Disease 

Pathogenic variability. Studies con
tinued on the variability of Sphaceloma 
manihoticola, the causal agent of 
superelongation disease (CIAT Annual 
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MR S 

42.6 50.0 

81.2 18.2 

70.0 30.0 

42. 1 3 1.6 

43.8 56.2 

66.7 33.3 

8.3 91.7 

22.2 59.2 

42.9 50.0 

27.8 72.2 

5.3 81.6 

30.0 50.0 

19.0 71.5 

41.4 51.7 

12.5 87.5 

6.7 86.6 

23.5 68.6 

30.0 60.0 

26.5 55.9 

No. of 
hybrids 

68 

11 

10 

19 

16 

18 

12 

27 

16 

18 

38 

10 

21 

29 

16 

15 

5 1 

10 

34 

Report, 1976). F ourteen varieties, selected 
for their reaction to this pathogen in field 
and greenhouse inoculations, were ar
tificially inoculated with 1.5 x 1()6 
spores/ ml with seven strains, from 
different geographical areas, under con
trolled environmental conditions. 

Groups of strains of S. manihotico/a 
interacted differently with cassava 
genotypes (Table 6). Of the cassava 
varieties, four differential groups were 
identified that showed resistance to three 
physiological races among the seven 
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galls 
sp. on a 2.5-year-old cassava plant growing in the 
fltld. ~alls are on the stem portion nearest the 
vound. 

strains of S. manihoticola tested. These 
physiological races have the following 
patbogenic characteristcs: Race 1 produces 
a susceptible reaction on differential 
groups of varieties 1 and 11 and a resistant 
or tolerant reaction on differentials 111 and 
IV; Race 2 produces a susceptible reaction 
on differentials 1 and lll and a resistant or 
tolerant reaction on differentials 11 and IV; 
Race 3 produces only a susceptible 
reaction on differential group l. 

The existence of physiological races of S. 
manihoticola was confirrned during field 
evaluations. Sorne 297 cassava varieties 
were planted at Quilichao and Carirnagua, 
where Races 1 and 3, respectively, were 
detected. Sorne of the resistant varieties at 
Quilichao were susceptible at Carirnagua 
and vice versa (Table 7). Consequently, 
disease reaction was interacting differently 
with genotypes at both locations. Seven of 
these varieties showed field resistance at 
both Quilichao and Garirnagua. Further-

Table 6. Reactions of 14 cassava varieties to seven strains of Sphaceloma manihulicula from diiTerent 
geographical areas. 

Strain group, number1 and varietal rcaction' 

Group 1 Group 2 Group 3 

Differentíal 
group 

JI 

111 

IV 

Variety 

M Col 126 
M Coll15 
M Colll3 
M Col61 
M Col 22 
M Col 23 
M Col 19 
M Col 133 
M Col 39 
M Col907 
M Col 148 
M Col645 
M Col 33 
M Col96 

2 

S S 
S S 
S S 
S S 
S S 
S S 
S S 
S S 
S S 
S S 
T R 
R 1 
R R 
R R 

3 4 5 6 

S S S S 
S S S S 
S S S S 
S S S S 
S S S S 
S S S S 
S S S S 
S S S S 
S R 1 R 
S R R 1 
R S S T 
T S S R 
T R R T 
r R R r 

1 Atea of Aram c:oUect10n: 1 :Jamundi tCol.l. 2 : Pancc f(o) ). -' :::,.wtandcr (('ol.) . .a =Vu•k""lc 1( ul J. ~=ti\ 1 ( t ul '· 
6-=-Costa R1ca. 7 :.Ca omagua fCol ) 

2 Dtsea~e ratma; R= res&stant (lmmune reacuon), 1 =tolctant Clc.al Jnd pt:ttol(' c..wlcr ~). ~ : ,U~¡t..t.ptthh. ,,,:\ong.ttt,,n, l...tl. 

pcliolc and stcm cankerl). 

Cassava Program 
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Table 7. R eactions of 297 cassava varieties to 
Sphace/oma manihoticola in the field al 
Carimagua and Quilichao. 

Reaction 

and hybrids evaluated at Carimagua anu 
Quilichao, respectively, 5.1 and 16.5 
percent showed resistance. The varieties, 
M Col 19 and 258 were resistant to 
superelongation at both locations. Both 
varieties were also highly resistant to CBB 

Resistant, in both greenhouse and field evaluations at 
Moderately Carimagua. M Ven 39 was resistant to 

_L_o_c_a_tio_n _______ s_u_s_ce_p_ti_b_le_R_e_si_st_a_nt_ superelongation and CBB in the 

Carimagua 

Quilichao 

284 13 

270 27 

Quilichao / Carimagua 290' 

1 Varietics susccptlble 10 either one or both sites. 
1 Varietles resistant at both sites. 

72 

more, they have shown the same disease 
reaction in the Quilichao area over a three
year period of continuous planting. 

S. manihoticola also attacks the follow
ing perennial and annual alternate host 
species: Manihot spp., Euphorbia 
pulcherrima, E. heterophyl/a, and Euphor
bia sp. 

Páthogen survival. When samples were 
stored at 23°C ( + 8°C) and 70 percent 
relative humidity, the fungus was isolated 
from diseased stems, petioles and leaf 
tissues for up to six months. This indicates 
that the pathogen can survive long dry 
seasons. 

Pathogen eradication from cuttings. As 
reported, the pathogen was eradicated 
from cuttings dip-treated for three minutes 
in captafol at 8000 ppm a.i. (CIAT Annual 
Report, 1976) which was confirmed this 
year. Also, copper hydroxide and captan 
reduced infection, but eradication was not 
complete (Table 8). Consequently, cuttings 
should be treated with captafol when 
material is taken from areas where 
superelongation is present. 

Evaluation for rcsistance. Evaluation of 
selected varieties and promising, high
yielding hybrids was done at Carimagua 
and Quilichao. Of 1027 and 297 varieties 
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greenhouse at CIAT and at Carimagua. It 
was not evaluated for resistance to 
superelongation at Quilichao. 

Sorne 16.5 percent of 175 high-yielding 
hybrids were resistant to superelongation 
at Quilichao. The same material will be 
evaluated at Carimagua. 

Phoma Leaf Spot 

Of 260 varieties evaluated for Phoma 
leaf spot under field conditions at Pop
ayan, only 2 percent showed any resistance 
to the pathogen. An evaluation of 343 
hydrids from crosses between susceptible 
parents showed no resistance; 3.2 percent 
tolerance; and 96.8 percent susceptibility. 
This confinned last year's results that the 
frequency of resistance to this disease is 
low (CIAT AnnualReport, 1976) and that 
resistance can only be achieved with 
controlled hybridization using resistant 
sources. 

Resistant varieties-CMC 92, Popayan, 
M Col 712, M Col 303 and Dovio--were 

Table 8. Control of Sphace/oma manihoticola on 
cassan cuttings by dipping for three 
minutes in fungicides. 

No. of P ercentage 

No. of healthy diseased of 
Treatment1 plants plants infection 

Control 30 95 76 

captafol 44 o o 
copper hyd roxide 23 8 26 

captan 38 4 10 

All :toluuons with chcm1cals conta1ned ~()()() ppm a.i. 
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planted continuously for the past four 
years in areas where this disease is endemic 17·5 

and epidemic ( on susceptible varieties). 
These varieties ha ve shown stable reactions 15·0 

which may indicate that resistance to this 
disease is stable, Similar results were 12·0 

obtained following artificial inoculations 
under controlled environmental con- 10·0 

1 
Brown leaf spot. unsprayed 

o M Mex 55 
• 'vi Col 946 
{', eh irot.a +---+---H'+---tl ........ :--1 

dit to ns. 

5.0 

Cercospora Leal Spots 

10.0 1 1 - T 1 

tudies were done on the 
epidemiological aspects of brown leaf spot 
(Cercospora henningsii) and of leaf blight 
(C. vicosae) and the yield losses they cause. 
Five varieties and four hybrids were 7

·5 

planted in a split plot design at Caicedonia 
5.0 

llrt " n le~f spot, sprayed 

l / _ 
(to study brown leaf spot) and Quilcacé (to 
study leaf blight). One-half the plots at 
each location were sprayed weekly with 
benomyl (150 ppm a.i./ 100 liters) for 
disease control. The development of each 
disease and its effect on leaf fall and yield 
losses were compared for the sprayed and 
unsprayed plots. Disease development was 
assessed at three-week intervals, based on 
percentage of diseased leaf area and 
number of lesions/ leaf. 

Brown leaf spot. Disease development 
with time is shown for three susceptible 
varieties in Figure 20. Results indica te that 
the lag in the inocuJum build-up phase of 
this disease occurred during the first 183 
days of planting, followed by an exponen
tia! phase ( epidemic stage) of approximate
ly 20-60 days which varies according to 
variety. The long time period required for 
the exponential phase indicates that it 
might be possible to prevent or reduce the 
exponential phase by prograrnming plan
ting with the rainy seasons. In areas with 
only one annual rainy season, planting at 
thz end of the rainy season can reduce the 
inoculum potential during the dry season, 
avoiding or reducing epidemics during the 
rainy season. In areas with bi-modal 
rainfall patterns, it might be better to plant 

Cassava Program 

\ __...., 
L 

:V / ..::rr--
2.5 

o 
44 113 133 153 173 193 213 233 

Days after planting 

hgure 20. Pucentage uf di~eased leaf area in 
cassll\ a plot~ infected "ith brown leaf spot. 

at the beginning of the heaviest rainy 
period so that inoculum build-up would be 
reduced by the next dry period; if the 
second rain y period were mild the chances 
of an epidemic would thus be reduced. 

Leaf fall was assessed as the inverse of 
leaf retention percentage . Differences were 
highly significant ( P = O. O 1) between 
sprayed and unsprayed plots. Similarly, 
the variety J di sea se interaction in percen
tage of defoliation was highly significant (P 
= 0.0 1) (Fig. 21). 

The" disease reduced fresh root yield 
signiftcantly in susceptible varieties but not 
in resistant varieties (Table 9). Root starch 
content was also reduced 7.3 percent in the 
susceptible variety M Mex 55. These 
results indicate that fresh root yield and 
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Defoliation (%) 

l 173 193 213 233 253 

Days after planting 

Figure 21. Re1atin d efoliation of resistant and 
sUKeptible c:assan varieties infected with brown leaf 
spot. 

starch content are reduced on susceptible 
genotypes attacked by brown leal s¡:¡ot. 

Cercospora Leaf Blight. The develop
ment of this disease with time is shown in 
Figure 22. Apparently, the lag phase for 
this disease is shorter than that of brown 
leaf spot. This may indicate (as shown by 
yield assessments in Tables 9 and 10) that 
yield reductions caused by Jeaf blight could 
be higher than those for brown leaf spot; 
consequently, control by varietal 
resistancc is more important for this 
disease. However, since the lag phase is 
long, programmed planting according to 
rain y f dry seasons should reduce 
epidemics. 

Disease attack caused severe defoliation, 
as shown in Figure 23 . M Col 803 showed 
relatively low leaf infection (Fig. 22), and 
hence, considerable defoliation (Fig. 23), 
possibly indicating this variety is highly 
sensitive to fungal infection (i.e. sensitivity 
to fungal toxin production). Similar data 
were obtained with other varieties. Yield 
was significantly reduced by the disease 
(Table lO) and root starch content was also 
reduced (Table ll). 

Tabie 9. Fresh root yield of cassava genotypes infected with brown leaf spot ( Cercospora henningsii). 

Yield (t ¡ ha) 
Percentage 

increasc 
Genotype Reaction' Sprayed2 Unsprayed lncrease in yie1d 

Varieties 

M Mex 55 S 27.96 23.79 4.17 14.91 

M Col946 S 29.70 26.65 3.05 10.27 

Chiroza R 29. 13 29.57 -0.44 - 1.51 

M Mex 59 R 32.72 32.95 0.23 - 0.70 

Hybrids 

CMC-323-334 S 31.89 26.73 5.16 16.1 8 

CMC-323-497 S 23.21 17.83 5.38 23. 18 

C MC-323-178 R 22.33 20.70 1.63 7.30 

CMC-323-492 R 15.58 15.70 -0.12 - 0.77 

S.:. liUKepublt. R• resaSiant, 1 • tolcrant 

' Spra)'~ ""'ere Jpphcd ~cd.l~. bcnonl)'l at 'SO ppm a 1 !00 lucn l4as thc fungacadc 
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Diseased leaf area (%) 

18 

o M Mex 55 
"' Chiroza 

12 ~-----•-rM~C~o~l~8~0~3----~--r-~----~ 

Days after planting 

18 

16 

14 

12 

10 

8 

6 

4 

2 

1 1 N Unsprayed hybrids 

1 

• CMC-323-180 

1 / o CMC-323-334 

1 1 
N 1 

1/ j\ j 
1 1 --r--.1 .1 

1 
~ 

' 

~ ~ 
125 l5S 185 215 245 

Days after planting 

Figure 22. Percentage of diseased leaf area In unsprayed c:assava selections and hybrids lnfected with 
Cercospora leaf blight. 

Table 10. Fresh root yield oC cassava genotypes lnfected wlth leaf bUpt (Cercospora vicosae). 

Yield (t/ ha) 

Percentage 
Genotype Reaction1 Sprayed1 Unsprayed lncrease mercase 

Varieties 

M Mex 55 S 23.36 19.74 3.62 15.50 

M Col946 S 16.24 14.21 2.03 12.50 

M Col803 S 20.83 14.86 5.97 28.66 

M Mex 59 R 24.90 24.28 0.62 2.55 

· Chiroza T 15.13 14.80 0.33 2.1 8 

Hybrids 

.CMC 323-180 S 35.40 24.65 10.75 30.36 

CMC-323-334 S 34.40 25.43 8.95 26.08 

CMC-323-483 R 27.30 27. 14 0.16 0.59 

CMC-323-497 R 28.20 28.90 -0.70 -2.48 

1 S""' susceptible, T • tolerant, R • resistant 

' Sprays were applied weekJy; bcnomyl at 150 ppm a.i. t 100 hters was the fungicide 
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Defoliation (%) 

60 H---- Unsprayed selections ____ _, 

1 

o M Mex 55 
t> M Col 803 
o Chiroza 

50 ~----=•,_M Col 946 ---t-----:-r+--+-• 

20 r+--------+--------r--------4 

70 ,----,.-~----,---.-------¡ 

Cnsprayed h)brid~ 1 

o C MC-323- 180 

t--t---=--• C MC-323-334 -+-----+~ 
t:. CMC-323-483 
• C"AC-323-497 

20~r-------~-------+---------

0 185 215 245 275 o 18) 215 245 215 

Days after planting Days after planting 

Figure 23. Relative defoliation in resistan! and susceptible cassava varieties and hybrids infected with 
Cercospora leaf blight. 

Relative importance of Cercospora 
diseases. Given the losses induced by these 
two Cercospora diseases and their oc
currence in most cassava-growing areas, 

Table 11. Percentagc root starch content in 
ca!>l>B\B 'arietie~ infected with leaf 
blight (Cercospora vicosae) 
(sprBJ ed/ un.~pra} ed plots). 

Root starch 
content decrease 

Variety Reaction 1 (Ció) 

M Mex 55 S 3.ó 

M Col !!03 S l!.2 

M Mex 59 R 1.7 

Chiro7a T 1.0 

S . SU-"Cepllble. r- lOI('fMnl. R - fC'SISlam 
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they are both economically important. 
Leaf blight may cause greater yield losses 
than brown leaf spot, but losses induced by 
both in areas where they occur 
simultaneaously may be higher than in 
areas where only o ne disease is present. 
Control methods that combine varietal 
resistance, with planting dates and spacing 
must be developed. 

OTHER DISEASES OF CASSA V A 

Frog Skin Disease 

1 nvestigat ions on transmission ha ve 
shown that in addition t o dissemination in 
cuttings (C IAT Annual Report, 1976), the 
disease is also transmitted by grafting 
( 100%) and by using infested k ni ves (about 
5%). Furthermore, 90 percent of shoots 
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taken from infected cuttings and rooted in 
sterile water prod uced diseased plants. 
New assessments of disease losses in the 
field were done in cooperation with the 
Secretaria de Agricultura of the Depar
tamento ~f Cauca. These experiments 
showed that when diseased cuttings were 
used, complete loss of commercial root 
production was completely lost. But when 
healtby planting material of the same 
variety was used, yield was 22 t fha. 

Anthracnose 

This year, it was found that this disease 
develops only in a high humidity environ
ment. Following artificial spray inocula
tion, disease damage was severe (dieback. 
on more than SO% of the plants) only on 
one-month-old seedlings when high 
humidity conditions were maintained for 
more than 24 hour$. If the relative 
humidity dropped below 90 percent, plants 
tended to recover, producing new shoots. 
lt appears that this disease is important 
only when cassava is planted during a 
heavy rainy period and when plants are 
attacked during the first two months. 
Nevertheless, disease damage to the stem 
can reduce the quality of the planting 
material. Germination of cuttings with 
heavy anthracnose damage (cankers) was 
reduced by about 15 percent, and about 20 
percent of the germinated plants were 
weaker and smaller than controls. 

TREATMENT AND STORAGE 
OF PLANTING MATERIAL 

The effects of fungicidal treatment of 
cuttings on the variety M Mex 55 are 
shown in Table 12. Untreated control 
cuttings were attacked by insects and stem 
pathogens and were deliberately non-

. selected, to simula te what farmers normal
Jy do in the fiel d . From. the results, it is 
evident that unselected cuttings germinate 
ijOOrly and plants have low yields. When 
these cuttings were treated with fungicide 
solutions, germination increased and plant 
yields were high. Results showed that 

Ca•ava Program 

Table 12. Yield of M Mex 55, 12 months after 
planting unselected cuttings dip-treated 
for three minutes with different 
fungicide solutions. 

Germination Yield 
Chemical (%) (lcg/ plant) 

captafol 781 4.11 
carbendizim + captan 75 3.5 
carbendizim + captafol 

+ PCNB 74 3.1 
carbendizim 74 2.7 
carbendizim + PCNB 74 2.3 
carbendizim + rnaneb 66 2.3 
maneb 62 1.9 
Control 44 1.7 

• A si¡nif~Qnt diffcreoce (P a 0.01) exilted between cbemical 

treatmenu and the control. 

captafol, which also controls superelonga
tion in cuttings is a promisíng fungicide for 
cassava cutting treatments. 

To study the effect of fungicide 
treatments on storage of cuttings, long(70 
cri:l) and short (20 cm) stem cuttings of M 
Col 946 (a good germinating variety) and 
M Col 803 (a poor germinating variety) 
were dip-treated for three minutes with 
BCM and captan (2000 ppm a.i. each) or 
chlorothalonil and maneb ( 4000 ppm a.i. 
each). Cuttings were stored in the shade in 
the field and weekly germination was 
tested by planting the cuttings at 50 
plantsfvariety/ treatment in a split plot 
design. Results (Figs. 24 and 25) indicated 
that: ( 1) there are varietal differences in 
germination over length of storage; (2) 
treatment of cuttings with fungicides 
prevents germination losses dueto storage 
(BCM +captan appeared to be much better 
than other combinations); (3) germination 
losses are largely caused by pathogens and 
insects during storage (slight dehydration 
of cuttings does not seem to effect 
germination during the first month of 
storage); (4) short cuttings (20 cm) of a 
good germinating variety can be stored for 
a month without affecting germination if 
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Percentage Germination Variety 1 
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Figure 24. Effect on germinal ion of cuttings afltr time of storage and treatment with two combinati.ons of · 
fungicides, fiéld experiment. 

they are treated with appTopriate fungtcide 
solutions: (5) for varieties with poor 
germinating ability, planting material 
should be stored in long ( 70 cm) stem 
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pieccs; and, (<>) all planting matenal should 
be treated with appropriate t ung1nd..: 
solutions before storage. A second treat
ment before planting is recommended to 
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Percentage Gennination 

' 
fungicide 1: BCM + captan 

(4.000 ppm) 
Fun¡icide 2: chlorotbalonil + maneb 

(8.000 ppm) 

M Col803 

o Before storage and before planting 
e Before storage 

20f----+---+----+---1f--A Before planting 
A Control 

o 2 3 4 

Storage Period (weeks) 

4 

figure 25. EO'ect on &ermination of c:uttinp alter time of ltorqe and treatment wltb two c:omblaationa of 
fun&iddes, tleld experlment. 

protect cuttings of long stem pieces from 
microbial invasions through wounds made 
Caaava Program 

during shipping and preparation of cut
tings. 
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Entomology 

The main objective of the cassava pest 
management program is to suppress insect 
pests and maintain populations below their 
economic damage threshold avoiding the 
use of pesticides and other costly inputs 
when possible. Cassava entomology efforts 
emphasize the determination of yield 
losses, biology and ecology of pests, the use 
of insect-free planting material, and the 
development of control methods using 
host plant resistance, biological control, 
cultural practices and economic and 
discriminate use of pesticides. 

CASSA V A HORNWORM 

Economic Damage 

The cassava hornworm (Erinnyis ello) 
has been described as a voracious feeder, 
defoliating extensive cassava hectarage 
and feeding on stem tissue and lateral buds. 
Y ield losses ha ve been estimated at 20-53 
percent in damage simulation experiments 
(CIA T Annual Report, 1976). On a 
severely attacked commercial cassava farm 
where Chiroza, a vigorous, high-yielding 
variety was grown, four plots of 25 
completely defoliated plants were maked 
near four plots of 25 undamaged plants. 
The plants were three months old w hen 
attacked and the crop was harvested at 12 
months. Damaged plants had less foliage 
and were shorter than non-damaged 
plants. Average yield of undamaged plants 
was 4.58 kg/ plant while defoliated plants 
yielded 3. 75 k. g / plan t. This 18 percent yield 
loss equalled 6 t / ha on this farm. 

Biological Control 

Egg parasitism. Hornworm populations 
are cyclic and sharply increased oviposi
tion during certain periods can disrupt 
natural predator equilibrium in many 
cassava plantations. However, natural egg 
parasitism by Trichogramma has been 
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o bserved in many cassava fields and timing 
the liberation of Trichogramma parasites 
to coincide with increased oviposition 
could reduce subsequent hornworm pop
ulations (CIAT Annual Report, 1976). 

T his year two studies evaluated the 
effectiveness of liberating Trichogramma 
on the parasitism of hornworm eggs. 
During a period of high hornworm 
oviposition at ClAT, about 100,000 
Trichogramma were released in a one
hectare field . A nearby field where no 
parasites were released was used as a 
control. 

Natural egg paras1t1sm before 
Trichogramma release in this experiment 
was 52.6 percent and 48.3 percent in the 
control and the treated field, respectively. 
Fifty plantsf plot were sampled. Four days 
after parasite liberation percentage 
parasitism in the treated field increased by 
24.8 percent but only 2. 7 percent in the 
non-treated field- a difference of 22 
percent increase in parasitism between the 
treatment and control. 

In the second experiment, a field of 
cassava was sprayed with dichlorvos (a 
non-residual insecticide) to reduce natural 
hornworm egg parasitism. The field was 
then divided- the control portion having 
a 45 percent initial egg parasitism and the 
portion for Trichogramma release having 
30.8 percent. Trichogramma were released 
a t a rate of 100,000/ haand 150plants/ plot 
were sampled. After four days, the 
difference in percentage parasitism in
crease between the treatment and control 
was 23 percent (Table 13)- arate similar 
to that recorded in the previous trial. One 
day later, parasitism of the control field 
increased to 74 percent and that of the 
release field reached 93 percent, 
demonstrating the effectiveness of release. 
These results indicate that Trichogramma 
release during periods of high hornworm 
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Table 13. P l·rcentage uf ca~sava hornworm (Erinnyis ello) eggs parasitized by Tmhugrumnw sp. in release 
vs. Control fields. 

Release Field 

%of % 
Days after hornworm eggs increase in 
liberation parasitizedl parasitism 

1 30.8 

2 54.2 23.4 

3 80 49.2 

4 76 45.2 

5 92.7 61.9 

1 Tric/togrQmmtl rdcucd 100,000/ ha. 

' Sample of 150 planta/ plot. 

oviposition will significantly increase 
natural egg parasitism. 

Lanal parasitism. Apanteles con
gregatus andA. americanus areimportant 
larval parasites of the cassava hoinworm in 
Colombia. These braconid wasps oviposit 
in hornworm larvae and the parasite larvae 
develop there. Mature larvae migra te from 
the bost and pupate on the outer skin, 
forming a white cotton-like cocoon around 
the carcass of the hornworm larva. 

Larval parasitism by Apanteles 
probably occurs during the flrst three 
hornworm instars. Observations indicate 
tbat during the later · instars Apanteles 
usually emerge and pupate on tbe external 
surface of the bornworm larvae a few hours 
after emergence. The pupa! cocoon encom
passing the hornworm carcass averages 3.8 
centimeters wide by 4.1 centimeters long. 

- Each cocoon contains an average of 257 
Apanteles . pupae, about 80 percent of 
which emerge after 6-7 days. 

Apanteles adults were liberated into 
hornworm-infested fields during 1977 to 
evaluated larval parasitism. In the first tria! 
11 cocoons were released in al1 isolated 
field and 408 cocoons collected after three 
weeks. At tbat time, 382 unparasitized 
hornworm larvae and 633 hornworm 

C.uava Program 

Control 

% of % % increase of 
hornworm eggs increase in liberatcd 1 non-

parasitized parasitism liberated 

45 

61 16 7.4 

73.8 28.8 20.4 

67 22 23.2 

74.3 29.3 32.6 

pupae were collected in the same field from 
which it was calculated that Apanteles 
produced about a 29 percent parasitism 
rate of hornworm larvae. A drawback to 
the use of Apanteles as a homwonn larval 
parasite is tbe high percentage of hyper
parasitism observed. Seven different 
hyperparasites were collected from 
Apanteles at CIAT and a study of 112 
Apanteles cocoons collected on three 
occasions showed an average of 56 percent 
hyperparasitism. 

Bac:illus Thuringiensis 

Applications of B. thuringiensis, a 
commercial bacterial disease of hornworm 
larvae, were made when there were high 
populations of different larval instars. B. 
thuringiensis was effective against the first 
four instars (the fúth was not tested) but 
most effective against the first. In the 
treated fie1ds four days after applic;Üion 
first instar larval populations decreased E8 
percent and second instar 1arvae, 46 
percent. After six days third instar pop
ulations decreased 84 percent and after 
three days, a 70 percent decrease was 
observed for fourth instars. It should be 
noted · that the untreated first instar 
hornworm population of the control was 
reduced · 45 percent, probably due to 
natural parasitism in the field prior to the 
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beginning of the experiment; the third 
instar homworm population of the control 
was also reduced 53 percent due to 
extremely heavy rains. 

HOST PLANT RESIST ANCE 

Mi tes 

Screening in greenhouse and 
screenhouse. Screening of cassava varieties 
for resistance to Mononychel/us and 
Tetranychus mites continued under con
trolled conditions in the screenbouse and 
greenhouse. Promising varieties selected 
d uring previous i!Creenings ( CIA T Annual 
Report, 1975, 1976) were re-evaluated in 
replicated trials to identify the most 
promising varieties, and 705 additional 
varieties were evaluated using the 
resistance scale (0-1 resistant; 2-3 
intennediate resistance; 4-5 susceptible). 
Fifty-eight varieties were selected as 
promising for resistance to M. tanajoa and 
31 as most resistant to T. urticae. Twenty 
varieties bad resistance to botb M. tanajoa 
and T. urticae, indicating a degree of cross 
resistance not previously suspected. 

Field screening for M. tanajoa 
resistance. Almost 2200 cassava varieties 
were evaluated for M. tanajoa resistance 
during a natural outbreak at CIAT. One 
hundred and flfty-two varieties ( 6. 9%) 
were scored resistant and 485 (38.5%) 
varieties showed intermediate resistance. 
Undoubtedly, a more severe mite attack 
would have resulted in fewer resistant 
varieties and sorne varieties selected as 
resistant may have beenescapes. However, 
tbese results indicate considerable 
resistance to M. tanajoa under CIA T 
conditions whicb, because of tbe short dry 
seasons (2-3 months), do not allow large 
mite populations to build up. 

Whiteflies 

One hundred sixty-nine lines of cassava 
germplasm were evaluated for resistance to 
tbe whitefly (Aieurotrachelus sp.) Wben 
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tbe plants were 2, 4 and 6-months-old, 
three separate ratings were made: one 
based on the level of whitefly infestation; 
one based on the number of whitefly pupae 
per leaf; and the third, on the degree of 
plant damage. 

All 169 varieties were heavily infested by 
whitefly adults and pupae. H owever, the 
damage symptoms rating indicates that 
physical damage may be only moderate 
although the plant may be heavily infested. 
While yields of these varieties may not be 
directly affected by heavy whitefly in
festations, tbese varieties may be suscepti
ble to viruses transmitted by the whitefly. 

Thrips 

The CIA T cassava germplasm bank 
(2,247 accessions) was evaluated for 
resistance to tbe thrips, Frankliniel/a 
williamsi, during natural infestation in a 
three-month dry season. Results (Table 14) 
showed abundant sources of resistance to 
thrips in the cassava,.accessions. More than 
58 percent were highly resistant (0-1 on a 
damage rating scale of 0-5) and only 20 
percent were susceptible (3-5 on the 
damage rating scale). While more severe 

Table 14. Evaluation of 2,247 varieties of cassava 
r or resistance lo the thrips Frankliniella 
williamsi with natural infestations in tbe 
yield. 

Damage No. of Percentage 
sea le varieties within grades 

o 656 29.2 

1 656 29.2 

2 369 16.4 

2.5 · 124 5.5 

3 129 5.5 

3.5 102 4.5 

4 176 7.8 

4.5 34 1.5 

5 0.04 
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attacks of thrips could ·alter these ratings, 
these results indicate that resistance to 
t hrips is the rule rather than the~xception 
in cassava germplasm. 

Scales 

The adverse effect of scales on the 
germination of cassava cuttings during dry 
seasons has been previously reported 
(C lAT Annual Report, 1974). A study was 
designed to evaluate damage of the white 
sea le ( Aonidomytilus a/bus) to cassava 
cuttings of M Col 22 (a highly susceptible 
variety) treated with methamidophos and 
~tored for one month before planting. 
Damage grades were also correlated to 
germination of the cuttings after planting 
in a randomized block of four plots with 25 
cuttings per plot (Table 15). Gerrnination 
was considerably reduced when scale
infected cuttings were stored for oné 
month and insecticide treatment did not 
increase germination. 

Treatment of planting material. Obser
vations of cuttings of CMC 40 and M Col 
113 (selected for tolerance and susceptibili-

Table 15. The effect of the white scale 
(Aonidomytilus albus) on the 
~ermination of cassava cuttings (var. M 
Col 22) treated with methamidophos 
and stored for one month prior to 
plantinj! 

% germination 

Damage Stored Unstored 
rating 
scale1 Treated Untrea ted Treated Untreated 

o 84 72 95 95 

33 40 88 91 

2 17 16 40 85 

3 12 3 10 23 

4 o 4 2 9 

1 Damaae ratina tcale: O s no seales; 1-= few scales around buds; 
2 • abou.t 50% o( buds covered wnh sea les; l• sca.les coverina buds 
aftd pan or intemodca; 4 • sea les completely eovenng cuuin,gs. 
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ty, respectively, to scales) infested with 
only one or two scales around the bud 
showed that a severe scale attack can be 
produced when cuttings are planted 
vertically in the field under ideal en
vironmental conditions (when the dry 
season begins shortly after planting). 
However, it was found that the 
insecticides- malathion, 4 percent at 1 
g / liter; triazophos, 1 ce / liter; 
methamidophos, 1 cc/ liter; and Triona + 
malathion, 2 ce+ lg/ liter- all prevented a 
rapid increase of scale populations after 
planting. The treatments were more 
effective for CMC 40 than for M Coll 13, 
indicating a varietal response to scale 
attack. 

Y ield losses. A fidd of M Col 22 was 
evaluated at harvest for scale damage using 
a damage rating scale of: O p1ants with 
considerable foliage and none or few scales 
on stems; 1 reduction in foliage and scales 
covering less than 50 percent of stem 
surface; and 2 severe defoliation, dead 
terminal buds and scales completely 
covering the stern surface. One hundred 
plants of each damage grade were 
harvested their weight recorded, and 
individual darnage grades correlated with 
yieid losses. Results showed a yield loss of 4 
percent for those plants in darnage grade 1 
anda loss of 19 percent fordarnage grade 2; 
The latter darnage represents a loss of 3 
t / ha. 

Biology of Aonidomitylus albus. The 
biology of the white scale, Aonidomitylw 
a/bus Cockerell, was studied in the 
laboratory (temp. 260-280C, RH 75-85%) 
on excised cassava sterns (M Col 22 and M 
Col 113). MaJe scales passed through two 
nyrnphal instars averaging 10 and 6.5 days, 
respectively, and a prepupal and pupal 
stage totaling 4.5 days. Adults lived 1-3 
days and the male life cycle was about 23 
days. In a sarnple of 30 fernales, three 
nymphal instars were observed averaging 
JO, 5 and 9 days, respectively. The third 
nymphal instar is the adult stage. Eggs are 
oviposited under the scale and nyrnphs 
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emerge during a seven-day period. Peak 
emergence occurred from da y 3-5 and each 
female produced an average of 43 nymphs. 
Nymphs, or"crawlers" are mobile for up to 
three days, at which time they become 
stationary and feeding initiates. Males 
have wings and can fly while the female is 
wingless and stationary. Differentiation 
between the male and female occurs during 
the second instar. Copulation occurs when 
the female reaches the third instar. 

Fruit Flies 

Cassava fruit flies (Anastrepha pickeli 
and A. manihoti) damage planting 
material by tunneling in stems of growing 
plants and providing an entrance for the 
bacteria} pathogen Erwinia caratovora 
var. caratovora which causes severe rotting 
of stem tissue. 

The effects of fruit fly damage and 
subsequent attack by E caratovora, on 
cassava (Var. Chiroza) in farmers' fields in 
Caicedonia, Colombia, were evaluated 
according to five damage grades which 
were correlated to yield losses (Table 16). 
Yield losses of the damaged cuttings 
ranged from 4.2 percent for grade 1 (least 
damage) to 33.1 percent for grade 3. Yield 
losses for grade 4 were less than in grade 3 

for every tria!. This may have been dueto 
the possibility that whi1e the grade 4 
cuttings were more damaged, they may 
ha ve come from a better part of the plant. 
In addition, this yield loss pattem observed 
on the three farms was not repeated in the 
trial at CIAT where a different variety, 
CMC 40, was used. Only three damage 
grades were used in the CIA T trial since 
damage was less severe. Results showed 
that cuttings with damage grade 3 yielded 
slightly higher than undamaged cuttings, 
possibly because they may have been taken 
from a better part of the plant as well. 

Mealybugs 

Outbreaks of the mealybug, Phenacoc
cus gossypii, caused severe defoliation and 
dessication of cassava stem tissue on the 
CIA T farm again this year but malathion 
effectively reduced populations. 

The biology of the female mealybug was 
studied with 24 females placed on excised 
cassava stems (M Col 113) in the 
laboratory (temp. 260-2SOC, RH 75-85%). 
There were three nymphal instars with 
averages of 8.6, 5. 7, and 6.3 days, respec
tively. Adult females survived up to 21 
days. Oviposition was initiated between 
the ftfth and seventh da y and continued for 

Tab1e 16. Effect of damage caused by the fruit fly Anastreplw manihoti lUid the bacteria1pathocen Erwinia 
caratovora on germination of cassava cuttinp. 

Yie1d (t f ha)l 
Farms 

% 
Damage Germination Yie1d 

sca1e1 (%) 2 3 X reduction 

o 90.3 38.9 41.0 41.7 40.2 

1 85.7 32.9 38.1 44.5 38.5 4.2 

2 83.7 26.3 39.2 38.4 34.6 13.9 

3 82.7 19.9 26.5 34.2 26.9 33.1 

4 74.0 29.3 31.6 37.7 32.9 18.3 

1 Damage ~Je : a brown dLSColoration tn the p1th arca~ 2.= discoloraüon and sorne rotting al bott-. ends of cuttang~; J = severe 
rottmg of pnh; 4 = scvere rotting of the tunnel and the pith area 
Vanet) planted was Ch~roza 

l Variety planted was CMC 40 

Yield 
at ClAT 

( t ¡ ha)J 

23.9 

21.9 

22. 1 

26.2 
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five days. An average of 328 eggs per 
female were oviposited with the most eggs 
produced the first da y and steadily decreas
ing thereafter. All eggs remain in an egg 
pouch on the posterior of the female's body 
until the nymphs batch. 

While nymphs in all instars are mobile 
they may feed in one area for several days. 
They prefer to feed on the undersides of 
leaves or on tender stems. The female is 
wingless, whereas males have wings and 
fly. 

Severa! predators and parasites of 
mealybugs and scales were collected at 
CIAT (Table 17); not all the parasites ha ve 
been completely identified. 

Termites 

Termites (Coptotermes· spp.) attack 
cassava mainly in the tropical lowlands. 
They feed on propagation material, grow
ing plants and roots. Principal damage 
appears to be loss of cuttings; during 
prolonged dry periods plant establishment 
can also be severely affected. 

Since cassava propagation material is 
commonly stored • for severa! months 
during dry periods before planting begins 
at the onset of the rainy season, a 
preliminary study was done to determine 
the effect of termites on stored planting 
material. One-hundred untreated cassava 
stems and 100 stems treated with a spray 
mixture of 10 percent aldrin and 10 percent 
parathion were stored for 80 days in the 
field. Insecticide applications were made 
every 20 days. All the untreated stems had 
termite damage while treated stems show
ed a 24 percent loss of planting material. 

Two oxperiments were conducted to 
further study prevention of termite attack 
on stored propragation material and 
prevention of termite damage to cuttings 
after planting. In the first experiment, 
bundles of 15 cassava stems each were 
treated with an insecticide and stored in the 
field for 80 days. The most effective 
treatments (Table 18) were aldrin applied 
as a dust at 1 g/ stem, (0% loss) Clorvel 
applied as a spray at 1 ccfliterofwater(O% 
loss) and sevin in a dust application at 1 
gf stem (6.6% loss) Meanwhile, 46 percent 
of the untreated stems were destroyed by 
termites. 

Table 17. Natural predators of Aonidomytilus albus Cockerell and .Phenacoccus gossypii Townsend and 
Cockerell in cassava, at CIAT durin& 1977. 

Order 

Coleoptera 

Neuroptera 

Dipteria 

Lepidoptera 

Caaaava Program 

Family 

Coccinellidae 

Cbrysopidae 

Hemerobüdae 

Syrphidae 

Genus 

Cl~otera 

Cleotera 

Scymnus 

Coccidophilus 

Chrysopa 

Sympherobious 

Ocyptamus 

Cosmopterigidae Pyrothrces 

Species 

onerata 

sp. 

spp. 

sp. 

ario/es 

sp. 

stenoga.Jter 

complex 

sp. 

Predation 

Mealybug eggs and nymphs 

Mealybug eggs and nymphs 

Mealybug eggs a.nd nymphs 

White scale a ll 

nympbal atage 

Mealybug eggs and nymphs 

Mealybug eggs and nymphs 

Mealybug nymphs 

Mealybug and white scalc 

eggs and nymphs 
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T a ble 18. Effects of applying se ver al pesticides on 
the prevention of termite damage on 
cassava propagating material stared 80 
days in the field . 

Treatment Applicationl Loss (%) 

Aldrin dust o 
Clo rvel Spray 9 

S evin dust 6.7 

Chlordane spray 8.3 

Fe nthion spray 33.3 

Contro l 46.7 

M o nocrotophos spray 66.67 

A.ldrin ( 1 0%) + 

parathion ( 10%) spray 73.3 

T hira m spray 86.7 

T hiram d ip 86.7 

S pray and d1p apphcauons apphed at 1 ce hter water and dust 

apphcat1ons at 1 g stcm 

In the second experiment cuttings were 
individually treated with an insecticide and 

planted in a randomized block with four 
plots o f 25 cuttings / plot and evaluated 80 
days after treatment. The most successful 
treatments were aldrin applied as a dust 
(3% loss) anda cutting dip with 10 percent 
aldrin and 10 percent parathion (6% loss). 
Termites destroyed 15 percent of the 
untreated cuttings. 

INTERCROPPING PO PULA TIONS 

A preliminary experiment was done on 
the protection potential of intercropping 
cassavaj beans. The following insect 
populations- the hornworm (Erinnyis 
ello), the cassava lace bug ( Vatiga 
manihoti), whiteflies ( Aleurotrachelus sp.) 
and the shootfly (Silba pendular were 
mo nitored weekly for 2.5 months in 
monoculture cassava and intercropped 
cassava j beans. In addition, a comparison 
was made between insecticide and non
insecticide treatments in the intercropping 
system. 

T able 19. lnsect population in cassava monoculture vs. intercro ppiJg (cassava/ beans) with and without 
insecticide. 

Monoculturel 

With 
lnsect i nsecticidel 

Lace bug: 
3 leaves 4.5 
plant 

W h itefiy: 
3 leaves 7.2 
plant 

S hoot n y 
p lo t 2. 1 

Ho rnworms 
plot O.? 

Ho rnworm 
eggs / parasitized j 50. 7 
p lo t 

(as.sa'<t \3r1CI\ \1 \1 tx 11 

Bcan \ 3nct) Porr1llo !)mteth .. u W1th M .\1cx 11 cassau 
Endmulfan 
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Witho ut 
insecticide 

5.6 

6.5 

2.0 

0.8 

52.4 

lnterc.roppi¡¡gl % population 
reduct ion in 

intercropping 
monoculture 

"'ithout insecticide 
With Witho ut 

insecticidel . insecticide 

2.7 3.!! 3::!. 1 

3.3 4 .5 30.0 

1.5 2.2 

0.5 0.6 . 30.0 

51.2 45.5 
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Hornworm larval poputations were Lacebug and whitefly populations were 
lower in the intercropped cassava than in also lower in the intercropping system than 
monoculture cassava but lowest when in cassava monoculture with or without 
insecticides were applied to cassava pesticide application. However; the lowest 
monoculture or intercropping (Table 19). insect populations were obtained when an 
However, egg parasitism was lowest in the insecticide was applied to the intercrop
intercropped, non-sprayed plants and ping system. 
highest in the cassava monoculture. 

Varietal lmprovement 

This year hybridization, evaluation and 
selection were intensified at CIA T and in 
outlying trials in Colombia. Data were also 
obtained on the· first groups of hybrids 
from crosses among selected parental 
genotypes. 

Two replicated yield trials were 
harvested at CIAT, Carib.ia and 
Carimagua. Each plot of all trials had 30 
plants per genotype and each trial had two 
replications. Plant spacing was 1 x l meter 
at CIAT, 1 x 1.5 mcters at Caribia, and 0.8 
x 1 meter at Carimagua. After 12 months 
the ceritral nine plants of each plot were 
harvested for data, leaving two border 
rows. 

REPLICATED YIELD TRIALS 

First Season Tria1 at CIA T 

Total rainfall for the year was 655 
millimeters and the experiment was not 
irrigated. No fertilizers, fungicides or 
insecticides were applied. Two-hundred 
hybrids and 25 germplasm selections and 
control cultivars were planted in J uly 1976 

· for evaluation. Results are in Table 20. 

Yields were generally low (average of all 
genotypes was 26.2 t / ha, fresh weight). 
Nevertheless, many materials yielded more 
than 40 t / ha and sorne more than 50 tf ha 
fresh weight - outyielding the local 
cultivar by nearly 100 percent. The average 
fresh weight yield of the top ten cultivars, 

Cenava Program 

48 t / hafyear, or 16 t/ haj year dry weight 
with less than 700 millimeters of rainfall is 
acceptable. 

Second Season Trial at CIA T 

This tria! was planted in December 1976. 
During the tria! total rainfall was 705 
millimeters and was well distributed. The 
experiment was not irrigated and no 
fertilizer, fungicides or insecticides were 
applied. Results are in Table 21. 

Y ields were gene rally high (average of all 
genotypes was 35 t / ha, fresh weight). The 
average root dry matter yield of the top ten 
genotypes was 21 t / hafyear or 57 
t / ha 1 year f resh weight. Twenty-one hybrid 
selections yielded more than 50 t j ha fresh 
weight, outyielding the local cultivar more 
than 100 percent. 

First Season Trial at Caribia 

This tria l was planted in June 1976. 
Total rainfall was 1100 millimeters and the 
dry season (with less than 50 millimeters of 
rain) lasted four months. T he experiment 
was not irrigated and no fertilizer, 
fungicides or insecticides were applied. 
Eighty-one hybrids and nine germplasm 
selections and control cultivars were 
evaluated. Results a re in Table 22. The 
average fresh weight yield of the top ten 
hybrid selections (39 t ha f resh weight) was 
double the yield of the local cultivar. 
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Table 20. Selected results of the first season replicated yield trial at CIAT (harvested IS Apnl 977). 

Root fresh weight Root dry Root dry weight H ar.c~t 

yield (t/ haf year) matter content yield (t ' ha¡ year) indc:-. 

Hybrid selections 

CM 309-211 50.8 .353 17.9 .57 

CM 308-197 50.3 .350 17.6 .66 

CM 323-30 48.3 .344 16.6 .54 

CM 317-16 48.1 .320 15.4 .49 

CM 91-5 48.1 .288 13.9 .73 

CM 321-170 47.8 .330 15.8 .64 

C M 96-23 47.8 .280 13.4 .61 

CM 309-281 46.9 .306 14.4 .68 

CM 321-15 46.1 .344 15.9 .58 

CM 323-69 46.1 .291 13.4 .61 

CM 152-12 45.0 .327 14.7 .62 

CM 181-14 44.4 .288 12.8 .75 

CM 307-135 44.0 .349 15.4 .43 

CM 152-30 43.9 .321 13.7 .58 

CM 308-1 43.3 .376 16.3 .60 
CM 309-32 43.3 .296 12.8 .69 

CM 2-6 42.8 .332 14.2 .65 

CM 309-11 42.2 .342 14.4 .57 

CM 157-7 41.7 .296 12.3 .61 

CM 307-133 41.1 .297 12.2 .52 

CM 309-84 41.1 .375 15.4 .47 

Germplasm selection 

M Col 1684 41.9 .321 13.4 .56 

M Ven 218 41.7 .328 13.7 .62 

M Mex 17 39.0 .334 13.0 .52 

M Mex 59 37.6 .290 10.9 .48 

M PTR 26 34.7 .305 10.6 .51 

M Pan 70 33.6 .312 10.5 .54 

M Col 1468 33.6 .307 10.3 .51 

M Col 1292 28.6 .344 9.8 .41 

M Ven 270 26.7 .348 9.3 .53 

M Col655A 26. 1 .355 9.3 .38 

Control cultivars 

M Col 113 (Local) 25.6 .327 9.4 .44 

Llanera 24.7 .321 7.9 .50 

M Col22 19.7 .358 7.1 .51 

A -erage of all geno!) pes 26.2 .324 8.5 .56 
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Table 21 Selected rl'l>ulb of the ~econd season replicated yield trial al CIA T (harvested 20 October 1977). 

Root fresh weight Root dry Root dry weight Harvest 
yield (t/ ha / year) matter content yield (t f ha; year) index 

Hybrid selection 

CM 323-275 63.1 .365 23.0 .60 

CM 321-188 60.6 .388 23.5 .69 

CM 327-514 57.2 .346 19.8 .71 

CM 326-407 56.7 .376 21.5 .67 

CM 305-122 ~6.1 .401 22.5 .62 

CM 327-135 55.3 .402 22.2 .62 

CM 305-118 55.0 .372 20.5 .70 

CM 344-27 54.7 .353 19.3 .65 

CM 340-138 54.2 .329 17.8 .68 

CM 344-17 54.2 .329 17.8 .59 

CM 340-30 53.3 .328 17.5 60 

CM 323-142 52.2 .327 17.1 .55 
SM 1-150 51.7 .323 16.7 .65 

CM 305-38 51.4 .376 19.3 .60 

CM 344-71 51.4 .335 17.2 .55 
CM 311-69 51.1 .364 18.6 .66 

CM 314-12 50.8 .384 19.5 .57 

CM 305-120 50.8 .332 16.9 .56 

CM 345-68 50.6 .324 16.4 .64 
CM 327-383 50.3 .346 17.4 .69 

Gennplasm selection 

M Pan 70 46.7 .367 17. 1 .54 
M PTR 26 44.4 .378 16.8 .55 
M Mex 17 43.7 .367 16.0 .69 
M Ven 270 42.8 .376 16.1 .SI 
M Ven 218 41.1 .371 15.2 .59 
M Co11468 33.3 .3 19 10.6 .61 
M Ecu 47 32.5 .325 10.6 .54 
M Co1638 30.6 .336 10.3 .47 
M Col1347 28.3 .245 6.9 .40 
M Co1655A 27.2 .370 10. 1 .33 

M Col 1684 25.0 .307 7.7 .66 
M Mex 59 22.5 .338 7.6 .32 

Control 

Llanera 28.5 .323 9.2 .58 
M Co122 '26. 1 .370 9.6 .60 
M Col 113 (Local) 22.2 .286 6.4 .30 

Avera&e of all &enotypes 34.6 .350 12. 1 .54 
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Table 22. Selected results of the first season replicated yield tria! at Caribia (harvested 29 April 1977. 11 
months after planting). 

Root fresh weight Root dry Root dry weight Harvest 
yield (t/ ha/ year) matter content yield ( t / ha/ year) index 

Hybrid se.lection 

CM 309-163 44.3 

C M 320-2 42.0 

CM 309-50 41.7 

CM 309-32 38.0 

CM 32 1-78 38.0 

CM 323-75 37.8 

CM 323-41 37.6 

C M 322-20 36.7 

CM 321-85 36. 1 

C M 309-128 34.8 

C M 308- 197 34.5 

CM 309-227A 34.5 

ICA, 72-8-07 3Ü 

ICA, 72-3-58 32.0 

C M 308-75 31.3 

CM 309-61 31.1 

CM 321-58 30.9 

CM 309-165 30.8 

S M 92-73 29.9 

CM 309-1 10 29.3 

Germplasm selection 

M Mex 59 42.0 

M C o1638 30.6 

M Col 1684 25.2 

M Col 1468 (C MC 40) 21.9 

Control culth•ars 

M Col 22 33.6 

Llanera 20. 7 

Ma nteca (Local) 18. 1 

M ontero (Local) 12.6 

Second Season Trial in Caribia 

This tria! was planted in October 1976 
and was irrigated twice during the d ry 
season; no fertilizer, fungicides or insec
ticides were applied. Twenty-five hybrid 
C-36 

.288 12.8 .66 

.327 13.7 .5 1 

.328 13.7 .50 

.282 10.7 .63 

.290 11.0 .64 

.323 12.2 .62 

.324 12.2 .65 

.329 12. 1 .56 

.320 11.6 .66 

.318 11.1 .60 

.332 11.4 .66 

.302 10.4 .64 

.323 10.9 .58 

.290 9.3 .52 

.307 9.6 .48 

.325 10. 1 .63 

.323 10.0 .53 

.330 10.2 .43 

.287 8.6 .47 

.279 8.2 .55 

.327 13.8 .44 

.321 9.8 .57 

.304 7. 7 .6 1 

.240 5.5 .66 

.341 IIA .64 

.288 6.0 .47 

.279 5.0 .48 

.342 4.3 .37 

selections and two control cultivars were 
evaluated. Results are in Table 23. 

One of the hybrid selections yielded 
nearly 50 t / ha fresh weight, and the 
average yield of the top ten hybrid 
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T able 23. Selected results of lhe second season replicaled yield lrialat Ca.ribia (ha.r"ested 6 Septem ber 1977). 

Root fresh weighl Root dry Root dry weight Harvest 
yield (t/ ha/ year) ma tter con ten 1 yield (t/ ha / year) indcx 

Hybrid selection 

CM 309-196 49.8 

CM 323-403 47.6 

CM 178-4 38.7 

CM 309-163 37.1 

CM 326-151 35.6 

CM 310-140 35.2 

CM 309-713 35.0 

CM 314-2 34.8 

CM 309-206 33.5 

CM 309- 146 32.5 

CM 315- 10 1 32.1 

CM 309-303 31.4 

CM 146-4 31.0 

C M 309-239 29.8 

CM 305-40 24.9 

CM 305-17 24.7 

CM 309-227 24.5 

CM 314-20 24.5 

CM 320-2 23.0 

CM 309-93 22.3 

Control culth•ar 

M Col22 35.0 

Manteca (local) 21.9 

Averace of all genotypes 29.8 

selections (38 t / ha fresh weight) was nearly 
twice the yield of the local cultivar. 

First Season Trial at Carimagua 

The trial was,planted in June 1976. The 
equivalent of 100 kg/ ba of nitrogen, 200 
kgfha P 20 5, 200 kgf ha K20 , 500 kgf ha 
dolomitic limes tone and 52 kg/ ha of 
magnesium were applied. Fungicides were 
applied four times but failed to control 
superelongation. Cassava bacteria! blight 
(CBB), the most devastating cassava 
disease in the area, was effectively con

Cassava Program 

.295 14.7 .56 

.309 14.7 .7 1 

. 308 11.9 .64 

.290 10.8 .58 

.294 10.5 .56 

.273 9.6 .54 

.291 10.2 .58 

.301 10.5 .60 

.294 9.8 .52 

.297 9.7 .46 

.299 9.6 .51 

.283 8.9 .58 

.302 9.4 .51 

.308 9.2 .46 

.307 7.6 .48 

.295 7.3 .62 

.277 6.8 .46 

.294 7.2 .5') 

.309 7. 1 .5-t 

.293 6.5 ..t2 

.310 10.9 .66 

.313 6.9 .47 

.299 8.9 .53 

trolled using disease-free planting material 
in an isolated field . Thirty-six hybrid 
selections and 14 germplasm selections and 
control cultivars were evaluated. Results 
are in Table 24. 

Yields were generally low (average of all 
genotypes, 17 t / ha fresh weight)compared 
with those at the other two locations. 
However, the average of the top ten 
genotypes (29 t / ha fresh weight) was nearly 
50 percent higher than the yield of the local 
cultivar and is acceptable for the poor soil 
conditions at Carimagua. 
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Table 24. Selected rcsult\ uf thc lirst scason replicated yield tria! in Cariftlagua (harvested May 1977). 

Root fresh weight Root dry Root dry weight Harvcst 
yield (t / ha/ year) matter content yield (t/ ha/ year) indcx 

Hybrid selection 

CM 323-52 33.0 

SM 92-73 33.0 

CM 308-197 30.6 

CM 323-142 26.0 

CM 314-2 25.7 

CM 323-99 24.3 

CM 305-11 24.0 

CM 323-41 24.0 

CM 309-2 23.3 

CM 321-88 21.5 

Germplasm selection 

M Coll684 32.3 

M Mex 16 29.9 

M Pan 114 29.9 

M Ven 218 27.8 

M Mex 59 25.7 

M Col638 25.3 

M Ven 77 25.0 

M Ecu 47 18.4 

M Col 1292 17.4 

M Mex 52 16.3 

Control 

Llanera (Local) 21.5 

M Col22 19.4 

M Col 113 10.4 

Average of al! genotypes 19.1 

Second Season Trial at Carimagua 

This trial was planted in November 
1976; 25 hybrid selections and six germ
plasm selections and control cultivars were 
evaluated. Results are in Table 25. 

The experiment was heavily attacked by 
superelongation disease and the 
hornworm, accounting for the Iow yield 
(average of all genotypes was 18 t/ ha fresh 
weight). This is supported by the fact that 
C-38 

.303 10.0 .68 

.32 1 10.6 .71 

.324 9.9 .74 

.287 7.5 .62 

.328 8.4 .64 

.321 7.8 .55 

.288 6.9 .68 

.275 6.6 .5g 

.322 7.5 .60 

.328 7.1 .62 

.321 10.4 .74 

.318 9.5 .69 

.317 9.5 .64 

.317 8.8 .62 

.323 8.3 .53 

.324 8.2 .60 

.323 8. 1 .60 

.28 1 5.2 .54 

.330 5.7 .46 

.290 4.7 .44 

.320 6.9 .63 

.309 6.0 .64 

.260 2. 7 .47 

.313 5.9 .56 

the genotypes which showed sorne 
resistance to superelongation disease - . 
such as CM 323-52, SM 92-73 and CM 
308-197, in the first season tria!, and SM 
92-73, CM 321-15 and CM 181-13, in the 
second tria! - produced the highest yields. 
Even under these conditions, the top 
hybrid selection out-yielded the local 
cultivar by more than 50 percent and the 
average yield of the top ten genotypes (30 
t/ ha fresh weight) was 35 percent higher 
than the yield of the local cultivar. 
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Table 25. Selected results of the second replicated yield trial at Carlma&ua (harvested 19 September 1977). 

Root fresh weight Root dry Root dry weight Harvest 
yield (t/ ha{year) matter content yield (t / ha{year) index 

Hybrld selection 

S M 92-73 24.7 

CM 321-15 24.3 

CM 18 1-13 23.6 

CM 309-56 21.5 

CM 305-1 21.5 

CM 309-37 21.2 

CM 309-41 20.5 

CM 180-4 20.5 

CM 180-2 20. 1 

CM 315-101 20.1 

CM 309-196 19.8 

CM 309-165 18.4 

CM 91-3 18. 1 

CM 305-15 17.4 

CM 323-87 17.4 

CM 91-1 16.7 

CM 308-26 16.3 

C M 304-160 16.0 

CM 309-189 16.0 

CM 328-10 16.0 

Control cultivar 

M Col 1684 21.5 

M Col 1468 18.0 

Llanera (Local) 16.0 

M Mex 59 15.6 

M Ven 218 13.2 

A vera ce of all genotypes 18.0 

PROMISING UNES 

lt has been shown that in the absence of 
CBB and superelongation disease, the top 
ten CIAT hybrid selections yielded at least 
20 t / ha dry weight on fertile soils with less 
than 1000 millimeters of rainfall, and 
without fertilizer, fungicides, insecticides 
or irrigation, and JO t / ha on extremely 
poor soils of the tropical savanna. These 

Cassava Program 

.320 7.9 .72 

.318 7.8 .76 

.328 7.7 .68 

.342 7.4 .68 

.283 6.1 .75 

.323 6.8 .72 

.333 6.8 .71 

.325 6.7 .73 

.316 6.4 .76 

.303 6.1 .7 1 

.314 6.2 .68 

.346 6.4 .65 

.327 5.9 .70 

.340 5.9 .83 

.335 5.8 .83 

.332 5.5 .75 

.300 4.9 .70 

.341 5.5 .56 

.335 5.4 .65 

.327 5.2 7.2 

.301 6.5 .77 

2.92 5.3 .72 

.330 5.3 .54 

.291 4.5 .64 

.314 4. 1 .73 

.321 5.8 .70 

hybrids out-yielded local cultivars by 50-
200 percent depending upon the soil and 
climate. The high yields of CM 308-197 in 
all three locations suggest that one 
genotype can cover a broad range of 
environments with temperature means 
above 240C (see Physiology section). 

Over the past three years, the initial 
harvest index average (0.42) of the original 
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Table 26. Ranklnp of st•tral pro rDioln& . .... . IIDa fO< 14 •portaD! t llua<t-. 

C haracteristlcs 

..., 8 ~ 
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.§~ ] ...,t- :9~ ~ ·e l~ ~ ~ 

!l--< !!e 

~" 
.:!.51 !! !! - .. ~ 

> U > U .... ~ w..:! .,g "'"" 111 

H ybrkl Hlnl ion 

CM 181 ·13 2' 
CM .108-297 4 

CM .109-4 1 ) 

CM .109·56 2 
CM .109·163 3 

CM .109·196 2 4 2 3 1 2 3 3 
CM 321·15 3 2 4 4 4 3 2 2 
CM 323·52 2 2 4 3 3 4 3 2 
CM 323-142 4 2 3 1 1 2 2 2 
S M 92·73 

CM .105·38 
CM .105·120 
C '-1 .105·122 
CM 311 ~9 
CM 321· 188 

CM 323·375 4 3 J 3 J J 
C M 326-407 4 4 2 2 J J 
CM )4().30 4 3 4 4 2 2 
CM 344-27 4 3 2 2 3 J 
C M 344-71 4 1 2 2 4 2 

Gtrmplum stl«lion 

M Col lbl!4 J J 4 
~~ Ven 218 4 2 3 

M Ven 270 J 2 2 
'-1 Pan 70 4 

M Mcx 59 2 

( onlrol or local culchar 

Llanera 2 1 2 
M Col 22 2 3 2 
M <:ol lll 
\1 Col 6l~ 
M Col 1468 

• • Vtf) IO')d. J • Good. 2 - Acccp-..bk. 1 • f>oot 

Ml.lnh lftdiC•tt wlet"IIOI!of ft(lt tcs&oO • • thcw k:!Qhont 
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Figure 26. An e:uellent stlection of roots from one of tbe promisinl CIA T -devdoped bybrid Unes. 

germplasm population has been increascd have been added each year. The outstand
to O.SS in the latest populations. Table 26 ing hybrid JDAterials were sent to the 
shows the 14 breeding characteristics used Agronomy section for rapid multiplication 
for comparing promising hybrid selections and further evaluation in regional trials. 
with the best germplasm selection.s. These However, the emphasis in varietal im
promising lines are the result of provement has now shifted to incor
hybridizations in late 1973 and early 1974, porating disease and insect resistance into 
and increasing numbers of new hybrids high-yielding lines. 

Agronomy 

In 1977, the Agronomy section com
pleted three years of regional trials with 
selected varieties and work has begun with 
testing the ftrSt generation of CIA T-

· produced hybrids regionally. Also, with 
the addition of two new agronomists to the 
team, research on cultural practices receiv
ed major attention. Rapid propagation 
and testing of new promising lines from the 
V arietal Improvement section were also 
emphasized. 
c. ... ~ Program 

REGIONAL TRIALS IN COLOMBIA 

Again this year in regional trials CIA T 
selections out-yielded local varieties in all 
locations except Popayan (Table 27). 
Table 28 shows the ecological and edaphic 
conditions for testing sites within and 
outside of Colombia. 

The highest yield thus far in the regional 
trials of 1977 was produced by M Pan 70 
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Tabk 27. Frnll root ykld of ICA-CIAT Jl<-1 .... • • •arlodao at t• .__ .. c-. 
() 

~ 
~ 
N Media El 

Pemra Rionqro Luna Catima¡ua Caicedon.ia CIAT NaWma Tambo Popaytn Aorencia 

0.)'1tO ...... .C 

416 369 387 3~~ 370 3~2 363 3~7 460 393 

Varictia Frtall r<>01 )'l.w (t/ Joo) 

CMC 40 (M Col 1~) 48.8' 32.4' 16.6' 22.1' 4~.6' 27.8' 21 .~ 20.6 
M Mcx~9 2B 4~.()1 16.6' 26.3' ~2.()1 7.2 2A3 21.2 
CMC 84 (M Col 1~13) 47.9' 7.9 23.2' 0.6' - 24.4' 12.2 
MPTR 26 34. 1' 31.91 12.2 
M Mu 17 38.6' 28.61 13.6 
M Vtn 211 22.4 45.81 21.71 20.9 
M Pan 70 21.0 ~.3 33.91 l2. ~· 17.6 
M Vtn 156 33.0' 14.21 21.6 41.4 37.31 18.8 20.0 
M Col16&4 30.0 36.6' 32.31 

C MC 57 ( M Col 1486) 18.3 3.3 14.6 26.9 3~.8 23.7 
C MC ~9 ( M Col 1488) 44,3 17. 1 4.9 16.4 27.9 36.4 24.~ 28 . ~ 

CMC 76 (M Col ~~~) 37.0 32.4' 33.7• 21.61 

CM<; 99 (M Col 1529) 42.9 11.1 17.0 42.3 28. 1 26.0 21.6 
M Coll686 21.6 31.21 15.0 
M Col670 31.0 o 18.4 3~.7 34.1' 16.6 17.7 
M Col361 23.8 4. 1 16.3 28.8 33.6' 27.3 23.1 
M Ven 77 38.~ 11.4 20.1 4H 28.0 
M Col677 39. 1' 12.~ 37.21 17.~ 13.4 2.7 14.0 

M CoJJ292 24.2' 3.6 14.9 47 . .S1 8.9 
M Col M~ 19.4 2.9 12.6 44.7 12.4 12.1 136 
M Ven 168 31.2 JJ.7 20.1 
M Col22 11. 1' 24.8 26.1' 8.8 
M Etu JS9 38.3 Jl.7 3.4 132 42.8 4.3 lB 

M Col673 41.8 1.7 9.9 

M Mex23 37.4 22.9 

M Ven 119 26.3 1.3 10. 1 

M Ven 119 21.1 3.4 12.2 

M Colll3 36.1 - - JO. ~ 

Otber va.rietios' 40.6(1) 22.1(7) 12.4(3) 

(lJ 32.5(6) 9.9(4) 
....¡ 28.9(2) 17. 6(2~ 
....¡ 2.l(~) I J.l(~) 

() Rca10nal varict!Cfo' 4~.1(1) 16.1(9) ~.7(11) 17 . .!(12) 41.2(1) 22.l(J3) 8.0(16) 26.2(13) 14 . .!( 14) J8.l( ll) 

)> . 14.1(10) 

-l Averaac includil:ll 

l> C' rtsional varietia 36.0 29.~ 8.~ 11.4 40.7 30.7 23.7 20.3 7.0 14.3 

::J i Averaat: o( brelt 
::J l promlli.n& vancty 48.1 07.9 18. 1 26.3 ~3 456 36.6 32.3 17.6 21.6 
e 
QJ - 1 lftd l lln,ec:tJo,fly, VIWVtJCII appr..-.d (Ot lll«<od and tbud )Uf ~I!OAIION 1 1 thc MmC' locahON 

::D ., V~ta.J ~ c.ar.,_,. oi"ILI~••llwaamc)ocauoa_ 
CIJ ;. O.tr.r vanecx.. (I)CMC ltCMC.,¡ I .. 1}.(2JCMCtl¡MC .. IUl~(l)CMC IOlt tot Col UlO).(.&)C M( HIM (oii.-IJ.tll M Mn U, (61 CM C. ll CM (;ol I XIO). tflll C11 U~rou 

'O ! 
ll•..-ii<'UlrU& ji)CWo&aG~ (t¡Co&a......_ IIOITon.,.. ,,,,, .... tll)~.cl...-.ti~JC. M( oftlt.Wt• IM M üJII . l&l(IJ) \t <.:o& IIJt ... ..._).CI• I k._._, tP~··III.tl)l(.to(¡wttf • 

o { tlon:MLI)IIOJl M ( I•CM (~J,U 
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fi Table 28. 

E 
Maln edaphic ~d cllmatoloatc:al cha.rac:teristlc:a ofthulles UHd In nadonal and lnternatlonal yleld trlals wlth promlsln& cassava materlals durina 
1976-'77 cyct,. 

< 
111 

~ Mean Organic p 

ID Altitude temperature Rainfall Soil Matter Bray 11 K (meq .. 
Sites Latitude Longitude (masl) (OC) (mm/ year)2 Texture pH (%) (ppm) 100 gr) • 3 
Enmore (Guyana)l 

3.7(VA) Anira Peat No. 20 (ID2S'N S2030'W o 27.0 1 .928 Si\ty clay Sl.O 37.5(M} O. \'7(M) 
lnky Clay No. 100 (iDlS'N S2030'W o 27.0 2.928 Clay 4.2(VA} 10.0 l.l(b} O. JO( M} 

Xulha (Quintana-Roo, 
(Mexico) 18024'N 8S038'W 10 26.0 1.608 Clay loam 7.8(AL) S.3(H} S. l(L) U8(H) 

Medialuna 
(Magdalena, Col.) 10033'N 74°30'W 10 27.2 1.326 Sandy 7.0(AL) 0.6(L) 7.3(L) 0.06(L) 

Pichilingue 
(Quevcdo:Ecuador) 1°06'S 7~29'W 100 25.0 1.483 Silt loam 6.5(N) 4.9(H) 4S.8(H) l.IO(H) 

Carimagua 
(Meta, Col.) 4l40'N 71°24'W 200 26.2 J.S86 Clay loam 4.9(VA) 3.6(M) l.O(L) 0.2S(M) 

Na taima 
(Tolima, Col.) 4liO'N 74°S6'W 430 27.8 1.249 Sandy S.8(A) l.l(M) SI.O(H) O.JS(H) 

Florencia 
(Caquc:tá, Col.) 1031'N 7~14'W 450 25.0 3. 186 Silty 4.7(VA) 3.9(M) 8.0(L) 0.38(H) 

Rionegro 
( S. del Sur, Col.) ?OIS'N 7JOCJ9'W 480 26.6 1.134 Clay loam 5.0(A) 2.3(M) 10.4(L) O. IS(M) 

El Tambo 
(Cauca, Col) 2019'N 7(1DS4'W 900 26.0 1.797 Clay loam 4.9(VA) S.I(H) 1.8(L) 0.16(M) 

ClAT 
(Valle del Cauca, Col.) · J03l'N 7(iD21'W 1000 23.8 684 Clay 7.4(AL) 4. 1(H) 81.S(H) 0.69(H) 

Caicedooia 
(Valle del Cauca, Col.) 4°20'N 7YJ50'W 1100 22.2 1.684 Silt loam 5.6(A) 2.7(M) 13.8(L) 0.18(M) 

Pereira 
( Risaralda)1 4l49'N 7YJ41'W 1480 19.0 3.17 1 Silty clay 5.3(A) 7.8(H) 20.0(MJ O. lii(M l 

Popayan 
(Cauca, Col.)l 2027'N 7(1D34'W 1760 18.0 2.035 Clay loam S.S(A) 7.4(H) 2.0(L) 0.04(L) 

o 1 Pcrcino. PopaY'n and Guyana data rcopond 10 197S-76 cyclc. 
~ 1 Conapoo>ch to actual rainfaU durina IJ'OWin¡ cyclc. 
w 1 Fcnility codcs: (N) Nculral; (AL) Alkalioc; (A) Acid; (VA) Vcry acid; (l) Low; (M) Mcdium; ( H) Hí¡h. 



(54 t / ha fresh weight) in Caicedonia, a 
major cassava-producing area of Colom
bia. A good local variety, Chiroza, yielded 
41 t l ha in the tria! there. Farmers of the 
region had not believed that there were 
better varieties than Chiroza. However, 
after results of the regional tria! were 
presented this year, farmers took home 
planting material of the highest yielding 
varieties. 

The lowest yield ( 1 t / ha) was produced 
by M Yen 119 at Popayan where the local 
variety yielded 14 t / ha. M Yen 119 suffered 
a serious attack of Phoma leaf spot while 
the local variety showed good resistance. 
This indica tes that good selections for high 
a ltitude, cool locations are still lacking. 

An examination of the performance of 
the three highest yielding varieties at each 
site over three years shows that not only 
was the mean yield of these varieties always 
superior to the best local variety, but yields 
were also more than three times the 
Colombian national average (estimated to 
be 8 ti ha) (Table 29). Mean yield of 

selected varieties in the third testing cycle 
was higher because better selections were 
included while the yield of local varieties 
was stable. 

While the mean yield of the local 
varieties remained at 19.6 t / ha over the 
three-year period, this was more than 
double the national average. This indicates 
that with simple and inexpensive uniform 
techno!ogy used in these trials, Colombian 
cassava farmers can double their produc
tion with local varieties. However, the 
overall mean of the best three selections 
(28.8 t / ha) was 47 percent higher than the 
mean of the best local varieties, thus 
validating the CIA T selection procedures. 

1 n 1977, the first generation of CIA T 
hybrids was planted in nine sites in 
Colombia. The varieties M Mex 59, CMC 
40 (M Col 1468), CMC 84 (M Col 1513) 
and M Col 22 have shown high yield and 
stability across sites over the past three 
years and will serve as controls. 

Cooperation also continued with the 

Table 29. Mean fresh root yield ofthe three best promising varieties of cassan in nine locations ofColombia, 
compared with the best local nriety at each location durint three years. 

Fresh root yield (t¡ ha) 

Crop cycle 

1974-75 1975-76 1976-77 Mean yield , site 

Si tes Promising Local Promising Local Promising Local Promising Local 

Rionegro 29.7 15.7 21.9 11.7 45.2 16. 1 32.2 14.5 

Media Luna 26.7 17.7 17.6 4.0 17. 1 5. 7 20.4 9 1 

Carimagua 6.2 3.8 25.6 22.9 23.9 17.3 18.5· 1.:1.6 

ClAT 40.6 26.3 30.9 22. 1 42 6 22.5 38.0 2H 

Caicedonia 37.3 32.3 25.0 15.8 51.2 4 1.2 37.8 29.7 

P opayán 10.8 14.5 13.3 14.3 12.0 I.:IA 

Pereira 19.8 16.9 44.5 45.8 32.1 31.3 

El Tambo 22. 4 22.3 28.4 26.2 25.4 2-U 

Na taima 41.1 33.6 28.4 16.3 33.6 8.0 34.3 19.3 

Mean yield / cycle 26.5 20. 1 25.5 lq,4 34.5 19.5 28.b 19.6 

Popayan and Percora 111<> no1 ye1 ha"<>led (30 Oc1obcr 1977) 
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Instituto Colombiano Agropecuario 
(ICA), the Federación Nacional de 
Cafeteros (FEDECAFE) and the various 
departmental Secr~taries of Agriculture. 
This year, the ICA experimental station in 
Palmira sold 60,000 cuttings of promising 
varietíes tested by ICA and CIAT to local 
farmers. 

REGIONAL TRIALS OUTSIDE 
COLOMBIA 

Regional trials were planted in Argen
tina, Costa Rica, Ecuador, Mexico and 
Venezuela. Similar trials were harvested in 
Ecuador, Guyana and Mexico; results of 
these trials are in Table 30. 

In Ecuador, the best ClAT-selected 
variety. M Mex 59, out-yielded the best 
local variety, Yema de Hu evo. by 6. 7 t 1 ha 
fresh weight. Since the local variety is 
airead y the result of considerable selection 
by the Instituto de Investigaciones 
Agropecuarias (lNIAP), these results 
indica te that CIAT -selected varieties, even 
before hybrids are released, can be of 
considerable use in that country. 

CCLTl' RAL PRACTICES 

This year. research on cultural practices 
in cassava became a major part of the 
program with emphasis on: ( 1) identifying 
and re solving cassava production 

Table 30. Fresh root yield of promising cassava varieties in Guyana, t:cuador and Mexico. 

Varieties 

Tacana 

lracema 

M Mex 23 

Piracununga 

CMC-40 (M Col 1468) 

M Mex-59 

Llanera CMC-9 

M Col-673 

Del País 

Badwoman 

Twelve monlh 

M Mex 55 

Casseva Program 

36 1 

Origin 

Brazil 28.0 

Brazil 27.6 

CIAT 23.2 

Brazil 18.3 

CIAT 17.9 

CIAT 17.3 

CIAT 16.9 

CIAT 14.2 

Pto. Rico !3.0 

Guyana 11.6 

Guaya na 8.6 

CIAT 8.2 

Loca1ion~ 

Enmore. Pichilinguc, Kulha. 
Guyana Ecuador MCXICú 

Anira Peal 20 lnkv clay 100 

Days lo har. e~l 

361 3 14 39!! 

Fresh rool yields (1 ha) 

24.3 

23.3 

16.8 

19.7 

18. 1 24.6 7.2 

16.1 28.3 13.0 

18.3 17.3 0.9 

12.3 7.3 0.9 

11.5 

10.0 

5.5 

12.0 
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Table 30. (Continued) 

Varieties Origin 

Four month Guyana 

Chinese stick Guyana 

M Col-22 CIAT 

Uncle Mack Guyana 

Brancha Butterstick Guyana 

Bitterstick Guyana 

R . Singh Guyana 

L.H .Z. Guyana 

CMC-844 (M Col 1513) ClAT 

Yema de Hu evo Ecuador 

Negri[a Ecuador 

Quintal Ecuador 

CMC-76 (M Col 1505) 19.4 

M Ecu 159 CIAT 

M Mex 52 CIAT 

M Col 113 CIAT 

M Ven 156 CIAT 

M Ven 119 CIAT 

M 'Jen 218 CIAT 

SMIISO C IAT 

M Col677 C IAT 

CMC-59 (M Col 1488) CIAT 

CMC-57 (M Col 1486) ClAT 

problems; (2) integrating the best cultural 
practices into a cassava production 
technology package; and, (3) developing 
simple, effective experimental designs to 
validate technology and adapt it to local 
conditions. 

Long·term F ertility Trials 

Although cassava is generally con
sidered a soil-exhausting crop, there is little 
data on the effect on yield of interactions 
among fertilization, plant phenotypes and 
plant densities across a broad spectrum of 
soil fertilities. 

C-46 

F resh root yields ( t 'ha) 

6.7 5.0 

6.4 4.3 

6.3 9.9 18.!1 14.0 

5.3 8.0 

4.6 6.4 

4.4 

3.8 5.6 

2.9 1.8 

25.6 9.3 

21.6 

21.1 

19.5 

6.7 

17.2 1.7 

15.7 

15.6 1.6 

11 . 1 9.0 

10.8 0.1 

7.2 

8.6 

4.1 

5.7 

0.0 

Three phenotypes of cassava were each 
planted at populations of 5-, 10-, 15- and 
20,000 plants/ ha without fertilizer or with 
50-100- J 00 k g/ ha of split-applied N-P-K at 
C lAT (high fertility soil) Caribia (medium 
fertili ty) and Carimagua (low fertility). 
Preliminary, first-year results have been 
obtained from ClAT and Caribia. 

U nder CIAT conditions, fertilization 
did not affect root yield within varieties 
(Table 31) and no interaction was f ound 
for fer tilization x plant density on total 
root yield. However, over all treatments, 
CMC 40 and M Col 22 produced 
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Tab1e 31. Effects offertilization on fresh root yie1ds ofthree cassava cultivars, means offour planting densities, 
CIAT, 1977. 

Fertilizer (kg/ ha) 
N-P20 5-K20 

CIAT 
None 
50-100-100 

Caribia 
None 
100-0-150 + 20 kg Zn 

• F. test (Pa 0.0~) nol StlflÚteant wi1hin.v1ncucs. 
' LSD (5%) 7.4 WJthln vaneua. 

CMC 40 

50.51 

49.21 

25.92 
33.72 

significantly higher root yields with higher 
plant densities in contrast to M Mex 52 
(Fig. 27). Commercial root production was 
only significantly affected (P = 0.05) by 
plant density with the cultivar CMC 40. 

In Caribia, fresh root yield was 
significantly higher (P = 0.05) only for 
CMC · 40 planted at 10,000 plants / ha, 
although M Col 22 tended to increase its 
yield when planted at 15,000 plantsf ha 
(Fig. 27). In Caribia, as in CIAT, the 
interaction of fertilization x planting 
density was not significant. 

The lack of response to first-year 
fertilization may be explained by the high
and medium-fertility conditions at the two 
locations, (pre- and post-harvest soil 
analyses at CIAT and Caribia (Table 32) 
did not show significant improvement of 
fertilities.) H owever, second cycle crops 
are airead y showing fertilizer effects on top 
growth of the more vigorous cultivars. 

S patial Arrangements 

Good cultural practices require ridging 
in certain types of soils to improve surface 
drainage and to avoid root rotting. 
However, it was not known if plant spatial 
arrangements in ridges would affect yields. 
Three different phenotypes of cassava -

Cassava Program 

Fresh wcight yie1ds (t¡ ha) 

M Col22 

31.61 

33.81 

34.92 

38.32 

M Mex 52 

19.21 

20.41 

18.42 

22.02 

CMC 40, M Col22 and M M ex 52 - were 
planted at CIAT at 10,000 plants/ ha in five 
different patterns (Fig. 28). Results showed 
that spatial arrangements did not 
significantly effect total and commercial 
root yields within varieties (Fig. 29). As 
expected. yields differed significantly 
among varieties. 

Modification of Rapid Propagation 

This year, it was proven that shoots for 
rapid propagation do not need to be placed 
in individual rooting flasks, as has been the 
custom. F orty young shoots can be rooted 
in a 500-cc beaker containing 200-cc · of 
cool. previously boiled water. This new 
technique saves both time and effort. 

Bud Quality and Planting Position 

Planting position and bud quality of 
cassava cuttings were studied for their 
effects on t he percentage and rate of 
germination, shoot production, callus 
formation and root initiation using thc 
rapid propagation method . 

Two hundred cuttings with two normal 
buds and 200 with one bruised and one 
normal bud were cut from mature (12-
month-old) stems of CMC 40 variety (M 
Col 1468) and planted in a rapid propaga-
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Fresh root yield (t¡ ha) 

34 r-+ 
1 l CMC 40 

30 ~~- - -,-- ;::¡--=---... ____ _ 
26~~-----~~ ---¡--- - -

22 ~--}.---: ~ 
18 1--f: -._.__.,_ M M~x 52 -=----- 1 ~---

14 l± -=--±=-- -=1 -
42 ,1~ 

38 -+-

26 

22 1 

1 M Ven 119 

18 ¡~ ........ ---r=--~ ...... 
14 ' - J --t _'_.....:':....~-+-t 

~ 
Total roots =- Commercial roots 

JO ~ -----+ --
o 'l.,., - L_ 

5 JO 15 20 

Density (plants/ ha x J()J) 

Figure 27. Effects of plant densit) on root yields of 
cassava cultivars grown al CIA T (A) and Caribia (8 ), 
1977. 

t ion chamber in replicated b1ocks of 50 
cuttings each. The cuttings were p1anted in 
four treatments: ( 1) 100 normal, two-node 
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cutlings planted horizontally in the 
chambcr; (2) 100 normál, two-node cut
tings planted with one bud facing upward ; 
( 3) 100 two-node cuttings with one normal 
bud and one bruised bud, both oriented 
hori1ontally; and (4) 100 two-node cuttings 
with one bruised and one normal bud 
pla nted with the normal bud facing up
ward. 

Germination of the cuttings in each 
treatment was recorded for 21 days after 
planting. The 5-centimeter shoots were 
excised and transferred to 500-cc beakers 
holding 200-cc of cool, boiled water to 
examine callus formation and root initia
tion. 

Results (Table 33) showed the rate of 
germination increased rapidly beginning 
on the sixth day, reaching a maximum on 
day 12, after which germination continued 
to in crease slowly until da y 21 : T reatment 1 
had the greatest final germination. 

The number of shoots produced month
ly from the cuttings over a five-month 
period is shown in Table 34. Although 
differences among treatments were signifi
cant during the first three months, this was 
not so in the last two months. Treatment 1 
produced the most shoots. However, in 
each treatment, the number of shoots 
produced was highest in the second month 
and then decreased slow1y. 

Callus formation was constant for all 
treatments. Eight days after shoots were 
placed in the flasks, calluses fo rmed. Two 
days after callus formation, rooting began 
and at 18 days more than 95 percent of 
shoots in all treatments had rooted. 

1 nteractions were evident between quali
ty and p!anting position of cuttings and 
the~e factors affected germination and 
shoot production. The horizontal planting 
position favored only the normal two-bud 
cuttings but had no effect on the produc
tion capacity of cuttings with only one 
normal and one bruised bud (Table 34). A 
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Table 32. Soil analyses of CIA T and Caribia plots before planting and after the first harvest of cassan. 

Soil status 

Organic p K 
matter (%) Bray 11, (ppm) (meq 1 100 g) 

CIAT 

lnitital status 

After harvest, no fertilizer 

After harvest, with fertilizer' 

Cuibia 

lnitital status 

After ·harvest, no fertilizer 

After harvest. with fertilizer2 

' S0-100-100 k&fh.a N-P, O ,-K, O 
l I()()..().IS0-20 kg/ h.a N· P¡ O >·K. 10 · Zn 

comparison of Tables 33 and 34 shows that 
as the number of germinated buds in
creased, shoots produced increased, in
dicating that shoot production was closely 
correlated with the number of germinated 
buds. 

Selection of Two-node Cuttings 

The same two varieties of the previous 
experiment were used to evaluate the effect 
of selecting two-node cuttings from the 
apical , middle or basal part of the stem on 

• • • • • • •• • • • • • • • • • • • • • • • • • • • 

3.8 36 0.55 

4. 1 46 0.49 

4.2 51 0.54 

1.9 8 1 0. 13 

2.3 93 0.12 

2.4 96 0.13 

the percentage and rate of germination, 
shoot production, callus formation and 
root initiation. Six-hundred cuttings each 
were taken from 12-month-old plants of 
the two varieties and planted for rapid 
propagation in a completely randomized 
block design. 

The two-node cuttings taken from the 
basal, middle and apical parts of stems of 
CMC 40 and M Col 22 constituted 
T reatments 1, 2, 3, 4, 5 and 6, respectively. 
Two to three weeks after planting, ger-

• • • • • • • • • • •• • • • • • • • • • • • • • • • • • • 
1 X 1 ( 1) 2 X 1 (2) 2(2)x 2(2) 2 X 0.5 (1) 1.4 (2) X 1.4 (2) 

Planting distances and arrangements 

Figure 28. Sp>1tial arrangement of cassava planted at 10,000 plants/ ha, at CIA T, 1977. First figures are 
distances (meters) between ridges, second figures are distances within ridges. Figures in parentheses are number 
of plants per site. 
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Fresh root yiclds (t/ ha) 

ro .-----------------------------------------------------~ 

- F rcsh root yicld 
~ ~--~==~--------------------------------~ .. 

c=:J Commcrcial root yicld 

40 1-----1- L.S.D. 5% 

301------------

20 

10 E :::::. 
11"1 
o 

>< >< >< "': M M 

M Mcx 52 M Col 22 CMC 40 

Figure 29. Effects of planting patterns on total and commerclal root ylelds of three cassava varietles at a 
standard density of 10,000 plants/ ha, at CIA T, 1977. First figures In columns are distances (meten) between 
ridges, second figures are distances within ridges. Figures in parentheses are numjJer of plants per site. 

mination of cuttings was recorded (Table 
35). After shoots were excised from the 
cuttings, callus formation a nd root initia
t ion were examined. 

The shoot production capacity 1 node 
of the two-node cuttings is shown in Table 
36. C uttings taken from the middle of the 
stem of C MC 40 produced the highest 

Table 33. Cumulati\·e percentage germination at times up to 21 days after planting of two-node cassava 
cuttings planted in two positions and with different bud qualities. 

Days aftcr planting 

Trcatmcntl 6 9 12 15 18 

9b2 52a 78a 80a 84a 

2 23a 48a 57b 60b 64b 

3 5b 32b 45b 47c 53c 

4 12b 34b 49b 54b 54 be 

C.V. (%) 21 3 9 6 5 

• Treatments; 1• cu111n~' planted hon7ontally m propagat1on chambcr. 2• cultlngs Rlantcd ~o~.uh one bud facang upward: 
3 • ~.ucung) pl.uncd wnh une br.u~d and o ne normal bud. both honJont.il, 4 • cutung) piantcd ~ nh u nl: bru1M:d .md on" 
normal hud. the lattcr facmg upward. 

1 \ aluci follo-.C'd b) dtffcrcnt teucro¡ .trc )Jgmllcaml) dtllerent (P.:: lt05J tn Dun~ .. n' muluple r.tnll~ tc)t 

21 

87a 

72b 

58c 

57 e 

4 
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Table 34. Number o( sboots produced eacb montb over flve months on 100 two-node cassava cuttinp 
planted in two posltions and havina different bud quallty. 

Months after planting 

Total 
Treatmentl 2 3 4 S shoots 

Jlla2 144a IJSa IOOa 82a SS3a 

2 8Sb 119b JOOab 87a 84a 476b 

3 66c 107b 9Jb 82a 60a 416c 

4 79bc IJOb 90b 76a 6Sa 42lc 

c .v .(%) 7 3 S 9 8 2 

for clcocripúoa o( trutmenu, oec footnou l. Table Jl. 
Valua followed by different lettc:rs are oi¡nifK:aDúy different (P • O.Oj) by Duncan·s multiple ran¡¡e 1<>1. 

germination while cuttings from the apical 
section of the stem of M Col 22 produced 
the lowest percentages. Overall g~ina
tion of cuttings from the three dífferent 
stem parts of CMC 40 was above 90 
percent but it was less than 80 percent for 
M Col 22. 

In both vanetles, cuttings from the 
middle part of the stem produced the 
highest germination percentage. Germina
tion rate for all treatments i ncreased 
rapidly from the sixth day, peaking at 12 

days and then. continuing to increase 
slowly. The number of shoots produced 
was highest during the second month and 
then decreased slowly over the rest of the 
period for all treatments (Table 37). 
Treatment 2 gave the highest shoot 
production and Treatment 6, the lowest. 
T reatment 1 produced the highest average 
of. shootsf node and Treatment 6, the 
lowest. Eight days after planting, callus 
formation occurred and rooting began two 
days later. At 18 days, root initiation was 
90 percent in all treatments. At earlier 

Table 3S. Germination percenta¡e at different times duringll days after plantina oftwo-node cuttings taken 
from different stem parts of two cassava varieties. 

Days after planting 

Treatmentl 6 9 12 JS 18 

16a2 6Sabc 78a 84a1 88a 

2 14a 82a 88a 91a 94a 

3 18a 73ab 86a 89a 90a 

4 3a 44cd 62b 67b 70b 

S 2a 50bcd 65b 70b 71b 

6 2a 33d S7b 65b 66b 

c.v. (%) 69 JO S 2 3 

1 Trutmcnta: 1,~3.4,5,6 are cu1tu1p from baaal.. middle and ap1cal part.i o( stcms of CMC 40 and M Col.:!.:!. n:~~ll\d) 
J V&Jun foUowed by different lcttcn are saarufteantly different (P a 0.01 ) b) Duncan's mult1plc •~ngc tc)t 
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96a 

91ab 
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~7h~ 
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Table 36. Shoot capacity production after six months per node of two-node cuttings taken from different 
stem parts of two cassava varietles. 

, o. of buds T o ta l shoots S hoots per 
Treatmcnt1 germinated produced nod~ 

190ab2 1453a l:ía 

2 192a 148 la 7a b 

3 132ab 1209b 6c 

4 143c 1018bc 7bc 

5 154bc 8 17cd 5d 

6 137c 656d 4d 

c .v . (%) 4 5 3 

' For dcteription o( treat~MnU, ... footnote 1, Table 35. 
' Values followed by different letters are si¡nificantly diffcrcnt (P = 0.0 1) by Duncan's multiplc rangc !Cst 

stages. percentage of root initiation was 
higher in CMC 40 than in M Col 22. 

Results indicate that CMC 40 is more 
vigorous than M Col 22 for germination 
and shoot production. This could be dueto 
the larger size of the cuttings - a varietal 
charaeteristic. Therefore, it is suggested 
that two-node cuttings from different 
varieties will give different germination 

and shoot production percentages. W hen 
cuttings are taken fro m different parts of 
the stems of the same variety, germination 
percentage is fairly constant. Cuttings 
from the basal part of the stems produced 
the most shoots / node (Table 36). Perhaps 
these cuttings are more vigorous. 
Nevertheless, when planting materia l is 
scarce, basal , middl~ or apical cuttings can 
all be used effectively (however, apical 
cuttings must be woody). 

Table 37. Number of shoots" prod11ced monthly for six months after planting by 100 two-node cuttings from 
different stem parts of two cassava varleties. 

Months after pla nting 

1 otal 
Treatment' 2 3 4 5 6 ~hoots 

241 abl 429a 315a 196a 147ab 125a 1453a 

2 295a 418a 293a 191a 166a 11 7a 1481a 

3 220ab 356a 247ab 154a 129abc lO la 1209b 

4 134b 22Sb 213ab 164a 132abc 149a IOI!lbc 

5 148b 173b 148b 132a IIObc 105a 9 17cd 

6 107b 116b 141b 1llb 8Sc 95a 656d 

c .v.(%) 13 9 12 15 9 16 5 

t f or dcoc:ription o( trcatmcots. ..., footnotc 1, Tablc 35. 
' Valucs followcd by diffen:nt lcttcrs are si¡nifteantly different (P• 0.01) by Duncan"s muluplc range lC>l . 

C-62 1977 CIAT Annual Report 



Soils and Plant Nutrition 
Since cassava is generally tolerant of soil 

acidity it is frequently grown on acid and 
rather infertile soíls. How;;:ver, within the 
species different degrees of tolerance exist 
and varieties can be selected requiríng 
mínimum liming and fertilizer to produce 
good yields on poor soils. In 1977, a start 
was made to screen the germplasm collec
tion for tolerance to soil acídity and low 
levels of phosphorus and potassium- the 
three most limiting factors on yield in the 
low fertility Oxisols and Ultisols of tropical 
Latín Ameríca and Africa. Work also 
continued on the nutritional req uirements 
of the crop and the most economical 
application methods. 

SCREENING FOR ALUMINUM 
TOLERANCE IN NUTRIENT SOLU
TIONS 

This year, a greenhouse technique was 
developed to screen for aluminum 
tolerance using cassava shoots, rooted by 
the rapid propagation method . Shoots 
were placed in nutrient solutions con
taining 3 and 30 ppm aluminum. In a 

preliminary tria), growth was better at 3 
than at zero pp, aluminum, and therefore, 
this level was used as the optimum. Dry 
matter production of each variety was 
determined after three weeks in both 
solutions, and dry weight at 30 ppm over 
that at 3 ppm aluminum was used to 
indicate aluminum tolerance. 

FIELD SCREENING 
FOR SOIL ACIDITY TOLERANCE 

Fifty varieties from the germplasm 
bank, including sorne promising hybrids 
were planted in single rows with three 
replicates in Carimagua at four levels of 
lime: 0,0.5,2 and 6 t / ha MgO was incor
porated with the lime at a 
calcium:magnesium equivalent ratio of 
5: l. These lime applicatións increased the 
pH from 4.3 to 5.3 and decreased ex
changeable aluminum from 2.0-0.3 
meg/ 100 mg, essentially eliminating 
aluminum at the highest liming rate. Plots 
were fertilized as indicated in Table 38; in 
addition, zinc, copper, boron, 
molybdenum and manganese were applied 

Table 38. Fertilizer levels used in cassava experiments at Carima&ua. 

Experiment Lime N S Zn 

(kg/ ha) 

Lime screening 1976A variable 100 100 200 15 

Lime screening 19768 variable 100 100 200 10 

P screening 1976A 500 100 variable 200 stake streatment 

P screening 19768 1000 100 variable 200 10 

K screening 1976A 500 100 ISO variable 20 stake treatment 

K f ertilization 500 100 100 variable 20 stake treatment 

Rock phosphate 
trial 19768 500 100 variable 200 10 

N x K interaetion 500 variable IÓO variable 10 

Zn fertilization 6000 lOO 100 200 variable 

Manure fertilization 500 variable variable variable 
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to prevent lime-induced micronutrient 
deficiencies. Plants were harvested at 14.5 
months. 

Although plants were completely 
defoliated at eight months by a severe 
horriworm attack, yields were quite high. 
Severa! varieties were eliminated because 
of extreme superelongation disease. 
Without lime, plants were short (56 vs. 90 
centimeters with 6 t lime/ ha) and had 
yellow bottom leaves due to calcium and 
magnesium deficiencies. 

Figure 30 shows the average response of 
the 42 cassava varieties compared with 
those of other crops screened for acid-soil 
tolerance in Carimagua. On the average, 
cassava and cowpea are much more acid 
soil tolerant than rice ( dwarf varieties), 
coro, sorghum or beans. Overall cassava 
yields without lime were about 40 percent 
of those with lime. However, specific rice 

Relative yield (%) 

100¡-¡---~~~~~==~=-~ 

• Cassava (42) 

" Maize (20)----~ 

e Rice (96) 

e Beans (49) 

ii---Y----+-~"'--- Sorghum (240) ---l 

2 6 

Lime applied (t/ ha) 

Figure 30. Relative average yield of cassava a.nd five 
other crops as affected by applications of varlous 
levels of lime, at Carimagua. F;gures in parentheses 
are numbers of nrieties tested. 
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Cassava yields (kgf m2) 
6¡-,------,-------·------~ 

Lime applied ( t 1 ha) 

Figure 31. Sin¡le-row yields of three high-yielding 
cassava varieties selected from 42 varieties tested, as 
affected by lime applied at Carimagua. 

varieties and cassava varieties may be 
tolerant of extremely acid soil as shown by 
the response of M Col 1604 in Figure 31. 
Without lime, this variety yielded 83 
percent of maximum yield obtained with 2 
t lime / ha. The control variety, Llanera, 
used in nearly all the fertility trials, was 
among the most acid soil tolerant, produc
ing 55 percent of maximum yield without 
lime. Table 39 shows the yields and the 
tolerance index of the ten most tolerant 
varieties per tria!, where the square of the 
yield at zero lime divided by that at 6 t/ ha 
lime was used as the tolerance index. 

Another group of 183 varieties were 
screened in early 1977 at lime levels of 0.5, 
l, 2, and 6 t / ha. Although top growth was · 
extremely vigorous, root yields were 
relatively low. The majority of varieties 
were affected to sorne degree by. 
superelongation disease and a few by 
bacteriosis and by sea les. Average yields 
were 13.9, l6.4, 16.0,and 17. 1 t / haforlime 
levels of0.5, 1, 2, and 6 t / ha, respectively. 
Thus, with only 0.5 t lime/ ha applied, 
cassava produced 81 percent of its max-
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Table 39. Root yields and tolerance to soil acidity of severa! cassava varledes (In sln&)e rows). 

Variety 

1976A o 

M Col660 29.3 

M Mex 59 24.0 

CM 334-25 14.2 

SM 1-133 18.9 

Llanera 17.8 

M Ven 168 19.4 

MPan114 19.9 

M Col 22 13.0 

CM 308-23 l9.0 

M Ven 270 15.6 

19768 0.5 

Llanera 27.9 

M Col88 26.2 

M Col 1879 32.5 

M Ven 33 38.3 

M Col565 26.7 

M Ven 186 29.2 

M Ven 183 35.8 

M Coll421 28.3 

M Col988 31.7 

. M Col 1468 38.3 

1 
T (Yield O lime)' 

olerance tndex • (Yacld 6 1 bme ha) 

1 T k d _ Ytdd ll. 5 t lime¡ ha)' 
0 rance m eJ.- (Yield 6 t lime/ ha) 

imum yield. Table 39 shows the yield of 
those ten varieties with the highest 
tolerance index. Llanera had the highest 
index, although yields at 2 and 6 t lime/ ha 
were unusually low, possibly due to 
induced zinc deficiency. 
Cassava Program 

Tolerance 
Root yield (arbitrary units) index 

Lime applied (t f ha) 

0.5 2 6 

39.2 54.7 50.9 16.91 

35.9 55.8 48.2 11.9 

22.1 23.6 21.5 10.7 

26.7 31.7 33.3 10.7 

24.6 32.3 29.9 10.6 

37.7 55.2 42.5 8.8 

31.3 39.5 51.6 7.7 

18.0 30.7 23.4 7.2 

37.3 38.6 50.9 7.1 

23.7 39.9 41.3 5.9 

2 6 

29.2 12.5 5.4 144.12 

20.0 7.9 9.6 71.5 

16.2 16.7 i7.1 61.8 

23.2 30.4 27.9 52.6 

33.3 14.6 15.8 45.1 

27.1 33.3 25.0 34.1 

21.2 15.8 39.2 32.7 

31.2 14.6 24.6 32.6 

24.2 28.3 32.5 30.9 

19.6 52.9 ss.o 26.7 

FIELD SCREENING FOR LOW 
PHOSPHORUSTOLERANCE 

One hundred varieties were planted in 
single rows with two replicates with levels 
of O and 150 kg P2 05 1 ha, band-applied as 
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trip le superhosphate (TSP) at planting. 
Plots were limed and fertilized as indicated 
in Table 38. 

At 2.5 months, plants without 
phosphorus were short ( 4 7 vs. 68 cen
timeters with phosphorus) and lacked 
vigor. Many varieties showed yellowing or 
purpling of lower leaves which also were 

Table 40. Root )ields and tolera.1ce to low soil 
phosphorus of severa! cassava varieties 
(in single rows). 

Variety 

1976A 

M Col 1684 

M Col 660 

MPanll4 . 
CM 213-9 

CM 309-25 

M Col 1686 

M Ven 168 

M Mex 59 

CM 323-64 

M Col 22 

19768 

M Mex 59 

M Pan 102 

M Ven 246 

M Col 1505 

M Col 1524 

M Ven 217 

M Ven 156 

M Yen 187 

M Col 1513 

M Mex 23 

T olerancc mdcx .:: 

C-56 

Root yield 
(arbitrary units) 

~2'2 5 applied (kg/ ha) 

9 150 

8.6 10.7 

13.6 30. 1 

14.4 37.3 

9.2 17.2 

8.4 15.4 

9.0 19.3 

11.5 32.9 

11.3 31.8 

8.2 17.9 

7.2 14.0 

o 150 

23.0 23.6 

12. 1 8.':) 

12.1 10.5 

12.1 11.1 

13.4 15.0 

18.7 32.3 

14.0 19.1 

11.9 14.0 

8.2 7.2 

12.3 16.8 

(Yotld O P)' 
Yield( ISOkg P

2
0, , ha) 

T olerance 
mdex 

6.91 

5.1 

5.5 

4.9 

4.6 

4.2 

4.0 

4.0 

3.7 

3.7 

22.41 

16.4 

13.9 

13.9 

12.0 

10.8 

10.3 

9.7 

9.3 

9.0 

Oaccid. Phosphorus contents of purple and 
yellow leaves were 0.09 and 0.11 percent. 
respectively, while the same varieties with 
applied phosphorus had 0.21 percent in 
their bottom leaves. 

Table 40 shows the response of the most 
tolerant varieties and Figure 32 (part A) 
shows the response of sorne selected 
varieties. On the average, the absence of 
phosphorus reduced yields from 1.7 to 0.5 
kg m2 or 29 percent of max imum in the 
first trial. M Col 1684 was the most 
phosphorus tolerant, but its yield was 
unusually low.Llanera had a low tolerance 
index of only l. 28. 

1 n the second tria!, another 160 variet ies 
were screened for phosphorus tolerance in 
a different plot. Dueto disease problems, 

Cassava yields (kgf ml) 
¡-- --··· 

4 t---------j 

--~c;-660 

200 

Figure 32. Single row ) ields of severa! cassan 
varieties and the a\·erage yields of 85 nrieties as 
affected by two levels of phosphorus and potassium. 
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yields of the plot with 150 kg P2 0 5 / ha 
were slightly lower, while sorne residual 
phosphorus in the soil raised the yields of 
the zero-phosphorus plot slightly higher 
than those of the first screening, resulting 
in a higher tolerance index as indicated in 
Table 40. M Mex 59 had the highest 
tolerance index. 

Due to non-uniformaty of soil and 
climatic conditions, tolerance índices of 
varieties in different field screenings 
cannot be compared; screening in nutrient 
solution produces more uniform con
ditions. Moreover, differential suscep
tibility to d iseases is seldom a.complicating 
factor in nutrient solution screenings. 
Hence, in the future, nutrient solution 
screening will be emphasized. 

FIELD SCREENING FOR 
LOW POTASSIUM TOLERANCE 

The same 100 varieties used for the first 
phosphorus screening were also screened 

Table 41. 

Variety 

1976A 

CM 308-23 

M Co1660 

M Col247 

M Ven 83 

M Mex 23 

CM 32G:19 

· M Ven 168 

Root yields and tolerance to low soil 
potassium of severa! cassava varleties (In 
slnc~e rows ). 

Root yield Tolerance 
(arbitrary units) index 

o 200 

19.1 13.6 

27.1 29.7 

20.7 18.5 

25.2 28.1 

11.5 6.4 

13.0 10.0 

21.6 27.7 

M Ven 1823 17.5 22.0 

26.81 

24.7 

23.2 

22.6 

20.7 

16.9 

16.8 

13.9 

13.8 

13.7 

M Col783 10.9 8.6 

Llanera 14.6 15.6 

' Tolerance index . (Yidd ° K)' 
Yidd (200 q K 20 / ha) 

c. ... va Progr1m 

for low potassium tolerance by planting 
with two potassium levels- O and 200 kg 
K 20 / ha, applied as KCI, split applied at 
planting a nd at 60 days. The plots were 
limed and fert ilized as indicated in Table 
38. 

Without applied potassium plant 
growth was only slightly reduced from 66 
to 60 centimeters at 2. S months. Potassium 
content of upper Ieaves decreased 
significan ti y from l. 70 to 0.98 percent, 
while contents of nitrogen, phosphorus 
and magnesium increased in the absence of 
potassium. The calcium content was not 
affected. Figure 32 (part 8) and Table 41 
give the response to potassium of the most 
tolerant varieties tested. On the average, 
lack of applied potassium reduced yields 
from 1.45 to 1.0 kg/ m2, that is, to 70 
percent of maximum yield. 

LEVEL ANO TIME 
OF POTASSIUM APPLICATION 

Under high rainfall conditions applied 
potassium can be lost partly through 
leaching. Therefore, split applications of 
potassium are generally recommended. To 
study this effect, the variety Llanera was 
planted, and levels of O, 50, 100, 150, and 
200 k.g K 10 / ha were applied u KCI in a 
smgle or split application at various times 
after planting. The fertilization regimes are 
indicated in Table 38. 

Application increased potassium con
tents of upper leaves at three months from 
1.83 to 2.21 percent whi1e calcium and 
magnesium contents were 1ow but not 
significantly affected by potassium 
application. However, at nine months, 
plants in high-potassium treatmellts show
ed yellowing of lower leaves with 
magnesium contents of only 0.06 percent 
compared with 0.15 percent in plots 
without potassium. This suggests that high 
potass ium applications indu ced 
magnesium deficiency, but calcium status 
of the plant was not affected. Figure 33 
shows the yield response. Though yields 
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Cassava yield (t/ ha) 

15 

Figure 33. Response of the cassa,·a variety Llanera 
to severallevels of potassium applied at various times 
after planting at Carimagua. 

were low, there was a significant response 
to potassium application, but no signifi
cant difference between levels of applica
tion; a single application at planting was 
superior to any split application or single 
application at 30 days. Thus, under the 
climatic and soil conditions of Carimagua 
a split application of potassium does not 
seem necessary. The application of 20 kg 
M g/ ha did not prevent magnesium 
deficiency induced by high potassium 
treatments. 

RESIDUAL EFFECTS 
OF ROCK PHOSPHATES 

The 1976 CIAT Annual Report showed 
the response of cassava to applications of 
various rock phosphates in Carirnagua. 
This year, the tria! was reseeded to measure 
the residual effect of the phosphate 
applications. One of the two sets of plots 
on which TSP had been applied was used 
to measure residual effect, while in the 
other set the same amount of TSP was 
reapplied as an optimum control. 
Nitrogen, potassium and zinc were uni-

C-68 

formly reapplied to all plots. Plants were 
harvested at 11 months. 

Yields of all plots were considerably 
lower in the second planting than in the 
ftrst: the highest yield was 21.9 t / ha 
obtained with 400 kg P 2 0 5/ ha of reapplied 
TSP. Figure 34 shows the relative yields of 
both plantings. Application of basic slag 
produced the highest yields in the ftrst 
planting, and had a better residual effect 
than any other source in the second 
planting. Of the rock phosphates, the 
residual effect of Gafsa rock was better 
than that ofTSP and North Carolina rock. 
In the first planting, cassava only respond
ed to lOO kg P 2 O 5/ ha, but in the second 
planting there was a significant respo nse to 
400 kg P20s / ha, both for the residual and 
reapplied phosphates, indicating that 100 
P 2 O s f ha was not sufficient for maxirnum 
yields. 

POT ASSIUM X NITROGEN 
INTERACTIONS 

Results of a potassium x phosphorus. 
systematic desígn tria! with Llanera were 
reporteo in the I976CIAT Annual Report. 
A similar tria! for potassium x nitrogen 
was planted in Carimagua using 14 levels 
of potassium combined with 14 levels of 
nitrogen, band -apptied at seeding as K 2 so. 
and urea, respective! y. Y ields of Llanera 
varied between 17 t / ha at low nitrogen and 
potassium rates to 30 t fha with the 
application of 130 kg N 1 ha and 160 
K 2 O 1 ha. N o nitrogen response was observ
ed in the absence of potassium nor a 
potassium response in the absence of 
nitrogen. Both elements were equally 
important in increasing yield but neither· 
produced the large response obtained with 
phosphorus in the potassium x phosphorus 
tria l. 

Using values of$1 , 500/ t of cassava and 
$17.50/ kg N, $18,50/ kg K 2 0 , and 
$23.20/ kg P 2 0 5 (all in C olombian pesos), 
the value of the increased yield d ue to 
fertilization exceeded the cost of the 
fertilizers and transport. 
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Figure 34. lnitial ( 1976) and residual ( 1977) effects ofvarious levelsand sources of pbosphorus on the relative 
yleld of cassava variety Llanera in Carimagua. 

Figure 35 shows the effect of nitrogen, 
phosphorus and potassium fertilization on 
the harvest index. 8oth nitrogen and 
potassium applications decreased the 
harvest index, indicating that the fertilizer 
stimulated top growth more than root 
growth. With phosphorus fertilization the 
harvest index increased up to 50 kilograms 

· of applied P20~ / ha and then decreased. 
This initial increase in harvest index as 
phosphorus levels increased was also 

.found in other phosphorus trials (CIA T 
Annual Report 1976) and indicates that 
phosphorus at low to intermediate levels is 
most efficient for root formatio n. 

ZINC FERTILIZATION 

Since zinc deficiency is very common in 

Cassava Program 

ca!>sava on both acid and alkaline soils, a 
tria! on sources, levels, and methods of 
application of zinc was conducted in 
Carimagua on acid soils and in CIAT on 
alkaline soils. Fertilization regimes at 
Carimagua a re shown in Table 38; at 
C IAT, plants were only fertilized with zinc. 
T he test varieties in Carimagua were M 
M ex 23 and M M ex 59, and in CIA T, 
Llanera. Plants were harvested at 12 
months in Carimagua and at 15 months in 
CIAT . 

Table 42 shows the responses to zinc 
a pplication. Both varieties in Carimagua 
produced low y1elds due to a severe 
ho rnworm attack and infection with CBB. 
However, they responded significantly to 
soil application of 5 kg Zn/ ha, but gave no 
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Figure 35. Effects of various levels of nitrogen, 
pbosphorus and p olassium on lhe harvesl index of 
cassava variely Llanera al Carimagua. 

additional response t o higher levels; Hiere 
was no significant difference between 
band-applied ZnSO. or broadcast ZnO. 
Foliar application or stake treatments were 
less effective than soil application. W hen 
yield was correlated to zinc contents of 
upper leaves at three months, a critica! 
leve! fo r zinc deficiency of 37 ppm was 
determined for M Mex 59 and 51 ppm for 
M Mex 23. 

1 n CIA T, Llanera responded very well 
initially to stake treatments of 2 and 4 
percent Znso •. However, most plants 
recuperated from zinc deficiency, while 
sorne suffered from soil salinity. Yields 
varied greatly because of soil variability 
(pH 6. 7-8.0). Best yields were obtained 
with 15-minute stake dips in a suspension 
of 4 pcrcent ZnO ora solution of 4 percent 
ZnSO. prior to planting. High yields were 
correlated with high zinc content (n10re 
than 45 ppm) of upper lea ves but no critica! 
levcl could be determined. 

Thus in acid soils, soil application of 
ZnO o r Znso. is effective, while under 

Table 42. Zinc conlenl of upper leaves al three months and root yield as affected by various tinc treatments 
applied to two varielies of cassava in Carimagua and one variety in CIA T, Palmira. 

Carimagua CIAT 

Yield (t / ha) Zn in leaves (ppm) Yield Z n in 
(t; ha) l ea\~~ 

Treatment M Mex 59 M Mex 23 M Mex 59 M Mex 23 Llanera (ppm) 

Control 8.3 1.7 25 21 34.7 38.~ 

5 kg Zn / ha, ZnS0 4 12.7 8.4 35 34 33.2 37.2 
10 kg Zn / ha , ZnS0 4 13.2 7.8 41 37 31.9 40.5 
20 kg Zn / ha, ZnS0 4 14.1 7.4 60 52 40.0 42. 2 
5 kg Zn / ha, ZnO 15. 1 6.0 45 32 39. 1 42.2 

10 kg Zn / ha, ZnO 12.5 10.2 50 34 27.8 35.0 
20 kg Zn/ ha, ZnO 13.0 10.7 50 45 3lU:í 39.5 
1% ZnS04, fo liar 10.9 4.2 3H.4 44.7 
2% ZnS04, fo liar 11.2 6.2 32.3 43.0 
4% Zn$04, foliar 13.2 4.4 37.4 45.0 
1% ZnS04. stake 6.5 3.5 34 30 35.6 32.0 
2% ZnS04, stake 10.7 5.5 26 27 34.3 37. 5 
4% Znso •• stake 13.8 3.3 32 25 43.4 38 o 
1% ZnO. stake 9.4 4.8 30 26 29.9 3 1." 
2% ZnO. stake 8.6 5.5 2!! 26 29.8 3'} 2 
4% Z nO. stake 11. 1 5.6 26 25 52. 1 32.7 
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alkaline conditions stake treatments are 
recommended since soil-applied zinc ts 
rapidly precipitated at a high pH. 

FERTILIZA TION WITH COW 
MANURE 

Areas with acid infertile soils, presently 
used for beef production, are also areas of 
potential cassava production. The use of 
locally available cow manure to fertilize 
cassava is an obvious alternative to the use 
of imported chemical fertilizers. The 
effectiveness of various levels of cow 
manure was tested against manure com
bined with phosphorus or potassium 
applications, and against complete 
chemical fertilizers ( 1 0-20-20) applied in 
equivalent amounts of phosphorus as in 
the manure. Llanera was the cassava 
variety used. The manure was incor
porated while chemical fertilizers were 
band-applied alongside the stakes. 

Figure 36 shows that the application of 
20 and 30 t / ha of manure doubled the 
yields, but that the addition of 80 kg 
P2 0 5 ! ha or !50 kg K20 / ha significan ti y 
increased yields over those with manure 
al one. The application of equivalent 
phosphorus amount~ of 10-20-20 fertilizers 
was gene rally superior to the use of manure 
alone. but not significantly different from 
the manure combined with phosphorus or 
potassium. 

Using current prices (Coloml:íian pesos) 
of $1,500 / t for cassava and $8,400/ t for 10-

Cassava yield (t/ ha) 

• Manure 
O Manure + 150 kg K20 
• Manure + 80 kg P20s 
.ó 10-20-20 

10-20-20 (kg/ ha) 
1 1 

o 400 800 1200 
01--L-----~c------~~----~~ o o 10 20 JO 

Cow manure (t / ha) 

Figure 36. RespoDH of cassan varlety Llanen·to 
various levels of cow manure, appUechlther alone or 
comblned wlth phospborus or potassium, compared 
to equlva1ent amounts of appUed 10-lO-lO cbtmlcal 
fertlllzen. 

20-20 fertilize~ (including transport), the 
use of manure on the average gave a higher 
net return only if the value of the manure, 
including cost of collection and applica
tion, were less than $200/ ton. Generally, 
yield increases obtained by applying 
phosphorus or potassium to the manure 
did not compensa te for the additional cost 
of these fertilizers. 

Cassava Storage 

Cassava roots deteriorate rapidly after 
harvest. Deterioration is either 
physiological or microbial, but the former 
generally occurs within 48 hours of 
harvesting. Physiological deterioration is 
cbaracterized by a dry brown to dark 
necrosis, normally appearing as rings 
around the periphery of the cortex. This 
deterioration often appears on susceptible 
c. ... va Program 

varieties within 48 hours or harvesting. 
Microbial deterioration commonly begins 
as vascular streaking, followed by soft rot, 
fermentalion, and maceration of the root 
tissues. This type of deterioration, which 
does not occur in any special order, is 
normally noticeable five to eight days after 
harvesting (Fig. 37). 
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Figure 37. Two forms of deterioration of cassava roots. (Ltft) Physiologic: dry brown·d11rk necrosis in the 
form of rings around the periphery of the cortex. (Right) Microbial: sort rottin&, with fermtntation and 
maceration of the root tissues. 

PRUNING 

An experirnent was done to evaluate the 
effect of pruning on cassava deterioration. 
Eight cassava varieties were selected with 
varying resistances to both physiological 
and microbial deterioration (see Cassava 
Storage, CIA T Annual Report, 1976 ). 

Root deterioration (%) 

Plants of each variety were pruned to 
remove all green material (leaving only a 
25-centimeter stem) and left in the ground 
for varying intervals before harvest. The 
results showed that the percentage of both 
physiological and microbial deterioration 
decreased with time from pruning to 
harvest for up to 14-21 days (Fig. 38). 

O Detached roo ts. M Col 22 
k---"<;:---"'"-<:::'~-----+----------.r- A ttached roots. M Col 22 

\1 Detached roots. M Col 1802 

60r----~~---~?é~--------•-~A~t~ta=c~h=ed~ro~o=t~s.~M~C~o~l ~i8=0~2----~ 

50ir---------~~~--~~~~~--------~--------------------

~~r-----------~--~~------~~~~--~------------------~~ 

)Qir-------------~~~--~~------~~~~-=--------------L--1 

20r-----------------~=---------~~--~~~~----~~-=--+-~ 

o 7 14 

Time of prumng (days) before storage 

Figure 38. Effect of stem on cassava root deterioration after 20 days of storage. 
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Root deterioration (%) 

1--------- C::J Pruned O days 
~ Pruned 14 days 

1-----=----- Pruned 21 days 

M Col 1807 M Col 22 CMC 29 Regional CMC 92 M Col 45 M Col 1802 M Mex 59 

Varieties 

Figure 39. Root deterioration of eight cassava varieties pruned O,l4and 21 days before harvesting and stored 
for 20 days. 

Roots left attached to the stem always 
deteriorated more slowly than those which 
had been detached. As indicated last year, 
susceptibility to deterioration is a varietal 
characteristc, for example, M Coll807 and 
M Col 22 were more susceptible than M 
Col 1802 and M Mex 59 (Fig. 39). 
However, after 21 days, when these 
varieties were pruned, the first two 

Dcterioration (%) 

• Control 
-o- Pruned at 3 weeks 
----Ó... Pruned at 4 weeks 

vanettes had deteriorated less than the 
latter two. Hence, varietal reaction to 
pruning varíes and resistance without 
treatment is not related to resistance with 
treatment. 

NormaUy, damaged roots deteriorate 
more rapidly than undamaged ones. 
H·owever, after pruning, roots cut to 
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Figure 40. Effect of plan! pruning and chemica1 treatmtnl on root dtttrioration of cassava variety M Co1113. 
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Figure 41. Effect on deterioration of storing root of cassava variety M Col 113 in bags. 

simulate damage deteriorated at the same 
rate as treated, undamaged roots even 
when held at low humidity to prevent 
curing. 

When roots with stems were stored after 
pruning, the physiological deterioraúon 

Deterioration (%) 

t> Polyethylene-lined bags 

which normally occurs during the ftrst two 
days was prevented. However, after ten 
days microbial rotting occurred but this 
was prevented by dipping roots in maneb 
a nd sodium hypochlorite ( 4 x J(}l and 2.5 x 
1()4 ppm a.i., respectively) (Fig. 40). 

~ 
• Control 1 l 
o Polyethylene-lined bags + sod•um hypochlorite (2.5 x 

100 -----~-----~~----~-----~~--~~. 
• Polyethylene-hned bags + maneb (4 x 103 ppm a.1.) 

1 

o 5 10 15 20 

Storage time (days) 

Figure 42. Effects of polyethylene-lined paper bacs and chemical treatments on d eterioration of stored 
cassava roots. 
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Figure 43. 'Prevention of cassava root mlcrobial deterioratlon with maneb treatments. 

STORAGE IN BAGS 

Storage in burlap and paper bags 
increased the number of undeteriorated 
roots when compared with controls (Fig. 
41), but treatments still gave a high 
percentage of both microbial and 
physiological deterioration. There was, 
bowever, a tendency for microbial 
deterioration to begin after about five 

days, similar to results for the pruning 
treatments. This was partially prevented by 
treating the roots with sodium 
hypochlorite (2.5 x lO' ppm a.i.) and 
completely prevented by a treatment of 4 x 
1 O' ppm a.i. of maneb (Fig. 42). Further 
trials showed that at this concentration of 
maneb, sorne microbial rot occurred but 
that at concentrations of 8 x 1 ()4 ppm a.i., 
excellent control was obtained (Fig. 43). 

lnternational Cooperation 

International cooperation activieties 
were markedly increased in the Cassava 
Program in J anuary 1977 with the assign
ment of two staff positions- one based at 
CIAT, to coordinate Latin American 
activities and the other, posted at SEAR
CA, Philippines, to coordinate outreach 
activities in Asia. Both positions are 
funded by the Intemational Development 
Research Centre (IDRC), of Canada. 

However, outreach and international 
cooperation activities were i nitiated as 
c. ... va Program 

early as 19'72 when several LatinAmerican 
countries were visited. CIA T, being an 
apolitical organization, can only influcnce 
what happens by demonstrating the 
usefulness of what it has to offer. The 
oetwork of technical visits, training, and 
interpersonal and friendly com
munications, are the basis ofthis program. 
Throughout these years, these approaches 
have served as a means to: (a) help other 
countries to organize, with different 
degrees of success, their research on 
cassava; (b) to adapt, adopt and apply 
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sorne of the mínima! input technology 
developed at ClA T ; (e) to field test CIAT
developed and other cultivars and hybrids; 
and (d) to cooperate in establishing an 
international network fo r exchange of 
inforrnation and germplasm, the latter 
through uniforrn regional trials using 
selected cassava cultivars. Two cassava 
scientists, upon special request, have 
worked with severa! sponsoring countries 
providing special assistance on specific 
problems. 

The international cooperation 
philosophy is to Inform ofwhatCIATcan 
offer, Wair until the national agency 
decides on what action it wishes to take, 
and then Assist the national agency in 
solving their problems. (The demand from 
the collaborating countries is mainly 
centered on germplasm exchange, 
technology, training, and assistance in 
program development): 

Training plays a major role asa first step 
in international cooperation and it has 
changed from a rather opportunistic 
position of accepting random trainees to a 
very selective attitude that concentrates 
efforts in given countries at a given time, 
consequently providing training to severa! 
scientists in order to forro teams for 
research in production in those countries. 

The Cassava Program, as a result of i ts 
research and outreach activities, has 
decided that it is not only technology that 
needs to be transferred, but rather the 
ability to define the optimum technology 
that can be adapted to specific conditions 
by national agencies. 

Experience has shown the effectiveness 
of the regional trials methodology as 
published in "The International Exchange 
and Testing of Cassava Gerrnplasm", the 
result of a workshop in which country 
representatives presented their needs. 
Work is now concentrated on designing a 
series of standardized simple experiments 
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to valid ate the tc:chnology generated at 
C IAT. 

The development of international 
cooperation activities in Asia, being newer 
in its outreach than in Latín America, has 
a s its major present responsibiljties the 
multiplication and exchange of germ
plasm, including the establishment of 
regional trials; selection of candidates for 
tra ining, a nd coordination of their work 
after training; and definition of the status 
qua of cassava production in Asia. 

At this early stage, only five countries in 
Asia are involved in the Asían Outreach 
Program- India, Indonesia, Malaysia, 
the Philippines and Thailand. In the 
immediate future, other Asían countries, 
notably Sri Lanka, Burma and Vietnam, 
will be inf ormed of the CI A T p rogram and 
what it has to offer. Y isits and program 
discussions had already been done with 
cassava scientists in the first five countries, 
and correspondence for possible cassava 
linkages with agricultura! agencies for the 
other Asían countries has been initiated. In 
the field of manpower development for the 
countries, the response from developing 
national cassava programs to send par
ticipants to the January 1978 Intensive 
Cassava Course at CIAT has been en
couraging. It is expected that sorne 25 
Asians from India, Indonesia, Malaysia, 
the Philippines and Thailand will be 
selected for this course. 

In the future then, the regional trials 
network will serve asan effective means of 
informing national. agencies about their 
potential production capacity and the 
scope of the regional trials will be ex
panded so as to validate the low-cost 
cultural practices technology implemen
ting the international collaboration ac
tivities in those countries wanting to 
commit thei r interest to increased cassava 
production. H owever, understanding that 
C IA T's clients a re the national institutions 
and , that consequently, it does n ot ha ve the 
responsibility nor the right to tra nsfer 
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technology directly to farmers, it cannot 
commit itself to cause any in crease in yields 
in any region or country, unless the 
committment origina tes in the national 
institutions. 

Achievements and projections in inter
national cooperation activities can be 
sumrnarized as follows: 

Since the first visit to Brazil in 1972, and 
by special request of national research 
institutions and organizations of severa! 
countries, 124 scientists have been 
trained in cassava research and production 
at CIAT. Of these, 37 have come from 
Brazil, 12 from Mexico, 20 from Colom
bia, and 35 from other Latin American and 
Western countries; four have come from 
Malaysia, 11 from Thailand and five from 
Africa. Many of the professionals were 
trained in two intensive courses and two 
more intensive courses are programmed 
for 1978, one for participants from Asia, 
the other for Latín Americans. Twenty 
other agronomists have participated in 
longer training periods (3 to 12 months), 
and 14 have completed postgraduate 
research projects on cassava at CIA T . 

As a result of this diversified training, 
sorne countries have taken longer steps in 
defining their cassava programs. 

In Brazil, the National Cassava Center 
has been organized and CIAT, by special 
request of the Empresa Brasilerira do 
Pesquisa Agropecuaria (EMBRAPA), 
assisted in the planning and organization. 
CIA T's cassava agronomist has also spent 
over a month in the Brazilian Cassava 
Center, assisting in organizing a national 
network. of regional trials, and in 1978, the 
cassava entomologist will help them m 
organizing the program in Brazil. 

Consultations and visits to the Instituto 
Nacional de Investigación Agropecuaria 
(INIA) of Mexico, by the pathologist, 
agronomíst and coordinator of ClAT's 
cassava program, resulted in the writing of 
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a National Cassava Program for Mexico, 
which has been approved. A national 
center has been established. 

Training in pathology by a Costa Rican 
agronomist at CIA T and visits of the CIA T 
cassava pathologist to that country, 
resulted in the eradication of bacteriosis 
from the experimental fields in Santa Clara 
and a program to eradicate cassava 
bacteria blight from major cassava grow
ing areas in the country. Additional visits 
of the international cooperation specialist 
and other personal communications 
resulted in the establishment of an inter
national regional tria! with CIA T's best 
selections and later, in a formal agreement 
between the Ministry of Agriculture of 
Costa Rica and CIA T's Cassava Program, 
assistance in developing cassava research 
and production. 

In the Dominican Republic, former 
trainees from CIA T will be assisted in 
organizing their cassava program and in 
establishing an international regional tria!. 

Ecuador, through its Instituto Nacional 
de Investigaciones Agropecuarias (IN
IAP), asked for specilic assistance to define 
the status quo of cassava production in 
that country, with special emphasis on 
economic aspects. CIA T assisted, with the 
funding of IDRC, in the design and data 
processing of an agro-economic survey 
that showed yields were only of the order of 
10 t / ha. This was low compared with what 
should be expected. Hence, an inter
national regional tria! was established in a 
major cassava growing area and has shown 
that yields of more than 20 t/ ha, are easily 
obtainable. 

In Colombia, the Federación Nacional 
de Cafeteros has adopted CIA T's 
technology for a specific program in the 
Caicedonia arca, and, at least for those 
farmers who keep production records, 
showed increased yields from 25 to 45 t/ ha 
over a five-year period. This is a clear 
example of how a national institution has 
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assimilated CIA Ts technology and 
transferred it to farmers. In both the Cauca 
V alley and the A tlantic Coast regions, I CA 
is multiplying new lines selected in the 
ICA 1 CIA T regional trials for la ter dis
tribution to farmers. 

In other countries complete success has 
not been achieved. )ORC has provided 
special funds for Yeru, but the objectives 
proposed hav~, n'ot yet been accomplished. 
Others have been informed, and have not 
responded. yet, while others ha ve called for 
assistance. 

The network of regional trials has 
produced yield data from 48 different si tes, 
within and outside Colombia. Of these, in 
47 cases, CIA Ts selected cultivars ha ve 
produced highest yields indicating an 
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adaptability to a wide range of ecological 
conditions. lt has also proved that the local 
varieties can yield 50 to l 00 percent more, 
even with minimal inputs, if CIA Ts 
technology is adopted. 

The collaborating countries in this 
regional trial network have been Guyana 
and Ecuador (two cycles), Mexico (three 
trials), Venezuela (two trials), and Costa 
Rica, Argentina, and the U.S .A. (one 
trial). Selected varieties, hybrids and seeds 
from controlled crossings ha ve been sent to 
more than 30 countries, and the first results 
and comments are being received. 

The success achieved so far has proven 
the validity of the technology generated, 
and the many problems faced indicate that 
research has to continue. 
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