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Errata 

Page Columm Element Printed: Should be: 

6 1 Figure 2 M Col 59 M Mex 59 

6 2 Figure 3 M Col 59 M Mex 59 

6 2 Figure 3 LSD (P<o.05) LSD (P<0.05) 

7 i Figure 4 M Col 59 M N.ex 59 

60 2 Second para., line 8 more to growth more top growth 
61 2 Line I and K contents and K concentrations 
20 1 Figure 1 I - Tolerant I - Intermediate-resistant 

III - Tolerant III - Intermediate-rcsistant 
V - Tolerant Intermediatc-rcsistant 

62 1 Figure 3 Stems 0 Stems A 

64 I Figure 5 15.0 15.0 

4.0 % N 4.0 % N 

3.0 

66 1 Figure 8 Figure 44 Figure 8 

93 2 Footnote Left during 1979. *Left during 1980. 
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Physiology
 

The Physiology section has shifted emphasis from the slightly longer in stressed plots due to reduced shading of 
ideal plant type for near ideal conditions towards lower leaves which resulted from decreased leaf area 
identifying which characters are associated with high root production (Fig. 2,b). 
yield and quality under stress conditions. Work in 1980was 
directed to a detailed study of the plant's reaction to water rduc lea dess se to rdcde rea 
stress. 	 production of new leaves and redtced leaf size (Fig. 2,c). 

In turn, the decreased number of new leaves was due to 
both reduced branching (Fig. 3,a) and reduced leaf 
formation per apex (Fig. 3,b). Work with pot plants

Growth and Yield under Water Stress suggests that leaf expansion and, hence, leaf size are 

extremely sensitive to water stress. 
Growth and yields of the vigorous (M Mex 59) and the 

low-vigor cassava variety (M Col 22) were studied with a 
period of artificial rain exclusion. Stress was obtained by -HI H2 H3 H4 H5 

covering the soil with plastic from 15 to 25 weeks after 
planting; control plots received the natural rainfall which 
was well distributed and totaled about 500 mm during the 
10-week period. Due to a natural dry period (approximate
ly 120 mm of rain during II weeks)just before the exclusion 
period, plots were already stressed before the treatment 4 

period. Plant growth and developmei.t were followedthroughout the stress period and subsequent recovery. 

Control plots of M Mex 59 were extremely vigorouswith 3 

leaf area indices (LAI) above three for much of the growth 
period and above four for considerable periods (Fig. 1).--	 -
These LAI values are well above the normal optimum of 
2.5-3.5 for root yield. Control plots of M Col 22 never 
attained LAIs higher than three and were suboptimal for 
most of the growth period. In both varieties, water stress 
reduced I.Als markedly, althouj,h M Mex 59 maintained 
a LAI approximately twice that of M Col 22 during the 
stress period. 10o 200 300 

Days after planting 
Changes in LAIs are determined by the initial LAI, 'he 

number and leaf area of leaves formed, and the area of M Col 22 M Mex 59 
fallen leaves. The decrease in LAI during water stress Control 0 Control 0 
periods is frequently said to be due to increased leaf fall. In Stress o Stress 0 
this experiment total leaf fall in the stress period was Stress period t,= 
reduced in the stress plots (Fig. 2,a and b). Mean age of 	 Figure 1. Leafareaindices (LA!) ofeassavacultivars M Mex 59 and M 
fallen leaves fiom M Col 22 was similar in control and Col 22 duringand after a water stressperiod. 

stressed plants (Fig. 2,a). In M Mex 59, leaf life was H= harvest. 
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The reduction in LAI and stomatal closure during the 
stress period caused a marked decrease in crop growth rate 
(Table 1). However, the percentage increase in standing 
biomass found in the roots greatly increased in the stressed
plots, from 32 to 53% in M Mex 59 and from 70 to 87% in 
M Col 22. A direct result of this was thak root yield of M 
Mex 59 was not significantly reduced in the stress period 
(Fig. 4) and that root yield was reduced proportionately 
less than crop growth in both varieties. Thus, during stress 
the crop tends to maintain root growth at the expense of 
top growth, utilizing reduced dry matter production 
extremely efficiently. 

The marked decrease in LAI during the stress period isa 
mechanism to reduce transpiration (i.e., water loss) 

although loss of water was also controlled by stomatal 
closure. Leaves of plants in stressed plots had consistently 



lower leaf conductance (a measure of stomatal opening) Both varieties also reduced average soil water potentialthan did control plants. Leat conductance of M Mex 59 toa depth of 2 m (maximtim depth measured) to about -1.5 was somewhat less than that of M Col 22, however, MPa, a level similar to that of the leaves. Soil watercalculations suggested that total transpiration was similar decreases were similar in both varieties, again suggestingdue to the greater LAI of M Mex 59. Stomatal control was similar transpiration rates for both varieties even with large
such that leaf water potential remained at similar levels in differences in LA!. 
both stressed and control plots. The minimum leaf water
potentials were approximately -1.5 MPa in both varieties. At the second harvest, in the middle of the stress period, 

stressed plants of M Mex 59 had significantly more roots 
at greater depth than the controls. By the fourth harvest, 
roots were found 2.6 m deep, the greatest depth sampled.

Table I. Crop gromth rate ol cassava cultivars M Col 22 and M Mex Although the cassava root system was quite deep it was59 during and alter a 'aater stress period. also relatively sparse compared to many other crop plants. 
Period' Duration Man 

This rather sparse root system may well be a mechanismMean growth rate (kg/ha per day) that leads to slow water use under drought and allows 

irradiance M Col 22 M Mex 59 rather low levels of transpiration and growth to continue. 
(M J/il) Control Stress Control Stress 

PD - III 109 17.3 These data suggest that during a stress period the cassava27 27 39 plant can extract soil water to a depth ofat least 2 m, to soil-1I- 112 39 18.2 103 62 96 47
12 - 113 33 19.3 112 14 74 51 water potentials of-1.5 MPa. The sparse root system,113 - 114 38 19.7 113 40 130 31 reduced leaf area and partial stomatal closure all lead to a114 - 115 87 20.3 17 35 61 115 slow but prolonged water uptake during a stress period 

t1= liar',t; N'l) lPlanting date allowing continued but rather slow total growth. At the 
same time, the proportion of total growth used in root 
expansion increases under stress enabling the plant to12 HI H3H2 1t4 H5 minimize the reduction in root growth. This effect was 

ly ~ particularly noticeable in the more vigorous variety M Mex 
59. 

10-
I/ After the stress period, a flush of new growth appeared. 

/1 Pot trials show that leaves that pass through the stress 
8- period rapidly increase their photosynthetic rates when 

- rewatered (Fig. 5). providing the plant with a positive 
- .. " / -carbon balance as soon as water becomes available. Root 

6-, reserves are also apparently used for rapid rgrowth of the 
Z': tops (sec next section). Leaf area indices in both varieties" 'increased during recuperation," and by final harvest 10 _ I months after planting, were similar in both control and 

0I . stressed plants (Fig. 1). 

2- Leaf area recovery was ._,atedto leaf formation rate per,apexI' 1 and branching; leaf formation rate per plant was 
similar in recuperating and control plants (Fig. 2). Leaves 

, 20. i0 of recuperating plants were, however, much larger than100 200 300 those of the controls at similar node levels. Large leaf size 
Days after planting during early recuperation allowed plants to rapidly 

M Col 22 M Col 9 increase LAI. 
Control * Control I 
Stress period ,ed Total nodes produced in stressed plants were always less

SLSOD (11<0.I5j than in unstressed plants so stein weight increases were less
Figure 4. Drr root* iihld.s of two cassava cultivars during and after a in the former during recovery. LAI in M Mex 59 waswater stres.s Iwri,iL. sufficient to achieve reasonable daily growth rates of 89.511=hiarvest. kg/ha in recuperating plants, compared to 82.0 kg/ha in 
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controls; this coupied with decreased stem growth resulted 
in greater final yield (10.7 t dry roots/ha) in stressed plants 

than in the controls (7.6 t/ ha). On the other hand, the LAI 
of previously stressed M Col 22 was so low that daily 
growth was reduced markedly (36.5 kg/ ha) compared to 
the controls (46.2 kg, ha) and root growth rate was lower 
during recovery leading to a yield of 7.3 t/ ha in the stressed 
plots compared to 11.2 t/ ha in the controls. 

These results suggest that when stress occurs in the 
middle of the growth period,a vigorous cassava variety may 
be preferable to a less vigorous type which may yield better 
under non-stress conditions. 
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Figure 5. Photosynthetic -aeof the samne kafofpot-grown plants of 
cassava cultivar At Cal 1684 during and after a water stress 
period. 

Root Quality under Water Stress 

Root quality of cassava is closely related to dry matter 
content and starch content. Dry matter content of control 
plants in the experiment described above increased steadily 
with age of the crop until the final harvest 10 months after 
planting. Root dry matter of M Col 22 increased markedly 
during the first part of the stress period (Fig. 6); however, 
during recuperation, there was a marked decrease in dry 
matter that was maintained to a lesser extent by final 
harvest. This decrease in dry matter in the recuperation 
phase is consistent with the hypothesis that root reserves 
are used to produce the rapid flush of growth during 
recuperation. 
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Starch content increased slightly by the end of the stress 
period (20.1 versus 18.3%). However,by the end of the first 

phase starch content had risen to only 20.3% 
compared to 26.3% in the controls and this difference still 
existed at a reduced level by final harvest. Starch content 
(root quality) was, therefore, most affected by stress in the 
recuperation phase and was never completely recovered. 

Growth Analysis 

During recent years the clone M Col 1684 has consist
ently been one of the highest yielding varieties over a wide 
range of conditions in the regional trials network. Growth 
and development of M Col 1684 were compared to 
M Ven 77, M Ptr 26 and M Col 22 at CIAT-Palmira to 
determine if basic differences existed between M Col 1684 
and the other clones. At final harvest one year after 
planting, yields ranged from 10.4 t dry roots/ ha in M Ven 
77 to 14.4 t dry roots/ ha in M Col 1684. Total biomas3 
(including fallen leaves) varied little (26.1-27.4 t dry 
matter/ ha) and, hence, yield differences were mainlydue to 
differences in harvest index, which ranged from 0.40 in M 
Ven 77 to 0.53 in M Col 1684. 

The pattern of leaf area development in all varieties was 
similar, although M Col 22 developed more slowly but 
maintained a higher LAI during later growth stages. 



M Col 1684 was by far the most profusive branching of 
the four clones tested. Whereas branch number of the other 
varieties increased in a phasic manner, the number of active 
apices of M Col 1684 fluctuated widely. These fluctuations 
are not due to a large variabilityin the data but, rather, due 
to a high mortality rate of apices at certain times. A.pex
mortality under stress conditions may allow M Col I to' 
rapidly adjust its leaf area to stress conditions ano this 
dieback may reduce the amount of dry matter required for 
node growth in the recovery phase. 

Although early branching was much greater in M Col 
1684, its LAI did not tend to be greater than that of the 
other lines due to a small maximum leaf size, a very early 

decline in leaf size with plant age, and a relatively low leaf 
formation rate per apex. 

Other characters such as photosynthetic rate, water use 
efficiency of single leaves, root number, leaf inclination and 
the relati'on between crop growth rate and LAI showed no 
major differences that could be associated with higher yield 
in M Col 1684. 



Entomology
 

Major studies were directed to accumulating informa- Difluron, an insect growth regulator that inhibits 
tion on the complex of insects that attack the cassava crop. synthesis of chitin, was tested on first instar larvae and on 
Emphasis was on biological control studies of important hornworm eggs. Complete mortality was observed for 
pests, especially the cassava hornworm and mealybugs. emerging larvae feeding on cassava foliage treated at three 
Basic studies of the stemborer were conducted and rates, 2, 4 and 6 g/ liter of water. Death occurred during the 
reported for the first time. A new pest, a subterranean first larval molt between the first and second instars. 
Hemiptera which causes considerable damage to cassava Difluron was also effective when applied to hornworm eggs 
roots, is described. 	 with mortality of emerging larvae observed during the first 

molt. This product appears promising and will receive 
furthe'r study. 

Cassava Hornworm 

The effectivenness of natural populations of the egg Mealybug 
parasites Trichogramma sp. and Telenomus sp. were 
studied during two natural outbreaks (about one month 
apart) of the cassava hornworm, Erinnyisello. These two e casava may PhenacoicusispCo(identified9asofest a anagment near P. manihoti)was first identified in Colombia in 1978. 
parasites are atnintegral part ofP manihoi causes considerable losses in Africa, and has 
program being developed to combine utilization of natural P. banh ti res nhe Ae rica. 
enemies with chemical products to reduce and control not been studied previously in the Americas. 
hornworm populations. 

Male and female life cycles of Phenacoccus sp. were 
During the first outbreak, egg parasitism increased from studied in the laboratory on cassava leaf disks (Table 1). 

an initial 2%to 63%. In the second attack, initial parasitism The female passes through four instars before reaching the 
was 35% and increased to 90%. Plant defoliation was h-avy adult stage, where s the male has five instars. The average 
during the first outbreak but was only minimal in the life cycle of females was longer than that of males - 39 
second one. Trichogramma parasitized a greater percen- versus 23 days. Females began ovipositing seven days 
tage of eggs than did Telenomus. These findings indicate (range of 5-8) after fertilization. Parthenogenesis was not 
that damage currently may be reduced or repeated attacks observed in isolated females, which livevr for up to 23 days. 
averted when natural enemies increase during an initial When males were placed with unfertilized, 15-23 day-old 
attack. females, the ovisac formed in 2-3 days. An average of 200 

eggs per ovisac was produced and the resulting sex ratio 
A granulosis virus was discovered infecting natural was three females to one male. 

populations of the hornworm. Virus-infected larvae were 
ground and diluted in water to a 30% concentration; rates 
of 5 cc and 10 cc of the viral solution per liter of water were Biological control. High populations of the dipteran 
applied to cassava foliage in the laboratory and in the field, predator Kalodiplosis coccidarum were observed in 
In the laboratory, the 10-cc rate killed all larvae after 72 populations of Phenacoccus sp. and Phenacoccus 
hours and the 5-cc tate gave 96% mortality after 96 hours. ,'oss.jpii in the greenhouse and in the field. K. coccidarum 
Three days after the field application larvae were collected was initially observed predating on eggs within the ovisac 
and observed. Complete mortality was noted 120 hours but larvae have also been found predating on nymphs 
after application, for both rates. especially adult females - when ovisacs were unavailable. 

11 



This predator remains in the ectoparasitic stage and 
seldom causes nymphal mortality until the ovisac is formed 
when it then predates on eggs until completing its life cycle, 
Its ectoparasitic stage is important for survival when host 
populations are low. A female:male ratio of 2:1 was 
observed. 

The average number of K. coccidarum per r'visac varied 
depending on host availability; when ovisacs were 
numerous, an average of three predator larvae were found 
per ovisac (from 1-5) and higher predator populations 
resulted in five larvae per ovisac (range of 2-8) Initial 
studies oft'K. occidarum indicated a life cycle of 12 days (at 
28uC) to 16 days (at 220 C). 

The effectiveness of several enemies on controlling P. 
gossyfii was studied on cassava plants growing in fiel. 
cages. When mealybugs became very numerous (about 

26,000 nymphs and adults per cage) natural enemies were 
allowed entry. Predator and parasite populations were 
recorded for six weeks, by which time mealybug pop
ulations were almost zero. 

In general there was a highcr percentage of predation 
than p' rasitism with the latter never averaging over 10%. 
Predation of ov; acs, principally by K. coccidarum, 
reached 100% after five weeks, and predation of nymphs 
and adults reached 96%, primarily due to Chrysopa and 
Reduviids. Major predators were Chrysopa, K. coc
cidarwm, several Coccinellids and Reduviids; Anagyrus 
spp. were the predominant parasites (Table 2). In cages 
where mealybugs were most numerous, K. coccidarum was 
the heaviest predator while Chrysopa, the Reduviids and 
some Coccinellids predominated in cages with lower 
mealybug populations. K. coccidarumn is host-specific for 
P. goss.l'lii while Chrysopa and the Reduviids are general 
predators. 

Table 1. 	 i)urationt litecclc ol Phenacoccussp. near P.manihotioncassava' leavesunderlaboratoryconditions (26-28'C. Ri 60;i,). 

Instar Iemale 	 Male 

No. o) Mean Range No. of Mean Range 
obsers at irns duration observations duration 

(days) (days) (days) (days) 

1 	 31 9 8 - 11 30 0.9 8 - 11 
11 	 35 5 4 - 6 18 6.2 6 - 7 

III 40 5 4 - 6 20 2.2 I - 3
 
IV 25 20 18 - 25 18 2.5 1 - 4
 
V 23 2.0 1- 4
 

,otal 39 34 - 48 21.9 17 - 29 

I Variety M (ot 	 113, 

Table 2. 	 Nt,:, ',ers of natural enemies' observed to attack mealybug (Phenacoccus gossypii) populations over five consecutive weeks ill the field 
in exposed cages-. 

Week alter Average number of natural enemies per cage 
exposure to Predators Parasite 

natural enemies 
Kalodiplosis Chrysopa sp. Coccinellidae Reduviidae ,,Inagyruv sp. 

cocciidarum 

1 	 492.0 33.3 61.0 - 17.5 
2 	 40.5 27.8 20.7 35.7 8.3 

3 	 50.0 30.0 28.3 10.0 2.3 
4 	 11.7 23.8 2.3 12.0 0.2 

5 	 1.3 18.7 3.2 7.0 0.2 

SA\ciage pei cage lr six cages.
I'ctd ags.3 x 3x 2 ni. 
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Stemborers Whiteflies 

The lepidopteran stemb'orer, Chilomina clarkei(Amsel), 
attacks c.issava throughout the year in the Colombian 
Llanos and has been found in other areas as well. Studies 
were initiated to determine its economic importance as well 
as its biology and ecology. 

Attacks begin around lateral buds where leaves have 
already fallen. During the first four instars, it feeds under a 
fine web around these buds; after the fifth instar, it 
penetrates the stem completing its life cycle in galleries 
within the stem. These galleries weaken the plant, often 
cause stem breakage and provide entrance points for plant 
pathogens. 

Life-cycle duration (larval, prepupal and pupal stages) of 
C. clarkei was studied on six cassava varieties. Cycles 
varied de.pending on varieties and ranged from 62.2 days 
(on M Ven 77) to68.4days (on HMC 2). Differences were 
observed only durinig the larval stages with the greatest 
fluctuation occurring during the eighth instar. Generally, 
eight instars occurred but the number varied between six 
and eight, even within varieties. Durations of the prepupal 
and pupal stages were constant in all varieties. 

In a field planting at Carimagua, damage from 
stemborer infestations was estimated for the treatments 
shown in Table 3. Actual and induced damage affected all 
yield variables except root starch content, which was 
slightly higher in Treatment 3 than in the others. About 
two-thirds of the weakened stems were broken in 
Treatment I and 2 due to natural causes such as winds, 
Stemborer infestations in Treatment 4 (control) was 1.06 
perforations per plant. 

Previous studies have shown that high infestations of the 
whitelly, Aleurotrachelussocialis, cause considerable yield 
losses in cassava (CIAT Ann. Rept. 1978 and CiAT 
Cassava Prog. 1979 Ann. Rept.). Three trials were 
conducted at the Nataima station of the Instituto 
Colombiano Agropecuario (ICA), Tolima, to study 
cassava losses from whitefly attacks. 

In one trial, one-month attacks by whiteflies were 
permitted over a 10-month growing cycle of the plant with 
plants protected by applications of dimethoate at 15-day 
intervals during all other times. A single one-month attack 
at any stage of plant growth did not reduce yields 
significantly. However, when whiteflies were not con
trolled, average yields decreased from 26 t/ha to only 9.7 
t/ha. Likewise, produ'tion of planting stakes decreased 
sharply in uncontrolled plots, from 4.8 to 2.9 stakes per 
plant. Starch content did not differ significantly between 
controlled and noncontrol plots. 

In a second trial, whiteflies were permitted to attack 

cassava for increasingly longer periods, up to I I months of 
age. Results of this experiment are shown in Table 4. A 
significant correlation (r=0.9) was observed between attack 

.-duration and yield reduction, and the duration of attack 
and stakes produced per plant were negatively correlated 
(r-0.8). The effect of the duration of attack was significant 
after the third month ofPlantgrowth, indicating that spray 
applications (of, in this case, dimethoate) every three 
months may be sufficient to reduce whitefly attacks below 
the economic injury level. 

Table 3. Economic damage caused to cassava by t he stemborer, Chilomima clarkel (Amsel), at different levels of attack in Carimagua. 

Treatment 

1 
2 

3 
4 

i Foliage 

weight 

(kg/plant) 

1.0 b2 

1.1 b 

0.9 b 
1.7 a 

No. roots 

per plant 

4.4 b 
7.4 a 

6.5 a 
7.8 a 

Weight 

of roots 

(kg/plant) 

0.48 b 
0.70 b 

0.68 b 
1.26 a 

Commercial 

roots 

(%) 

7.5 b 
10.1 b 

12.1 b 
33.9 a 

Starch 

content 

(%) 

26.6 h 
26.0 b 

28.9 a 
26.8 b 

No. stakes 

per plant 

3.1 b 
3.1 b 

1.6 b 
7.1 a 

Healthy 

stakes 

() 

43.; c 
58.1 b 

38.6 c 
85.0 a 

Broken 

stems 

(% 

65.6 b 
66.6 h 

100 a 
11.1 c 

Treatments: I= 8-12 perforations per plant and infested with three larvae per plait at 4, 6, 8 and 10 months. 
1= 16-20 perforations per plant and infested with five larvae per plant as above. 

3= :afested wvith two larvae per plant at four months and all sterns purposely broken at five months. 
4=Control plants; no artificial infestation or damage. 

Valtes lollowed by the same letter withiin columns ate not significantly different at the 95% level. 
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A third trial was planted to evaluate hybrids CM 489-1, whitefly attack but it also had the lowest starch content. 
CM 440-5 and CM 91-3 and the high-yielding, widely While the yield of CMC 40 decreased 46.5% due to 
adapted varic:y CMC 40 for their resistance to whitefly whitellies, it still had the highest yield and highest starch 
attack. CMC 489-1 showed the least yield reduction from content (Table 5). 

lable 4. Relationship between the duration of whitelly. Alcurotrachelus socialis, attacks and yield losses of the casaaa litne CNiC 3501-122. 

Duration ol No. of Fresh Yield Root No. stakes 
whitefly insecticide root reduction starch per plant 
attacks applications I yield content
 

(nonths) (t/hta) 1%) (%)
 

0 22 42.1 a 2 29.6 a 7.6 a 
I 20 4V. I ab 4.8 29.5 a 7.5 a 
2 18 36.1 abcd 14.3 28.7 a 5.4 be 
3 16 37.8 abc 10.2 29.4 a 6.3 ab 
4 14 30.6 bcde 27.3 30.7 a 5.7 abc 
5 12 29.8 cde 29.2 28.7 a 4.6 bed 
6 10 24.5 ef 41.8 27.2 a 4.7 bed 
7 8 26.7 de 36.6 29.4 a 4.1 cd 
8 6 16.4 Ig 61.0 27.8 a 4.1 cd 
9 4 14.3 g 66.0 27.9 a 3.0 d 

10 2 11.5 g 72.7 28.3 a 3.0 d 
II 0 8.0 g 79.6 27.6 a 3.0 d 

t)imethuatc applied at the rate l O.Sg a.. liter oflwater.
 
\alues sulthiuthe ,aume cotllmn Iloused b\ the sale letter are not significantly different at the 95f. level
 

Fable 5. El11ccts l hit cll Aleurotrachelussocialis.attackon,',ieldsotthree Iybrids andolievariet\of cassava., in Iiltta. Colotmlbia. 

I reatmen: (assa\ a \Vhitelly Whitell'y (ommoercial Itesh Yield Planting Root 
line poptlatitl pupal roots root dillcience starchstakes 

grade grade ield per plant 
(kg plant) t ha) I lI 

Protcled : ar. (Mi 40) (1.8 0.3 6.2 31.2 6.0 25.4 
hvh. (MC 489-1 0i) 0.2 2.11 2(1.7 4.0 21.1 
It\ b. ( I -1,11-5 1.7 0.2 0.4 3.5 4.0 20.3 
hyh. (NI 91-3 0.9 1.3 1.7 14.10 2.7 24.7 

Nonprolected sit. ( %( 41 4.6 4.8 4.1 16.7 46.5 4.3 25.2 
I 1h.489-1 4.5 4.1 1.8 15.4 25.6 3.9 18,6 
t\ b. .. 110-5 4.1 3.5 0.3 2.4 31.4 2.8 21.1 
hi' ). I-3 4.8 4.8 1.1 3.7 73.6 1.4 22.2 

Biled il J ILA. 0] 1)i1'
 
i llllaurt: 1111 l at ; 0 .1. .1.1 [li hlter otl5,tel.
11,u [,irute 

Mites 

Several speciks of mites, all previously unreported in Atrichoprocttsuncinaus Flechtmann, Aponychusschult-
Colombia, have been idenified during recent surveys of zi (Blanchard), l'.etranvchus banksi (McGregor), 
cassava. areiheyA lionrchus braziliensis (McGregor), Oligonychusgossrpii(Zacher) and Brebipalpusphoenecis 
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(Geiysker). Mononychellus caribbeanae (McGregor) was 
found along the Atlantic C- st and in the Guajira region. 
High populations of a itn. of the Eriophyidae family was 
also found, the first time mites of this family have been 
reported to attack cassava. Visual symptoms of high 
populations of this latter mite are a white to grey powdery 
effect caused by the mites' exudate. 

Preference studies. Leaf preference studies were carried 
out with Mononychelhus tanajoaand Tetranychus urticaein the laboratory. Field observations show that M. tanajoa 
prefers o feedo tield oeroapical leaves while T. urticae 

preersto cedon picl lave whle . ulicc'he ppeor 
prefers the lower le.ves. Miles of both species were given a 
choic of feeding on leaf discs from the upper or lower areas 
of the plant for a three day period. Results with M. tanajoa
show that 64% preferred feeding on the apical leaf discs and 
36 j. on lower leaves of the variety M. Col 113. The 7.
urticaemite preferred the lower leaf discs: 78% vs 22% on 
the variety M Uol 22 and 73%' vs 27% on M Col 1434. These 
r e su lts in d ic a te s t r o n g pr e fe r e n c e for m i e fe ed in g a n d le a flocaionare 

Biology studies. Life cycle studies were realized with the 
mite Oligon'vhus peruvianus, an important species in 
many areas of 'olombia. Laboratory leaf discs studies with 
this species have proven unsuccessful due to its behavior of 
forminE a small web on the underside of the leaf, tinder 
which the developing stoges feed. Studies were carried out 
in the greenhouse on growing potted plants; adults were 
allowed to form the protective web and oviposit before 
being removed. The developing life stages were studied, 
The egg stage is 4.5 days; the larvae, protonymph, and 

deutonymph are 2.7, and 1.5, and 2.5 days respectively. The 
average adult duration is 12.5 days and the preoviposition 
period is 1.7 days. Daily observations indicate that these 
mites 'spend their life ccle below the web and it is the 
female that has the capacity to form this web which it 
begins doing in the deutonymphal stage. 

The life cycle of 7. urticae was studied on three cassava 
varieties M Col 22. Mssetbet l aaoBra 12,n and Mo Cot 1434. M Col 22 is44a d Ba 1 rsusiceptible to Al. tanqioaand M Col 1434 and Bra 12 are 
resistant (CIAT Cassava Prog. 1979 Ann. Rept.).Studies 
were carried out in the laboratoryat 30 'Cday temperature
and 28°C night, with 40-70% RH, using leaf discs on moist 
on ipt dihs. 

Results show that the mites developed slower on th(:
resistant cultivars, M Col 434 and M Bra 12, than on the 

susceptible cultivar M Col 22 (fable 6). The longevity of 
the adult stage was shorter and fewer eggs were oviposited
onr the resistantt cultivars. These studies indicate that theree iresistancen emechanismsm c a i m inncultivarscli a s MMBraB a 1 12 andn MI Colo 
1434 that adversely affect the development of 7. urticae. In 
addition these results coincide with results on resistance 
studies done with Al. tanajoa. 

Biological control. Oligota minuta and Stethorus sp. are 
active predators of mites on cassava. Preferences of these 
predators for A. tanajoaand 7. urticae mites were studied 
in the field by surveying predator numbers during periods 
of high populations of mites. T. urticae was predated 
mainly (98%) by Stethorus sp. while M. tanajoa pop
ulations were predated by 0. minuta (88%). 

table 6. l)evclopment of the Tetranyhus urticae mite on leaf discs of three cassava %arietiesundergrowth chamber conditions. 

lile stage )iuration of tile stage (days) 

M Cot 22 M lra 12 M Col 1434 

Females Males Females Males Females Males 
Egg 3.50 3.50 3.50 3.50 3.50 3.50 
larva 1.14 d - 0.88 1.31 d 0.75 d 1.01 d 1.53 cd 
I'rotocrysalis 0.47 b 0.38 b 0.41 b 0.50 b 0.54 b 0.63 b 
I'rotonymph 1.02 b 0.86 b 2.20 a 1.00 b 0.84 b 2.18 a 
l)cutocrysalis 0.61 a 0.61 a 0.61 a 0.50 a 0.69 a 0.60 a 
Deutonymph 0.91 h 0.72 b 0.99 ab 1.50 ab 1.65 a 0.90 b 
Teliocrysalis 0.78 b 0.88 b 0.85 b 0.50 b 0.78 b 0.80 b 
Total of 

stages 
developmental 

8.,'3 b 7.83 b 9.87 a 8.25 b 9.01 ab 10.14 a 
Adult 17.52 a 5.10 c 14.17 ab 2.50 c 12.78 b 3.60 c 

.l eInptratiuc's: 28'C. night; 30(_' 
day. RelaltVe huimidity: 40-701,'i.
Iigure, %wsitlii tile samieron s lollosscd by [lie same letters are not significantly dillerent at the 0.05 level.
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Several predatory mites were found attacking M. 
tanajoa on cassava for the first time. Predators included 
mites of the Phytoseidae and Blattisocidae families and of 
family Tydeidae (Tydeus, prob. ne. Californicus) and 
T7'phlodromalus limonicus, Neoseiulu anonymus, 
Typhlodromina sp., Iphiseiodes zuluagai, Galendromus 
annectens and Prociolaelapsbickleji. 

Fruitflies 

Cassava fruittlies (Anastrepha manihoti and A. pickeli) 
reduce the quality of planting material by boring 
throughout the pith of the stem and by transmitting the 
bacterial disease lruina caratovora (CIATAnn. Rept. 
1977 and CIAT Cassava Prog. 1979 Ann. Rept.). Studies 
were done to determine the critical period of plant growth 
when fruitfly attack. cause heaviest damage to planting 
material. Bimonthly applications of dimethoate were used 
to protect plants from planting to 10 months. 

Protecting plants during the first three months of growth 
produced 94%, healthy planting material while unprotected 
plots produced only 35/i healthy material (Fig. I ).There 
were no significant differences in root yield between 
treatments, corroborating previous studies which showed 
that fruitfly atacks did not directly affect yield, but that 
c~entual yield losses are due to reduced quality of planting 
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Figure I. 	Production ofj. 'unting,natertalIrec offiruit (Anastrepha 
manihoti) damagei kw periodic applications of the insecticide 
dimnthoate. 
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stakes (CAT Ann. Rept. 1977). Where high populations of 
fruitflies are present, high-quality planting material can be 
produced by protecting the crop for the first three months 
of growth. 

Cossava Lacebug 

The CIAT cassava germplasm bank was evaluated for 
resistance to the cassava lacebug (Vatiga manihotae)for 
the second time during 1980. Of 1865 lines screened, 527 
(28%) were scored at I or lower on a 0-5 damage scale. 
iAlthough the infestation this year was light and further 
screening will be done under heavier pressure, 131 lines 
among the 527 had received similar ratings in the first 
evaluation. 

While no parasite of the lacebug has been observed, a 
hemipteran of the family Reduviidae has been identified 
predating lacebug nymphs and adults. During the 
predator's approximate 40-day nymphal cycle it'will 
consume about 280 lacebug nymphs and adults. 

Cydnidae 

Nymphs and adults of a subterranean Cydnidae, 
C'rtomtcnus bergi Froeschner, feed on the swollen roots of 
cassava by injecting their strong, thin stylets through the 
root peel into the parenchyma. This feeding habit causes 
small brown to black spots at the penetration sites. Several 

fungal pathogens are transmitted in this manner and their 
development causes a "smallpox" effect on the edible 
port in of the root. Commercial value" of roots is reduced 
considerably, especially in those destined for human 
consumption. 

Adult Cydnidae are black while nymphs have white-to 
creme-colored abdomens. Their legs are short with 
numerous small spines which facilitate insects' movement 
through the soil. When disturbed, the insects become 
immobile and appear dead, making them difficult to find. 
At harvest they occasionally are found adherring to roots 
by their stylets. 

Severe attacks have been observed in plantations next to 
or on fields planted previously to sugarcane or pasture. An 
average of 32 nymphs per plant were counted during aharvest of the cassava variety Chiroza. In a przliminary
laboratory study, 80% of a population of last instar 

nymphs preferred to feed on a sweet cassava variety instead 
of a bitter variety. Additional discussion of root damage is 
found in the Pathology section of this report. 



Termites 

Previous studies showed that control of termite damage 
was most effective if both a fungicide and a chlorinated 
hydrocarbon insecticide (aldrin) were applied to planting
stakes (CIAT Ann. Rept. 1978). This year additional 
insecticides were evaluated and methomil (0.5 g commer-

cial product of Lannate 90% per liter ofwater) and carbaryl
(2.0 g commercial product of Sevin 80 OM per liter of 
water) were equally effective as aldrin. Vertically planted
stakes also had better germination and less termite attacks 
than did stakes planted horizontally. 
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Pathology
 

Emphasis this yea: was on a study of disease presence, Since the pathogen has poor pectinase activity, mature
changes in severity and performance of cassava clones in stem tissue may appear symptomless. Bacteria surviving in
each of five different environments. The identification of invaded xylem vessels of mature stems used as planting
wide-type resistance to existing biotic problems as well as material spread systemically through young plants, which
its durability in these ecosystems is being investigated. The then serve as sources of inoculum in the next cycle.
relationship between plant reaction to cassava bacterial Consequently, the proportion of infected cuttings increases 
blight (CBB) in the greenhouse and field, and its stability after several cycles of continuous cultivation of apparently
through several continuous cycles was investigated. Field intermediate-resistant or resistant genotypes when ratings
studies --/ere begun to examine differences in the severity of are assigned after only one cycle of greenhouse or field
CBB, superelongation and anthracnose in monoclonal and evaluation. Using such "resistant" material continuously
multiclonal plots at high ani low inocuhnm levels. The could result in a progressive decline in stand density due to
sexual stage of the superelong,.tion causal agent was found lack of germination, decreased plant vigor due to bacterial
and its implication on pathogen-host interactions is being root rotting, and earlier onset of more severe epidemics. 
investigated. 

Diplodia root-stein rot was identified at CIAT-Palmira. This was corroborated with results obtained after
This disease, C3B, the frog skin and other viral diseases planting several genotypes at Carimagua for four cycles
constitute the most threatening diseases of cassava in the using planting material from that site (Fig. 1). Due to poor
production and distribution of vegetative planting soil fertility in this region, production ofplanting material 
material. Etiological studies were undertaken on the decreased about compared with60% CIAT-Palmira. 
characterization of the frog skin disease causal agent. However, resistant genotypes (group 1, Fig. 1) in which 

bacterial infection in the stem was very low or absent 
produced a constant number of cuttings during a four-cycle 
period, while other resistant or intermediate genotypes
op!y 3urvived for two or three cycles (groups II and III, Fig.Cassava Bacterial Blight 1). Susceptible genotypes were eliminated during the first 
or second cycles.

Screening for durable resistance. Plant reactions to 
cassava bacterial blight (CBB) infection under controlled 
conditions (by the clip inoculation technique, CIAT Ann. 
Rept. 1975) and in the first cycle of field testing were very The data indicate the great importance of the sanitary
similar. The pathogen was found invading tht; stem 5 cm condition of planting material on genotype stability, the
above groun in Lissava genotypes rated susceptible, existence of durable CBB-resistant genotypes in Manihot
intermediate-resistant and resistant, but the rate of esculenta, and the need to evaluate testing material in the
pathogen recovery from susceptible genotypes was greater field for several continuous cycles in CBB-endemic areas,
than from both the latter ones. Although bacterial invasion to identify accurately durable CBB-resistant genotypes.
throughout the vascular system was positively correlated Planting material for each successive cycle must be
with the susceptible types as evaluated by external produced in an endemic test area. Final resistance 
symptoms (r=0.914 for greenhouse reaction and 0.927 for evaluation should result from integrating data on plant
field reaction, both significant at the 0.1% level), several reaction, cutting production and quality of propagating
exceptions were observed. material. 
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Figure I. Survival of cassava genotypes having differing reactions to 
cossavabacterial blight alterc,'cles ofcontinuous cultivation 
in the Carimagua environment, when utilizing locallygrown 
planting material, 

Epidemiology. Considerable yearly fluctuations in CBB 
attackohav Ceenfounde arlylcua dina.e ions

attack have been found in Carimagua and Media Luna. 

This suggests that continuous evaluations over a period of 
years may be necessary so as to identify sufficiently good 
levels of durable resistance. 

Superelongation Disease 

Causal agent. The sexual stage of the causal agent, 
Sphaceloma rnanihoticola,has been discovered and found 
to be abundant at a number of sites. Based on 
morphological studies of the fungus collected in 
Carimagua, CIAT-Quilichao, Media Luna and Mexico, it 
has been tentatively identified as a species of Elsinoe, a 
loculoascomycete. With one exception, all the kncwn 
sexual stages of species of Sphaceloma are Elsinoe. A 
preliminary literature survey indicates that this may be an 
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are 
shown in Figure 2. 
undescribed species. Growth stages of the fungus 

Single ascospore isolations produced colonies typical of 
S. manihoticola and similar to those described for other 
members of the genus.. Susceptible cultivars inoculated 
with these colonies showed characteristic superelongation 
symptoms and reisolation yielded S. manihoticola.That 

sexual stage is so common suggests that the pathogen 
may be pathogenically variable. Preliminary field obser
vations and previous laboratory experiments support the 

of physiological races (see below and CIAT Ann. 
Rept. 1977), and a thorough investigation is being 

Epidemlol.. gy. A multiclonal experiment was begun in 
Carimagua to test the influence of mixing resistant varieties 
on disease epidemic development and yield (root and stake 
production). Eight varieties were planted nonrandomly so 

that no two plants of the same variety were adjacent. Both 
nex: to the multiclonal plots and 2 km away each variety 
was planted in pure plots for comparison. Since the data 
are preliminary and incomplete only a few of the most 
interesting results will be presented. 

Figure 3 shows that the varieties in the multiclonal plot 
had somewhat more superelongation disease than the same 
varieties had in pure plots. From field observations during 
the disease season, CMC 40 plants appeared to act as foci 
for sub-epidemics in the multiclonal plots. Thus interspac
ing a susceptible variety with more resistant varieties 
seemed to increase the total level of disease for all varieties 
rather than appreciably protecting the susceptible variety.
Ti scnrr owa a xetdbsdo 
This is contrary to what was expected based on 
epidemiologic l research with cereals. Investigations to 
clarify these results are being planned for the coming year. 

It is interesting to compare the disease levels in CMC 40 
and other varieties within the multiclonal site, between that 
site and the s'te 2km distant where there was considerably 
more superelongation disease. At the multiclonal site, all 
varieties, which are considered resistant or intermediate
resistant based on data from recent years, showed more 
disease than they did in the remote site. This was extreme 
for CMC 40 (Fig. 3). Considering the level of disease in 
susceptible varieties planted adjacent to CMC 40 and the 
other resistant varieties, the low disease levels in these plots 
could not be due to escape. This difference in susceptibility 
within a clone under more or less uniform environmental 
conditions isconsistent with the existence of physiological 
races within the pathogen. 



A47. 

Figure 2. Ascostrorna,asciandspores of the sexual stage ofSphaceloma manilhoticola, tentativelyidentifiedas a species of Elsinoe. a) Ascostroma 
on surfaceofa stern lesion;b) Section throughan ascostronashowing well-defined locules with only one globose oscus per locule:
c) Ruptured bitunicateascusshowingeight ascospores;c) Ascospores showing tnriformn character. 
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located just beneath epidermal tissues of necrosLd roots 
and stems. Immature picniospores are hyaline, but mature 
ones are dark, two-celled with thick walls. They are 
released through the picnidium, opening mostly during 
rainy periods. Penetration, fungal establishment and 
invasion are being investigated. 

4-

Epidemiology. "1here are two disease phases. The first is 
a root rot initiated by infection from infested soil or by 
using diseased cuttings taken from diseased plants. In this 

.a case, the fungus, which is a facultative parasite, could infest 
> the soil and remain indefinitely as a saprophyte. Infected 

3-plants show root deterioration, sudden wilt aad death. 
Symptoms are similar to those induced by other root-rot 
pathogens. 

The second phase, a stem rot, is generally induced by 
systemic invasion from roots or picniospore infe.Lion of2-	 the stem. 1he fungus invades most of the stem tissues 

producing gurnosis, sudden witing, dieback and phloem 
and xylem rotting. Picnidia are produced readily on the 
stem epidermis of infected stems. During this phase, roots

I and mature stems may remain symptomless. Systemically 
infected steins may exhibit no external symptoms and 

I 2 3 4 5 I 2 3 4 1 2 3 appear to be suitable planting material. Symptoms can be 

confused with those caused by anthracnose, Phoma and 
superelongation dieback, CBB, drought stress, salinity,

Planting system. location and ;'rieties insects and spider mites. However, the fungus an be 

Figure 3. ('auniaris.(if Au.twre'lanlgatiant disease aining varieties in a readily identified by the features of picnidia and picnioprsrduc. 

multiclonalexperiment. (;roup /: varietiesplanted remtely niospores produced. 
(2 ki t pta main plhnting.s). (iroup I." varieties in a 
mulit loal pattern (.se text) in an area of low noculum The fungus is disseminated over long distances by 
pre.sure. (iraul Ill: varwites in mutielanal (pure) plots infected cuttings taken as planting material. Within a 
1dacnt it) multilnalplt. Varietie.:I=C "40; 2=Jf plantation, wind and. rain-splash dissemination of pic
leu 82. M V'n 77. 3 Pan 1213 and 1Pan I9,-!3i Col 1914 
and if1Col 1916; 4 = l Col 638. S= several suseeptihhe niospores is probably most important, while land prepara
varieties,i / 	 tion machinery and irrigation water may also sometimes be%..te ea all killedhi superelongation and 

included to detnintrateinochulua pressure at that site. important.
 

Diplodia Root and Stem Rot 	 Root "Smallpox" Disease 

Causal agent. Severe outbreaks of diplodia root and This disease has been found in Colombia associated with 
stem rot were observed in Colombia's Cauca Valley. This a subterranean sucking insect (Cydnidae) which causes the 
disease has been reported as one of the most seriousones in initial injury (other agents like nematodes can cause siiailar 
Brazilian cassava plantations, and in Africa, India and injuries and might initiate the same symptom develop-
Cuba. 	 ment). This Cydnidae is described in the Entomology 

section of this report. 
Its causal agent was isolated and identified as Diplodia 

manihotis Sace., which could be synonymous with The insect introduces its stylet through the root 
Botrvodiplodia manihoticola Petr. Confirmation' of this epidermis and cortex injuring the root tissues and 
synonymy awaits further taxonomic study. The fungus inoculating them with soilborne microorganisms (mostly 
produces clusters of picnidia on stromatal structures fungi). Several fungal species have been isolated from these 
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lesions. Artificial inoculations simulating the insect 
damage have induced similar symptoms (Fig. 4). These 
microorganisms degrade the infected root tissues causing 
initial localized rots which can invade the entire root along 
the vascular system. Young lesions are paie to dark brown 
spots which show tissue degradations. Symptoms are most 
striking and lesions are most frequent in swollen roots and 
during harvest periods. A zone which fluoresces light blue 
under UV light occurs adjacent to the lesions, suggesting 
that the mechanism of discoloration could be related to 
that occurring in post-harvest physiological deterioration, 

... 

,. 


Figure 4. Smallpox disease of cassava induced 24 hours ater 
noalating throgh, theweel with an iwc.t/itinedle with 
.sport, iu.%peawon (,"2 (enicularia, 3 =Aspergillus, 4= 
Fusarium, 5= flythium; /=control. 

Frog Skin Disease 

In 1980, characterization of the frog skin disease causal 
agent continued with emphasis on detection, transmission 
and isolation studies. 

A cytological study revealcd considerable degeneration 
of the phlocm of young roots showing frog skin symptoms 
as well as the presence of massive inclusions blo.'king the 
phloem parenchyma in these tissues. Similar inclusions 
were occasionally detected in the phloem of petioles and 
midribs of diseased plants. No such inclusions were 
detected in the phloein tissues of healthy plants. Based on 
these observations, mycoplasma-like organisms or a 
phloem-restricted virus have been suggested as probable 
causal agents. 

The possibility of a phloem-restricted virus such as those 
in the closterovirus class is currently being investigated, 

Preliminary results have shown the presence of long 
filamentous particles, similar to those of closteroviruses, in 
partially purified preparations from roots of frog skin
affected cassava plants. Whether these particles are indeed 
virions or artifacts is still unknown. The possibility of a 
mycoplasma-like organism as the causal agent of frog skin 
disease will be reinvestigated despite negative results in 
earlier tests. 

Preliminary field results suggest that the disease is 
efficiently transmitted (up to 62%) by natural root grafts 
whenever stakes are planted closer than I m. Natural root 
injury or the existence of soil vectors, however, have not 
been discarded as possible transmission mechanisms. 

No transmission via sexual seed was observed in 9
month-old plants grown from seed produced by 46 
different cassava clones affected with the frog skin disease. 
So far, an alternative host has not been found among 50 
other plant species following conventional mechanical 
inoculation experiments. 

Slcrtilization with 200-200-100 kg/ha of N-P-K increased 
symptom expression, especially in cultivar M Col 22. 

Environmental Studies 

Screening for durable resistance to biotic problems.
Germplasm evaluation in the past has shown that durable 
resistance to biotic problems of each environment exists 

although frequency is relatively low. Evaluations by 
Pathology and Entomology sections consist of growing
accessions in each environment utilizing planting material 
produced in the same environment. Only those varieties 
which survive the season and produce adequate healthy 
planting material are carried over to the next year. 

In llopayan, stable varieties could be identified afterthe 
fourth cycle, and in Carimagua, after the third. Up to the 
third cycle, the stability of the varieties has not been 
confirmed in Media Luna( Table 1). It is important to stress 
that resistance identified in these evaluations appears to 
include durable resistance to all biotic problems existing in 
the evaluation site and may also integrate resistance to 
abiotic problems. 

Cassava enviroortient relationships. Environment 
studies begun in 1978 (CIAT Cassava FProg. 1979 Ann. 
Rept.) continued during the 1979-80 season, when plants 
from the first cycle were harvested. Cultivars which 
produced planting material were continued in a second 
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cycle. All diseases and pests identified during 1979 in each In general, yield and especially the harvest index were 
of the five target environment were present in 1980, with well-correlated between all environments excluding Po
the exception of the ash disease which was first detected payin, although CIAT-Palmira correlated with 
this year in Caribia and Media Luna(Table 2). However, Carimagua only for harvest index. HCN content cor
anthracnose (caused by different Colletotrichum spp. in relations were generally low and susceptibility to 
each environment) was more severe in Caribia and physiological deterioration and stake number showed no 
Carimagua than the other environment this year; brown relationships between environments, apart from between 
leaf spot was also very severe in Carioia and Media Luna, Carimagua and Media Luna. 
as was white leaf spot in Caribia. 

The lace bug (Vatiga spp.), which was unimportant Popayan was obviopsly different from the other 
during the rainy season of 1979, caused severe damage environments. The cultivars which did best in Popayan, 
during the same season this year at Carimagua. namely local regional varieties, produced poorly in all 

other environments and especially so on the Colombian 

Thrips were important t CIAT-Palmira, gall midges in North Coast (Caribia). The local cultivars from the North 
Coast fared equally poorly in Popayan.Carimagua and scale insects in Popayan. 

The populations and severity of spider mites On the basis of these relationships, CIAT-Palmira and 
(Mononychellus and OligonVchus species) have increased Caribia have some similarities, . s does Media Luna, with 
considerably in the CIAT-Palmira environment. both Caribia and Carimagua, but the differences between 

the environments are still substantial, e.g., yield, starch 

In general fluctuations in population dynamics and content, stake number, general evaluation and root 

severities of disease and pest damage were observed for deterioration susceptibility in CIAT-Palmira showed no 

each environment between 1979 and 1980. significant correlation with Carimagua. 

Differences within and between the five environments This demonstrates the importance of carrying out 
were considerable for the characteristics shown in Table 3. varietal selection at the environment level at the earliest 
Yield range at CIAT-Palmira was similar to that at Caribia possible stage of any breeding program. This is particularly 
but means in these environment were notably larger than in true for Popayan and Carimagua. 
the other three environments. Stake number and starch 
production also resemble yield in those respects. 

Selection must continue until stability of yield and other 
Differences in ranges and means for harvest index and selected traits has been achieved using planting material 

I-ICN content were similar in all environments. A wide produced on-site. Nevertheless, the high correlation 
range of deterioration susceptibilities was found only in between many characters in Media Luna and Carimagua 
CIAT-Palmira and Popayan; in the other environments suggests that similar material may be useful across these 
most cultivars were markedly resistant. environments. 

Fable I. Results of screening tr durable resistance to biotic problems of cassava in three environments. 

Environment No. of genotypes per continuous cycle evaluation 

2 3 4 5 8 

Popayan 1708 (100): 217 (12.7) 67 (3.9) 10 (0.6) I0 (0.6) 10 (0.6) 
Carimagua 1379 (100) 65 ( 4.7) 13 (0.9) 12 (0.9) 
Media-Luna 391 (100) 116 (29.7) 29 (7.4) 

Ist cycle planting at Carimagua and Media Luna: single rowr with 5 plants/genotype:; at PopayAn: single rows with II plantsi genotype. All replicated 
twsice and using planting material from CIAT-Palmira. 2nd cycle: means of 15 plalts, plot, genotype using locally produced stakes. 3rd and other 
cycles: mean of 30 plants/plut/genotype, replicated 3 times, using locally produced stakes. 
Values in parentheses ate percentage of total number of genotypes planted in Ist cycle. 
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"able 2. Biotic negative production factors (BNPF) to cassava identified and evaluated in five environments in Colombia during 1979 (cycle 1)
and 1980 (cycle 2). 

BNPF Environment 

Caribia Media Luna Carimagua CIAT-Palmira Popayan 

1979 1980 1979 1980 
 1979 1980 1980
1979 1979 1980
 

Diseases:
 
Bacterial blight NI M N1
L S S Nil Nil Nil NI'Superclongation L L L S S S NP NI' Ni' Nil 
Concentric-ring 

leaf spot NP NP NP Nil Ni' Ni' Ni' NP S MAnthracnose M S L M S S LS S MBirovii leaf spot M S S MS L L M NP Ni'tBlight leat spot NI M L MM NP 1. M Ni' NI'White leal spot M S MM Nil NP NI' Nil NIP LBacterial steni rot L L I. L L 1. M M NI' NPCassai ash Ni 1. MNPl Ni' NI' L MS M(.assaa comitmon mosaic L M L M Ni' NP M M S SFrog skin NE L LNE NE NP NE NEM Ni'"Snallpox" of root NE L NE M NE NP NE 1. NE Ni'Root rots NE L LNE NE 1. NE NENI Ni' 

Insects: 
Iloinorni L L L 1. 1. L 1. L I.Wlitely NI L M I. t. I. LL I. LI hrips M M L L M M S S L 1.Lacebug L M L L M MS M L Ni'Shoot Ily L L L Ni' I. ML L NP NI'Fruit fly L I. NP Nil . NP L L L. Ni'Leal beetle Ni' Ni' NP Ni' NP NP MM NP NI'Galhnidge L L L L M LS NI' NI' NPlermitcs L L M M L 1. NI' Nil Ni' Ni'Stemborer Ni' Ni' NI' Ni M M Ni' Ni' NI' Ni'Leal cutter ants Ni' Ni' NI' Nil NI Ni' NP Ni' NP Ni'Scales Ni' NI' L NI' L L NP NI' S S 

Mites: 
Moion I /.ll,,u. 1. L MM L 1. M S 1. I.Ietranithit L L L L 1.L L M NIOlol.l'chtl.s . M L L 

NI' 
M Ni' M S M S 

,Rai ng, S = ws crc d;tmage; s1-moderate damage; L light damage; Nf' not present,. NE = not evaluated. 

lable 3. Ranges and average values for selected yield, quality and storage parameters of131 cassava cultivarsgrown in live environments. 

Environment Yield (t, hat Root starch (t/ha) Stake production IHarvest indexI II N content Root 
per plant deterioration 

Range Avg. Range Avg. Range Avg. Range Avg. Range Avg. Range Avg. 
CIAl-I'alnira 74.1  0.0 24.4 24.7 - t0.00 7.68 18 - 0.6 10.0 0.5 - 0.010 0.41 5 - I 2.64 9t1.O - 1., 26.5
Media [ita 19.0 - (.4 9.5 3.7 - 0.06 1.89 II - 1.0 5.0 t0.65 - 0.13 0.44 5 I 2.87 7.6 - (.0 1.4Carinmagua 10.7 - 0.5 2.5 2.8 - 0.01 0.69 5 - 0.0 1.0 0.66 - 0.02 0.39 5 - 2 3.29 26.9 - 0.0 1.4(aribia 55.9 - 2.4 23.2 16.3 (.33- 6.43 16 - 2.0 8.2 (.61 - I. 12 0.4o 5 - I 2.99 28.1 - 0.0 3.6I'tpayin ?1.3 0.2 4.9 6.9 - 0.(4 1.55 8 - 0.0 2.3 0.6 - 0.10 0.30 5 - I 2.70 82.6 - 2.3 27.1 

S lfal ,c'i Index. [1(l t hce' 1 %%cghtlR'l,11o hellh %%eight , IFoliage \\Cighl)]. I10 

11t\ pimmti Impel iltciuihd 5 high aind OI-h)\ Hi "N tommmicimi.
 
1I01', * lill ai d 11; = detecm im:r
h)ii, t hice dios altic har.cst. 
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Post-Harvest Deterioration 

The two main areas of investigation this year have been 
the study of the variation encountered in the field within 

and among cultivars regarding their susceptibility to 
deterioration and the analysis of the biochemical processes 
which lead to the production of the blue-black pigments. 
Considerable progress was made in both aijeas. 

Repeated evaluations of susceptibility to physiological 
deterioration showed that within one cultivar a wide range 
of susceptibilities can be encountered (CIAT Cassava 
Prog. 1979 Ann. Rept.). In the cultivar most studied, M 
Col 22, maximum and minimumdeterioration values (Det. 
%, where 100% is total and 0% is no deterioration, after 
three days) were 98% and 18%", respectively at CIAT-
Palmira, while even lower values were found at other sites 
(0% at Popayan and Carimagua). Values obtained from 
some other cultivars showed similar patterns. 


The wide range of susceptibilities within one cultivar at 
one site makes the description of cultivars as "resistant" or 
-susceptible" to physiological deterioration difficult and of 
dubious validity, 

Pruning studies. Pruning plants prior to harvest has 
ben shown repeatedly to reduce susceptibility to 
physiological deterioration (C IA T Cassava Prog. 1979 
Ann. Repi.). Experiments on M Col 22 plants have shown 
that this effect occurs regardless of the removal or 
suprcssion of new regrowth from the pruned stump, 
although initially the loss of susceptiLility is greatest in 
those treatrments with less regrowth. Ihe effect of pruning, 
regardless of regrowth removal, was also found to last 
considerably longer than previously reported. Plants still 
showed no signs of losing the resistance nine weeks or morealter pruning. Ilowever, there is a loss of root quality
(r trching.oneveterent) a w root alitysalssoa 
which must c taken into account. 

Environment studies. Evaluations of [Jet. %were done 
on 25 cultivars in the live sites of the environment 
experiment. ('ultivar differences between the sites were 
large, and environment correlations were not significant. 
In Carimagua, Media l1una and Caribia, a majority of 
cultivars showed marked resistance, regardless of their 
susceptibility in CIA -IPahmira or IPopayan, the two sites 
which did prodnce the expected range of Det. %scores. The 
correlation of [Jet. %,"with the starch content of the roots 
(CIAT Cassava Prog. 1979 Ann. Rept.) was significant 
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only at CIAT-Palmira (r- 0.680, P'<0.00 I)and Popayan (r
0.558 P<0.0 I). In the other environments there was a wide 
range of starch contents although Det. % values were all 
low. 

Plant defoliation caused by insects, diseases o. water 
stress in the months preceeding harvest could have the 
same effect as pre-hat vest pruning, leading to an induction 
of resistance to physiological deterioration. In the three 
environments where low Det. % values were found, 
substantial defoliation due to both biotic and climatic 
factors had occurred prior to harvest. Controlled ex
periments are in progress to see if resistance in the field is 
relatcd to the severity of water stress and other factors. 

Biochemical Studies 

Examination of roots under UV light 24-48 hrs after 
harvest revealed the presence of a brilliant blue 
fluorescence in the parinchymal tissue which was not 
visible in freshly harvested roots. These fluorescent areas 
were the first to develop the vessel pigmentation 
characteristic of physiological deterioration. Roots with 

deteriorated vessels showed this blue fluorescence in the 

advancing front of deterioration. Similar observations at 
CIAl and I ropical Products Institute. I IN (J. L. Rickard) 
have been made during a microscopical study of primaryd t r o ai n i a s ~ o )s 
deterioration in cassaa rots. 

Chromatographic Studies by . I. Rickard at TPI have 
shon t blue tues comoun to ave tion 
s 
times identical to scopoletin, a coumarin derivative. 
Independent studies at CIAI have agreed with this 
identil ication. 

Exogenous applications of high concentrations (500 g 
ml-') of scopoletin to Ireshly harvested root tissue induce 
rapid and intense vessel and parenchymal discoloration,identical to that Iound in naturally deteriorating roots. A 
range of related phenolic compounds had no effect. 
Applications of scopoletin to tissue from pruned roots 
produced an identical reaction to that of unpruned root 
tissue suggesting that resistance in pruned roots is not due 
to an inability to respond to scopoletin. 

Roots attacked by various fungi (Alsprgillus sp., 
Ii.'sarium spp.. etc)also had areas of blue fluorescence and 
vessel discoloration around the infected area. suggesting 
that scopolctin accumullation I a general response to stress 
in the root tissue. 



Germplasm Development
 

The Germplasm Development section undertakes from other cassava fields and strict quarantine procedures, 
cassava germplasm collection and introduction, it is hoped this bank can continue to provide clean planting 
maintenance of the field collection of approximately 2600 material for evaluation within and outside CIATs 
clones, evaluation for a broad range of agronomic and facilities. 
morphological traits in diverse environments, and develop
ment of gene pools for adaptation in three high-stress 
environments. 

Germplasm Evaluation 
CIAT has developed a multi-stage genetic improvement Germplasm evaluation is proceeding along three 

procedure involving: I) evaluation ofgermplasm accesions principal routes: a) evaluation for adaptation, resistance, 
in various environments for possible recomendation yield and root quality in moderate to high-stress 
directly as new cultivars or for potential contribution as environments in Colombia; b) evaluation of relatively 
parents in a hybridization program; 2) formation of broad stable morphological traits in CIAT-Palmira in order to 
based gene pools with high levels of resistance and/or eventually aid in defining similarly groups and duplications 
adaptation inspecificenvironments;and3)"finetuning" of in the bank- c) special studies of selected groups of 
the final product in the varietal improvement stage to germplasm accessions for post-harvest root deterioration, 
assure acceptability in all aspects by producers, processers early maturity, and root cyanide content. 
and consumers. All stages involve inputs of the entire 
interdisciplinary team. 

Media Luna and Fonseca 

Given the high priority of the North Coast environment 
Germplasm Introduction and Maintenance representative of major cassava growing areas of the 

Americas and Asia, evaluation is carried out in two sites--
Introduction of cassava germplasm from outside Media Luna. Magdalena and Fonseca, the Guajira. Media 

Colombia is now limited to either meristemns orto true seed, Luna has mcderate rainfall (800-1200 rm/year) with a 
to minimize the possibility of introducing pests and long dry season. Fonseca has low rainfall (700-1000 
diseases. The Genetic Resources unit this year transferred mam/year) and a long dry season during which mites 
to CIAT some 150 selected clones from the Brazilian (Monott chelhs sp.) are severe. In order to increase the 
collection at Cruz das Almas, laiiia. This introduction probability of identifying promising material, the first 
helps alleviate a relatively minor representation of accessions screcned on the North Coast were preselected, 
Brazilian material in our collection, and the exchange is based on mite resistance and/or origin in a similar 
expected to expand in the future. Previous introductions environment. 
by meristems culture from Peru and the Amazonas region 
of Colombia are now plar'ed in the field for multiplication (iermplasm evaluations in Media Luna were begun in 
and later evaluation, the 1978-79 cycle with about 400 accessions. In 1979-80, 

103 of these were selected for further evaluation, and the 17 
best planted this year in a replicated yield trial. At Media 

A pathogen-free germplasm bank is being formed from Luna the 17 clones have produced an average root yield of 
clones which have passed through meristem cultureand are 10.5 t/ ha (max. 21.7 t/ha), average dry matter of 31.8% 
free of systematic pathogenic infection. Utilizing isolation (max. 36.8%) and average stake production of 7.9/plant 
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Table I. Linear correlations among several traits in cassava germplasm evaluation at Fonseca, the Guajira (for, May 1980 harvest). 

Pubescence' Leaf Branching Mite Root weight Foliage weight Harvest Root 
retention2 habit ) damage' per plant per plant index density! 

Pubescence 1.000 0.468** - 0.082 - 0.579** 0.328"* 0.286** 0.015 0.111 
Leaf retention 1.000 - 0.362** - 0.606** 0.094 0.057 0.039 0.138' 
Branching habit 1.000 0.289** 0.074 0.217"* - 0.148"* - 0.197"* 
Mite damage 1.000 - 0.045 - 0.072 - 0.001 - 0.074 
Root weight 
per plant 1.000 0.598* 0.391" - 0.01' 

Foliage weight 
per plant 1.000 - 0.368" 0.162"* 

Haivest index 1.000 0.301" 
Root density 1.000 

Subjectn e v",alu,,tion oldensity I=no pubescence; 3 = highly pubescent.of pubescence ot tire apex: 

Subjectie eialuation at percent otsteiIS retaining leaves at harvest.
 
Number ol leels (t branching at harsest. 
Subjectie eialuation tl nite damuagi: at peak olintestation: I= little damage; 5-severe damage. 
lyspccific grasits iethod measuring root dr matter content. 

(max. 14/plant.) These values equal o,"exceed those of the 
local check variety Secundina. An additional 240 clones 
have been planted in an observational yield trial, 

In Fonseca 329 accessions were planted in an obser
vational yield trial in May 1979 and harvested at 12 
months. Under this high stress environment very striking 
differences among clones were noted. Good mite resistance 
(13% of the clones showed low damage levels), high root 
dry matter (11% gave above 33% dry matter) and high 
harvest indices (14% had indices above 60%) were 
measured. A few clones showed good levels of all of these 
variables. Fifty-seven accessions were selected and planted 
along with those selected in Media Luna. An additional set 
of 317 germplasin accessions were planted in an obser-
vational yield trial. 

Phenotypic correlations among several traits indicate 
the interrelationships among traits and possible im-
plications for breeding (Table 1). Of special interest is the 

highpostivecorelaioneteen ubecene ofhe pexhigh tseveral 
and Mononychellus mite resistance, also observed 
previously by the Entomology section. Pubescence can be 
easily selected for, with or without mite attack, and also 
confers resistance to thrips. Although other mechanisms 
are certainly operating to confer resistance to mites, 
pubescence may be the simplest to manage. Root yield was 
not correlated with mite damage, possibly because planting 
at the beginning of the rainy season permited good plant 
development before mite attack became severe. The data 
suggest that high yield potential and mite resistance may be 

combined to produce superior lines for these conditions. 
Mite attack tended to be more severe on highly branched 
types, although the reason for this is not clear. Root dry 
matter content was not related to severity of mite attack. 

Selection for this environment will continue principally 
based on root yield, harvest index, rootdry mattercontent, 
and moderate to high levels of mite resistance. 

Carimagua 

Most of the germplasm bank has been evaluated in 
Carimagua and superior accessions are being evaluated in 
the second year of a replicated yield trial. From data 

accumulated over several cycles, only a small percentage of 
accessions show stable adaptation in this high disease
stress environment (Table 2). These are beingrecommended as sources of CBB and superelongation
re c ended otential in adnferloi n 
resistance and yield potential in acid infertile soils. Since 

of the accessions appear morphologically identical, 

a continuing search for germplasm adapted to this 

A Cuban collection of 69 clones was planted in an 
observational yield trial and several show good levels of 
resistance to Cl1, superelongation and anthracnose. Cuba 
has superelongation only in a few areas and ClATassistsin 
evaluating their lines so they can quickly take preventive 
measures should the disease become endemic in Cuba. 
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Table 2. Cassava germplasm accessions showing good adaptation in 
Carimagua according to their reactions to two major 
endemic diseases.' 

Accessions 	 CBB Superelongationresistance- resistance 2 

Group A 
I Bra 5, M Bra 22. M lira 29, 


" Col 1940 and MI Pan 51 MR R 


Group B3 


NI Col 1894, M Col 1772 


and M Col 1900 	 MR R 

Group C 

M Col 2052 and M Pan 12A R R 

Group D3 

M Col 1914, M Col 1916, 

M Ecu 82, M Pan 1211, M Ilan 19, 

NI Pan 90, M Pan 101, NI Pan 103,
 
M Ven 38 and M Ven 77 R R 


Group E 

M Ilan 97 R 	 MR 

Sclclcd on the basis ol 2-4 seasons of evaluation fot disease resistance and 1-2 
sc ,esiolurtio, foryield in a replicated trial. 

NI(= moderately resistant; I =resistant.
 
Acccsions kithin each ot the groups Band I)appear verysimilar morphological-

ly to all others suin each group and may be genetically identical, 


Popayan 

In a yield trial of a collection of 18 clones from high-
altitude areas of Southern Colombia, M Col 1522 (CMC 
92), a regional variety of Popayan, gave the highest yield 
(12.8 t/ha, compared to 8.1 t/ha for the best accession). 
Several of the accessions, however, had higher dry matter 
content (up to 36.9%), compared to the 29.2% of M Col 
1522. In all the regional trials planted at Popaydn as well as 
in previous replicated yield trials, M Col 1522 has 
consistently been the highest yielder. This variety is very 
vigorous, highly branched, has moderate dry matter 
content, and is moderately resistant to Phomaleafspot and 
Oligonychus mites. The goals for this environment are to 
improve upon the plant type (less branching), dry mattr,-
content, yield potential, and disease resistance of M Col 
1522. Large-scale germplasm evaluation has begun with a 
planting of 438 accessions, mostly collected from areas 
above 1500 masl. In the overall germplasm improvement 
program, the high altitude areas are being given less 
emphasis than other environments. 

CIAT-Palmira 

Reevaluation of post-harvest root deterioration. In the 
preliminary germplasm evaluation at CIAT-Palmira from1973-74, one of the evaluation parameters was post-harvest 

deterioration. In order to confirm sources of resistance to 
deterioration, a group of those accessions initially 
classified as grade 1 (139 accessions) were reevaluated in a 
replicated trial in CIAT-Palmira. Deterioration was 
measured by two methods: a) as in the original evaluation, 
by storing whole roots at ambient temperature for one 
week, then rating deterioration which included both 
physiological and microbial effects; and, b) by the method 
described by the Pathology section last year (CIAT
Cassava Prog. 1979 Ann. Rept.) which determines only 
physiological deterioration. There was as wide a range in 
the reevaluation trial as in the original, and the mean rating
for the two evaluations was practically equal (Table 3). 
These results illustrate a low consistency across years for 
root deterioration when measured on a single-row basis. 

A highly significant correlation exists between the 
measures of physiological deterioration at three days, and 
physiological plus microbial deterioration at one week 
(Table 4). As previously observed in CIAT, deterioration 
was highly positively correlated with root density (dry
matter content) and also with harvest index. Although no 
cause/effect relationships can be implied, selection for high 

root dry matter content and high harvest index will tend to 
increase deterioration problems. 

lable 3. 	 Comparison between preliminary evaluation of cassava 
germplasm bank accessions for post-harvest deteriorationand reevaluation of clones selected for their resistance to 

deterioration. 
Evaluation Rating Frequency Percent 
Erio
 

class'
 
Evaluated in 1973-74 I 169 9
 
in nonreplicated, 2 273 15
 
single-row plots 3 480 26
 

4 498 27 
5 405 22 

Mean 3.4 

Evaluated in 1980 1.0-1.9 10 7 

in two replications 2.0-2.9 61 45 

of single-row plots 3.0-3.9 49 36 

(all materials selected 4.0-4.9 15 II 

from within class I
 

of 1973-74 evaluation)
 

Mean 2.9 

I=little or no deterioration after one weo:k storage; 5=ligh deterioration. 
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Table 4. Linear correlations among evaluations for cassava root 
postharvest deterioration, root density and harvest index, 

Physiological Physiological and Root Harvest 

deterioration microbiological density index 

deterioration 

Physiological 
deterioration 1.00 0.,7** 0.78** 0.4** 

Physiological and 

mTicrobiological 

deterioration 1.00 0.42** 0.34** 


Ioot density 1.00 0.5"** 

llarv%.S, index 1.00 

,d~ccda.,altei h.cO,; 15-cm ,cctih, with dir~tal end co~erodolro 
%itthI'V( ill :vhr detmlotctil:n; I0=lcicedlcirmatiow. 
•I tt o lognt ialanid t Iclo iologica l d etclhSittiOt iiw,',.cdC \C.,llday\, allet 
IlntXcl Is....otsim d iltict tinder atiiihierit ctondiitins; Ldtin de erioralion. 5 

,CCcdoelIM0. 

Gene Pools for Environment Adaptation 

Pool formation. Broad-based gene pools continue to be 
developed for adaptation in the environments represented 
by Mcuia luna and Fonseca, Carimagua,frand opayan, 
Initial parental components are selected from the germ-
plasm oank based on environment performance. 
Emphasis is given to including a wide diversity of material 
having insect and diseases resistance, tolerance to soil and 
climatic stresses, high yield potential and good root 
quality. Since few accessions combine all these 
characteristics, others are included having less favorableexpression of certain traits. Through recurrent selection, 

gen frequency for all traits can be increased t 

Gene pool formation and improvement is a two-stage 
process. In the first stage, Tecombination iseffected in open 
pollination blocks, each block representing selection for a 
particular e:,vironment. A polycross scheme is utilized 
where several replicates of' epch genotype are planted in 
random mixture to maximize the admixture of pollen 
among different genotypes. lIndividual p)lycross blocks arc 
isolated fromi each odher by at least 12 in by planting male-
sterile filler rows. A study this year showed this isolation 
distance to be sufficient to prevent most contamination 
under conditions at CAl Al-lalhnira. 

('assava isnot particularly well-adapted to the exploita-
tion of open pollination crossing schemes, however, good 

management can overcome these problems, making open 
pollination an effective breeding tool. The advantage of 

open pollination is production of a large number of seeds 
with niinimum labor requirements. A majordifficulty is the 
great range in time to flowering and number of flowers 
produced among clones. F-urthermore, the earliest and 
most prolific flowering types are less desirable from a plant 
type viewpoint since early flowering is associated with 

early and frequent branching. Branching is controlled on 
highly branched types to make flower production more 
uniform. There are no known effective means for 
increasing flower production of very late-branching types. 

Individual plants are coded and each flower raceme 

tagged and covered after pollination to catch seeds at 
maturity. Seeds from tile same clone among the various 

replications arc combined and planted together as a half
sib family having a known female parent and a mixture of 
male parents. Iamily performance is a measure ofgenet;al 

combining abil it:' of' thle female parent. 

The polycross blocks were modified this year to permit 
gradual incorporation of gcns for characteristics oc
curring in a backgrotmd basically unadapted to the 
environment in question. The unadapted genotypes were 

planted as borders surrounding each ofthe replicates ofthe
 

polycross block. To avoid contamination of the basic gene 
pool with pollen of this unadapted germplasm, border
plants were emasculated weekly. The progeny ofthe bord.Lr 
rows will be backcrossed several times to the basic pool to 
combine the adaptation of the pool with the !haracter 

being introduced. 
The second stage of germplasm improvement involves 

selection of the best entries frot the polycross blocks based 

on conbining ability and performance within a given
environment. The selected clones are recombined through 
controlled pollination. In this stage, more precise control 

of parentage is possible and specific combining ability 
effects can be capitalized upon. 

Progeny evaluation. Progeny of gene pools are being 
evaluated in Media Luna, Carinmagua, Popayan and 
CIAT-Palmira. Evaluation beginning at the FI stage 
(plants from true seed) within each environment has the 
potential advantage of a high selection efficiency since very 
large numbers of distinct genotypes are subjected to the 
particular characteristicc of the environment. Further 
studies arc needed however, to compare efficiency of F1 
selection first in CIAT-1ahnira versus within the environ
ment. Seedling plants are rather delicate during the first 
several weeks :fter sowing or transplanting, and large 
losses can easil' occur from factors unrelated to the plant's 
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future potential (e.g., short drought period, weed competi-

tion, attack by chewing insects). A further problem is 3.0 0
 

moving lage amounts of clonal material back to a 0
centralized location for crossing or stake multiplication.

These problems are being investigated further to maximize 
the efficiency of Fi selection. Superior hybrids will be 0

0
 

tested through the replicated yield trial stage, then passed

to the Varietal Improvement section as new gene sources. 
 E 2.0 0 

00 
2)cc0 0 

Special Studies 
0 

0
Heritability of mite resistance.Mites have been identified
 

among the important arthropod pests of cassava. Previous 
 i.0. 0studies (CIATCassava Prog. 1979 Ann. Rept.) showed a , _._,_
high broad-sense heritability for Mononychellus resistance 1.0 2.0 
_ _ 

(high consistency across replications in a field, across sites, 	
3.0 

_ 

Midparent ratirgand across years). 
r.0.62 Y-0.78 X + 0.38 

Figure 2. 	 Regression of F1 progeny mean on midparentfor resistanceStudies in CIAT-Palmira this year in two F1 hybrid to the Mononychellus tanajoa mite under moderatetrials showed high nairow-sense heritability (h2 = 0.78) population levels, at CIA T-Palmira, 1980.
based on midparent-progeny regression, where the slope of
 
the regression line is a direct estimate of h2 (Figures 1 and
 
2). 	 Heritbility of adaptation in low temperature zones. 

Progeny from six cross combinations involving an adaptedThis study also indicates that when medium to high mite parent (M Col 1522) crossed with poorly adapted parentsinfestation occurs at CIAT-Palmira, preliminary selection were grown in a replicated trial in Popaydn, along with thethere of individual plants in a segregation population will parent clones. For all crosses, mean family yield, coldprobably be effective for North Coast conditions, tolerance, 	Phoma and an thracnose resistance, and generalevaluation was internieJiate between the parents. A fewhybrids yielded about the same as NI Col 1522. 

4.0-

These data show that poorly adapted cultivars are
0 	 generally unacceptable as pa.ents for oroduction of 

chybrids in this environment, as the proportion of well0 adapted progeny is very low. Adaptation appears to be 
.= largely controlled by additive gene effects.

3.0 	 0 

0 Early generation selection for root dry matter content. 
0-	 High root dry 	 matter content is an important quality0criterion for practically all uses of cassava. A study was 

0 0 concluded this year to determine whether selection for root 
2.0x dry matter content on an individual plant basis ,n asegregating F1 population could be effective. Data from 

260 individual plants grown from true seed were comparedMidparent rating 
 with the same clones grown in a single-row observationalyield trial at CIAT-Palmira. Correlation between the two 
r=0.95 Y= 0.78 X+ 0.57 clonal generations was r- 0.48**, demonstrating the ability

Figure 1. 	Regression ofF1 progeny mean on midparentforresistance to measure a significant proportion of genetic control ofto the Mononychellus tanajoa mite under high population dry matter production compared to environmental effects.levels, at CIA T-Palnira, 1980. CIAT does not presently intend to routinely evaluate F I 
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progeny for dry matter content due to the huge number of 
samplings required; however, if at some point a rapid and 
intensive increase in dry matter content is desirable, F l 
evaluation would be justified. 

Seed germinaion studies. Cassava seeds are known to 
have a dormancy period for several months after harvest. 
Decreasing the lenght of the dormancy period would 
significantly shorten the breeding cycle. For newly 
harvested seeds, a pregermination heat treatment in a dry 
oven at 600 C for 14 days was found to significantly increase 
total germination and decrease time to germination (Figure 
3). For 3-6 month-old seeds, no improvement in germina-
tion was noted, bu* neither was the treatment detrimental 
to germination compared to the controls. Therefore, 0-6 

month-old seed can safely be heat-treated with beneficial 
effects on the new seeds and no effect on the older seed. 
Results have been confirmed in the field at Carimagua, 
where germination of heat-treated seeds of 0-9 months was 
47.2%, compared to 35.5% for nontreated seeds. 
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Figure 3. 	 Effect of a pregermination heat treatment (at 600C, 150 

seeds/ treatment, composite from six varieties) on newly 

harvested cassava seed. 
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U.0 

Varietal Improvement
 

Hybrid selections were continued at CIAT-Palmira, 
Caribia and Carimagua. Because of the importance of the 
Caribia and Carimagua environment, the relative impor-
tancc of selection programs there was increased. Since 
considerable progress has been made in yielding ability and 
disease resistance through single-trait selection for harvest 

20-a 

10-


Epersisted. 
z
 

Montero 1684 
0 

0 Manteca0 

b) 
15 

.U 0-

Moo 
E 

5 M Col 

Montero [1684 

0 o• Manteca -.-. 

10 20 30 40 50 

Fresh root yield (t/ha) 

Figure . requenc; distributionof CA 7cassava lines at dqjferent
yield levels in replicated ield trials at Caribia, 1980. 

a) Jultrand I':,bruarYplantings; b) Atay platting. 

index, branching type, or CBB and superelongation
resistance, selection emphasis has gradually shifted 
towards overall performance over several years at each 
selection site. Production of hybrid seeds by conrolled 
pollination was quadrupled after critical pest problems 
were overcome. 

Selection at Caribia 

CIAT hybrid selections and an outstanding germplasm 
accession, M Col 1684, continued to show good yielding
ability (Fig. 1). One of the replicated yield trials (planted
in May and harvested in February), planted on a poor soil 
spot without irrigation, suffered severely from drought and 
consequently yielded low. Yet, the superiority of CIAT 
selections over local cultivars (Montero and Manteca)

However, only few CIAT lines exceeded the best 
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Figure 2. 	 Frequency distribution of CIA T cassava lines at differentroot dry matter contents in repluated 'ield trials at Caribia, 
1980. (Average of three trials and including values only br 
higher y.ielding lines in terms of root production.) 
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local cultivar in root dry matter content (Fig. 2). More 
selection efforts shall be directed to a good combination 
of high root dry matter content with high yielding ability. 

Three new hybrid selections which seem to combine 
reasonably high yield with high root dry matter content 
and lodging resistance, were passed to the Agronomy 
section for evaluation in regional trials in the hot tropics. 

Selection at Carimagua 
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Many CIAT lines outyielded local cultivars (Llanera and 
M Col 638) and M Col 1604 but yields were generally low 
(Fig. 3). All trials received a modest fertilizer application. 
The root dry matter content was generally very low but 
several lines, such as CM 523-7 and CM 723-3, consistently 
showed high root dry matter content (Fig. 4). Many new 
lines had good resistance to CBB and superelongation. 
Selection emphasis continues to be for agood combination 
of stable yield with high root dry matter content and 

disease and insect resistance. 

Six new selections were passed to the Agronomy section 
for regional trials evaluations in tropical savanna con
ditions. 

Selection at CIAT-Palmira 

Many CIAT lines continued to show excellent yield and 
root dry matter content (Figs. 5and 6). A good example is a 
new selection CM 849-1 which gave a root yield of 7' 
t/ha/year with 39% root dry matter content. 

Twelve selections which seemed to combine high yield 

with high root dry matter content and high harvest index 
(thus lodging resistance) were passed to the 
Agronomy section. Many of these are expected to be 
adapted to the hot lowland tropics, thus, all of these are 
intensively evaluated at the Caribia station also. Ten 
selections which showed exceptionally high-yielding ability 

were also passed to the Agronomy section. These are the 
selections to be adapted to high-yielding environments. 
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Figure 5. Frequenci distribution o1 'IA I' cassava lines at dijereit 
.iehl levels in replicated trials at CIA 7-Palnira, 1980. 
(Average of three trials.) 
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Yielding Stability 	
50 

40 	 / _ 

NN 
Emphasis on varietal selection has shifted from absolute -- ' / 

high yield to reasonably high yield that is stable over years 30 / 

and seasons in each representative enviroment. Treatment 
of selection fields is adjusted to realistic farm situations by 20 
eliminating heavy fertiliier applications, irrigation, and 
pesticides. Several factors affecting yield stability have 1976 1977 1978 1979 
been identified (see Agronomy-Regional Trials section). 	 Year planted 
Thus. breeding for disease and insect resistance, good 
germination ability, and lodging resistance are among the All entry average CM 516-7 
important selection criteria. The final selection criterion in CM 91-3 CM 342-170 
the Varietal Improvement section is stable yield over years CM 517-1 CM 522-7 
and seasons. Yield stability over different sites within each 
macro-region is evaluated with a smaller number of 
promising materials in the regional trials. Numbers of new Figure 7. Yield stahility in selected cassava lines grown in three 
selections are evaluated in repeated seasons at each locations. 
selection site. 

A good example of high and stable yield was obtained Varietal Adaptation and Production of 
with CM 342-170 at Caribia and CM 516-7 at CIAT(Fig. Planting Stakes 
7). At Carimagua, the number of abiotic and biotic factors 
which adversely affect cassava yield is much higher, so Production of good planting stakes is difficult under 
obtaining a stable yield is more difficult. Yet, CIAT lines high-stress conditions such as those at Carimagua. CBB 
such as CM 517-1 and CM 523-7 seem to show some infection significantly reduces the root yield of susceptible 
promise. cassava lines, particularly when early infection is produced 
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from CBB-infested cuttings (CIAT Cassava Prog. 1979 
'Nnn. Rept.). Furthermore, CBB infection drastically 
reduced thequantityofplantingstakesonsusceptiblelines. 
Unavailability of non-infested planting stakes is,therefore, 
a more acute factor than the reduced root yield in 
susceptible cultivars planted with uninfested stakes. This is 
especially critical when continuous cassava production has 
to be done using stakes produced locally. 

Primary superelongation infection (self-infection within 
the same planting stake), which may cause complete crop 
failure, can be easily distinguished from ordinary or 
secondary infection coming from other plants. Primary 
infection is proportional to the superelongation infection 
in the previous planting from which the planting stakes 
were taken (i-ig. 8). There are many more abiotic and 
biotic factors which should affect quantity and quality ol 
planting stakes. 

CIAT-Palnira is regarded as a low stress environment 
relatively free from disease problems for cassava produc
tion. Caribia is regarded as a medium stress environment 
where the dry season is long and CBB is always present 
during the rainy season and causes significant yield 
reductions occasionally. Caribia is,however, relatively free 
from other disease and insect problems. To compare the 
quality of locally produced planting stakes with those from 
CIATl-Palmira, several cassava lines have been planted in 
replicated yield trials with stakes from CIAT-Palmira and 
(rom Caribia and Carimagua. 

At Caribia, both local and CIAT-Palmira stakes 
germinated well. Local stakes tended to yield slightly better 
but differences were generally not statistically significant. 
However, looking at individual lines, M Col 22 was a good 

yielder when planted with locally produced planting stakes 
but it was difficult to obtain a high yield using CIAT
produced stakes (Table I). The same tendency was 
observ~d with CM 342-170, but M Col 1684 showed no 
clear tendency. There was no sign that stakes from Caribia 
were inferior to CIAl-projuced stakes. There was, 
however, some delay in planting stakes from lalmira in 
Caribia due to transport problems. Neverthc!ess, CIAT
produced stakes were treated with fungicides to offset this 
effect while Caribia stakes were untreated. 
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on leaves; 3= s.mpontsoilhaves of allplantsand occasional ,r elongation:4=50% of plants slow stem elongation;5= 
leaves dying of dt.n'am' infettion. 

Table I. Yield cornparisons lor three cassava lines planted at Caribia, in relation to the source o planting staKes. 

Cassava line Suurce of Fresh root yield (t/l)for crops planted in: 
planting stakes 

May 1978 May 1979 October 1979 February 1980 Average 

M Col 22 C(aribia 44.2 22.2 48.6 34.4 37.4 
Ci, I-'alhnira 20.0 16.1 29.2 15.0 20.1 

CM 342-170 Caribia 51.4 25.2 - 41.9 39.5 
CIA I-I'alinira 31.2 21.1 36.7 33.3 -3.5 

M (ol 1684 Caribia - 16.1 32.5 39.4 '.3 
CIAI -I'altitira 50.8 25.6 56.9 27.2 st).6 
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At Carimagua, local plantiig stakes generally ger-
minated poorly and yielded significantly lower. Yield 
differences between Carimagua and CIAT-Palmira stakes 
were greater in earlier days (1978 plantings); however, as 
selection intensified, differences narrowed to a negligible 
level (October 1979 planting). For those lines which gave 
reasonably high yields by planting Carimagua stakes, thc 
yield difference between Carimagua and CIAT-grown 
stakes disappeared (Table 2). 

Table 2. 	 Yield comparisons for selected cassava lines planted in 
Carimagua, in relation to the source of planting stales (for 
planting of October 1979). 

Lines Fresh rmot yield, Fresh root yield, 

Carimagua -.tak:es CIAT-l'almira stakes 

(t/ ha) (t/ha) 
New selections: 
CM 
CM 

946-2 
996-6 

3reasonably
31.3 23.6 

CM 996-6 29.9 23.6 
CM 983-5 22.9 not planted 
CM 951-6 20.8 29.2 
CM 976-2 19.4 
CM 854-21 18.8 19.4 

CM 1012-2 18.1 13.2 
CM 840-323 18.1 16.7 
CM 869-4 18.1 12.5 
CM 840-324 17.4 20.1 

Average 21.3 19.9 

Older selections: 
CM 430-37 18.2 13.9 
CM 723-3 15.7 14.6 
CM 523-7 15.3 12.5 
CM 91-3 14.3 11.5 
M Ven 77 11.9 7.7 

Average 15.1 12.0 

In older selections, whose adaptation to Carimagua has 
been well-confirmed. yield with Carimagua stakes tended 
to exceed that with CIAT stakes. 

We can 	 conclude that production of good quality 
planting stakes is difficult under high stress conditions. 
Howevcr, 	 :! the casavu genotypes arc truly adapted 
locally, the quality of planting stakes produced is as good 
as or even better than stakes produced in other en
vironments with less stress. 

Hybrid Seed Production 

As cassava breeding programs in certain key countries 

such as Brazil and Thailand gained strength, and the 
importance of decentralized varietal selection was widely 
recognized, demand for F1 hybrid seeds has incr-ased. 
Hybrid seeds had been produced at CIAT-Palmira with 

high efficiency (around 0.7 seed per each femaleflower pollinated) between 1974 and 1977. However, the 
efficiency dropped notably in 1978 and in 1979 when only 
an average of 0.28 seed per female flower was obtained. In 
1979, the number of pollinations doubled but the actual 
hybrid seeds obtained decreased. 

The primary cause of decreased seed production has 
been the increasing buildup of the cassava fruit fly 
(Anastrepha sp.), which feeds on developing seeds. In 
January 1980, biweekly applicatic,.-- of the systemic 
insecticide fenthion were begun. These reatments have not 

only effectively controlled Anasirepha sp., but also several 
other insect pests of cassava. A high efficiency of 
hybridization (0.82 seed per flower) has been restored and, 
because of the effective control ofthrips, pollen and flower 
production has been improved. This has enabled massive 
pollinations to be made with such lines as M Ven 77 and M 
Pan 12B, which are known to be well adapted to the 
Carimagua environment. 
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Agronomy
 

Regional Trials 

Results of sixth cycle. The sixth testing cycle for 1684, CM 342-55 and CM 489-1 outyielded the best localpromising cassava varieties under uniform improved clones in seven of eight sites; CM 308-197 and CM 462-6 
technology (CIAT Ann. Rept. 1974) was completed in surpassed local materials in six of eight sites; and CM 430
1980 with harvesting at eight locations in Colombia. Table 37, CM 321-188, CM 311-69, CM 451 4, C71-4 and ICA-
I shows the edaphic and climatic conditions of the HMC-2 were outstanding in five of eight sites (Table 2).
different sites. This again reflects the higher yield potential of selected 

improved material, compared to regional or local varieties.
Lime and fertilizer were used oi, y at Carimagua and 

CIAT-Quilichao. At Carimagua, rates applied were 0.5 Two new hybrids (CM 342-55 and CM 430-37) seem
t/ha of lime, I t/ha of 10-20-20, 20 kg/ha of S and 5 kg/ha promising after their relatively high yields across several
of Zn. At CIAT-Quilichao, where planting has been done locations including Carimagua and CIAT-Quilichao. CM
in the same field for three years, 375 kg/ha of lime, 100 342-55 is the result of crossing M Col 22 and M Col 1468
kg/ha of N and 50 kg/ha of P2 0 5 were applied; zinc was (CMC-40); the latter parent is widely adapted with good
included in the stake treatments, yield stability over time. 

Principal problems in 1980 were heavy attacks of CBB 
and superelongation at Carimagua and superelongation, Overall six-year results. After six years of regional trials
frog skin, Cercosp7ora diseases, mites, white flies, white thethre emostpromising cultivars ateach site produced an
scale and thrips at CIAT-Quilichao. At Rio Negro, 8 average freshmonth-old plantings were completely defoliated by the compared to root yield across all sites of 34.6 t/ha,20.1 t/ha for local varieties (Table 3).cassava hornworm. 

Moreover,outyield at each site, promising materials substantiallylocal cultivars. This represents a tremendous
As in previous years, the best selected lines outyielded increase in both types of materials compared with the

local materials an average of 37.5 t/ha to 18.5 t/ha. M Col Colombian average estimated yield of 9.7 t/ha. 

Table I. Main climatological and edaphic characteristics at sites of the 1979-80 regional yield trials for cassava, iniColombia. 

Site Altitude Mean Rainfall' Days to Soil texture Soil Soil Soil P, Soil K 
Temperature harvest pH organic Bray If 

(masl) (IC) (mm) (%) (ppm) (meqi 100 g)
Media Luna 10 27.2 1190 328 Sandy loam 6.6 0.7 7.2 0.08 
Chigorod6 28 28.0 1059 305 Silty clay loam 6.8 4.2 27.8 0.51 
Carimagua 200 26.2 2867 398 Silty clay 4.7 3.2 1.9 0.14 
Rio Negro 250 27.0 2009 329 Sandy clay loam 4.4 2.1 4.0 0.11 
San Martin 300 25.0 2373 332 Clay 4.2 3.2 7.4 0.16 
CIAT-I'almira 1000 23.8 704 336 Clay 7.0 3.9 73.3 0.70
CIAT-Quilichao 1070 23.0 1233 310 Clay loam 3.6 6.7 40.5 0.35 
Caicedonia 1200 22.2 1344 256 Sandy clay loam 5.5 3.2 40.5 0.35 

Total rainfall during cassava growing cycle. 
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I able 2. Yields of promising ICA-CIAT cassava varieties and hybrids at eight locations in Colombia during 1979- 80 regional trials. 

Varieties Fresh root yield (t/ha) Average 
and Media Chigorod6 Carimagua Rio Negro San Martin CIAT-Palmira CIAT-Quilichao Caicedonia yield 

hybrids Luna (t/ha) 

Best local' 10.1 28.9 4.5 13.6 15.7 25.5 22.1 27.7 18.5 
M Col 1684 22.0 45.9 9.5 24.6 24.5 26.5 17.2 55.2 28.2 
CM 309-41 10.7 - 3.8 13.8 - 30.4 - 44.5 20.6 
ICA-HMC-l 11.8 47.5 - 12.5 - 40.2 - 42.7 30.9 
CM 342-55 25.9 51.0 5.7 3.8 21.8 37.6 18.7 41.7 28.3 
CM 430-37 9.5 18.2 13.6 20.4 48.0 22.0 40.9 24.7 
ICA-IHMC-2 11.5 41.2 15.4 - 20.1 22.9 - 40.6 25.3 
CM 489-1 16.0 57.1 - 20.3 26.4 55.7 22.7 39.7 34.0 
CM 308-197 16.0 45.0 1.5 23.8 16.7 36.9 - 37.8 25.4 
CM 426-6 21.9 - 7.6 21.0 22.7 36.0 14.3 36.4 22.8 

CM 440-5 9.1 - 4.1 13.2 13.4 29.2 9.5 35.2 16.2 
CM 471-4 12.3 - 0.8 15.1 20.0 30.7 11.7 35.1 18.0 
CM 451-1 14.0 - 3.5 16.1 18.2 31.2 16.2 34.7 19.1 
CM 321-188 16.9 43.2 1.8 - 22.4 43.8 16.8 32.4 25.3 
CM 305-120 - - - - - - 38.8 38.8 
CM 311-69 - 6.5 - 21.5 35.4 23.9 30.3 23.5 
ICA-IIMC-7 - 18.0 21.4 34.8 20.4 - 23.7 
CM 344-71 - - 20.7 30.5 32.0 - 27.7 
CM 192-1 - 2.8 - 31.1 22.8 34.2 22.7 
CMC 40 
(M Col 1468) - 58.2 6.9 - - - 33.7 32.9 

CM 340-30 - - 6.1 21.6 34.6 - - 20.8 
CM 30541 - - - 45.3 28.4 - 36.9 
M Ven 218 11.8 - - 37.1 - - 24.5 
CM 323-375 18.1 - 22.2 32.9 - - 24.4 
CM 305-38 - - - - - 28.2 - 28.2 
CM 323-87 18.8 - 19.2 - - - 19.0 
Chirota - 8.6 19.2 - - - 13.9 
CM 507-34 - 13.9 - - - 13.9 
M Ven 77 - 12.5 - - - 12.5 
CM 507-37 - 10.5 - - - 10.5 

CM 430-9 - 7.1 7.1 
CM 516-7 - 6.9 - 6.9 
SM 1-150 - 4.9 14.0 :.-9.5 
CM 309-211 - 3.4 3.4 
M Col 22 19.6 - - 19.6 
CMC 9 
(M Col 1438) - 11.0 11.0 

M Mex 59 - - - - 30.1 --- 30.1 
CMC 76 

(M Col 1506) - 34.5 - - - 34.5 
ICA-HIMC-3 - 31.7 - - 31.7 
ICA-EIMC-53 - 64.2 - - - - - 64.2 

Average, including 
local varieties 15.3 45.7 6.9 17.4 20.1 35.3 20.4 37.9 

Best promising 
hybrid or variety 25.9 64.2 18.2 24.6 24.5 55.7 32.0 55.2 37.5 

IBCstWlcal VlriCtiMs: for Media L.una, cultivar Secundina; for Chigorodo, CMC84 (NI Cot 1513); for Carimagta, Llanera; for Rio Negro Vcne,olaia;Ifr San Martin, 
lcmpranera; for CIAT-Palmira, M Col 113; for CIAT-Quilichao, M Col 113; for Caicedona Chiro/a Gallinata. 
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I able 3. 	 Cumulaitive average fresh and dry root yields of the three best promising varieties compared with the best local variety, at nine sites of 
cassava regional trials. 

Site Yield (t/ha)
 

Average of five cycles' 
1979-80 cycle 
 Average per site 

Promising Local Promising Local Promising Local 
FRW-' DM IRW DM FRW 

Media Luna 23.4 8.36.7 3.0 23.2 
Chigorod6  - - - 59.8 
Carimagua 20.4 6.7 13.3 4.2 	 15.8 
Rio Negro 33.2 9.9 14.9 4.6 24.0 
San Martin  - - - 27.0 
Nataina 33.3 10.0 18.0 5.1 

CIAT-Palmira 36.8 13.0 22.3 7.7 49.6 
CIAT-Quilichao 37.8 12.0 31.4 9.9 29.5 
Caicedonia 41.9 14.9 9.929.2 47.4 

Average per
cycle 32.8 10.8 21.6 7.2 34.5 

See CIA I C'assa'a t'rog. 1979 Ann. Rept., for details.
 
IRWM.rcsh root yield; t)M dry root yield.
 

Table 4 	 summarizes six years of yield data in regional 
trials and 	seven years of data for replicated yield trials in 
the Varietal Improvement section. In the regional trials, 
only varieties and lines that had outstanding performances 
against local varieties in each site have been included, 

Varietal 	Adaptation and Yield Stability 

Accumulated yield data in 'Fable 4 enable some detailed 
analyses of cassavaadaptation and yield stability. Varieties 
M Col 1468, M Col 1684 and M Col 22, tested for 45, 40 
and 40 cycles respectively, have produced weighted average 
yields of 29.1, 30.8 and 22.0 t/ha, respectively. Yiel sof the 
first two are both high and relatively stable, while yields of 
M Col 22 are lower and unstable. 

M Col 1468, a variety from Campinas, Brazil (located 
about 20'S latitude) has performed well as far as 220 N 
latitude. Based on good performance in Cuba, it was 
released for commercial production there; it was also 
outstanding in international yield trials this year in the 
Dominican Republic and Ecuador. These results confirm 
its wide range of adaptation. Variety M Col 1684 has also 
produced high yields and showed good adaptation in both 
Ecuador and the Dominican Republic. Its high yield at theNapo Station in Ecuador {(lable 5) was produced on an 
acid infertile Oxisol soil. 

Figure I shows yield data for M Col 1684 in seven 
Colombian locations below 1300 masl. While maximum 

I)M 	 FRW DM FRW DM FRW DM 
6.1 10.1 3.3 23.3 b.k 8.6 3.0 

16.4 28.9 8.6 59.8 16.4 28.9 8.6 
4.9 4.5 1.3 19.6 6.4 11.8 3.7 
5.6 13.6 3.1 31.6 9.2 14.7 4.3 
9.3 19.2 6.2 27.0 9.3 19.2 6.2 
- - - 33.3 10.0 18.0 5.1 

18.7 25.5 8.2 38.9 13.9 22.8 7.7 
8.8 	 '22.1 5.7 35.0 10.9 28.3 8.5 

17.8 27.7 10.1 42.8 15.3 28.9 9.9 

10.9 18.9 5.8 34.6 10.9 20.1 6.3 

yields were similar across locations, they were slightly 
lower at Media Luna and Rio Negro where no irrigation 
was sed. Yield variation within locations was very large, 
especially 	at Carimagua due to the very high soil, water, 
disease and insect stresses common there. These yield 
variations and high maximum yields suggest three 
conclusions relating to selected genotypes: a) genotype x 
location interaction is not so great if genotypes are planted
under favorable conditions at each location; b) yield 
variation within a location is as great as or greater than 
yield variation across locations; c) an apparently large 
genotype x environment interaction is, in many cases, 
actually agenotypex within-location variation interaction. 

Several factors influence within-location variation. 
Some such as land preparation, irrigation, soil fertility,
weed control, and pesticide applications are controllable; 
others like temperature, rainfall, and disease and insect 
pest outbreaks are largely uncontrollable. Because cassava 
will continue to be produced primarily on marginal soils 
with animal or only modest input levels, understanding of 
within-location variation from uncontrollable factors is 
receiving major attention in the Cassava Program. 

Several hybrid promising lines have been tested formorethan 10 cropping cycles and have yielded well in several 
locations including the high stress sites at Carimagua andCIAT-Quilichao (I able 4). Performance of these crosses 
over time and locations indicates progress in finding 
superior germplasm through breeding manipulation. 
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Table 4. Yield performance and main characteristics of promising cassava lines and accessions during six years of regional trials. 

Line or Fresh root yield (t/ha) Average Dry Disease reactions& 
ac orll, Matter 

Media Caribia Chigorod6 Carimagua Rio San Nataima CIAT- CIAT- Caicedonia Pereira CBB Super-

Luna Negro Martin Palmira Quilichao %) elongation 

Promising lines 

CM 323-87 21.1 1 3) 22.8 1 3) 22.0 (6) 31 S S 

(51 31X-197 17.01 3) 45.0 11.6 ( 3) 26.7 3) 34.4 ( 2) 33.9 1 3) 41.1 (3) 28.8 118) 32 S S 

CM 309-.1 151 I 3) 13.2 1 3) 20.7 1 3) 30.4 3) 27.8 (3) 45.4 (3) 25.4 (18) 32 R S 

C5 192-I 12.8 1 3) 29.3 3) 29.9 1 3) 40.2 (3) 23.1 (12) 31 S S 

CM 121-375 207 1 2) 31.3 13) 22.2 1) 30.3 1 3) 27.6 ( 9) 34 S S 

"M 141I 160 1 1 27.7 1 3) 57.1 I) 20.3 I) 26.4 [) 62.5 1 3) 22.7 1 I) 39.7 (I) 37.8 (12) 29 S S 

CM 342-55 25.9 I) 51.0 1) 23.8 ' 21.8 I 45.4 1 4) 41.7 1I) 38.5 (9) 29 S S 

"M 1451-1 40 1 I) 16.1 I) 15.1 (2) 30 MR S 
CM 344-71 27.6 ( 1) 29.0 1 2) 28.6 (3) 30 S S 

CM 430-17 25.0 1 2) 19.7 1 3) 20.4 (1) 45.5 1 3) 40.9 (I) 30.7 (10) 33 MR MR 

CM 342-170 38.6 ( 4) 24.7 1 3) 32.6 (7) 34 S S 
(M 321-1N8 190 I 2) 339 1 3) 26.2 ( I1) 51.5 ( 5) 18.8 1 2) 43.3 (2) 36.5 (15) 34 S S 
(M -462-6 21.9 1 1) 7.6 (I) 21.0 1) 36.0 1I) 21.6 (4) 26 MR S 

C(.M 91-3 25.8 ( 4) 20.0 1 3) 44.3 1 4) 30.9 (11) 33 MR MR 

('M1 523-7 9.0 1I) 17.1 (2) 42.0 ( 2) 25.4 (5) 37 R R 

(CM 430-9 20.5 1 3) 13.9 12) 42.0 (3) 26.9 (8) 28 MR MR 

CM 440-5 26.5 1 3) 16.5 1 2) 46.5 3) 31.5 (8) 37 MR MR 

CM 323-403 46.8 1 5) 46.8 (5) 30 S S 
ICA-tIMC-2 15.6 1 3) 20.1 (I) 26.0 (3) 33.4 (2) 37.2 I) 24.9 (10) 32 MR MR 

[CA "MC-7 18.0 (1) 36.2 (2) 32.2 (3) 31.2 (6) 40 - MR 

CM 311-69 10.5 (2) 35.4 (l) 23.7 (2) 20.8 (5) 34 MR MR 

CM 507-34 11.5 1 2) 12.3 (3) 46.0 ( 2) 21.7 (7) 31 R MR 
CM 507-37 14.5 1 2) 12.2 (3) 47.8 1 2) 23.0 (7) 30 R MR 
CM 340-30 24.0 (2) 30.0 ( 2) 27.0 1 4) 29 S S 

CM 305-41 24.0 1 21 26.6 (I) 46.2 1 6) 26.9 (2) 30.9 1I) 36.4 (12) 33 S S 

I('A-HtMC-I 47.5 1 21 35.5 (2) 50.5 (2) 38.1 (1) 42.9 (6) 37 S S 
CNM 305-3h 28.2 I) 28.2 (I) 32 S S 

LM 471-4 20.0 (1) 20.0 (I) 31 S S 
CM 391-2 34.0 (2) 16.0 (1) 42.0 3) 35.0 6) 32 S S 

ICA-)IMC-51 64.2 1I) 64.2 (1) 

'.ctghted .icragc 18 2 (20) 29.2 (39) 53.0 (5) 14.4 (31) 22.4 (16) 21.8 (6) 29.8 (5) 40.6 (66) 27.2 (19) 42.1 (18) 35.4 (3) 30.3 (228) 



Table 4. (continued). 

Line oraccneion Fresh root )ield (tha}acces,.,on 
Average Dry Disease reactions,~~Matter__________ 

Mtedia 

Luna 

Caribia Chigorodd Carimagua Rio 

Negro 

San 

Martin 

Nataima CIAI-

Palmira 
CIAT-

Quilichao 
Caicedonia Percira 

(%) 

CBB Super

elongation 

Outstanding accessions 
M Col 113 
M Col 1684 29.4 ( 3) 

M Col 22 19.6 6) 
M dol 1468 
(CIC 40) 22.7 (5) 

N Ven 218 14.7 3) 

36.2 

28.7 

25.5 

29.3 

6) 

6) 

4) 

2) 

45.9 (1) 

58.2 (I) 

3.4 (3) 
20.1 (8) 

10.8 (8) 

17.6 (8) 

9.5 (4) 

35.2 (3) 

24.7 (5) 

24.5 (I) 27.2 (3) 

26.0 (4) 

31.9 (5) 

24.2 (3) 

20.2 (6) 
29.1 

26.2 (11) 

37.6 (9) 

36.1 (8) 

31.4 (3) 50.5 (3) 

30.9 (3) 

36.9 (4) 

32.4 (3) 

28.8(2) 
(9) 

8.8 ( 2) 

31.2 (4) 

17.2(;1)
30.8 (40) 

22.0 (,0) 

29.1 (45) 

26.1 (23) 

39 
31 

34 

30 

33 

S 
MR 

S 

MR 

S 

S 
MR 

S 

MR 

R 

"I Col 1505 
ICmC 76) 

M Cl 1513 
(CMC 84) 

M Mex 59 

M Cl 1529 
(CMC 99) 

M Ven 155 

13.1 15) 
23.1 I 5) 

15.6(3) 

34.5 1) 

17.0 
17.7 

5) 
4) 

26.2 ( 3) 

29.9 ( 5) 
33.1 (5) 

31.6 (3) 

25.2 (3) 

3P. (I) 
26.9 2) 
29.6 (5) 

33.1 ( 3) 

35.0 (4) 
24.8 (3) 

28.5 (3) 

31.5 (3) 
32.7 (5) 

28.7 

24.2 
16.4 

( 3) 

(2) 
3) 

29.8 (10) 

24.5 (26) 
24.6 (31) 

31.6(3) 

23.1 (9) 

35 

34 
32 

30 

34 

S 

S 
S 

MR 

S 

S 

S 
R 

S 

S 

M Ven 77 
i Col 673 

M Col 677 
M Col 1686 

16.9 
9.3 

5) 
2) 

27.7 (3) 
29.0 3) 

24.0 (3) 

32.3 ( 2)
23.5 (3) 

22.5 (2) 

28.5 (3) 

28.7 (8) 

34.3 (3) 

21.0(8)
21.1 (5) 

25.4(8) 

32.3(2) 
28.8 (9) 

28 
36 

37 

28 
33 

R 
S 

S 

-

S 

R 
MR 

MR 

-

R 

Ptr 26Mex17 

I Nex 27 

S 212.1 
" Col 1488 (2) 

28.1 (3) 

24.8 (3) 
28.4 (3) 

25.7 (3) 

27.2 (3) 31.4 (3) 
33.9 ( 3) 

28.3 (6) 

25.3 (6) 

25.0 (8) 
33.9 (3) 

33 
34 

37 
38 

S 
S 

S 
S 

R 

S 

MR 
S 

(CMC 59)
Chiroza 17.9 (4) 19.2 (I) 41.3 (3) 41.3 (3)

18.2 (5) 
40 
32 S S 

Weighted average 19.8 (30) 30.6 (18) 46.2 (3) 14.9 (53) 28.8 (36) 24.6 (3) 27.7 (33) 29.6 (70) 31.4 (3) 34.3 (33) 26.7 (19) 26.3 (301) 

Weighted average
of control cultivars 8.7 ( 6) 11.7 ( 9) 28.9 ) 12.5 (11) 14.7 ( 6) 13.4 (2) 14.2 t 4) 23.7 (12) 28.3 (3) 29.1 ( 6) 35.6 ( 4) 18.5 (64) 

* Reacion SS-iseptnble MR= Moderately resistant; RResiant
Figures in parentheses indicate number of cropping cycles. 



Table 5. 	 Fresh root yields of protnising ICA-CIA I+cassava lines and 60
 
varieties harvested in international regional trials during the
 
1979-80 testing cycle.
 

Line or 	 (t{ ha) 4~Yield 	 40 
variety [Ecuador Napo Station Dominican Rep. 

I'ichilingue 	 San Crist6bal 

Best local' 32.2 17.9 23.0 U 
M Col 1468
 

(CMC 40) 30.4 14.0 42.5
 
M Col 1684 37.2 30.7 35.4
 
CM 305-41 42.0 9.0 37.1 "
 

3ICA-IIMC-I 26.5 21.5 31.6 0
 
CM 305-145A 33.2 15.6 18.9 .-' < < .E Z.,
. "
 
" Ptr 26 32.1 17.3 
 ;

M Mex 17 23.7 19.4 

LocationCM 321-188 46.6 

ICA- 1-MC-7 46.3 36.2 -Maximum yield obtained
 
CM 323-142 38.5 " -Maxmu nl obta ined
.J .,--Minimunm yieldyield obtained 

CM 305-1201 35.4 
CM 309-163 
CM 344-27 Figure I. Yiehl variation of varietyv A! Col 1684 within and acro:s 

seven locations. (Maxinuni viel at ('ariniaguafrom Soils 
andPlant Nutrition sectiot, C/,A Tassava l'rog. 1979 Aim.CM 305-122 ReIt). 

CM 340-30 

CM 344-71 
CA IINIC-2 38.5 40.8 yield stability within a location. Since stable yield in one 
(M 308-197 	 15.2 3.4 site does not gu&rantee stability in other locations, stable 
CM Col 1513 yield must be sought in each location. 

(CNIC 84) 	 33.8 

CM 3(15-38 29.8 Several factors affect yield stability. The following 
ICA-IIMC-4 28.5 examples from regional trials testing show how some of 
NI Ven 218 	 27.9 the factors can inlluence cassava yields. 
CM 309-211 23.5 
NI Nex 59 23.1 Cultivars M Ven 218 and CM 308-197 are high yielding 
M Col 22 21.7 selections although both are susceptible to CBB. At 
Average yield, Carimagua they yielded well when CBB was controlled 

without local check 32.8 19.4 31.5 (1976 plantings) and when plantings escaped heavy 

itest hocal at i'icthilhrgue: Yenta de Ilu,.,o;at San Cristdbal: Zenon. 	 infection from CBB ( 1977 plantings). Hc'wever, yields were 
almost nil when CBB was present (Fig. 3). It is obvious 
that despite their high yield potentials, susceptible 

Yield variatior-s at CIAT-Palmira, Caribia and genotypes cannot provide stable yields in disease-endemic 
Car imagua were analyzed for three germplasm environments. 
accessions- IHanera. M Col 22 and M Col 1684 (Fig. 2).
While NJ Col 1684 had the highest average yield at all CM 507-34, CM 516-7 and CM 517-1 were selected at 
locations, its yields were also the tnost unstable. Yields of CIAT-Palmira between 1976 and 1978; all yielded more 
Ilanera and M Col 22 were similar at CIAT-Palmira than 50 t/ha in 1978. CM 507-34 has produced stable yie!ds
although l.lanera yields were stable. At Caribia, Llanera up to now but yields of the other two have dropped
yielded poorly and unstably, and M Col 22 produced markedly (Fig. 4). Over the years populations of thrips 
relatively high. stable yields. At Carimagua, yields of all have been increasing at CIAT-Palmira and it was recently
three ctlivars were unstable. These data suggest that wide found that CM 507-34 and CM 517-1 were highly
adaptation and yielding ability are both independent of susceptible to this pest while CM 516-7 is tolerant. 
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Similarly, yields of CM 489-1, one of the highest yielding 

lines at CIAT-Palmira, have declined steadily. In this case,
 
this line was tolerant to thrips but susceptible to mites and
 
the lace bug, two other pests whose populations have
 
increased over the years. 


CM 430-9 aaid CM 440-5 had been high-yielding lines atCaribia. They were then found to be poor germinators 

(average 28%) when planted with stakes produced locally,0 
but not treated chemically (plantings of 1979 and 1980, Fig. 
5). CM 342-170 on the other hand showed germination, 
regardless of the source- of planting stakes. Thus, 
germination abilit3 also affects yield stability and genetic 
variation for this factor can be hidden, especially when 
good-quality stakes are used. 


CIAT-Palmira 

40-
\ /Figi. 

.I.....
 

20° ,
 

60r
 
C " Ca rib ia 


-"
40"
 

. 20 

4-Carimagua 

20 / \ - - .\Ll.ea.. 

S..... 

197 194 
 175 17 ,71198 179Pmning 
17Susceptible 

Planting year 

Ilolerant 
"arimaguaCM 


M Col 1684 

Figure 2. Yield fluctuations of three cassava varieties at three 
locations. 

30 

20/2\
 

0 / 
/N /
 

U 

//
 

1976 1977 1978 1979
 
Planting 

year 

Susceptible: CM 308-197 

M Ven 218 ----

Resistant: CM 517-1 

re 3. Yieldfluctuation ofcassava lines having dijf'rent resistance 
to cassava bacterial blight (C B B) at Carimagua. 

80
 

6 0 

L> 40"/. . 

20

\
 

1977 1978 


)car 
to thrips: Susceptible to \ite 

CM 507-34 ---- and cassava lacebug: 

CM 517-,1 CM489-1
 
to the above pests:
 

5167 \
 

Figure 4. Yield fluctuations of' cassava lines having dafrrent 
resistances to insects, ait CIA T!"alhnira. 

1979 
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50 All of the factors mentioned above are genetically 
controlled so that each can be improved upon through 
breeding and selection. Repeated evaluation of cassava 

\

40 -" 	 genetic materials in specific sites is mandatory to obtaining 

stable yielding cultivars. It is for this reason that the 
Varietal Improvement section does evaluations for three 
years in one site before releasing materials for regional

.230 \ . trials another three years in various sites within similar 
N / ecosystems. Only then can selected materials be considered 

2 	 ready for possible varietal release. 

.- International Yield Trials 
lo 

Due to plant quarantine regulations in many countries 
the distribution of selected cassava germplasm as planting 

0 stakes is diminishing. This has caused a sharp decrease in 
1977 1978 1979 1980 the number of cooperative international regional trials 

Planting year planted. This trend will reverse as national workers are 

PoorIgermination Good germination trained in the techniques of cassa a tissue culture as a 
CM 440-5 CM 342-170 means of transferring germplasm without danger of pest 
CM 430-9 and disease movement (see Tissue Culture section). 

Figure 5. )iel./luctuations of cassavalites having dijfirentgermina es
habits, at Carihia. 	 Three yield trials Intwo countries are reported this yearotion 


(Table 5). In all locations the selected genotypes as groups 
outyielded local check materials. 

40

" 30" ~ 30 	 t Cassava Propagation from 
Leaf-Bud Cuttings 

S20- The international transfer of cassava varieties as disease
free meristem cultures requires a rapid multiplication 
technique for use in countries receiving the new introduc

10" 	 tions. The single leaf-bud cutting technique offers a means
for producing a large amount of planting material from 
small numbers of impoited clones. 

1974 1975 1976 1977 1978 1979 The single leaf-bud cutting technique was created in 1972 
Planting year by Kloppenburg and workers at the Department of 

Tropical Crops, Wageningen University, the Netherlands,Lianera, not susceptihle to lodging -and 	 by Sykes and Harney at the University of Guelph, 
N Col 113, susceptible to lodging Canada. It was further improved and developed by Patefia 

Figure6. )iehluctuation%of cas.,a lines ha-i'ig d ent llging and others at the Institute of Plant Breeding, University of 
habits, it(IA T'Pa"lnra. the Philippines, Los Baios. The method has been tested 

and simplified at CIAT in a joint project with the 
Philippine workers to make it cheaper and more efficient 

Finally, at CIAT-Palmira, Llanera and M Col 113 for cassava. Operational details of the technique are 
yielded similarly but M Col 113 was more unstable (Fig. available front the CIAI Cassava Program. On a 
6). Severe lodging was observed in M ('ol 113 when its cons(ervativc basis, the method has the potential for 
yields were measured below 15 t/ha. As in many other cnabling production of 200,000 to 300,000 plants for 
crops, lodging habit was a major cause of yield instability commercial planting from a single mother plant after only 
for this cultivar at CIAT-Palmira. one year. 

46 



Cultural Practices 

Weed Control 

Many cassava farmers agree that efficient, timely and 
economic weed control is possible with selective 
preemergent herbicides. Compared to hired labor forhand 
weeding, chemical control often gives more timely control 
because large areas can be treated in a short time before 
weeds begin to compete. Depending on labor cost, it may 
also be a cheaper option which even small farmers can 
afford. Furthermore, labor peaks at weeding time may 
limit the total cassava area; thus, herbicide use may allow 
the farmer to increase the area planted. 

Preemergent herbicide mixtures 

In Caribia where conditions favoragreat variety of Wed 
species and weed pressure on cassava is extremely heavy, 
several trials were conducted to study preemergent 
herbicides alone and inmixtures. Mixtures were tested to: 
a) increase the spectrum of weed species controlled; b) 
check on synergistic effects among chemicals; and c) 

identify cheaper mixtures having the same effectiveness as 
single products. 

Preliminary results had shown that mixtures of 
oxyfluorfen and alachlor promised to fulfill these pur
poses. Therefore, several combinations of these two 
chemicals were tested along with oter mixtures. Weed 
control efficiency and chemical injury ratings 29 and 57 
days after application are given in Table 6. 

Treatment No.S(.kga.i./haofoxyfluorfenand07kg 
a.i./ha of alachlor) provided very effectiveand economical 
weed control; however, when purple nutsedge was a major 
problem, the rate was too low to give effective control. In 
this case. oxyfluorfen alone (No. 1)or combination 
treatments No. 7or 8 suppressed growth of purple nutsedge 
better without being too expensive. Higher rates of 
oxyfluorlen alone or in mixtures with alachlor were not 
more elfcctive than these treatments and were costlier. In 
addition, higher rates ofoxyfluorfen may bedetrimental to 
cassava particularly on sandy soils. Further testing on light 
soils is required. 

[able 6. Weed control etliciency, chemical injury ratings and cost of preemergent herbicide mixtures tested oncassava, at Caribia, 1980. 

Treat- Product or mixture 

ment 

I oxylluorfen 
2 oxyfluorfen 

3 alachlor 
4 alachlor 

5 oxytluorfen + alachlor 
6 oxylluorfen + alachlor 

7 oxylluorfen + alachlor 
8 oxyfluorfen + alachlor 

9 oxylluorfen + alachlor 
10 oxyfluorfen + alachlor 

I1 oxylluorfen + alachlor 
12 oxyfluorfen + alachlor 
13 oxylluorlen + alachlor 
14 fluridone + diuron 
15 fluridone + diuron 
16 fluridone + diuron 

Rate W'eed control (-) Chemical Cost 
injury per ha 

Purple Grasscs Broad-leaved iuto cassava 2 per h 
nutsedge weeds 

DAA DAA DAA DAA 

(kg a.i./ha) 29 57 29 57 29 57 29 57 (SCol) 

0.75 38 I 92 90 90 85 1.5 0 1984 
1.00 44 5 -J 78 60 2.3 0 2646 
1.40 21 3 85 50 64 55 0.6 0 702 

2.10 44 23 71 10 51 0 0.6 0 1052 
0.5 + 0.7 18 0 95 90 91 73 1.4 0 1673 
0.5 + 1.4 28 0 91 - 85 75 1.5 0 2024 
0.5 + 2.1 43 8 93 - 90 60 1.4 0 2374 
0., + 0.7 55 8 91 90 70 60 1.6 0.4 2334 
0.75 + 1.4 34 I 96 - 85 - 1.4 0.3 2686 
0.73 + 2.1 39 1 93 89 2.0 0 3036 
1.00 + 0.7 36 0 93 - 88 1.9 0.3 2996 
1.00 + 1.4 39 10 94 85 80 60 1.8 0.3 3347 
1.00 + 2.1 48 5 91 - 70 35 2.1 0.1 3698 
0.6 + 0.4 53 3 89 78 72 0.9 0 -4 

0.6 + 0.8. 53 23 85 - 83 40 0.8 0.1 -
0.9 + 0.8 43 4 85 80 80 80 0.9 0.1 

DAAzdays alter application.
Chemical injury rating based on t-10 scale vhere 0 is no injury and 10 is ver, severe injury leading to death of plants.
No observations made due to absence of this weed. 
No commercial price could be obtained for fluridone. 
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An interesting result was obtained with fluridone and 
diuron, particularly because of its above-average, early 
control of purple nutsedge. 

Strict observations of chemical injury in this trial, which 
was planted on a loam soil and received 541 mm of rain 
during the first 60 days after application, resulted in the 
readings in Table 6. In no case were symptoms stronger 
than a light yellowing of lower leaves without necrosis; this 
practically disappeared after 45 days. Earlier trials have 
shown that a low injury level does not affect cassava root 
yield, possibly due to the crop's long growth cycle and 
vigorous recovering ability, 

Weed control in mixed cropping systems 

For centuries traditional tarming has followed the 
systems of growing two or more crop species simultaneous-
ly in the same field to gain food diversification, better 
distributio'n of work and risk aversion. Weed control was 
done manually by the farmer and his family. An increasing 
number of snall producers are now interested in using 
herbicides to help with teu.ous hand-weeding. Since they 
would not like to abandon intercropping as their preferred 
production system, the need arises for chemicals with 
selectivity to a greater range of crop species. 

Six preemergent herbicide treatments were tested on 
crop combinations including cassava, maize, the common 
bean, cowpea, mungbean, groundnut and the forage 

legume species Desmodium heterophyllum. Rates of 0.5, 
1.0 and 2.0 times the commercial recommended rate of 
herbicides were applied with check plots left untreated. 
Overall efficiency of the herbicides and their selectivity 
levels in individual crops were assessed weekly during the 
first two months after application. 

All treatments were chosen for their selectivity to 
cassava, however, only three combinations showed 
selectivity to other crop species. 

The three promising treatments from the first trial 
together with two new combinations were tested in a 
follow-up trial with the same crop species is previously 
except that Desmodium heterophyllum was replaced by 
Crotalariasp. Half of the trial was planted before herbicide 

application (i.e., in the traditional way for preemergence 
herbicides); the other half was planted the day following 
application, to hopefully obtain an additional selectivity 
advantage. 

Combined results from the two experiments showed 
three mixtures to have good weed control effectiveness and 
selectivity to a wide range of crop species (Table 7). The 
liriuron-metolachlor mixture showed a particularly high 
degree of selectivity, and there was no difference with 
respect to whether the crops had been planted before or 
after application. In contrast, the selectivity of the other 
two mitureq 'as markedly improved -when they were 
applied piror to planting. 

Table 7. Promising preemergent herbicide mixtures for use in cassava-based interuropping systems based on rates and time ol application, 

effectiseness and selectivity in eight crops, at CIAT-Palmira, 1980. 

Mixture and rate Application time Weed Sel "y levels 
relative to control 

planting effectiveness' Highly Moderately Nonselective 

oxidiazon + alach4,r cassava cowpea Crotalaria 
(0.5 + 1.0 kg a.i./ha) before good groundnut dry beans Desmodium 

mungbean maize 

oxidiazon + metolachlor 

(0.5 	 + 1.0 kg a.i./ha) before excellent cassava maize Crotalaria 

groundnut cowpea Desmodium 

mungbean dry beans 

linuron + metolachlor 

(0.25 	 + 1.0 kg a.i./ha) after good cassava maize Desmodium 

dry beans Crotalaria 

mungbean 

cowpea 

groundnut 

Based on percentage reading o1 overall weed control 28 days alter application, where: 100-95% excellent; 95-90% goeni; 90- 7(Y&'lair 70-5 i' intermediate and 
50-0% poor. 
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Five conclusions are evident from results in the two 
experiments: 

a) Chemical.weed control in mixed cropping systems is 
feasible using an appropriate herbicide or herbicide 
combination at the correct rate of application, 

b) Selectivity of herbicides to the different components
of a cropping system should be tested ia simultaneous 
plantings at one location since different planting season:; or 
soils may alter selectivities for the individual crops. 

c) The selectivity ofa herbicide to a number ofcrops can
be increased by either lowering the application rate or by
post-application planting. However, both practices may
decrease weed control efficiency. 

d) A herbicide with selectivity to a variety of crops may
give less effective or less persistent weed control than one 
selective to a single crop. However, in mixed cropping 
systems, an earlier and denser cover by the crops shortens 
the period during which effective chemical control is 
required. 

e) A mixture of10.25 to 0.5 kg a.i./ ha of linuron with 1.0 
kg a.i.i ha of metolachlor appears particularly suitable for
weed control in cassava mixed croppings systems. 

Pui pie nutsedge control 

One of the more dillicult weeds to control in cassava is 
purple nutsedge ((ir'jru.s roluindhs L). The slow initial 
development and ground covering ofcassava and the usual 
wide spacing provide ideal light, moisture and nutrient 
conditions for purple nutsedge at early growth stages.
Prcliminary sttudies on the Colombian North Coast 
showed that purple nutsedge can reduce cassava root yield 
tip to 29 j'. I herclore. experiments were designed to 
cx aluatc the potential of an integrated control system based 
on those principles %hich take advantage of purple
nutsedgc's toproven weaknesses, i.e., susceptibility 
dehydration. shade and post-emergence herbicides. 

Heavily infested plots at Caribia (2300 nutsedge
tubers/ m2 to a depth oft25 cm) were treated with harrowing
frequencies ranging from no harrowingto harrowing eVery 
ten days during the dry season. Treatments were stopped
before rains started; after nutsedge sprouted, 50% of the 
plot area icceived an application of 4.5 liter/ha of 
glyphosate (commercial product). Four days later, plots 
wcre subdivided in quarters and planted either to cassava 
alone (M Col 22 in a I x I ;i arrangeme it), to a cassava-
mungbean association (1.8 x 0.6 in arrangement) or to 

mungbean moroculture (cv. 13850 Mg 50-10A, 22 x 104 
plants/ ha at 0.6 m row spacing). Ilhe fourth quater was left 
uncultivated. A preemergent herbicide mixture (linuron + 
fluorodilen. I kg + 7 liter,, ha commercial product) was 
applied to all cultivated and uncultivated plots to control 
all other weeds. 1)ercentage ground cover achieved in the 
different systems, from planting to 6.5 months after 
planting, was recorded. Changes in tuber number of 
cyperus rotundus from before treatments to nine months 
after planting (cassava haivest) are shown in Table 8 along 
with yields lor cassava and mungbeans. 

In cassava monoculture, a ground cover of 80% or more 
w;,s attained 60-90 days after planting and an 80-100% 
cover was then maintained until harvest. The canopy 
buildup was faster with than without glyphosate; theharrowing plus glyphosate treatment provided the earlie: 
cover. The aim of intercropping cassava with mungbeans 
was to provideanearliergroundcoverthanispossiblewith 
cassava monoculture, to obtain shade before pre-planting 
treatments lost their effectiveness. A ground cover of 80
90% was obtained only 30 days after planting, irrespective 
of harrowing or herbicide treatments (Fig. 7). 

Fast-growing mungbeans in monoculture quickly
covered the ground but this cover was not maintained very
long because of their short growth cycle. 

The best and most stable control in cassava monoculture
 
was obtained from the combined harrowing and
 
glyphosate treatment, with control from the shade
 
becoming effective before the preplanting treatments had
 
lost their influence. The cassava-mungbean intercrop

provided earlier and more effective control than the other
 
systems.
 

Besides the visible effect of pre-planting treatments and 
crop cover on nutsedge gowth, there was also a clear 
influence on the weed's subterranean propagation system 
and on crp yields (able 8). 

Although single effects of treatments were small, there 
was a strong aggregate effect when thc different control 
principles were combined. Reducing viable nutsedge tuber 
number to 9% of the original infestation with the second 
system (no harrowiag, glyphosate and intercropping) while 
producing good crop yields, was a promising result after 
only one crop cycle. This experiment will be conti.ued to 
follow purple nutsedge infestation under the continued 
influence of the different treatments. 
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Table 8. 	 Number of viable tubers olpurple nutsedt,e and yielud, of 4 1000 
cassava and mungbeans in different nutsedgc 'ontro V 0 6 
svstemns. at Caribia, 1979-h0.1 

Control system Viable Cassava Mungbtan 	 00 0 0 so 

tubers yield yield 600 0e6 	 0 

(per 1n) ,7W): (t/ha) (kg/ ha) . 
S 400)No haros, i ng. no glyphosate; . 

cassas a-mungbean intercrop 1847 80 15.1 1115 O 0 
"= 200 

No harrowing, %kithglplhiosate;
 
4 5 0
cassaa-mungbcan intercrop 208 9 18.5 1499 0 1 0 3 

0(1I00 2100 300 400 500 600 

tlarromig c,,cr.10 days. wil 	 (iroutndnut density (plants ha, 101) 

glvphosate. 	 cassa a-nitingbeain rn-i 313 
intercrop 	 557 24 7.8 1632 Figure 8. Yield response of grotndnut to planting lensity when 

t sdluaicd nc iiont~hs sltonpl~ssiiig. intercropptea wvith 'a.k.'ava iultivar ('MC 84, at CJ.I'FIiuh o
 

a numiil Itishe 	 numbther of 231 in- representing theIerc.ntasc hvcd on 
pretreatmient ihlesiaion of plot,. 

42
 

Multiple 	 Cropping 3o * ** 

•
Trials to detemline the agronomic management of grain •: 00 

o * 
legumes in association with cassava were conducted at % * 

-


CIAT-Quilichao. Studies on mineral nutrition aspects of 
cassava-legume intercrops both at CIAT-Quilichao and 
Caribia were begun. 

L, 
18 

96 . * *0 .0 

tI I ll 

Legume agronomy in cassava-legume intercrops 04 100 20) 300 41)0 500lt 

G roundnuts (Arachis h.rpugaeaL..,cv. ICA-latui 76) 
wetc planted as an iitercrop with C'NIC-84 casSa', .tt 
dctsities betwccn 50.00t0 and 600.t000 plants, ha. lhrce row 
spacings \%ere uscd. 45 L 70, 2 and 60, 3 (see CIAT 
Cassa\a I rg.1979 Ati. Rept.). Cassava planting density 
w\as constant at 9259 plants, ha in a 1.8 x 0.6 in 
arrangcticnt. I tic trial recci\cd a basal drcssingol 0.5 t,ha 
ol dolonitic lttiic preplanting incorporated and was 

Figire 9. 

j 1200 

I000 

iritndnut density (plants ha I0) 
0.147.... 

Infint',' of .t 'ondnit /)liti h'n.%it" on cassava root 

iiwhdii it iroioit t-'lsoi intercroppiag..sten. at C'A i" 

Qilihao. 

0 

handlerltili/cd at pltinting w\ith 90-60-55-10-2 kg, ha of N. 
1). K Zn and B. icspccti\clv. 

0 J - ., * 

Groundnut yields responded positively to planting 
densities of up to 250,000 plants/ha (Fig. 8). Cassava root 
yield was rather independent of groundnut planting density 
(Fig. 9). but showed a significant negative relationship to 
groundnut grain yield (Fig. 10). Although this yield 
relationship was expected and normal due to competition, 
cassava yield depression was not as severe :,.,;was observed 
last year with cowpeas intercropped at high planting 
densities. 

40 

4= 200-

Figure 10. 

L L 
II 15 19 23 27 31 35 39 

'assasa Ilc'.h rot ICedIt ha) 

r =-0 273 
Relation.Ihi Iw'etin'vi i Iei of grottndnu.s and cassava 

groviitt i Oil I'teriroli~ni , .ant'ni. at ( I]'-Quilichao. 
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A similar experiment was conducted with cowpeas b) Optimun planting densities for grain legumes
(Vignaunguiculata, cv. TVU 354-1B) and cassava(M Ven intercropped with cassava are similar to those for 
218), using cowpea planting densities between 50,000 and monoculture, however, planting patterns must differ from 
200,000 plants/ha in the three spatial arrangements monoculture to accommodate component crops in a way
mentioned above. The trial received 0.5 t/ ha of dolomitic that minimizes competition and maximizes productivity. 
lime preplanting incorporated and band fertilization of 
100-66-62-10-1 kg, ha of N, 11,K, Zn and B, respectively. c) A safe margin oxists between compatible plant types 

within which optimum agronomic management can be 
Cowpea grain yield reached a flat peak at densities about sought for each crop individually, to maximize its yield 

120,000 plants, ha atd declined at higher densities. While without seriously affecting the yield of the companion 
cassava root yield was strongly depressed by cowpea crop. This is true both for excellent growing conditions on 
densities above 200.000 plants/ha last year, the actual fertile soil (CIAT-Palmira) and also for suboptimal 
range of observed cowpea plant populations in this trial conditiors on acid, infertile soil at CIAT-Quilichao where 
(55,000 to 190,000 plants; ha) had almost no influence on competition for nutrients and water are important. 
cassava yield (l'ig. II). 

Nutrient responses of cowpea-cassava intercrops 
Data in [igures 8-Il are combined results from three 

different row arrangements of legumes. Although legume Three experiments were conducted to determine 
and cassava yield differences due to different competition responses of a cassava cowpea intercrop and the respective 
situations induced by these three arrangements were monocultures to N, P and K. At CIAT-Quilichao where 
observed, the agronomic behavior of groundnuts and soil P levels are extremely low, cassava (M Ven 218) and 
cowpeas was not substantially altered, i.e., basic cowpeas (cv. IVU 354-113) were grown on previously un
agronomic reactions such as yield response to planting cultivated land, alone and in association at P levels of0,22, 
density or the planting density/pods per plant compensa- 44, 66 and 132 kg/ha, banded at planting as triple 
tion were the same for all three spatial arrangements. superphosphate. Nitrogen (as urea), K (as KCI), Zn (as Zn-

SO ) and B (as Borax) were also applied in bands at 100, 
62, 10 and I kg/ ha, respectively; these rates were constant

Three conclusions are evident for the agronomic for all P levels. Fertilizer was divided equally between 
management of grain legumes as intercrops with cassava in cowpeas and cassava. In the intercrop planting an all
simultaneous planting on acid, infertilc soils: fertilizer-broadcast treatment was added. A basal applica

tion of' 0.5 t/ha dolomitic lime was incorporated before 
a) Intercropped grain legumes react agic~aomically in the p!anting. Cassava was planted at 9259 plants/ha in a 1.8 x 

same manner as. in inonoculture. 0.6 m spacing with cowpeas intercropped at 110,000 
plants/ha in a 60/3 arrangement. The cowpea monoculture 

40 	 spacing was 0.6 x 0.15 m. 

M * 0 	 Phosphorus. Leaves were sampled from the central 
300-go o portion of cowpea plants in the pre-flowering-' .geand the 

" o Oyoungest fully expanded leaves of cassava were sampled
L 505• 

op • •after cowpea harvest. Leaf P concentration of cassava and 
-, 2() e * 

• ". * cowpea are shown in I able 9. In cassava, leaf P levels were 
, 0 not affected by applied P levels, and in cowpea, an increase 

was noted only at the highest P rate in both monoculture 
and intercropping. P levels in leaves of both crops tended to
be lower for the intercrops than in monoculture. While leaf 

of_ _ _ _ _ P levels in cassava monoculture were already well below 
50 100 150 200 the normal of 0.3-0.5%. they were almost deficient 

Cassaa hcsh root yield (tJit) 	 (0.2 g.) in intercropped cassava. Cowpeas, both 
monoculturc and intercropped, had considerably lower 
leaf P levels (0.5-0.9%) than those reported under normal 

figure. 	 Eict. /Hotpt'U1hltttnldkfityonyieh 'a Itiwar growing conditions at the International Institute for 
*t Ven 21, groiw tnan interropping gstcm, C. I' Tropical Agriculture (I ITA). Besides extremely low soil P 
Qudtihao. and high 11fixing capacity, 11.e luw 1)concentrations in the 
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Table 9. ElIects of band-applied Prates on leaf Pconcentration of cassava and cowpeas grown in monoculture and intercropped, at CIAT-
Quilichao, 1979. 

P Leaf concentration of P (%) 
applied 	 Cassava Cowpeas 

(kg/ha) 	 Monoculture lntercropped Monoculture Intercropped 

0 0.26 0.26 
22 0.25 0.22 
44 0.27 0.19 
66 0.25 0.21 

132 0.27 0.24 

Average as perLent 
in monoculture 100 86 

tissue of both crops may also be seen in relation to the dry 
spells acompanying the sampling period which possibly 
reduced P uptake. 

Cowpea grain yield response to applied P levels showed 
two peaks, one at 22, the other at 132 kg/ha(Fig. 12) with 
intercropped cowpeas yielding more when fertilizer 
(including P) was broadcast. The relatively weak, non-
linear yield response was unexpected on this highly P-
deficient soil where a more linear response would seem 
likely. 

Cassava in monoculture attained maximum root yield 
with only 22 kg/ha P whereas, in the cassava-cowpea
association with banded fertilizer, maximum root yield was 
reached with 44 kg/ha P; with the broadcast application,
66 kg/ha P were needed to produce maximum root yield 
(Fig.12). It appears logical that with greater demand for 
nutrients, in particular P, in association, peak yield should 
have been produced at a higher level of applied P than in 
monoculture. With competition for P in the association, 
700 kg/ha more roots were obtained with 22 kg/ha P less, 
when fertilizer was banded instead of broadcast. Greatest 
root yield was never obtained with the highest P lkvel, 
confirming that although cassava has a high external 
requirement of P for maximum growth, maximum root 
production is achieved at much lower P levels in the field. 

These results show that competition for P in a P-
deficient soil is more intense when cassava and cowpeas are 
intercropped than in monoculture. This is confirmed by
foliar analyses and by crop productivity. In order to 
compensate for higher P demand in intercropping and 
avoid P deficizncy, each crop in the intercropping should 

0.26 	 0.23 
0.29 	 0.28 
0.26 	 0.27 

0.28 	 0.24 
0.39 	 0.34 

100 	 92 

receive the amount of P which it requires for good 
production in monoculture. 

40 
354 

30	 3 

40 
2600 E25 

20 2200 , 

% 1800 
15a 

-1400 
10 

1000 U 

0 -600 
0 22 44 66 132 

Applied P (kg/ha) 

w Cassava monoculture, band fertilized 
13 Cassava inassociation, band fertilized 
A Cassava inassociation, broadcast fertilized 
a Cowpea monoculture, band fertilized 

O Cowpea in association, band fertilized 

A Cowpea in association, broadcast fertilized 

Figure 12. 	 Eff ,t.s of rates and application methods of 1,on yields of 
cassava an(d cowpeas in association and monoculture, at 
C/ .7Quilichao, 1980. 
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Table 10. Soil characteristics of the Caribia experimental site, 1979. 

Sampling Organic 1) 

depth matter ray If 

(cm) (%) (ppm) pH 

0-20 1.4 89.4 5.7 
21-40 0.6 105.5 5.8 

Nitrogen and Potasium. The N and K response trials 
grown in Caribia on a soil with low organic matter and K 
but high extractable P levels (Table 10) were identical in 
design and agronomic practices to the P response trial. The 
cassava and cowpea cultivars were M Col 22 and TVX 
1193-059 D, respectively. In the N response trial, nitrogen 
was applied as urea at rates of 0, 50, 100, 150 and 300 kg/ ha 
N and a constant fertilization of 63 kg/ha K (as KCI), 10 
kg ha Zn (as ZnS0 4 ) and Ikg, ha B(as Borax) were band 
applied at planting. The Kresponse trial received rates of 0, 
42, 84, 126 and 252 kg/ha of K and a constant fertilization 
of 100 kgi ha N, 10 kg/haZnand I kg/ha B, usingthesame 
sources as above. In both trials, all fertilizer was banded at 
planting, except in the intercropped all-fertilizer-broadcast 
treatments. Sampling of plant tissue and soil for analyses 
was done in the manner and at intervals described before, 

Leaf N concentrations .vere not affected by applied N 
rates in either cassava or cowpea, however, intercropping 
reduced cassava leaf N from normal concentrations (4.7-
5.4) to near deficient levels (4.5-4.8), whereas N in cowpea 
leaves was not influenced by intercropping (Table 11). 
Cassava root yield in monoculture responded positively 
to 50 kg/ha N(Fig. 13).Whenintercroppedwithcowpeas, 
cassava yields were lower than in inonoculture up to an N 
level of 100 kg/ha. At higher N rates, cassava intercrop 
yields were greater than monoculture yields, with the 
increase being strongLr with broadcast than with banded 
N. Although cowpeas did not respond with grain yield to N 
fertilization, they appeared to strongly compete for this 
element. Both the facts that leaf N concei Lration in cassava 
was reduced through intercropping, and that high N rates 
compensated for initially depressed cassava root yields in 
intercropping, point to a N competition situation in the 
mixed stand which was corrected by increased N fertiliza-
tion. 

Cassava's yield performance is understandable from the 
influence of N rates on top growth and harvest index. M 
Col 22, which is rather vigorous in the hot, humid 
environment of Caribia, showed exccesive top growth at 
the higher N rates in monoculture; thus, harvest index and 
yield decreased. With intercropped cowpeas, cassava top 

Exchangeable cations 

(meq/I00 g soil) 

Ca Mg K CI'C 

3.4 0.6 0.12 4.3 
2.3 0.4 0.10 2.5 

growth without applied N was 19% less than in 
monoculture. However: higher N rates increased top 
growth of intercropped cassava, bringing about a better 
balance between top and root growth and resulting in root 
yields compar;,ble to those obtained at low N rates in 
cassava monoculture. 

In contrast to cassava, cowpea, with its aggressively 
growing and expanding root system,should have made use 
of most of the available N at zero and low rates of applied 
N. As a legume, it also should not have suffeied from N 
deficiency due to rhizobial symbiosis. While the N-fixing 
activity may have been reduced at higher N rates, this was 
apparently nearly compensated for by a greater N uptake 
from fertilizer in these treatments. As a result, both leaf N 
and grain yield were stable over all N rates. 

In the K response trial, cassava petiole K concentrations 
clearly increased according to applied K rates, both in 
monoculture and intercropped cassava(Table 12). Petiole 
K was slightly lower in intercropped than in monoculture 
cassava, but in both systems, K concentration was well 
above the normal range of 1.5-3.0%. In contrast, cowpea 
leaf K concentration was not affected by either K rates or 
cultivation system. 

lable II. lilects oiband-applied N rates on leaf N concentration of 
cassava and cowpeas grown in monoculture and inter
cropped, at Caribia, 1979-80. 

N L.eal concentration of N (%) 
applied
 

Cassava Cowpeas 
(kgl ha) Monoculture intercropped Monoculture Intercropped 

0 5.04 4.82 4.76 4.51 

50 5.35 4.84 4.54 4.62
 
100 5.24 4.54 4.34 4.45
 

150 4.73 4.54 4.23 4.51
 

300 5.24 4.82 4.82 4.56
 

Average as 
percent in 
monoculture 100 92 100 100 
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45 	 was lower than the monoculture yield at the low K rates but 
increased to the maximum monoculture yield at the highest 
K rate, with no significant difference between banded and40 3o00 	 broadcast applications. Cowpea yields were not influenced 
by either the cultivation system or method of application 
and yield was stable over all K rates. 

35"
 

zf 

:2 Competition for K was probably the least of the three30 -200 mn2ajor elements examined at CIAT-Quilichao and in 
SCaribia,although some may have occurred in intercropped 

cassava as the p')sitive yid response to the highest K rate15 " -may suggest. Ilowcvcr, petiole Kconcentrations were high 
enough to indicate that cassava, even when intercropped, 
was

20 	
far from a deficiency situation. Cowpea nutrition with" 0K was apparently also adequate as both the lack of 

differences in Ilf K concentrations of monoculture vs 
0 0 i~ j 110050 pplid hl i ntercroppcd ct\wpct and the absence of yieid rtsponse to30higher K rates would indicate. K fertilization in cassava-

N iipp)iCLd
(kthill eo pea intclrcropping systems should, therefore, be 
0 Cassa'.i mt)il'ocultue hatlld citlh/cd directed mostly to the needs of cassava w\'lich extracts 
oI(aa' ai cIal harild Icitili'cd greater aIonnts of this element whereas the removal by,;~i ',M Iion 

cowpea when only seed is harvested, is rather low.A -iisslsii tIs ,asCill .n hiadcast icrtili/ed 

0 ('oILpea In) ictltinjc hand leitijhicd 

O (-'titrca ill;IsslNiCt,0o . band ICIili/cd~ Il hA C im i t i t o c ia io ln , i a d ca. l e itihi e d 3 5 - N )ilO 

I it 13. F/Jc t.so rah,'a aptd apidic)altn), ,,'lhod. i4 A oil o'/l'hs/' 
(lAA ill (11141(ii pt-a Ilt lA014,huht1 tlud 11o10nMRtltur', (it ji 301 

(arbia, 19( . 

lahlc 12. [llcets0l hilnd-ipphlicd K rarcs onpetinic Kconi ntratn'n ol 
25 	 • 

C iSSilla illd Ical K coilcClltlMl ilri ol Co' p.'peii.sgrliwll in m o oI mle~tllca nd iln .~ a ( 'il . . i t p p ed , i ti 19 70 -N : 

K K concentration (1I) 
applied 0. 

(a ils it (ow peas 15 1000 

(kg ha) Minocul tiureIntercropped mIonoculture Intercropped 

0 3.23 3.27 2.13 1.93 (1 42 84 126 252 
42 

84 

3.51 

3.67 
2.92 

3.55 
1.84 

1.78 
2.19 

1.78 0 (assa'.a 

K applied 1;,,!ha) 

lin i itIC hand i LI 
126 

252 

4.23 

4.41 

4.01 

3.88 

1.87 

2.29 

1.93 

2.29 
0-(asl i n~ aI1i ttlt.ll hanld tcrtili/cd 

A erage as 
A (assal i isl-ivOlli.h briadcast lcrtili/cd 

perce n t ll 
inocillttite It00 93 100 102 

0 l(o'.)%%p a ill a socialti 

0 ('.pca in i ciii, 

orc. hand lcitl i/ed 
haid Icitilied 

A ('o'.. pea iii asil iiii , blii ;i ,I leitiliced 

Similar to the N trial, monoculture cassava root yield 
responded positively up to 42 kg/ ha, and yields decline~d at 
the higher K rates ( 1-ig. 14). Yield of intercropped cassava 

['igut,! 14. I//vt is ,1 

,.s,,,.,aro, 4ii 

ir',i, I),M'. 

iariaila,lhpi, allu Illtl,,o K oil 'il'lds of 

lwas tit, ,iut initit monocitlitre, at 

C 
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Storage of Planting Material 

Cassava planting material undergoes a variety of 
transformations during storage which may seriously affect 
its value for future plantings. It has been shown previously 
that fungal infestation is probably the most detrimental 
factor for stake preservation. Besides being attacked by 
pathogens, stored cassava stems lose moisture, and the 
dehydration of living stake tissue leads to irreversible loss 
of bud viability. The loss -if moisture is related to both 
storage duration and co'.ditions and may be considerable. 
When I in cassava stems were stored for 201 days in an 
open-air, bamboo shade environment, weight loss was 
almost 40%. 

Another change during storage occurs in the soluble-
nonsoluble carbohydrate concentration of the stakes. The 
former increases and the latter decreases during storage, 
with the new carbohydrate loss possibly due to respiration 
and rooting and sprouting. l)uring 201 days of storage, the 
soluble fraction increa d from 3.5 to 5.0% while 
nonsoluble carbohydrates decreased from 26.6 to 8.4%. 
Roots and sprouts were removed from the stored material 

before analyses. As a consequence of these processes. the 
amount of useful planting material diminishes with 
storage. 

When the same stake selection criteria were applied to 
stakes from I-mn stems which were chemically treated and 
stored for different intervals, the useful amount of planting 
material obtained from these stems was reduced over 180 
days from 98 to 59r(,'. While a pre-storage treatment with 
fungicides (1CMand captan at 3000 ppm each)can reduce 
pathogenic deterioration of tilestakes, storage conditions 
inflience the degree of dehydration and loss of car-
bohydrate reserves, 

Stems I m long of variety CMC-40 were stored for 60, 
120 and 180 days under either dry room or bamboo-shade 
field conditions with and without adding sodium alginate 
for protection against dehydration to the standard 
fungicide treatment. After storage all materials were 
planted together with fresh stakes at I x I in in a 
preirrigatcd field. Sprouting, early growth and canopy 
formation Ntere monitored to determine whether earlycrop 
development was affected by storage intervals or 
treatments. and how an influence on early crop develop
ment would alfect final productivity. 

Neither storage sites nor chemical treatment with 
sodium alginate influenced sprouting and early develop
ment. Storage intervals did not affect final sprouting 

percentage(l-gs. 15 ,nd 16) but clearly influenced early 
growth and cano)y formation ( [able 13). 

Correlations between these early growth parameters and 
final root yield were not all significant and rather low 
(lable 14).Nvrthlss,more vigorous early growth and
 
(al 4.Nvrhlsmr iooserygot ncanopy expansion appeared positively related to high final
yield. This was particularly true for plant height at 45 days, 
mean leaf sizeand light interception.
 

The inverse was true when top growth during later stages 
was related to root yield. Weight of tops at harvest was 
reduced by storage, with reduction proportional to the 
length of the storage interval. The reduction in top weight 
appeared to be directly related to an increase in harvest 
ind,.x which was highest at the 60 and 180-day storage 
intervals and lowest with fresh stakes. lotal and commer
cial root yields in turn showed the same ranking as did 
harvest index (fable 15). 

lable 13. ItIlects ol storage duration olelssava planting material on grovth parameters during the tirts10 %seeks alter planting. atC"IA I -I'altnira. 
1979.1
 

Stotage SproUtilg Final 

duration rate sprouting, 

31 )AP 

(plants
 

(days) day, plot) C') 


0 L13 a 100 a 
60 1.83 a 100 a 

120 1.59 all 100 a 

180 1.40 h 98 ) 

R NI and captan (30(X) ppill beflr 

algilljl). 

I)APi.da, uit,2planting 

Villit.'Nit' l; i1ic tted%kith ea'l) 

, t 

Plant 

height. 


45 DA' 


(ei1) 


26 a 

27 a 
?- b 

25 ah 

storuge; ineanstit 

Mean titinuher 

stems plant, 

60 IAI' 

2.66 a 

2.73 . 

2.36 b 

2.23 t) 

o stlorage sites anid 155o cieitnical tu 

Valu "1)i lie coluuuuurilollous2-d same letter are not signilicaniuv t the 51 le t, Sanme aiud hb the dilterent 

"ean lent Light 

siue, interception.
 

60 IAI 76 I)A' 

(CF) (%) 

278 ab 77 a
 

282 ab 78 a
 

253 b 72 a
 

296 a 75 a
 

e ntui1uth a nd \oithoultti soditilln
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I. I 

I-igur 15. Sprowitlg atid crop e.%tabishient when./ravi cassava stakes art planted after chemnical treatment. 

4, t 

I'igurc 16. .Sprottut, gand r'rop 'tali)/v hi t when cassava stake.s areplanted after ieniicaltreaonent andup to /80i 
i/aw .1 I'r i ailldquate ionditiul.,ii/iii tin iji'e t e fr, i/ii takes.1.1 
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Table 14. Correlations between early growth parameters and final root yield in cassava grown from stored and freshjplanting material, at CIAT-
Palmira, 1979. 

Root yield Sprouting Final Plant Number of Mean leaf Light 
rate sprouting height, stems plant, size, interception, 

percentage 45 DAI" 60 )AIP 60 DAIP 76 )A P 

Total fresh 

root yield 0.237 - 0.025 0.331* 

Commercial 
root yield 0.216 - 0.044 0.253* 

i l)A I'days after planting. 

'able 15. Litects of storage duration of planting material on yield 
parameters ol cassava cultivar CMC 40. at CIAT-P alnira, 
1979. 

Storage Weight Harvest 

duration of tops index Root production (t/ha)
 

(days) (t / ha) Commercial Total 

0 33.0 a' 0.43 h 22.0 h 25.4 b 

(A) 31.7 ab 0.49 a 26.8 a 30.3 a 


120 29.6 h 0.45 b 20.3 b 24.1 b 

180 29.1 b 0.48 a 23.9 ah 27.4 ah 


0.181 0.324 " '  0.460*** 

0.132 0.216 0.366** 

c) The use of sodium alginate in d:. treatments, together 
with fungicides, to reduce moisture loss from stored 
planting material, does not appear to provide any
additional advantage.
 

d) The transformation of part of the nonsoluble 
carbohydrate fraction (starch) into soluble carbohydrates 
(sugar) during storage of cassava stems appears to enhance 
early growth and canopy formation in the young crop when 
storage has been for two months or less. Vigorous early 

'Walls [lthSrth e co'lkinin hl,edi 
dilterent at the5";le.el. 

These results indicate that: 

letter are notby thesamre sgnificatittlygrowth and establishment seems to be positively related to 

a) Cassava planting material can be kept viable under 
CIAT-Palmira conditions for up to six months as I m 
stems and when treated with fungicides. 

b) Numbers of useful stakes obtained from stored 
planting material decreases with time, even when stems are 
chemically protected and kept under adequate storage 
conditions. 

final root yield. With longer storage intervals, loss of 

carbohydrates from stored stems-principally due to 
respiration, rooting and sprouting-- may be consider, ble 
and cause depressed growth of the crop during early a d 
later stages. 

e) Reduced top growth of cassava raised from long
stored planting material may cause an increase in harvest 
index and, thus, in total and commercial root yields. This 
should apply in particular to vigorous, leafy types of 
cassava. 
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Soils and Plant Nutrition
 

Efforts to develop cassava technology for the vast areas 
of acid infertile soils continued along the strategy outlined 
last year (CIAT Cassava Prog' 1979 Ann. RepL.). The 
screening of cassava germplasm in nutrient solution was 
discontinued, partly because of difficulties in reproducing 
results due to plant variability, and partly because nutrient 
solution screenings do not account for the differential 
ability of varieties to form mycorrhizal associations that 
are so essential for P uptake. 

Large-scale field screenings were begun in Carimagua 
for P and acidity tolerance, and in CIAT-Quilichao for P 
tolerance. The second aspect of improving the efficiency of 
nutrient absorption and fertilizer application involved 
various fertilizer trials to determine: a) nutrient absorption
and distribution within the plant during a 12-month 
growth cycle; b)the long-term effect of N-P-K applications 

on soil fertility and yield of continuously grown cassava; c) 
the residual effect of various sources of P; d) the lime x P 
interaction; and e) theeffect ofmycorrhizalinoculation on 
P absorption. 

Screening for Low-P Tolerance
 

A small-scale screening for P tolerance in CIAT-

Quilichao continued. Thirty-two cultivars from the 
germplasm collection were planted without P and with 44 
kg P/ha (100 kg P2 05) applied as triple superphosphate in 
plots that previously had received 88 and 44 kg P/ha in two 
preceeding years, respectively. Leaf samples were taken at 
three months. At 12 months plants were harvested. 

'able I shows P content of leaves, fresh root yields, 
starch content, P tolerance index and percentage 

Table I. I-Ilect of I' fertilization on leaf 1)content, root yield, starch content and mycorrhizal infection of the 10 most low-' -tolerant cassava 
cultivars. at CIAT-Quilichao. 

Cultivar I content in YFEL I Root yield 2 Root starch MycoLrrhizal infection 3 
V0 {tiha) (1) (6) tolerance 

1'applied (kg/ ha) index 

0 44 0 44 0 44 0 44 
ICA-11 MC-2 0.36 0.35 37 33 22 19 45 44 86 
NI Col 1220 0.39 - 48 56 26 24 25 56 85 
M Mex 59 0.40 0.38 44 49 28 29 35 34 83 
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M Col 113 0.30 0 1 42 58 26 25 39 37 63 
M Col 131 0.26 0.28 31 32 - - 40 36 62 
M Ven 83 0.30 0.35 36 49 30 31 40 26 57 
M Col 88 0.33 0.41 32 39 - - 22 39 55 
1lanera 0.36 0.42 24 23 43 50 54 

)+ 1:1,--you ngest illy expanded lea%esat three months at ter planting.
Single row yield, a',erage ol three plants. lour :cplic;ions. 
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Yield (44 P) Max. Yield (0 P) 

59 



mycorrhizal inlection of 10 of the most P-tolerant 
cultivars. The P tolerance index of the 32 cultivars ranged 
from II to 86 with an average of 43. Leaf P content at three 
months and the varieties' P tolerance index were not related 
as P contcat reflects both P uptake ability and plant size, 
which is highly variable among cultivars. Average root 
yields of the ten most tolerant cultivars increased only 10% 
by the application of P. Starch content increased insome 
cultivars and decreased in others by 1)fertilization, but 
differences were not significant at the 5% level for any of 
tle seven cultivars studied; starch content varied 
significantly among cultivars. 

Mycorrli:,al infections, especially vesicle numbers, were 
higher in P-fertilized plants than in those without P. 
However, there was no correlation between percentage 
infection of roots at harvest, and root yield or P tolerance 
index. Changes in root infection during the growth cycle 
will have to be determined in order to establish whether 
early infection :s essential for obtaining high yields in low-P 
soils. 

Nutrient Absorption and Distribution 

To determine the effect of fertilizers on the rate of 
nutrient absorption during different stages of plant
development and nutrient distribution within the plant 
(nutrient profile), two cassava cultivars were planted in 
CIAT-Quilichao in large plots with and without applied 
fertilizer. Cultivars were M Col 22 and M Mex 59, tile 
former a non-vigorous plant type and the latter a very 
vigorous onc. All plots were limed with 500 kg/ha of 
dolomitic lime and the fertilized plots received I t/ha 10-
30-10. 20 kg S ha as elemental sulphur, 10 kg Zn/ha as 
ZnSO 4 .71It). and I kg B, ha as Borax, all applied 
broadcast and incorporated before planting; another 50 kg 
Ni ha as urea was applied at 00 days. Two plants per plot 
were harvesteu monthly and separated into upper, middle, 
and lower leaf biades ("leaves"), petioles and stem, as well 
as roots. Somples were dried, weighed and analyzed for all 
macro- and micronutrients. Soil samples were also tak,-n 
monthly and analyzed. 

Figure I shos the rate of* tota! dry' matter (DM) 
production for the two varieties. Fertilizer had no 
significant effect on M Mex 59 (a variety highly tolerant to 
low P and not responsiVe to high levels of fertility -C'AT 
Ann. Rept. 1977.1978and CIA ICassa\ a Progr. 1979 Ann. 
Rept.). M Col 22, on the other hand, produced significantly 
more I)M when fertilized, especially during the last six 
months. Effects were similar for dry root yields (Fig. 2). In 
M Mex 59 root yields were highly variable during the last 

three months with no apparent respons., to fertilization, 
while M Col 22 yielded similarly without fertilizer, but 
produced much higher yields with fertilization. 

In both varieties fertilization stimulated top growth 
more than root growth, decreasing harvest inidex about 10
15%. Unfertilized M Col 22 had a final harvest index of 
about 0.70-0.75, which remained constant during the last 
five months, while the harvest index of' M Mex 59 
continued to increase until the 10th month, but reached 
only 0.55. Thus. the more vigorous M Mex 59 produced 
relatively more to growth, while the nonvigorous M Col 22 
produced more roots and at an earlier stage. At six months, 
YICol 22 had produced about 50%, while M Mex 59 had 
produced only about 25% of its final root yield. 
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Figure 3 shows the distribution of l)M between roots, 
stems, leaves and petioles during the cultivars' growth 
cycles without fertilization. Roots started to accumulate 
DM after two months, and reached a maximum at 10 
months in both cultivars; however, these cultivars varied 
markedly in their DM distribution with M Col 22 
translocating most DM to roots aftert he third month while 
M Mex 59 did so only after the eighth month. The DM 
distribution in fertilized plants followed essentially the 
same pattern, except that in M Col 22 roots continued to 
accumulate DM up to the 12th month. 

In general, N, P and K contens of the various plant parts
decreased with time, especially in the upper stem tissue. 
Nutrient contents of upper leaves also decreased with time 
but not to the same extent as those of stems, petioles or 
roots, making this tissue more suitable for diagnostic 
purposes. For most elements, sampling at three months is 
recommended, while at a later date of sampling the critical 
levels should be reduced. The contents of most other 
nutrients also decreased with time, except Fe and Mn 
which remained constant in upper leaves, and Ca which 
increased in upper leaves and in petioles. Nutrient contents 
of roots decreased markedly for all elements as starch 

with time. It is clear that roots are relatively high 
in N and K, and these elements are removed in greatest
quantities ineach root harvest. 

The nutrient contents of all plant parts at 2-4 months of 
age are shown in [able 2, both for fertilized and non
fertilized plants. Fertilization had mainly increased the 
nutrient content of all tissues without significantly
changing the distribution pattern. Nitrogen and 1 contents 
followed similar distributional patterns and decreased in 
all plant parts from the top to the bottom of the plant.
Potassium was highest in upper stems followed by petioles 
and leaves, however, the K gradient from upper to lower 
stem was much greater than for leaves. Leaves were more 
indicative of K status than the upper stem or petioles; the 
lower stem or the petioles might also be good indicator 
tissue for 	K although the former would destroy the plant 
during sampling. Data for oth,.r nutrients (Ilable 2)
indicate Ca and Mg were both about equally high in leaves, 
petioles and stems, and low in roots. Unlike N, P and K,
lower leaves and petioles were higher in Ca and Mg than 
upper leaves. Sulphur was high in leaves, extremely low inpetioles and intermediate in stems; B was rather uniform 

throughout the plant; Cu was high in stems; Fe was high in 
leaves, especially lower leaves; while Mn and Zn were highin petioles especially lower petioles. [he Fe, Mn and Zn 

contents all increased fron upper to lower leaves and 
petioles. In this extremely acid (pH1 3.9-4. I) soil, tissue 
concentrations of I-e and Mn were very high, probably 
above the critical level for toxicity. 

Figure 4 shows the cumulative N, P,Kprofiles in M Col 
22. Plants continued to accumulate nutrients throughout 
the growth cycle, but the greatest rate of absorption 
occurred from the sccond to the fifth month, especially for 
K. After the fifth month all these elements had ac
cumulated mainly in the roots of' this early root bulking 
cultivar. At harvest, quantities of N, Pand K were greatest 
:n roots (66% for K) followed by stems, leaves and petioles. 
However, Ca. Mg and Mn accumulated more in the stem 
than in the roots. 

61 



900-
M Col 22 	 M Mex 59 

800

700

600 

- 500 

i- 40) 

E 

S 300

200 

100

0 2 4 6 H 10 12 0 2 4 6 8 10 12 

Months
 

Roots A l.eavcs 0
 
Sterns 0 Petioles 0
 

Figure 3. I)ti.trihntnonf drt' matter aoning roots, steins, leaves and petiole.%in two cassava cultivars grown without firtiliker over 12 motnhs, 
at C/A T.Quiichao. 

"lae 2. Concentration of nutrients in cassava upper, middle and lower leaves, petioles and stem, and roots'. 

Plant part Nutrient content (%) Nutrient contznt (ppm) 

Leaves upper 

middle 

lower 

N 

5.75 
5.18 

4.41) 

P 

0.42 
0.27 
0.20 

K 

1.98 
1.80 

1.58 

Ca 

0.72 
1.01 

1.34 

Mg 

0.34 
0.38 

0.49 

S 

0.30 
0.28 

0.22 

B 

11.1 
11.9 
11.7 

Co 

12.2 
12.1 

11.1 

-e 

176 
237 
386 

Mn 

400 
523 

697 

Zn 

107 
119 

137 

Petioles 	 upper 2.25 0.22 2.93 0.90 0.38 0.06 1(1.6 9.0 60 533 90 

middle 1.41 0.14 2.35 1.13 0.39 0.02 9.9 7.1 56 835 127 
I.,wer 1.35 0.12 2.23 1.54 0.48 0.01 10.9 7.5 123 1471 190 

Stem 	 upper 2.73 0.31 3.15 0.82 0.37 0).18 10.5 18.1 133 339 86 
middle 2.21 0.27 2.21 1.02 1.38 0.16 8.6 22.7 107 379 12(1 
lower 1.28 0.22 1.14 0.65 0.31 0.09 6.4 23.6 225 170 97 

Roots 	 1.52 0.18 1.56 0.24 0.14 0.05 6.0 10.7 508 178 66 

A~cragc. olsample% takeni at tsoe, IIrce tour nonths, forltrtilicd and unlertilitedand 	 cuttivar, NMCol 22 andNl Mex 59 
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Figure 4. Total uptake and distribution of N, P and K atnong plant 
parts of cassavacultivar Al Co1 22 over 12months,at CIA T-
Quilichao, (Averages from fertilized and nonjertilized
plants.) 

Monthly -analyses of unfertilized soils showed no 
significant changes in pH1 and Ca content, a slight increase 
in exchangeable Al from 2.5 to 3.5 meq/ 100 g; a slight 
increase in available P from 4 to 6 ppm, possibly due to leaf 
fall and decomposition; a slight decrease in exchangeable 
Mg; and a significant decrease in exchangeable K, from 0.4 
to 0.2 meq/ 100 g. In fertilized plots, exchangeable K 
decreased from 0.60 to 0.25 meq/ 100 g, and increased again 
during the final month. The marked decrease in soil K isthe 
cause of soil exhaustion after cassava cultivation and the 
reason why cassava responds more to K fertilization after 
several consecutive cassava crops. If each plant of a cassava 
crop removes about 10 g of K (see Fig. 4) and all was 
absorbed from the top 20 cm of soil without replacement,
this decrease is as much as 0.17 meq K/ 100 g of soil; 
additional K may be lost by leaching and erosion. Thus, 
adequate K fertilization is essential to obtain high yields
while maintaining soil fertility (see next section). 

Long-Term Fertility Trial 

Objetives, experimental treatments and results of the 
first ulanting with cultivar Llanera weredescribed last year 
(CIAT Cassava Progr. 1979 Ann. Rept.). 

In the second year, cultivar CMC 40 was planted in the 

same plots without additional fertilizer, except the eight 
additional plots receiving fertilizers annually. Figure 5 
shows response to residual effects of N, P and K for root 
and foliage yield, harvest index, and N, P, K contents of 

of three-month-old plants. Despite no additional 
application of fertilizers, root yields were very high with the 
lowest yield (31 t/ha) obtained with an absolute zero 
fertilization of N, P and K. In general, plants responded to 
fertilization more in terms of foliage than root yields but 
unlike the first year, there was no significant decrease in 
harvest index due to fertilization. 

Figure 6 shows the root yield responst. to zero, medium
 
and high fertilization both for the single and annual
 
applications. Although there was a significant residual
 
effect from the initially, applied fertilizers, root yields
 
increased another 5-6 t/ha from reapplication of these
 
fertilizers. This would have been economical at the
 
intermediate level of application, but not at the highest

level. 

After two years of cassava cropping the available P 
content of the soil had decreased from 7.8 to 2.3 ppm
without applied P and from 41.8 to 6.9 ppm with 175 kg
P/ha applied. Similarly, without additional K the 
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Kcontent of the soil decreased from 0.20 to 
0.12 meq/ 100 g, and with the initial application of 250 kg 
K /ha, K content decreased from 0.48 to 0. 14 meq/ 100 g. 
Only with annual reapplication of 250 kg K/ha could the 
soil K content be maintained at 0.21 meq/ 100 g after the 
second cropping, while an annual application of about 90
100 kg P/ha would be required to maintain an available P 
content of 7 ppm in the soil. 

Sources of P 
Two experiments to study the effect ofvarious P sources, 

levels and methods of application on cassava yields in 
CIAT-Quilichao were initiated in 1978 (CIAT Cassava 
Prog. 1979 Ann. Rept.), and repeated in 1979 to study the 
residual effect. In the first year root yields of Llanera 
cassava varied from 20 to 25 t/ha, without a significant 
response to P application. In the second yeat, without 
additional P applied, root yields of cultivar M.Col 1684 
varied from 42 to 51 t/ha, again without a significant 
response to P. Phosphorus contents of upper leaves at three 
months varied from 0.38 to 0.42% in the check plots; this is 
at the critical level of 0.4%, indicating an adequate Pstatus 
of the plants. In the P check plots the average yield was 46 
t/ha. 



This high yield was attained in a soil with an initial P 
content (Bray 11)ofonly 3 ppm, which increased to 5-6 ppm 
due to organic matter mineralization even before the first 
planting, and had remained at that level at the second 
planting. Plants in all treatments were highly infected (48-
83%) with mycorrhiza, resulting in an efficient uptake of P 
even from a very low-P soil. Mycorrhizal infection was 
particularly evident in plots receiving no or only small 
amounts of soluble P,or high amounts of rather insoluble 
phosphate sources; infection decreased with increasing 
amounts of soluble 1Papplied. Starch cont nt of roots 
varied from 26 to 28% with 1) application having no 
significant effects. These trials sullered a 30-50% defolia-
tion at eight months due to a severe hornworm attack, 
followed by three months of extreme drought (total of 57 
mm rainfall) without any apparent detrimental effect. 

Lime x P Interaction 

An experiment 'as been conducted for two consecutive 
years in Carima)ua to determine the interaction between 
lime and P applications on an acid infertile soil (CIAT 
Ann. Rept. 1976). 
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Lime applications from zero to 4.8 t/ha increased soil 
pH from 4.15 to 4.75, decreased exchangeable Al from 3.5 
to 1.3 meq/ 100 g and decreased Al saturation from 88 to 
27%. Root yields of M Col 638 ranged from 7 t/ ha without 
lime and P to 25 t/ ha with a combination of3.6 t/ ha of lime 

.
and 380 kg/ha of P,05'

Figure 7 shows root yield and foliage growth responses 
to several rates of 1) and lime applications. On 
the avcrage, near maximum root yields were obtained with 
210 kg 1)2 05 /lha (92 kg P and 1.1 t lime/ha. While root 
yields shoved a more or less quadratic response, foliage 
yields showed a nearly linear response to P, as was also 
reported in 1976. Harvest index was highest (0.65) with0.3 
t lime and 210 kg 1 20 5 and decreased to 0.50 at the highest 
lime and I rates. 

In Carimagua, near maximum yields can apparently be 
obtained with thcapplication of 90-100kg P/haand I t/ha 
of dolomitic lime, which produced a pH of 4.3 with 2.75 
meq Al/ 100 g or 76% Al saturation. These data indicate 
that cassava is extremely tolerant of low pH and high Al, 
but also illustrate the beneficial effect of small lime 
applications. 
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Response to Mycorrhizal Inoculation 

In many cassava growing areas of Latin America, P CIAT-Quilichao to which nine levels of P had been 
deficiency is the main limiting nutritional factor. Inocula- applied. Plantlets were either noninoculated or inoculated 
tion with mycorrhizal fungi has been shown to improve with mycorrhizal spores or infected roots. A clear P 
cassava's ability to absorb P from low P concentrations in response could be observed after two weeks and a response
both soils and nutrient solutions (CIAT Cassava Prog. to root inoculation after three weeks, the latter becoming
1979 Ann. Rept.). Cassava plantlets produced in a misting more pronounced with time. The dramatic response to 
chamber were planted in pots with sterilized soil from inoculation can be seen in Figure 8. 

" iiINUIL
 
So L I 

SO L* NNC 

Figure 44. Response of cassava cultivor M Mex 59 to mpycorrhizal inoculation and several levels ofapplied P in a 
sterili-Pl soil rotn CIA T-Quilichao. 
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Without inoculation plants remained P-deficient even 
with 800 kg P/ha applied, and reached near-maximum 
growth only with 1600 and 3200 kg P/ha. With root 
inoculation, plant growth was very good even without 
applied P; response to P-application was small initiallyand 
had nearly disappeared by harvest. The response to spore 
inoculation was essentially zero. 

Inoculation with 2 g of infected roots in the P check 
increased top growth over 80 fold compared with the 
noninocolated treatment. and was about equally effective 
as the application of 1600 kg P/ ha (Fig. 9). Without 
mycorrhi, al infection, plants absorbed very little Pfrom a 
soil to which 800 kg 1) ha had been applied. 

In the CIA]-Quilichao soil, mycrorrhizal inoculation 
was highly cllectivc e en without any P applied, althouth 
infection and the P concentration of the tops were 
relatively low at this level ( [able 3). Maximum infection 
occurred at intermediate 1)levels corresponding to 50 and 

40

r 

C. 30

100 kg P/ha applied (levels used in field-grown cassava). 
Without Papplied, total uptake was over 100-fold higher in 
mycorrhizal than in non-mycorrhizal plants; even at the 
highest levels of applied Pi,mycorrhizal plants had higher P 
concentrations and absorbed more P than non
mycorrhizal plants. 

Figure 10 shows the relation between DM production 
and available P content (Bray 11)of the soil after harvest, 
both for inoculated and noninoculated treatments. Curves 
were drawn visually through the points and arrows indicate 
"critical" 1Pcontents, defined as 95% of maximum yield. 
Although inoculated and non-inoculated plants icached 
the same maximum yield, it is clear that the presence of 
mnvcorrhiza markedly red uced the "critical" soil li-content. 
Ilhe critical level of 15 ppm for mycorrhizal plants is only 

slightly above the level of 8-10 ppm obtained from field 
experiments, while the level of 190 ppm for non
mycorrhizal plants is unrealistically high. 

0 00(40J0 16t00 

11applie'd (kg hai) 

0 N'oiioculIated 0 SporL'-inoculatt'd A Rool-linoculatLd 

Figure. 9. Qji/ct olf myrirh/izI inoculation~atnd rr'rr'ral A'veh qj' applie'd P'or mirY mattelrr proiction inl frps q u/ Ifvar 31 Alex . , ill a 
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Table 3. Eflect of mycorrhizal inoculation and 11levels applied on mycorrhizal infection of cassava roots, P concentration of tops and total 
P uptake by tops'. 

' applied Degree of injection 2 11 concentration P uptake by tops 

in tops (%,b) (mg/plant) 

(kg, ha) N I' RI SI NI RI SI NI RI SI 

0 t 1.7 0 0.05 0.08 0.05 0.2 27.7 0.3 

25 0 2.2 0 0.07 0.07 0.05 0.5 25.5 0.6 

50 0 2.6 0 0.04 0.11 0.08 0.3 41.3 1.5 

100 0 2.6 0 0.05 0.12 - 0.3 49.4 

200 0 2.4 0 0.17 0.09 - 81.0 2.0 

400 0 2.0 0 0.06 (.. 0.09 1.2 73.017 2.8 
800 0 1.5 0 0.09 0.18 0.06 3.4 86.0 3.4 

1600 0 1.0 0 0.15 0.16 0.08 58.3 75.3 27.5 
3200 0 1.0 0 0.20 0.25 0.21 90.5 118.3 93.5 

Cultivar NI Nex 59 grown on stertli'ed soil from CIA-Quilichao, in the greenhouse. 
l)egrce of infection. 0. none, 3= lughnumber of hyphae and vesicles inroots. 
NI noninoculated. RI-=root-inoculated, SI-spore-inoculated. 
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Figure 10. Relation hetveen dr| matter .iehs of three-mnonth-ohl itoclated riod and nsilPlionjnouiatt'dvassava cultivar Al Alex 59, 
contentt alter hatvest. (Arrows indicate critical P hvels./ot 95(,' ol mtaxinumn yiehl) 
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Spore inoculation did not result in an apparent root 
infection, nor in an improvement in plant growth, but 
inspection of the soil after harvest revealed a large spore
population. Replanting cassava in these pots resulted in a 
marked improvement of growth at intermediate P levels.While infection from spore inoculation was much slower 

than from root inoculation, with time these methods will

probably be equally effective. 


The results of this experiment corroborate the conclu-
sion (CIAT Cassava Progr. 1979 Ann. Rep.) that withouta 
mycorrhizal association cassava roots are extremely 
inefficient in P uptake, and indicate the great dependence 
of the crop on mycorrhiza when grown on low-P soils. 
Practical implications of these findings are, however, not 
yet clear. Firbt, in a nonsterilized soil the native 
mycorrhizal population may be highly efficient, reducing
the beneficial effect of inoculation unless more efficient 
species and strains can be identified. Secondly, cassava is 
normally grown from stakes with a considerable reserve of 
nutrients (25-50 mg P/stake but less than I mg in rooted 
cuttings), which it can utilize to grow an efficient root 
system before having to rely on that system for P uptake.
Initial responses to inoculation in cassava grown from 
stakes were small compared with those in cassava from 
rooted cuttings. It remains to be seen what the long-term
effect of inoculation is once the stake reserves are 
exhausted, 

Host specility. To determine the degree of host 
specificity, mycorrhizal-infected cassava roots were used to 
inoculate seven species: maize, beans, cowpeas, rice, 
A ndropogon gayanus, Stylosanthes guyanensis and 

Table 4. Effect of mycorrhizal inoculation and P application on dry 

cassava hybrid CM 91-3, all grown in sterilized soil from 
CIAT-Quilichao with 0, 100, and 500 kg P/ha applied. 

Table 4 shows the response to inoculation and P 
application of these species. All species except rice 
benefited markedly from inoculation at the levels of 0and
100 kg P/ha, while cassava, beans, cowpeasStylosanthes sp. also responded at 500 kg P/ha. The lack 

and
of 

response in rice may indicate some host specificity, but is 
more likely due to the extremely fine and highly branched 
root system of this species. The lack of response to 
inoculation of Andropogon sp., and maize at 500 kg P/ha 
also reflects a well developed, highly branched and dense 
root system. 

As was observed in nutrient solutions (CIAT Cassava 
Progr. 1979 Ann. Rept.),without mycorrhizal infection 
cassava required much higher rates of P to attain normal 
growth than even such P-demanding species as beans. 
Using the ratio of DM obtained without inoculation over 
that obtained with inoculation as a measure ofmycorrhizal 
dependence (Table 4), considering all P levels, cassava 
was the most mycorrhizal-dependent species, followed by
Stjlosanthes gu~anensis. Without applied P. these two 
species again were most mycorrhizal dependent, although 
in reverse order; at 100 kg P/ha, Stilosanthes, An
dropogon and cowpeas were even more mycorrhizal
dependent than cassava. On the other hand, with a 
mycorrhizal association, cassava was more P-tolerant 
(DMl,, /DM P 50) than any of the species including
rice. Thus, cassava's well-known ability to grow on low-P 
soils is due to a large 1)reserve in its planting piece as well as 
to an effective mycorrhizal association in many (but not 
necessarily all) low-P soils. 

matter in tops of seven crop species'. 

Species Dry matter in tops (g/pot) Mycorrhizal dependence ratio 2 

Noninoculated Inoculated 

I'-0 P-I00 11-500 P-0 P-100 
Cassava 0.34 0.72 0.54 4.33 14.21 
Beains 1.1 i 3.44 8.29 3.08 18.79 
Cowpea 0.96 0.64 13.65 2.60 20.68 
Stllo.ltilthes sp. 0.08 0.08 2.74 1.25 9.33 
AnIdropogotn sp. 0.15 0.39 34.24 1.26 16.67 
Maie 1.19 8.74 59.35 4.84 34.75 
Rice 3.79 26.63 30.60 3.83 22.36 

Crops gros, n in slcrfli/d soil liroin CIA I -Quilichao. in lie grecrihouse. I'crtiled with eithic 

N i,clhi/iil depenidence is in termis ol the malil: i)y ilhtter produced wilhout inocujlation 
ir%nis icr pr iltccit,ih Inlloclhllot i 

11-500 1-0 P-100 -500 Mean 
16.36 0.08 0.05 0.03 0.05 
25.01 0.36 0.18 0.33 0.29 
36.32 0.37 0.03 0.38 0.26 
12.20 0.06 0.01 0.22 0.10 

32.18 0.12 0.02 1.06 0.40 
53.57 0.25 0.25 I.11 0.54 
31.23 0.99 I.19 0.98 1.05 

l(K1or 500 kg P' ha. 
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Economics
 

The long term objective of the Economics section is to To evaluate potential future hybrid introductions and to 
analyze Wle potential impact of improved cassava develop a methodology within the farm trials for 
technology in Latin America. This objective defines a evaluating cassava storage,the local variety Secundina was 
relatively broad research program, since the adoption compared to three new lines at an early stage of selection. 
potential of new technology is determined both by the Trials were established in the primary planting season and 
characteristics of the technology and the access of harvested monthly from 10 to 15 months of age. This 
increased production to markets. Output price becomes a harvest period extended from the dry season through
key parameter in the analysis. On one hand, it determines initiation of the rains and through three months of high
the profitability of the technology at the farm and, on the rainfall. This duplicated the actual pattern of the local area 
other hand, it determines cassava's competitiveness (and for about 70t'" of all cassava produced over the seasons. 
thus its potential) in alternative markets. For most of the Results of the trial are shown in Table i. 
other crops within the mandate of the Consultative Group Data for Secundina confirm why this variety dominates 
for International Agricultural Research (CGIAR), de- in the Media Luna area. First, it matures early but still 
mand is not a critical factor influencing technology continues to yield when left in the ground for several more 
adoption; in the casc ofcassava, both economic research on months. Secondly, it maintains its high quality, especially
production and demand are essential inputs into the in terms of starch content and low fiber, over the storage 
Cassava Program's research strategy. period. Finally, it resists root rotting well. These 

characteristics minimize production and marketing risks, 
insure farmer access to markets and provide an adequate

Production Economics return to land and labor. 

Results for the other lines suggest that a single evaluationMedia Luna on-Farm Tri~ls for yield and quality characteristics will often be mis
leading, for example, in the case of CM 391-2 after 12 

Last year cassava production systems in the Media Luna months. Such evaluations should be based on how the 
zone were described and results were reported from farm farmer adapts his farming system to requirements of the 
trials comparing the local variety with introduced cultivars market, the rainfall pattern and, in some areas, to 
(CIATCassava Progr. 1979 Ann. Rept.). Among the issues temperatures, since evidence suggests starch content is 
raised was that of root quality; while yields between the inversely correlated with temperature (CIATAnn. Rept. 
cultivars did not differ substantially, the local variety 1978). 
prdxluced higher quality roots. 

Given cassava's perishability and indeterminate harvest Mondomo on-Farm Trials 
period, storage in the ground is a principal means for Farming System. Envirpnmental and economic 
regulating market supplies, especially if there is a critical characteristics of the farming system in Mondomo, 
planting period. Since cassava cannot be stored after it Departament of Cauca, Colombia, differ completely from 
enters urban fresh market channels, consistent flows of the those in Media Luna. Rainfall averages about 400 mm 
product onto the market through the year depend on annually and is relatively well-distributed. There is no 
staggered harvesting. If farmer risk is to be minimized and critical planting season,and time of planting is determined 
farmers are to be assured access to the fresh market, yield by labor availabilityand market requirements. The 1500 m 
and quality must be maintained throughout !his storage altitude and average temperature of 19'C result in a 
period. significantly longer growing season of 14 to 18 months. 
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Table 1. Yield characteristics of fourcassava lines as a function ofditferent harvesting times, at Media Luna, 1979-801. 

Yield 

characteristics 
10 11 

0 3 

Dry matter content (%) 
Secunun, 36.6 33.1 
CM 323-375 28.5 22.5 
CM 305-38 28.9 27.3 
CM 391-2 29.8 26.8 

Root rutting (% of total roots) 

Secundina 0.8 1.0 
CM 323-375 4.1 13.3 
CM 305-38 4.8 10.4 
CM 391-2 2.2 18.3 

Fiber content (%) 
Secundina 2.8 2.6 
CM 323-375 3.1 3.6 
CM 305-38 3.2 4.1 

N1 391-2 3.3 3.4 

Casslt %%a,plalnicd in %., 1974). 

Soil factors are the principal constraints on the system. 
Phosphorus (Bray 11) varies from 0.8 to 2.7 ppm, well 

below critical levels; potassium also varies substantially, 

from 0.10-0.78 meq/ 100 g. Soils are very acid with levels of 

Al reaching 4.7 meq/ 100 g. Fertilizer use is increasing but 

still is not widespread. 


For cassava cultivation, farmers manage soil fertility 
through a fallowing system with variety selection based on 
relative responsiveness to fertility conditions. Optimally, 
farmers fallow for at least six years and then plant three or 
sometimes four successive cassava crops. This system is, 
however, dependent on farm size (ranging from 4 to 40 haand averaging I5 ha) and farmers with smaller areas must 
reduce heagirgf5al perid. for wiasvari arereduce their fallow period. Four cassava varieties are 
commonly planted and each responds differently to 
existing soil fertility. 

Although its yields are rather low, coffee is the only 
competing crop as it produces adequately under the local 
conditions. The average cropping pattern is 2.1 ha of 
coffee, 3.6 ha 3fcassava, 1.6 ha of other crops (principally 
plantain), and 8 ha in fallow. Critical labor demand peaks 
for the two coffee harvests determine scheduliqg ofcassava 
activities.The amount of labor devoted to weeding is lower 
than in other zones due to this competition for labor. 

Market restrictions are not so severe as in the Media 
Luna case. Cassava goes almost exclusively into a small-

Harvest period (months after planting) 

12 i3 14 is 
Rainfall in harvest month (mi) 

50 170 240 180 

32.3 32.2 41.4 35.5 
23.6 23.1 25.6 23.7 
25.9 24.6 28.0 22.7 
27.2 21.1 33.2 30.2 

0.7 0.3 1.1 0.4 
6.3 2.8 4.5 4.5 

10.9 4.1 3.0 5.6 
14.1 5.8 4.3 1.0 

4.8 na 3.4 4.0 
5.3 na 3.9 3.3 
na na 4.4 6.4 
6.4 na 4.5 3.3 

scale starch industry which, in turn, sells exclusively to the 
bakery industry. Prices received are slightly lower than 
those from the wholesale urban market; however, the high
quality variety suitable for the urban market does not yield 
well under the low fertility conditions. Supply continuity is 
maintained by staggered plantings. Starch content deter
mines prices received and the market discriminates 
between local varieties as follows: Valluna, Col.$7.3/kg; 
Americana, $5.0/kg; and Algodona, $4.0/kg. Farmers 
claim yield potentials of the three varieties are inversely 
related to starch content. 

Farm Trials. A complete factorial fertilizer treatmentinvolving 500 kg/ha of lime and 500 kg/ha of 10-30-30 
fertilizer was utilized on the two iocal varieties Algodona 
and Americana and a hybrid introduction CM 323-375. 
The latter had yielded consistently high across the regional 
trial sites at somewhat lower altitudes, and produced 19 
t/ha under similar soil conditions at CIAT-Quilichao. 
Local average yields in the Mondomo area were about 6.7 
t/ha. 

Table 2 shows results of the trials. Algodona yielded 
more than either of the other two varieties, which is 
consistent with its local dominance. On the other hand, 
varieties did not differ significantly in dry matter content. 
This was inconsistent with the price discount applied to 

Algodona, unless another factor is causing differences in 
starch extraction rates between the two varieties. Such a 
factor, callcd simply latex, has been reported in Australia. 
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Table 2. 	 Fresh root yield and dry mnatter contents for cassava tested in 
on-farn trds. at Mondonio, 1979-80. 

Yield paran,.,ter and 	 Cassava variety 
fertility treatmet I Algodona Americana 	 CM 323-375 

Fresh root 	yield (t/ha) 
Lime fertilizer 10.3 6.3 5.5 
Fertilzer only 10.4 4.9 6.2 
Lime onlyv 	 4.8 4.7 
Control 	 , 4.9 3.1 

Dry matter contvhit 
Lime + I-ertiti./i.s 	 35.9 37.6 
Fertilizer only 36.6 33.7 36.2 

ime only 	 36.1 35.1 36.4 
Control 	 35.4 34.3 37.5 
I lne Ireatient td 511(okg ia. IeIIihzcI Ileiiicatint wils 500 kg i:i of 10-30-10, 

Differences between fertilizer treatments were not 
significant but differences between farmers were, that is, 
variations between farms (replications) were greater than 
between treatments. This is not unusual and, as was the 
case in Media Luna, confirms the substantial micro
variation 	between farm trial sites. Table 3 give,; average 
yields for 	 Algodona on each farm along with the plot 
cropping 	 histories. 

A crop rotation index was also calculated. While 
somewhat arbitrary, the index is basically adapted from the 
proportion within the farmers' normal rotation scheme of 
six years of fallow and three successive crops of cassava. 
Remarkably, the index gives a virtual exact ordering of' 
yields. 

The sample was stratified according to the rotation index 
with 6 used as the dividing point, i.e., the implicit point in 
the rotation system at which soil fertility was declining. 
Table 4 shows that for all three varieties, yield and dry 
matter content differed significantly between the two 
groups (except for dry matter of (M 323-375). 

There was also it glilicant and economic response to 
fertilizer in the case of Algod oina on critical fertility plots 
and no significant response oin plots where a sufficient 
rotation period was being maintained ( lable 5). 

lhe critical iiillt'rtICC Of the tallow system, and the 
dillcrential rcspinse to a lei tiI/er based on how much the 
fallow systen) %as shortened. deline the requirem ents for 
new techiology in tills tone. 

Table 3. 	 Yields of two local cassava varieties on individual farms, as 
related to plot history and farm size, at Mondomo. 

Farm size Previous Rotation Fresh root yield 

index' Americana Algodona 
(ha) (t/ ha) 	 (ti ha) 

44.8 	 I year cassava,
 
15 years lallow% 13 8.5 16.6
 

12.6 2 years fallow, 
I yar% -ilassava, 

10 yezirs allow 10 2 13.7 
19.2 10 years fallow 10 1 11.4 
4.5 8 years tallow 8 6.6 8.7 
5.8 6 years tallow 6 6.2 6.9 

15.1 2 years fallow 2 3.5 6.5 
5.0 	 2 years cassavi, 

8 years tallow 4 4.6 4.7 
12.6 	 2 years cassas a.
 

2 years tallow -2 2.7 
 2 

-
H. fesijumb e cals III talim%Ininiis 2tittes number ii pre%ious years 

": .,,,*ien plot histories tar 'he two %arieties 

lable 4. 	 Iresh rootl threeyield :.id dry matter content of cassava 
%arnet s. tO relation to length of previous fallow period, at 
MondomoL. 

Rotation Cassava variety
 
strata
 

Algodona Americana CM 323-375
 
l.'res root yield It/ha)
 

Adejaate rotation 11.5 7.1 .3
 
hitteied rotatiolt 5.6 3.6 2.5 

l)ry matter content (%) 

Adequate rotaion 37.2 37.5 37.6
 
Shortened rota tion 34.) 32. 36.6
 

I \cpi In 11C ;IasCof dr) Ilmter Cerictcn Il CM 323-375. there were sigricant 
difer ces,at tiie 5"Itesel bcieccii he .li. rtationi giirpis ,r all oihei uilues. 

[able 5. 	 Yield response t the cassas.a \i let\ Algodona to lertilizer 
t'eatiieiits. in)relation iii the length of the rotation period, at 
MIoiidoniiu. 

l-ertiit. treatment 	 Iresh root yield It, ha) 
according to rotation strata 

Adequate Shortened 

I'clinh,' l 	 I l c 11.3 a .' 7.7 it 

leit i/er 	 11.1 a 8.9 a 
I tS. 12.1 a 2.5 b
('otirl, 	 1.I a b4.2 

1 m " l~~l,"'"% -,'', .j Il .... menlltl %%asl501)i t i-- kg hal of 1(0-30-10. 

, 11. il . ' .mhll 	 tCtIr M 1101i gmiiCitily 

itilter ih t , le, 

73 



Cassava Intercroppaig Trials suppress cassava yields; c) the higher maize population in 

Cassava is grown orincipally by small farmers, for whom 
land is usually a constraining resource and cash flow 
through the crop year is a principal concern. Intercropping 
permits intensifying land use ad, where different maturity 
crops are used, can help stabilize income flows. Cassava is 
well suited to multiple cropping, but given its wide 
ecological range, the best potential intercrop will vary 
across ecological zones. On-farm intercropping trials were 
done inl two locations by the Cultural Practices section, 
budgeting analyses of these trials are reported. 

Media Luna. In Media Luna maize is the principal crop 
associated with cassava (for a discussion of environmental 
conditions and farming systems, see CIA I' 'assava Progr. 
1979 Ann. Rcpt.) Maize has no marketing problems; it is a 
short-season crop. and. while it has low productivity under 
existing conditions, it provides an adequate return (in 
investment when grown with cassava. Farmers in the zone 
use a low-plant population system which seemingly 
ininim izes light competition between the tall mai/e and 
slower growing. shade-sensitive cassava (Fig. 1). A trial 
was designed to compare the larmer', system using the 
local \alltet, Sc ndia in both mo ocOClt uic and inter-
cropped. \\ith an impro\ ed system in which plant densities 
of both cassa\a and mai/c ,wcrc increased while the spatial 
airanicement of the cassa va was mod itied 1ig. I . Ali Is 
trcat mcnit \as added as one additiona comn nt, 
prnmrily to benefit the ma ic. 

Four conclusions are evident from the yield results 
ilable 6): a) changing either the plant population or the 

spatial arrangement in monoculture, cassava did not 
increase yield; b) under the farmer system, maize did not 

I able 6. Yields a lll t I 

the improved system produced a slight decline in cassava 
yields but almost tripled maize yields; and, d) there was no 
economic response to fertilizer. 

Net income calculations (excluding land and manage
mcnt costs) at \arying cassava:maize price ratios (Table 
6) dcmonstrated that the improved intercropping system 
without fertilizer was the most profitable un to the very 
highest price ratio (Col. $4.0, kg for cassava: $5.0/kg for 
maize). At low cassava prices, the income gaim was 
substantial. with only very marginal increases in costs. The 
experiment will be continued at least three years to evaluate 
the stability of tihe systems, especially those without applied 
fertilizer. 

Caicedonia. Compared to the marginal .,gricultural 
conditions of Media I.una. Caicedonia is p;-icic .oifee land 
where cassava inust compete with high-value crops. In this 
case, beans the highest value intercrop was selected 
for study. Cassava can compete economically due to the 

e\'ry high yields obtained, heca use ofthe preferential price 
received for the high-quality variety grown in the zone 
(usuallimore than double farm prices on the North Coast), 
and due to the generally high level of prices for cassava 
nationally. 

' rec hasic agronomic changes were made in farmers' 
eassa a-hca n intercropping systems. First, plant pop

t6tions of both crops were increased (beans by a factor of 
10). Sccondl'. a precenergent herbicide was used instead of 

two hand wecdings and fertilizer (100-100-80 kg/ha of N
IP-K) was applied. Finally, changing from horizontal to 
vertical planting of cassava stakes allowed both crops to be 
planted situultaneously because cassava germinated faster 
and thus mintitized interspec;es competition. 

flC olIlC s ll oill \illitltZS Cil, iL itlld 111;111CI1liClul ppillg SS IIIShuA. CNlMetuna.iil i 

(Crtp ,stlern and (spacing) NtLcall . iclds II ha) Net incone pet heciare; cassava price in SCol kgl 

asa\ Mali/c H.) 2.0 3.0 4.0 

Iarmer system 
Cassama Ilonn culture (t.2 x till 14.3 - 1944 16.244 30,544 44,844 
C.ssaa ( 1.2 x Ili, mai/c (2 x 1.2rn)-' 15.7 (1.7 5256 20,956 36,656 52,356 

Improved system without fertilizer 
Cassa\Val in nocittUre (I x t1n) 15.1 - 2644 17,644 32,644 .17,644 
Cassaa nti icilturc ( 1.6 x 0.6m) 14.1 - 1744 15.844 29,944 44,044 
Cassava (1.6 x 0.6m), rmi/c (1.6 x 0.3m) 13.9 1.9 9516 23,411 37,316 51,206 

Improved system with fertilizer 
(assava (1.6 x 0.6m), maize (1.6 x 0.3m) 13.6 1.9 8661 22,261 35,861 49,461 

Mauic piwc %%as held constant at Stol 5.0 kg.
 
Mui.,C puipiilalitll "as deterinied by planting pattern and Itunrh it planits per hill (tanner: 3; improved: 2)
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F~gu re I. (Above) typicafi/mzrnrs' cassava/nmaize intercropp log sl'sten e'mp~qved in the Ah'dia Luna o. 
(iiehnt) improvetd svsti',, develope'd bY CIA T 
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As in Media Luna, there was no apparent competition in 
the intercropping system, and even some tendency was 
evident for increased cassava yields (Table 7). There was 
no apparent response by cassava to fertilizer, with the 
impact on beans being inseparable from the impact of 
increased density. Again, as in the Media Luna case, the 
improved system's principal advantage was in improved 
yields of the intercrop, with bean yields increasing fivefold, 

A simple budgeting analyses of the results revealed that 
the intercropping systems were more profitable than 

monoculture and that the improved system was most 
profitable (Table 7). Nevertheless, cassava dominates in the 
economics of the association, and the beans only 
contribute marginally to total profitability of the system. 
Returns to land and management in Caicedonia were 
larger than returns to cassava systems in Media Luna by a 
factor of 10. If such profit differentials are necessary to 
bring prime agricultural land into cassava production, such 
zones will continue to supply only preferred, high-priced 
markets like the fresh cassava market of Bogotd. 

Iable 7. Nteld, and net income froin \aoOts cassava and bean intercropping systems, at Caicedonia. 

(lop systen 

Farmers' system 
Cassaua monoculture 
Cassava, heans 

Improved s.stem 
(assa',a ;nllocultire 
Cassava, beans 

Mean yields 


Cassava Beans 


(tiha) (kg, ha) 

31.7 
37.5 210.0 

36.0 

37.4 1022.0 

PiceI', tccl,:d ' Lmsc:t',i& S atl8.0 kg and beans, Stol 30,kg. 

Demand and Marketing Economics 

Successful diffusion of new agricultural production 
technology is critically dependent upon the increased 
output reaching profitable markets. While in the past 
cassava has performed well as a basic food crop in many 
zones of' Latin America. future yield-increasing technology 
will be adopted only it the additional production can be 
readily marketLd. 

Cassava is suitable for use in several distinct markets of 
which five are outstanding: a) fresh for human consump
tion; b) processed for human consumption; e) as an animal 
feed; d) as an industrial starch: and, e) as a feedstock in the 
distillation of fuel. Knowledge of the price at which cassava 
must be sold in order to compete in each of these markets 
not only indicates which markets cassava is mos: likely to 
enter, but also gives an estimate of [ie level ofproductivity 
which new p'oduction technology must attain it cassava is 
to compete in each market, 

Colombian Case Study 

Because CIAT's mandate emphasizes increasing the 
availability of food supplies, primary focus is placed on 

Net income from syitem ($Col, ha) 

(iros income l 
(Variable cost) Net 

Cassava Beans income 

253,600 - (11,091) 242,510 
300,000 6300 (14,727) 291.573 

288,000 - (14.920) 273.080 
299,200 30,660 (20.499) 309.361 

analyzing cassava markets where it is used directly or 
indirectly as a food. The poultry industry in Colombia was 
selected for study because of the extremely rapid growth 
rates in this and the related feed concentrate industry. 
'assava might well find an important market in this latter 

industry as a substitute for one or more feed grains. It is 
also thought that any results from this industry-wide 
model could bc adapted easily to othet countries of the 
region. 

A linear programming model was constructed for the 
poultry feed industry to provide a least-cost feed ration for 
broilers. Iwo levels of increased cassava production were 
assumed a 15 t/ha low-input technology suitable for 
production regions with moderate stresses, and the other a 
24 t/ha model for the same production regions but 
employing higher fertilizer levels and appropriate weed 
control measures. 

Percentage cost reductions in the least-cost, nutritinally
adequate rations are shown in Table 8, for cassava 
produced at three technology levels. The model assumes 
cassava is availauleat prices associated with these potential 
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technologies and that alternative feed materials are 
available at prices prevailing at the time ofstudy. Given the 
high national price for sorghum (about double world 
market prices), cassava completely replaced that grain in 
the letst-cost ration calculated. Although the economic 
optimum where cassava could be substituted for other 
grains was at 43% of the broiler diet, poultry performance 
on cassava meal at that high level has yet to be fully defined, 
Therefore, the cassava level was also constrained to form 
no more than 10 and 20% of the rations. 

The impact of reduced prices for feed concentrates on 
consumer welfare can be traced ilhrough a supply and 
demand model of the poultry sector. This influence was 
calculated for this case study and the results, in terms of 
gross benefits deriv'ed at the different technology levelsand 
cassava substitution levels, are shown in Table 8. The 
magnitude of these benefits in Colombia alone compares 
favorably with total research expenditures being made on 
cassava. 

It is also important to note that the benefits from the 15 
t/ha techonology are about two-thirds those from the 24 
t/ha technology although the yield increase required to 
attain 15 t/ ha is only40% that involved in reaching 24 t/ ha, 
using current Colombian national avetage yields for 
comparison. This pattern of benefits tends to support the 
research strategy of the CIAT Cassava Program which 
emphasizes low input technology. 

While the gross benefits indicated in this study are only 
those attributable to the increased consumption and lower 
price for poultry, when cassava substitutes for other feed 
ingredients, other social and political benefits would also 
accrue. For example, if cassava completely replaced 
sorghum in poultry rations, Colombia could realize an 
annual forcing exchange saving of US$12.7 million, based 
on 1979 prices and the average level of sorghum imports. 
Moreover, at the 20% inclusion level and with 15 t/ha 
technology, an additional 4.2 million mandays of employ
ment would be created in producing the additional cassava 
required. 

Iable 8. lfstimated percentage cost reductions and gross henelits from substituting cassava produe at three tccliology levels into commercial 
poult,y Ieed concentrates. in a Colombian industry model. 

Cassava Percentage reduction in feed costs, 
substituted at cassava production of: 

into 
concentrate ______________________________________ 

(VI) 12 t,,ha 15 t ha 24 t/ha 

10 0.4 1.3 1.9 
20 0.7 2.6 3.8 
43 1.06 5.5) 8.2 

I-conomic uptinluin att ll k CI .-ot tCcth llogy 

Gross benefits (LISS 0UO) 
reali/ed by substitution. 
at cassava production of: 

12 t/ha 15 t/ha 24 t/ha 

208 658 973 
353 1320 1941 
808 2795 4151 
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Tissue Culture
 

During 1980 the Tissue Culture section focused on the had 82 to 90% disease-free plants at the end of the first
utilization of meristem culture methods for disease cycle; however, all cultivars resulted 100% disease-free
eradication, germplasm conservation and international after the second cycle of propagation.
exchange. Research also continued to refine techniques 
now used as well as to develnp new applications. Following the success in controlling frog skin disease 

using the thermotherapy-meristem culture methodology,
routine work was begun in 1980 to clean cassava materials 

Cassava Meristem Culture from diverse origins. About 300 cultivars were treated,
recovered from meristem cultures, potted and handed overto the Cassava Program. Materials included both someThe successful regeneration of cassava plants from te h frog aters ithout apae

meristem cultures depends on the interaction of the infected with frog skin disease, others without apparent 
genotype with the chemical composition of the culture infections and collected materials brought to CIAT either 
medium (CIAT Ann. Rept. 1978). Under meristem as stakes or in meristem cultures. 
culturing, cassava varieties responded differently in Grafting studies. The frog skin disease is 100%
forming shoots and roots simultaneously in a given transmitted downwards through agraft union (CATAnn.medium (Fig. I); most varieties tended to differentiate Rept. 1977). Understanding the extent of its upward
shoots more consistently than roots. An improved two-step t . could ere ant to i s upwrd
system was devisedco egar les permits regenerationthat the of transmission could be relevant to studies onmp ete pla tsofthe cass va ari ty ,translocation of the causal the mode ofagent and its dissem ination.complete plants regardless of the cassava variety. Using disease-free plans derived from meristem cultures 

The technique is shown in the lower portion of Figure 1. along with their diseased counterparts, reciprocal grafts
Within 4-5 weeks, every meristem gives rise to three (i.e., diseased scions onto healthy stocks and vice versa)
plantlets; thereafter each culture can be multiplied again were made with four cassava varieties. 
through nodal cultures by a factor of 5, monthly. All root% of normal grafts and those of the reciprocalFurthermore, every shoot as differentiated on multiple- ones (healthy scions onto diseased stocks) showed disease 
shoot cultures (CIAT Cassava Progr. 1979 Ann. Rept.) can o s 3-4 on ftd n.St emksuthoweds i iseas
be multiplied by nodal cultures as well. Over 600 cassavavar etiprs ce sed suc es fuly i ann r, symptoms 3-4 months after grafting.h ve bee t is Stem cuttingsmade from various heights along the scion of eachwere
varieties have been processed successfully in this manner, reciprocal graft, rooted and grown in the greenhouse for 

three months. 

Disease Eradication The greatest relative degree of symptoms and the largest 
number of roots with symptoms were on stem cuttingsFrog skin disease. The method for cleaning up cassava closest to the graft union; fewest symptoms were observed

materials infected with the frog skin disease consists of on cuttings originating at the top of the shoot (Table 1).culturing 0.5-0.6 mm meristem tips excised irom stake Surprisingly, when cultivar M Col 721 was thedisease-free 
sprouts grown 3-4 weeks at 40'C (day) and 35°C (night). scion, no symptoms were detected in any plants from its
The effectiveness of the technique was proven by stem cuttings, even though disease symptoms were presentpropagating stakes fiora meristem-derived plants for when the same clone acted as the stock. This may suggestconsecutive cycles in the field. In experiments carried out that structural factors are preventing translocations of thewith 13 cultivars, eight resulted 100% disease-free while five disease upwardly, although it may move downwards freely. 
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Table I. Transmission of the frog skin dseale through reciprocal grail unions of various cassava varieties. 

Grallt Downward 

transmission 

Scion Stock 

NI ( 67(,) NI (',, 67(-) IO0,% 

N I tol 67 -) NI ('oI 17() 

NI Col 67(+) N ('oIl 33(-) 100%, 
NI ('oIl 33(-) NI Col 671+) 

M 'ol 07(+) M (ol 721(-) 100% 
I to) 721(-) NI ('l 67(4) 

M to), 129() M o 721(-) 100i 
NI (oC 721(-) M ('o)l 329(+) 

('i)i l lI I I.'IlC1,Cgrillluiunion pHlat SlimIng F'lol vilpom s 

... .5 cmI\o l Ilo , \ l rrIII rII,ol I , l lhtk, r ihici i .

Germplasm Conservation 

Conditions have been devised to maintain meristem-
derived cassa.ii cultures in vitro for protracted periods, 
Objectives are to slow the growth rate of cultures to a 
minimum while increasing viability to a maximum. The 
work has demonstrated the importance of storage 
tem pcrature and illumlnation, as well as the composition of 
tile culture medium. 

Shoot growth rate of meristem cultures was directly 
related to storage temperature, x,ithin the relative limits of 
15"-35"C' and depending upon the materials. Growth 
temperatures belo\w 18"C were detrimental to most 
varieties. especially after 3-5 months of exposure. 

I he atnount of rooting during storage isalso important. 
Rapid rooting shortened the transfer period of the cultures 

Upward transmission 

Stein cut Relative No. roots 
position symiptoms with 

symptoms 

1 + 21/6 

2 ++ 2/4 

3 ... 8/8 

4 ... 0 It0 

I + 316 
2 + 4/8 

3 ++ 0110 
4 +++ 8/8 

1 - 0/6 
2  015 

3 - I/10 
4 - 0/8 

I 0/6 

2 0/8 
3 OI0 
4 0,,12 

i.tup shl ;ii4.shiini L hcic t grati union. 

due to deterioration lollowing the oxidation of phenolic
type exudates to the medium from the old roots. Low 
temperature. %khich retards shoot growth, tended to 
promote rooting; high illumination (about 4000 lux) also 
favored rooting. When illumination was lowered and 
composition of the culture mediurn altered by adding a 
high level of cytokihin and a low concentration of sucrose, 
not only rooting was delayed, but cultures remained nea rly 
100(;j vi',ble so that the transfer period was extended to at 
least two w ars. 

lherefore. conditions established for the storage of 
meristem-derixcd cassava cultures in vitro are: 

Ielllpcralure: 20'-22°C
 
Illumination: 1000-I 500 lux
 
I'holoperiod: 12 hours
 

81 

http:cassa.ii


Culture medium: Mineral salts of Murashige-
Skoog (full strength, with 
inositol and thiamine-HCL) 
low sucrose 
high cytokinin 
high gibberellin 
agar 

Type of culture: Nodal cultures and 
multiple-shoot cultures in 18 x 

'Iransler period: At least two years. 

In order to establish CIAT's cassava germplasm bank in 
vitro, a room (3 m wide x 4 m long x 2.5 m high) was set up 
this year with the above conditions. The room can store 
more than 14,000 test tubes of cultures (Fig. 2). 

Cassava materials from different sources are being 
transformed routinely into meristem cultures for storage. 
Priority for storage is gi,.en to materials cleaned of frog 
skin disease, to clones from the germplasn bank and 
adxanced hybrid 'ines, and to materials recently introduced 
to CIAT. 

Up to November 1980, materials have been maintained 
for over two years without replenishing the culture 
medium; others have been kept for 15-18 months and most 
varieties maintained for up to one year. Throughout 
storage, the cultures produce new axillary buds. The 
average number of axilla'y buds per variety is directly 
related to the capability of plant regeneration upon 
retrieve l from storage; thus, it is a measure of the culture's 
viability. On the average, cassava varieties stored have 
produced at least three axillary buds during storage periods 
of 3-24 months, and the variability of response between 

different varieties is low enough (0.12-0.17 C.V.) so as to 
provide confidence in the application of the technique. 

In order to test whether varietal characteristics of 
materials have remained stable during long-term storage, 
cultures have been retrieved every six and 12 months, 
propagated and transplanted to the field for comparison 
with stake-propagated materials. In terms of the general 
growth and morphology of tops and roots, plants stored in 
vitro remained true to type. Ilowever, meristem-derived 
materials showed less variation in yield between plants 
than did stake-derived ones. This work is continuing. 

Figure 2. I.ight- and temperature-controlledstorage room for cassava ,neristem-derived cultures in vitro, in 

c I,e". Genetic Rc.murte. Unit. The ront has a capacity u/nun c than 14,0(0 Ic.t tnhes,ea n tooing t 

.mtitgl ihulnt. 
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of Germplasm In order to minimize the detrimental effects of long tripsInternational Exchange 
on cultures, work is being conducted for conditioning the 
materials to stand long periods of darkness without 

During 1980, 6 cassava varieties were shipped from irreversible damage, as well as to implement rapid 

CIAT to eight countries as aseptic meristem cultures. propagation methods of r-covered materials after their 
"
 distribution from CiA .A multiplication technique that 

utilizes single lef-bud cuttings, developed in the Philip-As a follow-up to a training course on cassava meristem 
pines, is being adapted to conditions at CIAT, to rapidlyculture, 18 varieties were delivered on a trial basis to five 

Southeast Asian countries. Preliminary results showed build up materials from importation of a few cultures (see 

discussion in Agronomy section).that successful use of the method depended mainly on two 

factors -- the arrival conditions of the cultures, which in 
turn depend on the lenght of transit, and on the Because of their disease-free condition, meristem 
effectiveness of handling the cultures after arrival, cultures can be utilized not only to distribute cassava 
Handling success of 45-70% was obtained in the first materials from CIAT to other countries, but to enrich 

shipment, prepared and hand-carried by the trainees CIA'Fs germplasm bank with new introductions. This 
themselves; later shipments to Thailand and Malaysia were method of germplasm transfer provides adequate 
handled with greater success (85-95%), as estimated from safeguards to minimize the risks of disease dissemination 
information provided from trainees (Table 2). Although existing when cass. va stakes are moved. 
some cultures arrived showing deterioration due to 
etiolation and phenolic-type browning in protracted The transfer to Colombia of cassava collections from 
darkness -- from air mail shipments of 25-30 days - these Peru and Brazil has been prevented previously due to the 
gave rise to plants after proper handling, presence of coffee rust in those countries. Under 

arrangements made with the Colombian plant health 

Another 43 cassava varieties sent in a total of nine authorities, nearly 200 cassava varieties, as aseptic 

shipments to Brazil, Costa Rica and the United States all meristem cultures, have been introduced to CIAT in 

arrived in good condition after both hand-carried and air- December 1979 and October 1980, from Peru and Brazil, 

mailed trips of 3-12 days. respectively (Fig. 3). 

Table 2. )istrihution ot cassava materiAS as InCristCe 1Cultures from CIAl to various locations in Southeast Asia. 

Condition lubes handled successfullyDestination Method No. tubes/, Trip 


of No. varieties duration of cultures after arrival ( )
 

shipment (days) upon arrival recovery p1opagation 

Thailand 1. hand-carried 16. 8 10 good 65 75 

2. ai-mailed 8,4 30 etiolated, brown 85 85 

3. hand-carried 4! 2 8 good 91) -

Malaysia I. hand-carried ' 18/9 7 good 70 70 

2. air-mailed to Kew 

Gardens, UK: Kew 10/2 10 good 

Gardens to Malaysia 10/2 15 etiolated 95 -

Philippines I. hand-carried 8:8 8 good 45 80 

2. air-mailed 4/2 25 etiolated, brown 50 -

Sri Lanka 1. hand-carried 9,9 8 pale green 60 

Indonesia I. hand-carried 8 8 10 pale green 71) 

I Istimated inl thehasi., oflinitormalitiol icccised ain tallices.
attending course at 1979.Culture~spipatd anldcarlied by trainees CIA I. November 
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Other Tissue Culture Systems in Cassava 

Anther culture. The microspores, being the direct 
product of meiosis, are haploid cells which under 
appropriate conditions can be shifted to perform an 
entirely new role, namely, the development of tissues and 
plants instead of the male gametes. The number of species 
which have yielded to androgenesis is considerable; 
however, no results have been obtained with cassava as yet. 
Under a training schtlarship, work has been initiated at 
CIAT in anther culture of cassava. So far, a strong Narietal 
influence was observed in the development ofinacroscopic 
structures (i.e., callus cells) in anther cultures as a response 
to the factors of the medium. Work is underway to 
ascertain the conditions conducive to organogenesis in 
anther-derived callus cultures. Although the techniques are 
still in their infancy, the incorporation of haploids into 
,x'cific cassava breeding programs could be useful since 
Jencs in these materials segregate in gametic rather than 
zygotic proportions and could be linked to somatic fusion 
and operate in conjunction with conventional breeding. A 
possible practical use of haploids may be the productionof 
hybrid cassava seed. 

Protoplast cell cultures'. The ability to regenerate 
plants from individual cells now exists for a limited number 
of species. This new techonology can assist in the 
identification, assembly, recombination and selection of 
novel forms of genetic variability. 

With the support of a grant from the Rockefeller 
Foundation to Dr. J. Shepard, work was done at Kansas 
State University, Kansas, U.S.A., by Drs. E. Shahin and D. 
Bidney which involves the enzymatic isolation of large 

numbers of cassava leaf cells without their walls, called 
protoplasts, followed by the incubation of these 
protoplasts in a medium of complex formulation. The 
protoplasts will undergo a series of cell divisions tr form 
multicellular colonies and unorganized callus tissue. By the 
implementation of several more media, shoot development 
has occasionally been observed. Work is currently 
inderway to define the proper conditions for routine single 

cell regeneration techniques. 

Similar work, though on a limited scale, was also 
initiated by Dr. R. Litz at the Agricultural and Research 
Center, University of Florida, Homestead, U.S.A. 

Using callus cultures induced on various type of tissues, 
Drs. G. G. Henshaw and J. Stamp are working under a 
grant from the British ODM, at the University of 
Birmingham, England. Here, attention is paid to those 
cultural conditions which favor the development of 
meristematic "nodules" in the callus mass. Further work 
will place emphasis on the use of embryonic tissues and 
sequential culture regimes. 

CIAT has provided selected materials for use in the 
studies referred to above. 

Freeze preservation'. Research continued at Saskatoon, 
Canada (Dr. K. Kartha) and Birmingham, England (Drs. 
G2G. Henshaw and J. O'Hara) to store cassava meristems 
in liquid nitrogen (-196°C). In both laboratories, meristem
cultures subjected to an array of freeze-thaw protocols 
have showed low survival with callus formation, but no 
organogenesis has been obtained from the callus cells a
yet. 

'Ihis work, allhough not carried 0111tatCIAT, is reported here because it directly 
relales to tissue cnlluic 1iwork done at 'IA I. he Center collaborates with these 
eliorts by pos'iding selected materials and by discussing with the authors of this 
work the orientat ion and incthodology of iheire search,. 
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International Cooperation
 

Training at CIAT made tremendous progress; provisional estimates suggest
that average production has increased to 25 t/ha per year

The Cassava Program's training activities played an over large areas. The way this happened was simple.

important role in the substantial progress achieved this
 
year in Latin America and Asia. Several countries 
of Three cassava researchers trained at CIATvalidated andOceania are developing more positive links with CIAT in adapted the technology recommended for Cuba. Twocassava research and transfer of technology, with the outstanding Cuban varieties were selected for testing underassistance of the United Nations Development Programme CIAT technology; results were so good that officials(UN P) for the South Pacific islands, decided promote theto improvements over the whole 

country. Groups of agronomists from the 1900 stateIn cooperation with CIAs Training Office, the Cassava agricultural enterprises were trained during three-day
Program trained 38 professionals from 15 countries at sessions at CEMSA. 
CIAT in 1980. Participants came from the following

countries: Brazil and Colombia, 8 trainees each; Mexico. 
 The basic technology they were taught included:
Bolivia an" the United States, 3 each; Thailand, 
 the a) Good soil preparation with construction of ridgesDominican Republic and South Africa, 2 each; Ecuador, taller than those used for sugarcane;
Haiti, Honduras, West Germany, the Netherlands, Great
Britain and Italy, I each. The 21 students from 6 Latin b) selection and treatment of 30-cm stakes from theAmerican countries attending the 1980 intensive special basal part of mature plants, to reduce the problem of CBB;
training course are included in these figures. 

c) planting vertically on top of the ridges; 

Activities in Latin America d) timely weed control; and 

Several Latin American countries, including Brazil, e) reduced irrigation.

Cuba, the Dominican Republic, Ecuador, Haiti, Hon
duras, Mexico and Paraguay, were visited by Program 
 Before the training, Cuban farmers had planted shortscientists to follow up the development of national casrnva stakes horizontally on the bottom of small ridges and programs and to strengthen cooperation. More emt' ..sis irrigated heavily.
has been given to visiting countries without established 
cassava programs that have good possibilities of staiting The Cuban experience reflects the fact that simpleprograms. While other new national programs for cassava technology can make an impact if it isproperly conveyed tocontinue to develop, the cases of Cuba and Ecuador farmers. 
illustrate how these typically came about. 

Ecuador. Based on the agro-ec,)nomic description ofCuba. Of particular interest was the eight-day visit to the cassava by l.uiuriaga in 1975, indicating that EcuadorianCuban Cassava Research Center (Centro de Mejoramiento cassava yield was low(IOt/ ha), the CIAT Cassava Programde Semillas Agdmicas CEMSA), located at Santo started cooperation with this country by setting up anDomingo, Villa Clara province. Before establishing a international cooperative trial at Pichilingue Experimentcassava program four years ago, Cuba had a national Station near Qucvedo. This trial, planted with promisingaverage cassava yield of 7 t/ha per year. The country has material, has completed four cropping cycles. 
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The Pichilingue trial and those planted in othercassava-
growing regions by the National Agricultural Research 
Institute (Instituto Nacional de Investigaciones 
Agropecuarias-INIAP) have served to measure the 
potential yield of the selected germplasm. Using improved 
agronomic practices, yields of promising material have 
surpassed those of local varieties. This led lNIAPdirectors 
to launch a formal cassava program this year. This was the 
result of INIAP's interest and desire to offer a cheaper 
source of carbohydrates to the poultry and swine industries 
and to have cheaper commercial starch. 

CIAT's Cassava Program will continue to assist the 
ddevelopment of this new program. 

Cultural practices workshop. A great amount of 
research has been done on cultural practices for cassava 
production in different environments. To consolidat 
existing information into one document for use by national 
cassava programs in developing further research, research 
priorities and technology transfer, a Cassava Cultural 
Practices Workshop was held in Salvador, Brazil, March 
18-21, 1980. The workshop was sponsored by the 
International Development Research Centre (IDRC) and 
organized by the Empresa Brasilera de Pesquisa 
Agropecuria(EMBRAPA),CIATand IDRC. Thirty-five 
cassava scientists from i4 countries participated. 

Within-country training. CIAT has assisted in training 
personnel within those countries having strong national 
cassava research programs linked to a well developed 
extension program and those having the goal of increasing 
national cassava production. Short intensive courses we-.-
given this year in Mexico and the Dominican Republic. 

In the Mexican course, organized bv the Secretaria de 
Agricultura y Recursos Hidrdulicos (SARH), the Instituto 
Nacional de lnvestigaci61 Agropecuaria (INIA) and 
CIA], II researchers, 8 extension workers and I farmer 
were trained. The course in the Dominican Republic, 
organized by the Centro Norte d- Desarrollo 
Agropecuario (CENDA) with CIAT cooperation, trained 

researcher and 24 extension agents. Extension par-
ticipants were important components of both courses 
because these countries realize that the generation of 
technology musit be linked closely to an effective transfer 
of technology to the client farmers who are the ultimate 
users. These two courses focused on field practices. 

This type of training may prove to be a very appropriate 
method to more quickly reach a larger critical mass. 

Activities in Asia 

This continent, excluding the Republic of China, has 
one-fourth of the world's population and produces 36% of 
the world's cassava, mostly in Thailand, India and 
Indonesia. These countries and Malaysia, the Philippines 
and Sri Lanka are paying considerable attention to 
strengthening research capabilities in cassava production 
systems. 

Of the 316 persons receiving cassava training from CIAT 
to date, 70 have been Asians. The 70 included 24 from 
Thailand, 13 from Malaysia, 12 from Indonesia, II from 
the Philippines, 5 from India, 4 from Sri Lanka and I from 
Japan. 

Seven CIAT cassava scientists visited five Asian 
countries during 1980 to become acquainted with Asian 
cassava production, research and extension, to formulate 
new approaches for program development and to teach in 
the First Asian Training Course. 

First Asian cassava course. With the participation of 
six CIAT cassava staff including the outposted staff 
member for Asia and members of Asian national 
programs, the First Asian International Training Course 

on Cassava Production was held at Visayas State College 
of Agriculture (VISCA), Baybay, and South East Asian 
Regional Center for Graduate Study and Research in 
Agriculture (SEARCA), Los Bafios, the Philippines. This 
course was organized by CIAI and firnanced by IDRC. -the 
June 2-30 course was attended by 24 professionals; 6 each 
from "Ihailand, the Philippines and Indonesia; and 3 each 
from Mala,t and Sri Lanka. 

Activities in Oceania 

Although this continent produces only 0.2% of the 
world's cas.iva. the UNDI) established a Root Crops 
Project two years ago. with headquarters in Apia, Western 
Samoa. The project leader had received training at CIAT 
earlier. The main interest in increasing casvtva production 
is its use [o1 animal feed, starch extraction and alcohul fuel. 
In this region, cassava is used only to a limited extent for 
human food because the sweet potato, taro and yams are 
the major staple root crops. 

Iwo CIAI cassava scientists visited the project this year 
and offered to assist with the training course next June. 
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Adoption of Selected Germplasm 

Table I shows the cassava varieties and hybrids selected lines from CIAT's breeding program have been adopted in
and distributed by CIAT that are now or soon will be in eight countries.
 
commercial production. It is noteworthy that seven hybrid
 

Table I. Cassava varietiesandhybridsseletedantddistributedby('IATatd tWowbeingl lantedio ett,ria.yorbeintg niltdtptcl.or commercial u.ie. 
Countries NI Col NI Col M Mex M Col M Ven M Pan SMI-150 CM CM CM CNI CM CNI 

1468 1684 59 22 213 51 309 323 308 192 407 305 
165 375 197 I 7 13 

Ilrail , 

Colombia , 

Cu ha
 
Dominican Republic
 

Lcuadow ,
 

Honduras , ,
 
Mexico ,
 
vcllenutla ,
 

Australia 

Philippines 
Ihailand 

Planted coiiiercially; * inder multiplication. 
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Personnel 
(as of 31 December, 1980) 

Senior staff 

* 

James H. Cock, PhD, Physiologist, Coordinator 
Anthony C. Bcllotti, Phl), Entomologist 
Abelardo Castro, PhD, Agronomist 
Guillermo G.G6mez, PhD, Nutritionist, Biochemist 

** Carlos Dominguez, MS, Training 
Rafael Alberto Laberiy, MS, Plant Pathology 
Benjamin Pinedo, MS, Plant Pathology 
Jorge Santos, MS, Utilization 

Clair Hershey. PhD, Plant Breeder 
Reinhardt Howeler, PhD, Soil Scientist 

Octavio Vargas, MS,Entomology 

Kazuo Kawano, PhD, Plant Breeder 
Dietrich Leihner, DAgr., Agronomist 
.I.Carlos Lozano, Ihl), iPathologist Research assistants 
John K. Lynam, PhD, Agr. Economist Bernardo Arias, Agronomist, Entomology 

* Romeo Obordo, PhD, Asian Regional Coordinator Eitel Adolfo Burckhard, Biologist, Soils 
(stationed in SEARCA, Los Bafios, Philippines) Luis Fernando Cadavid. Agronomist. Soils 

Julio C~sar Tor,), PhD, Agronomist Fernando Calle, Agronomist, Soils (stationed 

Visiting scientists 
in Carimagua) 

Ernesto Celis, Agronomist, Agronomy 
David Connor, PhD, Plant Physiologist Carolina Corrca. Economist, Economics 
Jesfis A Reyes, MS,Entomologist Julio Eduardo lolguin, Agronomist 
Mabrouk El Sharkawy, PhD, Plant Physiologist (stationed in ICA-Caribia) 

Visiting specialist 
Edwald Sieverding, PhD, Soil Scientist 

Julidn Hernindez, Agronomist, Soils 
(stationed in Carimagua) 

Diego lzquierdo, Economist, Economics 

Postdoctoral fellows 
Bodo Hegewald, PhD, Cassava Intercropping 

Gustavo Jaramillo, Agronomist, Agronomy 
Lucy Kadoch. Biologist, Physiology 
Javier L6pez. Agronomist, Cultural Practices 

Douglas Pachico, PhD, Economics Sara Mejia. Agronomist, Physiology 

Visiting research associates 
Pedro Millin. Agronomist, Germplasm 
Gurmdin E. Parra, Agronomy, Physiology 

Benhard L6hr, MS, Entomology Edgar Salazar, Agronomist, Soils 
Jan Margaret Salick. MS, Entomology (stationed in Carimagua) 
Hendrick Veltkamp, MS,Physiology 
Chistopher Wheatley, MS,Plant Pathology 

Ana Milena Varela, Biologist, Entomology 
Mauricio Valdivieso. Animal Scientist, 

Robert Zeigler, MS, Plant Pathology Utilization 

Research associates 
Ana Cecilia Velasco, Clin. Lab., 

Plant Pathology 
Alvaro Amaya. MS, Germplasm 
Rafael Orlando Diaz, MS, Economics 

* Left durtn , 1979 

Assigned to ' raining and ionlernces. 
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