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Foreword 

Cassava is one of the world's most important food crops, especially in the tropics where it has 
been estimated to be a staple for more than 300 million people. FAO data indicate that annual 
world production of cassava is exceeded only by six other crops. Cassava is essentially an 
energy source; and its extremely high efficiency for calorie production over a wide range of 
ecological conditions, particularly on poor soils, and with few inputs emphasizes its importance
for low-income populations. Cassava can also be stored in the ground for up to three years,
serving as starvation insurance for the small farmer when other crops fail. 

Only recently has concentrated research on cassava production begun. It was commonly
believed that cassava was a rustic crop, generally freefrom pest damage; however, recent studies 
at CIAT and other institutions have shown that insects and diseases can reduce yields
significantly. Information on cassava insects and diseases isvery limited; even more striking is 
the small number of scientists actively engaged in cassava research and the lack of trained 
personnel in cassava pest management. In Indonesia, for example, there is no crop protection
specialist working specifically on cassava although the country produces more than 10 million 
tons of cassava a year. 

Under farm conditions, cassava yields average only 5-10 t/ha, whereas under experimental
conditions yields as high as 60 tons have been obtained and commercial farm yields in 
Colombia have reached 40 t/ha. Among factors limiting yields under farm conditions are 
diseases and insects. Recent studies show that yield losses due to mites can reach 40-50%, thrips
25%, cassava bacterial blight 10-90%, superelongation disease up to 80%, and frog skin disease 
up to 90%. At present many of these pests are confined to certain geographical regions of the 
world and are not widely distributed., However, since cassava is vegetatively propagated and 
there is a continuous interchange of planting material, there is a great risk of disseminating
these agents. Until a few years ago, the green mite Mononychellus tanajoa was found only in the 
Americas. It has now been introduced into many areas of Africa, where, because of the absence 
of natural enemies, it has become a serious pest, causing estimated yield reductions of 40 
percent in Uganda. African cassava mosaic, originally found in tropical Africa and the 
surrounding islands and India, can cause yield losses as high as 80 percent. It is important that 
this disease not reach the Americas or Asia, where its vector the whitefly exists and could 
rapidly disseminate the disease. Bacterial blight was originally found in the Americas but was 
inadvertently introduced into Africa, where it is causing serious losses. 

The Cassava Protection Workshop comes at a crucial time in the development of cassava. 
There is presently a great increase in acreage planted to cassava and the existent pest/crop
equilibrium is being changed by modern technology and the introduction of new material. 
Since cassava is grown mainly by small farmers and is a low-value product, the use of costly
pesticides is prohibitive and often not easily adapted to mixed fanning systems. An effective 
pest management system based on control methods such as host plant resistance, biological
control, cultural and phytosanitary practices should be developed. 
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This workshop was planned to act as a catalyst for the initiation of a large-scale cassava pest 
management system. Scientists working with cassava pest problems in different parts of thc 
world, as well as scientists from developed countries, representing the best available expertise 
on the formulation of integrated pest management systems, attended. 

The objectives of the workshop were to (1)describe the biology, ecology and geographical 
distribution ofcassava pests, (2)estimate both present and future yield losses caused by each of 
these pests, (3) describe present control practices-for each pest and formulate strategies for 
developing an Litegrated control system, (4) discuss possible pest problems that may arise as 
more cassava production moves into monoculture with high-yielding varieties, and (5)define 
areas where more research isneeded. 

A total of 31 papers were presented on current knowledge of all aspects of cassava pests and 
their control, physiological bases of yield losses due to pests, and new developments in storage 
of fresh roots. The conclusions and recommendations reached in the final discussions were 
summarized and presented by the rapporteur of the workshop, in collaboration with the 
moderators of the individual group discussions. 

The editors 
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A physiological basis of yield loss 
in cassava due to pests 

James H. Cock* 

Abstract 

Although mites, insects and diseases can cause heavy yield losses, cassava is more tolerant to pests 
than other crops because it does not have critical periods that affect yield-forming organs. The 
components of the cassava plant that determine yield are the storage roots, apices, leaves, stems and 
petioles. The ways in which pests affect these components and thus influence yield are discussed. The 
optimum Leaf Area Index (LAI) for root growth iz apptox. 3; above this level yield decreases 
markedly. The resultu are presented of a series of simulated experiments conducted in order to 
determine (1)the effect ofpartial or total defoliation on the yield of leafy and nonleafy varieties. (2) 
the effect of shortened leaf life caused by the attack of Cercosporaspp.,(3) the reduction of the 
photosynthetic rate due to mites and African mosaic, and (4) leaf damage caused by tlrips. When 
damage to the main apex is not continuous and the other apices that become active are not destroyed, 
there isno reduction in yield and, in fact, yield may increase substantially in leafy varieties. Damage 
caused by bacterial blight, Anatrephaspp., Frwini sp. and Phoma sp. always reduces yield. When 
varieties chara-terized by a flat-topped density response curve are planted, death of plants at an early 
age produces only minimal yield reduction if the percentage of population reduction isless than 50% 
and the intial plant pop'slation ishigh. 

Diseases and pests cause severe yield losses in 
cassava; the extent of loss caused by riingle disases 
may be as high as 90%, or there may even be total 
crop failure (9), whilst insect pests an cause losses 
of more than 50% (2). When one considers Ihe 
enormous array of diseases and pests that attack 
cassava (2,9), it becomes evident that the combined 
effects of these many pests may seriously reduceyields in the field. Nevertheless, cassava may be 

yiedsfeld n teNeerhelsscasavamaybe 
more tolerant of disease and pest attacks than 

* 	 Plant physiologist, Cassava Program, CIAT, Call, 
Colombia 

many other crops because of a lack of critical 
periods in yield formation. After establishment, 
growth can be completely stopped at almost any 
time without destroying the yield-forming organs; 
this is no. generally true of reproductive crops 
when, for example, stress during flower initiation 
can cause complete crop failure. 

In order to develop an integrated pest manage
ment system, it is important to know how muchmetssmiismpratoknwhw 	 uc
damage a plant can suffer before yield is reduced, 
when damage causes greatest yield reduction, and 
what types of damage cause most serious losses. In 
this paper I have tried to present, wherever 
possible, quantitative data on losses. 
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The components of the cassava plant that stable when root number is between 9-12 at plant 

determine yield are (a) the apices which determine populations of I m 2 (6). When root number is 
potential leaf and stem growth, (b) the leaves which reduced below about 9 roots per piant, yield drops 
produce photosynthates and hence are the source markedly as the roots that remain cannot compen

of carbohydrates for root filling, (c) theostems and sate for the missing ones (Fig. 1). When thick root 
petioles which act as support for the leaves and as number is reduced early (1 1/2 mo after planting), 
the transport system of carbohydrat6s to the roots the plant compensates by thickening other roots 

and nutrients to the leaves, and (d) the storage (Fig. 2). and this compensation is greater than that 

roots which form the basic yield unit and also which occurs when root number is reduced later (3 
absorb nutrients and water. mo after planting). These data suggest that 

reduntion in root number to 9 does not reduce 

In this paper I will discuss how diseases and pests yields; furthermore, if reduction occurs early in the 

could affect these basic components and thus growth cycle the plant compensates for even 
influence yield. Field-simulated data refer to greater reduction by thickening other roots. 
modification of the plant in the field; for example, 
leaf or root clipping and computer-simulated data Dam-age to roots in the field iscaused by such 
are obtained using a cassava growth model. pests as small rodents and grubs and by diseases 

like Phytophthoraspp.. Severe reductions in thick 
root number (i.e., to less than 9) will reduce yield 

Roots and reduction will be greater when the attack 
occurs later in the growth cycle. The plant does, 

Yield depends on the number of thickened roots however, have some plasticity and early damage to 
two or thre roots per plant in a variety that has aand their size. These two components are related in 

such a way that when thick root number is high root numbr will prob-bly have little or no 

decreased, individual root weight increases (3). effect on yield. Later damage that causes root rots 

This compensation is sufficient to keep total yield or destruction of thickened roote will obviously 
reduce yield. 

Diy weight (t/ha) 

Root number per plant 

10- M Col 1513 

16

14

12 8 

o Cut at 6 weeks
6-_-o Cut at 12 weeks \ 

44 
2--- No compensation2 inroot pnumber ' 

\nrotime 
6 7 8 9 10 11 12 2

1 2 3 ,4 5 

Root number per plant I I N 
2 4 6 8 10 

Figure 1.Total cad root dry weight as related to root 
number per plant. Means of all plots that fal In each Number of roots cut 

range are presented. Root number was artificially 

reduced by cutting at 6 or12 weeks (Var. CMC 84, Figure 2. Effect of cutting thickened roots on final 
harvested at 8 1/2 montfis) root number. 
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Physiologicalbases of yield loss 

LAILeaves 

0 M Cnl 113
 

As can be seen in Figure 3, cassava has a marked 6 0 CMC 84
 

optimum Leaf Area Index (LAI) for root growth; 6 Mex 11
 
this optimum occurs at approximately three, above
 

which root yield decreases markedly (4-6, 8).
 
Presently cultivated varieties only approach this 4
 
optimum LAI for rather short periods(Fig. 4). The
 

vigorous M Col 113 in trials at CIAT exceeded the
 

optimum LAI from 4-9 months, was close to the
 

optimum at 9-12 months, but thereafter had a 2
 
suboptimal LAI. On the other hand, M Mex II
 

approached the optimum at 4 months, but from
 
then on was suboptimal.
 4 6 9 12 15 

Erinnyis ello 
the hornwormsuch asInsects 

Months after plantingconsume leaves and reduce LAI. Hornworm 

attacks may be either sporadic and devastating,
 

or continuous at low Figure 4. Development of Leaf Area Index Inthree 
causing severe defoliation, 

varieties.levels of infestation. These two types ofattack were 


simulated in the field by removing 50 percent of the LAI
 

leaves of a leafy and nonleafy variety at one time
 
5- o Control M Col 113
(Treatment I) or over a period of time, removing 


every other leaf as it formed to represent a * 0-100
 
continued attack (Treatment 2). 4 a 100-200
 

3 

In the leafy variety M Col 113, Treatment 2 had a 23
 

no effect on final yield from 100-200 days (Fig. 5). 2
 

During this period the controls had LAIs greater I
 
: I n'I
than the optimum whilst treated plants had 

suboptimal LAIs. At other stages yields were S M Col 22
 

reduced, as even the controls had suboptimal LAIs. 2
 
Similarly, nonleafy M Col 22 always had subop
timal LAIs so continuous leaf removal always 

300100 200
1) 

Yield a % control 
40 MCol'113 M CoJ. 113 

MCol 122 

Dry root weight increase (gin2 wk" 

301go 

oO 60

20 	 40• 

201I1 

100 2001 2 3 4 
Days after planting 

Figure 5. Effects of removing 50% of leaves as theyLAI 
on 7 dad leaf area

Figure 3. Root weight increase as a function of LA!. 	 form at different growth stag. 

Index.
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Cassavaprotection work.,hop 

reduced yield. Therefore, continued attacks of Root dry yield (t/ha)
 
diseases or pests that reduce leaf number will
 
reduce yields in nonleafy varieties but will have 2D
 
little effect on yield of leafy varieties during the * No attack
 
growth stage when LAI is excessive. o Attacked
 

/5In treatment I yield was not reduced when the 
attack occurred at 50 days (Table I), suggesting
 
that very early defoliation does not reduce yields.
 
In nonleafy M Col 22, 50% defoliation at 50, 100 10
 
and 200 days reduced yields markedly. In M Col
 
113 defoliation at 200 days when LAI was excessive
 
had little effect on yield. These results suggest that
 
partial defoliation causes severe yield reduction in 
nonleafy varieties but only minor reductions in
 
yield of leafy types at the time when they have large
 
LAIs. LAI
 

5-
A growth simulation model (6) was modified to 4
 

simulate complete defoliation effects on cassava
 
growth. After complete defoliation, root growth 3
 
ceases and LAI increases rapidly to a level similar 
to the control (Fig. 6). Thereafter. roat growth 2 
increases as if there had been no attack. The 
simulated yield reductions depend on varietal 
characteristics but in most cases are quite small 
(Table 2), suggesting that complete defoliation at 5 10 15 20 25 30 35 40 45 
any time during the growth cycle will reduce yield Weeks after planting 
by about 20%. It should, however, be noted that in 
the simulated plant types with high yield potential, Figure 6. Effect of hornworm attack causing complete 
the reductions are more severe. As plant improve- defoliation at 20 weeks (computer-simulated data). 
ment programs move nearer to these ideal plant cassava, producing toxins that cause yellowing, 
types, the importance of controlling pests and leaf spots and premature leaf fall. The effects of 
diseases that reduce leaf area will increase, reduced' leaf life on yield were simulated, and yield 

was reduced markedly when leaf life was shortenedThus far we have discussed damage due to (Fig. 7). Lozano and Castafilo (5) showed that 
defoliation; however, diseases and pests can affect healthy leaves had lives of 85 days whereas 
leaves in other ways. Cercospora spp. attack Cercospora-infected leaves had lives of 68 days; 

furthermore, yield increased by !4% in protected
Table I. Effects of defollatlon (50%) at different times plots. Cock (6) suggested that one of the major 

on yield ofa leafy(M Col 113)and nonleafy (M breeding objectives in cassava should be to increase
Cot 22)cassava variety. leaf life to levels greater than 100 days. If this 

becomes a reality, th,-n losses due to premature leaf 
Time of defoliation MCol 113* MCol 22* fall will be greater (Fig. 7). 

50 days 110 101 Leaves with heavy mite infestations will often 
100 days 84 85 remain on the plant for long periods of time. 
200 days 92 89 Recent data obtained at CIAT (Cock and Mejia,

50. 100, 200 days 93 78 unpublished data) show that although leaf numberis not drastically reduced due to premature leaf fall, 
the mites severely reduce the photosynthetic rate of 

' Havat data (10mo) peeented aspercentage the individual leaves (Fig. 8). Similarlyof control dry root yield 
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Physiological bases of yield loss 

Table 2. Effectsof simulated hornworm attacks at different growth stages on a nearly Ideal cassava plant und leafy 

type 

Time of hornworm attack 
(weeks after germination) 

No attack 
5 

10 

15 
20 
25 
30 
35 
40 

Dmt yield (t/ha) at II moDy 

Alagianagalingam and Ramakrishnan (1) 
demonstrated severely reduce photosynthetic rates 
in cassava leaves infected with African mosaic. The 
reduced rates of photosynthesis in mite-infested 
leaves were present at all light intensities, and it 

Dry root yield (t/ha) 

oNear ideal plant type 

25 Very leafy type 


20 

10 

5

t I I I 

4 8 12 16 20 

Leaf life (week) 

Figure 7. The effectsof changed leaf life throughout the 

growing season on yield of anearly ideal and very leafy 
plant type (computer-simulated data). 

Near ideal type* Leafy type* 
(%of control) (%of control) 

21.0(100) 7.7(100) 
22.5 (107) 8.9 (116) 

18.8( 90) 6.3( 82) 

16.1( 77) 6.2( 81) 
15.9 ( 76) 5.4(70) 

16.8(80) 4.6(60) 

18.0 ( 90) 5.6 ( 73) 

16.4 ( 82) 5.8 ( 75) 

17.6( 84) 5.5( 71) 

must be assumed that these levels of attack will 
greatly reduce crop growth rate. Simulations 
showed that only a 10 percent reduction in crop 
growth rate decreases yield by more than 20 
percent; hence the tremendous deciease in 
photosynthetic rate caused by mites has a poten
tially enormous negative effect on yields. 

Certain pests (i.e., thrips) neither cause leaf fall 
nor greatly decrease photosynthesis; however, they 

do cause leaf distortion and reduced leaf size. 
Schoonhoven (4) showed yield losses of 25 percent 
due io thrips attack. Thrips cause leaf distortion 
and reduce leaf size. When the effects of leaf size 
on yield were determined by the simulation model, 

mg CO2 dn-2 hr" 

1-. 4th leaf clean 
o--o 4th leaf infected MCol 72 

4"--- 12th leaf clean 
.o 12th leaf infected 

30

10.. /0. .- . 00. . . .

'. 

500 1000 1500
2Light intensity (/E m sec' t) 

Figure 8. Effect of heavy mite infestations on 
photosynthetic rate. 
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Casavaprotection workshop 

it was found that yields could be severtly reduced 
(Fig. 9); however, small reductions in leaf size (600 
cm2 maximum to 400 cm2 max%imum) in near ideal 

types cause small yield reductions. Hance the phant 
can tolerate iow levels of this type of attack with 
virtually no loss, and in the case of leafy types, a 
reduction in leaf size may actually increase yields. 

Apices 

In the initial stages of growth, cassava has a 
single active main apex. As growth continues, 
lower axilliary buds may develop into sucker 
branches; or two, three or more equally sized 
branches develop from the axilliary buds directly 
below the main apex. 

When apices are damaged by insects such as the 
shoot fly (Silba pendula) and thrips, 'pical 
dominance is also destroyed and axilliar) buds 
develop. Except in very severe attacks, one of these 
axilliary apices becomes dominant and plant 
growth continues as before. Removal of apices 
from 6 to 8months at two-week intervals in M Mex 
I reduced yield of dry roots by less than iO 
percent; removal of up to 75 percent ofthe apices in 
the very leafy variety M Col 113 increased yields 
substantially (Table 3). Thus damage to the main 
apex, if not continuous and attacking all new 
apices that become active, has little effect on yield 
and may even increase it in leafy varieties. In fact in 
Costa Rica higher yields were reported from plots 
infested with Silba pendula. Furthermore, model 
simulation data suggest that reduction in active 

Yield (t/ha) 

* Near Weal plant type 

20 o Very leafy plant type 

IS 

10 

5 

iOO 200 300 400 500 600 700 
L in cm2/les) 

Figure 9.Effect of leaf sizemaximum onyield ofanear 
ideal and a very leafy cassava variety (computer
simulated data). 

apex number, especially .fom six months after 
planting, has little effect on yield even in the nearly 
ideal plant types predicted by the model. 

Stems 

The cassava stem acts as an active transport 
syster i of water and organic material and also as a 
support system for the foliage. Cassava bacterial 
blight blocks xylem transport (10), causing wilting 
of the leaves, which later die and fall. It is self
evident that this type of damage causes yield loss. 

Anastrepha spp., in conjunction with Erwinia 
rots, weaken stems so that they are unable to fulfill 
their supporting role. Stems often double under 

Table 3. Effects of reduction ofapex number 5months after planting on growth ofM Col 113, harvested at 10 months. 

Apex no. Fresh root Dry root Dry stem Harvest 
reduction yield yield wt index 

(%) (t/ha) (t/ha) (t/ha) (%) 

0 33.6 11.3. 12.5 44 
25 38.5 13.3 12.7 47 
50 39.7 13.6 12.0 49 
75 40.3 14.0 11.8 49 

Significant NS 
differences 
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Physiologicalbases of yield loss 

th.ir own weight and the leaves above the break 

die. Obviously, yields are reduced. The same 

happens when Phoma spp. attack susceptible 
cultivars. 

Loss of plants 

In certain cases heavy disease or pest infestations 
may cause complete loss or death of plants. In the 
germination phase many fungi (9; Lozano, per-

a large nmber ofsonal communication) and 
as cutworms (2; Bellotti, personalinsects such 

reduce germination. Incommunication) may 
addition to reducing plant populations, this r',sults 
in a plant arrangement that is not square. Cuck et 

al. (6) showed that certain varieties had a flat-
topped density response curve between 10 and 30 
thousand plants per hectare (Fig. 10). If these 
varieties are used, yield reduction due to reduced 
plant population, when population reduction is 

about 50%, should be minimal if high plant 
populations are planted. Furthermore, reccnt work 
(Castro, unpublished data) shows that changing 
from square planting to a rectangularity of 1:2 has 
little or no effecz on yield. In other works, if high 
ini':l populations are used with varieties that have 
flat-topped density response curves, early plant 
death "'ill cause only small yield losses if there is 
less than 50 percent mortality. If death occurs later 
in the plant growth cycle, the yield already formed 
will be lost due to root rots and thus final yield will 
be reduced. 

Conclusions 

Both field data. and computer simulation 
confirm that cassava is relatively tolerant to disease 
and pest attacks because of abundant chances for 
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Figure 10. Fresh root yields of five cassava cultivars 
harvested at 11 months. 

yield recovery after damage. P.elatively minor yield 
losses result from (a) early plant death on a 
moderate scale, (b) reduction in active apex 
number, (c) small decreases in root number, and (d) 
small reduction in leaf size. On the other hand, 
yields are severely reduced when (a) leaf life is 
reduced, (b) photosynthetic rate is reduced, (c) 
stems are severely damaged, and (d) there is a high 
percentage of early plant death. 
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General considerations on cassava pathology 

J. Carlos Lzano* 

Abstract 

The increase in the area planted to cassava has increased the pathological and 

entomological problems of this crop. Emphasis is placed on the lit-le research that has 

been undertaken in the field ofcassava pathology, as well as the lead that the international 

centers have now taken in this respect. At the national level, special programs have 

already been established in Brazil, Mexico, Thailand, the Philippines, Malaysia and 

India. At present, more than 30 diseases of cassava induced by viruses, mycoplasmas, 
fungi have been reported. The principalviruslike causal agents, bacteria and 

The specialcharacteristics of the causal agents are summarized in table form. 

characteristics of cassava that should be taken into consideration by plant protection 

specialists ,vhen designing research programs are discussed. The following methods of 

control are recommended: (1) establishment of quarantine regulations for imported 

planting material and formation of centers to produce certified cassava seed; (2) cultural 

control methods -host eradication, crop rotation, sanitary measures, improvement of 

growing conditions, preventive measures against high soil moisture and the use of tissue 

culture techniques to produce AMV- and CBB-free plants; (3) biological control; (4) 

physical control methods-microwave, ultraviolet and heat treatments; and (5)chemical 

control. The major problems that may be encountered by plant pathologists during the 

screening and evaluation of varieties are discussed briefly. 

Introduction 

Cassava (Manihot esculenta Crantz) is a long- Cassava has been considered to be a hardy crop, 

season, tropical perennial, which has been grown resistant to both diseases and insects; nevertheless, 
it is now known that there are devastating diseasestraditionally with limited inputs on unfertile soils 

by people from the lower income strata (22). 	 and insects that can induce heavy losses of more 
than 50 percent (2-3, 9-12) or even cause complete 
crop failure in certain areas (9,38). The world 
average yield of cassava is only 10 t/ha. (22-23, 51).

Plant pathologiltjBacteriologist. Camava Program, CIAT, Cali. 
In experimental research stations, 40 t/ha have

Colombi, 
17 



Cassava protection workshop 

been obtained with relative facility (10-12); and relatively limited. At present it is not always 

to whether two scientists aresimply by using disease-free planting materh Iand possible know 
than 20 t/ha working on the same organism because there is ainexpensive cultural practices, more 

in lac:. of knowledge as to the true identification ofhave been reached with traditional varieties 
the pathogen. For example, it has not yet beenregions where yields are no higher than 4 to 7 t/ha 
proved that Afr'can and Indian mosaic are caused(12, 45). 
by the same virus. The following isa summary of 

As a renult of ,he shortage of carbohydrates for the most important features of reported cassava 

both human and animal consumption, as well as diseases. 

the many industrial applications of cassava (51), 

the cultivation of this crop is being expanded 
Viruses. viiuslike organisms and mycoplasmasin area planted tocontinually. This increase 

cassava has obviously led to an increase in 

pathological and entomological problems. Five viruses have been reported attacking 

cassava (3, 16, 35). Geographically speaking, 
Research in the field of cassava pathology has brown streak virus(BSV) and African mosaic virus 

been especially limited. Of a total of around 4500 (AMV) are restricted to Africa, but the latter has 

articles on cassava, only 300 deal with cassava also been reported in India (48). Common mosaic
 

pathology, approximately 4) percent of which (CMV), leaf vein mosaic (LVMV) and latent
 

were written during the past seven years. In viruses LV) are restricted to tropical America,
 

addition, few scientists (no more than 20) are (116.35). bit it appears that CMV is also found in
 

presently working in this area; and in many cases Indonesia (Wooth, personal communication) and
 

they are handicapped by having too many other that there is another LV in Africa (3).
 

responsibilities and insufficient physical facilities.
 

A primary objective of this workshop is to suggest In addition to their sharp geographical distribu

for cassava can be tion. there are several differential characteristicshow integrated pest contiol 

developed. Many of the suggestions will most likely or each virus (Table I). Considering distribution,
 

require close cooperation among the different incidence and losses, AMV is the most important 

institutes if their implementation is to be viral disease of cassava because it has a motile 
vector (the whitelly Benisia spp.), is widelysuccessful. I hope that this workshop will Orovide 

the bases for this future collaboration. distributed in tropical Africa and can cause losses 
of more than 80 percent (3). 

pathology
The statuis of cassava 

A great deal of research is needed to elucidate 

Because of the interest several countries have 	 certain aspects of each ofthese viral diseases. Inthe 

case of BSV, for example, there are controversiestaken in improving the cassava plant and expan-
ding its cultivation, special programs with full-time regarding the shape of its particles (3, 29), hosts and 

researchers trained in cassava pathology have methods of dissemination (3, 20, 29), which have 

already been organized in Brazil, Mexico, only confused the status of this disease. 

Thailand, the Philippines, Malaysia and India, as 

well as in the international centers. Since some of A new disease ("frog skin") of cassava was 
(12-13). Plantsthese researchers were trained at CIAT, a recently described in Colombia 

cooperative link has been established with these affected by this disease do not produce swollen 

institutes by means ofjoint projects, interchange of roots. Frog skin can be disseminated by diseased 

information, or consultation. This type oflink also cuttings, mechanically, and by grafting (12-13). 

exists between IITA and several African countries. The etiology of the causal agent and the 
epidemiology of the disease are still unknown. 

About thirty cassava diseases induced by viruses, 

viruslike causal agents,-mycoplasmas, bacteria and A mycoplasmal disease of cassava has been 

•fungi have been reported (38). The information reported in Brazil, Venezuela, Mexico. the Amazo

available on the etiology of the causal agents, as nian region of Peru (16, 18, 38) and Guatemala 

well as the epidemiology of these diseases, is (Cock, personal communication) and in the Ivory 
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Table 1. Characterization of cassava viruses. 

Virus Distribution Symptoms Losses 

Particle 

morphology Transmission Hosts Control 

African mosaic Africa, India (33, 48) Yellow mosaic, leaf 

curling and crinkling, 

stunting (20, 33) 

Morc than 50% (3) Paired polyhydral, 

isometric (3) 

Cuttings, Bemisia 

spp. (3, 7) 

Manihot spp., Nico-

tiana clevelandii 

(3, 7) 

Roguing, disease

free cuttings, rc

sistant cultivars (3) 

Brown streak East Coast Africa 

(33-34. 49) 

Yellow leaf patches, 

necrotic vein etch 

(20. 34, 49) 

Unkno%%n Paired, polyhydral, 

isometric (3 ?); 

lkng flexuous rods 

(29'?) 

Cuttings, grafting, 

mechanical (35), 

insects (3) 

Petuniahybrida. 

Daturastramonium 

N. glucosa, N. rustica, 

N. tabacum. D.Jerox 

Scianum nigrum. 

Salpighosissinuata(29) 

Roguing, disease

free cuttings (3) 

Common mosaic Brazil. Venezuela 

Peru, Colombia (16. 38) 

Yellow mosaic, leaf 

curling, stunting (!6) 

10-20 % based on 

plant yield (16) 

Long fiexuous rods 

(16, 30) 

Cuttings, grafting, 

mechanical (16) 

Manihot spp.. Cheno- Roguing, disease

podium amaranticolor. free cuttings (16) 

C.guinoa. Malva pervilora. 

Gossypium hersutum 

(16, 30) 

Leaf vein mosaic Brazil. Venezuela 

(16, 18) 

Vein clearing, 

leal tip curling, 

stunting (16. 18) 

Mild (16) Polyhydral, 

isometric 

(30-31) 

Cuttings, 

grafting, 

mechanical 
(16,30) 

Manihot spp., 

D. stramonium 

(16) 

Roguing, disease

free cuttings (16) 

Latent Brazil (16) 

Africa (3,4) 

Symptomless None Rhabdovirus 

(16), paired, 
polyhdral 

(3-4) 

Cuttings and 

grafting (16), 
insects (3) 

Manihot spp., 

Euphor
biaceae and 

Solanaceae 
(16) 



Cassavaprotection workshop 

Coast (21). Known as "superbrotamento" or Foliar diseases 
witches'-broom, the disease can be recognized by 
several different syndromes: (i) stunting, shorten- [he most important in this group are 
ing of internodes and proliferation of branches; (2) superelongation (Sphaceloma tianihoticcla),Cer
proliferation of shoots from the cutting; or (3) only cospora leaf spots (C. vicosae, C. honningsii, C. 
a few weak and stunted shoots germinating from caribaeaand C manihotae) and concentric-ring 
the cutting (16, 46). The reason for the occurrence leaf spot [Phoma (Phyllosticta) spp] , inducing 
of these differnt syndromes is unknown, but it has yield losses that range from 17 to 80 percent (9-10, 
been suggested that they may be due to the 32, 38). C.henningsiiand C. vicosae also reduce the 
existance of different mycoplasmal biotypes (16, starch content of the roots ( 13, 57). Their incidence 
38). As this disease is only disseminated by using is worldwide, except for S. inanihoticola, which is 
diseased cuttings and by mechanical means (16. present only in the Americas, and Phoma spp.,
18), its incidence is relatively low (16, 38). 	 which are restricted to the cooler cassava-growing 

areas (32, 38). 

Bacterial diseases 	 Other diseases whose incideince and sevrity are 
moderate and thus considered of minor impor-

Several bacterial species have been reported on lance are cassava rust [six species of Uromyces 
cassava (38), but only Xanthomonas manihotis (33)]. anthracnose (Colletotrichuni spp. and 
(cassava bacterial blight) (36), X. cassavae Giloeoworium spp.), cassava ash (Oidium 
(bacterial leaf spot) (58), Erwinia carotovora var. tnanihotis)and Periconia leal'spot (Periconia spp.) 
caroiovora (E. cassavae) (bacterial stem rot) (24, (12, 38). Anthiacnose appears to be the most 
47) and Agrobacterium sp. (bacterial stem gall) common, causing defoliation. dieback and stem 
(13) have been established as being truly cankers (38). 1he extent of damage and yield 
pathogenic to cassava. Bacterium robici was reduction iaduced by these minor diseases are still 
reported as a cassava pathogen (56," however, no unknown, but anthracnose appears to be quite 
type culture is known nor has it been isolated since important in West Africa. 
it was first reported. It appears that it was mistaken 
with E carolovora var. carotovora (E. cassavae). Stem pathogens
Pseudomonas solanacearum has also beenPseuonioasslanaearu hasalsobeen This group of' pathogens are of' importance in 
reported as a pathogen of cassava (28); but recent ths grou then are of impran 
inoculations with races of this bacterium have cassava because they can affect the quality and 
showed that cassava is not a host. Since X. sanitary conditions of planting material, reducing 
manihotis forms white, mucoid, slimy colonies in germination and plant vigor (45). There are severalsugar media, as does P. solanacearum, the 	 pathogens that can attack the stems, but their 
idntificationof thispathogen couldalso havebeen incidence is dependent upon high relativemistaken, humidities and stem injuries caused either byinsects or mechanically. 'he most common stem 

The bacterial pathogens of cassava can be pathogens are Glornerella spp. and Botryodiplodta 
differentiated on the basis of symptomatology in spp. Several unidentified ascomycetes and 
addition to their cultural characteristics (Table 2). basidiomycetes, are also found attacking stored 
Cassava bacterial blight (CBB) ;s the most stem pieces and old cassava left in the fields during 
important bacterial disease and the ene that has the rainy seasons (38, 45). 
been most investigated (10-12, 25, 36, 38, 40-41, 
43); however, there are many spectsof this disease Root rot pathogens 
and its causal agent that are still unknown. These soil-borne fungi attack cassava roots 

before or after harvesting. Those that attack the 
Fungal diseases roots pribr to harvesting generally induce soft or 

dry rot. Their presence is related to (a) poor
Around twenty funga! species have been drainage conditions of heaw,) clay soils 

reported as being pathogenic to cassava, inducing (Phytophthora spp. and Pythium spp.) and (b)the 
foliar, stem or root rot diseases, 	 crop or vegetation growing before cassava is 
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Table 2. Differential characteristics of presently identified bacterial diseases of cassava 

Cultural 

Diseases Species Symptoms features 

Cassava bacterial X. manihotis (40-41) Leaf spotting, blight, gum Fast growth; slimy, 

blight exudation, wilting, leaf fall 

dieback, dry rotting of 

mucoid and white colo-

nies (36, 40) 

vascular strands of stems 

and roots (36, 40) 

Leaf spotting, leaf yellowing, Slow growth, yeliow
Cassava bacterial 	 X. cassavae(58) 

leaf fall (58) 	 pigment; small slimy
leaf spot 

colonies (25, 58) 

Fast growth; hydrolyzes
Cassava bacterial 	 E carotovoravar. Top wilting, stem soft 

sodium pectates (47)
stem rot 	 carotovora (E. rotting, pith necrosis 

cassavae) (12-47) (12, 47) 

Fast growth; white slimy
Cassava bacterial 	 Agrobacterium sp. (!3) Stem galls, stunting (13) 

colonies (13)
stem gall 

Dissemination 

Infected cuttings; rain 

and soil splashing (10, 

36): insects (10); in-

fested tools (41) 

Rain splashing (53) 

Insects (Anastrepha 

spp.) (47) 

Infected cuttings (13); 

infested soil 

Control 

Resistant varieties; 

disease-free planting 

material and crop ro

tation (36, 41, 55) 

Unknewn 

Insect-resistant vari

cties (12, 47). insect
 

control (2. 46), clean
 

planting material (45) 


Clean planting 

material (13), 

crop rotation 

1 
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planted [Rigidoporous (Fomes) lignosus, 
Rosellinia bunodes, R necatrix,Sclerotiumrolfsii 
Armillariella mellea, Rhizoctonia sp., etc. (38).]. 
Many fungi, both soil-borne saprophytes and 
parasites, can attack harvested roots through 
wounds caused during the harvesting operations. 
The intensity -of damage induced by these 
organisms is related to the flora able to metabolize 
the root tissues, as well as to the mechanical 
damage done to the roots during harvesting, 
packing and shipping. 

Characteristics of the hogt/pathogen 

relation 

When looking at pathological problems, the 
following facts about cassava should be taken into 
consideration by plant protection specialists when 
designing research programs. 

I 	 Cassava is a perennial; this favors the perpetua
tion of pathological problems in areas where it 
is cultivated. Although the plants are removed 
at harvesting, volunteer plants are almost 
always present because cassava has a good 
germinating capacity. Volunteer plants may 
arise from stem pieces that are either left in the 
field in the form of debris or incorporated into 
the soil after harvesting. The true seeds also 
have a good germinating capacity (27). 

2. 	 Cassava is a woody crop (53). Many pathogens 
that attack forest trees, perennial woody crops 
and even herbaceous annuals can be 
pathogenic to cassava. Some of these have 
already been reported attacking cassava (38), 
and many others are potential pathogens. 

3. 	 Cassava is a long-cycle crop, being harvested 
from 8 to 24 months after planting. FP:nting is 
often done over a long time period; 
consequently, plantations of different ages are 
found in many cassava-growing areas. 
Therefore, in the absence of resistant varieties, 
susceptible tissue is always available so 
pathogens are under stress mostly from 
climatic and edaphic factors. When pathogens 
require insect vectors for dissemination, the 
latter are also under this stress. 

4. 	 Because of its long growth cycle and lack of 

critical growth stages for yield, it appears that 

22 

cassava can tolerate moderate attacks of pests 
and diseases, often with only minor yield 
reduction (14). 

5. 	 Since cassava is normally propagated 
vegetatively, top-quality planting material is 
essential for good establishment, healthy 
stands and high yields (45). Moreover, 
vegetative propagation facilitates the perpetua
tion of highly promising hybrid material (27). 
Great care must be taken in selecting this 
propagating material since losses in stand, 
resulting from the use of diseased and/or poor
quality planting material, affect yields (13, 45). 
Furthermore, the movement of planting 
material from one area to another always 
involves the risk of introducing pests and 
diseases (37, 39). 

Suggested control methods 

In order to control cassava diseases better, it is 
necessary to integrate simple control measures 
related to exclusion, eradication, protection and 
host resistance. The following methods of control, 
based on Agrios' system (I), have been or should be 
taken into consideration by cassava pathologists: 

Regulatory control methods 
The most important cassava diseases (CBB, 

African mosaic and superelongation), as well as 
others that are potential risks (frog skin, American 
viruses and mycoplasmas, bacterial stem rot and 
stem gall), arc fortunately still restricted to certain 
continents or geographical areas (37, 39, 42). In 
order to prevent the introduction and spread of 
these diseases to other areas, countries must not 
only establish quarantine regulations and inspec
tions but must alsosee that they are enforced by 
their plant sanitation officers. Since several 
Suphorbia spp. and Manihot spp., commonly 
planted as ornamental trees, are also hosts ofsome 
cassava diseases (see No. I under cultural control 
methods), quarantine regulations must also cover 
importations of these species. It might be 
worthwhile to promote the formation of centers 
that would produce certified cassava seed under the 
supervision of sanitation inspectors. 
Cultural control 

The following cultural methods can be applied to 

control some cassava diseases: 
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Host eradication. Euphorbiapulcherrinia( 12), 
E heterophylla and other species of Euphorbia 
(12, 54) and Manihot glaziovii (32) have been 
reported as hosts ofS.manihoticola, the causal 
agent of superelongation. Other weeds and 
Manihot species have also been reported as 

hosts of viral diseases of cassava (35). The 
eradication of these species in cassava-growing 
areas could prevent the perpetuation of such 
diseases or e.'c eradicate them. 

2. 	 Crop rotation. Soil pathogens of cassava can 
sometimes be reduced in number or eliminated 
by rotating cassava with gramineous crops or 
by crop fallowing. Phytophthora root rot, for 
example, can be eliminated after a six-month 
period of crop fallowing. Since cassava is a 
long-cycle crop, this particular control 
measure could be of great importance. 
kthese 

3. 	 ;anitary measures. It has been demonstrated 
that American viruses and mycoplasmal 
diseases, as well as AMV, caa be controlled 
effectively byroguinginfectedplants(3, 16). By 
using disease-free planting material, dis-
infesting tools and applying other sanitary 
precautions for the laborers, CBB dissemina-
tion has also been prevented (36, 41). 

4. 	 Improvement of growing conditions for 
cassava plants can be achieved by planting 
healthy, high-quality propagating material 
(45). Cultural practices such as drainage of 
fields, planting on ridges, proper spacing of 
plants and weed control will improve plant 
growth. These practices can also affect, directly 
or indirectly., the control of damping-off, root 
rot and foliar diseases of cassava. 

5. 	The formation of high humidity conditions 
under the plant canopy can be prevented by 
leaving greater distances between plants, which 
may inhibit infections caused by foliar 
pathogens (S.manihoticola,Cercospora spp., 
etc.). It is interesting to note that Cock (14) 

suggests a relatively sparse leaf cover for 
maximum yields, which should also lead to less 
favorable conditions for such diseases. Good 
soil drainage can also reduce the number and 
activity of Pythium spp. and Phytophthora 
spp., which have induced considerable losses in 
areas where rainfall is heavy (more than 1200 
mm/yr)and planting isdone on the flat (8,50). 

6. 	Tissue culture has been reported to be a useful 
technique for producing AM V-(16) and CBB
free plants (43; Takatzu, personal communica
tion). 

Biological methods 

Varietal resistance to CBB (X. manihotis) (36, 
41), AMV (3, 56), Cercospora leaf spots (C 
henningsiiand C. virosae) ( 11, 12), concentric-ring 
leaf spot (P. manihoticola) (10, II, 12) and 
superelongation (S.manihoticola)(I1, 12, 32) has 
been reported. The use of resistant varieties to 
control these diseases appears to be the best means 
of producing acceptable yield without expensive 
inputs. Results to date on resistance to these four 
diseases have indicated that the variability of their 
causal agents islimited and that there is good, field
stable resistance. Possible explanations are that 

pathogens are specific to cassava, the plant is 
heterozygous, and continuous susceptible host 
tissue isavailable. In the case of superelongation, it 
was found that the resistance of certain varieties 
broke down after three years of contTnuous 
cultivation. Recently, the existance of 
physiological races was reported, which was to be 
expected since the pathogen has other annual and 
perennial Euphorbia host species (12, 54); this also 
indicates that cassava is a new host and the 
pathogen possibly evolved first on these wild host 
spccies. 

The mycoparasitism of Darlucafflum reported 
on Uromyces spp., pathogenic to cassava (12, 22), 
should also be taken into consideration. 

Physical control 

Microwave, ultraviolet light and heat treatments 
have been used to eradicate pathogens infecting 
cassava cuttings (9). Treating cuttings with hot 
water controls witches'-broom successfully (17). 

Chemical control 

It iseconomically feasible to use chemicals (a)to 
sterilize seedling beds when using the rapid 
propagation system (15); (b) to treat cuttings 
before storage and/or planting because of the 
protectant (11-12) or eradicant[in the case of S. 
manihoticola (12, 45)] effect; (c) to prevent 
postharvest microbial deterioration of the roots 

23 



Cassavaprotectionworkshop 

(44), and (d) to reduce the incidence of AMY and 

BSV, which are disseminated by Bemisia spp. and 

Anasthrepha spp., respectively (2-3, 7). Neverthe
less, continued chemical control of foliar diseases 
would be prohibitively expensive since cassava is a 
long-cycle crop. 

Methodological problems 

Several problems may be encountered by 
cassava pathologists, especially during the screen-
ing and evaluation of varieties and hybrids. The 
following are the most common: 

1. 	 Plant yield can be highly variable if ap-
propriate planting material, chemi,al treat-
ment of cuttings (45), agronomical practices(6, 
45) and weed control (19) are not used. As 
cassava is a shrub, the border effect between 
plots may also induce variabilities. Optimum 
plot size should be used (52). 

2. 	 Root ot aproblems can reduce plant pop-
ulationi unit area and thus yield. In many cases 
they are noticeable only when harvesting. The 
use of high-quality, disease-free planting 
material (45), as well as good agronomic 
practices (6), should lead to the reduction or 
prevention of these problems. 

3. nanycasesthesanitaryconditionsandvigor 
of the aerial part of the plant do not bear a 
relationship to high yield. Vigorous, healthy 
plants caniyield less than others because of 
their poor genatic yielding ability. It should be 
kep in mind that from a commercial stand-
point theroots are the most important part of 
the plant. 

It takes more than two years to obtain 
progenies by sexual recombinations (27), and 
there are always limitations of planting 
material for the evaluation of desirable 
characteristics. Consequently, it seems logical 
that evaluation programs would, in the short 
term, be more efficient if they were restricted to 
promising high-yielding progeny of controlled 
crosses [cross-pollination in cassava is high 
(27)]. In addition, the incorporation of 
resistance should be restricted to those diseases 

that have been shown to cause losses of 
economic significance. 

4. 	 There is a high degree of overlapping of 
symptoms induced by diseases, insects and 
environmental or edaphic factors. This can 
easily lead to mistakes in final evaluations. 
Consequently, an accurate definition of the 
different symptoms for each disease must be 
kept in mind when evaluating for resistance. 
For example, cassava bacterial blight isable to 
induce angular leaf spots, blight, gum exuda
tion on shoots and green stem parts, leaf fall, 
wilting, dieback, and vascular discoloration of 
the stems and roots. On the other hand, 
angular leaf spots are also induced by 
Xanthnvonas cassavae; blight by Cercospora 
vicosae and Phoma spp.; gum exudation by 
shoot flies or as the result of mechanical 
injuries; leaf fall by fungi (Cercospura 9pp., 
Phoma spp.). bacteria (X. eassavae), soil 
salinity and drought; wilting by Erwinia 
carotovora var. cartotvora(E cassavae)and 
root rot pathogens: dieback by Phona spp., 
Sphaceloma manihoticola, mites, thrips, soil 
salinity and drought. and vascular discolora
tion by root and stem fungi, as well as E. 
carotovoravar. carotovora(E. cassavae). 

5. 	 Greenhouse evaluations require space and 
control conditions, which imply costly equip
ment. Diseases such as Cercospora and 
concentric-ring leaf spots and superelongation,
which are endemic to areas where en
vironments favor their incidence and severity, 
can he evaluated better under local field 
conditions. Those diseases where field evalua
tion does not show even infection and/or there 
is an overlapping of symptoms induced by 
other factors sudh as CBB) are better and more 
accurately evaluated under greenhouse con
ditions. Subsequent field evaluations of the 
greenhouse-selected material are recommend
ed. 

The above considerations are given with the 
hope that they will contribute towards understand
ing the pathological problems of cassava. 
Although the uniqueness of this crop requires that 
pathologists look at these problems quite different
ly from other crops, the integrated control of 
disease and pests could be highly successful in 
cassava.
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An overview -of cassava entomology 

Anthony C. dlotl 

Abstract 

Research on mites and insects that attack cassava has show,, that they arm facmors thnt limit yield.
 

Furthermore, the decrease in genetic variability due to the development of g-netically uniform
 

varieties tends to increase the incidence of epidemics and epiphytotics. The mite Tiranychus urtlicae,
 

crickets, termites, leaf-cutter ants, grubs, cttworms and the scale insect A. albus are considered as
 

cassava-growing areas. Insects that attack 
universal pests of cassava since they are found in almost all 

cassava over a prolonged perind cause more damage than those that attack tie plant only at certain 

on various factors; but under conditions at CIAT,it was 
times. The degree of damage depends 
greatest from the 2nd-6th mo of growth. Insects that attack cassava can be divided into 3categories: 

(I) those that attack vegetative planting material (fruit flies, stemborer,, scale insects, grubs and 
sap-sucking pests, leaf 

cutworms); (2) those that attack the growing plant; foliage consumers, 

deformers, and bud and stem borers; and (3)those that attack stored cassava planting material and 

dried products (more than 38 insects, mostly Coleopter.). The status of entomological research on 

cassava is indicated and the areas where further research is recommended are given. The factors that 
presented.

be taken into account when establishing a pest management program are 
should 
Biological control and host plant resistance are described in detail because of their vital importance 

to integrated control programs that should also include the careful selection ofplanting material, use 

of sound cultural practices, resistant varieties as well as the use of phermones, attractants and growth 
should aim at the

that studies on resistance to diseases in cassava
regulators. It is rca-cluded 
development of horizontal resistance since it is stable and involves less risk in the development of 

biotypes. Since major characters are inherited in an additive manner, this can be an effective tool in 

increasing resistance in genotypc: that have low levels of resistance. A table ispresented on the mite 

and insect complex, giving data on alternate hosts, yield losses, areas where they are found, and types 

of damage caused. 

Introduction 

throughout the tropical regions of the world. It has 
Historicall', cascava has received limited atten-

often been reported that cassava is a"rustic crop,"
and technologists,tion from entomologists 

generally free of arthropod pests. Nevertheless, on-
Cassava is a perennial shrub of the Euphorbiaceae 

going research at the international centers, as well 
that is often grown by subsistence farmers 

as investigation being carried out by several other 

scientists, is showing that insects and mites are 

cassava production. Presentlimiting factors in 
* Entomologist, Cassava Program, CIAT,Cali, Colom-

world cassava yields under small farm conditions 
bia 
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average only 5 to 15 t/ha. Experimental yields have 
exceeded 50 t/ha (11, '9) and commercial yields in 
Coelombia have exceeded 40 t/ha. These figures 
i~r.cate that there are several factors limiting 
production under farm conditions, one of which is 
pests. 

In recent years there has been an increase in 
interest in cassava, not only for traditional uses as a 
human food but also for animal feedrtuffs and 
industrial uses (19). Cassava has traditionally been 
cultivated by small farmers, often in association 
with other crops. There is considerable genetic 
variability in this system as each area or zone is 
often planted to several different varieties, 
However, as cassava production increases and 
traditional methods are replaced by larger plan-
tations with more modern technology, pressure 
due to insects and diseases may increase. Genetic 
variability will tend to disappear as new, genetical-
ly uniform, high-yielding varieties replace the 
many traditional varieties presently being grown. 
This genetic uniformity is an invitation to disaster 
from pest epidemics and epiphytotics. Since the 
role of entomologists and pathologists in future 
cassava production will become more important, it 
is necessary that systematic entomological and 
pathological research be initiated in areas where it 
is presently lacking and the interest of scientists and 
institutions be sought to assist in this effort, 

Distribution of 
cassava pests 

Cassava originated in the Americas, was later 
taken to Africa and more recently introduced into 
Asia (23). As expected, the greatest diversity of 
cassava pests reported attacking cassava is from 
the Americas (Table 1). Several of thesz pests, such 
as the mite (Mononychellus tanajoa), the cassava 
hornworm (E-rinnyis ello), the shoot fly (Silba 
pendula), the fruit fly (Anastrephamanihoti, A. 
pickeli), the cassava lace bug (Vatiga manihoti),the
white scale (Aonidomytilus albus), thrips 

(Frankliniella williamsi) and certain stemborers, 
do not appear to have a wide host range, mainly 
attacking cassava or other Manihot species. Of 
these, oily thc green mite M. tanajoa(Africa) and 
the white ocale A. albus (Africa and Asia) are 
i,.pnrted attacking cassava outside of the 
Americas. 

Those pests that are identified attacking cassava 
in nearly all cassava-growing areas are usually 
universal pests with a wide host range. These 
include ihe mite Tetranychus urticae, grubs, 
cutworms, leaf-cutter ants, crickets and termites. 
Because of the few entomologists working on 
cassava, it is difficult to get a precise picture ofpest 
distribution, and accurate identification of many 
pests is lacking. Indications are that surprisingly 
few pests specific to cassava have disseminated to 
other areas. The advent of jet travel probably 
precipitated the movement of the M.tanajoamite 
into Africa. The White scale A. albus, found in 
nearly all cassava-growing areas, appears to be the 
most universal cassava pest. The dissemination of 
this scale probably .aes back to the initial 
shipmcnt of vegetative planting material by boat to 
Africa and later to Asia. It is difficult to detect the 
presence of this grayish colored scale on vegetative 
planting material. It is also possible that some 
movement of stemborers occurred through tae 
movement of planting material. 

Crop losses due to 
insects and mites 

Insects can damage cassava plants by attacking 
the buds and leaves, reducing growth and 
photosynthetic area and efficiency; by attacking 
stems, which weakens the plant, inhibits nutrient 

transport and reduces the quality of planting 
material; and by attacking planted cultivars, which 
leads to microbial invasion, reducing germination 
and yield. Some insects such as whiteflies or fruit 
flies are vectors or disseminators of diseases while 
others attack the roots, which can lead to 
secondary rots (3). 

Depending on ecologica! conditions, the grow
ing period of cassava is from 8 to 24 months. 
Recent studies indicate that insects that attack the 
plant over a prolonged period, such as mites, 
thrips, scales, mealybugs, whiteflies and stem
borers, may reduce yield more than those that 
defoliate or damage plant parts for a brief period; 
i.e., hornworms, fruit flies, shoot flies and leaf
cutter ants. This is because the cassava plant 
appears to be able to recover from this type of 
damage under favorable environmental con
ditions, with rainfall being the critical factor. 
Cassava is often grown in regions with prolonged 
dry seasons and infertile soils. Tese additional 
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factors of water stress and poor fertility will 
compound damage caused by mites, thrips, lace 
bugs and scales, whose populations tend to 
increase during dry periods (13). 

Yield losses in cassava due to a particular pest 
are often difficult to measure, and most of the 

does include goodliterature available not 
. Cassava is often attacked by aeconomic loss 

complex of sevcral ptsts, making it difficult to 
determine losses due to just one. Losses due to the 
r-ite M. tanajoa are reported as high as 46 percent 
in Africa(33), while experiments at C1AT (14) with 
a complex of four mite species (M. tanajoa, M. 
mcgregori, Tetranychus urticae and Oligonychus 
peruvianus) resulted in a 20 to 53 percent loss, 
depending upon plant age and the duration of the 
attack. Yield losses due to thrips range from 6to 28 
percent, depending upon varietal susceptibility (13, 
39). Field studies in Colombia resulted in a 15 to 20 
percent reduction in yield due to a single homworm 
attack. Repeated attacks over the prolonged 
cassava-growing season would undoubtedly result 

in greater losses. Scale (A. albus) attacks at the 
CIAT farm resulted in a 20 percent yield reduction 
of a susceptible variety. Similar attack., under less 

favorabla environmental and soil conditions may 
result in greater reduction. Losses due to fruit flies, 

stemborers, mealybugs, lace bugs, grasshoppers 
and others are mentioned but often unsubstan-
tiated. 

The growing period at CIAT (Valle del Cauca) 
and nearby cassava-growing regions is from 10 to 
12 months. Data collected from actual pest attacks 
and from simulated damage studies indicate that 
yield losses are greatest when the attack occurs 
between the second and sixth month of plant 
growth. If there is a similar critical period for pest 
damage under other growing systems, this 
knowledge would be extremely useful for pest 
management programs. 

The cassava mite 
and insect complex 

Cassava pests represent a wide range of 
arthropodal fauna; approximately 200 species have 
been recorded (3). Cassava appears to be the 
preferred host for everal of these pests (Table 1), 
including the ho rr worm (E. ello), the fruit fly (A. 
manihoti, A.pic) -li), the shoot fly (S. pendula), the 

mite(M tanajoa),thelace bug (V. manihotae), and 
the scale (A. albus). 

In addition there are several universal plant 
feeders with a wide host range that will also attack 
the cassava crop. These include grasshoppers. the 
two-spotted mite (T urticae), cutworms, leaf
cutterants, termites, crickets, and certain whiteflis 
and stemborers. 

It is importlt to note that cassava is often 
grown in area with poor soil and prolonged dry 
periods where n. y other crop plants cannot be 
cultivated. Dur; g these prolon~ged dry periods, we 
have observed that cassava may be one of the few 
plants abie to survive and thus be utilized as an 
alternate host for insects or mites. In some 
instances tgese attacks can be severe, and we have 
observed plant mortality due to exotic pests during 
these periods. An armyworm attack in Malaysia 
(personal observation) caused plant girdling and a 
25 percent yield reduction in a 3000-acre planta
tion. 

We can categorize insects attacking cassava into 
three general groups: 

Insects attacking planting material 

This includes those pest that will attack stems 
while the parent plant is still growing, .airreby 
affecting the germination or yield of these stems 
when they are used as vegetative planting material 
(scales, fruit flies, stemborers). In addition there 
are those pests that attack planting material in 
storage for future use; scales, termites and 
stemborers have been identified causing this 
damage. After the cutting has been planted, 
germination can be reduced considerably by 
cutworms, grubs and termites, among others. 

Insects attacking the growing plant 

This group can be further divided intn four 
subgroups: foliage consumers, sap-sucking pests, 
leaf deformers, and bud and stem borers. Foliage 
consumers consist of the cassava hornworm (E. 
ello), grasshoppers and leaf-cutter ants. Severe 
attacks by all three of these pests will result in 
complete defoliation, often of large plantations. 
Sap-sucking pests include mites, whiteflies, scales, 
mealybugs and lace bugs. Except for scales, all are 
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Table 1. The cassava 

Common Name 

White grubs 

Termites 

Cutwormst 

Scales 1 3 

Fruit flies' 

Cassava 

hornworm2 

Grasshoppers 2 

Leaf-cutter 

ants

mite and insect complex. 

Important species 

Leucopholis rorid, 

Phyllophagasp. 

Coptotermesvoltkevi, 

C. paradoxis 

Prodenialitura, 

Agrotis ipsilon 

Aonidomytilus albus, 
Saissetia sp. 

Anastrephapickeli, 

A. manihoti 

Erinnyis ello 

Zonocerus elegans, 

Z. variegatus 

Atta sp., 

Acromyrnex sp. 

Reported from 

All regions but 

mainly Americas 

and Indonesia 

All regions but 

mainly Africa 

Americas and 

Madagascar 

All cassava-growing 
areas 

Americas 

Americas 

Mainly Africa 

Americas 

Alternate hosts 

N 

Numerous 

Numerous 

Unknown 

Unknown 

Manihot glaziovii, 

poinsettia, 
rubber, papaya, 
milkweed 

Numerous 

Numerous 

Yield losses 

germination 

Unknown 

Unknown 

(a) 20%, (b) 50-
60% loss in 
germination 

(a) Unknown; 

(b) 20-50% 

20% 

Unknown 

Unknown 

Type of damage 

and roots 

Tunnel in planting material
 
roots, stems and swollen roots
 

Feed on planting material,
 

girdles stems and consumes foliage
 

Attack stems, which dry,
 
causing leaves to fall. (b) Use of
 
infested stems reduces germination of *
 
planting material
 

(a) Boring of fruit (seed) and stems; 
causes rotting of pith area. (b) Use of 
infested stems for planting material 
results in yield loss 

Foliage, tender stems and 

buds consumed 

Defoliation and stripping of bark 

Consume foliage 

Cont. 
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Table I cont. 

Mites3 Mononycheilus tanajoa. 

Tetranychus urticae 

gonychus peruvialus 

ernia 
Aeurotrachemh sp. 

Me l bu s he a o cu o sy i , 
Pudococcmmhoi~i 

Lac bus3 anioteatga 

Lacebug3 

Frankiniel wiliami,
T Cornothr~~ senopteru 

masculinus 
Caliothrips 

JatrophobiabrasiliensisGall midges:
4 

Coelomernusspp., 

Shoot fliess Lagochirusendu/a,app. 
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primarily leaf feeders; mealybugs will feed on both 
tems and leaves. At least 13 species of mites have 

been identified as feeding on cassava, and there are 
undoubtedly others that have not yet been 
reported. The three most important are M. 
tanajoa, T. urticae ( T. telarius) and 0. 
peruvianus. Seven species of whiteflies have been 
reported as feeding on cassava; the most important 
is.Bemnisia tabaci since it is the vector of African 
moaijc in,Africa and India. This disease is not 
presRnt in the Americas; and although B. tabacihas 
been reported in this hemisphere, there is some 
doubt as to its capacity to feed on cassava here. The 
n~pst qgpmmon ,w',itefly feeding on cassava in the 
Americas appears lo be Aleurotrachelus sp. 

.Meatybugs have frequently been reported as 
attacking cassava (12, 18, 25); and in recent years 
they, have been reported as causing considerable 
damage in Brazil (1)and Zaire (Leuschner,persocdl communication). Lace bugs (V.manihotm 
have been reported only from the Americas. 
Inforhaveinroties ited andthere is no 
nfortion on this pest is, andtdevelopment 

report of yield losses. 

Thrips(37-38) and gall midges (7, 20) can cause 
cass~va l!eaf deformation., Thrips. Js the more , 
important of these two pests and can reduce yields 
considerably. I 

lhisecs that bore into the buds and stems of 
cassava are shoot flies (S.pendula) (5), fruit flies 
and the true stemborers. Shoot flies will cause 
death of the growing points and plant stunting. The 
adult fruit fly win oviposit in the tender stems of 
young plants and the larya becomes a borer (13-
14)' The bacterial pathogen (F~winia carotovora 
var. carotovora is often found in association with 
fruit fly larvae and can cause severe rotting ofstern 
tissue (13). 

Numerous speck;s of true stemborers have been 
identified as attacking cassava, especially in the 
Americas but particularly. in Brazil (22, 27). Seven 
species. of 7oelostemuw lard reported attacking 
cassava in the Americas (9, 25). Coelostenus" 
manhriti is reported as a pest in Africa (9), and 
Lago rsp. is reportedi from Asi.(35),. 

" 


Storage pests of dried cassava, 

Approxit insects, mainly Coleoptera, 
are..rep9tedly found or Aiispy~vchips or 

products (15, 35, 40). Many are polyphagous pests; 
others, which are able to reproduce on dried 
cassava, are the most important. 

The status of cassava 
entomological research 

Concentrated research in cassava entomology is 
recent. Few national governments have cassava 
research programs, and entomology seldom 
occupies any significant role in any program that 
does exit. Insect .tudies at various levels are being 
carried out in about 15 countries. It is therefore 
feasible to establish guidelines and rccommen
dations for future research goals and the im
plementation of a sound pest management 
program. 

An extensive range of studies should be 
conducted before an effective pest management 
program can bedeveloped. These studies should be 
oriented toward a minimal use of pesticides and the

of alternative control methods that 
will not destroy the ecological balance between 

pests and parasites or predators existing in cassava 
plantations. There is a lack of scientific informa...
 

tion i the folowing areas: yield losses and levels of 
economic injury for the major pests or'com
binations of pests; the role of the environment and 
the influence of plant age on pest incidence and 
severity of damage; studies on the biology and 
ecology of all ;mpurtant pests; identification and 
importance of nitural enemies. Research should be 

practically orie:ted and give emphasis to low-cost, 
environmentally sound control practices. 

As cassava acreage increases, monoculture 
cropping systems will replace multiple and 
scattered systems. On the otbr hand, new high
yielding hybrids will replace the traditional 
varieties being grown at present; consequently, 
genetic uniformity will replace much of the existent 
variability.: If. we study the effects, -tha[ these 
chqnges have had on other food crops, we can 
conclude that insect and disease problems in 
cassava will increase in the future. Research 
programs are needed in all cassava-growing areas 
to investigate, the following: potential pest 
problems that could occur if cassava acreages 
increasq. and.. mopocltures, nonrotation and 
continuous planting of cassavaare practiced; the 
danger of major on secondary pests becoming 

34 
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from insect damage. Vigorous cassavaincreasingly important as high-yielding varieties 
varieties can lose considerable foliage (40

are released; pest problems during the storage of 
percent or more) without reducing yields.

planting material and the establishment phase of 
During periods of adequate rainfall, high

,he plant; the production of insect- and disease-free 
levels of defoliation can result in little or no

planting material. In addition a worldwide survey 
yield reduction.should be undertaken to identify cassava pests 

not widely distributed and
accurately and establish their true distribution. 4 	 Many pests are 

pest incidence is often seasonal. The dry 
periods favor population buildup of manyCrop protection 
pests, but the plant's ability to withstand long 
periods of drought will usually result in

Anticipating that in the near future there will be 
an 'increase in cassava production as well as a recovery at the onset of rains. 

5. 	 Few, if any, pests will actually kill the plant,
change in production technology, the importance 

it to recover from damage and
of a relevant and sound crop protection program enabling 


increases. As prviously stated, cassava has produce edible roots.
 
6. 	 The selection of healthy, vigorous planting

historically been cultivated on a small scale. The 
material, combined with low-cost fungicidal

genetic variability in ths system has acted as a 
and 	insecticidal treatments, initiates rapid

safeguard against major epidemics of pests and 
and 	 successful germination, ensuring early

diseases. In recent years we have seen a shift in this 
plant vigor during the important establish

system toward large cassava plantations, employ-
ment phase and ultimately increasing yield

ing a limited number of high-yielding hybrids in 

(24).
monoculture. These new hybrids will be ideal plant 

types; that is, efficient plants that will not produce 7. Studies have shown that there are sources of 

excessive foliage as many traditional varieties do at pest resistance in cassava ',,hich, although of 
i,.-revent serious 

present. The reasonably stable equilibrium that 	 low level, may be adequat 

crop losses.
presently exists between pest and genotype in 

subsistence agriciulture will be almost impossible to 8. Cassava is often grown or. %-,-1ll farms and 
under multicropping conditro. Us system

maintain'in modern agricultural systems. 
not 	 only reduces pest inciden.Q but also 

We must t,ierefore study the implementation 	 ins,;res against pest outbreaks over extended 
areas.and 	relevance of the various pest control methods 

yield9. 	 Evidence is that insects can causeavailable. The major objective of a cassava pest 
reductions during specific periods in plant

management program should be to suppress insect 
pests and maintain populations below their development. These periods should be 

zones so
economic threshold. This should be accomplished 	 identified for different ecological 

control practices can be intensifiedwith a minimal use of costly inputs, especially that 

should be taken of the during these periods.
pesticid.-s. Advantage 


favorable factors involving the insect/plant/en
vironment interaction that makes a cassava pest The role of different control methods
 

management system an attractive and practical
 

goal. These factors include:
 
There are several methods for reducing pest 

1. 	 Casshva is cultivated from 8 to 24 months, populations below the economic. injury level. An 

making the continual use of pesticides un- integrated control program utilizing cultural 

economical. . I practices, selection of planting material, use of 
resistant varieties, biological control and alter2. 	 Being a long-season crop, it is ideally suited 
native methods such as phermones or attractantsfor a biological control program especially in 

be developed. Insecticides will be used areas where there isconsiderable acreage and should 
continual planting of cassava. Biologial because they offer the most immediate and rapid 

control agents have been identified for many means of reducing pest populations. However, we 

of the major pests. - strongly feed that no pest management program 

plant is often able to recover should be dependent 	upon pesticides, and they3. 	 The, cassava 
3 
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should be used only as alast resort, on ashort-term 
basis. However, treating cuttings with pesticides is 
economical and effective for certain pests. 

In several cases insecticidal applications have 
proven to be ireffective over a long period as they 
also reduce predator populations. Mite pop-
ulations, for example, reappear rapidly whereas 
buildups of predator populations are much sloaer 
(4). Chemical control of the hornworm resulted in 

.more frequent infestations in chemically treated 
tha-i in unteated fields (16). 

There, are several cultural practices that can 
reduce pest populations, but the implementation 
and practicability of these may be reduced as more 
mod -,'i agricultural technology is applied to 
cassava proti,;. .. , 

Alternative means of control such as the use of 
phermon ., juvenile hormones, attractants and 
growth r gulator -re future possibilities, but their 
use may be economically prohibitive. 

•We have previously stated that many cassava 
pests are not widely distributed, especially from 
one continent to another. It is of great importance, 
therefore, that an efficient quarantine program be 
.developed and enforced. As new high-yielding 
hybrids are developed, there will be an increase in 
the movement of p!anting material. Since cassava 
is vegetatively propagated, many insects and 
diseases can be transported from one area to 
another. Precautions should be taken to send only 
insect- and disease-free planting material, and all 
vegetative material should be treated with an 
insecticide to prevent the dissemination of insects 
such as scales, mites, mealybugs, thrips and other 
pests. Material should also be free ofstemborers or 
fruit fly larvae' 

Biological control and host plant resistance are 
two links in an integrated control chain that appear 
to play an important role in cassava pest manage-
rtient. Extensive studies in both of these'areas have 
been initiated for several cassava pests. 

Biological control 

The factors making cassava well suited for 
biological control programs are its long growing 
period and high economic threshold; and few, if 

any, pests will actually kill the plant. Concentrated 
biological control studies for cassava pests are a. 
rather recent effort. A review of the literature 
reveals that natural enemies of many cassava pests 
have been observed by field workers and en
tomologists (6,10,21,27,29).However, only recent
ly two systematic studies and consequent programs 
have been initiated to control cassava pests using 
biological control. Bennett and Yaseen (4) have 
evaluated the effectiveness of biological control of 
the mite M. tanajoawith the Staphylinidae Oligota 
minute. This predator was introduced into East 
Africr., -here it is being evaluated.for controlling 
the nite. 

Studies on the biological control of the cassava 
hornworm have been initiated at CIAT (11-13). A 
program is being evaluated that combines egg 
parasitism (Trichogramma spp.), larval parasitism 
(Apanteles congregatus), larval predation by the 
paper wasp (Polistes canadiensis. L., P. 
erythocephahus) and a larval disease (Bacillus 
thuringieMis). 

Several other cassava pests offer the possibility
of being controlled effectively by natural enemies. 
Studies on the predators and parasites of the 
mealybug Phenacoccus gossypii and the scale A. 
albus have been initiated at CIAT, Trinidad and 
Africa. Control of the white grub (Phyllophaga sp.) 
using the muscardine fungus Metarhizium 
anisopliae in also being evaluated at CIAT. 
Natural enemies of whiteflies, the -gall midge and 
the fruit fly have been identified. There isexcellent 
potential for the implementation of biological 
control of cassava pests; however, a great deal of 
basic information is needed to initiate these 
programs. 

Host plant resistance 

Resistance to pests attacking cassava is not 
reported extensively in the literature; most reports 
deal only with field observations. On-going 
systematic evaluation of germplasm has been 
limited because until the CIAT collection was 
assembled, extensive germplasm was not available 

to cassava researchers in one site. Host plant 
resistance offers the most economical means of 
controlling many cassava pests. 

Varying degrees of varietal resistance have been 
reported for mites (2,4, 13-14, 31), thrips (37), 
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whiteflies (13-14, 17). stemborers (30) and shot 

flies (8,29). The CIAT Sermplasm bank is being 

evaluated for resistance to mites, thrips, scales, 

mealybugs, whiteflies, fruit flies and lace bugs. 

The decision to identify and utilize host plant 

resistance for specific cassava pests depends upon. 

various criteria that should be taken into con-
of thissideration when establishing a program 

nature.There criteria include, 

i. 	 The plvei of eonomic damage being caused 
by a particular pest should be s ifant, 

2. 	 Resistance should be sought for those pests 
only where it is considered feasible. 

3. 	 The availability of adequate, low-cost alter-

native methods of control of certain pests 

could negate the need for entering into an 

extensive resistance breeding program. 

4. 	 sWhenT e 

4. 	 The level of resistance needed to reduce pest 
populdtions below an eonor. ic injury level 
should be considered. Since some cassava 

threshold,varieties have a high economic 
high levels of resistance may not be necessary, 

5. 	 Low levels of resistance can becombined with 

other methods of control (i.e., biological 
control or cultural practices), to maintain 
insect populations below economic damage 
levels, 

6. 	 Multiple cropping systems may require lower 

levels of resistance since these systems may 

have reduced insect populations. 

Cassava isa leafy, highly heterozygous, natural

ly cross-pollinated, woody perennial. It has a long 

growth cycle and is easily propagated by seed or 

isgrown in a scattered cultivationcuttings. It 
pattern with many traditional varieties that have 

various degrees of susceptibility to insects and 

diseases. These characteristics indicate that there is 

a minimum of selective pressure being exerted by 

pests in cassava cultivation. Vertical resistance in 
terms of the gene-for-gene theory would probably 

not 	 evolve within such a system; therefore, 
resistance is probably of the horizontal type 

inherited multigenically. Resistance to major 

cassava distses appears to comfirm this assump

tion. Since horizontal resistance is stable (36) and 

entails less risk as to the development of biotypes 

cassava insect and disease resistance studies(33), 
should have horizontal resistance as their goal. 

breeding for n-sect resistance, it must be 
remembered that cassava is propagated vegetative
ly and that major characters are inherited in an 

additive manner; therefore, once a type is obtained, 

the genotype can be multiplied indefinitely. If the 
additive effect is equally important for resistance 

characters as it is for yield characters, it can be an 

effective tool in increasing resistance where only 

low levels exist in a single genotype. By crossing 

cultivars containing low resistance levels, the 

presence of additive genes could result in increased 
resistance. 
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African mosaic disease in Kenya 

K. R.Bock 
E. J.GutWrle 

Abstract 

Results of field observations and experiments suggest that African mosaic can be controlled in Kenya 

by the use of mosaic-free planting material. The low rate of spread of mosaic into mosaic-free plots 

in 12-14 mo) and also within plots (12.9%) indicates that whiteflies are compara'ively(2.2% 

inefficient vectors and that man is the principalvector in his indiscriminate use of infected cuttings as
 

propagation material. A reappraisal oflocally adapted cassava in relation to hybrids seems necessary
 

in view of these results; they also suggest that susceptibility to mosaic might not be a factor limiting
 

the usefulness of high-yielding varieties being developed by breeders.
 

Breeding for resistance: background 

is the mostAfrican mosaic disease (AMD) 
important tingle factor limiting cassava yields in 
East Africa. This was recognized almost 50 years 

ago when H.H. Storey inititated his studies on the 

dism. cotriutinswere considerable:tory'
disease. Storey's contributions ere onsiderains 
He wasthe firsttorcognizesevereandmildstrains 
and demonstrated that both types were transmitted 

by the whitefly Bemiula tabacl (5). Storey did not 

study the epidemiology of AMD although he 

referred to the possibility of control by the use of 

mosaic-free cuttings (4). Instead, he directed his 
attention to resistance. In 1935 he started to search 

for resistance among local East African varieties 

* 	Ministry of Overseas Development Crop Virology 

Project, East African Agriculture andResearch 

Forestry Research Organization, P.O. Box 30148, 


Nairobi, Kenya 

and also began to import cassava from Ghana, 
Java, Brazil, Madagascar and Zaire, observing 

strict quarantine procedures. 

It soon became apparent to Stney and his coof resistanceworkers that an acceptable degree 
within degeeofesistancean
workd nt 


could not be found within Manihot esculenta. In 
1937 attention was turned to interspecific crosses, 
using M. glaziovii, M. dichotoma, M. catingae, 
"tree" cassava (considered to be a natural hybrid 

between M. esculenta and M. glaziovii), M. 

melanobasisand M. saxicola. 

The system involved backcrossing the F, hybrid 
to various cassava clones inan endeavor to restore 

storage roots; successive generations were 

backcrossed and selection made for mosaic 

resistance combined with other desirable qualities 

such as palatability. Finally, attempts were made to 

obtain higher resistance by intercrossing resistant 

hybrids (3). 
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"'By1958 it was concluded thit further breeding 
was unlikely to offer a"ystibstantial advances. The 
original hope that immunity might be obtained was 
not realized, but some degree of resistance or 
tol-ratice hd seemingly been achieved (2). 

'Over the period 1950-1960, the most promising 
lines were released to research stations in East 
Africa Virtually all of these (approximately 90 in 
number) are still maintained in variety collection 
plots in Kehya, more than half are backcross 
hybrids ofM.glaziovil.*Alsoincluded are cultiv~rs 
of M. escidema; among them the material from 
Java, Zair and Madagascar selected byStorey in 
1935: 

The impact of the breeding program isdifficult 
to assess, but it had one decisive effect on cassava 
research in Kenya. Local varieties were la gely 
ignoredi and -from 1950 to 1970 agronomy trials 
were conducted with hybrids or imported selec-
tions. This approach was perhaps a logical 
consequence 'of the breeding program, but it has 
not resulted in the wholesale replacemerit of local, 
traditional Varieties. It seems that only 46106/27 
andF279inCoastProvince, andF100an possibly 
50284/33 in West Kenya, erc diLtributzd and are 
now grown in varying extent (but never on a large 
scale) outside the research stations. The "im-
proved" varieties, therefore, have not replaced the 
local ones. 

There are probably many reasons for this, but it 
seems likely that there were three factors of 
particular signifiance. The breeders encountered 
serious difficulties in selection for "sweetness," 
owig to wide variations that were apparently 
connected with site, age and time of harvesting. 
More significantly, perhaps, resistance appeared to 
"break down." (We now know that it was not 
resistance that altered, but the health status of the 
clones. When issued by the breeding program, a 
clone was presumably "clean," but subsequently 
became increasingly mosaic-infected in the field). It 
can be seen why the farmer had no incentive to use 
new material that seemingly was in no way superior 
to his own traditional varieties in taste, yield, or 
disease resistance. 

What, then, is the face value of the hybrid 
selections which were the endpoint of 25 years of 
intensive breeding for resistance to AMD. This 

material may yet prove of value for a number of 
reasons, but a more precise evaluation will depend 
on the future development of the cassava industry 
and on cassava agronomy research in Kenya, 
particularly with regard to a reassessment of their 
yield potential and performance in comparison 
with traditional varieties. 

Perhaps of great potetial value is the fact that 
members of at least one group of hybrids contain 
resistance to cassava bacterial blight 
(Xanthomonas manihotis), which seems to be 
linked with resistance to mosaic (3). Finally, the 
East African program evaluated the use of 
interspecific crossing in cassava breeding. 

Recent research on AMD 

Our involvement in research into African mosaic 
wt. prompted initially by an apparently complete 
breakdown inresistance ofa hybrid and by the high 
incidence of AMD in the resistant hybrid collec
tions. We thus proceeded to make a survey of the 
incidence of AMD in the field, assessed crop losses 
and conducted observational studies on the 
epidemiology of the disease. 

Incidence 

Our observations suggest that over 80 percent of 

all plants in the field were infected with mosaic. 
This figure, taken in conjunction with the average 
loss in yield caused by AMD (around 70 percent), 
gives an estimate of the staggering loss in 
production in Kenya due to AMD. Fortunately no 
clone so far studied has been found totally infected 
with mosaic; therefore, it has been possible to find 
apparently mosaic-free individual plants of all 
varieties used in our field experiments and to 
reestablish mosaic-free plots from these. 

Crop losses 

We have estimated the effect of mosaic oi yield 
by comparing the weight of roots harvested frorm 
mosaic-free plants with that of plants derived from 
infected cuttings. While our field design varied, all 
data were subjected to statistical analyses. In one 
such experiment a line of 35 infected cuttings was 
planted between two lines of 35 healthy ones; two 
varieties were compared, a moderately resistant 

42 



African mosaic diseasein Kenya 

hybrid (46106/27) and a susceptible escuienta 
(F279). In other experiments we used the more 
widely acceptable randomized block design. Table 
I summarizes some of the data. 

The average crop loss is on the order of 70 
percent. Looking at the figure for hybrid 46106/27 
and the susceptible F279 esculenta, the mean loss 
for the former is 70 percent and for the latter, 86 
percent. However, the difference between a loss of 
70 percent and one of86 percent would not impress 
a farmer unduly, and the use of a "moderately 
resistant" hybrid, in this particular instcnce, has 
clearly not exercised satisfactory control. 

The data also suggest that yields of mosair-f-:c, 
local, traditionally grown vario-t;es are at least 
comparable to yields of"improved" cassava, which 
is an important issue. 

Field spread of AMD 

In 1973 we began the task of trying to assess the 
rate of spread of AMD in the field. For this we 
required "clean" or mosaic-free material, so we 
began with the selection and bulking of cassava 
that was free of mosaic. Apparently healthy 
cassava was selected and propagated in isolation; 
and by exercising care, we were able to bulk 
sufficient healthy cassava for use Li studies on the 
field epidemiology of mosaic. 

Table I. Mean yield (kg/plant) of plants derived from 
infected and healthy cuttings. 

Mosaic- Without % 
Variety infected mosaic loss 

46106/27 (resistant 
hybrid) 1.19 3.86 69.2 

F279 (Indonesian 
esculenta)* 0.52 3.67 85.8 

SifWembe (local, 
traditional) 1.68 5.10 67.1 

Tamisi (local, 
traditional) 0.94 3.24 71.0 

Mean. 1.08 3.97 73.3 

Thisclone also infected with brown streakwas cassava virus. 

Two simple designs were used: one to study the 
rate of spread into clean plots; the other, the rate of 
spread within plots where AMD is present. In.the 
former, 100 or more mosaic-free plants each oftwo 
varieties (one referred to as moderately resistant 
and one susceptible) were planted in 10 alternate 
rows of 20 plants (plants were Im apart with 2 in 
between the double rows). Plants that became 
infected during the course of the experiment . ere 
rogued. For studying rate of spread within a.plot, 
seven mosaic-infected cuttings were surrounded by 
concentric hexagons of a total of 156 mosaicfree 
cuttings, usually of the same variety. Plants that 
became infected in these plots-were not rogued. 
Recordings were made at weekly intervals for the 
duration of the trial, which was usually 12-14 
months, this period being the normal crop cycle in 
Kenya. 

The 	"spread-into-clean" ca.-'ava plots were 
located in areas that differed widely:, open grass 
fields, close to cashew trees, sheltered from the NE 
and SE monsoon winds by citrus,. and .open 
cultivated land. We thus hoped to detect any 
possible effects of microclimate on spread. 

Results of seven such plots, all found in Coast 
Province, are summarized in tables 2 and 3. All 
previous workers in Kenya had reported that 
mosaic incidence is significantly higher in coastal 
areas than inland. 

Table 2. Spread of AMD intbmosaic-free plots 
No. ofplantsinfectcd 

46106/26 
(hybrid) F279 Total 

Plot 	 I (1974) 2 7 9/200 
2(1975) 0 0 0/200 

3(1975) 2 "5 7/200 
4(1975) 3 4 7/200 

5(1975) 0 ' 2 2/200 
6(1976) 2 .. .. 2 4/200 
7(1976) I 1 2/200-

Total 10/700 21/700 31/1400 

Percentage 1.4 .3.0 2.2 . 2 
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Table s.,, plots,.ad of AMD wil 

infelte/ 


no. exposed % 

1973 
1974 (Coast)* 84/156 53.8 
1974 (Coast) 2/156 1.3 
197 (Coast)* 14/135 10.4
 

176(Coast)* 12/156 7.7 

1976 (W.Kenya) 0/156 0.0 

1976 (W.Kenya) 6/139 4.3 


Total 118/898 12.9 


' 	Rainfall(mm)forcoatsitewas 1283 in1973,681 in 1974. 1189in 1975 
an 94 In197&. 

Discmion 

Our observations suggest that rate of transmis-
sion of cassava mosaic by the whitefly vector is 
slow (in Table 2 we recorded an average incidence, 
in 12-14 months' exposure, of2.2%). This is further 
emphasized by the generally low rate of spread of 
mosaic from a ental core of infected plants t 
healthy surrounding plants in the same plot (Table 
3), an average incidence of 12.9%. In only one trial 
out of six was there significant spread (53.8% in14 
months), which can be attributed to local con-
ditions which were possibly unusually favorable to 
the maintenance of dense whitefly populations. 

We have observed heavy whitefly populations 
in coastal cassava areas for a short period 
immediately subsequent to the rainy seasons only; 
during the rest of the year, their numbers am 
comparativ-ly low. In addition, it seems doubtful 
that whiteflies are migratory in the sense that other 
virus-transmitting insects are (e.g., the well-known 
seasonal migration of aphids). 

Although whiteflies may be efficient vectors of 

mosai, no critical studie have been made. Storey
and Nichols(5) used 100 adult whiteflies in each 
transmimion test; Chant (1) generally used batches 

of 	 30 to 50 insects. He showed that while 
transmiuion could result from the feeding of a 
single fly. (10% transmission rate), the number of 
successful transmissions increased to 70 percent
when 15 or more whiteflies were used. 

Storey and Nichols (5)demonstrated that while 
whiteflies are able to maintain themselves 
successfully on mature leaves, they are able to 
transmit mosaic only to immature ones. 
Presumably, this would greatly influence the 
probability of successful transmission during the 
prolonged dry seasonjn East Africa, when cassava 
growth is retarded and the production of new 

leaves is slow. 

It is possible, therefore, that at least three 
factors- comparatively inefficient transmission, 
seasonally low population densities and behavior 
of the Vector, and cassava growth patterns- all 
contribute to the observed low rate of spread of 
AMD to healthy plants in Kenya. In any case, it 
seems likely that mosaic can be contro~led 
effectively by the use of mosaic-free planting 
material It also seems clear that man is the 
principal vector of mosaic, at least in East Africa, 
because of his indiscriminate use of infected 
cuttings as propagation material. 

These results call for a reappraisal of cassava 
agronomy in Kenya, particularly in relation to a 
comparative study of the yields of traditional 
varieties and interspecific hybrids. They also 
suggest that susceptibility to mosaic might not be a 
factor limiting the usefuness and utilization of 
high-yielding varieties being developed at inter
national centers such as CIAT. 
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Inheritance of linked resistances to African cassava mosaic and 
bacterial blight diseases 

D.L. Jmnnins* 

Abstract 

mosaic.disease (AMD) and to cassavaThe relationship between resistances to African cassava 

bacterial blight (CBB) was studied at IITA in 1975. Resistances to AMD and CBB, derived from M.
 

glaziovii, were conferred oy recessive quantitative genes with additive effects. For both diseases the 

degree of recessiveness was influenced by environmental factors which also had correlated effects on 

the 2 resistances. M. glaziovll progenies segregated in a discontinuous way for joint resistance to 

AMD and CBB. A similar type ofsegregation occurred in progenies of58308, a hybrid 7generations 

removed from the interspecies cross. The following hypotheses areconsidered: (a) that linkage uccurs 

between genes affecting AMD resistance and others affecting CBB resistance, (b)that genes affecting 

AMD resistance have piciotropic effects on CBB resistance, (c) that linkage occurs between AMD 

and CBB, but pleitropic effects also occur, increasing the degree of correlation. 

The occurrence of .inked resistances to African 
cassava mosaic and bacterial blight diseases (AMD 
.and CBB) was first reported by Hahn in 1973. 
Resistance to AMD, inherited from the Manihot 
glazio~iiderivative 58308, was largely conferred by 
recessive additive genes and was associated with 
resistance to CBB with a correlation ctfficient of 
0.36 (2). It was later reported that the relationship 
held for the half-sib progenies of 1973 selections 
tested in 1974 (3); and a further 52 half-sib families 
tested in 1976 showed both phenotypical and 

* Formerly with 1iTA, lbadan, Nigeria. Present address ' 

Scottish 'Horticultural Research Institute, lnvergowne, 
Dundee DDZ 5DA, United Kiiigdom 

genetical correlations with coefficients of 0.42 and 
0.90, respectively (4). Although Hahn's germplasm 
originated from M. glaziovii it should be 
emphasize.. that the hybrid clone used(58308) was 
six generations removed from the first interspecific 
cross and is essentially cassavalike (5). 

I was able to study the relationship between 
resistances to AMD and CBB during a stay at IITA 
in 1975. In a replicated experiment, 107 genotypes 
from six families were propagated for a trial 

planted in April 1975 and recorded at 14-day 

intervals from June to August. The severities of the 

two diseases were scored in new growth only, using 
a 0 to 5scale for AMD and 0to 6for CBB. AMD 
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was recorded on six occasions and CBB on four, 9 Plants 
and the sums of the scores were expressed as a 
percentage of the maximum possible. These figures 
were subtracted from 100 to give resistance 
percentages. Correlations between resistance to 
AMD and CBB were found as follows: 

d.f. r 

Between families 5 0.567 NS 
Between genotypes within families . 105 0.212" 
Between plants within genotypes 403 0.385"* 

Although significant, the between-genotypes 
correlation was less than that within genotypes, 
which can be attributed to nongenetic effects. No 
conclusion on the occurrence of genetic linkage 
was therefore possible, but it was clear that 
nongenetic factors were affecting the two 
resistances in a correlated way. 

The problem was studied further in a 6 x 6 diallel 
cross recorded in the same way, and using the six 
parents shown in Figure 3. Since the feo ,ncy 
distribution" of progeny for resistance Lo both 
diseases 'inthe- 58308 selfed family (resistant x 
resistant) was nearly discontinuous from that 
obtained for all the families obtained from crosses 
bet'yeen susceptible parents (Figs. Iand 2), it was 
considered that the data were suitable for Pnalyses 
by Wr/Vr regressions (6), which can be used when 

% Plants 

2.:. 


i5 
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Resistance to AMD 

Figure 1. Frequency ditibmus of plants for 
rolptance to ,\MD Inthree types of crose In the 1975 

d *retioded at*nTA. R-redtlat 593011 'Stj 
€ombned m ceptls 1u ik1yan, 0444 and 671287. 
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Figure 2. Frequency distributions of plants for 
resistance to CBB In three types of crosses in the 1975 
dlaUel. Rand S are as for Fig. 1. 

the parents are true breeding, or nearly so. The 
results (Fig. 3) emphasize the strongly recessive 
nature of the genes for resistance to each disease 
(the positions on the graphs of 58308 indicate that 
this parent carries mostly recessive genes for each 
resistance and the positions of LCN66 and LCN 
174 indicate that these parents are heterozygous). 
The analyses also showed that resistance to each 
disease was inherited in an essentially additive way, 
with yery small, though significant, interaction 
effects. 

Resistance: 

AMD CBB 

50 58308 

9 LCN 174 
_"OCN 66 

LCN 1740
9LCN 66 

.7 s 
S67127 7287 

*Isun &60444 

60444 

I Vr Vr 

Figure 3.Wr/Vr analyses for resistance to AMD and 
CBB In the 6 z 6 diallelrecorded at IITA. SON Isa 
resistanthybrldofM.glaziovilorlin;LCN 174mndLCN 
66 are selections from the cro 58308 z lsunlkayan; 
fsunlkiayan, 6M4 and 671287 are of moderate tohgh 
susceptibility to both AMD and CBB. 



Inheritanceof linked resistances 

Families with high resistance to AMD invariably 
had high resistance to CBB; hence there was a high 
coefficient (r-0.7732) for the between-family 
correlation. But evidence for linkage in inheritance 
depends on finding correlated resistances within 
the families, and a nonsignificnt coefficient of 

only 0.1372 was otained for the total within-family 

variation; a significant one (r = 0.588) was four-s 
for only one family, the cross of 58308 x LCN 174. 

The evidence for gS.neticaly linked resistances in 
the two 1975 experiments was thus equivocal, 
largely because of the high correlation in the 
intensity of the two diseases found between plants 
of the same genotype, and there was a suggestion 
that genetic linkage, if prestnt, might be limited to 
germplasm derived from the M. glaziovii 

were thereforederivative. Three larger families 
of 58308 x LCN174,studied, one from the cross

sthiedro from th andanopen-p NI74,dsf58308
another from 58308 selfed, and an open-pollinated 

population of M. glaziovii itself. Clone LCN174 

and clone 58308 were included to assess nongenetic 

variation in the two diseases, and there was an 
open-pollinated population of the susceptible 
60444. The experiment was recorded from 29 July 
to I October, a longer period than in the previous 

xperimentS. 

The progress of the two diseases is most easily 
seen in the two clonal treatments and in 60444 (Fig. 
4). Both diseases increased in severity from 29 July 
to 9 September 1976, and I refer to this as their 
"agressive" phase. For both diseases considerable 

recovery occurredfrom 22 September to 7October 
- the "recovery" phase- and a slight reversal of 
this trend occurred from 24 October to 10 
November-the "reversal" phase. Resistances 
durintg these three phases are referred to 
respectively as MI,M2 and M3 for resistance to 
AMD, and BI, BZ and B3 for resistance to CBB. 

Since LCN 174 is from the cross between 58308 
and the susceptible Isunikakiyan, it must be highly 
heterozygous for both resistances. The results(Fig. 
4) show the great superiority of 58308 for both 
resistances and the recessive nature of these 
resistances in its hybrid (LCN174); however, the 
relativetesistancs of LCN174 increased during the 
recovery phase, indicating that thb recessiveness of 
its resistance genes was lesscomplete'durinig this 
time. Both resistanues varied simitaly ovei this 
pericd oftiime. rable 1 s'iqWs ilii.correlations 

%Resistance 
I00f[i4r1!D "CBB 

58308
 

75 LCN 174 

50
 

LCN 174 60444 

60444
 
25	of I- A 

G M2 MBl B2 B3 

Figure 4.Variation in the expression of resistance to 

AMD and CBB at three stages ofthe 1976 experiments at 
IITA. 58308isan and LCN progeny. (See text for174 are clonal treatments and60444 open-pollinated 

explanatIon of M and B v(eluexs)
 

obtained for plants within the six treatments at 
each phase of the experiment. C3rrelations were 
high for clone LCN 174 and clone 58308 during the 
final phase of the experiment but not before this. 
Variations within these treatments. are entirely 

it isattributable to nongenetic factors, and 
interesting that correlations Were not found earlier 
in the experiment. However, if joint segregation 
due to genetic linkage occurred, the correlations. 
obtained in the segregating families would have 
been higher than in the two clonal treatments, 
where only nongenet.c factors operated. To test if 
this were so, the rvalues were converted to z values 
(from tables) and values calculated for the 
expression zl-z2/\/(l n-3 + I/n2-3), where zI and 
nl are the z values and number of individuals for 
the families, 'and z2 and n2 the corresponding 
values for LCN 174. The results (Table 2) are 

compared with tables of tvalues to test their 
probability levels. 

The most interesting result is the one for the M. 

glaziovii progeny, which shows clear evidence of 
genetic correlation in the aggressive phase, though 
correlations at later phases are not greater than 
those found in the clonal treatments and must 
therefore be due to nongenetic causes. The 58308 x 
LCN 174 family, but not the family of 58308selfed, 
also shows evidence of genetic cotreldtibn, though 

rit ao p .. l.. 
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Table I. Cordem codheffits (r) between resbtances to AMD and CBS 

58308 58308 M,glaziovii 
x x 60444 Clone. Clone 

LCN self O.P. O.P. LCN 58308 

Aggressive 
phase MI/BI 0.394++ 0.070 NS 0.573+. 0.215 NS 0.101 NS 0.062NS 

Recovery 
phase M2/B2 0.491+ 0.391 NS 0.293 NS 0.260 NS 0.273+ .0.096NS 

Reverted
 
phase M3 B3 0.565+++ 0.591++ 0.340+ 0.285+ 0.455+. 0.404++
 

Degrees
 
freedom 62 21 36 57 61 46
 

- 4+1d-1 antCM dci 0.1. 1 and 5% wnd NS rnot signficant 

Joint segregation in individual families The most interesting resnlt of this analysis is the 
segregation shown for the M. glaziovii progeny 

The data were also tested to see whether (Fig. 5): the 38 individuals divide easily into two 
segregation of the joint resistances was continuous discontinuous clusters, one with high resistance 
or discontinuous. For this purpose it is preferable and one with lower resistance, and there are only a 
to use the whole ofthe data in a way that maximizes few individuals that do not fit either cluster. 
the differences between resistance levels, so a Individuals in the former cluster had resistances 
canonical analysis was made to find the weightings similar to 58308 and those of the latter had 
of MI, M2, M3, B!, B2 and B3, which maximize resistances similar to LCN 174. It seems clear that 
the differences among 60444, LCN 174 and 58308, segregation of this joint resistance is of a 
the representatives of low, intermediate and high discontinuous nature. Although the corresponding 
resistances. These weightings were then applied to analysis for the 58308 x LCN174 family shows 
the plants of the three segregating families. The segregation of a wider range of resistances, there is 
following two canonical vectors were obtained: a similar group of 5 highly resistant plants that 

Table 2. Values or the expression zl-z2 
Variate Vector...__I Vector 2 V/(I/n -3 + I/n -3) 

Aggressive 
M2
M2 

0.0823
(.0044 

0.0400 
0.043 I 

phase 1.66+ -0.15, 2.49+++ 0.58 

M3 0.0133 -0.0165 Recovery 1.39 0.49 0.10 -0.07 
BI 0.0176 -0.0091 
B2 -0.0011 0.0117 Reverted 
B3 0.0020 0.0381 phase 0.81 0.73 -0.62 -1.09 

t values forVector I clearly describes the tendency of both 

resistances to vary together and vector 2 denotes P- 0.05 1.96 2.07 1.96 1.96 
differences in capacity for recovering from these P=0.10 1.64 1.71 1.64 1.64 
diseases; they account for 93.4 and 6.6% of the P-0.20 1.28 1.32 1.28 1.28 
variance, respectively. 
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Vector I. Resistan es 

(a) o ,.(b) 

0%0 

Veto 2. Reovr 

opuatioseeding ofM.gaziVi ()peyto R thecr 

separate easily from the r'emaining group of 59 less 

resistant ones. The family of 25 p!ants obtained 
from selling 58308 gave one such highly resistant 
plant. 

T[he numbers of highly resistant am; susceptible 
plants obtained in these families do not fit any 
predictable segregation ratio. The result suggests 
that some kind of genetic unit isfrequently but not 
invariably present in M. glaziovii and that this 
confers resistance to both AMD and CBB. 
Furthermore, it seems that this unit has been 
retained through seven generations of breeding 
following the cross between this species and 
cassava. We may speculate that this unit isa group 
of closely linked genes, or possibly a gene or genes 
that have pleiotropic effects on each disease. 

fro symtom 

ross %syptoms 74 

It is known that AMD disrupts enzyme 
metabolism (1), and it is conceivable that it also 
affects the physiological processes that confer 
resistance to CBB. If this were so, genes thatconfer 
AMD resistance would inevitably have some 
pleiotropic effect on CBB resistance; and non
genetic effects that affect AMD resistance would 
affect CBB resistance as well. It seems unlikely that 
pleiotropic effects could' explain all of the 
correlated resistance found, for example, inthe M. 
glaziovii progeny; however, the experiments did 
not provide firm evidence that the postulated 
genetic linkage could be broken. No definite 
instances of low CBB resistance combined with 
high AMD resistance ocurred in the segregating 
families since such variations that occurred could 
have been due to nongenetic causes. 
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Whiteflies: biology and transmission 
of African mosaic disease 

K. Lwdanm 

Abstract 

The biological aspects of km.isa sp. and its relationship to the transmission of African cassava 

mosaic virus (AMV) are reviewed. Whitefly actitity depends on temperature, light and rainfall 

Whiteflies feed on succulent young leaves; and since they are strongly attracted to the color yellow, 

cassava varieties with yellowish petioles attract more whiteflies than those with darker petioles. They 

fly only short distances, but wind contributes to their dissemination. Bemisla populations vary 

during the year depending on climatic conditions, predators and the condition of the host(adequate 

no. of succulent young leaves). Results are given of transmission experiments which show the close 

relationship between the population density of BrmLia sp. and the development of AMD. Control 

methods discussed include control of the vector (B&misia sp.), sanitation measures and the use of 

AMD-resistant varieties. 

African mosaic disease is one of the most 

important and widespread diseases of cassava. It 

was originally described in 1974 by Warburg in 

East Africa. Since then it has been reported in all 

parts of East, West and Central Africa and 

Madagascar. Yield losses of about 25 to 30 percent 

have been reported by Chant (4). The agent causing 

the disease is still unknown. There is evidence that 

several strains of the disease exist, and symptom 

expression varies with the variety, strain and 
environmental conditions (2). The spread of the 
disease in the field is caused initially by the practice 

of using infected material for vegetative 

propagation and secondly by vector transmission 

(10). The vector is a Bemlala sp., probably A labaci 

* International Institute of Tropical Agriculture, ITA, 
P.M.B. 5320, lbadan, Nigeria 

(Aleyrodidae). To date Bem ila is the only known 

vector and it is present in all cassava-growing areas 

of Africa. Because of this relationship, the spread 

of AMD and seasonalinfection pressure are closely 

related with the v, .ors hiology, behavior 

migration and popuwiion dynamics. For these 

reasons, we felt it was necessary to do more work 

on the :5ctor in order to get better understanding 

of the vector/host/disease relationship. 

Vector taxonomy and host range 

The taxonomic identity of the whitefly (Bemsia 

sp.) is highly obscure. Mound (8) has shown that 

variation in the form of pupal cases was not 

genetically determined but actually host ind'ced. 

He did this work by using inbred strains ofBen. via 

and exposing them to Dollchoslablab, tobacc. 
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cotton, Centrosema sp. and Hibiscw sp. Such Whiteflies fly away from cassava in the morning. 
host-induced variation is not unknown in the There is a significant reduction in the number of 
Aleyrodidae family. Mound (7) mentioned that adults testingonaplantatnooncomparedto9am 
there i a possibility that It tabacd is a group of (8). They congregate and feed on the very young 
sibling species, each with the texture ofthe host leaf succulent leaves and have a tendency to rest under 
and th morphology of the pupae case. Therefore the higher fully expanded ones. Eggs are laid near 

aal 0en. and B. nigerknsisCorb. might be the growing tip of the plant. During development 
regard~l as synonymous (8). the leavei expand and pupae are found mostly on 

the sixth to tenth fully expanded leaves. It was 
Be uia species have a wide host range. They discovered that whiteflies are strongly attracted to 

have been observed breeding on tomatoes, sweet the color yellow (8). This seems to be one of the 
potatoes, cowpeas, cotton, tobacco, peppers and masons why cassava varieties with yellowish 
cassava. petioles are more attractive than those with darker 

ones. 

Biology and life cycle Migration 

The life cycle of emiiavaries with temperature, 
which is reflected in the different seasons of the It has been observed that whiteflies normaly fly
 
year. With a temperature of 260C, 17 days am only short distances, from plant to plant, but
 
needed from egg to adult, which is in line with the Mound's (8) observation that whitefly numl ers are
 
observations of Avidov (I). Within a range of mean reduced at noon, gives evidence that there must
 
temperatures from 12 to 26 degrees, he reported a also be an upward movement. In this case they can
 
total development period from II to 50 days. The easily be picked up by the wind. Suction traps 18 m
 

threshold of development of eggs was 12.5oC, above the ground caught ten whiteflies in 24 hours
 
which does not occur in the lowland humid tropics during the population peak in June.
 
of Africa but is certainly important for the arid
 
arcas and higher altitudes. According to Avidov In July the catch dropped to one within 24 hours.
 
(I), adult whitefly life varies from 18 to 84 days in This indicates that whiteflies can be transported by
 
Israel, depending on the season ofthe year. Chant wind over some distances.
 
(4) found an average of 12 days under greenhouse 
conditions. Population studies of Bem ia 

During hot, dry weather and low relative Population studies carried out at IITA from 
humidity, no eggs are laid. This is the case during 1976-77 showed clearly that there were marked 
harmattan time when hot, dry winds from the seasonal fluctuations. Adult whiteflics were caught 
Sahara come into West Africa. with yellow traps and counted weekly. Pupae 

population was also counted weekly or .'esixth to 
Behavior tenth fully expanded leaves Figure I shows a rapid 

increase of the adult population during the first 
Whitefly activity depends on temperature, fight rainy season. The population then remained low 

and rainfalL Temperature and light seem to have until a new increase during December and later in 
an interacting effect on flight activity. In an March 1977. The first peak clearly shows that 
experiment with various tt'mperatures and heavy rains do not affect whitefly development,
 

additional light, it was found that temperatures which is not in line with the finding of Mound (8),
 
from 27 to 28GC- increased activity but did not who reported that heavy rains reduced the number
 
induce flight (Table 1). As soon as additional light of adults markedly.
 
was given to this temperature range, flight started.
 
Additional light had only a- slight influence on Possible explanations for these fluctuations are as
 
flight activity when the temperature was lower than follows:
 
270C. This is in aglreement with Mound (8), who
 
stated that whiteflim become increasingly active as 1. The fact that temperature and light interact
 
a result-of increasing light rather than temperature. certainly has something to do with the flight
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Temp (max 0C) 

Solar radiation (W-cal/cm") 

350 

300

250 

Rainfall (mm)2-

No. of adult whiteflies/trap 	 No. of pupae/,leaf 

15-


Feb. Mar. Apr. May June July Aug. Sept. t. Nov. Dec. Jan. Feb. Mar. Apr. May 

Figure I. Population development of Bemisla In relation to temperature, solar radiation and rainfall (1976-77). 

and egg-laying activity of the adults. During 
the first rainy season there was increasmng solar 
input with decreasing temperatures, but 
temperature did not drop much below 310, 
which means no decrease in activity. After the 
rains, solar input and temperature dropped, 
probably resulting in very low activity and 
development. Only when solar radiation and 
temperature rose considerably were 
development and activity renewed, with the 
exception of harmattan time during January, 
which was hot and dry. 

2. 	Parasites and predators may be important. 
Only one efficient predator, probably a 
typhlodromid mite, was observed this year at 
the end of the rains. This may also have 
contributed to the decrease of the population at 

the end of June 1976. No other parasites or 
predators were observed, but Squire (9) 
reported a beetle Serangium cinctum and a 
wasp Prospaltella sp. (Encyrtidae) parasitic on 
whiteflies. However, the incidence in general 
was as low as 12 percent. 

3. 	Another reason for the fluctuation of the 
whitefly population may be the hoat itself. 
Reproduction depends on succulent young 
leaves which are readily available on aflushing 
cassava plant during the rainy season. This 
explains the increase, but not the decrease of 
the population. Probably at this point 
parasites, predators and ecological factors 
combined are responsible for the abrupt 
decrease. 
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We do not know at present to what extent this 
population study explains the situation in different 
ecological zones of Africa. Certainly the situation 
would be different in dryer and higher altitude 
areas (6), where the incidence of AMD is lower, as 
in northern Nigeria and the Cameroon mountains, 
There are also indications that the whitefly 
population behaves differently in mixed cropping 
systems. 

Vector population development 

and AMD incidence 

Vector density and AMD incidence appear to be 
related. This is not obvious in farmers' fields 
because they use diseased cuttings. The knowledge 
of this relationship is important, however, for 
AMD resistance screening or for cleaning up 
purposes, as recommended for AMD in the coastal 
areas of East Africa. 

To understand this relationship better, a 
randomized trial was conducted, using three 
cassava varieties: 60444, susceptible; Isunikakiyan, 
moderately susceptible; and 58308, resistant. 
Planting of uninfested open-pollinated cassava 
seedlings took place every month. 60444 was 
planted as infected cuttings in three border rows to 
give the necessary source of infection; 24 traps were 
placed along the border rows and a new trap was 
placed in each monthly planting in order to follow 
infestation progressively. The sticky yellow traps 

and pupae were counted weekly. AMD incidence 
in each set of planting was recorded weekly for two 
months. 

In Figure 2 the number of adult whiteflies was 
plottzi aaitst AMD incidence. The results show 
,;iearly that AMD incidence is highly related to 
vector density However, the disease incidence of 
the April planting was high while vector density 

Month of 
planting 

Oct. 

Sept. 

60444 Aug. 
lsunikakiyanl _ 

58308 July 

111ROE NJune ... 

May 

April 

100 90 80 70 60 50 40:30 2000 0 30 60 90 120 50 180 20240 70 300 

AMD incidence (%)(8 WAP) Number of whiteffies trapped 

Figure 2. Effect or monthly planting ana vector density on AMD Incidence. 
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was low;, this was due to different recording increases with the number of infective whiteflies 
methods. AMD was recorded for each planting per plant. All these experiments were done in the 
over a two-month period, while whiteflies were greenhouse; unfortunately, no results are available 
counted weekly. Therefore, the April planting was for vector efficiency under field conditions. 
probably infested with AMD in May. Nevertheless, we can assume from our population 
Furthermore, the results show that even a small studies that transmission efficiency is dependent on 
increase in the Bemuia population is reflected in the flight activity of the adults, the population 
increased AMD symptoms. density and the avai,'i.ity of young infected 

leaves. All three postulations are found during the 
Adult whitefly trapping in the monthly planted fir3t rainy season; therefore, this season is ideal for 

plots showed that infestation started as early as one screening for AMD resistance. 
week after planting; then trapping followed the 
pattern of the border row. The same happened to The IITA seedling nursey, comprising about 
the pupae population, with a delay in the first peak 100,000 seedlings, is planted in the dry season and 
of about one month. Newly planted seedlings are irrigated until the onset of the rains. The seeds are 
probably not readily accepted for egg laying and obtained from selected clones from all yield trials. 
are used only when they are fully established. This In this way the seedlirgs are exposed at a very early 
was supported by observations on January and stage to AMD; this appears to be a reliable method 
February seedlings, which grew very poorly since only a few escapes have been observed. 
because of the lack of rain. Only a few pupae could 
be found in the plots, but on the border row there Control measures 
was a peak in Februrary and March. 

AMD could theortically be controlled in three 
The whole experiment shows that Bemisla different ways: 
population fluctuations are clearly reflected in the 
incidence of AMD; and even a small increase in Control of the vector 
whitefly population is reflected in increased AMD 
symptoms. One way of controllihg the whitefly vector is by 

using insecticides. This would, however, have only 
This raises the question of how efficient a limited impact as vector transmission is just one 

whiteflies are as vectors in the field and how way in which the disease agent is spread in the field. 
quickly a plot with no symptoms will become The nurnerous wild hosts for Bemisia would also 
infested when it is planted some di stance away have to be taken into consideration as new 
from another plot. populations can build up quickly from these 

sources. Chemical control is, therefore, not 
AMD transmission and vector efficiency recommended. 

Transmission of a cassava mosaic virus by a The only way to reduce the whitefly population 
species of whitefly was first reported by Ghesqueri effectively would be to d:velop resistance, but it is 
in the Belgium Congo in 1932 and confirmed by not very likely that we shall find antibiosis. The 
Storey in 1934 and Golding in 1936 (5). In his chances of finding moderately resistant cassava 
studies on the virus vector relationship, Chant (4) plants are higher, and some clones have already 
demonstrated that whiteflies need to feed for at been identified at CIAT. This means that 
least 4 hours on the young leaves of a mosaic- transmission pressure is only reduced. In order to 
infested cassava plant to acquire the "virus" and get the full benefit from these screening efforts, one 
another 4 hours to become viruliferous, after which also has to remove the source of AMD infectiot,. 
they are able to transmit the disease after a For this purpose, large quantities of resistant and 
minimum feeding period of 15 minutes; but longer AMD-free planting material have to be made 
periods gave more infections. Chant (4) further available. This involves multiplication units which 
showed that once whiteflies are viruliferous, they have to be placed in AMD-free areas and would 
are capable of transmitting AMD for at least 48 have to produce enough cuttings in order to plant 
hours. The success of the transmission also vast areas all at one time; otherwise, the material 

56 



Whileflies: biology & traoumilonef AMD 

could be reinfsted by neihborins fields and the 
results would be rather doubtful. 

In addition to the&-' technical difficulties, the 
farmer who does the actuzal planting work has to be 
persuaded to do this job and made to believe in the 
bemefit of what he is doing. All these implications 
make the advisablility of using Bemsia-resistant 
material for control of AMD doubtful. 

Sanitation measure 

In regions where the whitefly population is low, 
it might be possible to eliminate AMD by roguing 
infected plants. This might be possible, for 
examl le, in the coastal area of Kenya (3). 
Experi,"'ntal residts suggest that satisfactory field 
control of mosaic might be achieved by the use of 
m ic-free propagation material moderately 
tc lerant io AMD, with rigorous roguing of infected 
plants. Tis means that in the intial stage, stocks of 
AMD-frme planting material would have to be 
providva to farmers for replacing infected material. 
After tile disease incidence is lowered, the farmer 
can coinue to replace infected plants with his own 
clean stocks. The success of this cleanup method 
depevds entirely on the removal of infected 
mateiial, 

As this method looks promising, future plans are 
to clean up the whole coastal area. This means that 
vast areas have to be planted at once with clean 
planting material in order to reduce the disease 
pressure. For this purpose multiplication units 
have to be set up in AMD-free arasto provide the 
necessary planting material. At the same time the 
farmer has to be persuaded to do the planting and 
roguing and to be made to believe in the benefit of 
what he is doing. 

When one takes all these implications into 
consideration, the question arises why not use 
AMD-resistant material at once. Multiplication 
units have to be established in any case and the 
difficulties ofgetting the varieties to thefarmers are 
fewer, as will be pointed out. 

Use 	of AMX)-reustwat varieties 

The use of AMD-rcsistant cassava varieties 
seems to be a very promising way of control. The 
advantage is that research has already made good 
provess, first in Amani (Tanzania), later in Moor 
Plantation (Nigeria) and today at IITA. Varieties 
such as 30395 and 30211 with high levels of 
resistance to AMD have already passed 

differentmultilocational screening under 
environmental conditions and give yields up to 
more than 30 t/L - They are now available for 
multiplication on a large scale fo. .istribution to 
the farmers. The use of resistant planting material 
also has the advantage that it could be multiplied in 
any area, but preferably in AMD-free ones. 

Moreover, itis not necessary to plant vast areas 
at once. Small samples can be given to a farmer, 
and if he accepts the variety, he may gradually 
replace his own withthe improved one by doing the 
further multiplication himself. 

The chances of resistance breaking down due to 
new disease strains is not very high as we are 
dealing with multigenic horizontal resistance, but 
this aspect should not be overlooked. 

Three different methods of controlling AMD 
have been dsctied. Each has its advantages and 
disadvantages; therefore, it seems logical to 
combine them in order to get the maximum control 
effect. 

A high Vector population might lower the effect 
ofsanitary measures ifthe source ofinfection is not 
removed completely; it could also spread new 
disease strains quickly. Therefore, vector resistance 
should be emphasized and incorporated into 
AMD-resistant material, which is already 
available. As we do not have totally resistant 
clones, the material should be multiplied in AMD
free areas. This material should be provided to the 
farmers, tog(:ther with instructions to remove 
infected plants 9. soon as they are observed. 
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Nematode problems on cassava 

Don W. Dickson* 

Abstract 

Although nematodes can attack cassava alone or interact with soil-borne microorganisms and may 

cause losses of economic importance, information on the subject isscarce.This article reviews the 

geographic distribution, biological and i cological aspects of the ',lowing nematode parasites of 
Helicotylenchus spp., 

cassava: Meloidogyne spp., Pratylenchits brachyrus, Rotylenchulus spp., 

Roty" *'hus spp. and Criconemnides spl. As more cassava production moves into monoculture and 

as new hth-yielding varieties are relased, nematodes have the potential to cause severe reductions in 

root yield ,nd quality. Various control measures are discussed and areas that need to be investigated 

are outlined. 

There is a paucity of information available on 

nematode problems in cassava, which probably 

does not come as a surprise to anyone attending 
this workshop. In fact, the lack of references .on 

disease, insect and nematode problems of cissava 
was in part responsible for the development of this 
workshop. In the area of nematology only 22 
references are cited in the literature. Of these, 17 
report on associations of nematodes with cassava, 
3 review nematode problems of cassava and 2 

report on breeding for resistance to nematodes. 
There is no inlormation available on pathogenici-
ty, control or economic losses, yet cassava isone of 
the world's most important food crops in the 
tropics' where nematodes pose their most serious 
threat to food production. 

Lehman (10) reports that at least 14 species of 
nematodes are known to be parasitic on cassava 

onesroots. Undoubtedly the most important 

would include the gerera Meloidogyne and 

Pratylenchus;however, there isonly one report in 
literature indicating Meloidogyne may be aserious 
disease of cassava when grown simultaneously in 
the same field with okra or eggplant (13). Other 
important nematode genera that have been 
reported to occvir frequently include 
Rotylenchulus, Helicotylenchus, Rotylenchus and 

Besides having the potential toCriconemoides. 
reduce yields of cassava, these nematodes may 
interact with other soil-borne disease organisms to 
cause economic losses. 

Biology, ecology and geographical distribu
tion of several nematode parasites 

Root-knot nematodes (Meloidogyne spp.) 

nematodes are more widely dis-
Dept. of Entomology and Nematology, Nematology Root-knot 

Laboratory, IFAS, University of Florida, Gainesville, 	 tributed throughout the world than any other 

major group of plant-parasitic nematodes. 
* 
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Furthermore, they rank among the most damaging 
pests of nportant economic plants. Thus far 35 

species have been described; however, only four are 

widely disseminated: Meloidogyne incognita, M. 

javanica, M. arenariaand M. hapla. These four 

species, which are known to have a wide host range, 
have been reported in the USA, Central and South 

.America, Africa, India, Europe and Japan. With 

the exception -of Al. hapla, they also occur in 

Southeast Asia, Australia and the Fiji Islands. 

Thus they are found throughout the semitropical 
and tropical regions where cassava is grown. M. 

hapla would be expected to occur in the higher 

elevations in the tropics because it is adapted to 

cooler climates. 

Identification of Meloidogyne species is a 
formidable task, often stumping well-trained 
nemnatologists. Morphology of larvae, maies and 
females is used, with special emphasis on the 
perineal pattern of adult females. Other important 
characteristics are cytology, physiology and 
reaction on a series of host differential plants. 
Physiological races of root-knot nematodes are 
detected on the basis of host differential tests. 

Root-knot nematodes are endoparasites. The 

motile larval stage penetrates plant roots or tubers. 

They develop into adults and the female develops 
en-into a swollen, pyriform-shaped sedentary 

doparasite laying eggs in a gelatinous matrix called 

an egg mass. The life cycle is completed in from 20 

to 30 days after penetration, depending on 

environmental conditions. 

During the feeding process the nematode 
initiates the formation of galls of varying sizes. 

Root-knot galls are generally numerous, ranging in 
diameter from I,8 to I inch or greater. The size and 
shape of galls vary depending on the species, the 
host and other factors. 

Storage tissue such as Irish potatoes, yams or 
sweet potatoes becomes infected and remains in 
such a condition that larvae reinfect the structure in 
which they were produced and few, if any, escape 
into the soil. Rcot-knot nematodes may react in a 
similar manner in cassava roots, thereby greatly 
reducing their quality if they are left in the ground 
for long periods of time. 

Root-lesion nematodes (Pratylenchusspp.). 

This is probably the second most widely 
pest. It is reported asdistributed nematode 

frequently infecting cassava roots. Of some 45 

species of Pratylenchus that have been described, 
only one, P. brachyurus, is reported to infect 

cassava. Obviously, this is one area that needs 

additional study. The pathogenic capabilities of 

other species of Pratylenchuson cassava should be 
is distributeddetermined. The nematode 

with species apthroughout the tropics, some 
to warm regions thanparently better adapted 

others. 

P. brachyurus has a wide host range including 
e.g., tobacco, cotton,several agronomic crops;

maize, peanuts, forage and cereal crops. 

Lesion nematodes are migratory endoparasites. 
Any stage of development can be called infective 
because larvae and adults of various ages go into 
and out of roots. The nematodes generally enters 
near the root tip and migrates in the root cortex. 
After entering a root the nematode feeds on the 
parenchyma tissue and, in so doing, inflicts 

extensive injury. Lesions and cavities form and 

become filled with large numbers of the nematode. 

Roots and tubers can harbor large numbers of 

lesion nematodes, and all stages of the nematode 

may be extracted from infected roots. The 

nematode remains eelworm shaped throughout its 

life. The females lay single eggs and the life cycle is 

completed within 30 to 40 days after penetration, 

depending on environmental conditions, 

Other nematodes 

information has been published
 
on the effect of these nematodes on cassava, they
 
While very little 


are reported to be found associated with the crop 

frequently. These nematodes do occur in tropical 
and subtropical regions where many species affect 
a variety of crops and trees. They are all migratory 
ectoparasites, except Rotylenchulus spp., which is 
an endoparasite. A female Rotylenchulus becomes 
established either completely within the root or 
with more or less the posterior end protruding, 
whereas ectoparasites feed by thrusting their stylets 
into plant cells from the exterior root surface. 
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Yield losses 

From the information that is presently available, 
is impossible to estimate yield losses that plant 

parasitic nematodes may cuse on cassava. 
it-


a vast area near GanaveDeGuiran (5) reports 
(Togoland) has been cultivated with cassava since 

1951 in order to provide a local starch factory with 

raw material. A gradual decline in yields has been 

noted. Nematological investigations revealed 12 

plant parasitic nematodes present. Pratylenchus 
brachyurus and Helicotylenchus erythrinae were 

encountered most abundantly and frequently. 

If one can extrapolate from other 

nematode/host relationships, we can predict that 

as more cassava productien moves into 

monoculture and when new high-yielding varieties 

are released, nematodes can cause serious reduc-
tions in root yields and quality. From past 

expeiience we have learned that the monoculture 
of any crop generally leads to the development of 

very heavy nematode populations. Moreover, soil-

borne disease organisms (e.g., Phytophthora,, 
Fusarium, Verticillium and Pseudomonas)which 

have the potential to interact with nematodes can 

cause serious damage on other crops and may react 
similarly on cassava. 

Control measures 

Damage caused by plant parasitic nematodes on 

cassava can be greatly reduced or eliminated by 
practices,proper sanitation, land management 

development of resistant cultivars and chemical 

control. 

Sanitation 

The first line of defense to prevent losses due to 

nematodes is to prevent their introduction into 

agricultural land. Nematodes are readily 
transported by man, animal and environmental 
forces such as water and wind. Obviously little can 
be done to prevent "mother nature's" spread of 
nematodes; however, man can control his ac-
tivities. One of the chief means that man has used in 
spreading nematodes in the tropics is through 
planting of infected root stocks; e.g., banana, 
coffee, citrus, vegetable and ornamental 
transplants. Growers and other agribusinessmen 
need to be educated -togrow pest-free transplants 

or to use only nematode-free planting stocks. This 
can be accomplished by preparing seedbeds treated 

with steam or multipurpose soil fumigants. 
Infected planting stock such as bananas can be 

treated with hot water or chemical dips. 

Land management practices 

long employed integratedNematologists have 
management systems to control nematodes. Such 

practices as crop rotation, crop residue disposal, 
flooding and fallowing, and timing of planting 

dates are a few examples. 

Crop rotation 

The continuous planting of crops on the same 

land year after year leads to the build-up of heavy 
Crop rotations caninfestations of nematodes. 

often be used to help reduce nematode populations 
to below damaging levels. This method of control is 

based on the fact that some nematode species 

reproduce well on certain host crops but less well or 

not at all on others (nonhost crops). Nevertheless, 
because of the wide array of crops susceptible to 

nematodes and the different kinds of nematodes 
often found in a single field, it is difficult to find a 

rotational crop that will not favor the inL ease of at 

least one kind of nematode. 

Crop residue disposal 

Crop residues allow pest populations to continue 

increasing long after the final harvest. Reduction in 

pest population can be obtained simply by 

plowing or disking under crop residue and allowing 
the field to lie fallow for at least two weeks before 

planting a cover crop. Cultivationreplanting or 
during the fallow period will aid in further 

reduction of nematode populations in the upper 

soil depths. 

Flooding and fallowing 

This practice is applicable to certain crops and 
areas where controlled flooding with clean water 
can be obtained. Alternating periods of flooding 
and fallowing (drying) is most effective. The 
flood/fallow cycle should be alternated at two
week intervals for two months, if possible. The soil 
should be cultivated during periods of drying to 
increase aeration and facilitate drying. This helps 
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prevent weed growth on which nematodes can borne diseases, insects and weeds are called 
reproduce if they are left there for a sufficient multipurpose soil fumigants. These chemicals vary 
period of time. in their effectiveness; consquently, it is necessary 

for eich product to be evaluated fully under 
Resistant varieties different conditions before its efficacy can be 

established. 
The use of varieties resistant or tolerant to 

nematode attack offers an ideal method ofcontrol. 
Caksaya cultivars are being evaluated at CIAT for Areas where more research is needed 
resistance to nematodes. (34). However, trost 
programs are. generally developed to solve a Although there have been several reports 
particular nematode/plant interaction; thus associating plant parpsitic nematodes with cassava, 
cultivars -are released with resistance to a specific very little research' has been done to establish their 
nematode and are usually susceptible to attack by pathogeni- effect. Pathogenicity experiments need 
other nematodes even within the same genus. to be conducted under controlled conditions. 

Different population densities and combinations
 
Chemical control of nematodes should be evaluated.
 

Histopathological studies should be carried out,
 
At present chemicals are the most effective and and the disease cycle of each nematode pest should 

reliable means of controlling a wide variety of be determined. The possible interaction of 
nematode pests of most crops. Chemicals known as nematodes with other soil-borne organisms should 
nematicides (soil fumigants or nonfumigants) are be determined. Greater emphasis should be placed 
used to control nematodes, whereas chemicals on developing control practices for nematode 
effective in controlling nematodes, certain soil- problems of cassava. 

Literature cited 

1. 	 ALl, S.S.; GERAERT, E.and COOMANS, A. de vaardplanten van Tylenchus coffeae. 
1973. Some spiral nematodes from Africa. Bergcultures 15:1588-1593. 
Biologisch Jaarboek Dodonaca 41:53-70. 8. GOFFART, H. 1953. Beobachtungen an 

2. 	 BRATHWAITE, C.W.D. 1972. Preliminary pflanzenschadlichen Nematoden. Nach
studies on plant-parasitic nematodes associated richtenblatt des Deutschen Pflanzenschutz
with selected root crops at the University of the dienstes, Stuttgart 0(1): 150-153. 
West Indies. Plant Disease Reporter 56:1077-1079. 9. HOGGER, C.H. 1971. Plant-parasitic nematodes 

associated with cassava. Tropical Root and Tuber3. 	 CENTKO INTERNACIONAL DE AGRI- CrpNestern.449 

CULTURA TROPICAL. 1974. Annual Report Crops Newsletter no.4:4-9. 

1973. Cali, Colombia. 254p. 10. LEHMAN, P.S. 1972. Insects and diseases of 
cassava. In Hendershott, C.H. et al. A literature

4. 1975. Annual Report 1974.Cali, Colombia. review and research recommendations on cassava.
University of Georgia, Athens, Ga. Aid contract 

5. 	 DEGUIRAN, G. 1965. Nematodes associs aux no. csd/2497. pp.76-98. 
manioc dans lesud du Togo. Compte Rendu des I. LUC, M. 1959. Nematodes parasites ou soup-
Travaux. Congris de Protection des Cultures connes de parasitisme envers lesplantes deTropicales, Marseille. pp.667-680. 	 Madagascar. Bulletin de l'Institut de Recherche 

6. 	 DIXON, W.B. 1%2. Nematological investigations, Agronomique de Madagascar 3:89-101. 
1958-1961. Bulletin No. 59 (New Series). Ministry 12. .. and DEGUIRAN, G. 1960. Les nematodes 
of Agriculture and Lands, Jamaica.12 	 -adDGIA,.190Lenmtosassocies aux plantes de l'ouest Africain. Liste 

7. 	 FLUITER, H.J. DE and MULHOLLAND, J.J. preliminaire. Agronomie Tropicale, Nogent-sur
1941. Gegevens, Verkregen bij het ondorzoek naar Marne 15:434-449. 

62

http:Jamaica.12


Nematodeproblems 

NIRULA, K.K. and KUMAR, R. 1963. Collateral
in the 17.1968. NematologiW*l problems13.. -	 host plants of root-knot nematodes. Current 

French African tropical territories andformer Science 32:221-222. 
Madagascar. In Smart, G.C. and Perry, V.G., eds. 

18. 	 PEACOCK, F.C. 1956. The Reniform nematode in 
Tropical Nematology. University of Florida Press, 

93	 the Gold Coast. Nature (London) 177:489,.
Gainesville, Fla. pp. -112. 

SHER, S.A. 1966. Revision of the Hoplolaiminae19. 
Steiner, 1945.Plants attacked by root-(Nmatoda). VI. Helicotylenchus14. 	 MARTIN, G.C. 1959. NcmatologiCa 12:1-56.... 

knot nematodes in the Federation of Rhodesia and 

Nyasaland. Nematologica 6:130-134. 
SMITH, J.C. and BRADFORD, Q.Q. 1908. The 

15. 	 NEAL, J.C. 1889. The root-knot disease of the 20. 
Ceazi Rubber Tree in Hawaii. Bulletin Hawaii 

peach, orange and other plants in Florida due to 

Agricultural Experiment Station 16:1-30. 
the work of Anguillula. Bulletin, USDA Division 

21. 	 STEINER, G.and GU HRER, E.M. 1932. Alistof 
of Entomology 20:31. 	

plants attacked by Tylencnus dipsaci, the bulb or 
E.; LARE, M. TCHINDE, J. and16. 	 NIEMANN,

1.N IAN, E192.;Coributn TC , Jnoede stem nematode. Plant Disease Reporter i6:76-85.
ZAKARI, I. 1972. Contribution too tI-e knowledge 

22. 	 WEST IND.IES UNIVERSITY. 1970. Report of 
regarding diseases and pests of cultivated plants in 

the 	 Faculty of Agriculture. St. Augustine, 
Togo. Zeitschrift fUr Pflanzenkrankheiten und 

Itrinidad. 291p.
Pflanzenschutz 7:595-619. 

63 



Weeds: an economic problem in cassava 

J.D. Doll* 

Abstract 

Normally, the highest costs in cassava producton are for labor, mostly for weeding operations. 

Although yield losses due to weeds are not so obvious as those caused by insects or diseases, they may 

reach 25% after 30 days and 50%after 60 days. In Colombia and in other countries with similar labor 

conditions, cassava growers can easily afford to weed their fields 4 or more times, the first 3-4 mo 

being the most critical for keeping cassava free of weed competition. Some control measures 

suggested are (1) integration of chemical and manual control, which eliminates early weed 

coMpetition and gives higher yields, (2) increased piant populations, (3) mixed cropping, which may 

also reduce weeding inputs. The socioeconomic advantages and disadvantages of these measures are 

discussed. The need for people trained in weed science is stressed; research should be done on 

allelopathy, mixed cropping systems, and on weeds of economic importance in the tropics, especially 

in Latin America (i.e., Cyperus rotundus L., Rouboellia exaltata L. and Bidens pilosa L.). 

Since man first selected certain plant species and 

started to cultivate them as crops, he has tried to 

reduce the infestation of less desirable species 
known as weeds. For centuries the means of 
keeping weeds in check were based upon the use of 
human energy and hand implements, and for 
thousands of people in developing countries this is 
still.the case. Improved weed control technology is 
available to modern farmers in the form of 
mechanical or chemical energy (herbicides). In 
addition to removing the drudgery and improving 
the effectiveness of repeated hand weedings, these 

* Extension Specialist in Weed Science, University of 
Wisconsin, Dept. ofAgronomy, Madison, WI 53706, 
USA 

developments also reduce the losses caused by 

weeds in many countries in temperate regions of 

the world. 

Cassava (Manihot esculenta Crantz) is typically 
grown by small farmers ,using traditional methods 
of weed control. The economic losses caused by 
weeds in cassava are vsually unrecognized by the 
growers. Such losses are not as obvious as those 
caused by insects or diseases since farmers do not 
readily miss a portion of the crop that was never 
produced because of weed competition. Weed 
scientists in several countries have shown weeds to 

be a serious limiting factor to increasing cassava 
yields. Some of the economic considerations of 
weeds in cassava are discussed in this paper. 
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Yield loues 

Most of the world's cassava is grown by small 
farmers and weeded 'by hand. If performed at the 
right times and frequency, yields in hand weeding 
systems can be as high as those fro.n other weed 
control methods. Since cassava is a relatively slow-
growing crop in the early stages, weedings 
performed during the initial weeks are very 
important. 

Studies conducted by Doll and Piedrahita (2) 
have shown that when weeds compete with cassava 
for light, nutrients and water for 30 days, crop 
yields are reduced by 25% and after 60 days of 
competition, by 50% (Table 1). Two weedings 
performed 15 and 30 days after planting were less 
effective than two weedings at 30 and 60 days. 
Highest yields were obtained when thecassava was 
kept weed free until the canopy had formed; this 
required four or more weedings or preemergence 
and postemergence herbicide applications. 

Similar studies conducted in Nigeria also 
indicate that once a crop canopy isformed (3 to 4 
months after planting), further weeding is no 
longer neccesary (8). Such data are in direct 
contradiction to the popular view that cassava is a 
rather competitive plant, able to survive and 
produce in the presence of weeds (9). When left to 
compete with weeds, cassava generally produces 
some yield, whereas other crops do not. 
Nevertheless, cassava does require an adequateweed control program for optimum yields. 

Weed scientists seldom consider economic 

details when discussing weed losses in competition 

studies. Using the data in Table I and a value of 

US$67/ton for cassava roots (12), we see that the 

value of the cassava weeded once (at 15 days), twice 

(at 30 and 60 days) or four times (at 15, 30, 60, and 

120 days) increased from US$389 to $1092 and 

$1306/ ha, respectively. Assuming an average of 18
 
man-days/weeding (12) at a cost of US $2.00/day, 
each weeding costs approximately $36.00. These 
values are admittedly limited to the situation in 
Colombia; nevertheless, similar trends would exist 
for any country with similar labor costs, and it is 
easy to see that under these conditions cassava 
growers can well afford to weed their fields four or 
more times. 

Table I. Effect of hand weedings at different times and 
frequencies on the fresh root yield of camava 
(CMC-39) at 230 days after planting. 

Fresh root yield 
No. of hand Frequency of hand %of 

weedings weedings (days) (t/ha) control* 

4 +* 15, 30, 60, 120, UH*** 18.0 86
 
3 + 30, 60, 120, UH 16.0 76
 
2 + 60, 120, UH 11.0 52
 
I + 120, UH 7.0 33
 

4 15, 30, 60, 120 19.5 92
 
3 15. 30, 60 12.9 61
 
2 15, 30 13.3 63
 
I 15 5.8 28
 

2 30, 60 16.3 77
 
2 15, 45 15.4 73
 
0 Weedy check 1.4 7
 

0 Chemical control**** 21.1 100
 

Percentage of the yield of cassavaweededwith herbicides 

The "+"indicates additional weedings. 

UH - until harvest.asneeded 

Alachlor - fluometuron were applied in preemergene. and directed 

applications of paraquat were made with a shielded noule asneeded in 

polemergcnce. 

It must not be forgotten, however, that the
number of weedings is only one aspect of a good 

weed control program and that the timing of the 
wecdings is equally important. Kasasian (5) 
postulated that the critical period of weed 
competiton is equal to approximately one fourth or 
one third the life span of a crop. If cassava is grown 
as a 12-month crop, his nile of t!,umb holds true 
since the first 3 to 4 months are the most critical for 
keeping cassava free of weed competition. 

Labor requirements 

Normally the highest costs in cassava production
 
are for labor, and the greatest proportion of labor
 
is used for weeding operations. Estimates from
 
Colombia, northeastern Brazil, the Caribbean and
 
Nigeria indicate that 55, 46, 42 and 25%
 
respectively, of the labor required to produce a
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cassava crop is devoted to weeding (3,7,8,10). plants/ha were present. CIAT researchers (2) 
These figuris do not include the labor used in found similar trends in Colombia. As the cassava 
preparing the seed bed for planting, which in the density increased, weeding intensity could be 
process also removes the major portion of the decreased and reasonable yields were still obtained. 
weeds present. In Colombia, this represents 48 The obvious application of this interaction is to 
man-days/ha. Krochmal (7) reports that this can recommend higher plant populations in areas 
be reduced to one man-day/ha if herbicides are where labor shortages exist or are expected; 
applied; however, some supplemental weeding is nevertheless, the size and number of commercial 
normally required to assure adequate full-season cassava roots may be reduced if excessively high 
weed control with herbicides (2, 11). The economic populations are planted. 
value of this tremendous investment of human 
enerl fcan be calculated for any country or region Another interesting approach in areas where 
by using the particular cost of labor and cassava labor is somewhat limiting has been suggested by 
acreage figures for each. Versteeg (13), who applied half rates of 

preemergence herbicides to tropical crops in Peru. 
Reducing losses This controls the most sensitive weed species for up 

to several weeks after treatment and inhibits theTo prevent losses in cassava caused by diseases normal growth of others long enough for the crop 
and insects, breeding programs are often to emerge and gain some growth advantage over 
established to identify sources of resistance to the the weeds. Subsequent hand weedings are 
incorporated with other desirable plant growth employed to maintain adequate weed control. This 
icorratedstic, wthe oeresirsbeg p laingt approach has several advantages: (1)There is very
characteristics, the end results being high-yielding 	 little risk of crop injury from the herbicide since 

varieties, resistant to many insects and diseases. 
This approach isnot possible forcombating weeds. 	 very low rates are used; (2) the herbicide cost is
Thaispproach isotheosibeorc ating wd, greatly reduced; (3) the farmer has several extra 
What is required is the integration of sound weeks before weeding operations must begin, 
agronomic practices (including the planting of during which time he can perhaps plant additional
improved varieties), together with appropriate 	 land; and (4) the crop is able to develop more 

resr is eded.weed control measures to achieve maximum 	 rapdl wnd 
rapidly when weed pressure is reduced.production. 

There is disagreement as to whether or not 
The use of chemical energy could increase the Tes dsgen as o heteror notefficiencycassava 	 grown as a mixed crop has greater or fewer

efficiencowgre duceylabor.costsPiedr (2) 	 weeding requirements.and 	 Jones (4) reports that in
probably increase yields. Doll and Piedrahita (2) 	 Africa, cassava intercropped with yams requires 36 

rowfound that higher yields in cassava were obtained 	 perce cassava g an 
had wedigs.Pierahta lessby sin hebicdestha percent 	 weeding than cassava grown alone,by usinghjerbicides than hand weedings. Pied rahita whereas a Colombian report (6) indicates that 

grown with maize and yams needs to beet al. (1) reported that the use of preemergence 	 cassava 
weeded just as frequently as cassava alone.diuron followed by one hand weeding gave as high 

a yield as three hand weedings, whereas diuron Ceilt a frmixed c s so co ex 

alone produced only 50 percent as much cassava as Certainly, the area ofmixed cropping is so complex 
did he hreehan Te itegrtio that variations in any of several conditions couldweding. of 

did the three hand weedings. The integration of account for these differences. Theoretically, the 
chemical and manual control measures reduced labor requirement for weeding can be reduced ifan 
labor requirements, eliminated early weed 	 erymtrn rpi rw ihcsaat 

nd 	 crop is cassava tocomptitonave ighyieds.early-maturing 	 grown with 
competition and gave high yields, replace the normal weed infestation during the first 

few months of establishment. Although this may 
Another way to reduce the labor requirements often reduce cassava yields, it still allows

for weeding cassava is to increase the plant reasonable production with lower labor inputs. 

population per hectare. Albuquerque (1)indicated 

that two or three weedings are required in Brazilian Socioeconomic impact 
cassava planted at normal populations* but that 
only one weeding was required when 15,000 The high labor requirement for weeding cassava 

is often viewed as both a blessing and a curse. It is 
* Spec;Gi plant density not mentioned considered a blessing in countries where labor is 
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cheap and abundant, inasmuch as it keeps people 
employed and occupied. As seen from the social 
point of view, it isa cur because it frequently 
means that chldren and women must participate in 
the physical drudgery of weeding operations. In 
addition to disrupting family life, this prevents 
youth from obtaining an educatiou whereby they 
and their families can advance. 

Likewise, the use of herbicides in developing 
countries has immediate advantages and 
disadvantages. Their use can make weeding more 
efficient, economical and dfective, and at the same 
time, release many workers from their jobs. If this 
labor force can be occupied with more rewarding 
employment, there is-no problem; however, this is 
not usually the case. Unemployment levels are 
already a serious concern in most developing 
countries, and to add to the number ofunemployed 
may only worsen the overall economic situation of 
a country. In family farm situations, the use of 
chemical energy may mean that families can plant 
greater areas than previously because they can 
redistribute their labor to tasks other than weeding. 
However, the economic and educational levels Of 
small farmers are often serious limitations to the 
widespread use of herbicides for selective weed 
controL 

In any event, the decisiou to use or not to use 
herbicides should be made at the government level 
because of their socioeconomic impact. If left to the 
individual farmer, he will analyze only his personal 
situation when deciding whether or not their use is 
advantageous. 

This discussion, although obviously a deviation 
from the biological impact of weeds in cassava, is a 
very important aspect that must be considered in 
any review of the economic impact of weeds in a 
crop. If a substantial replacement of the labor force 
by the use of herbicides is undesirable, we should at 
least consider ways of making the task less 
burdensome than is the case today. The adoption 
of better agronomic practices and new varieties will 
indirectly reduce the labor required for weeding by 
providing a more vigorous crop that competes 
better with weeds. The use of half rates of cc, ain 
herbicides or herbicide combinations is another 
aspect that deserves expluring as a means of 
lowering current labor requirements for weeding 
cassava. 

Recommendations 

Much of the ground level research on how to 
control weeds in cassava has been done, yet the 
adoption ofnew weeding methods has been at best 
slow and more often nonexistant. One way to speed 
the flow of information to cassava growers is to 
train the extension agents, agronomists and other 
people working with farmers. They need to know 
the importance and methods of weed management 
in general, as well as the specific information 
regarding cassava. Some work inthis area has been 
done in Colombia and Brazil (and certainly other 
countries as well), but the need for more trained 
people in weed science is great. Future training 
programs should include those practices 
appropriate, to (1) cassava growers with large 
acreages who can readily use an integrated weeding 
system built upon cultural, mechanical and 
chemical control measures and (2) small farmers 
who for the foreseeable future are probably limited 
to cultural and physical control measures. 

The previous discussion has dealt with the direct 
effects ofweeds on cassava. An area of research still 
in its infancy is that of the interrelationships 
between weeds, insects and diseases. We do not 
know how many weed species may be serving as 
hosts for insects and diseases of cassava. Similarly, 
we do not know how many beneficial effects of 
certain weed species may exist. It is possible that 
some species may repel or otherwise reduce insect 
infestations and that by leaving either narrow strips 
of these weeds or low, noncompetitive levels in the 
field, insect damage may be reduced. Better yet 
would be a cropping association that would have a 
complementary effect of reducing pest problems. 

Another unexplored area of weed science with 
regard tocassava isthat of allelopathy. Very little is 
known for any crop regarding how plants interact 
with one another and whether or not certain crops 
or varieties are able to iihibit the growth of some 
weed species and vice versa. In a preliminary effort 
along these lines, I did observe that fresh cassava 
leaves were able to reduce the seedling vigor of 
some weeds (unpublished data). Further research 
might identify which varieties have the greatest 
potential for doing this and also which weed species 
are most affected by the inhibitors found in 
cassava. 
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Another area needing further research is that of 
cassava grown as a mixed crop. The aspects of 
weed competition in associated cropping systems 
have not been studied, and equally urgent is the 
need to rind herbicides selective to both cassava 
and the crops commonly grown with cassava. With 
this information, an integrated program of weed 
control methods (cultural, mechanical and 
chemical) should be developed for these 
associations. 

The possibility of using no-till establishment 
techniques for cassava also deserves evaluation. If 
appropriate and practical, they would greatly 
reduce the labor requirement at planting time and 
perhaps lower the weed pressure early inthe season 
as well. Herbicides are already available for such 
systems and are widely used for soybean and maize 
planting in many countries, including Brazil. These 

products are nonselective and leave no soil residue, 
therefore killing most or all weeds present at the 
time of application so planting can be done almost 
immediately. Dying weed vegetation often forms a 
mulch that reduces soil moisture loss and prevents 
the germination of weed seeds. 

Lastly, I encourage research on special problem 
weeds in tropical crops including cassava, such as 
CyperusrotundusL., Rottboellia exaltata L. and 
Bidens pilosa L. These and other species present 
particular problems to cassava growers in Latin 
America. Measures to prevent their spread and to 
control them more effectively need to be explored. 
Hopefully, national and international research 
organizations will commit themselves to the 
challenges of improving weed management in 
cassava production systems. 
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Caicedonia: an improved cassava-growing 
area with integrated control 

Julio Csr Toro* 
Samuel Gardia P.** 

Abstract 

The results are given of 6 yr of technical assistance from CIAT, integrated with a program of the 
National Coffee Growers Federation, designed to diversify crops being grown in the region of 
Caicedonia (Colombia). From an initial 60 ha and 8 farmers in 1971, the program has developed 
more than 1300 ha with 90 farmers. This has been achieved through a combination of factors 
including favorable environmental conditions, high net profits, a high-yielding local variety (Chiroza 
Gallinaza), market proximity, farmer receptivity to technical assistance, and availability and 
timeliness of credit. Special problems dealt with successfully include biological control of Erinnyis 
ello and CBB eradication. Optimal plant density recommended for this region is7000 plants/ha. The 
region has benefited both socially and economically. 

Background data 

Caicedonia is a township in the Valle del Cauca 
(Colombia) with an area of 243 km 2 and 126,000 
inhabitants, mostly farmers, whose principal cash 
crop is coffee. In a development program to 
diversify this region, the National Coffee Growers 
Federation initiated a project in 1971 to produce 
cassava on 2000 hectares available for thispurpose. 
An agronomist was selected to receive one year of 
training in cassava production at CIAT. 

When this agronomist began work in July 1972, 
there were only 60 ha (8 farms) planted to cassava. 

* 	 Agronomist, Cassava Program, CIAT, Cali, Colom-
bia 
Extension agronomist, Federaci6n Nacional de 
Cafeteros, Caicedonia, Colombia 

The crop was planted on hilly, marginal soils with 
practically no weed and pest control since cassava 
"s considered as a subsistance crop. There was no 
i-chnical assistance or credit available to farmers. 

Ar iegards cultural practices, the farmers used a 
subsoiler to prepare the land, planting the cuttings 
in a horizontal position in the row made by the 
plow. This practice was hsed because there was a 
severe problem of root rot; however, there was 
more root rot than before because they had planted 

cassava in the rows opened by the subsoiler. 

Factors related to the project's success 

In six years the area planted to cassava has 
increased more than 20 times (1300 ha, 90 farms). 
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This kne can be attributed to the following Proxisiy of markets 
interrelated factors 
Rial conditions The plantations are well located with respect toimportant markets. Cassava harvested in this 

Edaphic and climatic conditions inthe region are region arrives at these markets Inless than 12 
-favorable for high cassava yields: altitude, 1100 m; hours. 
mean temperature, 22.5DC; RH, 81%; annual 
rainfall, 1900 mm, well distributed throughout the Farmer acceptance 
year. The soils are of volcanic origin, characterized 
by excellent physical properties: organic matter, Because the project was sponsored by the
5.3%; pH, 5.5; P (Bray II), 70.0 ppm; K, 0.68 Federation, which is a highly accredited national 
meq/ 100 g: texture, sandy loam. institution, farmers were highly receptive. Another 

factor was the close relationship between projectCrop profltabity leaders and the farming community, in addition to 
the effectiveness of the technical assistance provid-Net profits from cassava are higher, and less risk ed.
 

isinvolved than any other crop in the region (2). In
 
1973 some coffee was uprooted to plant cassava. Credit
 
The highest net profit reported by a farmer was
 
more than US$1800/ha (Table 1). Net profits in 
 Not only was unlimited credit available to
this region depend on marketing methods, which farmers, but it was always given on time. Technical
have changed with time. At present, the crop is sold assistance was provided as part of this plan. As can
while still on the plant (age 8 months) and be seen in Table 2, farmers receiving technical 
harvested by the buyer himself at his convenience assistance reached a peak in 1975 and 1976, falling
(at 10-13 months). considerably in 1977. The reason for this is that the 

Federation did not lend money to the same farmers
Variety each year. Nevertheless, technical assistance was 

Chiroza Gallinaza is 4n excellent local variety given to farms who had had it previously if they
with a high yield potential and good-quality roots. required it. Hectares with credit followed the same 
For these reasons, the farmers prefer it. pattern, but total number of hectares increased 

constantly. 
Table I. Profitability c.1 operations where farmers All these interrelated factors are important; 

received technical assistance.* nevertheless, the project would not have been as 
Farmer Production cost/ha Net profit/ha successful if there had not been anagronomist with 

Table 2. The situation of cassava production InCol. USS Col.$ US$ Calcedonla over a 7-year period. 
1973 1973 

1 7,000 194 37,078 1,032 Farmers with Hectares 
2 7,020 195 36,370 1,038 technical Hectares without Total 
3 5,299 147 67,323 1,898 Year assistance with credit credit area 
4 5,959 169 28,888 802
 
5 7,824 21 " 49,726 1,403 1971 0 
 0 60 601972 5 6093 153 

1975 1M 1973 12 152 270 422 
6 5,300 153 57,407 1,594 1974 23 214 300 514 
7 4,900 140 54,991 1,571 1975 35 380 600 980
8 5,000 142 37,333 1,037 1976 34 297 770 1,067
9 4,700 134 29,999 862 1977 6 83 1,300 1,383 

*Soure D6. R.O. (2) Sourc Ouach P. Samuel. Monthly activity reports to the CoffeeGrowers 
s On dollar equivaknt to CoIsJ Federitio, July 1972-Sept. 1977 
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a solid knowledge of the crop, trained to pass this 
know-how on to the farmer. The agronomist was 
on top of any problem that arose, communicating 
new developments to the cassava team at CIAT. 
There was a continuous flow of information 
between researchers and farmers. 

It is important to point out that new cultural 
practices were introduced more readily when 
stipulated as part of the crrdit pln for farmers. 
These practices included planting on the ridge and 
use of the variety Chiroza. Loans were not granted 
to farmers who did not use the imp:oved techni-
ques. 

Collaborative research at the regional level 

At the Federation's request, a series of ex-
periments were conducted to solve specific

probemsthaarse urin ths prio of 

collaboration. For example, a population experi-
mentshoedhat ptium lan denityforthement showed that optimum plant density for the

region was around 7000 plants/ha for good-sized 

Based on a series of trials, acommercial roots (1). 
mixture of herbicides was developed and has been 

in use since 1973 (3). Entomologists introduced 

biological control of the hornworm Erinnyis ello 

with larval predation by the Polistes wasp, egg 

parasitism by TRichogramma wasps and spraying 
of thr bacterial disease of larvae, Bacillus 
thurirgiensis.A regular regional trial with promis-
ing i arieties is planted every year. At harvest time 
CIA r participates in a field day organized by the 
Federation. At this time, a special presentation is 
made, whereby all farmers in the region are 
provided with data on varietal performance, new 
cultural practices, and delivery of "seed" to farmers 
who may select the variety they would like to 
evaluate under their own conditions. 

Problems encountered 

The variety Chiroza is susceptible to Cercospora 
leaf spots, cassava bacterial blight and thrips. Since 

cassava is now intensively and extensively 
cultivated in this region, it is a continuous host of 
many pests. A biological control program was 
recommended. In spite of the fact that the farmers 
had been informed that the effects of this control 
were not immediate and that the variety would 
recover from pest attack because it was a vigorous 
type, they applied organophosphate insecticides to 
the crop, which also killed the predators of these 
pests, upsetting the ecosystem. It was nol ut;! 
many of their fields had been defoliated by the 
hornworm that they paid more attention to 
biological control. 

In 1974 an outside businessman wanted to plant 
cassava, but since no one sold him planting
material, he unknowingly bought CBB
contaminated material from a neighboring county.
In this way they introduced the disease into a 

In t heagro duced the problin a 
region. The agronomist detected the probl -niand 
organized a field day to alert the farmers. Diseased
plnswrroudadbne.Aarsltth 
plants were rogued and burned. As a result, the 

farmers was stimulated. The continuous observa

f prevti m ae h a pevented he 

introduction of new diseases. 

Conclusions 

The results obtained during.these six years of 
technical asistan.e provided in close collaboration 
with a national institution are a clear example of 
how a region can be aided in developing and 
improving production, keeping the crop free of 
major problems. Cassava has increased the benefits 
fU, the people of this region, both socially and 
economically. This is an illustration of how 
technology can be applied effectively when 
4dministered by the appropriate chaniels, 
resulting in the farmer's benefit. 
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Cassava bacterial diseases 

E.R. Terry * 

Abstract 

Bacterial disease of cassava-leaf spots, stem rot and blight-are discussed, with emphasis on 
cassava bacterial blight (Xanthomonas manihotis) inAfrica. The following aspects are dealt with in 
detail: distribution in Africa, factors contributing to the pattern of CBB development (cultivation 
systems, rainfall and soil conditions), economic importance, etiology and symptomatology, factors 
influencing dissemination of the disease (propagating material, vectors, rainfall, soil conditions, 
sources of inoculum) and integrated control. Yield losses range from 14-100%, depending on variety, 
locality, time of year and cultivation system. CBB also reduces starch content and availability of 
planting material and foliage as a source of protein. 

Introduction 

Cassava is grown in a wide range of environmen-
tal conditions, extending from the hot humid 
tropics to the warm border of the temperate zones. 
in 1975 the total world production grown on 
approximately 11 million hectares was 105 million 
tons, about 41% of which was produced in Africa, 
29% in South America and 27% in Asia (9). The 
increasing importance of cassava in global 
agriculture has recently generated interest in tha 
crop, resulting in a considerable commitment of 
personnel, effort and funds for rescarch. This 
in,.reased attention has resulted in the realization 
thiat cassava is susceptible to various dis,.ases that 
cause significant crop losses. 

• Root Crops Pathologist, International Institute of 
Tropical Agriculture (IITA), P.M.B. 5320, Ibadan, 
Nigeria 

This article attempts to document the available 
knowledge on cassava bacterial diseases as a basis 
for developing an integrated contror system for 
cassava diseases and pests. Because of the scanty 
information on bacterial stem rot (Erwinia spp.) 
and bacterial leaf spot (Xanthomonas cassavae), 
these two diseases are only discussed briefly; major 
emphasis is on cassava bacterial blight 
(Xanthomonas manihotis). 

Bacterial leaf spots 

Incidence of bacterial leaf spots on cassava have 
been reported in Mauritius (27), Malagasy 
Republic (3), Malawi (40) and Uganda (12). The 
disease in Mauritius and the Malagasy Republic 
has been attributed to X. manihotis (10), while 
those in Malawi and Uganda have been attributed 
to X. cassavae (40). The latter bacterium has also 
been reported as the causal organism of a leaf 
spotting and defoliation of cassava in Zaire (5). It is 
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possibule, however, that in these earlier reports the 
pathogens involved were inadequately identified. 

It has been argued that P. solanacearum, 
Erwinia cassavae and X. cassavae are obviously 
hot related to X. manihotis (20). Disease symptoms 
reportedly induced by the first two pathogens P,id 
the morphological, physiological and bioche-aical 
characteristics of each of these bacte'.ia are 
apparently very different from those of X. 
manihotis. For instince, Y.'assavae indu-es leaf 
spots but these are initially circular, not anular, 
and are surrounded by a yellow halo with racial 
necrosis of the veins. In addition, the pathogen is 
restricted to leaf tissues and produces a yellow 
pigment on sugar-containing media. 

Bacterial leaf spot diseases of cassava do not 
appear presently to be a major source of crop loss. 
Furthermore, information on aspects relevant to 
the formulation of an integrated control system 
has not been documented. 

Bacterial stem rot 

This disease has only recently been reported 
from Colombia. Preliminary cultural, morpho-
logical and biochemical tests, as well as symp-
tomatology, show that the bacterial species and the 
disease it induces are different from the cassava 
blight bacterium (7). Tests show that the pathogen 
isa gram-negative, rod-shaped organism belonging 
to the genus Erwinia. 

The organism is apparently restricted to Stem 
tissues, and infected plants show blackish necrosis, 
wilting and finally dieback. Buds located along 
infected stem portions are first invaded and 
necrosed; thus infected stem cuttings may be lost 
for planting purposes (7). 

are being conducted at CIAT as 
Investigations 

regards the importance of this disease and its 
epidemiology. Formulation of strategies for the 
control of the disease must, therefore, await the 
results !-!this research. 

Cassava bacterial blight 

Although this disease has been reported recently 
in Colombia (21), Taiwan (18), Malaysia dnd 
Thailand (6), this article will deal almost exclusive-

ly with the disease in Africa. While some aspects of 
the disease in Africa are similar to those reported in 
Latin America and Asia, the cultural, environmen
tal and soioeconomic factors that affect the 
,evelopm.nW. spread and control of CBB in Africa 
are sufficiently different to warrant special con
siderations. 

Geographic distribution in Africa 

Within the last five :'?ars outbreaks of CBB have 
been reported in nine African countries; viz., 
Nigeria (41), Zaire (11), Cameroon (Terry and 
Ezumah, unpublished data), Republic of Benin, 
Togo and Ghana (38), Republic of Congo (32), 
Rwanda (Mostade, personal communication) and 
Uganda (Otim-Nape, personal communication) 
(Fig. 1). 

It is important to mention that these countries 
represent locations where survcys for the disease 
have been made and its incidence confirmed. The 
possibility exists that the disease in unreported in 
other African countries where detailed surveys 
have not been made. The nine countries with 
confirmed incidence of CBB fall into three major 
regional groupings: West Africa (Western 
Cameroon, Nigeria, Benin, Togo and Ghana), 
Central Africa (Eastern Cameroon, Zaire and 
Republic of Congo) and East Africa (Rwanda and 
Uganda). 

West Africa 

Cameroon. The disease was first observed in the 
Northwestern, Western and Littoral provinces of 
Cameroon in 1974 (Terry and Ezumah, un
published data). CBB is now known to occur in 
both forest and savanna areas but is more prevalent 
in the savanna where cassava is grown as a 
monocrop (28). 

Nigeria. The disease was first reported in the 
central and southern regions of the country in 1972 
(41). The highest incidence was observed in the 
high rainfall, forest regions in the south-central .' nd 

southeastern areas where total crop destructitn 
was found (Terry, unpublished data). 

Republic of Benin. The disease is widely 
distributed in the southern part of the country, 
occurring frequently between Cotonou and 
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Figure I. Geographic distributlon of CBB in Africa (Mey 1977). 

Abomey and in the Save region near the Nigerian 
border. There appears to be considerable informal 
trad of cassava cuttings from western Nigeria to 
the Republic of Benin, especially in the Save region 

(31). 

Togo. The disease was first observed on the 

cassava collections at the IRAT stations in Davie 
it was oh-and Amoutochou. At Amoutochou, 

served only on cultivars introduced from the 
Malagasy Republic and an adjacent collection of 
local cultivars (31). There have been other reports 
of the disease on local farms along the coast 

between Agbessie and the Ghana border (Adam, 
personal communication). 

Ghana. In 1975, the disease was of apparently 

limited distribution, occurring in the Volta region. 
near the Togolese border and in the Pokase region 

west of Accra. It has apparently spread to the 
the central regionscoastal savanna areas of 

(Kogang-Amoakoh, personal communication). 

Central Africa 

Zaire. Although the first official report of the 
recent outbreak of CBB was made in 1973 (11), 
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Maraite and Meyer (24) state that the disease had 
been observed in the southern rart of Zaire since 
1970. The disease appears to have spread from 
Bandundu Province into Bas-Zaire and Kasai 
Provinces and is generally more severe in the 
savanna than in the forest areas (11). 

Republic of Congo. Reports from the Braz-
zaville area, the Konkonya plateau at Londima and 
the Monyondzi region indicate a high incidence of 
CBB 	 in these areas (Batsimba, personal com-
munication). The disease is very severe at Mbe in 
the grassland savanna zone where all three local 
cultivars are highly susceptible (Terry, unpublished 
data). 

East Africa 

Rwanda. CBB was first observed at Mont Julu 
(altitude 1750 m) in 1977 and later at Nyabisindu; 
however, incidence at both sites was quite low, and 
the disease was only moderately severe (Mostade, 
personal communication). 

Uganda. A recent report indicates that incidence 
of CBB was first confirmed in the Nile and 
northern provinces in 1976. The disease appears to 
be more severe in the South Nile districts, tending 
to decrease in both incidence and severity 
northward (Otim-Nape, peronal communica-
tion). 

Factors contributing to the pattern of CBB 
development 

Cultivation systems 

The predominant cultivation systems in the three 
regions where CBB incidence has been confirmed 
are characterized by the following: 

1. 	 Farms are usually small, ranging from less 
than I ha to 5ha. Farm sizes tend to be larger 
as one moves from the rain forest to the 
savanna areas, but the number of crops in 
mixtures lowers. 

2. 	 The most common land-clearing practices 
involve the use of fire. 

3. 	 Crop establishment and growth are almost 
entirely dependent on rainfall. Cropping 
patterns ana mixtures are related to the 
uncertainties in rainfall distribution and 
intensity. 

4. 	 lntercropping isthe most widespread practice 
Wth the highest complexity on compound 
farms, especially in the rain forest where 
annual staples, vegetables and perennial fruit 
trees are intercropped. 

5. 	 Crop rotations take the form of mixed 
intercropping with different species followed 
by different sets of dominant and subsidiary 
crops (26). 

Rainfall 

West Africa. Climatically, this area is 
characterized by an average annual rainfall of more 
than 	3000 mm along the coast, which decreases 
rapidly to about 750 mm in the northern areas. The 
rainfall distribution is primarily monomodal 
(May-October), but some areas have a bimodal 
distribution (May-July/September-October). In 
some areas along the coast of Cameroon and 
Nigeria, rainfall may exceed 4000 mm and can 
reach a peak of 10,000 mm a year. 

Central Africa. This area is characterized by a 
typical equatorial climate with an average annual 
rainfall of 1500 to 4000 mm, which is evenly 
distributed throughout the year. The savanna has a 
lower annual rainfall (750-1500 mm), largely 
concentrated in a few months, with a dry season 
from November through February or from May to 
August, depending on whether the location is north 
or south of the equatorial belt. 

East Africa: This area is characterized by a mean 
annual rainfall of 500 to 1000 mm although in some 
areas around Lake Victoria and Lake Nuasa, 
rainfall may be as high as 1500 mm. Most of this 
rain falls in a few months: south of the equatorial 
belt this occurs in the period between October and 
May, and north of the equatorial belt between 
March and October. 

Soil conditions 

Cassava isgrown extensively in those areas of 
Africa where shifting cultivation is practiced. The 
crop does not require high fertility orgood physical 
soil properties, but it cannot tolerate high ground 
water. Thus it is the preferred crop in many areas 
with poor soils that have been depleted by the 
production of more nutritionally demanding crops 
such as yams, maize or grain legumes. 
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These soils have the following general seasonal fluctuations, time of planting and the 
characteristics: They are dominated by Kaolinite magnitude of inoculum disseminated. Yield loss 
clays with a low mineral reserve for supplying has been difficult to assess because of the 
nutrients to plants; their low cation absorption susceptibility of the currently favored varieties to 
capacities make them particularly susceptible to other major cassava diseases. 
leaching. When forests are cleared by the 
traditional 'slash and burn method, their natural In a yield assessment of three varieties in Nigeria 
fertility is gradually exhaustcd by leaching and the during 1975, variety 60444 (8.8 t/ha) was more 
surface becomes depleted even below the subsoil. susceptible than 53101 (9.7 t/ha) or lsunikakiyan 

(12.2 t/ha). The CBB severity ratings for these 

These soils generally have a low water-holding three varieties were 3.2, 2.9 and 2.8, respectively 
capacity; and since the beginning of the growing (on a I to 5 scale of increasing severity). The 197 1
season coincides with the onset of the rainy season, 72 yields of the same varieties in the absence of 
the soil pr6file during this period is partlyorwholly CBB ranged from 19 to 21 t/ha (39). While there 
devoid of available water. Drought stress at the are other factors that might have contributed to 
beginning of the growing season and dry spells these differences in yield, it seems likely that CBB 
du-ing the growing se,'son are, therefore, limiting infection was at least partially responsible. Arene 
factors in the production of most crops in these (unpublished data) reported that root yields of 
areas (8). Once cassava is established, however, it variety 60444 were reduced by 90% as a result of 
can utilize soil moisture better and from greater 	 early CBB infectiin in Nigeria. 
dc! , . most of the other annual food crops. 
Thus, ii s the moin and often the only crop grown Crop loss due to CBB is also manifested in the 

in sandy soils that ai, particularly prone to drought reduction of starch content of roots from infected 
stress after short, rainless periods, 	 plants. In Nigeria, Obigbesan and Matuluko (25) 

reported an average reduction of 5 to 7%in root 
starch content for varieties 53101 and 60506, 

Economic importance 	 respectively, when severely affected by CBB. 

Cassava bacterial blight is considered the most the destruction of planting material for the 
devastating of several bacterial diseases of cassava succeeding year's crop due to dieback of cassava 
because it often results in total loss of both yield stems represents a considerable loss. In Zaire, 
and planting material under conditions favorable cassava leaves are widely used as a leafy vegetable 
for its development (21). Ior protein; inShaba and Kivu provinces the root is 

ol minor importance since the crop isgro-:. -.mainly 
for its leaves (Ezumah and Sebasigari, unpublishedEstimates of the incidence of CBB made during 

field surveys vary with varieties, location, time of data). The large-scale defoliation of cassava in 

year and type of cropping system. These estimates recent years due to CBB has therefore ied to a 

range in Nigeria from 14% (Arene, unpublished shortage of leaves and a search for an alternate 

data) in cassava plots interplanted with both maize source of protein. 
and melon to 100% with cassava as a sole crop (34). 

Etiology and symptomatology 

In Zaire, destruction of cassava farms in Kikwit The causal agent of CBB is Xanthomonas 
(south-central) and of young plantations in the manihwtis. This pathogen can cause an unusually 
southern part was reported by Hahn and Williams wide variety of symptoms and is the most 
(11) and Maraite and Meyer (24). In Uganda, the commonly encountered cassava bacterial 
results of a detailed survey indicate that up to 84% pathogen. 
ofcassava farms were infected in some areas (Otim-
Nape, personal communication). The bacterium normally penetrates the host via 

stomatal openings or through epidermal wounds 
Reduction in yield due to CBB varies with the (20), and initial symptoms appear as water-soaked 

location, level of susceptibility of the varieties, angular spots, which often exude sticky yellowish 
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droplets on the lower leaf surface and along the infected so that the stems are not attacked. Under 
veins. If undisturbed, these droplets may dry to very humid conditions, the spots coalesce causing 
form tiny pellets (36). The spots eventually turn destruction of large areas of the lamina, followed 
brown, enlarge and coalesce, forming large by severe defoliation, and such plants aprear to be 
necrotic areas which later turn purplish brown. more susceptible to attack by the fungus 
When one or more lobes or the entire leaf lamina BotryosphaeriaribisGr. and Dug.,which causes a 
becomes necrotic, the manifestation is called dieback often extending to ground level. 
"blight." 

Factors Influencing CBB dissemintion 
The de.eelpmen of the disease and the pattern 

of symptom expression resulting from the Propagating material 
propagation of infected cuttings differ from those 
that occur after stomatal penetration by the The propagation of infected cuttings obtained 
b.-terium. With the former, the following may be from the previous year's diseased crop is largely 
observed: (a) loss of turgiity of one or more leaves, responsible for the continuity and dissemination of 
which rapidly wilt; (b) tMe base of the petiole the disease through successive growing seasons. 
collapses, but the dried leaf may remain attached The widespread movement of infected planting 
for some time; (c) all leaveg located above those material in an area also contributes to the rapid 
showing the firt symptoms wilt progressively (24); spread of the disease. Lozano and Sequeira (21) 
(d) gum exudation may be observed on the stem reported that 86%of the plants in a plot established 
close to the first wilted leaf; and (e) the unlignified with cuttings from a CBB-infected planting became 
tops die while new shoots appear at the junction of infected. 
the dead and healthy woody stem. Vectors 

Three different bacteria have been reported as Insects have been suggested as possible agents 
causal agents of cassava diseases: Xanhomonas for disseminating CBB (2). In Nigeria, during the 
manihotis (Ar'haud-Bertet) Starr, X. cassavae 
Wiehe and Dowson, and Pseudomonas early patnof the rainy season (March to April), the 
solanacearum (E.F. Smith) (4). It has been "dry season" population of the variegated 
suggested that X. cassavae is a yellow strain of .	 grasshopper Zonocerus variegatus is high. Thesemanihotds, but Bradbury (4)believes that this is 	 grasshoppers move around infected cassava plants

quite freely and their mouth parts and appendagesunlikely. Preliminary reports from Kenya become contaminated with wet bacterial exuda
(Onyango, personal communicationy indicate that tion. This suggests a possible role for Z. variegatus 
what is presumed to be ayellow Xanthomonad has in disseminating the disease (37). The role of other 
been isolated from cassava showing symptoms ofa insects in disseminating the bacteria has also been 
bacterial disease. The field symptoms observed and demonstrated in Colombia; however, these in
those induced by inoculation with this isolate are estatedindca;ev these to 
apparently similar to those observed in western vestigations indicated that spread attributable to 
Kenya in 1973 (35). Pathogenity tests and iden
tification of this bacterium are in progress. Rainfall 

Brief reference has already been made to the Rain splash is probably the most important 
other bacterial diseases of cassava that are factor in the lateral dissemination of CBB from 
characterized by leaf spotting. It appears, however, plant to plant. The incidence of CBB in a Nigerian 
that an important distinguishing factor between field planted with a susceptible variety
these diseases and CBB is that infection islimited to (lsunikakiyan) was monitored by counting the 
the foliage and that the massive defoliation number of plants with angular leaf spots at 
observed is due to severe blighting and not to monthly intervals from November 1973 to August 
wilting. According to Wiehe and Dowson (40) in 1974. The rainfall distribution for the period was 
Malawi, the necrosis of infected leaf veins extends also recorded. The results (39) indicate that there 
radially from the margins of the spots, but the was a decrease in the incidence of angular leaf spots 
leaves are shed before the petioles are badly after the rains subsided in November. The 
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low from November untilincideme remained 
March, increased in April, and continued to rise 

until August. This pattern concided with the 

rainfall distribution for the same period. Accord

ing to Lozano and equeira (21) rainfall provides 

the conditions necessary for mobilization, distribu-

tion and penetration of inoculum, and it is 

probably the most important environmental factor 

affecting CBB development, 

Soil conditions 

Although some reports from surveys in Africa 
indicate that .CBB is most severe on cassava 
growing on toils of poor nutritional status(13, 24), 
data on the effect of low soil fertility on the severity 
of CBB are inconclusive, 

Inan experiment with variety 60444 as the CBB 

indicator, there was a significantly (P < 0.05) 
higher number of plants killed by CBB in an 
unfertilized low-fertility soil than in the same soil 
fertilized with NPK (39). In Nigeria, significant 
reduction of CBB was obtained when a susceptible 
variety 53101 was grown in soils fertilized with 90 

kg/ha potassium (I). In Warri, Nigeria, an area 
with sandy soil of low fertility, the effect of various 
NPK treatments on disease development was 

tested. No significant effects were detected from the 

various NPK combinations on disease incidence 
and yield. Leaf analysis showed no significant 
difference in the nutritional status of the plants 
from different treatments. This suggests that some 
other factor was limiting, 

It is important to note that although cassava can 
be grown under a wide range of environmental 
conditions, the crop performs better on soils with 

good physical characteristics and in areas with 
on sandy soilswell-distributed rainfall. Therefore, 


with low water-holding capacity'and low nutrient 

status, it is possible that CBB expression may be 


more severe because of these combined factors. 


The critical factors involving various aspects of 

climatic and edaphic conditions and their effect on 

CBB expression merit further investigation. 

Sources of Inoculum 

Disease development is reduced appreciably 
during dry periods, but the survival of dry bacterial 
pellets on a few leaves provides a ready source of 

inoculum. These pellets contain between 100,000 to 
which become active1,000,000 viable cells (37) 

during subsequent rainy periods. 

The rapid spread of CBB has prompted 

investigations into long- and short-term survival of 

the bacteria. According to Ikotun (14) survival in 

soil is not as important as survival in bacterial 

exudate and in host tissue. In Nigeria, bacterial 

cells within pellets remained infective after 22 

months' dry storage at room temperature (15). 

An epiphytic population of X. manihotis has 
been detected on the surface of apparently healthy 
leaves during the dry season (January) and also 
during the growing season (June). This suggests 
that a low population of the pathogen can survive 

the dry season as an epiphyte (17). 

Preliminary investigations (30) revealed that 
seeds from infected plants which had been stored in 
a cold room (50C) since 1975 carried the bacterium. 
This indicates a potential for seed transmission of 
the pathogen. 

Integrated control 

Since cassava isa subsistence crop, intercropped 
in small holdings, the disease is not a practical 

for chemical control. Furthermore,target 
bactericides have not proven effective against CBB, 

especially in system;:'ally affected plants. On the 
chemical control is uneconomicalother hand, 

because of the comparatively low returns. A 1974 

analysis of estimated returns for selected crops in 

the forest zone of Nigeria indicated that cassava 
would yield US$2.54 man-day of labor while 

cocoa and oil palm would yield $5.43 and $5.00, 
respectively (33). 

Crop rotation may be practiced as a control 
measure for CBB. The removal and destruction of 

all infected debris by burning is recommended by 
Lozano (22) since an interval of six months 
between successive crops is probably sufficient to 

prevent the carry-over of the pathogen in the soil. 

All planting material should be selected carefully 
from fields and plants apparently free of CBB. 

Stem sections with suspicious signs of the disease 
must be eliminated (23). Bacteria-free plants can 
also be produced successfully by using a method 
developed by Lozano and Wholey (19). 
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The most practical control method is host plant 
resistance, and the lITA Rootand Tuber Improve-
mert Program has assigned high priority during 
the past five years to breeding for resistance to 
CBB. Hybridizations of selected parents have been 
made with resistant clones, and large numbers of 
progenies have been tested for reshtance under 
field conditions in Nigeria and Zaire. 

During 1975 some 100,000 seedlings from 1270 
families were raised from seeds of croses and 
introductions and then screened for CBB 
resistance. The 300 most promising clones were 
evaluated without fertilizer in yield trials at four 
different sites in Nigeria. Several selections 
outyielded the local standard varieties by 2 to 18 
times; the highest average yield was about S0t/ha, 
primarily because of resistance to diseases, es-
pecially CBB (16). 

Different screening methods developed include 
stem puncture, leaf infiltration, leaf spraying and 
leaf clipping. Advantages include (a) standardiza-
tion of the inoculum dose, (b) simulation ofnatural 
field infection and (c) rapid symptom inducement 
and disease development. Leaf clipping is the most 
suitable for routine screening because it facilitates 
the rapid inoculation of a large number of plants 
(16). 

Nevertheless, this approach involves long-'term 

breeding programs for the selection, evaluation 
and release of high-yielding resistant varieties; 
therefore, it is imperative in the interim to utilize 
presently available knowledge to develop short-
and long-term integrated control systems. These 
systems should incorporate aspects of exclusion 
and eradication of the pathogen by crop sanitation 
practices, as well as host plant resistance. 

I 

In spite of the rapid spread ofCBB into many of 

the major cassava-growing areas in Africa, there is 
still an urgent need to contain this trend and 
prevent its introduction into CBB-free ares. 
Furthermore, the possible existence of different 
strains within X. manihotls (16,24) demonstrates 

the need for strict exclusion procedures. The 
existence of three similar bacterial diseases (4) 
emphasizes the importance of careful quarantine 
measures. Cassava vegetative material should not 
be imported from countries where CBB has been 
reported. As regards true seeds, the possibility thai 
they can carry viable X. maniholis over a 
considerable period of time highlights the need for 
an effective seed treatment procedure prior to 
shipment and distribution. Treating seeds in hot 
water and 600C for 20 minutes can apparently 
eliminate the bacterium (3). 

There are still some aspects of this disease that 
should be investigated to facilitate the development 
of an efficient integrated control system: (a) a 
survey of countries where CBB has not been 
reported to document its presence or absence, 
which has immediate implications relating to the 
movement of infected planting material; (b) the 
ef(ects of agronomic practices, especially mixed 
cropping, on the development of CBB, with a view 
to improving recommendations on cultural con
trol; and (c) determination of the existence and 
significance of pathogenic variation of X. 
manihotis to improve screening for host plant 
resistance so that ratings reflect the likely perfor
mance of varieties in the field under natural 
infection. 
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American virus and mycoplasma 

diseases of cassava 

G.Mur-aLn.Ups 

Abstract 

The following aspects o virm or mycoplasma diseases incassava (common mosaic virus, leaf vein 
mosa, lat tum witche-bom and frog skin) are presented: eographic distribution, economic 
importance, strains, host range and symptomatoloy, transmision, serology, stabililty, purification 
and properties of patils. Aspects requiring further research are discussed. 

Cassava, one of the most important tropical 
crops, is attacked by several dieases that can 
reduce yield or cause complete loss when con-
ditions are appropriate for the development of an 
epiphytotic. Some of these diseases are produced 
by plant viruses or mycoplasmalike organisms. At 
present they are restricted to limited areas; 
however, with the increased interchange of 
vegetative material, they may be introduced to 
areas where there are natural vectors or conditions 
favor their development, 

Only two virus diseases and one mycoplasma 
disease have been identified in the Americas: 
cassava common mosaic, cassava leaf vein mosaic 
and witche'-broom disease produced by the only 

* Virus Laboratory, Instituto Colombiano 
Agropecuario (ICA), ApatadoMreo 151123, oSot, 
Colombia 

mycoplasmalike organism registered in cassava. 
These diseases have been studied mainly in Brazil; 
little is known about their incidence elsewhere (3

.4,6,8-10,12-18,20-24). 

Baciliiform viruslike particles have been ob
served in electron microscope studies of cassava 
plants that do not show any disease symptoms. 
These particles have received the name of cassava 
latent virus (8). Recently, a new disease (frog skin) 
was registered in Colombia (1), the causal 
organism of which is not known. To date,evidence 
suggests that itis not caused by a bacterium, fungus 
or nematode, nor is itdue to mineral deficiencies or 
toxicity (1; Lozano and Castaflo, personal coin
munication). 

In general little is known about these causal 
organisms, their dissemination under field con
ditions, geographic distribution, quantitative yield 
losses and control measures. 

85 



Cassawprotection workshop 

Cassava common mosaic disease 
(CCMD) 

CCMD, which was first recorded in 1938 (23), is 
characterized by the development of typical mosaic 
symptoms, with or without malformation of the 
leaf blade. In some varieties the symptoms may be 
of.the yellow mosaic or vein-banding type; in 
others symptoms are very mild and in mature 
leaves may escape detection (Fig. I). Symptoms are 
similar to those produced by the African cassava 
mosaic virus, which is not registered in the 
Americas; AMD is transmitted by whiteflies and 
completely unrelated to CCMD (2,6,8,11,18-19). 

Geographic distribution 

CCMD occurs in practically allcassava-growing 
areas of Brazil. It has also been rmp rted in Peru 
and probably occurs in other Latin American 
countries where large collections of cultivars from 
Brazil have been introduced (6). The virus wasalo 
found on quarantined plants in Colombia (18) a.nd 
on isolated plants in South Sumatra, Indoresia 
(Booth, personal communication), 

Economic importance 

CCMD is considered of minor importance, even 
though it can cause losses of 10 to 60 percent in 
individual infected plants, because it does not 
spread very fast in the field and is easily controlled 
when care is taken in selecting stock for propaga
tion (3,6,8,18). 

Pathogenicity 

Host range and symptomatology 

In nature the virus has been found only in 
Manihot spp. (6). In transmission tests it produces 
disease symptoms in several plants and multiplies 
without symptoms in Euphorbiaprunfola,a very 
good species for propagating the virus (6). After 
inechaivical inoculation in cotton (Gossypium 
hirsutum), it induces irregular chlorotic local 
lesions followed by .,ystemicvein clearing and then 
recovery of tb* inoculated plant (6,8). In castor 
beans (Ricinus communis) the virus produces a 
mild type of mosaic that tends to disapj. ar as the 

Figure 1.Sympltoms of cassava common mosaic vrus Incassava: stunntlg of the diseased plants, the pratce of 

yellowish areas on the leaf blade and leaf distortion. 
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leaves become older (6). In Gomphrea globosa it Relation to cells and tissues 

producs local necrotic lesions a little larger than 
CCMV is found in the cytoplasm of practicallythose produced in this hot plant by potato virus x 

all cell types, except tracheids and sieve tubes (12,
(6). In Canopodlum app. CCMV producn local 

there is no 17). Virus inclusions of varied size and shape,
chlorotic or necrotic lesions, but 
systemic invasion (6,8). Besides these Maha 	 consisting of masses of virus particles more or loss 

parallel but without a definite arrangement are
panIlm and Daturastramonlum(26) have been 

common (12, 17). They have also been observed in
reported as hosts. 

E prunifolia, C. quinoa, C. amaranticolor,M. 

parvlflora and D. stramonium (26). It seems 
Propert of infectivity possible to use the presence of these inclusions for 

diagnosing the disease with the light microscope 

The thermal inactivation point (10 min) is (8). 
between 70 and 79C; the dilution end point above 
10-4; and longetivity in vitro is more than 64 days Serology 

but less than 128 (3, 6). There is no information 
on these CCMV is active serologically, and using a 

about the effect of the source plant 
properties, nor the effect ofadding antioxidants or partially purified preparation it was possible to 

obtain antisera that reacted with infected sap from 
reduing ag . 

E prunifolia, M. utlilssima, and Chenopodlum 

sp!,., as well as with purified preparations, but not 
Studies on transmission with sap from healthy plants (17, 25). 

The virus is readily sap trausmissible (3, 6);. 	 CCMV is considered as one of the components 

mechanical traumission is one way in which it of the potato virus X group, but it does not react 

differs from the African cassava mosaic virus (18). with antiserum against that virus (6, 17). 
CMV does not have a known insect vector 
whereas ACMV does (6). In studies to identify a Control 
vector, results have been negative with the 

The disease is easily controlled when there is 
whiteflies Bemaisa tabaci(6,8), R tuberculata(6), 

early roguing of diseased plants and care is taken in 
Aleurothrixus aepim (6,8), Trialeurodesvariabilis 

selecting virus-free plants for propagation (3,4, 8).
(6). Similar results were obtained with the thrips 
Sclrtothrops manihotis (6,8) and with the mites 

Attempts to free virus-infected cuttings by heat 
Mononychus bondari(6), Tetraftychus urtlcae(6) 

CCMV is not transmittcd by therapy were unsuccessful since the temperatures
and T. telarlus(8). survival were ineffective (5,
sexual seed (6), but it is efficiently disseminated in that permitted cuttin 

vegetative cuttings from diseased plants (6,7). It is 7). 

also readily transmissible by grafting (3). Cassava leaf vein mosaic disease 
(LVMD) 

Cassava leaf vein mosaic disease, also known as 
Purification of the virus 

cassava vein mosaic orveinal mottle virus, has been 

registered since 1940 (3). The disease is charac-
Properties of particles 

terized by the development of veinal mosaic 

symptoms that are not generally seen in very young
There is noinformation about the sedimentation 

leaves. The chlorotic areas . Ay be linnited to the 
coefficient, molecular weight, diffusion coefficient, 

veins or invade the leaf parenchyma near the veins. 
isoelectric point, electrophoretic mobility, absor-

Leaves with symptoms have the lobes generally
bance at 260 nm or the ratio 260/280. 

curled downwards (6, 8, 19) (Fig. 2). 

The CCMV particles are flexuous filaments ca. Geographic distribution
 
500 nm in length and ca. 15 nm diameter that do
 

has been
not show an internal channel (6, 8, 12, 17). There is The disease produced by LVMV 

remrded in the states of Rio deJanciro, Slo Paulo,no information on particlu composition. 
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Figure 2. Symptoms of leaf vein mosaic virus in cassava: yellowiig of veins and leaf curling. 

Pernambuco, Mato Grosso and Rio Grande in 
Brasil, mostly in collections of cassava cultivars in 
experimental stations, but rarely in commercial 
cassava plantions (6). It has also been registered in 
Venezuela (19). 

Economic Importance 

of little economicThe disease is considered 
importance (6, 8); but there is no reliable data to 
determine losses in individual infected plants (18). 

Pathogenicity 

Host range and symptomatology 

The virus has been found naturally only in 
Manihot esculenta (6). In transmission tests with 
many species of Cruciferae and other families, 
symptoms of infection were ob.erved only in 
Daturastramonium L. (6, 8). 

Properties of infectivity 

There is no information on thermal inactivation 
point, dilution end point or longevity invitro. It 
has not been purified, nor is there complete data on 
the properties of its particles. LVkV has isometric 
particles about 50 mij, in diamr eter. It can be 
observed in leaf dip preparatior.s and ultrathin 
sections (13). 

Studies on transmission 

The virus is transmitted mechanically by sap 
inoculation, but this is difficult to do (6). LVMV 
does not have a known vector (3, 6). Studies with 
Myzus persicae and other species of aphids gave 
negative results (6). There is no information 
regarding virus transmission by sexual seed. It is 
disseminated by cuttings from infected plants and 
can, on occasion, be obtai.mej from infected 
cuttings (6. 8). The virus is readily t.ansmissible by 
grafting (6). 
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Purification of the virus 

Relation vith cells and tissues 

LCMV occurs in the cytoplasm of infected cells 
dispersed in certain areas rich in ribosomes but 
poor in other cytoplasmic organelles (13). 

Serology 

The virus is not related tO cauliflower mosaic 
virus, which it resembles morpbnlogically (6). 

Control 

The disease is easily controlled by the use of 
healthy cuttings, which can be obtained through a 

certification program, the establishment of germ-
plasm banks and quarientine measures (3-4,6,8). 
Heat treatment of cuttings was not a satirfactory 

procedure for obtaining virus-free plants (5). 

Cassava latent virus 

There are no symptoms of disease in infected 
cassava plants (6). Its distribution isunknown but 

may be widespread (18). No information is 

available on yield losses. 

Properties of particles 

The cassava latent virus has bacilliform particles 
280 to 300 nm in length and 80 nm in diameter (6,8). 
The particles are present in the perinuclear space of 

cells inparenchymatous tis -es of infected cassava 

plants (6). 

Control 

As there is no informaticn on this virus as a 

disease agent, nothing has been done regarding its 

control. 

Cassava witches-broom 

Cassava witches'-brooni, also known as "super-
has beenor "envassouramento"brotamento" 


described since 1939 in Minas Gerais, (20, 22) and 

in Sno Paulo, Brazil, in 1941 (9-10). It was first 

consideied a virus lisease (9-10, 22, 24); but laterit 

was determined ait it is produced by a 

mycopl smalike organism (6, 14). 

The disease is characterized by stunting of the 
infected plant and proliferation ofshoots, especial
ly near the apex, so the plant acquires a bushy 

appearance (Fig. 3). Leaf symptoms consist of 
slightvein clearing, yellowing and reduction in size. 
Roots become more numerous but are of poor 
quality and of no commercial value (6, 20, 24). 

There is excessive budding in cuttings taken from 
infected plants.(Fig. 4). 

Geographic distribution 

It has been reported in Minas Gerais, Slo Paulo 
and Pernambuco in Brazil (8, 20); Mexico (16), 
Venezuela (18, 20) and may possibly be present in 

other parts ,ofBrazil (6) 

Economic importance 

The disease is considered of little economic 

importance (8), but it can cause heavy losses (6, 18). 
It appears suddenly and after one or two years 

disappears. The Pernambuco type can cause death 
of plants produced from infected cuttings (6). 

Pathogenicity 

Host range 

The disease has been recorded only in M. 
esculenta and M. glaziovii (18, 20, 24). 

Strains 

Costa and Kitajima (6) indicated that it is 

possible to differentiate three types of witches'

broom in Brazit (a) The old type obserVed in Slo 

Paulo; (b) the Per.iambuco type, which induces a 

less severe type of witches'-broom, but with strong 

leaf vein clearing and yellowing. Stunting isseverer 

and there is deat!i of shooj. coming from infected 
type,cuttings (6); and (c) the Santa Barbara 

characterized by less stunting of the plant than type 
(b) and milder witches'-broom symptoms than type 

(a) (6). They have not been compared under the 
same conditions because of the possible introduc

tion of new disease agents in areas where they maybeoeapbem()
 
become a problem (6). 

Properties of infectivity 

The cassava mycoplasmas are morphologically 
indistinguishable from other plant-infecting 
mycoplasmas (6). 
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Figure 3. Symptoms of wilcbes'-broom In cassava. Observe stunting and proliferatlon of branches in infected plant; 

shoots have small leaves and short Internodes. 

Relation with cells and tissues 

The mycoplasmalike organism.i in cassava occur 

mostly inside the sieve tubes ofinfected plants, but 

Figure 4. Symptoms of wltches-broom: proliferation 
of shoots in cuttings taken from infected plants, 

some of them might be present in the parenchyma
cells adjacent to the sieve tubes (6, 14-15). 

Studies on transmission 

There is no mechanical transmission (20, 24), nor 
arc there any known vectors (6, 20). Experiments 
on vector transmission using the whiteflies A. 
aepim, B. tuberculata, T. variabilis or the thrips S. 
manihotis gave negative results (8). There is no 
evidence of transmission by sexual seed, but the 
pathogen is perpetuated itrcuttings from infected 
plants (20-21, 24). It is also transmitted by grafting, 
but only when it is carried out in the stem of a 
young growing plait and not on a mature one (6, 
21, 24). It takes twice as long for the symptoms to 
develop when M. esculenta is grafted on M. 
glaziovii (24). 

Control 

The disease has been controlled by early 
eradication of diseased plants (6, 20), the use of 
healthy stock (9, 10, 18, 22) and a fallow rotation 
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FiI. Symptom of casava frog ski disese. There Isno development of swollen roots of commercial value. 
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period of six months to one year (6). It has been 
possible to free plants from the disease agent by 
heat therapy at WOC for one hour or a week at 
31C. The procedure is expensive and difficult 
because the treated cuttings germinate poorly (5, 
6). The use of tetracycline treatments his notbeer 
promising (6). 

Frog skin disease 

skin disease was reported in 
The trog 

southwestern Colombia in 1971 (Lozano and 
Itcommunication.Castaflo, personal 

characterized by the development of few or no 

swollen roots. Infected plants have no symptoms in 

the serial part (Fi, 5). 

Geographic distribution 

The disease has been oberved only in Colombia, 
in the area where it was first detected (Lozano and 
Castaflo, personal communication). 

Economic Importance 

The yield of infected plants is very low and of 

little commercial value; losses as high as 90 percent 
are common. All 382 cultivars cultivated in an 
infected area were affected after three years' 
continuous cultivation (Lozano and Castafto, 
personal communication). 

Pathogenisity 

Host range 

There is no information about other host plants 
for the disease agent. 

Properiles of Infectivity 

There is no information on the etiology of the 

diease agent, its properties and relationships with 

cells and tissues. 

Studies on trsnsmblon 

There is some evidence that the disease agent is 
being disseminated in the field when infested tools 

are used to cut healthy plants. (Lozano and 
Castallo, personal communication). There is no 
information about transmission of the disease by 
sexual seed. All cuttings taken from infected plants 
produce diseased plants (I; Lozano and Castafto, 

ersonal communication). The disease agent is 
readily transmitted by grafting (Lozano and 
Castaho, personal communication). 

Control 

Frog skin disease is controlled by using healthy 

plants for propagation (Lozano and Castaflo, 

Areas requiring research 

Taking a look at our knowledge about the virus 

ard mycoplasmalike diseases in the Americas, it is 
evident that although some of them have been 
known for almost 40 years, more information is 
required on the properties of the disease agents, 
their means of dissemination, and the conditions 

that might be favorable for an epidemic. 

It is necessary to develop quick and accurate 
diagnostic procedures, establish seed certification 
projects and quarantine measures to prevent the 
disseminatioh of the diseases already present ir the 
Americas and to prevent the introduction of those 

found in other areas. 

Other host plants that might have an important 
role in the epidenvology of these diseases should be 
identified. The pot ible existence of strains of these 
viruses and pc,- .ole differences between the 
different types of mycoplasmalike organisms 
should be studied. At the same time, it will be 

necessary to review their economic importance and 

geographic distribution. 

It would also be worthwile to try to use the 

meristem tip culture technique as a means to obtain 
get pathogen-free plants that can be used to 
regenerate some infected cultivars, as well as to 
have a germoplasm bank stored in test tubes. 
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Superelongation: a Sphacelorna 
disease of cassava* 
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Abstract 

A new and serious disease of cassava was lirst reported to be causing serious epidemics in Colombia 

in 1972 and has since beenfound in Central Amerca, Brazil and Venezuela. The causal organism was 

identified as a.fungus of the species Sphacelomi, probably S. manihoticola. The disease results in 

extensive elongation of the internodes of infected plants and causes serious yield loss. Artificial 

in a mist chamber, anc free water was found to be 
inoculation of young cassava plants was achieve' 

necessary for conidial germination. Pathogen dissemination appears to be associated with wind

blown spores and, niore extensively, with infected stem cuttings used for propagation. The pathogen 
been idatificdJ.

also attacks Manihot glaziovii. PResistant germplasm within .11.e.culena ha. 

A new disease of cassava was reported by 

Lozano in 1972 (2) and by Lozano and Booth in 

1973 (4) to be causing epidemics in various parts of 

named the superelongationColombia. It was 
cassavadisease (superalargamiento in Spanish: -C" 

because it was characterized by an extensive 
elongation of the internodes of infected plants. In 
various parts of Colombia, farmers have had to 
abandon cassava crops because of the disease. A 
fungus consistently isolated from infected plant 

Based on a portion of the doctoral thesis of the senior 

author conducted at CIAT, Cali, Colombia 
First and third authors arc former Graduate Research 

• 
Assistant and Professor, respectively, Dept. of Plant 

Pathology, Cornell University, Ithaca, NY 14853; 

second author is Plant Pathologist, Cassava 

Program, CIAT, Cali, Colombia. 

material was proven to be the causal agent, but its 
inidentification was uncertain. The following 

vestigation was undertaken to learn more about the 

etiology and epidemiology of the disease. 

1.'aterials and methods 

The pathogen was isolated from sporulating 
cankers by macerating them in sterile water and 
streaking the resulting suspension onto acidified 
water agar. The cultures were incubated at room 

ing conidia could be 
temperature util germt 

and removed aseptically to petri dishes
isolated 

containikg potato dextrose agar (PDA). Cultures 
in petri dishes at room were maintained 

temperature and transferred periodically at two

week intervals. Isolations were made from cassava 

Previous Page Blank
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and from MaeIhot gziovii material from widely 
scattered areas of Crilombia and Costa Rica. 

Conidial.mycelal suspensions containing Ix 106 
conidia/ml wcre prepared by homogenizing entire 
fungal cultures with distilled water in a Waring 
blender. The suspensions were sprayed upon 
young cassava plants with a piston-action hand 
atomizer. Inoculated plants were incubated in a 
mist chamber for periods ranging from 8 to 24 h at 
a temperature range of 24 to 291C. 

To test the effect of moisture on conidial 
germination, drops of a conidial sbspension (5.3 x 
106 conidia/ ml) were placed onto three microscope 
slides. Two of these slides were air dried, and then 
one of these was remoistened with a drop of sterile 
distilled water. All three slides were placed into a 
moist chamber at 100% RH for 19 h at 250C. The 

percentage of conidial germination was recorded 
for three replicates of this ttst. 

The identification of the causal agent was based 
upon observation of symptoms on infected 
cassava, colony characteristics on artificial media, 
and morphology of conidia and conidiophores. 
Infected cassava plants were observed at various 
stages of disease development in naturally infested 
fields and in artificially inoculated plants. Fifteen 
isolates of the pathogen obtained frIm different 
regions of Colombia and one from Costa Rica, 
were grown and observed on PDA containing 0.8% 
yeast extract. Riddell mounts (7)were prepared to 
observe single conidiophores and to determine the 
manner of conidial production. 

The critical temperatures for the pathogen's 
growth were determined by transferring small 
piecesoffungaltissue(2 mm diameter)to PDA and 
placing the cultures in incubation chambers at 6,9, 

15, 18, 21, 24, 27, 30, 33 and 360C (±0.5C) for 30 

days. Colony growth was determined by averriging 

the two largest perpendicular diameters feach 
or morecolnies were measured atc two

chlony, andtr re 
each temperature. 

To determine the mode of ingress of the 
pathogen into host tissue, drops of a conidial 
suspension Were placed onto rassava leaves in petri 
dish moist chambers and were incubated at room 
temperature. After periods ranging from 12 to 66 h, 
inoculated leaf samples were removed and trcateJ 

with the staining method reported by Latch and 
Hanson (3). 

Observations on the dissemination of the 
pathogen were made at various stages during a 
naturally occurring epiphytotic. Sources of 
primary inoculum were identified and the pattern 
ofdisease spread from these sources was observed. 
Observations were also made on the spread of the 
disease from an artificially inoculated plot of 
cassava to an adjacent uninoculated plot 30 m 
distant. 

Results 

The disease occurs primarily on the younger 
portions of the plant. It is characterized by an 
exaggerated elongation of the internodes of young

exgradelntinothitrodsfyunstems, by distortion and leaf curl of young leaves, 
and by ranker formation on infected stems, 
petioles, and leaf midribs and main veins (Fig. la

b). The initial symptoms appear as small. 
puckered, slightly chlorotic spots on the laminae of' 
young, fully expanded leaves. These spots soon 
become necrotic and take on a khaki brown to ash 
white color. Often a narrow, slightly chlorotic halo 
surrounds the older spots. As the spots age, they 
expand slightly (1-3 mm in diameter) and 
sometimes form a distinct, narrow dark brown 
margin. With fully advanced spots, the centers 
become thin and lighter in color; they often 
disintegrate, giving the leaf a shot-hole appearance 
(Fig. Ic). During severe infection, the leaves may 
become completely deformed and necrotic, result
ing in premature leaf drop (Fig. Ib). 

The inoculation method using a mist chamber 

proved satisfactory for obtaining uniform ice
tion. Very little irfection occurred after 8 h of 

in the chamber, and severity ofincubation 
infectier: increased progressively up to 24 hof mist. 

5 to afterDisease symptoms appeared 6 days 
inoculation under these conditions. The pathogen
obtained ingress by direct penetration as observed 
on the stained leaf ."tions. 

Fret water was necessary for conidial grmina
tion. Virtually no germination occurred at 100% 
RH unless free water was present. The optimum 
temperature for rapidity and percentage ofconidial 
germination over a 24-h period was 28.50C. 
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(a) Leaf symptoms of the superelongation disease on cassava showing leaf spots, cankers on the midribs 
Figure 1 characteristic 

and main veins, and ragged appearance of entire leaf. (b) Terminal portion of infected plant showing 

and premature leaf drop. (c) Conidia and hyphae of the superelogalion 
elongation of internodes, leaf deformation 

pathogen (z140). 97 
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Colonies grown from spores streaked onto agar 
media consist of small, slow-growing, raised, 
yeastlike colonies with deeply convoluted surfaces. 
The colony consists of pseudoparenchyma, often 
with a gummy or tenacious consistency. On PDA 
the colonies are usually various shades of light 
orange, but the color can range from a light orange 
to a light brown. 

The conidia from PDA cultures are unicellular 
and small, 3.3. to 6.8 x 1.8 to 4.9 p, with average 
dimensions of 5.3 x 2.7 p. They are generally ovoid 
to oblong-elliptical, hyaline and refringent under 
the light microscope. When stained, the conidia 
often show two polar guttules (Fig. Ic). Conidia 
germinate by budding or by germ tubes and usually 
.become greatly swollen before germination, 

From the Riddell mounts of the fungus, it was 
observed that the conidiophores are short, usually 
unicellular, more or less cylindrical structures, 
tapering slightly at the apex. Numerous conidi-
ophores are borne upon well-developed hyaline top 
yellowish pseudoparenchyma-like stromata. The 
conidiophores are phialides, producing 
phialospores (conidia) acrogenously. 

Optimum temperature for fungal growth in vitro 
was 240C, with minimum and maximum 
temperatures at 6 and 360C, respectively, 

The disease appears to be disseminated over long 
distances by means of infected cassava stem 
cuttings. In the very early stages of an epiphytotic, 
four or five infected stem cuttings were determined 
to be tie sources of inoculum. The spread of the 
disease from these sources of inoculum did not 
show a plant-to-adjacent-plant pattern but showed 
initial stages of infection occurring throughout the 
field. This pattern of dissemination was observed 
throughout the course of two epiphytotics in 
widely separated areas of Colombia. These 
observations suggest the probable involvement of 
wind-blown spores in the dissemination of the 
pathogen aver relatively short distances. 

Discussion 

The first definite report of superelongation 
disease was made by Lozano in 1972 (2). Since 

then, the disease has been recogn.ed ORcausing 
serious epiphytotics in numerous arels of Colom
bia, Central America, Venezuela and Brazil. 
Preliminary yield trials have demonstrated losses 
up to 80 percent due to the disease (6), and in a 
number of cases farmers have completely aban
doned their cassava crops due to total loss. 

The pathogen is of the genus Sphactloma. In 
1950 Bitancourt and Jenkins (1) named a new 
species of fungus Sphaceloma manihoticola, found 
attacking M.esculenta in the Dominican Republic 
and Guatemala and M. glaziovii in Brazil and 
Nicaragua. Their description of the fungus and its 
symptoms on its hosts is superficial, but there 
appear to be many similarities in symptomology 
with the superelongation disease. It seems 
reasonable that the superelongation pathogen is 
actually the same fungus reported by Jenkins and 
Bitancourt as S. manihoticola. Confirmation of 
this hypothesis, however, is almost impossible 
because Bitancourt and Jenkins failed to find and 
describe spores for taxonomic purposes and made 
no mention of the elongation of internodes in their 
discussion of symptoms. Nevertheless, since they 
primarily used dried plant material sent to them by 
others to describe the new species, it is not 
unreasonable to suspect that they never had an 
opportunity to observe the possible elongated 
appearance of the infected cassava plants. Also, the 
.inability to find spores on dried plant material 
supports experiences encountered in the present 
study. 

Considering the above, it is recommended that 
the same Sphaceloma manihoticola be used for the 
superelongation pathogen until further evidence be 
found that would indicate clearly that, in fact, more 
than one species of Sphaceloma infects M. 
es.wulenta and M. glaziovii naturally. 

A number of good sources of resistance to the 
disease have been found, some of which are 
agronomically acceptable cultivars. Only un
infected cassava cuttings should be used in 
planting, If the disease does become established, 
burning of infected plant debris is recommended. 
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Abstract 

A review ispresented on the leaf diseases ofcassava caused by Cercosporaspp., with the purpose of 

determining the present state of knowledge on these diseases, as well as on-going research in this area. 

The followin3 aspects of brown leaf spot (C.henningsii), white leaf spot (C.caribaea), blight leaf spot 

(C.vicosae) and dark leaf spot (C.manihobae)are discussed: geographic distribution, host range, 
measures includingetiology, epidemiology symptomatology, economic importance and control 

exclusion, eradication, chemical protection and vatretal resistance (HCN content, anthocyanins and 

genetic mechanisms). Greenhouse and field-screening techniques for evaluating resistance are also 

dealt with. 

Introduction 

This review of the Cercospora leaf diseases of 

cassava was made with the following objectives in 

mind: (a) to determine the present state of 
knowledge on these diseases, (b) to discuss on-
going work and (c) to indicate .:eas needing 
further study. The Cercespora leaf diseases have 

long suffered from neglect by plant pathologists 

loctoral candidate and Professor, respectively, Dept. 

of Plant Pathology, Cornell Univcrsity. Ithaca, NY. 

Fhe senior author was on a fellowship from the 
University of Dar es Salaam, Tanzania during the 
course of thisswudy. 

* Plant Pathologist/Bacteriologist, Cassava Program, 
CIAT,Cali, Colombia 

Prvi 

(6), apparently because they Were consideied 

unimportant. In addition, cassava was also 

thought of as a low-status crop, so little attention 
was given to it by agricultural scientists. 

Most of the early literature on these diseases was 

essentially mycological in nature or gave merely 
causal reports of their incidence in different parts 
of the world; very few were original research 

reports. Some of the early detailed accounts of 
in 1933these diseases were those by Ciferri (14-15) 

and 1940, Viegas (44) in 1941,ViennetBourginand 
Grimaldi (46) in 1950 and Chevaugeon(12)in 1956. 
Other general references available are those of 
Bouriquet (2), Powell (32), Arene (1) and Lozano 
and Booth (26). 
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The time between the first description of the Dark leaf spot 
fungus in East Africa and Brazil is very short. It is 
likely that the disease had its origin in Brazil, the C. manihobae was first described in 1945 by 
probable home of cassava; and from there it could Viegas (44) from material collected from Campinas 
have been distributed to different parts of the world and Sao Paulo, Brazil (13). There is no report of the 
by means of vegetative cassava material, disease from any other region of the world. 

These diseases are essentially confined to the Host range 
foliage where they cause spots or blight (13, 35,44, 
46). Cercosporahenningsiiincites brown leaf spot According to Chupp (13) the Cercosporae are 
(35); C. caribaea,white leaf spot (35); C. vicosae, remarkably limited in their host range, which also 
blight leaf spot, also described as difuse leaf spot appears to be true of the Cercosporaspp. found on 
(13, 26, 29); and C. manlhobae,dark leaf spot (13, cassavs. Cassava (Manihot esculenta Crantz) is the 
45). most important suscept of these fungi. Other 

suscepts rei;;rted for C. henningsii are Cear 
History and geographical distribution rubber (M.glaziovii) (31), M. piauhyensis(44), M. 

carthagenesis (26) and Ipomoea batatas (sweet 
Brown leaf spot potatoes), the iast byartificial inoculation (26,32). 

Hdwever, Chupp (13) states that the results ofcross 
Of the Cercospora diseases affecting cassava, inoculation under high humidity conditions in the 

brown leaf spot has the widest geographical laboratory are not acceptable for the Cercosporae. 
distribution. Where and when the disease For this reason Ipomoea batatasshould probably 
originated is not documented; the first report not be included in the list of suscepts. 
coincides with that of the description of the fungus 
in 1895 from cassava leaves collected in Tanzania C. caribaea, C. vicosae and ". manihobae 
(22). In the same year Ellis and Everhart (18) app'ear to be restricted to M. esctlenta (26, 32, 44
described the fungus in Florida and in 1902 45 j. No extensive search has been made for 
Hennings (23) reported it from Pard, Brazil. In suscepts, however (I). 
1905 the pathogen was described on Ceat rubbe: 
in Ceylon (Sri Lanka) (31), and by 1925 Van Etiology 
Overeem (43) stated that the disease was found in 
all tropical regions of the world where cassava was Morphology, laxunomy and nomenclature 
grown. 

There has been a great deal of confusion and 
White leaf spot controversy in this regard since the first description 

of the pathogen causing brown leaf spot. This 
C. carlbaeawas described by Chupp and Ciferri aspect has been reviewed by Ciferri (15), Viegas 

(29) from material collected by Muller in 1929 from (44-45) and Chupp (13). 
the Minas Gerais region, Brazil (13). This was the 
same fungus as the one found in material collected Chupp (13) recognizes four Cercosporaspp. on 
from British Guyana (Guyana) by Stevens in 1925 A. esculenta (Fig. i). The following is a 
(13). The disease was also reporied in other Latin modification of his key by Powell (33).
 
American countries and the Caribbean Island&.(4
5, 13). Deighton (17) first reported the disease in Cercosporae on Manihot
 
Africa in 1936.
 

Blight leaf spot A. Conidia colored 

C. vicosae was first described in 1935 by Muller B. Leaf spots distinct; fruiting not effuse; 
and Chupp (29) from material collected from stromata 20-40 um; fasciles dense; 
Minas Gerais, Brazil in 1933 (13). The disease has conidiophores pale in color, 3-5 x 10-50 
also been reported from Colombia (5, 7). Itappears (100)Aum; conidia cylindric, 4-7 x 30-85jum. 
to be confined to Latin America at present (26). Manihot spp. C.henningsiiAllesch. 
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BB. 	 Leaf spots indistinct; fruiting effuse; 
stromata lacking; fasciclec som times 
coremeoid; conidiophores dark ruddish 
brown, 4-6 x 50-150um; conidia cylindro-
obclavat, 4-6 x 25-100 um. u 

.cuer & 

Chupp 

AA. 	 Conidia hyaline or rarely subhyalnie 

B. 	 Conidia hyaline, acircular, 3.5-5 x 80-270 

jum, leaf spots indistinct to sometimes 

distinct, dark to black; conidiophorts pale 
to medium in color, 4-6 x 70-1000,um. 
M. esculenta Crantz C.manihoba-

Viegas 

BB. 	 Conidia hyaline to subhyaline, 
obclavatecylindric, 4-8 x 20-90 urn; leaf 
spots distinct, snow-white; conidiophores 
medium dark, 3-5 x 50-200 jum. 
M. 	esculenta Crantz C. cariabaea 

Chupp & Ciferri 

No Latin descriptions are available for C. 

caribaeaand C. vicosae. These fungi belong to the 

Sympodulosporae of the dematiaceous 

hyphomycetes and share the characteristics 

common to the Cercosporae (13). 

The 	 perfect state of C.Ascosporic states. 

henningsii was described as MycosphaereIa 

mai1otis Ghesquire & Henrad,von Sydow in 1924 
Mycosphaerella(20), which was later given as 

(Sphaerelha) manihotis (Sydow) Ghesq. (19). 
name be given toPowell (33) suggests that a new 

the fungus since the present one is alate; homonym 

of the 1901 Sydow nafnie. He points out that the 

genetic connection between the perfect and 

not been clearly proven. It hasimperfect states hr 

been stated that most Cercosporac gmnerally havea 

Mycosphaerellaperfect state although no proof is a 
available of the genetic connections (13, 39). The 

ascosporic states of the other species have not been 

reported. 

Proof of pathogenicity 

The only available reports specifically on proof 

of pathogenicity Pre those of Cife'ri (14) for brown 

leaf spot and Ramkrishnan et al .(34) for C. 

henningsil on Ceara rubber. 

Primary and secondary cycles 

This has been reviewed by Arene(I), Ciferri(15), 
Lozano and Booth (26), Powell (32) and Viegas 
(44) 	 The pathogens appear to have similar 

development cycles (39). The fungi overseason on 
old fallen leaves gr on old lesions on leaves still on 

plants. Sporulation is profuse under favorable 
or rainconditions. Conidia are carried by wind 

courts where infection andsplash to infection 
disease are initiated. 

Mature primary lesions have conidiophores that 

emerge through open stomata. Under moist, 
humid conditiors, conidia are produced profusely. 

These conidia are blown by wind or carried by rain 

splash to new infection courts, becoming the source 
of inot ulum for secondary cycles. Secondary cycl,.s 
are repeated throughout the rainy season (1, 2, 
32). 

Epidemiology 

Relative humidity, temperature, plant age and 

soil fertility appear to be the most important 

factors in the epidemiology of the diseases (1, 12, 

14, 26, 32, 44). 

Relative humidity 

The Cercospora diseases are prevalent during 

the rainy season with an overseasoning pefiod 

during the dry periods of the year (1, 26, 32). 

Relative humidity and moisture have also bn
 

to have an effect 	 on sporw'demonstrated 
germination, disease development, sporulation of 

the pathogens (14), and the relative distribution of 

the different species (26). 

. hen.ngsii has been reported to have
 
C in'gi a 	 enrpre ohv 

germination of conidia at relative humidities below 

saturation point while C. caribaeaconidia need to 

be immersed in water for normal germination (32 
33). 	 C. henningsii has also been reported to 

sporulate at lower relative humidities than C. 
caribaea.Sporulation 	 for C. henningsli occurs at 

relative humidities of between 50 to 90 percent 

whi3e those of C. caribaeavary between 65 and 100 

p'prcent (12, 32). For this szasons, C. caribaeahas 

been reported in the more humid regions, giving 

way to C. henningsiiin the drier areas (12, 26, 32). 
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becoming susceptiblc only after 25 days. He also 
TFemperature showed that plants 3 to 5 months old were more 

be more resistant than those that were 14 to 16 months old. 
toC. henningsii has been reported 

However, Lozano and Booth (26) have stated that 
otherthermophilic than C. caribaea. It has an optimum 	

very susceptible cassava varieties and 
temperature of 391C for spore germination, with a 

Manihot spp. can be uniformly infected. 
maximum of 430C, whiie C. caribaeahas a lower 

optimum temperature of 330C with a maximum of 
14, 26, 32). C. Soil fertility and plant nutrition 

350C for spore germination (12, 


vicosae has been reported to be prevalent in we rm
 
and Grimaldi (46) observed

Viennot-Borgin 
.assava areas where C. henningsii is also prevalei7! 	

that plants hardened by poor growing conditions
 
were more resisant than those growing under


(26). 
According to Chevaugeonfavorable conditions. 


Plant age (13), soil fertility had no effect on the diseases.
 

It has been generally observed that the older,	 on a new
The progress of distase with time 

lower leaves are more sur';cptible than the younger, 
plantation is shown in figures 2 and 3 (41). The 

upper ones. Chevaugeon (13) showed that leaves 5 
typical compound interest diseases

diseases are 
to 15 daysold were virtually immune to the disease, 

%Leaf ,.ea diseased 616
L	 14,/ M COL-946 /2 	 P 14 CHIROZAUsprayed 	 1210 -Sprayed I 1 ,\ 
10

S M MEBX-55 /10 


6 0 d' 


L\2 
-26 

T410060 100 140 0 20 
021 60 100 '140 0 

? 0 C -2416 CMC-323-334 

14 / 	 /
9

I 
12 /
 

10 -.. 
 .,

8 r 

6 / 	 9I4 

22 	 

0 20 40 60 80 I00 120 140 
40 60 80 100 120 10 20 Jan. Feb. Mar. Mar. Apr. Apr. May 

Jan. Feb. Mar. Mar. Apr. Apr. May 
20 9 1 21 10 30 20 

20 9 1 21 10 30 20 


Date
 
SourCeTeri (41) 

Figure 2.Progress of brown leaf spot in canava plots; 20 corresponds to date when plants were 113 days old. 
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Sour=cTeri (41) 

Figure 3. Progress of biight leaf spot in cassava plots; 60 corresponds to date when plants were 125 days old. 

with a lbng lag stage, e sharp logarithmic stage and found on both sides of the leaf: on the upper surface 

a postlogarithmic stage, which can also be long, they are uniformly brown within a darker border; 

depending on when the crop is harvested, on the lower surface they have a grayishcast due to 
the presence of conodiophores and conidia. 

Rainfall, relative humidity and plant age seem to Lesions are sharply separated from healthy tissue 

be the most important epidemiological factors in by a narrow brownish blackjng;ranging from 0.3 
areas where the diseases are prevalent. Figure 2 to 0.5 mm in width. A yellowish halo may be found 

shows declines in the epidemics that were brought outside this ring on very susceptible varieties under 
about by droughts (41). extremely humid conditions. The circular lesions 

are delimited by major veins and are angular or 

Symptoms and signs irregular in shape (Fig. 6). The small veins within 
lesions are an intense black. The necrotic tissue in 

The symptoms and signs of these diseases have the center of lesions may fall, giving a shot-hole 
been described by several authors (12-13,21, 27,44, effect. 
45). 

Brown leaf spot As regards histological symptoms, a toxin is 
produced by the advancing mycelium of the 

General symptoms: Diseased plants exhibit fbngus. As a result, cells lose toeir plasticity, their 
normal growth. Only Castafio (5) has mentioned cytoplasm becomes plasmolytic %ndis oxidized to 

dieback and death of diseased plants. The disease a yellowish brown color. Hyphae amass in the 
appears to be confided to the foliage; the older intercellular spaces beneath the stomata, forming 
leaves of the plant are more affected than the stromata. Cells maintain normal arrangement, 
younger ones. Premature defoliation is a general except that the epidermis is usually collapsed or 

effect of the disease (Figs. 4 an i 5). The spots are ruptured (32). 
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Fipre 4.Defoliation in cassava varieties (A)and hybrids (B), unprayed (a)and sprayed (b), to control brown leal 

183 days old.spot; 0 corresponds to date when ilants were 

White leaf spot 

The general symptoms are similar to those of 
on leaves manifestleaf spot. Lesionsbrown 

thenrelves first as small hydrotic areas followed by 
becomeThe lesions soon

yellow discoloration. 

reddish brown and then bleachedleaving the upper
 

surfac white and transhiscent (Fig. 6). The lesions 

are bordered by a diffuse, irregular, violet-brown 

ring, surrounded by a yellow halo. Mature lesions 

reach a size of 1.0 to 5.0 mm in diameter. 

C. caribaea may also produce a toxin that kills 

cells in advance of the growing mycelium. There is 

a general collapse of the cells of the spongy and 

palisade parenchyma in the lesion area. The lesions 

are sunken on'both sides of the leaf, reducing the 

thickness of the leaf blade to about half the normal. 

The centers of the spots, especially on the under

surface of the leaf, have a velvety appearance due to 

the fruiting bodies of the pathogen (32). 

Blight leaf spot 

The general symptoms are similar to those of 

brown and white leaf spots. Plants grow normally, 
on the basal leaves. 

and lesions are concentrated 

Premature leaf fall is also characteristic.
 

foliage also begin as discoloredSymptoms on the leaf surface; these areas 
hydrotic areas on 
increase rapidly in size, becoming necrotic. The 

necrotic areas have diffuse borders and may cover 

up to 20 percent or more of the leaf lobe area (Fig. 

7). The upper surface of the blighted area is 

on the lower surface,
uniformly brown; but 

especially in the centers of the affected areas, there 

is a grayish cast due to the fruiting bodies of the 

pathogen. Detailed histological studies have not 

been made. 
Dark leaf spot 

The symptoms caused by C.manihobae consist 

of distinct to indistinct subcircular leaf spots that 
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%Defolistion
60' 
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ogj I I ,I iI 

90150 180 90 120 150 180 
Mar. 31 Apr. 30 May 30 June 29 Mar. 31 Apr. 30 May 30 June 29 

Figure 5. Defoliation In cassava varieties (A) and hybrids (B), sprayed (o) and unsprayed (a) to control blight leaf 
spot; 120 corresponds to date when plants were 185 days old. 

are dark in color. Elongated lesions also occur on These factors most likely have a detrimental effect 
he petioles (13,45). on yield; however, the extent of lossep due to 

Cercosporaspp. has never been determined (1). 
Economic importance 

The first (1915) to point out that these diseases 
The Cercospora leaf diseases of cassava have could become important when cassava was grown 

never been reported to kill infected plants; rather, in intensive monocultures, often with only one 
diseased plants continue to grow, giving reasonable variety, was Rorer (35) in Trinidad. He was also the 
yields. Apparently because of this, the diseases are first to attempt an experiment to determine the 
not considered to be of economic importance (2,4, importance of these diseases. Unfortunately, his 
14, 30). On the other hand, brown leaf spot has results were apparently never pubiisiicd. 
been reported as one of the most important leaf 
diseases of cassava (3, 36). It is probable that the For the purpose of guiding, future work on these 
slash and burn agriculture of the tropics, where diseases, it is necessary first and ioremost to 
cassava was grown in small backyard plots with establish their economic importance. With respect 
other crops, restricted conditions for severe to brown leaf spot in Africa, this is complicated by 
epidemics, or the effects of diseases under such the presence of Africani cdssava mosaic disease in 
sutuations rould have gone unnoticed (24-25, 35). almost all cultivars (42). 

The spots and blight result in loss of leaf area for Recent assessments of yield red.rtions 
photosynthesis. Premature defoliation also results 
in the loss of leaves available for photosynthesis. Using the susceptible variety Llaneva at CIAT, a 
The fungi are also known to produce toxins (9). weekly spray of fungicide to control brown leaf 
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Figure 7. Blight leaf spot symptoms 

spot and leaf blight increased yields by 14 perccnt 

(Table I). Teri (41) carried out experiments at two 

locations in Colombia to determine the separate 
effects of brown leaf spot and leaf blight on yield, 
using five varieties and four hybrids, ranging from 

highly *resistant to susceptible. !n addition a 

was used in a split plot design te have 
fungicide 
sprayed and unsprayed plots. The results are 
sumi:narized in figures Iand 2; a general picture of 

the epidemics, isalso given in tables 2, 3and 4. The 
increase in fresh root yield of the susceptible 

cultivurs resulting from disease control ranged 

from 10 to 23 percent for brown leaf spot and from 

12 to 30 percent for blight leaf spot. There were also 

apparent increases in root starch content and yield 
of these diseases in(Table 3). The importance 

r.ducing yield and quality is indicated by these 

results; further work should be done to establish 

this conclusively. The resistant cultivars showed 
from spraying. The.varietyinsignificant effects 

Chiroza was interesting in that the differences in 

"isease between sprayed and unsprayed plots were
 

most striking, yet differences in yield were quite
 

small. It appears to be an example of a variety
 

tolerant to both diseases. Cock ( !6) states that root
 

dry weight d- creases after a leaf area index (LAI) of
 
account forabout 3 is reached. This could 

with high LAIs sincetolerance in cultivars 

defoliation is not detrimental.
 

There can be other indirect losses from the 

Cercospora leaf diseases. Thurston (personal 

communication) has suggested that weed problems 

may increase due to severe defoliation which leaves 

open canopies in large plantations, allowing light 

penetration which results in more vigorous weed 

growth. Susceptibility to other diseases may also be 

enhanced. 

Preventive and control measures 

Little has been done with regard to developing 

control measures for these diseases, perhaps 

because of the two historical reasons cited earlier; 

i.e., they were essentially of mycological interest 

and were considered of insufficient economic 

importance to justify control measures. 

Table I. Yield of cassva(vsar. Llanera) according to the 

frequency of application of either mancozeb, 
Vitigran, benomyl and Macuprax plus sticker 

(Triton or Tween 20). 

Yield (t/ha)Frequency of application 

33.1a*Every week 
Every 2weeks 28.1b

29.2b
28.5b

Ever
Control 

Sour CIAT Annual Report 1976 t11) 

Numbernfollowedbydifferent letternotsipifViantlydifferent(PoOO5)' 

109 



Cassava protection workshop 

Table 2. Fresh root yield of cassava varietes and hybrids attacked by brown leaf spot. 

Variety or 
hybrid ReactionO Sprayed 

Varlefa 
M. Mex 55 S 27.96 
M. Col 946 S 29.70 

Chiroza T 29.13 

M. Me 59 R 32.72 

Hybrids 
CMC-323-334 S 31.89 

CMC-323-497 S 23.21 

CMC-323-178 R 22.33 
CMC-323492 R 15.58 

* S . sumptibk, R .resutamr,T- tokmnt 

Exclusion 

Nothing has been mentioned about this control 
mcasure in the literature, but it appears that 
exclusion can be important in preventing further 
distribution of the more restricted and hitherto 
rather obscure species, C. vicosae and C. 
manihobae. Although the importance of these 

Yield (t/ha) Increase 
Unsprayed Increase (%) 

23.79 4.17 14.91 

26.65 3.05 10.27 
29.57 .0.44 .I.51 

32.95 -0.23 0.70 

26.73 5.16 16.18 

17.83 5.38 23.28 
20.70 1.63 7.30 
15.70 0.12 -0.77 

pathogens has not been established, it is recognized 
that they are likely to become more important as 
cassava production increases (25). 

Eradication 

One eradicative measure suggested (32) is to rake 
and burn fallen cassava leaves frequently during 

Table 3. Fresh root yield of cassava lines attacked by blight leaf sup 

Variety or 
hybrid Reaction* Sprayed 

Yield (tj ha) 

Unsprayed Increase 
Increase 

() 

Varetle3 
M. Mex 55 
M. Col 946 
M. Col 803. 
M. Mex 59 
Chiroza 

S 
S 
S 
R 
T 

23.36 
16.24 
20.83 
24.90 
15.13 

19.74 
14.21 
14.86 
24.28 
14.80 

3.62 
2.03 
5.97 
0.62 
0.33 

15.50 
12.50 
28.66 
2.55 
2.18 

Hybrids 
CMC-323-180 
CMC-323-334 
CMC-323-487 
CMC-323-497 

S 
S 
R 
R 

35.40 
34.40 
27.30 
28.20 

24.65 
25.43 
27.14 
28.90 

10.75 
8.95 
0.16 

-0.70 

30.36 
26.08 

0.59 
-2.48 

* S. smcept-..Th tokmt R- rmitstM 
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Table 4. Percentage of root starch content of cassava varieties attacked by blight leaf spot. 

Root starch content-

Increase 
M
UnsprayedSprayedReaction 3.6Variety 65.769.3SM.Mex 55 8.262.670.8SM. Col 803 1.773.174.8RM.Mex 59 65.8 1.0

66.8TChiroza 
* S susceptibIe, T - toerant. R -resistant 

0 Starch content on dry weight buts 

the dry season in-order to eliminate the source of 

primary inoculum. Plants can also be cut back to 
and the debrisseasonsix inches during the dry 

burned (32). The best measure is considered to be a 

three- to five- year rotation with other crops (32). 

have been shown to give
Several fungicides 


effective control of the diseases (1, 22, 26, 32, 41); 

of economic considerations,however, because 

Arene (i) considers that the only worthwhile use of 

fungicides is for producing clean planting material 

in multiplication nurseries where certified disease-

free materials are maintained. Growing plants at 
have also 

wide spacings and frequent weedings 
(32). The 

been suggested as protective measures 

nature of Cercospora epidemiology (Figs. 1, 2) 

suggests that severe epidemics can be avoided by 

that plants reach their
programmed planting so 


most susceptible stage during the dry season. 


Resistance 

Although this has been suggested as the most 

practical means for controlling these diseases (i, 

26, 32), much more research is required. 

HCN content and resistance 

It has been suggested that cassava clones with 

high HCN content should be more resistant to the 

Cercospora diseases (40), but both bitter and sweet 

cassavas, which are known to differ in their HCN 

conte- t, have been found to be equally susceptible 

(8, 14 . No relationship between HCN content and 

susceptibility to C. henningsiiwasfound in work at 

CIAT (9). The most susceptible CIAT clones (M. 

Colombia 9 and M. Ecuador 111), contained as 

most resistant ones (M.
much HCN as the 
Colombia 84,465 and 706). Sadasivam and Prasad 

(37) reported lower HCN content in diseased leaves 

healthy ones, and Sadasivam (36) has
than in 

a case of cyanide tolerance. It is possible
suggested 
that cyanide tolerance or dctoxification plays a role 

disease mechanisms involving these 
in the 
pathogens; however, little has been reported on this 

subject relative to cassava. 
J: 

Anthocyanin pigments and resistance 

Ciferri (14) reported that anthocyanin pigments 
on the 

from bud leaves had an inhibitory effect 
He alsoof C. henningsii conidia.germination 


reported that cassava clones with violet, bluish or
 
more resistant than young leaves werebrownish 

those with green or yellowish green bud leaves. No
 

other report is available on this.
 

Availability of resistance within M. esculenta 

Differences in the reaction of different cassava 

clones to Cercosporaspp. have been demonstrated 

(1,8-12,15,44). Screening of CIAT germplasm has 

identified a number ofclones with resistance (Table 

5), so it may not be necessary to go outside M. 

sources of resistance. Resistanceesculenta for 
seems to be independent, with most clones being 

resistant to C. henningsiiand C.caribaea; there is 

considerably lower resistance to C.vicosae. Of the 

in 1975, 8 and 56 percent,clones screened 
were classified as resistant and

respectively, 

tolerant to both C henningsiiand C. vicosae(10

11). 

2000 CIAT cassava clonesScreening of over 
58 percent as resistant and 27identified over 

percent tolerant to brown leaf spot. It has been 
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germplasm collection!
Table 5. Resistance to Cercospora leaf dieases withIn the CIAT cassava 

No. of 
clones 

l5isea evaluated Resistant 

11922061""Brown leaf spot 

Blight leaf spot 2061"* 221 
6161344'** 

Blight leaf spot 1344'** 53 
Brown leaf spot 

413$** 141White leaf spot 

- Adapted from CIAT Annual Reports (10-1I)
 

1
1975 
1976 

suggested that resistance to all Cercospora spp. 

may be combined in just one cultivar (10). 

that there is aPhysiological studieq indicate 
of about 3, abovemaximum leaf area index (LAI) 

which yields decrease. Apparently, the cultivars 
high LAIstolerant to the disease probably have 

and defoliation from leaf diseases does not reduce 

the LAIs below the critical values, 

Nevertheless, mrre extensive evaluations of the 

importance of these diseases should be done, and 

including screening for resistance in breeding 

programs is recommended as a worthwhile 

foresight. 

Genetic mechanisms of resistance 

has data on the reaction ofAlthough CIAT (10) 
clones obtained from different crosses, no7321 F, 

genetic conclusions have. yet been drawn. An 
genetic mechanismsunderstanding of the 

controlling resistance would definitely facilitate 

breeding for resistance to these diseases. 

Screening techniques 

For good results in breeding for resistance, it is 

Resistant 

Tolerant Susceptible (%) 

555 314 57.8 

1134 706 10.7 

210 518 45.8 

208 1083 3.9 

154 118 34.1 

techniques to increase sporulation (28,38)some 
which, perhaps, can be adopted for the Cercospora 

spp. on cassava. 

At CIAT (9, 47) satisfactory sporulation of C. 
mycelialhenningsii was obtained by spraying 

suspensions of the fungus in culture on sterilized 

cassava leaves of susceptible varieties on water agar 

and incubating for 12 to 15 days at 24 to 280C. A 
wasspore suspension of 2-3 x 10 conidia/mi 

sprayed on two-month-old plants. These plants 

were incubated for 45 days, during which three 
made. Diseaseadditional inoculations were 

15 days after the lastevaluation were made 


inoculation.
 

Field screening 

Humid zones with records of severe disease from 

ideal places for field screening.year to year are 

Such zones have been identified in Colombia (10),
 

where the cassava screening material is grown in 

the field. Natural infection takes place and disease 
to 8assessment is made when the plants are 7 


months old.
 

It is generally agreed that artificial infections are 
year than naturalmore reliable from year to 
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leaf blight, respectively, while figures Iand 2 show 
Disease rating for evaluating rtsistae on the basis ofdistase progress cur'es obtained 

these keys. 
Ciferri (14) appears to have been the fst to 

The usefulness of these keys in assessment of 
report on the grading of cassava clones for 

disease severity and yield loss, as well as in 
resistance to C. henningsUi, based on density and 

screening for resistance, needs to be tested further. 
distribution of lesions (number and area per leaf). 

formutually agreed system of screening
Dcgree of defoliation or leaf retention (9,41) have A 

also been used to rate disease severity, resistance should be developed whereby itwould be 
one .area topossible to compare results from 

The terms resistance, tolerance andanother.
Figures Band 9 show keys (41) developed for the 

susceptibility also need to be defined more clearly. 
assessment of the intensity of brown leaf spot and 

Sow= Tid (41) 

Figure 8. Area diapra key for ageat of brown leaf spot. 
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Sour=c Teri(41) 

Figure 9. Area diagramn key for the dsessment of blight lea( spot. 
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Concentric-ring leaf spot (PhQma sp;) of cassava 

L.S. Leu* 

Abstract 

Concentric-ring leaf spot (Phoma sp.) isfound attackingcassava incooler areas and inthe subtropics 

during the rainy season. A severe attack causes defoliation and dieback, resulting in heavy yield.. 

losses. Aspects of symptomatology,.etiology; economic losses and varietal resistance are discussed.. 

Rqsults are given of trials conducted by CIAT evaluating more than 1000 cultivars for resistance to 

were found to be resistant and 12.9%, tolerant. The most effective control 
Phoma sp.; only 1.7% 
method is using resistant cultivars. 

Concentric-ring leaf spot (Phoma sp.), also 

known as Phoma or Phyllosticta leaf spot, is found 

in the cooler cassava-growing areas and in the 
during the rainy acason. Thesubtropical areas 

disease has been reported from Taiwan in 1909 

(10), the Philippines in 1913 (12), tropical Africa in 

1915 (14), Brazil in 1943 (13), India in 1968 (6)and 
1972 (1). disease occurs onColombia in The 

Manihot escuknta (M. utlisslnma) (10, 13), M. 
M. aipiheptaphylla, M. dichotoma (8,13) and 

(11,13). It has also been'reported on Morus albain 

Taiwan (10). 

Symptomnatology 

Large brown leaf spots without definite margins 
are characteristic of this disease on cassava. The 
lesions are usually found at the tips or edges ofleaf 

Plant* Senior specialist and Head, Division of 
Pathology, Plant Protection Center, Taiwan, Wufeng, 

Taiwan 431, Republic of China 

lobes oralong themidrib ormainveins. Concentric 

rings formed by brown pycnidia are evident on the 

upper surface of lesions; in old lesions, however, 

the rings are often obscure because the mature 

pycnidia are washed off by raindrops. On the lower 

surface, the lesions are uniformly brown because 

only a few pycnidia are formed; but the veins and 
the become necrosed,veinlets around lesion 

forming black strings that radiate outwards. When 

relative humidity ishigh, a grayish brown hyphal 

weft may cover the lesions. As lesions expand, the 

disease causes a leaf blight; the whole leaf and 

petiole turn dark brown andfinally necrose. At this 

stage the wilted leaves drop, causing extensive 

defoliation in some cases. When infection is severe, 
the fungus also attacks young shoots, causing 
dieback. Diseased stems turn brown and are 
frequently covered with pycnidia. 

Young leaves, fully expanded mature leaves and 
severegreen stem parts have been found with 
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disease symptoms. The olderlower leaves lpppeer 

to be more real itant. 

Pathogen 

The caural agent of the disease was reported to 

be caused by several Phyllosticla app. (1,8, 10,12-
14).Vincctts (14) first described the causal agent as 
Haplographi.V.a manihoicola Vincens in 1915, but 

of this fungus was laterthe pathogenicity 
in 1943 (13). Phyllostictaquestioned by Viegas 


manihoticola Sydow (10, 12), "P.manihot Sace, (9) 

and P. manihobae Viegas (13) have all since been 


reported as pathogenic on cassava. Sawada (10) 


discriminated Phyliosticta manihoticola and
 

Phoma manthotina based on the fact that P. 

of themanihotleola grows on the undersurface 

leaveg and its conidia contain one oil drop; 
otl :c, symptoms induced on leaves and 
petioles are alike. As mentioned by Lozano and 
Booth (7), since fhi' full definition and taxonomic 
validity of tlc irported species have not been fully 
determined, tw possib;lity remains that they could 
be synonyma belonging toa single Phoma sp. A full 
taxonomic study of a wide range of pathogenic 
isolates is urgently needed to clarify this point, 

The causal fungus produces numerous 
epiderml pycnidia which are dark brown, globosc, 
found singly or in small clusters on thq ifected 

leaves and stems. The pycnidia are 78-180pm in 

diameter, the ostiole, 15-28gum. Thecor.diophores 
are short and hyaline, 3.5im (2.6-4.4)in widtf5 and 

longth as reported from4.9 pm (3.1-6.2) in 

Colombia (7). However, corldia size was recorded 

as 6-6.5 x 7-13pm by S a,ada in Taiwan (10). 

media is usuallySporulation on artiflcial 
kaia bean agar mixture, it wasmeager, but on 

profuse, formiugaconcentric pzitcernwith 1.5 x 106 

conidia per pycuidium at 20'C. Growth Qf the 

fungus was also optimal at 200C (3). 

Etiology 

Dis ase occurrence is correlated with conditions 

pt~rtting spore germination. Maximum spore 

germination has been observed between 20 and 

250C; successful artificial inoculation occurred 

only at temperatures at and below 250C. Effects of 

templature on spore germination have been 

studied (2). Spores did not germinate at 300C, 
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Table I. Average yield (at 15 months) of 1139 eauava 

cullvars grouped according to therreaction to 

Phomo sp. 

Av yield %yield related toDisease 
reaction (kg/plant) regional yield 

___ regional_ yield
reaction 

Regional yield 1.2 10a" 
Resistant 23 190b 

goa'0Tolerant 
Susceptible 0.5 40b 

source Centro intemaronal de Agricultura Tropical (5) 

• 	Numberfollowedbythe urtelettrwerenot iSnificantattheO.0level 

(Ftw.. 

germinated well at 28 and 26°C; but at 26PC and 
above, no infection was obtained 10 days after 
inoculation. Lesions were bigger when the plants 
-were maintained at 250C than when they were kept 
at 15 and 200C. 

The concentrations of spores affects their 
germination '2). Percentage of germination was 
over 90 when apore concentration was adjusted 

x 102. At a higherbetweca 2 x 104 to 7 
concentration, (9 x 104), the germination rate 
dropped to half. On the artificial inodilation, the 

Table 2. Total plant weight of cultivars resistant (R), 
tolerant (r) and susceptible (S) to "Phomasp., 15 
months after planting. 

Total 
reaction defoliation (t/h) 
reactiondefoliation_______ 

CMC-92 R. 20 54.4 

M Col 340 R 25 14.3 

"MCol 230 R 22 19.1 

M Col 276 R is 29.4 

MCol 80 R 24 25.7 

M Col 23J R 22 23.3 

M Col 291 R 21 15.9 

M Col 2 R 17 15.1 

M Col 307 T 53 13.0 

CMC-39 T 58 12.4 

Valluna S 98 3.6 
MCol 22 S 100 0.17 

Sourm.Centro Intemacional de Arlcultura Tropical (4) 

• Total plant weight wascalculated from 3 randomized plots of 9 

planuplot; borden we r minted. 
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Table,3.. ilqId evaluation of resistance ofFt crosses to Phoma sp.from cultivars with different degrees of resistance. 

No. of F.Pollination 
seedlingssystem. 

SIf-pollinated 
26R 
52Open 


Control pollinated
 
81SxS 
41R x R 

Source. Centro lntemacional de Ajricul:ura Tropical (5)
 

R- Resistant; T - Tolerant; S - Susceptible
 
typetestedpercross* Percenta e related to total tturnber or linec 

also affected bynumber of lesions on leaves was 

spore concentration. The most suitable concentra-

tion was between 4 x 10' and 8x 103; the number of, 
and lowerlesions decreased at all higher 

concentrations (2). 

Economic losses 

The dis ase affects root yield as shown in trials 

conducted at CIAT in Colombia. The yield of more 

than 34P cultivars was determined 15 months after 

Frequety () 

700
 
Very suscep'ible cultivars 

(201) 
30 

10 

40 


20 (2) 

Tolerant cultivars 

20- (10) 
o _,F 1 IM 


501O Resistant cultivars 

30 (2) 

10 _! I II 	 i t t 


10 
0.6 0.8 1.0 1.2 	 1.4 1.6 1.8 2.00.2 0.4 

Yield (kg/mO)
"(4)

Source: CI/ 

Figure i. Yield of 235 cultlvars grouped according to 

their reaction to Phomasp. Cultivars were harvested 15 

months after planting at the end of the rainy seimam. 

Dircase rating" 

- STR 

10(38.5)(3.8)" 15(57.7) 

0 6(11.5), 46.5) 

0 .2(2.5) 79(87.5).. 

2(4.9) 31(75.6) 8,:9;5) 

planting. A group of 235 cultivars was harvested at.
 

the end of the rainy season'and another group of
 

113 immediately after the dry season. Of the first
 

Frequency (%) 
70 

50 
Very susceptible cultivats
 

(29)30 


IL (2)
 

10 

50i 

30 Susceptible cultivars
 
(4
1 


0
 

40Tolerant cultivar (15)
20:" 


0 

.: 	 e. istnt cultivars
(5

20 

i t I .

0 I I 

0 
CIAI (4);
Source: 27 3.30.3 	 0.9 1.5 2.1 

oue: fII 4) 

Figure 2. Yield of 113 cultivar grouped according to 
their reacton to Phomaop. Cultvars were harvested 15 

mouths after planting at ihe end of the dry season.. 
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group, 100 percent of the very susceptible and 84 	 resistant, susceptible and tolerant. Yields obtained 
at 15 months after planting were 190 percent for thepercent of the susceptible cultivars yielded less than 

for 	 the
the regional average (6 t/ha). In contrast, 70 and 	 resistant cultivars but only 40 percent 

100 percent of the tolerant and registant cultivars, susceptible ones, in comparison with the regional 

respectively, produced more than the regional average (Table I) (4). 

average. Of the second group, 93 and 68 percent of 
To increase yield in areas where concentric-ringthe 	 very susceptible and sotsceptible cItivars, 

leaf spot is severe and endemic, it is necessary torespectively, yielded less thai. 6 t/ ha; whereas 92 
and 100 percent of the tolerant and resistant 	 incorp'rate resistance to this disease in high

yielding cultivars ,)s shcwn in Table 2 (5). The
cultivars yielded more (Figs. 1and 2) (4). 

mechanism of inheritability of resistance to this 
disease is still unknown. Preliminary studies showAn evaluation of 1139 cultivars at CIAT showed 

that 1.7, 85:4 and 12.9 percent, respectively, were it is quite low (Tphle 3) (5). 
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A review of root rot diseases in cassava 

Robert H. Booth * 

Abstract 

are reviewed. Pathogenic rots and someand harvested rootsDiseases of young, swollen 
physiological disorders are discussed. The need for further research on all aspects of these diseases, 

particularly the role of microorganisms in causing early root damage, the nature of primary root 
for the various 

deterioration and the development of integrated control systems appropriate 

production and utilization situations, is stressed. 

Introduction 

Although it is possible to list (Table 1) many 
microorganisms, both fungi and bacteria, that have 

Jwen recorded isolated from damaged cassava 

roots (Manihot escukei:!a Crantz), their 
importance in causing rootdisases remains poorly 

understood in most cases. More is known about 

diseases of aerial portions of the cassava plant than 

about root rot problems, possibly because the roots 

are normally inspected only at harvest and because 

root rots do not generally occur on an epide mic 
in isolated pat';hes.scale but are encountered 

However, certain root rots have been known to 

of 80 percent of potentialcause losses in excess 
production. Cassava roots deteriorate rapidly after 

harvesting and are often unfit for food or industrial 

purposes within 3•to 7days. Traditional mids of 
preventing this problem include delayed h.arvesting 

rvestigprevetingthiprlemin-ground storage andincdedlayedimmediate proesshrngor 

* Tropical Products Institute, London. Presently on 

secondment to the Malaysian Agricultural Research 

and Development Institute (MARDI), Serdang, 

Selangor, West Malaysia 

into numerous forms of dried products which have 

a longer storage life. 

1. Diseses of young roots 

A. Root necrosis 

1 ne influence of the early growth period on Final 

root yield is becoming more apparent. Storage root 

number is generally determined early in the plant 

growth 	 cycle and Hunt et el. (47) suggest that 
attack by root rot

competition by weeds and 


organisms during this period could, by reducing
 

the number of storage roots available, seriously 

reduce yield potential. They further suggest that 
nature of roon/topbecause of the competitive 

growth correlations that such reductions may not 

be reflected in the visual appearance of the crop 

and that growth may ppear vigorous. Fungi such 

as Sclerotium sp., Sclerotiniasp. Pythium sp. and 

Fuarium sp. have been isolated from young 
cuttings which showed damping-offrooted 

symptoms during propagation experiments (25). 
of causingPhytop/thora drehslri is 	capable 

severe root necrosis resulting in wilt and leaf drop 

in rooted shoot tip cuttings (65). What have 
as mild infestions ofpreviously been considered 
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Table 1. Mlcrompaism hoisted from dzmaged cassava roots. 

Oranism 

hbeflut sp. 

Corynebacteriummanihot 

Armillarielia (Atnillaria)mellea 

AspergIlhs spp. 

Crcinellasp. 

CIiocybe tjbescens 

Cylindrocarpon candidum 

Diplodia manthois 

Erwinla sp. 

Fuariumspp. 

Ganoderma pseudoferrum 

Geotricum candida 

Helcobasidium compacium 

Lasiodiplodiatheobromae 

Mucor sp. 

Penicillium spp. 

PheolIsmanihois 

Phytophihora spp. 

11Ythium sp. 

Rhizocionia sp. 

Rhizopus spp. 

Rigidoporous (Fomej)
 
lignoSUS 


Disea 

Minor wet rot 
Postharvest secondary deterioration 

Root fermentation 

Young root necrosis 
Minor dry rot 

Postharvest secondary 
deterioration 

Postharvest decay 

Root rot 

Postharvest secondary 
deterioration 

Root rot 

Minor wet rot 
Young root necrosis 
Minor wet rot 

Red root rot 

Root fermentation 

Minor dry rot 

Postharvest secondary 
deterioration 

Postharvest decay 

Postharvest decay 

Rc.ot rot 


Young root necrosis 

Wet rot 


Young root necrosis 
Minor wet rot 

Root rot 

Postharvest secondary 
deterioration 

Young root necrosis 

White root 

Reference * 

ll.B.2. 
III.B. 

(2,31) 

I.A. 
II. B.2 

III.B. 

(48) 

(9) 

IIL.B. 

(21, 33, 67) 

II.B.2. 
1. A. 
II.B.2. 

(29) 

(2, 31) 

11.A. 3. 

Ill. B. 

(21) 

(21, 45, 48) 

(9, 19) 

I. A. 
II.B. I. 

I. A. 
iI.*B. 2. 

(43, 80) 

Ill. B. 
I. A. 

I1.A. i. 
Con. 
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Table I ob-N. 
RoeWs p.B__~

Ros//bda $pp. 

Sckrotsb sp. 

Spaacelomo mailhoLcold 

Sphoerotllhe repem 

Syncephlaltrum sp. 

uichodermesp. 


Xanthomonao manihotl 

Unknown 


Physiological 

Physiological 

Physiological 

Physiological 

Root rot diseases 
Bl c r 

ro 

Young root necrosis 
Young root necrosis 

Minor dry rot 


Minor root rot 

Root rot 


Postharvest decay 


postharvest secondary
deterioration 

Cassava bacteria 
blight and minor dry rot 

Frog skin disease 

Postharvest primary
deterioration 

Hollow heart or core rot 

Abnormal root/stem
thickening 


Root greening 


II. A. 2.I.A. 

l.A. 
11. A. 3. 

(13) 

(29-30, 79). 

(48) 

I11.B. 

A.11. 3. 

1.B. 

Ill A. 

II.C. I. 

11.
C. 2. 

II.C. 3. 

Huly. 
adInated stlotn in this manusript or literature where the particular organium and disase are discued 

ReIdento 

young roots by such fungi as Rigidoporous 
llgnosus and ArmillarkeIla melea should be 

reconsidered. 

The role of root pathogens in cadging 
losses must not be ,snored. Theseestablishment 

may be caused by infected cutting'as well as soil-

borne organisms that attack either young shoots or 

roots or cause dieback of the cuttings themselves. 
20 percent in establishmentLosses as high as 

during the first two months after planting have 

been recorded even when good-qualify cuttings 

have been planted in well-prepared and managed 

soils (27). Complete loss may occur when poor-

quality cuttings are used or when they are planted 

under conditions uncouducive to rapid plant 
as drought orestablishment and growth such 

periods ofexcessive rainfall and water-logged soils, 

Such losses are frequently associated with several 

facultative parasites or even saprophytes including 

species of Phytophthora, Pythium, Fusarlun, 

Sclerotlum, Rigidoporous,Sclerotniia, 

RhILzoctonta and Rhizopus, which cause root rot, 


damping-off, or growth retardation. Fungicide 


treatments of cuttings can reduce establishment 
losses (26-27), but further studies are required to 

determine the importance of the various 
organisms, their major sources of inoculum and 

appropriate control measures. 

B."Frog skin" root disease 

abnormalThis unusual disease, which causes 
of roots yet allows, near normal topthickening 

growth, has recently been reported to caus'i yield 

90 in Colombia (27).reductions of percent 
are affected butCommonly, whole root systems 

sometimes only some of the roots show symptoms 
to grow and thickenwhile others continue 

normally. The epidermis of diseased roots becomes 
is often excessivesuberized, and there 

aaccumulation of cork, which gives the roots 

cracked and wrinkled appearance. Internally, 

diseased roots appear normal. The disease appears 

to affect the normal deposition and storage of 

carbohydrates in the roots so that plants produce 

fewer and frequently distorteC swollen root-. The 

causal organism of frog skin disease remains 
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unknown, but studies at CIAT (28) have shown 

that the disease is not soil borne but is transmitted 

in symptomless cuttings taken fron infected plants, 

Furthermore, the disease is transmitted by 

grafting, in rooted shoot cuttings taken from 

infected plants, and to a limited extent by infested 

cutting knives (Lozano, personal communication). 

The disease may be eradicated by using healthy 

planting n,vu;,-il(28). 

Ii. Preharvest diseases of storage roots 

A. Dry rots 

1.White root or white thread disease is the most 

and serious root rot of cassava inwidespread 
Africa (34, 51, 78) and Asia (29, 52). Although the 

known in Latin America, it is not ofdisease is 
in Brazil and Mexicomajor importance except 

(54). It is most common where cassava is planted 
susceptibleimmediately following jungle or 

plantation crop clearance. In Malaysia it is 

particpilarly prevalent in areas previously planted 

to rubber, an alternate host, and it is a major cause 

of yield loss. 

White root is caused by a basidiomycete fungus 
Pgidoporous (Fomes) lignosus. Few detailed 

studies have been conducted on this disease on 

cassava, and much ofthe information is taken from 

research of a similar disease caused by this fungus 

on rubber trees (7,81). 

The diFnase obtains its name from and is 

rerogn;=-d by the presence of white cottonlike 

myce'lial threads coating part or all of the exterior 

of infected storage roots and stem bases. Infected 

swollen roots and stem bases also commonly have a 

white, yellowish or even darker network of 

rhizomorphs on or just beneath their bark. Where 

infection is not severe, the internal root tissues 

remain undamaged and the roots are usable for 

both food and industrial purposes. As infection 

becomes severer, the outer tissues of swollen 

infected roots crack and develop a light- to dark-

brown dry rot which increases in depth with 

increasing severity of attack until finally whole 

roots are completely destroyed. In dry soil roots 

become mummified and frequently have a 

characteristic wood rotting odor. Inwet soils the 

infected tissues are usually invaded by a wide range 

of soil microorganisms that reduce roots to a 

semiliquid mxass but in which white or light brown 

rhiaoniorphs of R. lignosus can still be seen. The 

fungus frequently attacks only the older and larger 

swollen roots, leaving the younger and smaller 

roots healthy. Typically, plants at harvest time 

show no marked aerial symptoms; however, if the 

infection is severe, wilting will occur. The presence 

of white root disease on large roots is taken as a 

sign of "maturity" in parts of Africa (1,50). 

Occasionally, in th6se situations where the 

inoculum potential has become very high, roots of 

young plants are infected. In severe cases, the roots 

are killed; this results in sudden wilting, defoliation 

and death of the plants. 

as aRigdoporus lignosus is generally regarded 
topoor competitive saprophyte and is unable 

spread any great distance through soil. Thus root 
host's rootsinfections generally occur by the 

contact with pr,,ic.!y colonizedgrowing into 
inoculum sources ratb.i than by spread of fung-l 

rhizomorphs through the soil. This is why the 

in patches representingdisease commonly occurs 

sites of previously infected roots of alternate hosts. 

Control measures should conceutrate on 

management practices selected to eliminate or 

minimize the level of inoculum in the soil. Where 
cassava is planted following jungle or plantation 

crops, care should be taken to remove and burn all 
roots that could act as inoculum sources. Where 

the disease is observed in cassava, the infected area 

should be marked, the plant debris removed and 

burned; and if possible, the area should be avoided 

in subsequent'%antings. 

Where serious outbreaks ofwhite root disease have 
to a pooroccurred, it can usually be traced 

understanding of the disease by the grower and a 

failure to implement these siinple control practices. 

For example, serious losses were observed on a new 

plantation in West Malaysia situated on very sandy 

soil, where cassava was planted following 

incomplete manual jungle clearing. In the first crop 

of cassava, localized patches ofplants infected with 

white root occurred. Because of a lack of 

knowledge of the disease and a desire to increase 

soil organic matter, all the plant debris of this crop 

was returned to the soil. Considerable death and 

stunting of young plants caused by R. lignosus 

occurred over an extensive area in the subsequent 

cassava crop as a result of inoculum build-up and 

spread.
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of rubber isolution trenches leafyeliowing and defoliation may occur. There are 
In the cultivation 

no reports that young plants are attacked, and the 
.3m wide and 0.6m deep) ae sometimes(aprox. disease is usually observed slightly before or at 

to prevent the
used as an entergenicY mc1surc 

harvest time. 
spread of the funguB fromn iifected to h althy trees. 

For control of this disease, all debris from infected
Root trimming End chmnical coll-r dressing with 

plants should be removed and burned. Where the 
20% Quintozcn, nrb ptLo recommended control 

but appe.r to have little application to disease is widespread, it is advisable to rotate 
measures 

shorter livcd cassaia crop. During the cassava with a nonsusceptible crop or with a 
the - d that susceptible herbaceous crop with less woody and 

replanting of rubber, it is sometimes suWcst 
areas where the

by less persistent root systems. In 
known infected areas should first be "marp' disease is known to have been present on alternate
using other shorter term susceptible crops like 

host crops, a cereal or cover crop should be planted 
cassava so that areas with a heavy inoculum can be 

prior to cassava so as to reduce the inoculum level
avoided (4). Mixed creeping legumes or crops such 

present in the soil. In the growing of cassava, care 
as peanuts or soybeans are frequently recommend-

should be taken to select planting material from
ed as cover and intercrops in young rubber 

healthy, noninfected plants.plantations, not only with the hope of improving 

soil fertility and preventing soil erosion but also
 

3. Minor dry rots are recorded as caused by fungi
their roots whichbecause R. lignosus attacks 

rot away in the soil and so reduce the such as Scierotium rolfsii(25, 29, 32, 41,64, 78, 82
rapidly mellea (9, 25, 81) and

of the tree 83), Armillarii'Ia
inoculum available for colonization 

Helicobasidium compactum (36). White mycelium 
roots (5). Such a practice could be useful to reduce 

of S. rolfsii can occasionally be seen as a coating on 
inoculum in known infected areas prior to the 

at harvest tihr' and isswollen storage roots 
planting of cassava. Care should be taken to avoid 

using infected cassava plants, particularly their sometimes confused with the more serious white 

root disease caused by Rigidoporous lignosus. The 
basal portions, for planting material, 

mycelium may, however, penetrate the roots 
culturalproduced duringthrough wounds 

2. Black rot or Rosellinia 1oot rot appears to be or pests and cause
practices or by other diseases 

afterpredominantly confined 1,' South America (24, 32, 
rotting which continues some tissue 


35, 56,68,70,84) although it has also been reported 


in the Congo (78), Jamaica (61) and Madagascar harvesting. The role of S. rofsii in causing root 

(73). It is most common where cassava is grown necrosis of young plants is discussed above. A. 
foun.d1. compactum have been 

a forest or woody ciop such as coffee, nielea and 
following 
grapes or rubber in wet, high organic matter soils associated with a stem base and root rot of old 

cassava plants. Littlt information is available as to 
Sr large roots

that contain decaying stumps or importance of these
the occurrence, biology 

harboring the causal agent. It may cause serious 
minor cassava root rots. 

losses after continuous cassava cultivation, 

caused Rosellinia Under environmental conditions conducive to the 

Black rot reported as byis development of cassava bacterial blight (CBB) and 

necatrix (24), R bunodes (63, 68, 84) or simply 
following the infection of very young, susceptible 

Rosellinla sp. (61, 73). The disease is called black 
cultivars, CBB in infect and cause slight damage

black 
rot because of the characteristic 

swollen storage roots (53,55). Infected roots 
to 

discolorations and cankers on the large swollen 
show dry, necrotic, discolored vascular strands 

bases. Initially, white fungal 
which render the roots less acceptable, particularlystem 

rhizomorphs, which later turn black, cover root 
in those areas where they are consumed as a fresh 

surfaces. Internally, the infected tissues of swollen 
vegetable. Rotting is restricted to the vascular 

roots become slightly discolored and rubbery in 
and the symptoms resemble those 

roots and 

of 
strands 

texture; they exude a watery liquid when squeezed. 
postharvest vascular streaking.

black mycetial strands 
As infection progresses, 

penetrate into and grow throughout the tissues, B. Wet rots
 

and small cavities containing whitish mycelium
 

may be formed in the root flesh. When infection is 1. Phytophthora root rot is the most serious 
has been reported infecting 

very severe, all roots become infected; and wilting, wet/soft rot and 
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control recommendations, the incidence and losses cassava plantations in both Africa (40, 77-78, 8 1) 
caused by this disease in Colombia, have been

and 'T:-"-i America (42, 65, 80), where it has 
:X of up to 80 percent. The disease greatly reduced. There are indications that varieties mu d yield l 

differ in their reaction to infection by
is most comon in water-logged and poorly 


draind oih Lind is frequently found in basin valley Phyophthoraspp. (3, 40, 65).
 

sitel and close to drainage ditches.
 
2. Minor wet rots. Species of Pythium and 

Ruarium (25) and several soft rot bacteria such asThree species of Phytophthorahave been reported 


as causal agents of. this d&ase: P. drechsleriin Bacillus sp., Erwiniasp. and Corynebacteriumsp.
 

Brazil (3, 32,42), Colombia (25, 65) and the Congo 	 (54) have been isolated from roots with soft rot. 

Lozano and Booth (54) suggest that these(22); P. erythroseptica in th- Congo (40); and P. 


cryptogga in the Congo and Zaire (77-78, 81). All organisms enter the roots through wounds induced
 

by man during cultural operations, by animals or
three sp .ies are well known causal agents of root 

rots in other crop plants, but whether or not they 	 insects, or by disease-inducing fungi and that they 

are frequently accompanied by a wide range of soil 
are all responsible for cassava root rots needs to be 

confirmed. Following the identification of P. microorganisms that serve to exaggerate the 

damage caused by primary root pathogens.drechslerias a causal agent of a serious root rot of 

forest trees and other agricultural crops in 

Australia (71), it was suggested (44)that failure to C. Physiological disorders 

recognize the significance of this organism, despite 

its widespread occurrence, possibly stems from the I. A iondition similar to that of hollow heart in 

fact- that it bears a superficial morphological potatoes can be observed in older larger swollen 

resemblance to other Phytophthoraspp. and that roots of some cassava cultivars. It ismore 

many Phytophthoraspp. tend to induce similar frequently observed in large roots harvested during 

disease symptoms. Pratt (personal periods of heavy rainfall folfowing a drought 

communication) suggests that species synonomy period. Hollow cavities and water-soaked areas of 

may exist. Such considerations need to be borne in cells containing little or no starch appet" at the 

mind in future studies of thecausal organism of this center of large roots; the formation of the cavities 

soft rot disease. in severe cases causes fracturing ofvascular tissues 

which may isolate the roots from the growing 
Diseased swollen roots are discolored light brown plant. In some cases, fol!owing the formation of 

and decompose very rapidly, 1,;aving a foul- internal cavities, a dry internal necrosis may spread 

smelling watery mass. Similarly, when partially throughout the cortical tissues and is described as 

rotted, the roots excude a foul-smelling liquid, core rot by Bat et al (II). 
From sites of initial infection the disease spreads 

very rapidly throughout the roots, frequently 2. Following poor soil preparation, abnormal 

rotting the centers first. This ;apid breakdown of and irregular root thickening can occur. In the 

the roots results in sudden wilting, some leaf drop Philippines, for example, severe damage was 

and in severe cases plant death. The capability of observed where ca3sava had been planted with only 

Phytophthora spp. to cause necrosis of roots surface soil preparation in fields where rice had 

young plants is well established (54, 65). been previously grown for many years. A hard pan 

several inches below the soil surface restricted 

Cori-ol of this disease can be achieved by normal root -growth, and root swelling was 

aeronomic practices aimed at avoiding soil water confined to the surface roots. This physical root

loj;ing. Cassava should not be grown in areas sink limitation induced the plants to deposit starch 

known to flood. Heavy soils should be well elsewhere, and abnornal plants with poorly 

drained, and in areas or periods when heavy developed swollen roots and thick, enlarged, round 

rainfall is expected, planting should be done in stem bases were formed.
 

large, well-formed ridges. Excessive irrigation,
 
3. Following certain planting practices and inparticularly on heavy soils, should be avoided, and 

areas where heavy rainfall sometimes washes thecassava should, not be planted too close to large 
drainage channels. By. following these simple soil away, swollen roots may become exposed to 
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light. In addition to encouragingthe air and 
consumption by iats, this may result in a greening 

of the outer and cortical layers of the roots as 

observed in MWalypiv. The importance of this 
D.hai..al or acceptance point ofgreening from a 
R has not been reported to

view is not kno!, 
occur in stored roots exposed to light following 

harvesting. 

1i. Postharvest root rots 

The very rapid postharvest deterioration of 

cassava roots, which usually prevents more than a 

few days' fresh storage, is poorly understood and 

until recently had received littlescientific attention. 

Two distinct types of postharvest deterioration 

occur, namely, primary deterioration and 

secondary deterioration or microbial rotting. (10, 

15-16). 

A. Primary deterioration 

as vascular streaking,
Previously reported 

primary deterioration is usually the initial cause of 

loss of root acceptability. It is first manifest as fine 

or brownish discoloration of the root
blueblack 
vascular tissues,'which is more intensive near the 

laterThis 'discolorationperiphery of roots. brownspreads, causing a mom, gerral 
rkdown

discoloration and finally death and b of 

root tissues. This deterioration usually commences 

of damage inflicted during
at the sites root 

15-16).
harvesting and handling operations (10, 

Primary deterioration renders the'roots completely 

for human consumption, usually
unacceptable 
within'3 to 10 days of harvesting, and considerably 

lowers the quality of industrial products such a6 

starch and animal feed. 

is a physiologicalroot deteriorationPrimary 
exact nature of which is 

disorder, the 

undetermined. This theory is supported by the fact 


that (a) ho single microorganism has consistently 
of discoloredbeen, isolated from the margins 

16, 69); (b) high concentrations oftissues (10, 
certain sterilants and fungicides do not necessarily 

inhibit the -reaction (62, 69); (c) inoculation with 
as Mucor,microorganisms, such lythlum, 

Rhizopus, Aspergillus, Fusarium,Cladosporium, 

•,Glomerella, Gloeosporlum, Rulizocaonla, 
Peniclilium,'Botryodlplodid,- -. TRchbderma, 


BtB illus, Xanthosoma, , Ewinia and 


are often present on theAgrobacterum, which 
surface of "healthy" roots or which can be 

frequently isolated from decayed root tissu-es (62, 

65), may.result in rotting of freshly harvested roons 
arebut vascular streaking symptoms not 
role ofconsistently produced (69). The 

in stimulating primarymicroorganisms 
at least under certaindeterioration symptoms, 

not be completely ruled out,
conditions, should 
however. It has been suggested (16) that primary 

or stimulated by
deterioration, could be caused 
microbial activity at the sites of cell damage and 

perhaps encouraged by the incrcased moisture loss 

at these sites. The possible causalthat occurs 
involvement of moisture loss gained support from 

et al. (59) who suggest thatwork by Marriott 
as reactionvascular streaking develops a to 

increased water loss aid/ oralternations ingaseous 

diffusion, resulting from wounding. 

Primary deterioration is traditionally controlled by 

leaving the roots in the ground until required and 

once harvested, immediately utilizing or processing 

them into some form of dried and more durable 
can be practiced

product. This control measure 
as cassava has no fixed specific

very successfully 
Nevertheless, susceptibility to 

maturity period. 

pathogenic root rots increases when roots remain
 
in the ground too long; and although the roots may
 

continue to increase in size, they also become more
 

fibrous and woody and their extractable starch
 

and palatability reportedly decline (46).
content 
This method of avoiding primary deterioration is 

only applicable in those regions where there is little 

pressure on agricultural land. It has, for example, 

(48) that in-ground storage
been estimated 
occupies 750,000 ha of agricultural land globally, 

some of which could be used to produce additional 

crops. In situations where climate, land availability 

and cropping system permit, contiuous cropping 

with short periods of in-ground storage to prevent 

primary deterioration is 
postharvest 

recommended.
 

Traditional postharvest methods for controlling 

primary deterioration for a few days include such 

simple techniques as reburial in moist soil, coating 

in mud, or placing under water. Except for the use 

of such' high-cost systems as refrigeration (60, 75; 
and Kawano, -personalRojanaridpiched 

communication) and waxing (49), there are, few 

recorded instances of iucdessful long-term storage 
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of fresh roots (16). Recently, CIAT (26) and Booth 
(15-16) have shown that in addition to minimizing 
primary deterioration by selecting varieties least 
susceptible to mtchanical injury and by reducing 
such injuiy by ca reful harvesting and handling, the 
wounds of damaged roots can be healed and the 
onset of primary deterioration prevented by a 
"curing" process. Curing is a process effective in 
reducing both moisture and pathogenic storage 
losses of other root and tuber crops such as 
potatoes, sweet potatoes and yams (14). It first 
involves suberization of the outermost cells near 
wounds; then deeper p.renchymatous cells form a 
meristerm or cork carbium, which produces a cork 
layer around the wound. This process has been 
observed in cassava roots-kept for 4 to 9 days at a 
ielative humidity of 80 to 85 percent and a 
temperature between 25 and 400C (16). Marriott et 
al. (59) have suggested that control of vascular 
streaking is the result of storage under high 
humidity or low vapor pressure deficit conditions 
and that it is unlikely that the wound healing 
process itself is involved in the initial suppression 
of vascular streaking. 

Successful storage of fresh roots for periods of 
weeks and even months has been achieved in 
various structures that maintain a high relative 
humidity and thus promote curing; i.e., field 
trenches (5, 12, 38) and more recently in 
experimental field clamps and storage 'boxes (15, 
17). Field clamps are constructed by first placing a 
circular bed of straw or other similar material 
approximately 1.5 m in diameter and 150 mm 
thick, after compaction, on a suitable well-drained 
area of ground. The freshly harvested roots (300-
500 kg) are heaped in a conical pile on this bed, nd 
covered first with straw and then with soil that is 
dug from around the circumference of the unit so as 
to form a drainage ditch. The exact thicknesses of 
straw and soil-covering layers and whether or not 
ventilators have to be provided needs to be 
determined for each location. so that the internal 
clamp temperature is maintained below 400C (15, 
17). As an aid to the marketing of fresh roots, it has 
been found possible to delay primary deterioration 
and store roots successfully for 2 to 6 weeks by 
packing them with a moist material such as moist 
sawdust, soil, peat or coir dust in suitable 
containers such as wood, tin or cardboard boxes 
(15, 17, 58, 74). Using these two storage metods, it 
has been shown (18) that although there is a decline 

in root quality, fresh roots remain acceptable for 
both human consumption and for use fresh as an 
animal feed for at least an eignt-week period. It has 
also been shown possible to store fresh roots 
successfully in sealed polythene bags for at least 
four wacks (66). 

Differences in varietal resistance to primary 
deterioration have been reported (15, 60, 69; 
Rojanaridpiched end Kawano, personal 
communication). In a detailed study of varietal 
reaction to root deterioration, Rojanaridpiched 
and Kawano found that out of 2312 lines of F, 
cassava hybrids examined, 49 (2.12%) showed very 
high levels of resistance to deterioration following 
open "storage" in the field for 14 days and that out 
of 232 cultivars examined 3 showed high levels of 
resistance. They also observed that the distribution 
of resistance among varieties was nearly normal. 
Resistant varieties showed symptoms of streaking 
near the sites of damage in some roots but itdid not 
spread. Rojanaridpiched and Kawano (personal 
communication) showed that it is possible for the 
plant breeder to contribute significantly to 
reducing postharvest losses by. selecting for 
resistance, which they also demonstrated could be 
transferred to high-yielding varieties. They found 
no correlation between root yield and root 
deterioration, but primary deterioration was 
positively correlated with root starch content and 
negatively correlated with root moisture. It might, 
therefore, be difficult to obtain a variety that has a 
high starch content and that is also resistant to 
deterioration. However, by keeping starch content 
at an acceptable level, a variety might be improved 
or developed with resistance to deterioration and a 
high starch yield per unit area achieved through 
high root yields. The role of root moisture loss in 
the development of primary deterioration requires 
further study. 

Because of the production of free hydrocyanic acid 
at the sites of cell damage, it ispossible to postulate 
that various cyanide compounds might be involved 
in the color development during vascular 
streaking. No correlation has, however, been found 
between varietal reaction to vascular streaking and 
root HCN content (16). This does not necessarily 
indicate that cyanide compounds are not involved, 
as the minimum level required to produce the 
colored reaction may have been present in all the 
varieties. 
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of various chemicals and gas storageThe use 
of primaryatmosphere3 to prevent the onset 

deterioration has been examined (16, 48, 57, 62). 
benzoicNumerous chemicals such as benomyl, 

acid, calcium hypochlorite, dicloran, ethyl alcohol, 

ethyl bromide, ethylene dibromide, formaldehyde, 
lactic acid, sodium chloride, sodium 

phenate,sodium-o-phenyldithiocarbamate, 

sodium hypochlorite, and sodium sulfite have been 


reported to reduce postharvest spoilage in small, 


controlled experiments, particularly where root 

62).slices rather than whole roots were used (16, 


No chemical treatments have been applied 


on a large, practicalscaletothestoragesuccessfully 
of whole fresh roots. It has, however, been shown 


roots to be

that si-rface waxing enables whole 


stored successfu'ly for 30 days (20, 23, 49, 76). This 


process involves washing, drying and then dipping 


the roots in hot molten paraffin wax, after which 


they must be packed carefully to prevent damaging 


the wax coating. Buckle et al. (20) suggest that the 

is due to a reduction in 

success of the method 
a lowering 	 of contamination bymoisture loss, 


microorganisms, and a reduction in the availability 


of oxygen. Machinery that can process 1/2 and 10 


tons daily has been developed (49). In Brazil (6, 37) 

unpublishedand recently in Malaysia (Booth, 

shown that deterioration of freshlydata) it was 
chipped cassava roots can be prevented by mixing 

them with commercial salt. They can be stored for 

considerable periods, even up to one year, and fed 

directly to animals. This treatment can also be used 

to maintain high-quality dried chips during periods 
drying (Booth, unpublishedof poor, slow sun 

data). Passam and Noon (69) and Noon and Booth 

(62) reported control of vascular streaking when 

root slices were stored in gaseous atmospheres with 

tension, suggesting that anreduced oxygen 
may involved in theoxidation reaction be 


development of primary deterioration, 


ssible by
Control of root deterioration is also ! 

keeping the roots refrigerated at 0 to 60C (60, 75; 

and Kawano, personalRojanaridpiched 
60C roots 	 deteriorateAbovecommunication). 


rapidly aid frequently show signs ofchilling injury 


(58, 60; Booth, unpublished data). In a' :ition, 


removed from successful low-ter,, erature
roots 
storage deteriorate rapidly on return to ambient 

At present 	 it is unlikely that 
temperatures (58). 

on an extensive scale
refrigeration could be used 

considered in certain situations and can be used 

successfully for storing small quantities of roots in 

the home. 

B. Secondary deterioration 

Secondary 	 deterioration is usually caused by
tomicrobial rotting, though it may be due 

fermentation and/or softening of root tissue. It is 

initially less important than primary deterioration
 
occurs after the roots have already
as it generally 


become unacceptable due to primary deterioration
 
however, secondary
(1 16). Occasionally, 


may be the initial cause of loss of

deterioration 

in these instances symptomsacceptability; and 
of vascular streaking frequentlysimilar to those 


occur 
 ahead of advancing rots. Majumder (57)
 

reported two types of postharvest rot: an aerobic
 

dry rot caused by Rhizopus sp. and an anaerobic
 

soft rot caused by Bacillus spp., both causing root 

discoloration and increased acidity. Ekundayo and 

Daniel (39) 	 report that tissue deterioration, due 

wound infection by Lasiodiplodiapartly to 
harzianum,Trichoderinatheobromae, 


C'lindrocarponcandidum, Aspergillus niger and
 

the main cause of storage loss inA. flavus, was 
pathogens 	 penetrated throughNigeria. These 

wounds and bruises inflicted during harvesting and 

but not through undamaged surfaces.handling 
Storage at high humidities encouraged fungal 

this was reduced by dipping roots in
rotting; 
benomyl or thiabendazole suspensions. Noon and 

also found that L. theobromae, A.
Booth (62) 
fluvus, T. harzianum and Fusarium .olani were 

capable of producing rotting following artificial 

wound inoculations. 

Several of the control measures developed for 

reducing p;imary deterioration should also reduce 

secondary deterioration. For example, curing by 

a wound periderm will, if
the production of 
conducted rapidly following root injury, prevent 

at
the entry of wound pathogens; storage low 

temperatures will reduce the degree of rotting by 

most pathogens; and varieties should be selected 

for both minimal damage and resistance to post

harvest decay. Studies on the control of secondary 
difficult because of 

root deterioration alone are 

primary deterioration. Emphasis should thus be 

on selecting varieties and developingplaced 
that will reducemeasureshandling and control 

losses caused by both forms of deterioration. 
but it should be

for storing cassava roots, 
129 



Cassava protectionworkshop 

IV. Conclusions 

Further research is clearly needed on cassava 
root rots (a) to obtain detailed figures on actual 
losses, (b) to determine more accurately their 
geographic distribution and importance in the 
many widely differing cassava-growing areas, and 
(c) to expand scientific knowledge of the etiology, 
epidemiology and control of the majority of these 
diseases. 

Isolated figures exist on particular lories caused by 
individual root rots, but no information is 
available as to the frequency at which such losses 
occur or to the average loss caused by the various 
root rots in given areas over a given number of 
years. Although there is now considerable 
inlormation on the various pre- and postharvest 
root rots, our knowledge is still very incomplete, 
Few detailed scientific studies have been 
conducted, and much of the information comes 
from observations alone. In particular, it is 

suggested that the effect of microorganisms in 
reducing potential plant yields by causing root 
damage and necrosis during early plant growth and 
the exact cause and biochemistry of primary 
deterioration warrant considerable attention. 

Based on information currently available, it 
appears that many cassava root rots could best be 
reduced by utilizing integrated control measures. 
For example, the incidence of Phytophthora roL 
rot can be reduced by good soil management, and 

varieties differing in their reaction to this disease 
have been found. A large number of techniques 
such as traditional in-ground storage, varietal 
rcsistatuce, low-temperature or high-humidity 
storage, and chen-..caltreatments are all capable of 
reducing postharvest root losses; but there are few 
indications at present of how some of these 
individual techniques may best be combined to 
provide the most efficient systems for reducing 
losses in the widely differing production and 
utilization systems tha, -xist. 
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New developments in cassava storage 

J. Carlos Loznno 
James H. Cock 

* Jalro Cast*ao 

Abstract 

Cassava roots deteriorate rapidly after harvest. Deterioration is either physiological or microbial, 

h of harvesting. Experimental results show that 
but the foner generally occurs within 48 or by 
physiological deterioration can be prevented either by pruning the plants 2-3 wkbefore 'arvest 

packing the roots it.polyethylene4ined paper bags after harvest. Microbial deterio.ation can be 

prevented by dip-treating the roots with broad-spectrum fungicides such as Manzate. 

Introduction 

is highly perishable, oftenThe cassava root 
showing cortical necrosis (physiological deteriora-

tion) as rapidly as 24 hours after harvest; five to 

seven days later, microbial rotting occurs (1). 

Some progress has been made in searching for 

varietal resistance to both types of deterioration 
(Kawano, personal communication); nevertheless, 

resistance to physiological deterioration appears to 

be positively correlated with moisture content (4; 

Kawano, personal communication). Although this 

correlation isnot pa:ticularly close, it does suggest 

that itmay be difficult to breed for high dry matter 
racter, and for resistance tocontent, a desirable .i 

time.physiological dete, oration at the same 

Pathologist, ph /riologist and associate pathologist, 

respectively, C!ssava Program, CIAT, Cali, Colom-

ia 

most lines apparently resistant to
Furthermore, 

sufferthis type of deterioration eventually 

microbial deterioration after about ten days. It isa 

moot point whether resistance to deterioration for 

a shoit period would resolve many of the
such 
problems associated with cassava perishability. 

In their comprehensive review cn . ;-xava 

storage, Ingram and Humphries (5) mentiored 
packing invarious traditional methods such as 

mld and structures similar to potato clamps used 

in Europe. Booth (1) refined the potato clamp 

method and developed a storage system using 

boxes filled with moistened sawdust. These systems 

are somewhat costly and difficult to manage and 

have not, up to the present, been adopted on a 

commercial scale. Oudit (6) suggested that fresh 

cassava could be stored for up to one month in 

polyethylene bags with no extra treatment. 
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During visits to cassava-growing areas, the 
authors and other members of the CIAT Cassava 
Production Systems team obsex-ved that in many 
local markets the cassava roots were sold while still 
attached to the stem. The vendors claimed that the 
roots deteriorated much more slowly under these 
conditions than when removed from the stem. 

Booth (1) showed that roots kept under 
conditions of high humidity "cured" and 
physiological deterioration prevented;was 
however, as temperature increased microbial 
deterioration occurred rapidly. 

We have attempted to develop simple methods 
that may readily be adopted to control both 
physiological and microbial deterioration of the 

bothharvested roots. In the former case 
maintenance of high humidity and leaving roots 
attached to the stems have been the basis, whereas 
in the latter case, use of protectants and sterilants 
were evaluated for preventing m',crobial rotting. 

Material and methods 

The symptomatological definition o~f the two 
reported types of deterioration in cassava roots (1) Llanera and N1. Mexico 23. 
was determined by general observations on stored 
roots of different varieties. The severity of these 
two types of deterioration was evaluated by 
following Booth's scale of deterioration (3), 
considering 0 as healthy roots and 4 as the most 
affected. 

Physiological deterioration 

The control of physiological deterioration was 
investigated by (a) pruning the aboveground part 
of the plants before harvesting and (b) by using 
different packing systems. 

Pruning 
One-year-old plants of two varieties susceptible 

to physiological deterioration (M. Colorabia 22 
and M. Colombia 1802) were used in the first trial, 
Plants were pruned back to 20 cm aboveground 
and harvested 7, 14 and 21 days after pruning. Half 
of the roots were stored without the stem and the 
others with the stem section attached. Roots were 
stored in the field under an open-sided palm hut 
and readings taken every five days. Deterioration 
was determined on 20 roots/variety/time of 

storage. A second trial included six varieties (M. 
Colombia 45, M. Colombia 1807, CMC 29, CMC 
92, M. Mexico 59 and Popayin), which in previous 
trials had showed different degrees of deteriora
don. 

To determine the effects of temperature and 
humidity on deterioration, M. Colombia 22 was 
pruned 14 or 21 days before harvest. Roots were 
detached from the stems at harvest; half were sliced 
at both ends and half were left whole. These roots 
were stored at 35 and 450C and 20, 40, 60 and 80 
percent relative humidity for 0, 6, 12 and 24 hours. 
Deterioration was evaluated daily on 10 roots per 
treatment for 20 days. 

Packing systems 

Twenty fresh, recently harvested one-year-old 
M. Colombia 113 roots were packed in burlap 
sacks or bags made of paper, polyethylene-lined 
paper, or transparent polyethylene. Bags were 

stored in an open-sided palm hut, and every five 
days the root deterioration of 3bags per treatment 

was recorded as previously. The same trial was 
later repeated with freshly harvested roots of 

Microbial deterioration 

To control microbial deterioration sodium 
hypochlorite and Manzate (manganese ethylene 
bisdithiocarbamate) were used to treat the roots; 

the former because of its sterilizing effect without 
leaving toxic residues and the latter because of its 

asprotectant effect with low reported toxicity (7), 
well as its availability on the market. The combined 
products were suspended in water at increasing
decreasing concentrations of 5 x 102, 1x 10, 2 x 
103, 3 x 103 and 4 x 103 ppm a.i. of Manzateand 5x 

103, 1x 104, 1.5x 104,2x 10 and 2.5 x 104 ppma.i. 
of sodium hypochloride. Roots were immersed in 

the suspension for 3 to 5 minutes before packing 
them in paper-lined polyethylene bags. Readings of 
deterioration were taken, as above, every five days. 

In order to determine whether light had any 
effect on chemical degradation after treatment 
which would lead to microbial deterioration during 
storage, roots of Llanera, M. Colombia 113 and M. 
Mexico 23 were packed in transparent, red, green 
and black polyethylene and polyethylene-lined 
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paper bags after treating the roots with 3 x 103 ppm 
1x 104 ppm a.i. of sodiuma.i. of Manzate and 

hypochloride. Readings were also taken as above 

every 5 days. 
Results dstem 
Results 

Physiological deterioration is characterized by a 

dry brown to black necrosis, normally appearing in 

rings around the periphery of the 
the form of 
cortex. This deterioration appears within the first 

on varietal
48 hours after harvesting, dependingsusceptibility, and ends in dehydration. Microbial 

as vascularinitiatescommonlydeterioration 
streaking, followed by soft rot, fermentation andoftypeThistissues.rootof the
maceration 
deterioration, which does not occur in any special 

order, is normally noticeable 5 to 8 days after 

harvesting, depending on the soil microbial flora 
and theable to metabolize cassava roots on 

intensity of.damage to roots at harvest (Fig. 1). 

Pruning 

were pruned before harvest, the
When plants 

percentage of deterioration decreased withthe tinie 

from pruning to harvest up to 14 to 21 days; leaving 

more time between pruning and harvest had little 

effect. Roots left attached to the stem piece always 

more slowly than those without the
deteriorated 

(Fig. 2). Varieties without any treatment 

differed in susceptibility to deterioration (Fig. 3); 

for example, M. Colombia 1807 and M. ColomIia 
M. Colombia

22 were very susceptible whereas 

1802 and M. Mexico 59 were moderately resistant. 

After 21 days of pruning, however, the first two 

showed less deterioration when treated
varieties 
than the last twowhich were more resistant withoutHence the reaction of varieties to the 
treatment. 

varies and resistance without 
pruning treatment 


va
not related to resistance with treat
treatmentmeit. 

Damaged roots generally deteriorate more 

rapidly than undamaged roQts (1); however, after 

the pruning treatment roots that were cut to 

simulate damage deteriorated at the same rate as 
held at low

controls even when
undamaged or low relativehumidity to prevent curing. High 

humidities did not increase deterioration of roots 

taken from pruned plants (Fig. 4). 

Figure 1.Cassava root deterioration: left, microbial and right, physiological. 
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Roor deterioration (%) Deterioration (%) 
,00 

Roots alone (M. Col 22) 20% RH 

Roots of SO.Col 22 with stem attached 80 - 40% RH 
-- Roots alone (M. Col 1802) .. . -.. . .. . . .......... 60% RH 

-- Roots of M.Col802 with 60 \ 80% RH 
stem attached 

100 
o 40-

% 
Whole roots 

4 -20 ............................
.................
 

40 ..... 0...-. 


20 

Tim 80\ 
7 14 

Time of pruning (days) before storage 60 Cut roots 

Figure 2. Effect of pruning on cassava root 

deterioration after 20 days of storage. 

20 
When roots were stored after pruning, 

physiological deterioration, which normally occurs 0 7 4 
7 14 

during the first twodays of storage, was prevented; 
Time of pruning (days)

however, after ten d,'ys microbial rotting occurred 

(Fig. 5), but this w'as prevented by using a dip of Figure 4. Deterioration of' M. Colombia 22 roots in 

Manzate and sodium hypochlorite (4 x 103 and 2.5 relation toplant pruning after .0 days'storage at 35C and 

x 10 ppm a.i., respectively). 20, 40, 60 or 80% RH for Ut hours. 

Root deterioration (%) 

100 
[0] Pruning 0 days before harvest 

go Pruning 14 days before harvest 

8 Pruning 21 days before harvest 

70 

60

50

40

411!11130

20

0- M. Col 1807 M. Col 22 CMC 29 PopayAn CMC 92 M. Col 45 M. Col 1802 M. Mex 59 

Variety 

Figure 3. Root deterioration of 8 varieties pruned 0, 14 and 21 days before harvesting and stored for 20 days. 
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Deterioration (other 
i ontro-3 weekoter prdeterioration 

3 weeks after pruning 
-4weeks after pruning 

h3-4weeks ater pruning and 
chemical treatment
(4 x 0' ppm a.i. Manzate and 

2.5 x 10' ppm a.i. NaHCI4 

100 
so 

60 
f40 

20 

5 10 15 

Time of storage (days) 

20 


Figure 5. Effect of plant prunig and chemical 

treatment on root deterioration (M. Col 113). 

Storage in bags 

Storage in burlap and paper bags improved the 
roots when comparednumber of undeteriorated 

with controls (FiL. 6), but treatments still gave a 

high percentage of both microbial and 

physiological deterioration even five days after 

storage. Paper bags lined with polyethylene, on the 

Deterioration (%) 

hand, prevented physiological deterioration. 
for microbialThere was, however, a tendency

to occur after about ten days, in a 

manncr very similar to that found in the pruning 

treatments. This tendency was parially prevented 

by treating the roots with sodium hypochlorite( 
2.5 

a 
x 10 ppm a.i.) and completely prevented by 
treatment with 4 x 104 ppm a.i. of Manzate(Fig. 7). 

Further trials showed that this concentration of 

Manzate allowed some mticrobial rot and that at 

concentrations cf 8x 10 ppm a.i., excellent control 

was always obtained (Fig. 8). Preliminary studies 
on quality showed that HCN levels were apparent

ly reduced during storage and that eating quality 

was improved by time of storage if physiological 

deterioration was prevented. 

It appears that light does not influence the 

protectant effect of the chemical used. All roots 

kept in polyethylene bags with different colors 
deteriorated at the same rate. 

General discussion 

Our results with regard to the definition of the 
in 

two types of cassava root deterioration were 

agreement with those reported by Booth (1), except 

that vascular streaking appears to be a common 

symptom. Physiological deterioration develops as 

Deterioration (%) 

Control 
-. Polyethylene-lined bags 

bags + NaHCIO., 
- ControlPolyethylene-lined x 104 ppm a.i.)(2.5 bags + Manzate-- __ Polyethylene-lined. Burpbsaks..- Controls 


-- g x 10' ppm a.i.) +00

Polyethylene-lined paper bags
P(4 

100 80/ 

....... 2 

1039
 

0 "i __. - ,"'"- of storage (days)iTime 

Time of storage (days) Figure 7. Effects of polyethylene-lined paper bags nd 

Figure 6. Effect of storage in bags on cassava (M. Col chemical treatments on deterioration of stored roots 

113) root deterioration. (CMC 40).13 
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Leterioration (%) 	 When roots are stored under humid conditions, 

Control (unwrapped, untreated roots) curing apparently takes place (1) and the conse

quent healing of wounds prevents physiolog;cal
--	 Untreated roort 

2000 ppm &..Manzate rotting. Recent work done by John Marriot while 

4000 ppm a.i. Manzate at CIAT suggests that there is another factor 

8000 ppm a.L Manzate 	 involved that is related to water loss. When water 
loss was reduced by artificial means, physiological16,000 ppm a.i. Manaate 
deterioration was delayed (Marriot, personal 

Roots inpolyethylene- communication). This interesting result may 
100 lined paper bags explain why high moisture content is loosely 

correlated with resistance to this type ofdeteriora

60 8 
tiqon. This physiologicalmoistureprocesscontentmay initiateis reached;only
whet.a critics:,' ow 

0varietie'whose roots have a low moisture content 
may reach this level more rapidly. Furthermore, 
•.- ed inpolyethylene bags, thewhen roots are 


'
.10 '-, high ma not only favor 
0 ,os15 20 root curing and healing bb o reduce water loss 

Time of storagz (days) sufficiently to prevent physiolo 'l deterioration. 

8. Pre mtlon of cassava root microbial Deterioratio t rbialactivity a. 
Figure 

physiologicadeterioration wit Mmniate (CMC 40). separate entity, distinct from 

deterioration. It is induced by a complex of 
a dry rot which ends in a light to dark brown microorganisms able to degrade root tissues. The 

use of surface sterilants alone is apparentlydiscoloration, always found as a ring around the 
outermost part of the cortex. Vascular streaking, ineffective, probably because sterilization is dif
which is also associated with physiological ficult and there is always an opportunity for 
deterioration, is commonly present at the initiation reinfections. On the other hand, protectants such 

as Manzate can be used to prevent reinfetions.of microbial deteriorationas theresult ofmicrobial 

invasion and degradation. This vascular streaking
 
did not have any symptomatological pattern and
 

It thus seems that protectants can be used to 
always ended in tissue maceration, fermentation 


prevent microbial rotting; and either pruning or
 
and discoloration. Microbial activity was always 

high hiimidity conditions, to prevent physiological
detected. deterioration. The pruning treatment has some 

adverse effects on the quality of cassava for fresh 
It appears that physiological deterioration can 

consumption. The roots become slightly harder 
be prevented both by pruning the plants two to 

and 	dry matter content increases slightly, which 
three weeks before harvest and by packing the 

that cooking has to be prolonged. On themeansroots in polethylene bags. If pruning is dojie and 

new shoots are allowed to develop before harvest, 	 other hand, it improves the quality of cassava for
 

industrial use. Cassava drying and starch extrac
its effect on physiological deterioration decreases. 

some tion are facilitated by the high dry matter content: 
This suggests that the leaves produce 

translocated to the roots,inducing transportation costs are reduced and processing is 
principle that is 

the initiation of physiological deterioration. Booth 	 easier. 
(1) reported that this deterioration is associated 

wit.h mchanical damage to the roots; however, in Although Oudit (6) suggested that storage in 

the pruning system,wounded roots did not show polyethylene bags with no further treatment gave 
signs of physiologicaldeterioration.Itappearsthat no deterioration after 20 days, we always had 
the principle issomehow eliminated or minimized microbial rotting 7 to 10 days after harvest. 

inthe roots after pruning; this view is supported by However, when polyethylene-fined paper bags, 
the decline of this type of deterioration when the were used inconjunctionwith protectants,cassava 

time from pruning to harvest is extended. 	 could be stored safely for up to three weeks after 
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before cooking. The use of several chemicals and 

harvest with no change in cooking quality. The 

in the roots remains to be
translocation 

of toxicity from the surface protectants their 
problef investigated. 
are minimal because the roots are always peeled 
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The cassava mite complex: 

taxonomy and identification* 
Carlos H.W.Jtchtmnna** 

Abstract 

A taxonomic key is presented for classifying the mites that attack Manihot spp. Methodology 

(sampling and slide preparations) is explained, and morphologic characters important in their 

identification are given and illustrated. Data are given on geographic distribution, host plants and 

damage caused by F&tetranychus banski, E enodes, E orientalis, Allonychus refit, Mononychellus 

M. bondari, OI1gonychus coffeae, 0. peruvianu, 0 
carlbbeanae, M. tanaIoa, M. mcgror, 

gouypii, Tetranychu yustl, T. tumldnw, T. mexicamni, T sayedi, T trncatu, T.neocatedonlcus, T 

amcus, T. lonbardlnl, T. kanzawal, T. unrcae and T. clnnabarln.w-

Introduction 

Spider mites have become of increasing impor-

tance as pests of Manihot app. (Euphorbiaceae). 

During recent years economic entomologists have 

been increasingly concerned with these mites; and 

since organic chemicals are often effective for the 

or vary in their
control of only certain species 

among species, it is 
degree of effectiveness 
important to make accurate determinations of the 

spider mites with which they are concerned. This 

contribution is intended to aid in making deter-

minations. 

Twenty-two species of spider mites are known to 

occur on Manthot &pp.throni'voat the world, and 

This paper is by no meana definite work or even a 
completed one. Species listed can be found in print 
elsewher, and we hope that this work will lead to its 

own revision and, ultimately, its own obsolescence 
0* J Sao Paulo, Eacola Superior d edeUniversidade 

13.400 Piracicaba,Agricultura "Luis de Queiroz, 

S.P., Brasil 


two or more species may be encountered on the 

same plant. In addition different species may 

as the season advances. Their
predominate 
classification is made difficult by a certain number 

of factors; these mites show a certain degree of 

often difficult tolimits arevariation whose 
determine. Their distribution has been altered by 

man by transporting them to new areas and their 

been affected by the use of 
populations have 
pesticides. 

Methodology 

Sampling
 

Spider wit..a are identified accurately only with 

microscopic slide preparations, and samples must 
in thefor examinationbe taken periodically 

laboratory. The coloration and/or markings of the 

adult bodies, their size, feedingand spinning habits 

may be indicative of the species involved; thus a 

number of separate samplessops areomore desirablete re esrale a
n 

than a composite collection when gathering 

material143 
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Samples should not be restricted to the cassava 
leaves; weeds should not be overlooked. Both sexes 
should be collected. Spider mtte males often appear 
similar to the nymphal stale, being small and 
slender, all sizes apal shaptz should be collected. 

The most satisfactory method of collecting 
specimens is to take infested leaves to the 
laboratory in paper or plastic bags. These may be 
stored for a week or two under refrigeration. In the 
field the material should be kept from the sun. 
Leaves with heavy infestations may be placed in 
vials containing 70%ethyl alcohol. 

Slide preparation 

Spider mites are best mounted in Hoyer's 
medium, consisting of 40 ml distilled water, 30 g 
gum arabic, (crystals), 200 g chloral hydrate and 20 
g glycerine. 

The materials should be mixed at room 
temperature in the sequence listed; stirring is 
necessary over a period of a few days. 

Live mite or alcoholic specimens may be placed 
directly into a drop ofHoyer's medium on the slide; 
females should be oriented dorsoventrally with the 
legs spread; profile mounts should also be made. 
Male spider mites must be mounted in profile to 
allow perfect view of the aedeagus. After the cover 
slip&have been placed over the medium, the slide3 
are heated gelitly until the solution begins to show 
bubbles; this heating expands and clears the 
specimens. Specimens can be rolled into position 
by moving the cover slips, The slides are kept flat at 
550C for 24 to 48 hours. Ringing the cover slip with 
an excess of Hoyer's or with Zut is desirable. 

Diagnostic characters 

The identification of cassava spider mites with 
the aid of a compound microscope is based on the 
differentiation of relatively few characters. 

The Tetranychidac Donnadieu possess long, 
recurved whiplike movable chelac, set in the 
stylophore or fused basal segments of the 
chelicerae; the fourth palpal segment bearsa strong 
"claw"; tarsi I and II usually bear specialized 

.duplex setae; the claws possess tenent hairs and the 
empodium may or may not have tenent hairs; the 

female genitalia is characteristic of the family. 
Normally there are three pairs of propodosomal 
(P1,, P2, P3 ), four pairs of marginal (L ... L4 ), 
five pairs of dorsal (DI . . . D,) and one pair of 
humeral (H) setae (Fig. I). Setae may shift, drop 
out or extra pairs may be added. 

All spider mites presently known on Manihot 
spp. are within the subfamily Tetranychidae, 
characterized by the absence of empodial tenent 
hairs. 

The peritremes (Fig. 1)consist of two divergent 
arms that arise medially near the anterior end ofthe 
body. Their extended position varies as thelobelike 
base of the mouthparts (stylophore) is everted or 
retracted. Characteristics of the termination of the 

'Tarsus 

-Tibia 
Genu 

~Palp 
Femur Chelicera 

Stylophore 
Trochanter 

-t 
",.:t 

- H 

4 

5 

Sou,,c: Jpp.on. Kejler and BaL 1141 

Figure 1.Tetranychus sp. Fansle, dorsal view. P, ,P2 
andP 3 aredorsalpropodomastae;H-humeralsetse; 
DI ... Dsdorocentralbysteroomalsetameand L,. 
L4 ,dorsolateral hysterosonal se.te. 
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b
 

are sometimes important for species 	 S.o
peitrem
recognltidnf. 	 a j 

The fore t.,us (Fig. 2a) bears two pairs of Sat 
sctaesetae, called duplex

intimately aUot-ied 
(Fig 2&-c). A single pairof duplex seta is found on 

ua,6m U. The pc~iicn of the duplex sewa and the 

relative lengiu of the mecrta of each pair are 
jk Jimportant for identification. The end of the tarsus 

bearsa pairot tenent (knobbed) hairs on each side, _f In 

each pair representing the remains of a true claw 

(Fig. 2. the empodium is located between these 

tenent hzis and structure isof taxonomic value. Figure 3.Aedeag: (a) Tetranychus mexicanus, (b)T. 

The pattern of integumentaf striations on the neocaledonicus, (c)T.truncatus, (d)T.tumnidus, (e)T. 

n final urticaeand T.cinnabarinus, (f) T.yusti,(g) T. kanzawai, 
of e sign rificance a 

dorsum of females i of ignificance and the final (h) T. lonbardini, (i) T. sayedi, (0) T. amicus, (k)To hep lt siso 

Oligon.hu; gossypii, (I)0. peruvianuso (m)0. coffeae,
identification is usually based on the shape of the 	

(o) Oligonychus
male aedeagus (Figure 3); therefore, males must be 	 (n) Mononychellus tanooa and 

biharensis.mounted laterally. 

7b 

th 

(c) (d) (e) 
Source: Pritchard and Baker (123) 

7Figure 2. Tatranychui ap. (a)Tarsus and tibia Iof fnaln, (b)female PalPUl (i , tibIa; s,termnal semilum), ic) 

mOy sets, (d) tactUe sats, (e)duplex sets and (f) tarsal appendages (c, remains of true claws; eempodilum; th, tenent 
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Key to the genera and species of spider mites known on Manihot spp. 

1. 	 Taun I without closy assocated dtplex tae, or duplex
 
setm abeat; empodium absent ..... Bwranychwu.................................... 5
 

- Tars I with 2 pairs of duplex seta& empodium pres, ,
 
cawlike or split distally ..................................................... ........................................................................... 2
 

2. 	 With 2 painof p a-anlae ............................................................................................................... 3
 
With one pair of paanmlue e ......... .............................. ......4
 

3. Empodium clawlike, with proximoventral hairs ..................................................................... Allonychw relel
 
- Empodium \'a igs in a tuft of hairs; hysterosomal, striae
 

longitudinal' :ween 3rd pair of dorsocentral setae . Mononychells ........ ..........................7
 

4. 	 Empodium clewlike, with proximoventral hairs; duplex ,ac
 
of tarsus I distal and approximate ..... Ofigonychu. ......................................................................... 10
 

- Empodium split distally, usually into 3 pairs of hairs;
 
duplex setan of tarsus I well separated ..... Tetranychu .................................................................... 12
 

5. 	 Body with dorsal setae(P, H, D and L wris) very short
 
and borne on small tubercles ........................................................................................... Futetranychus enodes
 
Marginal body setac longer tl:, the dorsal median setae ......................................................................... 6
 

6. 	 Setae D3 and D4 of the histerosoma form a rectangle; striae 
.... ...... ..... ........ ... ..... .... .. 

Hysiutaal setac D3 are much closer together than D4; 
striue on the hysterosoma transversal except for a V-shaped 
pattern between setae D2 and D3................................................................................... utetranychus banks! 

er; knvtudinal between D3.................................................. uteItranychus orlentalis 

7. 	 Dorsal body strise anastomosing; female tibia I with 7
 
tactile and one sensory Betae .................................................................................. Mononychellus caribbeanae
 
Dorsal body striae not anastomosing; a slightly reticulate
 
pattern may be present posteriorly; female tibia I with
 
8 or 9 tactile and one sensory setae ................................................................................................................. 8
 

8. 	 Body setae D1, D 2 and D 3 are ca. one half as long as the
 
distance between their bases. Tibia I with 9 tactile
 
setae and one lender solenidion ................................................................................... Mononychellum tanajoa
 
Dorsal hysterosomal setne all of about equal length; tibia
 
I with 8 or 9 tactilesetae and oneslendersolenidion ...................................................................................... 9
 

9. 	 Dosal body setae on tubercles, long, strong, serrate, 
slighty broadened distally, all of chnt equal length 
except for the shorter P,, P3 and 9i, TibLi I with 8 tactile 
and one slendr solenidon ....................................................................................... Mononychellus mcgregor 
DorW V y t , pubesent, set on small tubercles. Tibia 
I with 9 ta&,! i-Wn and one slender lenidion .......................................................... Mononychellus bondari 

10. 	 Tibia I with 7 tactile setae, aedeagus bent ventrad, 
at a right angle to shaft .. ............................................. C............................................ lgonychus coffeae
 
Tlbia I with 9 tactile setae; adeagus bent
 
do ad or ve tra .............................................................................................. ................ , ....... :............... II
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.
Body with dorsal setie obviously widened proximally and 	 Oligofychus peruviafusII. 
p,-'eiy tapering distally; aedeagus bent ventrd ...............................................
 

oligonychus gossypli
Body with dorsal setae slender distal part of aedgius 

with ventral side of bend undulate............................................................
 

Female with proximal pair of euplex setac on tarsus 1more or	 yus'
12. 

less in line with most of the pioximal 2actile seta.e................................................................Tetranyclus 
13.................................... 
-	 Female with proximal pair of duplex setae 

distad of other proximal tactile setae....... ........... .........
 

Empodium with an obvious empodial spur, at least one 	 14
13. 	 hairs 

third as long as the proximoventral 
16............ 
.	 Empodium (except for legs I and 11 of male) with the 

em podial spur very tiny or absent .............................................................................................. 

............... 
 Teranychus tumidus 

............................. 
 . .. id 

Knob of nedeagus with anterior projection broadly rounded........................ 

14. 

Knob of aedeagus with anterior projection anrgulate ..........................................................................
 
-

Aedeagus with knob 4 times as wide as its stei, the caudal angulation much 
15. 	 Tetranychus mexicanus 

longer than the anterior angulation ............................................................................ 
 Tetranychuds sayedi 
...................................................Aedeagus vth knob about twice as wide as its stein, with 

" 
small acute 

..................................
 
angulations anteriorly and posteriorly ................... 


16. Stem of adeagus apparently truncated, its posterior edge acutely 
; Teranychus truncatus .............................. 


angulated and rounded anteriorly....................................... 	 17?.
; .............................................. 

Stem of aedeagus ending in a distinct knob ............................................... 


.... Teiranychus neocaledoncus 
Knob of aedeagus globular, berry shaped...................... 	 18


17. 
Knob of aedeagus not globular .............................................................................................................
7 

18. 	 Axis of knob of aedeagus forming an angle 

with the axis of shaft, the posterior angulation acute and Tetranychusamkus 

longer than the rounded anterior anguation ..................................................................... 	 19
 .............. 

Axis of knob of aedeagus parallel with axis of shaft ......................... 


Knob of aedeas with posterior angulation longer than anterior angulation, 201. 	 ........
............................
 
acutely angled posteriorly and rounded anteriorly ................... 


no longer than anterior angulation 
21 

* Posterior angulation of knob of aedeagus 

Male palpus with terminal sensillum slender,	 Tetranychus o rdi
20. 

as long as broad ..............................................................................................
4 times 
Male palpus with terminal sensillumT 

-

about twice as long as broad ...............................................
 

21. 	 Adult summer females green or yelhwish in color; 

dorsal integumentary striae with lobes mostly large, rounded, some being 
Tetrunrchusurticae 

and relatively pointed ........................................... 

rather oblong and others narrower 

Adult summer females brownish red in color, 

dorsal striae of female with lobes mostly triangular, 
anuharinu'4an 	 occasional rounded lobe may occur bet*een T ranychus ci 

the typical triangular lobes .................................................................................... 
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Allonychus reisi Paschoal, 1970 

Allonychus reiel Paschoal, 1970, Ph.D. Thesis, 

Piracia 84. 

This species, described fr-..Sgo Paulo (Brazil) 

on a2iam and flcuselastica, occurs according to 

Urueta (27) on cocoa, Matisia and Manihot 
utilissima in Colombia. 

No relatioa to host plants is given, 

Fjtetranychusenodes Baker and Pritchard, 1960 

Eueiranycha enodes Baker and Pritchard, 19 
Hilgardia 29(1 l):469. 

This species was related from Zaire (ex-Cbngo) 

on Manihot escuienta. 
enodes also include figs, peaches,Hosts of A 

Raffia an,," Migna. 

Mites of the genus Eutetranychus are generally 


upper leaf surface t'eeders. 

Eut'etranychus orientalis (Klein, 1936) 

Anychus orientals Klein, 1936, Bull. Agric. Res. Sta. 
*Rehovot 213. 


Anychs atius (Canestrinit and Fanzago) Sayed, 1942, 


Bol. Soc. Fouad ter Entomol. 26:125. 


Anychus ricini Rahman and'Sapra, 1940, Proc. Ind. 


Acad. ScL 1I(Ser. B): 194.
 

Eutetranychus monodi Andre, 1954, Bol. Inst. Franc. 

Afr. Noire (96r. A) 16:859. 

Eutetranychus orlentalis Baker and Pritchard, 1960, 


Hilgardia 29(' '>464. 

This species is primarily a pest of citru-se, having 

been found in Israel, Turkey, Jordan, Iran, Egypt, 

Cyprus, Sudaii, Afghanistan, India, South Africa, 

Formosa, East Transvaal, Thailand, Pakistan, 

Philippines and Taiwan. Baker (1)lists E.orientalis 

on Manihot from Thailand and the Philippines. 
Hosts other than cassava include papaya, bananas, 

peaches, squash. 
species as a 

Lal and Pillai (15) report ,this 

brownish green dorsum feeder on cassava fron1 

India, observing that even cassava varielies fairly 

resistant to Teiranychus ielarius (T cinnabarinus) 
were heavily infested. 

Eutetranychusbanksi (McGregor, 1914) 

Tetranychus banks McGregor, 1914, Ann. Entomol. 
Soc. Amer. 7(4):359 

•148 

,5.ejranychusbanksi McGregor, 1919, Proc. U.S. Natl.
 
Mus. 56(2303):644.
 
Eutetranychus rusti McGregor, 1950, Amer. Midi. Nat.
 

44:669. 
Anychus verganli Blanchard, 1940, Rev. Fac. Agron. La 

Plata 3(2):24. 

This species, commonly known as the Texas 

citrus mite, occurs in North, Central and South 
America. It deposits its eggs along the midrib of 
leaves; the eggs are flat and diskkc. Adult females 

and nymphs vary in color irom tan to brownish 
green; the legs are pale. Females are robust, broad 

and flattened. 
McGregor (18) r.-ported this mite species from 

Ecuador as causing a "browning of Yucca leaves," 

describing it as Eutetranychus rusti.* 

Hosts of E banksi, in addition to yucca, include 

almonds, castor beans, citruses, coffee, croton, 

Eritrina Eenbeckia, figs, Firmiana, Hevea, 

Holocalyx, Morus nigra, papaya. 

Mononychellus caribbeanae (McGregor, 1950) 

Tetranyuhus caribbeanae McGregor, 1950, Amer. Midl. 
Nat. 44(2):283.
 
Eteraychus caribbeanae Pritchard and Baker,
 
1955:147.
 

Mononychus caribbeanacWainstein, 1960 199. 
Baker and Ab-

Mononychellus carbbeanae Tutle,
2(2):5 .batiello, 1976. Ind. J. Acaro. 

This species, described on cassava from Puerto 
Rico, also occurs in Florida (USA), Mexico and 
Costa Rica on dogwood, Dahlbergia, 
Platymiscium and cassava (9). It has also been 

from Peru, Barbados andrecorded on cassava 

Christchurch, West Indies.
 

,ists it on cotton and cassava inMcGregor (18) 
Puerto Rico, St. Kitts Island, LeewardHaiti, 

Group and Ecuador. It has also been found on 

cassava from Nicaragua, Panama and the 

Bahamas by Yaseen and Bennett (29) and from 

Andros Island by Bennett (4).
No relation to the host plant is given. 

Mononychellus tanajoa(Bondar, 1938) 
Tetranychus tanaJoa Bondar, i938, Rev. Entomol. 
9(3,4):441. 
Mononychus tanajoa Flechtmann and Baker, 1970, Ann. 

Entomol. Soc. Amer. 63(1): 160. 

* 	Wedo ,ot know whether he referred to yucca meaning 
cassava or Yucca sp. (Liliaceac, Agavaceac). 
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Mononychelho tanajoa Fltchtmann and Baker, 1975, 
Rev. BrasiL Entomol. 19(3): 117. 

M. tanajoa was described as a serious cassava 
pest in Bahia (Brazil); it has also been collected on 

cassava in Colombia, Trinidad and Uganda (11, 

17), and on Manihot spp. in the Bahamas, Panama 

and Guyana. 
This mite attacks the lower surface of newer 

cassava leaves, which then develop many small 
yellow spots and show abnormal growth. The 
stemsturn brownish and the epidermis ruptures; 
they- dry progressively from the tip to their base. 
Heavy infestations, which occur mainly during 
long dry periods, may result in the death of the 
whole plant. Nestcl (21) states that during dry 
period, it is difficult to differentiate between the 
symptoms of severe infestation by' this mite and 
those of African cassava mosaic. 

Varieties of cassava resistant to attack by this 
mite have been identified (26). Costa (7) wrote on 
chemical control 	of this mite, pointing out that 
there are 42 cassava varieties resistant !' -',.tana-

"Joain Bahia (Brazil). 

Mononychellus 	 mcgregori (Flechtmann and 

Baker, 1970) 

k(McGrgor)(inpt)PftchardandBotetranychkepr,15 
Baker, 1955:150.Mononychus mcgregori Flechtmann and Baker, 1970, 

Ann. Entomol. Soc. Amer. 63(l): 160. 

Mononychellus mcgregori Flechtmann and Baker, 1975, 


Rev. Brasil. Entomol. 19(3):117. 
 onBrazilfromdescribedspecies,This 
Phyllanthus, also occurs in Argentina on Cassia. 

Urueta (27) lists M. mcgregori from Colombia 
sida and Manihot utilissima,on Desmodium 

stating that it is of no economic importance. 

Mononychellus bondari (Paschoal, 1970) 

Ph.D. Thesis,Mononychss bondari Pasehoal, 1970, 
aBridelia,Piracicaba, 60, 80. 


Mononychellus bondari Flehtmann and Baker, 1975, 

Rey. Brazl. Entomol. 19(3):! 17. 


Pasc ioal (22) described this species on .Manihot 
from Minas Gerais (Brazil); Flechtmannutiissi,. 

and Baker (12) list it on the same host plant in other 

areas of Brazil and Urueta (27) on cassava from 

Colombia. 
No relation to host is given. 

Oligonvchus coffeae.(Nietner, 1861) 

Acarus coffeae Nietner, 1861, Obs. Ennem. Coffee Tree 

Ceylon. 
Ent. Mem, Dept.Oligonychus merwel Tucker, 1926, 


Agric. Pretoria 5:6.
 
Oligonychus coffeae Pritchard and Baker, 1955:315.
 

This species was described from Sri Lank, 
(Ceylon); it has also been reported on Melaleuca 
and camellia from Florida (USA) and on tea from 
Sri Lanka; on Parthenocyssus; in South Africa and 
or, Quisq,dlis from Australia. 

Meyer (19) presents a long list of hosts from 
Africa, and Rodrigues (25) lists it on Manihot 
esculenta from MoGambique. 

No relation to host is given. 

Oiigonychusperuvianus (McGregor, 1917) 

Tetranychus peruvianus McGregor, 1917, Proc. U.S.
 
Natil. Mus. 51(2167):581, 589.
 
Paratetranychus peruvianus McGregor, 1954, Rev.
 
Ecuat. Entomol. Par. 2(3,4):369.
 
Paratetanychus trinitatis Hirst, 1922, Proc. Zool. Soc.
 

London, 1921:801.
 
Oligonychus peruvianus Pritchard and Baker, 1955:342.
 

Described from Peru on willows, this species has 

also been recorded from Trinidad and California 
on grapes and cotton. McGregor (1954/55) lists it 
from Ecuador on yucca.* Yaseen and Bennett (29)report it on cassava from Cojombia.
 

g iv .
re ationca ss 

No relation to host is given.
 

Oligonychus gossypii (Zacher, 1920) 

Zts. angew.Paratetranychus gossypii Zacher, 1920, 

Entomol. 7:183.
 
Oligonychus gossypii Pritchard'and Baker, 1955:359.
 

Originally described on cotton from Togo, West 

Africa, this species has been recorded on cassava 
and beans from 	 Sierra Leone; on papaya from 

Portuguese West 	Africa (24) and from Sio Tom6 
(Nigeria); on(Angola); on cotton, Gamara 

Berlinia, cassava Combretum, shade 
trees, roses, citrus, pcaches and Acacia from Zaire 

and on cocoa from Ecuador (18). Carmona(19) 
Manihot utilissima(15) reported 0. gossypii on 

from 	Luanda (Aiigola).
 
No relation to host is given.
 

We do not know whether he referred to yucca meaning 

cassava or Yucca sp. (Liliaceae, Agavaceac). 
* 
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O//gonychus biharensis(Hirat, 192) 

trasteornychwbk, nui Hint, 1925, Proc. ZooL Soc. 

London: 69. 

P ag.en, u " uis 1950, Amer.
Midi. Nat 44:340. McGregor. 

Ofitonychus blMremis Pritchard &Baker, 1955:364. 

The females of this species have 9tactile setae on 
tarsus 1; the male aedeagus is bent dorsad, keying 
out to 0. gossypli. The fema-a of biharensisare 
distinct in having the peritremes retrorse distally 
and the males by the characteristic shape of the 
aedeagus (Fig. 3o). 

rhis speies is injurious to manito in Mauritius; 
ts hosts also include roses, loquat, litchi, 

cotoneaster and camphor. It isknown from India, 
Hawaii, Thailand, Malaya, Philippines, Antigua, 
Brazil and Mexico (14). 

Lal and Pillai (15) report this species from India 
as a pale dusky dorsum feeder, forming large 
populations on several varieties of cassava. 

Tetranychus yusti McGregor, 1955 

TeranychaaywtIMcGregor, 1955, Rev. E uat. Ent. P, 
2(3.4 .368, (1954/55). 

This species, origiraly described on cotton from 
Ecuador, has been recorded from southern USA, 
Mexico and Central America on a wide variety of 
plants mainly of no economic importance, belong
ing to the Compositae, Fabaceae (Leguminosae) 
and Poaceac (Gramineac). It is injurious to 
soybeans in Delaware (USA), where it was 
reported under the name of Teiranychus lobosus 
Boudreaux. Economic host plants include cotton, 
roses, okra, sweet potatoes, sunflowers, white 
clover, marigold, peas, beans, cowpeas and 
peanuts (14). Baker (1) reports this mite on 
Manihot esculenta from Thailand, 

The females of T.yust are carmine in color and 
may be confused in the field with T. 
neocaledonicus, T. tumldus, T. truncatus and T. 
cinnabarinus.They can best be distinguished by the 

genitalia of the male. 

Tetranychis tumidus Ranks, 1 

Tetranychus iwnidu Banks, 1900, U.S. Dept. A87ic. 

Techn. 5Sr. 8:73. 

Tearanychus aniilarum Banks, 1917, Ent News 28:!94. 


* Not included in key because information arrived after 
classification was finished, 

This mite occurs in southeastern USA, Califor
nia, Brazil, Hawaii, Puerto Rico, Panama, Guam, 
Bermuda, Central America, Mexico and Trinidad, 
being a serious pest of cotton, celery, eggplant, 
beets, okra, peas, dahlia, palms, Marantha,mint, 

avocados and many ornamental and tropical 
plants (14). This species is reported on cassava 
from St. Augustine, Trinidad and Yaseen and 
Bennett (29) report it on cassava from Mexico. 

Inury of this mite to many plants appears as 
reddening of the upper strface of the leaf; the 
reddened area may be either a small blotch or many 
such blotches that often encompass the entire leaf 
surface, eventually resulting in defoliation of 
affected plants (14). 

No reference to damage on cassava was given. 

Tetranychus mexicanus (McGregor, 1950) 

Septanychus mexicanus McGregor, 1950, Amer. Midl.
 
Nat. 44(2):323.
 
Tetranychus mexicanus Pritchard and Baker, 1955:411.
 

This species occurs on citrus, Johnson grass, 
Magnolia, cocoa and many fruit and ornamental 
plants. Its distribution includes Mexico, Texas, 
Brazil and Argentina. Urueta (27) lists T. mex

icanusfrom Colombia on citrus, coconuts, Anona, 
tAsshlora, Elaeis and Manihot uilssima. 

No relation is given to cassava as a host plant 

Tetranychus sayedi Baker and Pritchard, 1960 

Tetranychuzsayedi Baker and Pritchard, 1960, Hilgardia 
29(lIY543. 

Described originally on Manihot from 
Stanleyville (ex-Belgian Congo), T.sayediwas also 
reported on Manihot from Kisangani, Zaire by 
Meyer (19). 

No relation to host is given. 

Tetranychus truncatusEhara, 1956 

Tetranychus truncatus Ehara, 1956, J. Fac. Sci. 
Hokkaido Univ., Ser. VI, Zool., 12.507. 
Tegranychuskanzawal(nc Kishida) Yokoyama(in part), 
1929, New Text b.Scricult. Ins. Pests:525. 

This species, described from Japan on mulberry, 
was recorded by Baker (1) from Thailand, Taiwan 
and Philippines on many plants including Manihot 
esculenta. 

The females are carmine in color. No relation to 
host plants was given. 
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Tetranychus neocaledonicus Andr6, 1933 

Tetranychus neocaledonicus Andr6, 1933, Bull. Mus. 
Natl. Hiit. Nat. (Sir. 2)5:302. 

This species was originally described from New 

on cotton. It has been rccorded under
Caledonia 
the specific name of cucurbitae from India, Fiji, 

Hawaii, Venezuela, southern USA, Puerto Rico, 

the BahamastheBaamaand Mauritius. It is also Zambiafro,ad Murtiu. t i asoknown from
 

Kenya, Zaire, Moambique, Egypt, ZEhara, 


Malawi, Rhodesia, Swaziland and Angola (19). 

Populations have been reported on more than 100 


plants. We found this species in northeastern Brazil 


(CearA) on cassava and other plants.
 

Chazeau and Gutierrez (6) list T.neocaledonicus 
on Manihot utilissima from Madagascar 


(Malagasy Republic) and present a study on a prey/ 

formed by this mite and
predator. complex 

They also state that T.
Phytoseiidae. 

to heavy showersneocaledonicus is susceptible 
during the rainy season and that cassava can easily 

bear the spider mite population level resulting from 

the combination of these factors. 

The females are bright red in color. The mites 

derive their food from the plant leaves, producing 

white spots that gradually coalesce. Leaves lose 

their green color, gradually wilt, dry and drop. The 

decreased vitality and leaf drop adversely affect 

growth, flowering and fruiting. Damaged'portions 
of the leaves of some plants turn red. The mites web 

profusely and may form a thick sheath of webbing 

that covers the entire plant (14). 

Tetranychus amicus Meyer and Rodrigues, 1966 

Tetranychus amicus Meyer and Rodrigues, 1966, Garcia 
de Orta 13(3):10. 

This species was originally described from 

on cotton, being also reported on
Mocambique 
bananas and Veronia in Transvaal. Rodrigues (25) 

on and Manihotreports . T. amicus peanuts 
esculenta from Mozambique, and Meyer(19) from 

several plants in South Africa. 
The females are dark red in color. 

Pritchard,Tetranychus lombardini Baker and 
1960
 

known on a great number of plants from South 

Africa, Transvaal and Swaziland, including 
peanuts, papaya and tomatoes (19). It has been 
reported on Manihotesculenta from Mo~amb~Pie. 

The females are dark red with a dark spot on 

either side of the body. 

.Tetranychus kanzawai Kishida, 1927 

Tetranychus kanzawai Kishida, 1927, Zool. Mag. 39:105; 
1956, J.Fac. Sci. Hokkaido Univ., Ser.VI,Zool., 

i2:504.
 
Tetranychus hydrangeac Pritchiral and Baker, f955:425;
 

Meyer, 1974:227.
 

This species was originally described from Japan
 

on mulberries. Ehara (8) lists it from Japan on tea,
 

hops, grapes, peas, peaches apples and
 
Meyer, 19)

pseudacacia. Wainstein (28) (apud . 

treated Tetranychus hydrangeae as a synonym of 

T. kanzawai, which was confirmed by Meyer (19).. 

Itis worldwide in distribution on hydrangeas. 
treated them as different species, listingBaker (1) 

them on Manihot utilissima, Manihot maritima 

and several other plants from Taiwan, Thailand 

and Philippines.
 
The females are carmine red in color.
 

Tetranychus urticae Koch, i836 

Crust.,Tetranychus urticae Koch, 1836, Deutsch.
Myriap. Arachn., Fasc. 1:10. 

The common green two-spotted spider mite has 

a worldwide distribution and has been recordedon 

more than 150 hosts, including most of the 

important agricultural crops. It is also one of the 

most destructive to its host. Urueta (27) lists it on 

cassava from Colombia; it is now being reported on 

cassava from Brazil and Peru. 
nainly

The mites are greenish in color and attack 

the lower surface of the median leaves; but in cases 

of heavy attack, they inhabit all plant surfaces, 

spinning a considerable amount of webbing. In 

many situations populations have rapidly 

developed resistance to available acaricides. 

Tetranychus, cinnabarinus(Boisduval, 1867) 

Tetranychus cinnabarinus Boisduval, 1867, Essai En

1960, tomol. Hortic., Paris.:88.Pritchard,Tetranychus Iombardini Baker and 
Tetranychus telarius (Linnaeus) Pritchard and Baker, 

Hilgardia 29(11):551. 1955:432 (inpart). 

This species is known only from Africa; it was 
problevis of; nomenclature that

is Comments on 
described from Mocambique on cotton and 151 
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have arisen concerning the aforementioned names 
which include about 59 synonyms, as well as 
various solutions that have been suggested, can be 
found in Meyer (19). T. cinnabarnuswill have to 
serve for the carmine mite in all its forms, rmces and 
strains. 

This species isdistributed worldwide and is a 
pest of many cultivated plants. It has been reported 
on cassava from Luanda (Angola) (19) and is now 
being reported on cassava from Mont Serrat (West 
Indies) and Bahia (Brazil). This species has also 
been found on cassava in India, reported as T. 
telarius,red mites, by Pillai in 1968 (apud. Lal and 
Pillai, IS). 

Family Tenuipalpidac 

One species of false spider mite has been 
reported on cassava (Fig. 4). 

Brevipalpusphoenicis(GeUakes, 1939) 

Tenulpalpus phoenics Gegtkes, 1939, Meded. Landb.
 
Hoogesch. Wageningen 42(4):230. 

Brevipalpu. phoenicis Pitchard & Baker, 1958, Univ.
Calif. PubL.Entomol. 14(3:233. 


This species is distributed throughout the world 
and feeds on a great variety of plants. It has been 
collected once from cassava inBrazil and Paraguay 
(11). 
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Mononychellus tanajoa(Bondar): biology, ecology and 

economic importance* 

Z.M. Nylra* 

Abstract 

on the biology and ecology'of the green cassava mite MononychelliaResults are given ef studie 
iaaJoa, carried ou: under laboratory conditions in Trinidad and Uganda. Population studies in 

Uganda showed that mite densities are mainly related to the pattern ofrainfall, abundance of natural 

enemies (Olgota sp. and Stethorus sp.) and the availability of nutrients in the leaves. Although it is 

apparent that the population of M. :anqjoa is self-limiting, little is known about the mchanizm 

involved. 

Introduction 

The green cassava mite Mononychell" lanajoa 

(Bondar) was, until receatly, limited to the 
a pest of littleNeotropics, where it is considered 

It has noweconomic importam= on cassava (13). 

been reported from Uganda, where it is a serious 

pest during the dry season. During severe 

there is heavy defoliation of theinfestations, 
cassava plant (11), and yield loes as high as 46 

percent have been reported (10). This mite has also 

been reported damaging cassava plantations in the 

adjacent territories of Rwanda, Zaire, Congo 
(Brazzaville), Kenya, Tanzania and Zanzibar 

(Table 1). 

V RechB , gPresentd by David 
ClAT, Call,

Cassava Entomology,Associate, 
Colombia 
Honorary Professor and Entomologist, Kawanda 

Research Station, P.O. Box 7065, Kampala, Uganda 

Preliminary studies have been carried out onthe 

biology and ecology of M. tanajoa to provide the 

necessary data for planning its control. 

Biology 

Originally described h., R=42r in 1938 (4) as 
it was renamedTetranychus irnajou, 


MononychellU tanajoa by Flechtmann and Baker
 

(6) from specimens obtained on Manihot sp. from 

northern Brazil. Recent studies show that while M. 

tanajoc restricts its feeding to Manihot spp., the 

range of species on which it feeds and breeds coven 
M. esculenta, M. glaziovii. M. dichotoma, M. 

and M.piauhyensis, M. heptaphylla 
carthagenensti. Trials conducted in Uganda to see 

whether the mite fed on other Euphorbiaceae were 

The life history of the green cassava mite consists 

of the egg and four active stages. Under laboratory 

Previous Page B1ank
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Table I. WcldbddtrbutlonotM. tanioa. 

Distribuion 

Brazil 

Burundi 

Control measures recommended 

Zolone. Phodpatox and Diazinon (5) 
natural enemies observed but not 
evaluated 

No information available 

Refererxe 

(4, 6, 8, 12) 

Dept. of Agri
culture, Burundi 

Colombia 

Congo 
(Brazzaville) 

Natural control (not evaluated) 

No information available 

(3) 

Personal com
munication, 
Univ. of 
Brazzaville 

Guyana 

Kenya 

Natural enemies (not evaluated) 

Biological control 

(3) 

Personal 
observation, 
CIBC report 

Paraguay 

Rwan a 

Not specified 

Breeding for resistance 

(I) 

Institute of 
Agronomy, 
Burundi 

Surinam 

Sudan 

Not specified 

No information available 

(13) 

Personal 
observation 

Tanzania Breeding for resistance Personal 
communication 

Trinidad Natural control (not evaluated) (3) 

Uganda Natural control (partial evaluation); 
chemicals tried but abandoned; 
evaluation of plant resistance 

.(9) 

Venezuela (7) 

West Africa (7) 

Zaire 

-

-

(13) 

(2) 

Personal 
observation 

Zanzibar Breeding for resistance Dept. of Agri
culture, Zanzibar 
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condition3 in Trinidad, Yamen and Bennett (13) 

reported that at 26.8 12.2C and g2,RH morning 

and 55% RH afternoon, the previprsition peiod 

end duration of the egg, larval,
lasted 1-2 dayz 
prothonymphal and deutonymphal stages were 3-

4, 1-2, 1-2 and 2-3 days, respectively. Total egg to 

adult period was 11-13 days. Males matured faster 

than femalesL Females laid from 21-65 eggs during 
B-14 deys of their life (up to 18 days). 

Similar rmults were found in Uganda. At a mean 

of 22.9 ± 3.60C, the preovi-
room temperature 

Larval,
position period lasted 1-3 days. 


protonymphal and deutonymphal stages were 2-3, 


3 and 3 days, respectively. The total egg to adult 


period was 8-13 days. 

Oviposition took place both during the day and 
were laid outside the 

at night. Few eggs 
range of 14-35°C; more eggs per

temperature 
female were laid ht 320 than at lower temperatures,
Temperature- also affects incubation, fecundity 

rates and duration of the nymphal period. Between 

22.5 and 280C, incubation took 5days compared to 

4 days at 320; at 35D the eggs failed to hatch. 

capable of laying eggs in relative
Miles were 

from 10-100%; maximum
humidities ranging 
oviposition was, however, recorded between 50-

70% RH. The eag-laying life span ranged from 12-

23 days; from 35-117 eggs were laid by 25 

individual mites. Egg laying decreased during the 

last days of the life span of females (as long as 60 
mateddays). Mean hatchability of eggs from 


femaes as 5.4%(rage
2-10%).Although
females was 54.4% (range 25-100%). 

Population dynamics 

Population studies carried out in Uganda (10) 

that mite densities are
and elsewhere (13) show 

to the pattern of rainfall, the
mainly related 
abundance of natural enemies and the availability
of suitable nutrients in the leaves, 

Regular observations froTh 1972 to date indicate 

that there is anapparent decrease in the population 

lavesbecome more bronzedof adult females as th 
although the absolute n.mber of females does not 

decrease until after the population peaks. There is 

usually a general increase in the ratio of adult 
emigrate frommales, possibly because females 

dense population sites to less dense ones. 

Adult M. tanajoa females readily migrate from . 
unfavorable foliage by producing threads from 

which to lower themselves and drift with air 

currents. This migration increases as bronzing on 

leaves become severer. 

Observation trials carried out to compare the 

rates of reproduction of M. tanajoaon damaged 

and undamaged leaves where 5adult females of M. 

tanajoa were placed on each leaf and removed after 

5 days showed that the rate of oviposition reached 
bronzed. leaves.

after 15 days was lower on 


Development and feeding appeared to be affected
 

on severely infested leaves from which nutrients
 

had been depleted.
 

This phenomenon of intraspecific competition is 
as among leaf-feeding tetranychidscommon 


demonstrated by McMurtry (7). He observed that
 
were

populations of Oligonychus punicae (Hirst) 

self-limiting and that as its populations on leaves of 
Persea indica became higher, active emigration 

commenced. 

At high densities the surface of the cassava leaves 
excessive feeding,becomes bronzed from 

apparently rendering it unfavorable for continued 
these bronzed

mite reproduction. Furthermore, 
they cannotrecover becauseleaves cannot 

so natural senescencesugarsphotosynthesize 
usually follows. Thus periodic resurgence of the 

occurs on younger leaves, which
mite population 
are suitable for feeding and reproduction. 

M. tanajoait is apparent that the 
population is self-limiting at high densities, little is 

known about the mechanism involved. It is not 

known whether age distribution and sex ratio of 

the population change as the density becomes high; 

the decrease in suitability of heavily
whether 

is due entirely to physiologicalinfested leaves 
and/or the physical effect from

zonditions 
accumulated waste products and cast skins; and 
whether there is a direct effect of crowding in 
addition to leaf deterioration which contributes to 

ite populations.the decline of 

Seasonal population trends 

Data have been collected since 1972 to determine 

annual and long-term mite population 
are greatlyAnnual fluctuationsfluctuations. 
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influenced by ,* preence or absence of suitable 
leaves for food, as well as climatic factors such as 
rainy or dry weather, relative humidity and wind. 
This last factor is mainly responsible for mite 

The long-term population trend, however, 
appears to be greatly influenced by natural control 
factors. Highest peaks of M. tanajoo pulations 
in most parts of Uganda, especially the Lake 
Victoria regions, were recorded during 1973 and 
mid- and late 1977. Theie peaks coincide with low 
numbers of active predators of the mite. 

This observation confirms the theory advanced 
for the effectivo performance curve of biological 
control systems. It is reasonable to suggest that the 
green cassava mite population was hig7' in 1973 
before its predators were firmly established in the 
natural control cycle. The population was arrested 
,mainly by Oligotasp. and Stethorus sp. predators. 
However, the predator populations were affected 
by the consequent reduction in the M. tanajoa 
population, which caused them to migrate to plants 
infested with other spider mite species or hosts. 
This allowed a natural increase to another peak in 
the ,umber of host mite populations in 1977. 

Discussion 

The biological study of M. tanajoahas revealed 
that the mite has a short life history of about 13 

days, with a preoviposition period of 1-3 days. 
Maximum observed oviposition occurs 9-14 days 
after the final molt. Mean generation time is 17 
days, during which time the mite population has a 
potential of multiplying istelf about 70 times, at a 
finite rate of 1.28 mites per female per day. Rapid
larval development was observed to occur between 
25 and 32C and at relative humidities between 50
70 percent. 

In the laboratory the green cassava mite breeds 
continuously. In ihe field breeding is reduced to a 
minimum during the humid rainy season, either 
through mechanical destruction of various stages 
of the mite or through the effect of moisture on the 
egg tissues and on the physiology of the eggs and 
active stages of the mite. 

There is an apparent four-year mite population 
cycle in Uganda, which appears to be influenced by 
natural control systems, particularly the predators. 
In addition to biological control measures(13), it is 
recommended that an integrated approach using 
early-maturing, tolerant cassava varieties be used 
(9). 	 Work should also be done on developing 
resistant varieties. The efficiency of chemical 

control was studied in Brazil and Uganda (5,9); but 
under small farm conditions, it is not practical. 
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cassava cultivars forField evaluations of 
resistance to tetranychid mites 

Ernesto Doreste 9.* 
Carlos Arias* 

Anthony elotP1*" 

Abstract 

The results are given of two field trials evaluating resistanme ofcassava cultivars to Letranychid mites. 

The cultivars were selected at CIAT (Colombia) and planted at the experimental farm ofCEN lAP 

(Venezuela). Using an injury scale of 0 to 5 for terminal buds and leaves, av damage and standard 

deviations were determined. A list is given tf 19 cultivars with differnt degrees of resistance. 

Introduction 

At present cassava is widely grown and there is 

great interest in developing commercial operations 

a large scale. From the standpoint of planton 
protection, damage caused by tetranychid mites is 

probably one of the most important limiting 

factors. The crop completes its cycle in about 
which time it needs totwelve months, during 

withstand a long dry period inthe majority of the 

areas where it is cultivated. These environmental 

conditions favor the development of high pop

ulations of different Tetranychidae, which can 
cause total defoliation of plants, affecting roct 

yields (2-3). 

Agrono la, Universidad Central de Venezuela, 
Maracay, Venezuela Venezuela 

Internacional de Investigaciones 
ArmUnr 

" Centro 
Agropecuarias (CENIAP), Maracay, Venezuela 

**, Entomologist, Cassava Program, CIAT, Cali, 
Colombia 

One of the mnre efficient and economic 

approaches to solve this problem is the use of 
The Centra International deresistant varieties. 


Agricultura Tropical (CIAT) began research along
 

these fines in Colombia (I). Since selections were
 

made under laboratory or greenhouse conditions,
 

it was decided to conduct evaluations in the
 

experimental fields at CENIAP in Maracay, state
 

of Aragua, Venezuela. This paper reports the
 
1976-77results obtained during the 1975-76 and 

trials. 

Methods 

Planting material was selected by A. Bellotti 

from the CIAT collections and mailed to 
Venezuela, where C. Arias from CENIAP was in 

of planting and cultral practices. E.charge 

from the School of Agronomy at theDoreste 
Universidad Central de Venezuela was responsible 
for the sampling and all observations on mite 

populations. 
k. P161 
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Expeent I 	 considered as highly resistant and those below the 
mean minus one SD, as slightly resistant. Those 

Atotal of 102 cultivars were planted intwo plots, over the mearu plus two SD were considered as 
using a rahdom block design at a distance of 1.20 m highly suscept'.ble; all those with values equal to the 
between rows and I m between plants. Each pltt mean with on. SD mere or less were considered as 
was foried by 4 plants of the same cultivar. normal. 
Planting was done on June 18, 1975 and harvesting 
was done 12 months lattr. 	 Comments 

Experiment 2 	 In the first trial, a few mites were observed at the 

end of October, when the plants had reached aboutPlinting was done on August 16, 1976 and 

same
harvesting was done on June 9, 1977. The Im in height. By December 10, a level of damage I 

al design was used but only 51 cultivars was observed on the terminal buds of Col 485, 544,uxperim .
873 and 1867 and on the leaves of Ecu 44. Level 2 

were evaluated. 
damage was registered on Mex 22 and Col 452-B. 
The mite infestation became general in January.Sampling method 
On January 29 and -bruary 12 plants were well 

The sampling method was based on observations irrigated. On the 4th of February instation was 
of two plants selected at random from the four in high, but by the end of the month the plants had 
each ph t; level of damage to terminal buds and recovered and there was new foliage as a result of 
mature 1-.,ves was determined separately, using the the irrigation. On March 18 it rained heavily, and 
scale below: 	 by the end of the month infestation was general. 

Final observations were made on June 3 when a 

f or the ainalysis and statistical interpretation of great recovery of the plants was noted, many 
data, different degrees of susceptibility were having new terminal buds and healthy leaves. Mite 
establisked, using the average of all damage levels populations were not abundant, and many dead 
determinfed on terminal buds and leaves, which and some apparently diseased mites were found. 
gives the damage level by cultivar and the standard The mites may have been attacked by a fungus; 
deviatioi,,. Those cultivars with values below the abundant colonies ofa Phtyoseiidae were observed 
mean (i) mninus two standard deviations were 	 on the terminal buds. 

Level of 

damage Terminal buds 	 Leaves 

0 No damage, no spots 	 No mites or damage 

A few mites on some leaves,I 	 Mites present, a 
few spots some whitish spots 

2 	 Many mites, terminal Whitish spots, few mites 
leaves with spots on many leaves 

3 	 Buds affected, nearby Fairly extensive damage, 
leaves with many many mites on some 
spots leaves 

4 	 Deformed buds, near- Extensive damage, many 
by leaves with many mites on several leaves 
mites 

5 	 Dead buds, defoliation, Severe damage, defoliation, 
many mites many mites on all leaves 
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Resistance to tet.ranychid mites 

During the second experinent it was n-cessary 

to irrigute lightly four times duri'g the drY season 

(Jan.-Mar.). On January 21 there were no plaits 

available for evaluation in. two blocks containing 

cultivars Col 804, 525', 292*. 320, 612, 230 and 15 

as a result cf poor germination and growth, The 

other plots had plants with healthy foliage; only 


cultivars Col 425, 526, 560,,586, 1058 a.d 131 had 


damage levels of I and 2. By February 16 


infestation was generalized, and some terminal 


buds had been attacked heavily, showingdeforma-


tion. Nevertheless, damage was not too heavy on
 

the whole, which means the mite populations was
 

young and in a developing stage. One mnonth later 


damage was general and quite heavy, and some old 


stems and other debris were infested with termites. 

There wasabindant rainfall at this time and from 

the middle of May onward, it rained regularly. No 

made after May 21 because of more counts were 
plant recovery; nevertheless, some cultivars (Col 

526, 395, 81, 323, 551, 247, 198, 320 and 266, Ven 

no signs of recovering.15) showed 

Results 

Experiment I 

Based on the results of seven field counts, the 

cultivars were grouped into three categories: a large 

group with normal to high susceptibility and two 

small groups, one showing resistance and the other 

great susceptibility. Calculated statistical values 

were as follovs: 

I .1.95 -0.04 
S= 0.41 C.V. =21.03 

From these values we' consider the standard 

error low and the coefficient of variation accep-

table for this type of biological population, which 

means uniformity ofpopulation distribution under 

field conditions. The cultivars were grouped in the 

following categories on the basis of mean damage 

levels and SD: 

High 'resistance (X-2S), values under 1.13: Ecu 

133 and Mex 20. 

* Both plots 

Low resistance (X-S), values between 1.13 and
 
and 1005; Col 890, 1325, 282,
1.54: Mex 28, 29, 1 

10, 480, 65, 85 and 1010-B. 

Susceptible, values between 1.55 and 2.35: Col 

710, 808, 1138, 654, 348, 1142, 395, 1657, 673-A, 

949, 867, 1805, 961,982,485,900, 1807,420, 7 , 22, 

971, 1157. 929, 601,873, 1073, 660, 647, 659, 1 10, 

658, 1025, 1605, 1802,1651, 96, 494 and 73; CMC 

39; Mex 27, 5, 59,41, 56, 22, 53,66 and 52; Pan 31 

and 48; Extranjera; Ecu 160 and 155. 

Highly susceptible (X + S) values between 2.36 
1813, 399, 706,

and 2.76: Llanera; Col 248, 544, 


463, 544, 452-B, 642, 667 and 110; Mex 44.
 

Extremely susceptible (X + 2S), values over 2.77: 

Col 5. 

Cuitivars not analyzed: Mex 24 and 23; Col 607,
 

1062, 717, 1766, 1540, 272, 820,9 and 144; Ecu 137,
 

144, 83, 142, 125 and 177; CMC 84.
 

Experiment 2 

A total of four field counts were made during the 

first four months of 1977; final observations were 

made in May for those cultivars that had not shown 

any recovery symptoms to that date (Ven 15; Col 

256, 395, 81, 323, 1551, 247, 198, 320 and 266). 
to the scaleEvaluations were made according 

described in Experiment 1. The general mean for 

and the standard deviation were the cultivars 

determined, giving the following valus:
 

9 = X= 2.28 0.05 
S = 0.38 C.V.= 16.67 

Standard error and the coefficient of variation 

also showed conditions of uniformity in the field. 

Based on these analyses, the cultivars in this 

experiment were grouped as follows: 

High resistance (X-2S), values under 1.53: none. 

Low resistance (X-S), values between 1.52 and 
1.90: Col 323, 520 and 414; Ven 157 and 45-C. 

Susceptible, values between 1.91 and 2.66: Col 

247,551, 156,379,81,191,593,725,1333,568,336, 
1055 and'282, 1828-A, 1050, 256, 283, 395, 1833, 


1856;. Ven 15, 133, 11, 35 and 10.
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Highly susceptible (X + S), values between 2.66 
and 3.04: Col 425, 131, 647, 1058, 198 and 34. 

1. 

2. 

Extrera.rly susceptible (X + 2S):, None. 

Cultivars not analyzed: Col9l4, 1097, 15,576-A, 
560,693, 804,525, 266,292, 751, 120,612, 320 and 

586. 
3 

Conclusions 

Based on the results obtained in these two field 
trials, the following conclusions were reached: 
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Biological control of the green mite
 

Mononychellus tanajoa(Bondar) (Acarina:
 

Tetranychidae) in Africa
 

DJ. Girling 
F.D. 	Bennett 

M.Yaseen* 

Abstract 

Thegreen mite Mononychellus tanaJoa was first detected in 1973 on cassava cultivars in East Africa, 

where it causes damage ofeconomic importance. The International Development Research Centre 

(IDRC) financed a biological control project for East Africa. Based on studies of predators carried 

as on surveys of naturally occurring predators in Africa (Oligota sp.. 
out in Trinidad, as well 

Typhlodromus sp., Stethorus sp. and Orius sp.), 0. minuta was considered the most adequate. 0.
 

minuta was mass released in Kenya during the dry season from Jan.-Mar. 1977. A recovery survey in
 

western Kenya is planned for early 1978 to assess establishment and spread of 0. minuta. Future
 

plans include the establishment of nurseries for 0. minuta, Typhlodromalus and other predators in
 

West Africa; breeding rooms are being built at the Agriculture and Forestry Research Station at
 

Muguga, Kenya. 

Mwanza, in early 1974 and in western Kenya,
Background to the project 

around Kisumu, in June of the same year. Since 

then the mite has continued to spread, both by 
Severe infestations of a green mite, identified as 	

of infested plantingwind and by movementa neotropicalMononychellus tanajoa Bondar, 	 be in Burundi andmaterial, and is known to 
on cassava in Uganda inspecies, were reported 

eastern Zaire (Bukavu), the whole of Western and 
It was first noticed near Kampala in1972 (7). 	 Kenya and northernNyanza Provinces of 

November of that year and quickly spread until by 
as far south as Nzega (Fig. 1). It is 

the end of 1973, the whole ofUganda was infected. Tanzania 

found in northern Tanzania, around probably in southern Sudan, central Zaire and 
It was 

possibly even in the Republic of Congo. It hasbeen 

found recently in Zanzibar, where it must have 
of Biological Control

Commonwealth Institute 	 been taken by man (K. Leuschn-r, personal
Curupe, Trinidad, West(CIBC), Gordon Street, 

communication).
Indies. 

165 



Cassavaprotection workshop 

. SUDAN
 

ZAIRE/ UGAND 

\ '' A 
• I
'KENYA 

",./ ".,.
 

I% 

V 1.77 
 " 

""
 

', ) 111.74 i 
I S 

/ I "- 1 KNYA %1.77 
• ~11.7 

,..,,,TANZANIA 
I * 

''S
 

Figure I. The spread of the green cassava mite since its introduction into Uganda in 1971. 

In Uganda, northern Tanzania and Zanzibar the not economically feasible. However, because it is a 

devastating, with defoliation, staple food in some areas and in others a famineinitial attack was 
crop that ensures survival when the local staplestuntingandrootrot(9).Shukla(12)reported50to 

80 percent loss of yield in Tanzania. A decline in fails, governments are concerned about the losses, 

infestation usually follows the initial devastation; especially when the pest first appears in such 

but in western Kenya, for reasons as yet unknown, destructive numbers, and they want it controlled. 

there wai no heavy first attack. The International Development Research Centre 
(IDRC) has financed a project for East Africa to 

Cassava is an important subsistence crop in invesigate the possibilities of biological control, as 

many parts of Africa, but as yet its potential as a this method offers the only solution until more 

cash crop for animal food and starrh is largely work on the development of resistant varieties has 
been carried out.unexploited so that chemical control o",pests is 
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Biological control of M. tanajoa 

Investigations on M. tanajoa 
Biological control of mites 

are almost universallyPhytophagous mites 
subject to predation but are not known to be 

attacked by insect parasites. They were usually not 
considered pests before the widespread use of 
pesticides after the Second World War. Predators 
are more adversely affected by broad-spectrum 
pesticides than mites, and there is even evidence 

that the application of pesticides can stimulate the 
fecundity of mites (14). Development of resistance 

- to acaricides among mites has only served to 

complicate matters. 

Few attempts at classical ologtati control of 
made. introduction ofmites 	 have been 

phytoseiid predators from L .dornia into Jamaica 

against the pine mite Oligonychus milleri (McG.) 

has been unsuccessful so ':- (1). Efforts have been 

made to improve existing natural control in fruit 

crops by reducing or eliminating the use of 

pesticides in order to encourage native predators 

[see Huffaker &Messenger (6) for examples], and 

in some instances mass releases of one of the 

predators at crucial times have been used where 

natural control has been inadequate; e.g., Typhlo-

dromus spp. against Tarsonemus pallidus Banks 

on strawberries (5) and Stethorus picipes Csy. 

against Oligonychus punicae (Hirst.) on avocados 

(8). 

The predatory mite Phytoseiulus persimilis 
used 	 inAthias-Henriot has been widely 

Euros eb ntlwiel yus i 

in Europe to control Tetranychus
Athashuesn 
glasshouses 

has been claimedurticae Koch, and some success 

also
and 	 McMurtry (ll) have reported good

usin 	 t outside during the summer(2, 13). Oatman 
infield 	 strawberriesT. urticae 'oncontrol of 

southern California. Much work has been done in 
an integrated control

glasshouses to produce 
program for all pests, as P.persimilis cannot work 

if broad spectrum sprays have to be used. Although 

the procedures developed have received only 

limited commercial acceptance, they can be very 

effective when properly supervised (4). 

Thus 	 the pi sent project for the biological 

of the green cassava mite 	 in Africa iscontrol 
entering a relatively new area in attempting to use 

apredators against a mite attackingintroduced 

field crop. 

In the Neotropics 

Studies began at the West Indian Station of the 

CIBC in April 1974 on cassava mites and their 

natural enemies. Several species of 

Mononychellus, Oligonychus and Tetranychus are 

known to attack cassava in the Neotropics but are 
generally considered to be of little economic 

importance (16). M. tanajoa was described from 
Brazil in 1938 but has not been investigated in 

det'ai; before. Its biology, dispersal, food 
p.cf'rences and natural enemies were studied 

who foundrecenly in Trinidad by Yaseen (15), 


that its life cycle was 9 to 10 days in the dry season
 

and 12to 13 days in th( wet season and that rainfall
 

was an important factor in ,e reduction of the mite
 

population. Manihot spp. are the only host plants,
 

and young plants (2to 8months old) were the most 

heavily infested. There appear to be differences in 

the level of attack in different varieties of cultivated 

cassava (Manihot esculenta Crantz). The mites are 

dispersed by winds below 5 mph. 

reported phytoseiids,Yaseen and Bennett (16) 
cecidomyiids, staphylinids, coccinellids and thrips 

on cassava mites in the Neotropics.preying 
Detailed investigations have been made in 

Trinidad on Oligota minuta Cam. (Staphylinidae), 

Typhlodromalus limonicus (Garman & McG.)* 

and T. rapax De Leon (Phytoseiidae),* a thrips, a 

cecidomyiid and Stethorus sp. Of these 0. minuta 

and the phytoseiids are important predators, with 

their numbers directly related to those of the pest. 
0. minulaDetailed studies on the biology of 

showed that its activity was well synchronized with 

that of the mite, that the developmental period wasshr(1-8dyenbigitoeatqikyta 

short (15-18 days), enabling it to react quickly to a 

build-up in host numbers, that it is a voracious 

feeder, both larvae and adults consuming all stages 
on other 

of the mite; and that it can feed 


tetranychids when M. tanajoa is scarce (17).
 

In East Africa 

Following the initial reports of the mite in 
out studies whichUganda, Nyiira (9) carried 

-
* The classification of the Phytoseiidae isunder revision. 

To avoid confusion the names used in recent reports 

are given. The genera involved are closely related and 

can be expected to fill veiy similar niches. 
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largely agree with the findings in Trinidad. 
to be no primaryAlthough there appeared 

resistance to the mite in local varieties of cassava, 
from mite attack, in-some varieties recovered 

dicating that tolerance existed. In Tanzania, 
Shukla (12) found that differences in levels of 
attack on different varieties were related to 
hairiness of the leaves, so he has begun some 
selection work on this aspect. 

In Uganda local predators soon became es-
tablished on the heavy mite infestations but have so 
far not bten reported elsewhere. They were Oligota 
sp., 7Tphlodronus sp.,* Stetnirus sp., (Coc-
cinellidae) and Orius sp. (Anthocoridae), but only 
Oligota sp. was common. 

Releases in East Africa 

the predator
The generic similarity between 

complex found in Trinidad and that which moved 
onto the pest in Uganda caused some disappoint-
ment. Nevertheless, since Yaseen and Bennett (17) 
reported ntumbers of 0. minuta approximately 
twenty times higher than Nyiira (10) had found for 
the Ugandan Oligota sp. and because of its density-
dependant relationship and long association with 
M. tanajoa, it was felt that 0. minuta should tie 
superior to any facultative African predators. The 
same reasoning applied to the Neotropical 
phytoseiids. Thus, it was decided that 0. minuta 
should be released in East Africa and a visit was 
timed to coincide with the dry season from January 
to March 1977, when mite populations were 
expected to be at their highest (3). Prerelease 
surveys and releases were planned for Kenya, 
Uganda and Tanzania so that the effect of the 
predator on the mite populations could be 
assessed: The program had to be modified because 
at the time of the visit it was only possible to travel 
within Kenya, and plans to send predators to 

Uganda did not work out. 

The prerelease surveys in Kenya showed that the 
cassava-growing area of Nyanza and Western 

* The classification of the Phytoseidac isunder revision, 
To avoid confusion, the names used in recent reports 
are given. The genera involved are closely related and 
can be expected to fill very similar niches. 

Provinces was almost completely infected (Fig. 2) 
but'that otl:r major cassava-growing areas east of 
t t. Kenya and in Coast Province were clear. The 
populations in western Kenya were very low (less 
than 50 mites per leaf), but several sites were found 
with sufficient numbers to ensure that the 
predators would find enough food for initial 
survival. Four shipments of 0. minuta containing 
ca. 3670 adults were received from Trinidad; and 
from three of these, ca. 166n were released at nine 
sites. In addition ca. 6000 adlts from the fourth 
shipment, which had been delayed in transit, were 
put on cassava plants infested with red spider mite 
in a glasshouse. A fifth shipment failed to arrive. In 
three shipments that arrived on time (within two 
days), heavy mortality occurred among adults not 
released on the day of arrival, so when this was 
realized every effort was made to gc. from Nairobi 
airport to the release site 200 miles away the same 

day. 

Future plans 
/ 

The green cassava mite will almost certainly 
continue to sprdqd until it is present in all cassava
growing areas of Africa. How long this takes will 
depend on the wind and on movement by man; but 
judging from its recent sudden appearance in 
Zanzibar, it will be quite soon. The spread cannot 
be stopped, but its effects could be reduced if it 
were monitored and predators released att~e front, 
as well as in already infested areas. The ability of 
the predators themselves to move into new areas is 
not known; therefore, releases need to be as 
widespread as possible. This is why the release. 
program that has already been carried out is 
disappointing because it was restricted to one small 
area with low mite populations. 

Future plans include setting up cultures of Q. 
mninuta, Typhlodromalus spp. and possibly other 
predators in East Africa, from where material can 
be iiken to release sites. Breeding rooms for this 
purpose are nearing completion at the Agriculture 
and Forestry Research Station at Muguga, near 

Nairobi. A recovery survey in western Kenya is 
planned for early 1978 to see whether 0. minuta 
has become established in the release sites and has 
spread and to see whether it has had any effect on 
mite populations although this may not be 
apparent yet. 
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The biology and ecology of the tetranychid mite 

complex in cassava in perspective 

J.G. Rodriguez* 

Abstract 

mite complex. The biology and 

A on the nomenclature of the cassava 
brief review i presented 

ecology of the most important ones are discussed: Tetranychus urticae. T.cinnabarinus. T.tumidus. 

Oligonychus peruvianus. 0. gossyppi, Mononychellus tanajoa and M. megrogori. Aspects of 

biological and behavioral differences, type of injury caused and host plant resistance are also dealt 

with. 

There is a paucity of information on the mites 

attacking cassaya. Moreover, the literature reviews 

on cassava reveal that there'may be somecoinfusion 

with TetranychusurlicaeKoch, T. telarius and T. 

13). A tetranychid complex
bimaculatus (4-5, 

affecting cassava does exist, as has been shown by 


and Bellotti and SchoonhovenFlechtmann (12) 
(2), and hopefully clarification will result. The 

pupose of this paper is to take a brief look at the 
mite complex and

nomenclature of the cassava 
ecology of the most

discuss the biology and 

important ones. 

of Kentucky.
* Dept. ol Entomology. University 


I.exington. Kentucky 40506 


We agree with Boudreaux (3)that in identifying 

living specimens, "color is a dependable scientific 
with otherwhen consideredcharacter 

morphological features." Color in living specimens 

is of utmost importance in recognizing the greenish 

form T. urticae, formerly known as T. bimaculalus 
T.the reddish form,

or T. telarius, and 
cinnabarinus (Boisduval), also formerly referred to 

at times as T. telariusin older literature. On a world 

distribution comparative basis, T. cinnabarinusis 

found in the warmer regions while T. urticae is 

and will overlap with T. 
more cosmopolitan
cinnabarinusin the warmer climates but extends 

into the colder regions as well. 

the currentsummarizesThe following table 


tetranychid mite complex of cassava:
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Table I. The csesva mite complex. 
Color of 

adult females Reported fromSpecies 

Mononychellus tanajoas" greenish 

"ardIwhg'anu greenish 

"ondarl greenish 
cha.emostetosus -

mcregoris* greenish 

Oligonychua peruvianus"O greenish 
gossypit greenish 

Tetranychus urticae** greenish 
cinabarinus** red 
tumidus""O red 
neocalidonicus Andre red 
yusti McGregor red 

After Bcilolti andSchoonhoven 12) 
Major specie 

Lesa important. but potentially capableot becoming major bpecien 

Based on host lists available, other mite species 
that could conceivably be candidates for infesting 
cassava are: 

Tetranychus turkestanti (Ugarov & Nikoloski), 
adult females greenish 

marianat McGregor, red 
desertorum Banks, red 

" 

Yield losses are generally afunction of severity of 
damage and plant maturity. The younger the plant 
under mite attack and the longer the duration of 
attack, the more severe the defoliation and yield 
loss. In a study to determine the effects of mite 
damage on cassava yields, CIAT entomologists 
infested cassava artifically once or twice, starting 
when the plants were 2 to 10 months of age. When 
cassava plants were infested artificially at 2 and 8 
months (attack of 6months' duration), ayield loss 
of 53 percent resulted (7). 

Biological and behavioral differences 

Tetranychus urticae is capable of diapause, 
which enables the mite to overwinter in northern 

South and Central America. East Africa 

Caribbean 

Brazil 
Brazil 
Colombia 
Colombia 
Brazil 
Cosmopolitan 
Brazil, Africa, India 
Brazil, Mexico. I arhhca 
Malagasy Republic, Brazil 
Thailand 

climes. When plants become severely damaged and 
a shortage of food exists, it iscapable of going into 
a "semidiapause" or nonfeeding phase, which 
causes the mite to become hyperactive and spin 
large quantities ofsilk; concomitantly it aggregates 
at the terminal points of the plant. This type of 
behavior is the result of the species attempt to 
survive periods of food stress by dispersing to 
better feeding sites. Life history studies of this 
species are readily available.. A life history/life 
table study (17) determined under a diurnal 
temperature of 15 to 28.30C gave a ife cycle 
developmental time of 16.1 and 16.9 days for males 
and females, respectively. After a preovipositional 
period of 2.1 days, females oviposited an average of 
2.4 eggs/day for 15.7 days when cultured on 
strawberry leaflets. The intrinsic rate of increase 
(rm) was 0.143. The life '.ycle of T. urticae was 
determined on excised cassava leaves at a diurnal 
temperature of 25 and 280 and 60 to 70% RH.(7). 
Under these conditions average developmental 
time of eggs to adult was 8.83 and 9.27 days for 
males and females, respectively. The average 
number of total eggs produced per female was 40, 
which compared closely to 37.9 in a previous study 
(17). 
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T. cinnabarinus, the carmine mite, and T. 

tumidus Banks are major pests ofcotton and thrive 

areas most suitable,, for cottonin climatic 
Even in the northern limits of its

production. 
winterdistribution, these species do not enter 

diapause. A critical life history/life table study of 

T.cinnabarinus(13) showed that at 240C and 38% 
to adult) was 10.3

RH, developmental time (egg 
and 10.9 days for males and females, respectively. 

Highest oviposition was obtained at 240C and 38% 

an average of 115 progeny per female),RH (i.e., 

and the intrinsic rate of increase (rm) was 0.237,
 

but was increased to 0.340 at 30DC and 38% RH. 


Thus, judging from comparative controlled 

condition tests, it is apparent that T.cinnabarinus 

could be more of a threat to cassava than T. urticae, 

especially in the drier climes (25). 

infestsOligonychus peruvianus McGregor 

cotton and other crop plants, as does 0. gossypii 

(Zacher). There are no known life history/life table 

data available (15). 

The Mononychellus tanajoa (Bondar) life cycle 
leaves (7).

was determined on excised cassava 

Under diurnal temperature conditions of 27 and 
RH, the300C (12 h dark/light) and 60-75% 

developmental time of eggs to adult was 7.66 days 

8.14 days for females. Optimalfor males and 
temperature for egg development was 28-32Cwith 

a RH of 60%. From a world spccies point of view, 

M. tanajoa is very important, apparently second 

only to T. urticae in damage to cassava. 

There is a dearth of information on other 

of the remaining Mononychellus spp.
members 
The members of this complex may apparently be 

found on Manihot spp. as well. 

Feeding preferences and 

type of damage caused 

and a deficiency of photosynthesis occurs. 
Transpiration increases, probably due to injured 

leaf tissue. There is evidence that salivary toxins are 

the feediag process, which mayintroduced in 
hasten. leaf chlorosis (22,28). There may be 

peculiarities in the type of injury caused by a given 

mite species to a particular host plant. Some plants 

are more susceptible to bronzing and defoliation by 

a particular mite species than others, and perhaps 

plant reaction to toxin is the underlying cause for
 

these differences.
 

In cassava it has been noted that Tetranychus 

urticae initially attacks the mature leaves on the 

lower part of the plant; and as the season and 
population movesinfestation progresses, the 

upward. Infested leaves have yellow dots along the 

veins, which change to a rusty reddish color; and as 

the infestation develops, badly infested leaves are 

becomes a function of soil
shed. Defoliation 
moisture, duration of attack (especially as related 

to plant age) and mite population build-up. 

Oligonychus peruvianus also attacks the lower 

and intermediate portion of the cassava plant. The 

females of this species spin a spot of silk on the 

underside of the leaf alongside the midrib and 

The female deposits her eggs in a
lateral veins. 

colony under this silk spot where th~ey hatch, feed
 

and mature. Injury manifests itself as yellowish
 

spots that turn brown. Heavy infestations of 0.
 
also causelike T. urticae, willperuvianus, 

premature defoliation of lower leaves (18). 

M. mcgregori areMononychellus tanajoa and 

green mites thai attack the apical bud of the 

growing plant and the developing leaves, causing 

distorted growth, blotching and bronzing of the 

leaves and finally defoliation. Severe damage 

stunts plant growth and induces lateral growth(18

19). 

Ecology 
The tetranychids possess hard, needi-like stylets, 

out from their curvedwhich when straightened written about tetranychidMuch has been 
resting position, pierce the leaf cells and suck the 

ecology (28). The extremes of very dry/very wet 
cell contents. Turgor pressure of the cell facilitates 

conditions are deleterious. Prolonged dessicating 
feeding. Feeding normally from the lower surface, 

conditions are harmful to the eggs and larvae as are 
they damage the spongy mesophyll cells although 

as very wet conditions. Feeding is impaired especially 
the lowest palisade layer can often be injured 

conditions. Temperature, of 
well (I). When feeding from the top surface, the by prolonged wet 

course, is on the other side of the equation. The 
mites may reach through the palisade layers into 

species known to affect cassava are apparently all 
the mesophyll cells. The chloroplasts disappear 
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moderate in their response to humidity and. 
temperature. Water balance has to be maintained, 
Drought conditions affect osmotic pressure of the 
celUl and the plant's chemistry in general, in such a 
way that it benefits mite egg production, even 
though longevity may be decreased. The 
population attempts to maintain water balance 
through increased feeding (puncturing of cells), 
which causes increased transpiratioi. Hence in a 
drought situation, the death of the plant is hastened 
considerably by the chain of events triggered by 
lack of moisture. 

It is well known that tetranychid mites are 
sensitive to their host plant's nutrition. For 
example, studies by Rodriguez (23), Suski and 
Badowska (27) and other workers (28) show that 
comparatively high foliar nitrogen is generally 
reflected by increased mite fecundity. Much the 
same is true of phosphorus. The results of the 
numerous studies made indicate that the 
nutritional status of the plant isquite an important 
factor and can determine whether a particular 
mites species will barely maintain its population or 
whether the population will explode. Studies on 
the 'chemistry of the cassava plant should be 
'.aluable inunderstanding population dynamics of 
mites and in dealing with this problem. Since 
chemical entities are also dynamic, hinging on 
miany factors such as varietal differences, plant age, 
etc., the "nutritional ecology" is truly complex. 

Host plant resistance 

Host plant resistance to mites has been reviewed 
up to 1969 (28), and examples in cotton, oranges, 
geraniums, beans, apples, peaches, tea and 
tomatoes are cited. Considerable work has been 
published since, and studies of resistance ofcassava 
to tetranychids have been initiated at CIAT in 
Colombia (6-7), in Venezuela (11) and in Brazil (8). 
AtCIAT(6)preliminaryscreeningof188 

4 varieties 
against 0. peruvianus, 427 against 7. urticaeand 

45 against M. mcgregori showed there was 
intermediate resistance to M. mcgregorl but only 
low-level resistance to T. urticae. In a later study 
(7), 1973 varieties screened for resistance to T. 
urticae again produced only low levels of 
resistance; however, 12 were selected as promising 
and 270 were selected as having low-level 
resistance. Of 1349 varieties screened against M. 
tanajoa however, 40 showed intermediate 
resistance and 210 were selected as promising. The 
conclusion was that there was more resistance to 
.l1. tanajoa than to T. urticne and that there was 
little cross resistance between these two species. In 
Venezuela Doreste et al. (11) field tested varieties 
selected previously at CIAT. These workers 
concluded that "the possibility of resistance to 
tctranychid mites in cassava varieties apparently 
exists." and two highly promising varieties were 
identified along with some 17 promising ones. 

[he nature of resistance 

The mechanism or nature of resistance in 
cassava should be investigated. For example, in 
studies to determine the nature of resistance of 
strawberries to T. urticae, we found a number of 
essential oils as the allelochemics involved in the 
resistance scheme (9, 25). These allelochemics 
apparently change their pattern as the plant ages, 
for 	the plant is generally quite susceptible before 
fruiting but later becomes relatively resistant after 
harvest (10). We also showed that the glandular 
hairs of plants such as tomatoes, Nicotiana and 
cucurbits produced allelochemics that reacted as 
toxicants/repellents on T. urticae (16, 20-21,25). 
Since pubescence has been demosnstrated as a 
characteristic of thrips-resistant cassava varieties 
(2), 	 it would be advisable to search for permanent 
pubescence in cassava foliage as one feature for 
,. .stance to tetranychids. Researching the 
t.orinical nature of resistance to mites should 
also 6, a critical part of any integrated pest 
management system. 
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Thrips on cassava: economic importance, 

sources and mechanisms of resistance 

A. van Schoonhoven* 

Abstract 

A report is given of experiments conducted at CIAT (Colombia) to evluate the economic importance 

of thrips, adry-season pest of cassava in tropical Ameria. It was found that yield losses due to thrips 

in Susceptible varieties, depending on environmentalfrom 8-15%attack in this area ranged 
conditions, and 11% in varieties with intermediate resistance. Calculated production losses for 

Colombia amount to 58,150 t/yr (7.67% of the total yearly production). Of 1254 clones in CIAT's 

cassava germplasm collection screened for resistance to Frankliniella williamsi and Corynothrips 

slight damage. As regards the possible nature of 
no damage and 28%stenopterus, 20% showed 

resistance, astrong relationship between number of hairson the leef lobe and degree of resistance was 

found; there wVasno correlation with leaf HCN content. Although it is more economical to breed for 

increased yield potential, breeders should reject all cultivars showing susceptibility (grades 4-5) to 

thrips during dry seasons. 

Economic importance
Thrips at considered an important pest of 

cassava in Central and South America during the 
Yield losses induced by thrips have been 

dry season. They attack plants during all growth 

stages. Severely affected susceptible varieties show calculated roughly at 15 percent by Normanha and 

Espino (4) inheavy attacks on susceptible varieties. 
stuntir.g, leaf deformation and reduction in leaf 

It was necessary to have data on quantitative losses 
area; growing points may die, causing side buds to 

in order to evaluate the usefulness of insecticides 
sprout. The following thrips species are reported 

for controlling thrips and of breeding for thrips 
Scirtothrips (Euthrips)attacking casiava: 

Colombia (1', resistance.
maniholi in Brazil (2) and 

inFrankliniella williamsi and Frankliniella sp. 
at CIATIn three experiments conducted 

Mexico (4) and Colombia (I); and Corynothrips 
(Colombia), yield reductions ind,.ced by thrips 

stenopterus in Trinioad (7) and Colombia (1). 
were evaluated in two susceptiblr (M Mex 34 and 

M Ecu 117) and two resistant ('A Mex 29 and 31) 
were made betweencultivars (6). Comparisons 

9 Entomologist, CIAT, Cali, Colombia 
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plants treated biweekly with dimethoate (0.75 liters 
a.i./ha) and untreated plants. Thrips damage was 
evaluated on a 0-5 scale:-0=no symptoms; 
1= irregular yellow leaf spots only; 2= leaf spots, 
slight leaf deformation, parts of leaf lobes missing, 
brown wound tissue in spots on stems and petioles; 
3= severe leaf defor"mition and distortion, poorly 
expanded leaves; internodes stunted and covered 
with brown wound tissue; 4=as above, but with 
growing point dead and sprouting of lateral buds; 
and 5=lateral buds also killed, plrits greatly 
stunted, giving a witcher'-broom appearance. 

Results of the first experiment are given inTable 
1.As can be seen, there was a 4.7 and 12.7 percent 
yield loss during a moderate thrips attack in 
resistant and susceptible cultivars, respectively' 
Assuming there is an equal attack in resistant and 
susceptib!e cultivars by insects other than thrips, 
yield reduction due to thrips alone is 12.7-4:7 or 8% 
in susceptible cultivars. During the second experi-
ment, there was a heavy thrips attack during the 
dry season. M Col 1438 yielded significantly more 
than the others and more than twice as much as the 
lowestyieldingM Mex 34(Table 2). Yield increases 
following insecticidal application were statistically 
significant. Percentage of yield increase of the 
susceptible cultivars *as significntly mort than 
for the resistant ones, while there was an overlap 
for those with intermediate resistance; mean yield 

Table 1, Yield of thrips-susccptible and resistant cassava 
cultivars, 10 months after planting, with and 
without insecticidal application, 

Yield (t/ ha) 

% 
Without With yiel. 
insecti- iniecti- reduc-

Cultiv.r cides cides** tion 

M Mex 29 (R)* 33.2 36.2 
M Mex 31 (R) 36.0 36.3 
Av 34.6 36.3 4.7 

M Mex 34 (S) 27.9 34.1 
M Ecu 117 (S) 38.0 41.5 
Av 33.0 37.8 12.7 

Resistant (R)or susceptible (S)to thrips 

oimethoate applied eery 1Sdays at 0.75 litera.L/ha 


reduction due to thrips alone was 22.0-6.0 or 15.4% 
for susceptible cultivars and 11% for ones with 
intermediate resistance. 

In the last experiment, thrips damage reached 
grade 3to 4; however, yield reduction ranged from 
5.6% for M Col 1696 to 28.4% fur M Col 1767 
(TAble 3). Varietal effects were statistically signifi. 
cant (P<0.10), but insecticide treatment and 
variety by treatment effect were not. The mean 
yield reduction of all varieties was 4.1 t/ha or 
17.2%. It was concluded that yield losses due to 
thrips attack in the Valle del Cauca range from 8 to 
15% in susceptible varieties, depending on en
vironmental conditions, while in varieties with 
intermediate resistance, they were !1% 

Calculated effect of attack on commercial produc
tio'i in Colombia 

A survey was made by the cassava economy 
section on cassava production and production 
problems in each of the five production zones in 
Colombia (3). Data collected included acreage 
under cassava, the different varieties used and 
average yield. These cultivars were rated for thrips 
resistance in the CIAT germplasm bank, and 
production loss from thrips was calculated, 
assuming 11% loss for intermediate-resistant and 
15.4% for susceptible varieties, ds follows: !he 

acreage per variety per production zone was 
multiplied by is average yield. The total produc
tion per variety thus obtained was considered 89% 
of the potential p.,oduction of an intermediate
resistant v .riety and 84.6% of a suscepible one. 
The aforemertiones I I and 15.4% were coaisidered 
the yield losses due to thrips per zone per variety 
and were added for each variety and zone (Table 4). 
Production losses from thrips were around 20,000 
tons.per year each in Zone II (Valle, Caldas) and 
Zone III (Tolima, Santander). The total estimated 

thiips loss amounted to 58,150 t/yr, which 
corresponds to 7.6% of the yearly production in 
Colombia. 

Resistance 

CIAT maintains a germplasm bank of some 2200 
cassava clones from several Latin American 
countries. Part of this collection was evaluated for 
resistance to thrips (Frankliniella wiillamsi and 
Corynothrips stenopterus) at the end ofeach of two 
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cuivars 10 months after planting,
Table 2 .Yleld of thrlps4suceptible, intermediate resistant and resistant cassava 

with ad without Insecticidal protection. 

Yield (t/ha) 

yieldWithout With 
reducinsecti-insecti-

*** tion**cides cides *AvCultivar 

18.0 17.6e 3.9a
M Col 890 (R)* 17.3 

24.8cd 7.4ab
' Col 113 (R) 23.9 25.8 

M Col 65 (R) 25.5 27.9 26.9bc 8.6ab 
6.6Av 	 22.2 23.9 

33.1 30.6b 15.1bc 
M Coi 22(IR) 28.1 

42.5 38.2a 20.0 cd 
M Col 1438 (IR) 34.0 

17.631.0 	 37.8Av 

23.6cd 163bcd 
MCcl 1703 (S) 	 21.5 25.7 

14.3 18.9 16M.6e 24.3d 
M Mex 34 (S) 

21.Ode 25.3d18.0 24.1M Col 248 (S) 
22.9 21.0de 22.017.9Av 

SResisotant (R) intermediate resistance fIR). or susceptible (S)to thrips 

• 	 Dimethoate applied every 15 days at 0.75 liters ai./ha
 

Mcans not followed by the same kite. are significantly different
 

(P= 0.0). 

damage. Only 3.5% were so heavily attacked that
successive dry seasons (5). The previously des-

scale was used. Of 1254 clones the growing points died. The highest yielding
cribed damage 

clones found so far in the germplasm collection (M
evaluated, 20% showed no damage and 28% slight 

Col 22 and 113) are resistant to thrips; no high 

Table 3. Yield of thrips-susceptible cassava cultivari, 10 yielding clones were found in classes 4 and 5. 

months after planting, with and without 
insecticidal application. Possible nature of resistance 

Yield (t/ha) A correlation was found between degree of 

% resistance and the number of thrips present on the 

Without With yield 
insecti- in.ecti- reduc- Table 4. Yearly estimated yield losses fromthrips attack 

"ultivar. cidcs tides*s tion per cassava production zone (based on da 

collected from CIAT plantings)
Productionloss21.4 5.6MCol 1696 20.2 


MCol 1745 21.9 24.0 8.8 Zone (tons)
 
9.8M Cal 1670 20.2 22.4 


M Col 1765 20.8 24.3 14.4 I Cauca, Nariflo 1,696
 
19,938
M Col 1703 21.5 27.1 20.7 11 Valle, Caldas 

MCol 1777 19.5 25.3 22.9 111 Tolima, Santander 20,476 

MCol 1701 16.8 22.5 25.3 I'v Meta, Llanos 13,999 

M Col 1767 16.9 23.6 28.4 V Atlintico, Magdalena 2,046 or 7.6% 

Av 19.7 23.8 17.2 
Total 	 58,150 

* Dimethoate applied every month at 0.75 liters a.i./hat 
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buds (r=0.52*). However, similar numbeis Pf 

were found on resistant and sucer'ibleinsects 
clones and thrips were also found on plantp with no 

damage symptoms. There was astrong rr~ationship 
between number of hairs perleaf lobe r ad degree of 
resistance(r =0.86*) (Tb!e 5).Leave iof suscepti-

ble clones hp.i few oi ,o hairs whereis leaves o' 

resistant clones had many. Number ot 'lairs was 

similar in resistance categories 3, 4 and 5. Number 
of hairs is rela*:d to flowering; the number was 
constant until flowering, after which the number of 
hairs per leaf lobe decreased as did resistance to 
thrips. No relationship was found between thrips 
resistance and leaf HCN content (r -0.32). Other 
factors such as plant vigor and apical dominance 
may also be involved. 

Conclusions 

Yield losses from thrips even in long dry seasons 

arfe not large, especially when compared with 

production potentia' differences among varieties, 

Breeding for thrips resistance is, therefore, less 

Table j. lamage score, number of thrips, leaf cyanide 
level and leaf pubescence of different clones per 
resistance rating. 

No. thrips/ 

No. Damage 
clones score 

9 0 
6 I 
8 2 
7 3 
7 4 
4 5 

terminal Leaf Av no. 
bud (av cyanide hairs/ 
3 rep.) (ppm) 

0.7 752 
3.4 567 
1.2 942 
1.6 928 
3.8 894 
4.4 925 

leaf lobe 

21,540 
12,735 
5,273 

58 
65 

618 

increased yieldprofitable than breeding for 
potential. However, as thrips ,.sistance does occur 

in high frequency and is easily evaluated for, we 
cassavaconclude that in breeding for improved 

varieties, the breeder should reject all those 

showing susceptibility to thrips during dry seasons. 
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Matile-
Biological control of the mealybug PhenacoccuS ma ,ho 

Ferrero: prospects and necessity 

F.D. Bennett 

D.J. Greathead* 

Abstract 

cas.aa mealybug
on the biological control tit the 

Results are given of preliminary research 
and West Alrica. Propagatioi ol 

in the Nebtropicsmanihodi Matile-FerreroPhenacoccus 
Phenacoccus spp. was successful on apotato medium. A surse) %as made ti natural enemies in Wcst 

Africa; only two predators (Spalgis lemulea and Acalypha sp. ) ere liound. Because ol the scaicit. ol 

Io introducC theni hom the 

predators and possible'absence of parasites. lion theit \%ill be necessar. 
natuial eci.mic.theseoptimal techniques lor shipping

To determineNeotropics. 	 . Ii mipcro.llq'i'inn. 
longevity oladult Aem.oi.IwJ1oti 

Neotropics, an evaluatiou was made ,11 
diet could sum' :eahh-da.\ 

found that adults led alone ," and Nephus sp. on different diets. ,iinllial/cs 
shippig period provided temper:%tures did not greatly exceed 3('.An arp:nidi\ table 

known biological control attempts against mealybugs. 

in West
Until the recent calamitous outbreak 

had seldom been reported
Africa, 'nealybugs 
causing serious damage to cassava. Infestation had 

been reported by a number of polyphagous species. 
as pests of other crops; %it..

all better known 
Ferrisiavirgata (Ckll.), Pseudococcus hongi.%pinlu. 

(Targ,),Planococcus citri (Risso) and Phenacoccus 

madierensis Green (13). These mealybugs probably 

reach damaging levels only when senescent or 

debilitated plants undergo stress during long dry 
1970s there were

periods. However, in the early 

Institute of 	 Biological Control
Commonwealth 

Street, Curepe, Trinidad, West
(CIBC), Gordon 

Indies181 

Congo
reports of devastating outbreaks in the 

Republic and Zaire. Matile-Ferrero (9)discovered 

that they were due to a hitherto unknown species 

which she named Phenacoccus manihoti. The 

importance of this pest is attested by the special 

IITA-sponsored workshop, convened to consider 

control measures in June 1977 (8). 

Because of 	 its importance, CIBC submitted 
the International Developmentproposals to 


Research Centre (IDRC), Canada, in late 1976,
 

requesting financial assistance for investigations. 
species in the 

on P. maniho/i and related 

Neotropics, 'vith the aim of supplying promising 

natural enemies for biological control in West 

Africa. The project was authorized in April 1977. 
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Biological control of mealybugs was reviewed at 

the Zaire workshop by Beardsley (2) and 
Greathead (6). Greathead's annotated list of 
known attempts (Appendix I) shows that 
biological control was tried against at least 22 
species on some 26 oirw:ions, of which 17 are 

known to have achieved a degree of control and 

only 5 were definite failures. The successes were 

attainf1J by parasites, predators of both on a wide 

range of crops growing in tropical and temperate 

regions. The prospects are therefore good for 

introducing biological control of P. manihoti in 

Africa, where few predators and no parasites have 
been detected. 


bor 

P. only known-Outside Africa manihoti is 

definitely from Belim, Brazil, w.ere itwas 

collected in 1971 (9). It is presumably ihe cause ofa 
on cassavamealybug (Pfwnacoccas sp.) outbreak 


at Bel6m in 1975 reported by Albuquerque (1) 


Certainly the symptoms described are the same as 
result of a P.those encountered in Africa as a 

manihoti attack. In Colombia Bellotti and 

Schoonhoven (3) reported P. gossypii Townsend 

and Cockerell as a pest of cassava. Because of its 
sudden devastating appearance in Africa and its 
relative unimportance in South America, it has 
been concluded that P.manihoti is a Neotropical 
species accidentally transferred to West Africa. 

This paper discusses preliminary investigations 
on natural enemies of Phenacoccus spp. inthe 
Neotropics and in West Africa. 

Investigations in the Neotropics 

Recent surveys on cassava in Trinidad have 
failed to reveal attack by Phenacoccusspp. and no 
records were collected ,during investigations on 
tetranychid mites c ,"a over the past three 
years (14). Howevei, seen (personal com-
munication, 1977) collected Ferrisiavirgataand a 
few individuals of a Phenacoccussp. on cassava in 
Tobago, which were submitted to the Com-
monwealth Institute of Entomology for identifica-
tion. D.J. Williams (personal communication, 
August 1977) has commented: "Itseems to be the 
same as one I have often identified from the 
Caribbean and may be the same as one you have 
sent from Sida sp. I think I may have identified it as 
P. nr. surinamensis. How it differs from P. 
manihotifrom West Africa Icannot say as yet but 

it. is :--tainly very cluse. I think parasites of the 
Caribbean species may well suit the African 
.species." Fennah (5) also collected a Phenacoccus. 
sp. from cassava in Grenada. 

On the South American mainland the situation 
already noted, mealybugs areisconfusing. As 

present on cassava in Colombia and can be quite 

abundant (A. Bellotti, personal communication, 
1977). In contrast Francis Geraud (Fundaci6n 

Servicio para el Agricultor, Cagua, Venezuela) 

reports that although he had contacted people 

working on cassava and other entomologists "so 
far it seems that no one knows about such an insee* 

related mealybug in Venezuela." Howevt 

Ernesto Doreste (personal communication, Nov. 

1977) has encountered low infestations of an 

unidentified mealybug on cassava in some regions 

of Venezuela. On the other hand, P. manihotihas 

been positively identified from Brazil and is the 

probable cause of the outbreak at Belm reported 

by Albuquerque (1), who considers the mealybug 

to be a recent introduction from French Guiana or' 
Surinam. 

Based on present evidence, it would seem most 
likely that there has been a recent extension of P. 
manihotiinto Brazil, and possibly Colombia, from 
a natural distribution area in the extreme north of 
South America, where it is so scarce that it has not 

yet been recognized as a pest. Ifthis is correct, there 
isa striking parallel with Planococcuskenyae on 
coffee in East Africa. This mealybug appeared 
suddenly in outbreak proportions in eastern 

Kenya. Its origin was eventually traced to Uganda, 

where it was of negligible importance. Parasites 
from Uganda, subsequently introduced, achieved 
rapid and complete control in Kenya [see 
Greathead (6) for review and references]. Alter
natively, a change in host plant may be involved as 
evidently occurred when the aleyrodid Aleurodicus 
coccois (Curtis), long known from coconuts in the 
Neotropics, suddenly appeared asa serious pest of 
cashew in southeast Brazil during the 1960s (4). A 
further possibility is that some change in farming 
practice (disruption of the ecosystem through 
large-scale planting of cassava, loss of resistance, 
change to susceptible varieties) has created 
conditions where P. manihotican assume a greater 
importance than formerly. Unfortunately, it has 
not yet been possible to conduct surveys to setde 
these uncertainties and assess the impact of natural 
enemies at diffeient host densities. 
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in theNatural enemies of .Phenacocu app. 

Coribbeen 

In the absence of infestations of Phenacoccus 

%pp.on cassava in Trinidad, surveys were under-

taken on other plants. Over the years Phenacoccus 

spp. haveban recorded in Trinidad from a number 

of plant genera including Wedella, Acalypha, Sida, 

Lantana =d Hibiscus; but the identity of these 

species Ims not been resolved satisfactorily (e 

foregoing remarks by D.J. Williams). However, 

CIBC card files (accumulated over 25 years) list 

Phenacoccusgossyppi (T and C), P.grehadensis 

Green and Laing (a synonym of P. madierensis), P. 
and P. ap. near sp. near parvus Morrison 

surinamensisGreen.,The ntural enemies recorded 

on these, including records collected during the 

present survey, are listed in Table 1. 

Hyperparasites 

Some data indicate a high degree of hyper-
Aenasius phenacocci isparasitism. In Trinidad 

Table i. Records of natural enemies of Phenacoccusspp. in the West Indies from CIBC card files and present 

Invesigations. 

Natural enemies 

Parasites 

HYMENOPTERA: ENCYRTIDAE 

*Aer.itS phenacocciBennett 

*Aothriocrk.gwabicolor Comp. and Zinna 

Acroaspidia tvrmicoides Comp. and Zinna 

Acerophagus sp. 

Apoanagyflm sp. 

*Anagyrus sp. 

pseudqphycus 6p. 


Predatoes
 
COLEOPTERA: COCCINELLIDAE
 

Dlomus ochroderus(Muls.) 


Nephus bilucernarius(Muls.) 


•Nephus 	sp. nearflavifronsMeish. 

Hyperaspis donzell (Muls.) 

•H. jcunda (Muls.) 
•H. onerata (Muls.)

sp.
Hyperaspls 

CIPTERA:- SYRPHIDAE
 
*TA spp. 


•Baccha sp. 

CECIDOMYIIDAE 
Vlncentodiplosis coccidorum (Felt) 

sp. or spp. indet. 

CHAMAEMYI1DAE 
LtucopI bela Loew 
?aucopis befll 

NEUROPTERA: CHRYSOPIDAE 

•0,roe Bp. (p) 

Area reported 

Trinidad 
Trinidad 
Trinidad 
Trinidad 
St. Vincent 

Bahamas
 
Bahamas
 

Trinidad
 
Trinidad
 
Trinidad
 
Trinidad
 
Trinidad 
Trinidad 

Trinidad, St. Vincent, Nevis 

Bahamas 

Trinidad, St. Vincent
 

Trinidad, Sahamas
 

St. Kitts, Nevis
 
Bahamas
 

Trinidad, Bahamas 
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attacked by at least three hyperparasites (F.D. Each potato was infested by placing two or more 

Bennett's records); in the present study, rates of 	 egg masses of P. madlerensis (from Lantana 

hyperparasitism over 50 percent were recorded 	 montevidensis) on it:The infested tubers were held 
on wire mesh stands in glassjars(12.5 (m diameter,frown collections of P. madlerensis from Lantana 
20 cm high) or plastic tubes (10 cm diameter, 10cmmontev1demb (Table 2). Subsequently, predation 
high) fitted with lids with a 7.5 cm circular hole

by coccinellids was so high that the population of 
covered by organdy (or thicker cloth) glued into

mealybugs collapsed and adequate samples could 
place. This technique was also found satisfactorynot be obtained, 
for breeding P. manihoU in tests conducted in the 

In Peru Salzar (1i) reported Anqgyrus United Kingdom. 
pseudococcus (Girault), Anagyrus &pp., 
Acvwrophagu op., Paranusia sp., Grandoriella Studies with natural enemies 
lanasi Domen, Lfptornastideasp., Aenasius masit Thus far, studies have concentrated on develop-
Domen and Coelasdidia sp. as parasites of P. ing suitable breeding techniques and methods for 
gossypii on cottou an.d an additional parasite shipping adults to West Africa, bearing in mind 
Pezaphycus op. from this mealybug on Gossypina that in the absence of quarantine facilities, only 
glauca. adults or "clean" material can be sent and that as 

transit times of up to 10 days are expected, adults 
Sromap sp cturalleemes of Pndos , must still be capable of reproduction on arrival. 

from Acalypha sp. collected at Andros, Bahamas, 

showed even higher rater. Thus 21 adults of the lnitiallyA longevity of predator and parasite 
primary parasite Anagyruj were reared against 150 adults was determined when held on honey or a 

of the hyperparasite Prochiloneurussp. (i.e., 87.9% coccinellid diet (developed for aphidophagous 
hyperparasitized), and of 73 puparia of Leucopis ? species) comprising agar, honey and sugar. The 
bella, 54 were attacked by Pachyneuron sp. (i.e., tests were made in one-dram glass vials either with 
69.2%). fine honey droplets on wax paper or drops of diet 

on strips of index card in a laboratory room at 29 t 
Laboratory studies [ Trinidad 	 30C. Honey droplets were renewed after 10 days. 

The results for three species, compared to longevityPropagation of Phenacoccus spp. on mealybugs in rearing containers (Table 3), 

It isstandard practice to culture mealybugs on 

sprouted potato tubers using methods developed Table 3. Longevity of adult Aenasius phenacocci,
 
by Smithand ,rmitage (12). For mass production Hyperaspis onerata and Nephus sp. near
 
of the larger coccinellid predators e.g., Cryp- flavifrons on different diets.
 
tolaemus montrouzieri (Muls.) , potatoes are
 

No. Days survivedSpecies andusually planted inflats (wood slat trays) and held in 

the dark until 20- to 25-cm sprouts are produced diet used tested Range Mean 

before inoculating them with mealybug eggs or A.phenacocci 
crawlers. In the present investigations, where small Honey II 12-31 22.5 
coccinellids and parasites were to be studied, Diet* 11 2-11 4.0 
potatoes with short sprouts (un to 2.5 cm) were 
used successfully. Mealybugs 17 2-20 9.8 

H. onerata 

Table 2. Hyperparaltism of Aenasiusphenacoccl from Honey 13 16-29 21.1 
Lantana montevidensis In Trinidad. AD Diet* 6 2-6 4.7 
hyperparasites were Prochiloneurusdactylopli 8 8-40+ nde.*(Hw)Mealybugs(How.) 

No oNephus Hny1sp. -6 1.No. of 
8-36 16.7 

Date mummies collected Hyperparasitized 	 Honey 10 
7.8Diets Ii 4-10 

April 8 21 52.4 Mealybugs Not recorded but often 30 days or more 

5 17 . 59.3 Coccinenid diet comprisins apr. honey and sugar 

66.7 ** Six were alive when observations stopped at 40 days.22 9 
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indica& that adults provided with honey should 

survive a 10day shipping period, provided 

tempeau do not preatly exceed 302C. Com-

Iats have not been made with Hypcraspisparbl 
juaasd.but this specks regularly survives 20 days 

or more on honey or mealybuls. 

are not yet available butQuantitative data 
Aslui phenacocci has produced progeny after 

being help in vials on honey for 15 days and both 

Hyprasplaspp. have reproduced after 20 days on 

honey alone, 

Because of problems in obtaining suitable 

potatoes (erratic supply, failure of crawlers to settle 

on one batch, rotting of over 60%of another), it has 

not bcen possible thus far to determine the 

reproductive potential of the natural enemiesbeing 

studied. 

Investigations in West Africa 

Matile-Ferrero (9) lists natural enemies reared 

from P. manihol in the Congo (Yable 4) but has 

indicated in discussion that these were reared from 
have contained severalbulk samples that may 

other coccids, including other mcalybug species. 

The only natural enemy found in Zaire during the 

1976 outbreak season was the predatory lycaenid 
takenbutterfly, Spalgis lemolea (10). Samples 

Table 4. Natl enemles reared from melYbg samples, chiky composed of Phenacoccusmaniholi in the Congo. 

Naturl enemies 

HEMIPThRA: ANTHOCORIDAE 
Cardistethusexiguus Popplu 

LEPIDOPTERA: LYCAENIDAE 

.%amgi Jemolta Druxe 

DIPTERA: CECIDOMYIIDAE 
DichrodipliLsn.sp. 

Leptodplojis sp. near aonldielae 

COLEOPTERA: COCCINELLIDAE 
Exochomus concavus Fursch 
F.flaviventris Mader. 

Scytnus rufifronh Fursch 

S.sp. near ghesquleri Mader. 
&ethorsStethorns sp. 

HYMENOPTERA: APHELINIDAE 

Sen. et sp. indet. 

ENCYRTIDAE 
ECY RTID (CAM)A Eurb 

SIGNIPHORIDAE 
Chartoccru sp. 

CERAPHRONIDAE 

Va. e sp. indHyperparasitc 

Comments 

Common predator of pest 
Dnealybugs in West Africa 

Female only 

Common mealybug predator 
in Africa 

mite predatorssp.Usually 

Parasite of Ferrisia virgata 

? Hyperparasite 
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from the few pockets of infestation present in June 
1977 yielded a few predators, but a persistent 
infestation of P. madlerensison Acalyphasp. inthe 
same area supported a much higher predator 
population. Neither species was parasitized (Table 
5). 

These, admittedly very limited, observations 
suggest that few natural enemies have transferred 
s to tha ew ausenemie catasrelated 
to P. manihoti and because of the catastrophic 

mealybug populations that develop during the dry 

season (normally May to September) are of 
limiting outbreaks.negligible importance in iwill 

Conclusions 

The apparent scarcity of predators and possible 
absence, of parasites of P. manihoti in Africa, 
together with the near certainty that it is a recent 
introduction from South America where it is 
evidently of negligible importance in most places, 

suggests strongly that the introduction and 
establishment of natural, enemies from the 
Neotropics will lead to a degree of biological 
coitrol, hopefully complete. Optimism is sup
ported by the high success rate of biological control 
attempts against mealybugs and other Coccidae. 

Preliminary studies in the West indies indicate 
the presence of promising natural enemies of 

species which warrant trial against P.
manihoti, but studies on P. manihoti itself are 

urgently needed and will be undertaken as soon as 

possible. It is likely that specific primary parasites 
be found and other predators, most likely 

Coccinellidae, which will be effective if established 
in Africa. Experience has shown that parasites are 
usually most effective in maintaining mealybug 
populations at a low level but that predators are 
useful in reducing initial high populations to a level 
where .parasites can contain them and also in 
dealing with incipient outbreaks where control has 
temporarily broken down. 

Table 5. Natural enemies from samples of Phenacoccussp. from Baa-Zaire (June 28-29, 1977). 

Approx. no. of 
Locality adult mealybugs 

Phinacoccus manlhoti 
on cassava 

M'Vuazi
 
(experimental plots) 


(farmer's plot) 

Kimpesi
 

(experimental plots) 


12 km SW
 
Mbanza Ngungu
 

(farmer's plot) 


Phenacoccus madlerensls 
on Acalypha sp. 

M°Vuazi 
(garden at research station) 

300 

300 

400 

550 

150 

Natural enemies 

I scymnine* 

16 scymnine larvac* 
I cecidomyiid, larva 

Many Cocodiplosis citri 
(Barnes) Cecidomyiidac** 
16 scymnini* 
Spalgis lemolea (pupae 
on leaves) 

ast two Pad. which ate beingsudied by R.D. Pope (British Museum ol Natural Ilht.Iry).TThe yuizi coUpli at 

* Preeoudy known oely from We utlue frmaifmaooccu dtli (Riseo)collected in South Africa 
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long-term protection; and that chemical methods
short-termBiological control offers the only 

should be developed only for treating planting 
solution to thp cassava mealybug problem in Africa 

material to moderate the inevitable spread of the 
as pesticides cannot be used because young cassava 

mealybug throughout the cassava-growing areas of 
foliage is picked daily and forms the chief source of 

Africa. CIBC hopes through its current IDRC
protein in the diet of many tribes in the Congo and 

Zaire. Chemical control is also too expensive and 	 Ep-nsored program to provide the agents necessary 

for the achievement of the first of these objectives. 

dangerous for application by subsistence farmers 

Acknowledgmentsand is besides seldom very successful against 
mealybugs. 

on the biological control of 

With these points in mind, it was concluded at Investigations 
mealybugs currently being undertaken by 

cassava 
the Zaire workshop that control should be soht 

the Commonwealth Institute ofBiologigal Control 

by attempting biological control with all urgency; 
by the International Development

are financed 


Research Centre, Ottawa, Canada.
that breeding programs should look for resistant 

varieties for backing up biological control and for 
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APPENDiX 

Summary of known biological control attempts against mealbup 

Reference*
CommentsOriginldate 'Results 

Country Natural enemy
Mealybuglhost (7) 

s Reported increase in yield of up to 
India 1959Neodusmetia sang-ns (Mask.)/ USAAmolmba gamV 44% Resilt reported in Bermuda (S-C) 

wani (Rao)Texas, (Ariz. Calif.) Mexipasture gasam and also in USA 
(Encyrtidae)Florida) co,Brazil Israel Introductions of 

Anagyrusantoninat (Timb.) are also 

being made into USA (Florida). Mexico, 

Israel. but results not yet clear. 

(12)
F It became established but seldom feeds 

Hawaii 1926
Guam Cryptolaentus(Kuw.)IDysmicoccus bonin montrouzwflri on this species. 

suga cane MulL (Coccine

lidae) 

(5)
F The predator was unable to reach D. 

USA (Calif.)
South Cyptolaemus

Dysmkoccus brwvpes (Ckll) brevipes, but was successfully established 
1900, 1924monIrouzfediAfrica gaist pianococcus ciri. In M&u

ritius (1938-39) it also falled YJthough 

it became established on the island. 

(2 7) 
? p Some success is claimed but the same 

BrazilHambeltonia
Puerto Rico 
parasites failed to establish in Hawaii. 

1936-1937pseudococcina 
Similarly, no success was achieved in USA 

Comp. 
(Florida) although it became established. 

(12)
It became established on coffee which 

Hawaii 1918 ? is no longer an important crop.
Cryptolaemus

remonrouZIe
cofe riFerrisiavirgata(Ckll)/ Java 

fruit trees,
coffee,ornane~ntals 



Appedix table cont. 

Meaybuglhot 

Nipaecoccus nipae (Mask.)/ 
subtropical fruits 

Nipa--occus vatator(Mask.)/ 
siiade trees, citrus 

Phenacoccusaceris (Sign.)/ 
apples 

Maconellicoccus 
hirsutus(Green) 

Planococcoidesnjaensis 
(Laing) and others/cocoa 

Country 

USA 
(Ciffornia) 

Hawaii 

Egypt 

Saudi 
Arabia 

Canada 
(BC) 

Egypt 

Ghana 

Natural enemy 

Acrophagus 
lexanus (How.) 
(Encyrtidae) 

Pseudaphycus 
utilis Timb. 
(Encyrtidae) 

Anagyrus 
aegyptiacus Moursi 
Leptomastix 
phenacocciComp. 

Cryptolaemus 
montrouzieri 

Allotropa 
utilis Mues. 
(Platygasteridae) 

Lepiomastix 
phenacocci 
Anagyrys aegyptiacus 
Achrysopophagus sp. 

Many nat-.ral enemies 
of other species 

Origin date 

Mexico 
1965-1967 

Mexico 1922 

Java 1934-39 

Pakistau 
1972-1973 

Canada 
(Nova Scotia) 
1938 

Java 1934-39 

Several 
countries 
1948-1955 

Result* 

? 

S 

P 

? 

C 

S 

F 

Comments Reference* 

Released along with other species. 
Established, although one of the least 
promising species initially. 

(3) 

(11) 

Other natural enemies introduced 
at the same time did not become 
established. 

(8) 

C montrouzieribecame established 
but the final result is not known. (14) 

The pest originated in Europe; A. 
utilis (origin unknown) was ef
fective in Nova Scotia and so used. 

(9) 

Other natural enemiz introduced at 

the same time did not become 

established. 
HyperaspismaindroniSic. (Coccinel
lidne) was sent to New Guinea from 

India in 1971. Result not known. 

(8, 
CIBC reports) 

None are known to be established. 
Only Pseudaphycus angelicus (How.), 

a parasite of Planococcuscirri. 
has been recovered. 

(5) 
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Mcalybug/host Country Natural enemy Origin/date Result* Comments- Referefnce" 

Planococcusctri (Risso)I 

citrus, grapes 

USA 

(California) 

Cryptolaemus 

montrouzieri 
Leptomastidea 

Australia 

1891-1892 

Sicily 1914 

P C montrsuzr has been released in 

many countries. With complete suc-

cess in South Africa (1924) but this 

(3,5.7,8, 
13) 

ab:rmf3 (Gir.) 

(Encyrtidae) 

depended on the prior stablisnment 

of Dactylopius spp.against prickly 

pwr cactus. C montroueri inter

fered with control of the weed. 

Establit ,antand partial success 

was achieved in Chile (193!), Hawaii 

(1915). Corfu (1933), Italy (Liguria 

only) (1919-20), Portugal (1929), 

Egypt (1923). In me countries, suc

cess can be attained by annual releases; 

viz., Egypt. Sicily, Spain, France. 

It failed in Cyprus and Israel, where 

the summer climate was too harsh, and 

its use was abandoned in Egypt as the 

colonization program was too costly. 

In all areas, an essential for succes 

isthe continued presence of hosts 

throughout the year.L abnormis also 

contributes to control in Chile, and 

Leptomastix dactylopii How. in Spain 

(1948). Both these parasites were 

introduced into the USSR in 1960 and 

are established. 

Planococcz'skenyae 

(Le Pelley)/coffee 

Kenya Anagyrus sp. near 

kivvensis (Comp.) 

(Encyrtidae) 

Uganda 

1938 

C Initial failure using parasites of 

other mealybugs. Successful species 

(and 4 others established) from same 

host in area of origin. 

(5) 

Planococcuslilacinus(Ckll) Sri Lanka Parasites (un- Philippines F (12) 

specified) - 195? 
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Mealybug/holt 

/seudococcUS calceolaride 

(Mask.)citrus and other 

fruits (gahani Green. 

frailis Brian of aLthors) 

Pseudococciscitriculus 
Green/cim 

Pseudococcuscomstocki 
(Kiiw.)/apples 

P-eudoc,ccus longisp.inus 

(Targ.) (adoniduw,? (L.) of 

authors)/citrus, avocados 

Country 

USA 
(California) 

Israel 

USA 
(eastern) 

'USA 

(C41ifornia) 

Natural enemy 

Coccophag.;s 

gurneyi Comp. 

Hungariella 

preiosa(Timb.) 

(Encyrtidae) 

Clausenia 
purpurealshii 
(Encyrtidae) 

Allotropa 
burelli Mues. 
(Platygasteridae) 

Pseudophycus 
malinus Gahan 

(Encyrtidae) 

Anarhopu-

sydneyensis Timb. 

Hungariella 

peregrina(Comp.) 

(Encyrtidae) 

Origin/date Result' 

CAustralia 

1928 

Japan C 

Japan 
1939-1941 

C 

Australia 

1933 
Argentina 

1934 

P 

Comments 

Success achieved after mass release 

ofCryptolaemusmontrouzieriand' 

establishment of another ladybird, 

Scymnus binaevatus(MUls.)frOm 

Australia had failed to give adequate 

c€trol-
C.gurney has also bceLmsed inChi

le(1936) and the IISSR (1960) with suc

cess and is established in South Africa
 

(1934), but its effect has not been
 

assessed.
 

After solving problem of identity of 


pest, parasites of the P. comstocki
 
group were tested. 

Partial success was obtained with P. 

malinusinUzbekistan in 1945following 
its introdu-tion from the USA. 

Partial control with H.peregrinaand 

Anagyrusfusciventris(Gir.), imported 

from California, was also achieved in 

Bermuda(15!). Pseudophycusangeiicus 

(How.), introduced in th Africa (1934), 

)ns ofA.failed, but recent intro 

sydneyensis and P.per. 6rinatolsrael 

show promise of succest. 

Reference* 

(2,5,7) 

(13) 

'(2-3) 

(1-2,5,7) 



Mealybug/host 

emcdoC~cClU maritinui 

(Ebrh.)IpcS1 and grapes 

PzeudococcUm ob cunu Ersig/] 

pa deo o 

,udococcI spp. 

Rroou iceryoitks 

(Green)IcoffeeRastrOCOC cu 
SacchriococcW sacchari 

Country 

"USA 

(California) 

South 

Africa 
-rc 


Australia
(Western) 

LeleYoi&s 

Hawaii 

(cki)Is aca.sacchaicoHa 

F = Failun 

P =partial control 
S - Substantil controI 
C - Complete control 

?. R¢ult unknown 

Nral em y 

Acerophagus ? 

notalivetris 1943 
(Gir.) 
(Encyrtidae)
3 encyrtids USA 

and 2 cymnus 
app. 

(California)
1933-1934 

Cryptolaemus
montrouzier 

AustraliaNSW 
1902 

Cryptozael m .w(montrouzieri J v 

Anagyrus Philippines 

Tib. 1930 

(Encyrzdae) 

? None are known to be 

established, but an control has 
led to -natural control of the pest. 

S Substantial Auccess has also icen 
achieved in St. Helena (1973). 
CoccophagagurneYi Comp. failed in 
the Cook islands (1934). The result 
of recent introduction of C. montrou

zieri is not known. 

Scce 


S 


_rypolae___Jva_128.'
 

Success also achieved in Barbados 

(1970) and it is established in 

St. Kitts (1971). both from Uganda 

stock. Attempts to use C. monrou

zieri in Somalia (1933), philippines 
were abandoned(1928), Egypt (1923) 

as the predator is unable to penetrate
 

beneath the leaf sheaths. Hyperaspis
 

trilineataMuls. from Barbados has 

failed in India (1970) and both cocci

nellids have been released and recovered 

in the Bahamas (1969). 

(7..) 

(5) 

(12,14-1) 

(12) 

2 

( -] 

CIBC 
reports) 

c. 

, 

= 
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Preliminary observations. of the mealybug 

(Hemiptera:'Pseudococcidae) in Zaire 
K. Leuschner 

K. Nwanz* 

Abstract 

Whiteflies and mites were the only importantpests of cassava in Zaire until 1970 when the mealybug 

Phnacoccus manihoil was observed. The type ofdamage caused, economic importance and possible 

alternate hosts are discussed briefly. The life history of the mealybug and the influencc of climatic 

conditions on insect development are described: The 2 principal means ofdissemination are theuse of 

infested propagating material and wind. Only a few parasites and predators that control it have been 

found, the most effective predator is Spalgis Iimolea. Four differen, approaches for handling this pest 

are recomer ended: breeding for resistance, biological control, cultural practices and chemical 

control. 

1970, when the mealybug was observedUntil 
around Kimpese, whiteflies and spider mites were 

the only important cassava pests in Zaire. Since 

this first sighting, it has also been reported in Bas-

Zaire and Bandundu. Outside Zaire there are 

definite reports from Congo (Brazzaville), and it 

has almost certainly reached north of Angola. 

After the visit A, Proi, f.A. Schaefers in 1974, 

samples of the insect were sent for identification to 

the Commonwealth Institute of Entomology, who 

reported that the pest was anundescribed species of 

the family ?Pseudococcidae. Concurrently the same 

species was detected on cassava in Brazil. From 

* International Institute of Tropical Agriculture, IITA, 

P.M.B. 5320, Ibadan, Nigeria 

samples sent to the Institute, it was possible to 

identify the species as Phenacoccus manlholi (2). 

This strongly suggests that we are dealing with a 

newly introduced species, a view supported by its 

rapid progress, such as occurs when an insect is not 

part of an established ecosystem. 

Type of damage caused 

the terminalInitially, the mealybug attacks 

points of the cassava shoots. At a later stage, due to 

lack offood and space, the insect also settles on the 

petioles and expanded leaves. The damage to the 

ways: by sap sucking andplant is done in two 
possibly by introducing an unidentified chemical 

with the saliva, which stunts the shoots. Further 

symptoms are short internodes, little new leaf 

leaf curling. With increasinggrowth and 
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population density all green parts of the damaged 
shoot eventually die, and dieback may or may not 
occur. Alternativt infestation of lower )- , 
together with natural fall dryWeaf during tL 
season, causes the so-called "candlestick" 
appearance of the cassava plant. 

Economic damage 

The economic damage to cassava caused by the 

mealybug is partitioned into loss of fresh leaves, 
which are eaten as "pondu," and root yield loss. 
With our present stage of knowledge, we can say 

there is a definite loss of fresh I,:aves since the 

shoots that are normally used for food aroinfested. 
To what extent root yield loss c.urs as a result of 

accurateinsect attack is still unknown because 
experimental data are not yet available. There is 

strong evidence that the age of the plarnt at the time 

of heavy attack and the soil type are very important 

in relation to root yield loss. 

Biology 

To provide a background to the mealybug 

research program, a summary of the life history of 
the insect and its dispersal in relation to climatic 
conditions is presented. 

Life history 

The mealybug seems tobe parthenogenetic only. 

No males have been observed, either in the field or 
in laboratory populations. The eggs are enclosed in 
an ovisac of felted waxen threads known as the 
"wooly mass." The eggs are first yellowish white 

and later turn yellow to light brown. Eggs with 
visibleeyespots usually emerge a few days later. On 
the average the adult fcmale L, j a total of 440 eggs 
during its life span; the average incubation period is 
8days. The duration of nymphal stages is about 25 
days at 25C. The life span of adults is about 29 
days. 

These data show the great development 
potential of the insect. The number of generations 
per year may vary in different regions according to 
clinatic conditions. Studies of the climatic dati 
available in M'uazi for the last 15 years gave 
evidence that temperature, humidity and rainfall 
arc the principal factors controlling development, 
In Figure 1 the monthly means of temperature, 
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Figure . ",ected medybug population development 

in relation to environmental factors.

relative humidity, vapor pressure deficit (VPD), 
wind speed and rainfall are graphed together with 
an assumed population development of the 
mealybug. The latter, which illustrates the 
hypothetical situation over one year, is based only 
on observations by H.C. Ezumah over the last two 
years and during my last tWo visits. 

The most obvious conclusion is that the dry 

season seems to be necessary for building up tha 
mealybug population. Up to July the development 
is relatively slow, probably because of low 
temperature, low VPDand residual moisture in the 
soil, which are necessary for plant growth. 
Increasing drought stress and temperature seem to 
favor the population build-up. Particular attention 
will be paid to possible developmental stages of the 
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invct adapted to overcome unfavorable condi-

tions, such as the rainy season when it is seldom 
or

found. These could be dormar', eggs, larvae 

adults. Thus far, it has been found that second 

hibernate frequently in the dormar'larval stage 
buds. 

Parasites 

We mentioned previously that the success of the 
mealybug in Zaire is due to the fact that it is not 

part of an established ecosystem. This view is 
a fewsupported by the observation that only 

parasites and predators of importancf Lave been 

found so far. The most effictive predator observed 
(Lycaenidae, Lepidoptt-a).is Spalgis limolea 

Although parasitism is only one of the constraints 

that keeps insect pests within certain population 
this factor can be an importantdensity levels, 


aspect of control. 


Alternate host plants 

Several unidentified weed species and Capsicum 

sp. were found with mealybugs in cassava fields, 

most of them, except
it seems thathowever, 

served merely as temporary host 
Capsicum sp., 
plants because only individuals but no colonies 

were found. 

Dispersal 

There are two principal ways by which the 

spread: by passive transportmealybugs on 
as unsettled firstinfested planting material and 

•nstar nymphs (crawlers). 

Disptrsal by infested planting material 

Infested planting material is probably the way in 
which the malybug entered the country and is 

possibly the major reas6n for spread over both far 

and short distancis. Close observations of mature 
as planting material

stems that could be used 
and second instarsfirstindicated that are 

frequntly found on buds. In an experiment with 
cuttips, no

treated (insecticide) and untreated 
could be observed on the

mealybug colonies 
there weretreated cuttings whereasEprouting 

several colonies on the untreated ones. 

Wind dispersal 

The second way mealybugs are dispersed is by 
first nstarswind. It was observed that only 

(crawlers) became airborne. Close observations on 

crawler behavior showed that they hatch mostly in 

the morning. After hatching, a perhaps positive 
move to the

phototactic behavior makes them 
upper leaves and tips of the plant, thus exposing 

restless movements 
to tL'e wind. Thesethem 12 o'clock. A subsequentuntil aboutcontinue

study of the wind mpeed in the morning shows a 

stea ily increasing sr t'd fom 6 to 12 noou. At 10 
o'clo the ,vind reoiches a speed higher than 2 

to be enough to make manykin/h,whic, seems 
of how farcrawlers airborne. The question 

cravlers can travel by wind was also subjected to a 

preliminary study. Four sticky traps, 1.70 and 1.20 

m from the ground,were plac~d at 2, 15, 25 and 35 

m from the source of infection. After 3days the first 

trap caught 100; the second, 7; the third, 2; and the 
available toNo equipment wasfourth, none. 


measure wind speed.
 

,.dhata frrmthis experimentBased on 
be assumed that airtorneit canBeardsley (1), 

craw~lers are mainly responsible for effective short

spread. Nevertheless, there ae also 
distance 
indications that strong winds can carry them over 

much longer distances. This was supported by the 
following experiments: Sticky traps (petri dishes) 

were placed at 1,2, 3and 4 m height and 20 m from 

the nearest source of infection. Over a period of 

three days, 6, 8, 5and 9 crawlers, respectively, were 

caught at the different heights. Presumably 

crawlers will fly longer distances at a height of 4 m 

than at 2 m. 

direction from Bas-Zaire to
Since the wind 

is mainly westwards during the dry
Bandundu season, the mealybug infection front might slowly 

even withoutthis directionproceed in 
dissemination by infected planting material. 

Projections for future work 

these preliminary observations, it
With 

possible to make proposals for future work. Four 

different approaches to handle the problem can be 

projected: (a) breeding forresistance, (b) biological 
and (d) chr-,.Calcultural practicescontrol, (c) 


control.
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Breeding for rebtance 

Breeding for resistance will probably be the best 
solution, but this takes time. Investigation of the 
material available in Zaire (both from INERA and 
IITA) gives the impression that our germplasm 
base is not sufficientlylarge although not all of the 
material has been exposed to malybug attack. 
Therefore, future steps taken by the entomologist 
should be systematic 'exposure of the available 
material to find appropriate screening methods. If 
necessary, introduction of more germplasm 
through IITA should be planned. 

Biological control 

Grants have already been given to the 

Commohwealth Institute of Biological Control in 

orderto surveythe rangeof parasitesand pr.dators 

in this country and it necessary introduce species 
from tLU source of origin of the pest. As this 

involves predominantly entomologicrl studies, a 
postdoctoral fellow might be appropriate for this 

type of work in Zaire. 

Cultural practices 

This type of approach seems to be the most 
promising short-term method to reduce the 
problem in the near future. Investigations should 

be based on (a) planting time, (b) soil moisture 
conservation and other agricultural practices to 
improve plant growth and (c) mixed cropping. 

Experiments carried out by Ezumah indicate 
that planting around November results in less root 
yield los. This observation is supported by 
comparison of climatological data and population 
development of the mealybug (Fig. 1). By the time 
the mealybug population has built up, the cassava 
is already between 9 and I I months old. It was also 
observed that plants on soils with a higher water 
table are more tolerant to infestation. Improve
ment ofphysical and mineral fertility could reduce 

the impact of the mealybug by strengthening the 
plant. Observations of dispersal by wind suggest 

the utility of mixed cropping as an additional 
means of restricting spread. The second crop 
shoull serve as a windbreak. 

Chemndcal control 

Chemical control of mealybugs should not be 

emphasized at present although some chemicals 
should be screened for their effectiveness against 
the insect to have some information if needed. 
Insecticides should be used only for 'dipping 
cuttings in order to reduce the spread cf the pest in 
the country. An additional use of insecticides on an 
experimertal basis would permit the critical 
establishment of yield loss. 
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The white scale (AonidomYtilus albus CU.) on cassava 

Octavlo Vargas H.* 

Abstract 

Scale insects have appeared u pests of cassava in South America, Asia and Africa as a result of the 

increase in area planted to castava and because of the use of insecticides on other crops. The most 

important species are AonidomyihuS albuis andSaLuella sp., which are generally found on the stems 

and occasionally on thepetioles. Damage is greatest whenthe plant isattacked during the early stages 

of growth before it is well established. The habits and instars of the insect are described, and the 

means ofdissemination are given. Infestation of propagating material by scale insectscan reduce the 

percentage of germination significantly, as well as delay initial growth. The most serious damage 

(death of lateral buds) results in the loss of planting material. Control measures are discussed. 

an important crop forCassava has long been 
small farmers inmany partsof the tropics. With the 

recent increase in cultivated area and the continual 
' 

use of pesticides an other crops, new entomological 

problems have developed in cassava, one of which 
have been reportedis the scale insect. Scales 

attacking cassava stems in many cassava-growing 
regions of the Americas (2-5,8, l0),Asia(6,9)and 
Africa (13) (Table 1). The meot important scales 

appear to be Aonidomytilusalbus(7) and Saissetia 

sp. (9). Yield losses resulting from scale attack are 

not known, but reduction in yield ana root qunlity 
Yield losses recorded athave been reported (13). 

CIAT on a per plant basis reached 19 percent on 

heavily infested plants. 

Research Associate, Cassava Progrnun, CIAT, Cali, 

Colombia 

Type of damage 

The inseits are generally found on the stems of 

plants and occasionally on the petioles.cassava 
The damage, which results from the sucking habit 

of the insect, depends largely on whether heavy 

infestation occurs during the early stages ofgrowth 
the plant has become well or later on when 

established. In the former case the leaves lose their 

chlorophyll and gradually dry up; this is followed 

by complete desiccation of the stem and ultimate 

death ol the plnt in a heavy infestation. Those 

plants tha, manage to survive an early infesf:tion 

of this type are generally found to have poorly 

developed and unpalatable roots. When heavy 

infeutation occurs later in the development of the 

plant, symptoms of attack noted above are only 

shown to a slight degree, but the roots must be 
199 



Cassavaprotectionworkshop 

d " 
Table I. Scaiatdeh spd aftltaddng agafav 

Family and secibs 	 Reported from 
____________________o 

DIASPIDIDAE'. 
Aondomytilu albu 	 Americas, Africa 

Asia (Taiwan,=Coccomytil dLqpr 
India) 
Americas=Zipdapheadispar

Lr.asah alba 	 Cuba 

PlnnaspLsminor Peru 


=HsmichlonaVt :}nor 
 Peru 

COCCIDA 
SaLMs4 kmnilphaerlca Madagascar 

=LecanlumhImisphaerica Mauritius 


S. nlgra Madagascar, 

Malaya 

Indonesia
 

S. coffeae 	 Madagascar 
Colombia 
Maisgascar 

S.miranda 
Coccus viridis 

Mytlilaspis dispar Madagascar
 

Brazil 
Brazil 

Earphlzococcus sp. 

Monophibus sp. 

Sou= Ulm an Scboonb (2) 

harve-ted within a few months 	or they become 

inedible (12-13). 

Studies at CIAT (4) with scale-infested cuttings 

showed that these insects can reduce germination 
of cuttings greatly (Fig. 1). Insecticidal treatment 

of cuttings completely covered with scales did not 

increase germinatioir(Fig. 2). Apparently, damage 
had occurred before planting. Moreover, initial 

plant growth is retarded in scale-infested cuttings 
(Table 2) 

Table 2. Plant height and number of leaves per plant, 40 

days after planting cuttings Infested to various 
degrees with the scale A. Albus (grade O= no 
scales; grade 3 = completely covered). 

No. of 
leaves/*Grade of Plant 

infestation height plant 

0 33.4a 32.6a 
28.2ab32.9a 

2 23.1b 19.2b 

3 5.5c 4.8c 

I 

,.200"" 

Germination (M) 

0 aGrade0 
Grade I 

A Grade 2 
Grade 3 

100. 
9 
70'7 

60 
50 
40 

20 
.16 

Z I0 1520 30 40 50 

Days after planting 

Figure 1.Germnation ol cuttings with variusdepees 
ofscale infestation(grado O=no scales, graded =covered 
with scales). 

Greatest damage from scale attack appears to be 

the loss of planting material as a result of the death 

of. lateral buds on stems. Studies at CIAT 
(unpablished datL) with cuttings infested at several 

levels (0-4) showed different percentages of loss in 

germination (Table 3) 

Life hisiory: description and habits 

The biology of the scale has been studied by 

Swain (13) in Tanganyika. The biology of A. albus 

Germination (M) 

100
90 
go Without scales: 

70 o Control 

'60B 
50/ 
40- With scales 
30 FControl A 

20- A Basudin 
10 -

10 20 30 4Q 30 

Days after planting 

Fure 2. Effect of scales ad Inecticidal reatment on 

germination of cuttings. 



Table 3. 	RSmUWO II gubmdm by Aani "MY'" 
ab at di 81111181 Ofld" .-

%. 
losserminatioGrew 

-

0 955 

1 91 9 

2 85 15 

3 23 77 
91.94 

o Io aiswcu 

1Vo.fms"rsnaii b IMb
aroud tb. bud Wd Wmrnod-2. Few 

3 Scain couhi c,va* buds IMd0%ofthO istanode 

tam 
4 90% t *A aim cutti cowvd by scal. a of kaves and 

im ofta d 

oa2m5
daTomt 


was studied in detail by Blrnardo Belosa at CIAT 

ib 1977 (Table 4), who found results similar to 
5waine'i. 

Tb female of A. albwu is mussel shaped and 

covered with a waxy white excretion. It has neither 

wings nor legs and is approximately 2 to 3 mmin 
The cast skins of the first and secondlength. 


nymphal stages are incorporated in the scales. 

Unlike the females, males have well-developed legs
 
and wings. The fimale produces an average of 47 


eggs, depositing them between the upper scale 


covering and the lower cottony secretion. As the 


eggs are laid, the female gradually shrinks in length 

and finally shrivels up Eggs hatch in 4 days; the 

first nymphal instar (crawlers) are oval shxped with
 

a depressed pale pink body. They are locomotive 


and can disperse. The crawlers become fixed in I to 

4 days, usually settling down in the angL1 ofa stm 


node, where they proceed to cover themselves wi 


two or three conspicuous white threads. They molt 


in I1 days; four days later the second molt occurs, 


rc.Iting in the prodizction of the adult female 


which commences oviposition in I to 2 da3 s. The 


female generation lasts froin 22 to 25 days. 


Dibsemination in the field 

The posible mem by which infestation cani 

:spread from plant to plant and fieldto fiea are (a) 

Table 4.3~ of wW* ml. (A. (Abua). 

Minimum M imnim 
(dwys) AverageStae (days) 

Foab
 

1i 9.0Nymph 1 7.0 
6 4.7'Nymph It 3.5 


Nymph i 7.0 12 9.5
 
23.2Total 17.5 29 

Mole
 
Nymph 1 7 11 9.0
yph1
Nymph1 4 9 6.5 

Prepupa 4 	 4.5 

Pupa J 
Total 15 25 20 

wind dispersal of crawlers, (b) active migration of 

crawlers on the ground and (c) passage of crawlers 

from infested to clean material when cuttings are 

being handled prior to planting. The most 
important means of dissemination is by storing 

infested cuttings with clean ones (12). 

Control methods 

Cultural control 

Scale attacks appear to increase when cassava is 

grown continually on the same land, which 

involves an increased use of insecticides. This ould 

be avoided by crop rotation; e.g., cassava, maize, 
beans. 

Chemical control 

Chemical control may be required during the dry 
ea lon t mybere uire d duited 

season. Measured in perentage of adults killed, 
Metasystox (0.1%) and parathion were the most 

chemical treatmenteffective 	 (1, 12). As for of 

those that are infested withcuttings, dipping 

crawlers in a DDT emulsion for 5 minutes reduces 

infestation; howerver, heavily infested cuttings still 

germinate poorly (4, 13). Preventive control of 

stored cuttings has been successful. 

Biological control 

Heavy predation of A. albu by a coccinellid 

(Chilocorus disrtgma) is reported (10). 
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Hymenopterous parasites (Aspidlophagus citrinus Clean planting material 

and Sknaphora sp.) have been reported from Cuba 
The most important factor in successful cassava 

(3). At CIAT the following predators have been 

found: Coccidophilus sp., Scymus spp. and cultivation is the use of uninfested planting 

Pyroderces sp.; a brown, spongelike fungus material. As shown in Table 3, losses in germina
tion of cuttings attacked by A. albus are ofter, as

(Septogosidin sp.) was also found growing on A. 
high as 90 percent.aibus. 
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Studies on the cassava fruit fly 
Anastrepha spp. 

Anthony Bellotti 
Jorge E. Pefia* 

Abstract 

Two species of fruit flies have been identified as attacking cassava in Colombia: Anastrephapickeliiin 

the Valle del Cauca (altitude 1000 m) and M.manihotinthecoffee-growingregions(1200m). When 

this insect attacks the fruit ofcausava, it does notcruse economic losses; but when it attacks the stem, 

it bores tunnels where a bacterial pathogen Erwinfacatotovoravar. carotovoracan befound causing 

severe stem rot. When environmental conditions are favorable, the cassava plants can recover rapidly 

from this damage even when growing terminals have rotted or died. Severest fruit fly damage is 

observed in planting materWl; the use of infested cuttings results in losses in germination as well as 

yield. Environmental conditions favorable to fruit fly development and aspects of its biology are 

discussed. Oplius sp. is a parasite oflarvae in the cassava fruit but has not been observed in thestems. 

The use of systemic insecticides is di.ussed, and results are given of field experiments designed to 

determine which baits or attractants would trap fruit flies orincrease the effectiveness of insecticides. 

Type of damage caused 
The fruit fly has bemn reported as a pest of 

cassava only in tho Americas. When it attacks thu 
When oviposition occurs in the fruit, the larvae 

fruit, it causes no cconomic losses (3-4). In receut 

years we hve also observed fruit flies causing bore throughout the fruit, destroying the develop

damage to cassava stems in several countries of ing seed. The infested fruit shriveis and becomes 

soft, turning ye!low green in color (1).
Central and South America. Two species of fruit 

inflies have been identified as attacking cassava 

Colombia: Anastreph,; pickeli (Tephritidae), Larval tinneling in the stem results in brown 

galeries in the pith area. A bacterial pathogencollected at the CIAT farm in the Valle del Cauca 
(altitude 100D0 mn and M. manihoti, found in the (Erwinia carotow a var. carotovora), often fcund 

where in recent in association with fruit fly larvae, can cause severe
coffee-growing regions (1200 n) 


years it has become a aerioua pest of cassava. rotting of stem tissue (2). The presence of the larvae
 

within the stem can often be noted by the white 

and research assistant, respectively, liquid exudate that flows from the larval tunnel and 
* Entomologist 

exit holes. In severe attacks, growing points may
Cassava Program, CIAT, Cali, Colombia 
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The boring action of the larvae under high
collapse and die, retarding plant E'owth and 

humidity conditions provides the wound needed
encouraging growth of lateral buds. Buds located 

for bacterial entrarnz' into the stem. Under
along infected stem portions are first invaded and 

favorable environmental conditions of adequate
necrosed. Younger plants (2-5 months) suffer more 

rainfall and high humidity, rotting develop.. The
from damage than older ones. 

rotten atem is not afavorable environment for the 
larvae; inspection of rotting stems showed 40

Field observations have shown that damage in 
percent larval mortality. This al7 indicates that 

cassava plantations can be extensive. On one field 
the fruit fly may result from infestations of the

84 percent of the plants were observed with fruit 
cassava fruit or alternate hosts rather than from

fly/ bacteria damage while in another field about 75 
percent of the plants had collapsed, 20 to 30 cm 	 stem infestations. The fruit of several other plants 

commo-ly found in areas of high fruit fly
below the growing points. 


populations have been examined, but no ad
ditional hosts to these species have been identified

The effect of this damage on cassava production 
is not known. In one study 100 plants damaged by yet. 

fruit flies were harvested, root yield recorded and 
compared to the yield of 100 undamaged plants. Mnture larvae leave the stem or fruit and pupate 

There was a 5percent reduction in root yield of the on .e zround. The larval exit hole isclearly visible 

damaged plants. Affected plants were tunted and in the st-m. Adults emerge in about 17 days. In 

may have been shaded by their healthy neighbors; some areas h jh fruit fly populations occur year

hence yield losses may have been overestimated. It round, but extt nsive damage is usually associated 

is also suspected that this secondary rotting may with the raiy season. Damaged stems have been 

reduction in germination when infested observed in cassava-growing areas ranging fromcause a 
stems are used as planting material and that yields coastal areas where there isminimal and sporadic 

from damaged planting material may be reduced, rainfall to mountainous areas where rainfall is well 

dispersed throughout the year; however, obser
vations indicate that high fruit fly populations

This paper will discuss the biology and ecology 
co, respond to areas of high humidity and dispersed

of the fruit fly, the economic damage itcauses, and 
rainfall.possible control methods. 

Fruit fly larvae in cassava fruit are attacked by 
the parasite Opius sp. (Hymenoptera: Braconidae).Biology and ecology 
A study on the CIAT farm showed a 4.9 percent 

The yellow- to tan-colored female inserts the egg level of parasitism; whereas in the coffee regions of 

in the succulent part ofthe stem, about 10 to 20 cm Colombia, where fruit fly populations and damage
from the tip, so that about one third of the eggwith 	 are high, there was 16 percent parasitism. There 

a slender white rod protrudes. After hatching, the 	 have been no observations of larval parasitism in 
white to yellow larvae bore up- or downwards in cassava stems.
 
the stem pith region. Since numerous eggs may be
 

deposited in one stem, several larvae may be found
 
per stem. This provides an entrance for the 

Economic damage
bacterial pathogen that causes stem rotting. 

It appears that cassava plants can reco%:r
The fruit fly/bacterium association is not fully 

rapidly from fruit flydamage, given adequate, well
understood. It appears that the bacterium is 
present on the stem, where it can live epiplytically. 	 distributed rainfall. Plants that had been severely 

or rotted growing terminals) when
Rain isprobably the principal means ofdissenwina-	 rotted (dnad 

three months old were compared to healthy plants
tion. Investigations have not definitely concluded 

the fruit fly is a vector of the pathogen; over a six-month period. Plant height
that 

that the measurements showed that within five months, the
however, observations indicate 

samedamaged plants recovered, attaining the
fruitfly/ pathogen association exists naturally and 

height as nondamaged plants (Fig. 1).
that the insect can disseminate the causal organism. 
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The cassava fruitfly 

P at height (mn) 

o DPanaged plants 
Healthy plants 

96 8 
3h 

Months 

Figure 1.Recovery of cassava plantsseverely damaged 
by the cassava fruit fly (Anastrepha sp.) and bacterial 

stem rot (Erwinia sp.). 

to measure root yieldExperiments conducted 
loss due to plant damage resulted inno significant 

nontreatedyield differences between treated an 

plcts. However, because of the difficulty' in 

controlling the yery mobile adult, there were no 
in plant damage between thegreat differences 


treated P~nd nontreated plots, 


Damafe to planting material 

E:tensive investigation is being carried out to 
and yield losses resultingdeermine germination 

from the use of Anastrepha-damaRid planting 
on threematerial. Experiments were conducted 


farmb, as well as at CIAT. 


Cuttings were separated into five damage grades: 
0 = no damage, I= a brown discoloration in the 

pith areas, 2= discoloration and some rotting of 

pith at both ends of cuttings, 3= severe rotting of 
rotting of pith and tunnelingpith, 4=severe 

,hroughout pith area. 

Results in farmers' fields showed a decrease in 
Itocutting germination ranging from 5%for gra ,e 

for grade 4. Damaged cuttings showed an16% 

average of 9% reduction in germination compared
 

to nondamaged cuttings (Table 1). 

The effect of damaged cuttings on root yield was 
Damaged cuttings resulted in aalso measured. 


17.4% yield reduction when compared to un

damaged cuttings. Yield losses ranged from 4.2%
 

for grade Ito 33.1% for grade 3.It is interesting to
 

note thi t in every trial, damage grade 4 yieldOd
 
higher thati grade 3. Given the yields obtained in
 

these experiments, a 17.4% yield decrease results in
 

a loss of nearly 7 tons of cassava per hectare.
 

Control 

Chemical control 

Control 	methods using insecticide applications 

for the larval and adult stage cf the fruit fly were 

studied. For larval control, carbofuran was applied 

r.,.iree different rates in the soil around each plant; 

and fenthion in solution was applied to the foliage 

at three different rates. Larval mortality for each 

systemic insecticide was recorded at 3, 8 and 16 

days after application. 

Results showed that fenthion gave 100 percent 
afterlarval control at all three rates, 8 days 

caused by the fruit fly Anastrephamanihot and the bacterial pathogen Er,"inia 
iable I. 	The .flect of damage 

carotovora on germination of cassava cuttings and plant yield. 

% YieldYield (kg/ha) Farm no.% yield CIAT yield
Damage germi- X reduction (kg, ha) reduction 

grade nation 1 2 3 

23,9640 90.3 38,944 41,000 40,722 	 40,222 
21,868 5.0 

1 	 85.7 32,922 38.083 44,528 38,511 4.2 
34,638 13.9 22,108 12,9

2 83.7 26,333 39,194 38,333 
26.126,896 33.1 26.237

3 82.7 19,966 26,528 34,194 
--

4 74.0 29,288 31,639 37,694 	 32,873 18.3 
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Table 2. The effect of carbofuran aid fenthlon on the control of cauava fruit fly larvae (Anastrephasp.) Instems of 
casava (var. M Mex 23). 

%mortility of larvae at 

Treatment Rate Application 3days 8 days 16 days 

Carbofuran 10 g/plant Soil 
Carbofuran 20 g/plant Soil 
Corbofuran 30 g/plart So'l 
Fenthion 1.5 cc/liter U20 Foliage 
Fenthion 2.0 cc/liter H20 Foliage 
Fenthion 2.5 cc/liter i120 Foliage 
Control 

application, and was still 90 to 100 percent effective 
after 16 days (Table 2). Control by carbofuran 
reached only 69 percent at 16 days. On the other 
hand, larval mortality in the untreated plants 
reached 40 percent, supporting the observation 
that the rotting stem is not a favorable medium for 
larval dqvelopment. It should be noted that 
although larvae were controlled in the stem, the 
insecticidal sprays did not prevent infestation or 
rotting of stem tissue. 

Attractants 

Adult fruit flies are highly mobile and difficult to 
control. Hovever, trapping of adult frait flies with 

9.7 45.0 69.0 
23.0 64.0 50.0 
24.0 53.0 20.0 
76.0 100.0 95.0 
97,0 100.0 91.0 
77.0 100.0 100.0 
22.0 24.0 40.0 

the appropriate bait or attractant could resultin an 
effective means of control. This methc4 could also 
be used to measure adult fruit fly popul-tions m 
order to determfaine when contiol measures should 
be employed. Field experiments were designed to 
determine which baits or attractants would trap 
fruit flies or increase the effectiveness of insecticide 
application. The insecticide EPNwas used because 
of its quick knockdown effict, which was necessary 
to get an accurate mortality count. Three bait 
combinations were studied: yeast, nolassei and 
yeast plus molasses. Yeast alone was the most 
effective bait, causing more than double the adult 
mortality of the insecticide used alone (Table 3). 
The addition of molasses' had no effect on 

Table\3.\ Evaluatlon of yeast and molasses as baits rixed with the nsecticide EPN for control of casava fruit fly
(Anastrepha sp.) adults in field trials. 

Treatment (rate) 

EPN (12 cc/ 12 liters H20) 
EPN (12 cc/12 liters H20) 

+yeast (0.5 kg) 

EPN (12 cc/ 12 liters H20) 
*molasses (0.5 liters) 

EPN (12 cc/ 12 liters H20) 
+ yeast (0.5 kg) 
+ mol.:ases (0.5 liters) 

*Averqe flowed by diffcmt ktterss 

1 

25 
71 

49 

34 

significantly diffrent at 0.05. 

Adult mortality/
replication 

2 3 

42 43 
103 41 

49 18 


79 24 


Av adult 
4 mortality 

A 28.3a* 
17 580b 

14 32.5a 

3 35.Oa 
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Table 4. Comparison of five attractants Incapture efficiencyof the adult cassava fruitfly (Anastrephamanihoti) using 

McPhall traps. 

Av no.of 
Anastrepha 

Attractant Rate captured/wk 

Brewers yeast 40 g brewers yeast, 
6g sugar, I gborax 

23. 1 

400 cc H 0 

Hydrolyzed proteint 
Hydrolyzed maize 
Hydrolyzed yeast 
Hydrolyzed soybean 

55 c/1000 c H20 
20 cc/ 1000 ci- H20 
20 g/1000 cc H20 
20 g/1000 H20 

17.1 
60.7 
21.9 
18.4 

mortality; and when combined with yeast, mortali-

ty was greatly reduced. 

Five attractants-brewers ycz, and hydrolyzed 

protein, maize and soybeans--we~e compared for 

effectiveness in fruit fly captui using the McPhail 

trap. Hydrolyzed maize gave nearly three times 

greater capture than any of the other attractants. 

(Table 4). Hydrolyzed maize was then compared 

with 100 synthetic fruit fly attractants obtained 

from the USDA. Results showed that hydrolyzed 

maiz'i was nearly twice as effective as the most 

successful synthetic attractants. (Table 5). 

Conclusions 

Plant damage caused by the cassava fruit 

fly/bacterium association ismost severe in areas of 

Table 5. Comparison of efficiency of 100 synthetic 
attractants, water and hydrolyzed maize in 
capturing adult cassava fruit fies (Anasrepha 
manihoti) using MePhail traps, 

Av no. 
captured
Attractant 

47.9Hydrolyzed maize 
Water 1.42 
p.Methyldithiocarbonilic acid 32.00 
Ammonium salt 


28.00Ethyl chrysanthemumate 
24.66Ammonium sulfate 

15.5Phenethyl anthranilate 
14.33Melonal (stench) 

high humidity and well-dispersed rainfall. Never

theless, these same conditions enable the cassava 

plant to recover from insect damage. If a leafy 

c .ssava variety isbeing grown in the area, there will 

irobably be no economic loss caused by fruit fly
1
damage. 

Chemical control to prevent plant damage is 

costly and impractical. The adults are highly 

mobile; and although baits increase insecticidal 

effectiveness, they aire difficult to control. Larval 

control is also effective, but this does not 

necessarily prevent the bacterial pathogen from 

entering the stem and causing it to rot. The data 

presented on insect control in this paper are 

presented as scientific information, but their 
not endorsement of thesemention does imply 

practices. 

The greatest economic losses in cassava due to 
Anastrephadamage are in planting material. Both 
germination and yield losses can be considerable 

is used. Thewhen infected planting material 
selection of healthy planting material istherefore 

highly recommended and should be included in any 
farm management program. We have observed in 
some areas of heavy fruit fly infestation that it is 
difficult to obtain sufficient completely healthy 
planting material. In this case it is recommended 

grades 1 and 2)cuttings bethat slightly damaged 
selected, and hcavily damaged ones (grads 3and 

4) be discarded. Al cuttings should then be treated 

with a fungicide -before planting. 
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Biology and economic importance of a cassava 

shoot fly, Neosilba perezi Romero and Ruppel 

Van H. Waddill* 

Abstract 

a peat of cassava in Florida, was studied under 
The biological cycle of the shoot fly Neos;Iba perez, 


laboratory conditions. The length of time in each imtature stadium increased with decreasing temp.
 

At 25.0C total development time from cgg to adult was 41 days; at 15.60 eggs took twice as long to
 

hatch (6 days) and larvae failed to pupate. Seasonal population studies revealed a substantial rise in
 

percentage of larval infestation from mid-July to early Aug., followed by a decrease. The percentage
 

of larva-infested terminals peaked from late Oct. to early Nov. Simulated shoot fly damage had
 

not on no. of !eaves, roots, 
on plant height and no. of terminals/plant, but 

significant effects 
marketable yield or total yield. insecticides should, therefore, be applied only when all the terminals 

on a plant are damaged more than once a month. 

Introduction 

Since the Cuban influx into southern Florida 

during the early 1960s, many crops not previously 

grown in the United States have been introduced, 
(Manihot esculenta 

one of which is cassava 
to cassava is still 

Crantz). The acreage planted 

small-about 200 ha in 1976. 

Cassava is planted in the springmonths(March" 

May) and is ready for harvest in 8 to 10 months. It 

is planted in rows approximately 1.2 m apart. and 
All cassava is 

0.75m is lift betweeen 'plants. 

currently grown bn a limestone soil (Rockdale) and 

fertilized at a rate of 150 kg/ha of 8-16-16 or 12-6
four mostat first cultivation. The12, applied 

commonly grown varieties are Sefforita, Seflorita 
la Mesa and Seda,

Injertada, Seffora Ponga 

yielding about 14 t/ha. Roots are marketed in 23

kg boxes for prices averaging from $5.7/box; thus 
as 

the gross value of the crop could be as much 

$4200/ha. The major markets are Miami, Jackson

ville, Tampa, New York, Chicago and Los Angeles. 

Thc most serious Cisease ofcassava in this area is 

caused by Xanthomonasbacterial blight 
maniholis. Brown leaf spot, caused by Cercospora 

henningsil, is also present but is not considered of 

Research and Education Center, Unives.ity.Agricultural 
Insect pests include the 

economic importance. 
of Florida, WFAS, 18905S.W. 280 Street, Homestead, FL 

armyworm Spodoptera eridania, the 
33031 Ssouthern 
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banded cwtumber beetle Diabrotica balteata, the 
hornworm &innyis ello and a shoot fly Neosilba 
perezi. 

Of these pests, N.perezi is of concern to cassava 
growers who sometimes apply insecticides to 
control this shoot fly, which was first reported in 
this area in 1973. It was described initially as Silba 
perezs; Romero and Ruppel (6) but is now 
considered in the genus Neosilba, based on the 
work of McAlpine (4). 

Damage caused to cassava by other Lonchaeidae 
larvae has been described by Cardin (2) and Bellotti 
and Schoonhoven (1). The newly hatched larvae 
puncture and tunnel through thegrowing terminal, 
eventually killing it. According to Bellotti and 
Schoonhoven (1), economic loss due to Silba 
pendda Bezzi has not yet been shown although 
stunting of the plants has been observed. 

Laboratory and field experiments were con-
ducted at the Agricultural Research and Education 
Center at Homestead, Florida to study the biology 
of N.perezi, seasonal fluctuations in population 
and effect on cassava yield. This work was done 
primarily by John Boza as his MSc thesis project. 

Biology 

Miterial and methods 

Rearing 

The duration ofeach imrmature stage of N.perezi 
and adult longevity at 3constant temperatures was 
determined in environmental chambers. The 
chambers were kept at 15.6± 1,21.1± 1,25.6± 10C, 
and a light/darkness (LD) regime of 12:12. 
Moisture was provided by water pans placed at the 
bottom of each chamber. 

Duration of the egg stage. N.perezi eggs were 
collected from infested terminals in cassava fields, 
To ensure that all eggs were less than 24 hours old, 
they were collected from terminals that had beedt 
found to be free of eggs the previous day. This was 
done simply by marking egg-free terminals with 
colored plastic ribbons. Cassava terfainals with 
eggs were cut from the plant and returned to the 
laboratory where the eggs were removed with a 
small camel hair brush. 

Duration of the egg stage of N. perez was 
determined by placing the eggs in a 60 x 15 mm 
plastic petri dish containing a moist cotton ball and 
kept in an environmental chamber at the ap
propriate temperature. Eggs were inspected daily 
until eclosion. 

Duration of the larval stage. Duration of the 
larval stage of N.perezi was determined by placing 
a single newly emerged larva on the terminal of a 
potted cassava plant. A variation of the Forno, 
Asher and Edwards (3) method of mist propaga
tion of cassava tip cuttings was used to pr-duce 
uniform batches of rooted tip cuttings suitable for 
larval maturation. Cassava tip cuttings ranging 
from 7 to 14 cm long were collected and placed in 
pots containing potting soil. These pots were 
placed in a mist bed in the laboratory until the 
cassava tip cuttings had rooted. The larvae were 
obtained from field-collected eggs that were held in 
an environmental chamber at 25.6 ± 10C until 
eclosion. 

Artificially infested plants were placed in an 
environmental chamber at the appropriate 
temperature and inspected daily for larval 
emergence holes. When inspection revealed an 
emergence hole, the plant was pulled from thepot
and the pupae floated out of the soil by putting the 
soil in water. This was to e.isure that the larvae had 
pupated. 

Duration of the pupal ste. N. perez! pupae 
were obtained from larva-infested terminals 
collected in the field. Infested terminals were 
placed upright in a tray cotitaining moist sand kept 
in an environmental chamber at 25.6 ± 10C with a 
LD regime of 12:12. The sand was sifted daily to 
recover newly formed pupae. 

Duration cf the puml stage was determined by 
placing pupa.-less than 24 hours old in a 60 x 15 
mm plastic ,etri dish containing a moist cotton 
ball. The pY.tri dish was kept in an environmental 
chamber at the appropriate temperature and the 
pupae inspected daily for adult emergence. 

Adult longevity.Aduli longevity of N.pereziwas 
studied by placing newly emerged (less than 24 
hours old) adults in 60 x 15 min plastic petri dishes 
kept in an environmental chamber at the 
appropriate temperature. Moisture and nourish
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ment were provided by a cotton ball moistened 
with a 10% solution of sugar water. Adults were 

inspected daily until death occurred. 

Mating tests' 
Pairsnti g s ofailed 

Pairs andgroups of newly emerged aduts were 
randomly selected and placed in 60 x 15 mm peti 
dishes or cages containing pott6d cassava plants. 
The cylindrical cages (15 cm high and 8.5 cm in 
diameter) were placed over potted plants. The petri 
dishes and cages were theii placed in the ap-
propriate environmental chamber and the plant 
terminals inspected daily for eggs. 

Seasonal population 

The seasonal populations of N.perez! eggs and 

larvae were studied on two different cassava farms 

from April 22 to November 17, 1976. Each of these 

plantations was divided into five sectiQns, which 

further subdivided into quadrants. Weeklywere 
noting theexaminations, were conducted by 

presence or absence of larvae and/or eggs in 20 
of theterminals randomly selected £-i-im one 

quadrants in each section. One hundred terminals 

per planting were inspected each week. Quadrants 

were alternated so that each quadrant was counted 

only once every 4 weeks. 

and larvae per terminalMean number of ege 

Ramdom sarvples of terminals found to have 

eggs and/or larvae rewrremoved from the plantand returned to the laboratory sothat the number 

ofeggs and/ or larvae could be determined by use of 

a stereoscopic microscope. 

Results and discussion 

Rearing 

The duration of the immature stages at 3 

constant temperatures is presented in Table 1.The 

length of time required to go from one stage to the 

next increased with decreasing temperature. At 

25.6oC, total development time from egg to adult 

was 41 days. At the coolest temperature (15.6C), 

eggs took twice as long to hatch (6 days) and larvae 
to pupate. Development of the immature 

stages of N. pereziappears similar to SYlbapendula 
(5), another cassava-infesting Lonchaeidae. 
Accordinj' to Pefta (5), it takes S. Pendula 49.7 
days to develop from egg to adult, at an average 
temperature of 270C compared to 41 days at 25.60C 
for N. perezi to complete the same development. 
However, there is a difference in the time of day of 
adult emergence: N. perezi adults emerge in the 

morning between 7 and 9 whereas S pendula 
emerge between 4 and 5 in the afternoon. 

As regards longevity, adult males and females 
is the immatures todid not respond the same 

different temperatures. Both sexes lived longer at 
than the intermediatethe extreme temperatures 

one (Table 2). Females lived somewhat longer than 

the males. N. perez!adults live from 3 to 5 times 

longer than the average 4 to 5 days S. pendula 

adults live (5). 

Mating tests 

No adults were observed mating, nor were any 

eggs found in either the petri dishes or the cages. 

Neither Cardin (2) nor Pefla(5) reported successful 
cassava-infestinglaboratory rearing of similar 

lonchacids, Much work remains to be done on this apc 
aspect. 

Seasonal populatlons 

The first sighting of a larva-infested terminal in 

one of the sttudy fields was on May 12. The data 
from the study fields showed considerable agree-

Each field showed a substantial rise inment. 

percent of larval infestation from mid-July to early
 

. perezi held at constant temperatures.
Tabte I Duration (days ± SD) of the immature stages of 

PupaeLarvaeEggs 

Temp No. Duration
No. DurationDurationVC) No. 33.4± 7.5
" 
15.6 16 5.9t+0.9 - 34 

67 19.2± 1.5
4 26.3 ± 1.03.610.921.1 49 195 13.0 1 0.9
9 24.8 ± 3.3

48 3.0 +0.525.6 
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Table 2. Longevity (days +SD) of adult N. perezi beid %Larva-infested terminals 
Ft comtant temperature. SO 

Temp Male Female 
(OC) No. Longevity No. Longevity 
15.6 14 17.1 _15.0 38 25.0 ± 10.7 
21.1 29 10.1 + 5.8 32 13.5 + 8.9 40 - Field A 

16.4 t 7.0 26 17.4 + 6.3 Field B25.6 26 

35A
 
August, followed by a decrease (Fig. 1). The 
percentage oflarva-infested terminals in both fields 30 
peaked from late October to early November. 
Cardin (2) reported a similar peak in the popula
tion of Lonchaea chalybeaduring late October and 25
early November. 

Effect on cassava yield 2o 

Materials and methods 15 

The effects of N.perezi damnag to cassava were 
simulated by damaging plants in field plots at 10 i
several times during the growing season (at 1,2, 3, I!
 
4, 5, 6 or 7 months after plant emergence). There
 
was also a treatment that was damaged each of the . 
7 months and one undamaged one (control).
 

Originally cassava stem cuttings were planted IV V VI Vl ViIi ix X xi 
approximately 18 cm deep in rows with 2 centers, W4 123412345'12 34 12341234 234'1234 
with a total of 10 plants in each plot, but a few were Week of sampling 
lost because of wind or disease. Theexperimental 
design was a randomized complete block utilizing 4 Figure 1. Percentage of N. perezi larva-infested 
blocks with 9 treatments. Weekly applications of terminals in two cassava flelds sUrveyed from April22 to 
dimethoate (272 g/ ha) and the synthetic pyrethroid November 17, 1976. 

Table 3 Effects of simulated N.perezi damage on cassava growth and yield measured 8 months after p!sn ,ng.
 
Terminal sY 
clipped Yield/planted p a t((kg)g No. of No. of No. of Height 

(mo after planting) Total Marketable roots terminals leaves (cm) 

I 2.22a* 1.89a 5.33a 12.00a 90.05a 214.9bc 
2 1.96a 1.62a 4.43a 6.15c 83.58a 209.8c 
3 1.97a 1.61a 4.54a 6.72bc 62.58a 227.8abc 
4 2.21a 1.78a 4.95a 4.92cd 84.o3a 219.5abc 
5 2.04a 1.69a 4.60a 6.22c 74.83a 211.4c 
6 2.1la 1.83a 5.19a 3.57c 58.42a 227.Oabc 
7 2.23a 1.89a 5.60a 6.62bc 67.24a 239.9ab 
All 7 months 1.91a 1.52a 4.09a 8.44b 83.17a 158d 
Control (0) 2.31a 1.90a 5,47a 5.94c 51.08a 240.5ab 

* Mean not folhowed by a common leter are sinificantly different (Duncan's Multiple Range test; P -C 0.05). 

.212 



Shootfly,Neosllba perezi 

Table 4. The relationships between total yield (kg/plnt), marketable yield (kg/plant), or number of marketable 

roots perplant and numbersof leaves (L), terminals (T) and plant height (H Incm),= described by multiple 

regression (first order model). 
R2 

Response 
Total yield 
Marketable yield 

Equation* 
- 0.4881 + 0.004220Ly + 0.00938H 5 + 0.002289L 6 

- 0.7901 + 0.0052221 3 + 0.01429 1Hy + 0.002152L6 

0.693' 
0.685 

+0.004842H 7 

Marketable roots 3.505 + 1.0510T 2 +0.02841L 2 +0.1936T 7 0.708 

+0.03330H 7
 

Subwipt on the T, L and It indkatt the month alter planting when the meanurement wa taken.
 

SD-41706 (54 g/ha) kept the plots relatively insect 
free. Copper manganate and terramycin were used 
weekly to control bacterial'blight (Xanthomonas 
manihotIs). 

N. perezi larval damage was simulated by 
clipping off approximately 3 to 4 cm from all the 
growing terminals on a plant. The number of 
terminals and plant height were determined 
monthly on all the plants in each plot; the number 
of leaves was counted on only 3plants per plot. At 
the termination of the experiment, total yield, 
mqrketable yield and the number of roots were 
measured Differences in treatment responses were 
determined by use of Duncan's multiple range test. 

The stepwise procedure was used to calculate 
multiple regression equations for a first order 
model. Total yield, marketable yield or marketable 
roots was used as the dependent variable and the 
number of terminals, leaves and plant height (cm) 
for each month were used as the independent 
variables. To determine whether an independent 
variable should be included in the equation, a 
significance level of 10% was used. 

Results and discussion 

Simulated fly damage had significant effects on 
plant height and the number of terminals per plant, 
but not on the number of leaves, roots, marketable 
yield or total yield (Table 3). Undamaged plants 

averaged 240.5 cm in height, compared to an 
average of 158.8 cm for those damaged once a 
month. 

In general, damaged plants had more terminals 
than the undamaged controls since "bace the 
terminal is damaged, several new shoots grow from 
below the danged area. 

Interestingly, there were no significant yield 
differences. This was probably because damaged 
plants had approximately the saine number of 
leaves as undamaged controls even though they 
were significantly shorter. 

Although there were no significant differences in 
total yield, marketable yield or the number of 
marketable roots, ,egression may still be used to 
estimate these parameters. The linear regression 
equations produced by the stepwise procedure are 
presented in Table 4. The fit of theme equations as 
measured by R2 was fairly good. Each eqpation 
explains approximately 70 percent of the observed 
variation. Whether the equations make biological 
sense can be va!idaled only by applying the 
equation to further field data. 

The lack of signiiicant yield losses due te 

simulated N. perezi dtimage indicates that insec
ticides certainly should not be applied unless all the 
terminals on a plant iare damaged more than once a 
month. 
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Cassava production and vegetative 
growth related to control duration of 

shoot flies and fruit flies 

Joseph L. SaundeWa 

Abstract 

Siba sp. and Anastrepha manihoilb were controlled on cassava for differing time periods up to 24 

wk, beginning one mo after planting. Control increased branching height but did not significantly 

affect total height. Production was inversely correlated to control. Spraying the entire plant or the 

apical bud and upper stem provided equally effective control. Moderate Silba sp. attack stimulated 

branching and apparently increased total leaf area for photosynthesis and consequently increased 

production. 

Cassava (Manihot esculenta) i3 commonly 

produced by subsistence farmers in Central 
major energy food sourceAmerica and is a 

throughott the region. Although cassava is 

attacked by a variety of insect and mite pests, they 

are not usually considered limiting factors to crop 
As inproduction, especially by small farmers. 

other areas of the world, cassava has been grown as 

a low risk or survival insurance crop more than as a 
oncommercial crop; consequently, information 
is.loss evaluatien and economic importance 

limited, 

e Entomologist, Dept. of Tropical Crops and Soils, 
de Investigaci6n yCentro Agronmico Tropical 


Eazefanza, CATIE, Turrialba,Costa Rica 


Two pests groups that attack cassava in Central 

Ameica are the shoot flies (Lonchaeidae) and fruit 

flies (Tephritidae). Several species of Lonchaeidae 
cassava buds, causing abnormalattack and kill 

ramification. Taxonomically, the adults are not 
more effort must be expendedwell known, and 

before the species (arbitrarily referred to as Silba 
this paper can be definitelysp.) considered in 

named. In fact, there may be a complex of species 

as we have received diffetent ideninvolved 
tifications of adults reared in the laboratory from 

buds grown atlarvae extracted from cassava 
Turrialba, Costa Rica. Information on Silba 

pendula, a lonchaeid similar to the one discussed 

herein, has been summarized recently by Bellotti 

and Schoonhoven (1). Eggs are oviposited primari

ly in terminal buds. Larvae bore into the shoot
 

tissue, emerge after about 20 days and pupate in the
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soiL Adults emf;rg about 26 days later. applied at the same rate as a localized apical bud 
Anastrepha manihoti Costa Lima bores in'fruits and upper shoot (10 to 20 cm) spray for 12, 16 and 
and stems and niy be implicated in bacterial stem 24 weeks. No sprays were applied during the last six 
rot sometimes a,sociated with shoot fly attack. months of the crop cycle. 

This paper presents information on the effect of Total number of attacks by each pest on all 
controlling th,se two insects for different periods plants per plot were recorded 7, 12 and 17 weeks 
of time during plant development, after treatment initiation. Attack data was not 

recorded at later dates due to foliage density. Plant 
Maiterial and methods height was recorded 12, 17 and 27 weeks after 

treatment initiation and at harvest. The two center 
Cassava var. Valencia was planted during the rows in each plot (20 plantsj were harvested 12 

last week of January 1976 in a randomized block months after planting and the following data 
design with 4 replications of 40 plants (4 rows x 10 recorded: (total production minus roots too small 
plants), spaced fairly widely (I x 1.5 m) since beans for fresh market), primary branching height and 
were intercropped from February thrQugh April. total height. 
No fertilizer was applied and minimum 
maintenance was used to approximate small Results and discussion 
farmer practices. At.weekly intervals, the cassava 
plants were sprayed with .Diazinon EC (0.6 g Both pests were effectively controlled 
a.i./liter) as a full coverage spray to wet for 8, 12, 16 throughout the duration of each treatment. Figures 
and 24 consecutive weeks, beginning March 1,one 1, 2, 3and 4 give the cumulative number of attacks 
month after planting. The same product was also per lot (40 plants) for the designated number of 

weeks after treatment initiation. Infestation was 
Cumulative no. of attacks moderate but uniform, most plants having only 

one shoot fly attack (usually on the apical shoot) atTreated for 24 wk 

- Treated for 16 wk Cumulative no.of attacks.
 
Treated for 12 wk-

Treated for 8 wk - Treated for 24 wk
 

90 Check (no treatment) Treated for 16 wk
 
-- Treated for 12 wk
 

go- Check (no treatment)9 


70 

w - 7060- 601
 
6050 6D 

30- 40 

3030-

10 0" .,10 

109 11 12 13 14 15 16 17 07 89 01123 14 15 16 17 

Duration of treatment (weeks) Duration of treatment (weeks) 

Figure 1. Number of Silba op. attacks on cassava Figure 2. Number of Silba sp. attacks on cassava 
,reeelving complete foliar spray with Dazinon. Mean receiving localized bud and upper shoot spray with 
number of attacks per plot, 4 replications of 40 Diazinon. Mean number of attacks per plot, 4 
plants/plot. Weeks Indicate points in time after replications of 40 plants/plot. Weeks.indlcate points In 
treatment Initiation when data were taken. time after treatment Initiation when data were taken. 
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CumulatiVe no. of attacks 

- Treated for 24 wk 
- Treated for 16 wk 

-- Treated for 12 wk 
Treated for 8 wk 

90 Check (no treatment) 

8o00
 

70 

60 
/5o 

/40 
30 

,2020 
. " ,
10 

10 11-112 13 1415 16
/--i8 9 17 


Duration of treatment (weeks) 

Figure 3. Number of A. manihodt attacks on cassava 
spray with Diazinon. Meanreceiving complete follar 

number of attacks per plot, 4 replications of 40 

in afterindicate points timeplants/plot. Weeks 

treatment Initiation when data were taken. 


any period in time. Shoot fly attack was relatively 


consistent throughout the duration of the study 

and following cessation of toxicant application, 

increased proportionately to the check as apparent 

4 7. This would not be
in treatments 3, and 

apparent in treatments 2 and 6 until sometime after 

the 16th week or until 24 weeks for treatments I 

and 5. 

The analysis of variance gave highly significant 

differences between treatments 17 weeks after 

initiation of toxicant application. Treatments 1,2, 

5 and 6 as a group were not significantly different. 

Treatment 4 and the check were not significantly 

but did differ from the other groups.different 
Attack in treatment 3 was intermediate and 

different from the other groups. 

It could be predicted that treatment 1would be 

different from 2, and 5 different from 6 at a later 

time because 2 and 6 were sprayed for 16 weeks and 

I and 5 sprayed for 24 weeks and data recordin2., 

was terminated prior to the time that this difference 

would be.expressed. 

Cumulative no. of attacks 

Treated for 24 wk 
Treated for 16 wk 
Treated for 12 wk 

o-. Check (no treatment) 

70 
60 

50
 

40
30 

10 

12 13 14 516 7
910 11
0 7 8 


Duration of treatments (weeks) 

Figure 4. Number of A. maniholi attacks on cassava 

bud and upper shoot spray with
receiving localized 

Mean number of attacks per plot, 4
D.iazinon. 
replications of 40 plants/plot. Weeks Indicate points in 

taken.time after treatment when data were 

a similar pattern,A. manihoti attack followed 

but the number of simultaneous attacks per plant 

tended to increase with time. Spraying only the 

apical bud and upper stem controlled both pests as 

the entire plant. Undereffectively as spraying 

conditions of severe attack where control may be 

more appropriate to spray
necessary, itmay be 

only apical buds, thereby using less toxicant and 
on beneficalreducing detrimental effects 

organisms. 

was significantlyPrimary branching height 
to the duration of controlcorrelated (r = 0.78*) 

(Fig. 5)although total height at any time was not 
Total height in the checksignificantly affected. 


tended to be lower, probably because of earlier and
 

more 
continuous attack throughout the growing 

production and duration of insect control 

period. 

The correlation coefficient between total 
was 

highly significant (r= -0.90**) and inversely related 

(Fig. 6). Commercial production showed the same 

relationship (r= -0.92**). 
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Heiot (6) t/ha) 

.1.3 
S+ 

16 -
+ 

Total product 

YU 16.70- 0.18*X 
r =0.90 

+ 	 13 -%,,. 
331 

Y 0.9475 + 0.1 	 12 Commercial productY - 14.93 - 0.17*X 
0.78I I r =,0.920r9-0.78 I 

8 12 I6 200 	 1 16 0 24 

Duratipn of treatment (weeks) 	 Duration of treatment (weeks) 

Figure 5. Primary branching height of cassava related Figure 6. Cassava production related to duration of 
to duration of treatment with Diazinon. Based on 4 treatment with Diazlnon. Based on 4 r.plicatIoms of 40 
replications of 40 plants/plot. plants/plot. 

The variety Valcncia used in this study is foliage (based on the leaf area index for the ideal 
typically columnar and late branching, with 3 or 4 cassava plant) without any significant yield loss 
main branches. At Turrialba average branching whereas nonleafy varieties cannot. He showed that 
height of plants protected from attack by the shoot removing leaves of improved varieties reduced 
fly for 24 weeks was 137 cm. A moderate shoot fly yield whereas in leafy varieties it increased yield 
attack stimulated earlier branching and apparently substantially. He concluded that a lower leaf area 
created more foliar area for photosynthesis, index increased production and that excess foliage 
resulting in increased production. This may is related to heavy branching. 
conflict with results obtained at CIAT (2-3) but 
can, perhaps, be explained on the basis of attack In Costa Rica, insect attack increased branching,
incidence. If the attack had been more severe at foliage and production. This apparent contradic-
Turrialba, branches formed by the stimulation of tion can perhaps be explained on the basis of leaf 
attack would in turn.have been attacked, causing distribution relative to time. Branching stimulated 
Lrooming and stunting of the plants. This did not by insect attack increased total foliage distributed 
occur during the present study. The effect of shot over a wider crown area at an earlier age, thus 
fly attack observed was comparable with the providing more leaf area for photosynthesis during 
cultural practice of topping or pruning cassava to the earlier growth period. 
stop apical dominance and induce branching when 
the plants are 0.75 to I m high. This practice is 
common among small farmers in some areas of Acknowledgments 
Central America. 

Thanks are expressed to P.A. Blau for assistance 
Cock (4) has stated that leafy varieties can lose in conducting this study and to Dr. P. Ofioro for 

foliage continuously when they have "excess" statistical guidance and suggestions. 
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Grasshoppers (Zonocerus spp.) on 
cassava in Africa 

George A. Schadefers* 

Abstract 

A general review is presented on the life cycle, host range, economic losses on cassava, control of
 

Zonocerus varleglus and Z.elegans, as well as f"etors affecting their incidence inAfrica. The insects
 

cause defoliation and feed on young shoots. It seems that HCN content of leaves may be related to 

grasshopper incidence, but further research is required. No information is available concerning yield 

losses when the attack occurs at the later stages of plant growth. Apparently there are no biological 

control agents for Zonocerus variegat:ms, except some rodents and birds; studies on pathogens are 

recommended. Chemical control isrecommended for the early nymphal stages. Further investigation 

on varietal resistance is advised. 

Cassava (Manihot esculenta Crantz) and locusts 
have been intimately associated in Africa since the 
crop was introduced in the 16th century. Fact an 
legend reveal that cassava was valued as a locust-
resistant (nonhost) crop by the early inhabitants of 
Centrd Zaire and Zambia (14). Because of its 
resistance, as well as otner attributes, the British 
encouraged, and in sowe instances mandated, the 
production of cassava in Nigeria and British East 
Africa. Similar programs were promoted by the 
Frenchin West Africa. Following World War I,the 
Belgians tackled the problem of drought- and 
locust-induced famines in the Rwanda-Burundi 
'itaby ordering cach adult male to grow five acres 
of nonseasnal foodstuffs including cassava. It is 

thus evident that locust resistance played a major 

* Dept. of Entomology, New York State Agricultural 

Erperiment Station, Cornell University, Geneva, NY 
14456 

Previou3 

role in the establishment and spread of cassava in 

.Africa. 
In the foregoing instances, itisapparent that the 

locusts involved were the African migraury locust, 
Locusta mig'ratoria migratorioides R. and F. 
and/or the desert locust Schistocerca gregoria 
Forskal. Outbreak areas of the African migratory 
locust range from south of the Sahara to the 
Republic of South Africa, overlapping most of the 
cassava-growing areas of the continent. The desert 
locusts are found mostly north of the equator but 
still overlap much of the cassava-growing areas of 
Africa. The oligophagous Locusta feeds almost 
entirely on grasses and a few other monocots. 
Dicots are eaten only in the complete absence of 

hosts and then usually only in smll
other 

quantities. However, large numbers taking small 
cause severe damage onbites can occasionally 

hosts such as cassava (4,18). Asimilar relationship 
pertains to the more polyphagous desert locust. 

lalcmn1. 
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Although preferring cereals, it has been reported to 
feed occasionally on cassava (18,23,25). Resistance 
to these locust species, although functional during 
times of outbreaks, is of much less concern since 
the development of international locust control 
programs. 

Among the Acridoidea feeding on cassava in 
Africa, the variegated grasshoper, Zonocerus 
variegatus (L.) is without question the most 
important. This gregarious, somewhat migratory 
species also has a widespread distribution. in-
vestigations on its biology have been conducted in 
3hana, Camaroons, Ivory Coast, Nigeria, Sierra 
Leone and Gambia. It occurs from Senegal to 
south of the Gulf of Guinea in West Africa, ranging 
across Africa through southern Chad and Zaire to 
Kenya (7). The distribution of Z. variegatus largely 
parallels those regions most suited to the produc-
tion of cassava, except for the extreme east and 
areas further thah 50 south latitude. A closely 
related species and also a pest of cassava is the 
elegar t grasshopper, also referred to as the stinking 
grasshopper, Z. elegansThunb. This species occursinro heEa',th RpulicofSoth frca 
inthe Eaqt, from the Republic of South Africa 

north to Kenya. 

Biology and host plants 

The active life span of the variegated 
grasshopper is about 9 to 10 months (2). Eggs 
rimainin tbhsoilfrom4to6months, and ittakes 4 
to 5 months for development from nymph to 
sexually mature adults. They undergo a single 
generation per year, but in some areas there exist 
two distinct populations which are out ofphase. In 
Nigeria, the major dry season population emerges 
during October and November, while the lesser 
rainy season population emerges from la,' 
February to April. The literature indicates a wide 
variability in the time of hatching throughout its 
range. Undoubtedly this is due to variations in 
temperature, rainfall and possibly river e'fects. 

Zonocerus spp. are also polyphagous, but in 
contrast to the acridids mentioned previously, they 
do not feed on grasses. This is a general 
characteristic of the pergomorphids (6). Further-
more, they have adapted well to the' intkoduced 
cassava. Bernays et al. (3) studied the survival of 
the early instars of this species on 102 different host 
species. Only 11 of these permitted survival of 

better than 50 percent to the third instar. Of these 
hosts. all were herbaceous except Citrus and 
Manihot. They tested 30 host species for survival of 
the late instars; of these, 6 provided survival to 
adult, all of which were herbaceous except for 
Manihot. After a s-ies of feeding preference tests, 
.aufmann (15) concluded that cassava was 
perhaps the most preferred food plant for this 
spcie=s. It has been noted by several authors, 
however, that while all instars survive with 
optimum development when fed on cassava in the 
laboratory, only the later instars fed on cassava in 
the field (5). Host species of economic importance 
other than cassava include cocoa, cowpeas, yams, 
cotton; maize, bananas, citrus, coffee, tobacco and 
sorghum. 

Damage and economic losses 

Feeding damage is for the most part restricted to 
defoliation. This may be followedby feeding on the 

ung tender byoun tnebark and seed coats. Bernays et al. (3) 
concluded that cassava is badly damaged only late 
in the dry season when thcherbaceous hosts dry up. 

However, the devastating effect of Zonocerus on 
this host in Kumasi, Ghana during October before 
the start of the extreme dry season, has been 
reported (15). Te ry et al. (20) observed the nearly 
complete failure of certain varieties planted at the 
end of the rainy season in Nigeria. Damage was 
noticeably more severe on inmature plants while 
mature plants were better able to withstand the 
defoliation and had a succesful regrowth. Except 
in extremely high rainfall areas, cassava is usually 
planted at the beginning of tb tain. However, 
cuttings are generally planted whenever the parent 
plants are harves' A and in some areas they are 
planted during the dry season because of their 
drought tolerance. Furtherstudy irneeded on yield 
effects of grasshopper feeding on cassava, par
ticularly relative to time of planting and maturity 
of the plants. Qualitative effects may also result. It 
has been reported that natives in Ghana have found 
the roots of defoliated plants to be inedible due to 
excessive hardness (15). In addition to these direct 
effects of feeding on cassava, it has been found that 
the grashopper is capable of transmitting bacterial 
wilt (Terry, unpublished data). It does not appear, 
however, that this means of spread is of major 
importance. 
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Due to its polyphagous nature, this species can 
(2) but is 

cause "enormous economic losses" 

perhaps less important economically than other 

acridids (15). Extensive damage was experienced in 
it is apparentlyWestern State, Nigeria, where 

increasing in abundance perhaps due to an increase 

in.Fupatorium,a preferred alterr,ate host (22). No 
on the effects ofbeen conductedstudies have 

feeding on yield, nor are themc any estimates of loss 

available. 

Control 

Mechanli'l 

When the wide range ofeconomic plants and 

damage caused by Zonocers spp. are
extensive 
considered, surprisingly little information concern-

ing their control has been published. As with 

many other pest species, early attempts involved 
mechanical removal,

various methods of 
was able to produce a noticeableHargreaves (9) 


effect on the population by digging up eggs from 


hopper breeding places. Most recommendations, 

however, involved collection of the adults prior to 

oviposition. This approach was modified by 


and
placing sticks among low-growing plants 

as they ascended them to
collecting the nymphs 

roost (8). 


Chemical 

Early use of chemicals involved the use of 

various inorganic insecticides as foliar sprays, 

ground sprays or as baits (26). Takifig advantage of 
of this grasshopper.the gregarious nature 

Hargreaves (8) used Aegeratum as a trap plant and 

treated it with Paris green bait. Mallamaire (17) 
use of BHCreported the apparently successful 
In1967 an.against the bands of nymphs in 1948. 

official campaign for its control was initiated in 

Mozambique (1). In that instance, over 35,000 foci 

of spread were treated in the Inhambane District 

with a 6% BHC dust. The success of the program is 

not reported, but the practicality of such an 
is notapproach throughout' most of Africa 

if modern organic insecticidesencouraging even 
were readily available and free of their en-

problems. However, the gregariousvironmental 
natuee of this insect does facilitate focal treatment, 

particularly of the nymphs; and further investiga

tion in this area seems warranted, at least in the 

more developed agricultural regions. Preliminary 

studies have been conducted by the Centre for 

Overseas Pest Research, London. 

Biological 

naturalZonocerus is particularly free from 


enemies (8). One small rodent, birds and chickens
 
to feed on this grasshopper
have been reported 


(26); however, Hargreaves (8) concluded that
 

not eat it. Taylor (19) found 3
 
poultry would 
percent of the adults sampled to be infested with 

the dipterous parasite Blaesoxiphaflipjevi Rohd. 

Although the parasite restricted ovarian develop

ment of the female host, he considered it to be of 

negligible importance because of its low incidctice. 

also reared only small numbers of this
Toye (21) 

species and an unidentified mermithid from adult
 

hoppers. Dipterous parasites have also been
 

reported from South Africa, and Hargreaves (10)
 

found 30 percent of a grasshopper sample infested 
pathogens:in Sierra Leone. Among the Coc

cobacillusacridiorumd'Herelle, although fatal to 
hoppprs in laboratory tests, was ineffective in field 

in Tanzania and Hendrickxtests (16). Harris (11) 
in Zaire found adults killed with the fungus(13) 

Empusa grylli; nevertheless, the latter author felt 

that there was little prospect of its being of value as 

a means of biological control. To date, it is 

no single agent is capable of 
apparent that 
suppressing Zonocerus pop',lations adequately. 

Further study on the relationship with Blaesoxipha 

is indicated, however. 

Resistance 

Varietal resistance ofcassava to this grasshopper 

species has not been investigated thoroughly. 

However, it has been observed for some time that 
to select out individualthe grasshoppers tend 

plants in a field or apparently certain cultivats in a 

mixed planting. Whether this is due to the precise 
to the direction oflocation of the plant relative 

migration, true prefertnce, or differences in plant 

height, as suggested by Kaufmann (15), is not clear. 

Terry et al. (20) studied population levels and 
on three cassava cultivars in afeeding damage 

at in Nigeria. Thesereplicated planting ITA 
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included cultivars 60444 and 53101 and the variety 
lsunikankiyan. As previously discussed, the early 
instars fed on low-growing leguminous plants and 
only the later instars caused damage to the cassava. 
When the nymphs moved into the planting, they 
noticeably selected out 60444 and persisted on the 
replicates of this cultivar, even consuming the bark. 
The second cultivar defoliated was Isunikankiyan, 
leaving only 53101. Ultimately, nearly all plants 
were completely defoliated while in an identical 
planting, out of the line of march, virtually no 
damage was observed. When the adult 
grasshoppers finally left the planting, 60444 and 
Isunikankiyan were almost completely destroyed 
while over 60 percent of 53101, although bushy 
after regrowth, survived. The utility of the 
nonpreference observed for certain varieties 
remains to be tested in no-choike (i.e., single 
variety) plantings. 

HCN content 
Henderschott et al. (12) repeated the generali-

zation that the absence of serious insect problems 
on cassava is thought to be associated with high 
HCN content. Continuing research on Zonocerus 
and other arthropod problems is more and more 
invalidating the "lack of seriousness thesis." The 
;ole of HCI in resistance becomes a matter of real 
concern, h. vever. Although breeding for 
acyanogenic clones would be of value in terms of 
reduced hazard for mammalian consumers, it 
could lead to an incr,- ise in susceptibility to certain 
insects (Chapman, Centre of Pest Research, 
personal communication). Conversely, it would be 
obviously ill-advised to select for insect resistance if 
HCN content were the mechanism involved, 

Jennings (Scottish Horticultural Reearch In-
stilute, personal communication) cond',cted some 
preliminary investigations on the relationships of 
Zonocerus and HCN content in various clones at 
IITA. He offered adult hoppers paired varieties in 
caged choice tests. Rating was based on the number 
of days required for defoliation. The results of this 
particular experiment indicated some evidence for 
an association between low grasshopper 
preferences and high HCN content. 

Bernays et al. (5) investigated the possible 
relationships between cyanogenic glucosides in 
cassava and Zonocerusresistance in greater detail. 
They concluded that it was unlikely that the 
glucosides themselves were distasteful to the 

grasshoppers. Their findings indicated that leaf 
damage, such as occurs during feeding, frees an 
enzyme that hydrolyzes the glucoside; release of 
HCN then results in feeding deterrence. They 
found that wited leaves, which were preferred over 
turgid ones, lost the capacity to produce detectable 
quantities of HCN rapidly. Moreover, it was noted 
that senescent leaves, whi.h were preferred over 
young leaves, produced little or no HCN. They 
further reported that feeding by fifth instar nymphs 
deprived of food for .48 hours was inversely 
correlated With total HCN content and hence with 
the rate of HCN production. When a direct jet of 
HCN was directed at the mouthparts of feeding 
insects, however, no deterrence resulted. They 
further suggested that perhaps HCN in solution 
with plant fluids and latex resulted in the 
production of hydrocyanic acid which was 
deterrent. Although the relationship remiains 
somewhat obscure, these workers feel that HCN 
production is implicated in the unpalatability of 
cassava. They noted, however, that a number of 
secondary plant substances, other than cyanogenic 
glucosides may well be involved. 

The question of whether HCN plays a role in 
resistance is an extremely critical one; and 
although evidence indicates a probable 
relationship, further study is indicated. For 
example, Umanah (24) reported that 53101, found 
to be the least preferred variety by Terry et al. (20), 
had a lower HCN content than did 60444, the most 
preferred variety. If the role of HCN is not verified, 
it woul4 then be of interest to determine other 
factor(s) accounting for the resistance noted. If the 
role is verified, it then becomes of importance to 
determine whether some intermediate level of
HCN might be adequate to provide the resistancc 
desired. If acyanogenic' varieties are highly desired 
andjustified, then alternate resistance mechanisms 
should be sought. Finally, HCN content varies 
markedly with growing conditions (i.e., soil, 
moisture, temperature, potassium, nitrogen 
sources, etc.), as well as plant maturity. Any 
manipulation of these factors in crop management 
might ultimately influence the crops susceptibility 
to Zonocerus and other pests. 

Cultural practices 

Among the considerations for cultural control, it 
is well established that mature plants suffer much 
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information is crucial in the estimation of crop 

less severe damage as result of hopper attack than 
of re- losses by this insWcL 

do young, undeveloped plants. As a means 

ducing losses, therefore, it would appear advisable 
2. Seasonal factors. More definitive information is 

betweento continue the practice of planting the crop in such 	
required concerniijg the relationships 

a manner as to assure that a fair percentage is in a 	 relative to
and other abiotic factorsrainfall 

or nearly mature stage of growth at the time 
matutn population peaks. 
of population peaks. No i-formation is avaidable 

on the migratoryconcerning the effect of mixed p.antings and the 
3. Behavior. Investigations 

role of various weed species or mulches oa hopper 
behavior, aggregation, including possible 

movement. Broad erological studies are needed to 
as "locustol," and selection of 

of these and other pheto-nones such 
understand the importance oviposition sites are inadequate. 
factors in the reduclion of Zonocerus damage to 


cassava. It is not unreasonable to assume that this Findings on biological

of 4. Biological control. 


grasshopper has been under varying degrees 
control agents for Zonocerus have, for the most
 

centuries of "back-
cultural control for several 

part, been fortuitous. Basic studies are needed on
 

door" cultivation. Of concern here is what wt can 
pathology, as well as the overall effects of known
 

expect when larger plantings of improved varieties, 
and unknown parasites on population suppression.
 

and pesticidesherbicidesutilizing fertilizers, 	 In this respect, particular omphasis might be placed 

become a traditional agronomic practice in Africa. 	
on the sarcophagids. 

Recommendations for future research	 
5. Chemical control. In certain situations it may.be 

practical to utilize pesticides to treat aggregations 
as well as personal 	 before damage occurs.

of the literature, 	 instar nymphsReview of 	early 
experience, has revealed a fair amount of iesearch 

Suitable insecticides should be investigated. Inthis 

and understanding of Zonocerus species in Africa. 
regard, it may be possible to utilize aggregation 

In 1pite of tile ravages of this species, not only on 

caseava which isa staple crop for millions of people 	 pheromones to draw insects to trap plants or othcr 

devices. 
but also on many other agronomic crops as well, 

relatively little is known about it, particularly when 
6. Host plant resistance. The necessity of research 

compared to the Fmount of research devoted to the 
on cassava resistance to Zonoceruv is of highcst 

migratory African locusts. There is a great deal to 
priority because of the rapid advances currently 

protectionadequate crop 	 urgency ofbe learned before 	 made with this crop Thebeing 
programs can be developed. Anumber of resew rch 

determining the mode of resistance, particulaly 

activities may be suggested. the possible role of HCN, cannot be overemphL-

A number of additional multidisciplinarysized but1. Assessment of crop losses. Although it is known 	
could be recommended,research programs 

that total destruction may result from attacks on 
those discussed would provide a basis for progress

is no reliable information 	 of an at least intermediateyoung plantings, 	 in the development
the effects on yield and

concerningavailable 	 cassava protection program. 
hen mature plantings are attacked. Such 

quality 
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Biology, ecology and biokogical control of 
the cassava hornworm (Erinnyis ello) 

Anthony Bellotti 
Bernardo Arias 

Abstract 

The hornworm, one of the most important pests ofcassava in the Americas, can defoliate plantations 

rapidly. More than 90 larvae/ plant have been observed in Colombia. When populations reach this 

magnitude, they can consume up to 100% of the foliage; they also attack tender stem parts and lateral 

buds. killingyoung plants. Yield losses after asingle attack can reach 20%; starch content can also be 

reduced. The 5 larval instars are described as well as the ecological factors that influence population 

fluctuations. Biological control is preferable to chemical control because pesticide application is 

costly and affects the equilibrium between parasites and pests. CIAT is cc iducting a biological 

control program to evaluate parasitism of eggs by Trichogramma minutum and Tdenomus 

dilophonotae, parasitism of larvae by Apanteles congregatusand A. americanus, larval predation by 
by Bacillus 

Pollstes canadiensisand P. erythocephalus, ar. a bacterial disease of larvae caused 

thuringineis.Data related to these experiments are presented in tables. 

are the principal hosts of E. 
The cassava hornworm Erinnyisello is generally 	 Cassava and rubber 

ello, which appears to be confined mainly to the 
considered to be one of the most important pests of 

its ability to defoliate Euphorbiaceae (15). 
cassava in the Americas; 

has seriouscassava plantation rapidly caused 
pest is not Yield reductions in cassava of 10 to 50 percent 

alarm among cassava growers. This 
have been estimated (13), depending upon plant 

found in Asia or Africa. The hornworm has been 

Sphirx ello, Dilophonota age and intensity of attack; a decrease in starch 
previously recorded as 

a less content has also been suggested (9). Yield losses in 
ello (2, 10) and Anceryx ello (1).E. alope, 

farmers fields in Coionbia have been measured at 
important species, has been reported from Brazil. 

single attack. Undoubtedly20 percent after a 
greater yield

and- research assistant, reipectively, repeated attacks would cause 
• Entomologist 

reductions.Cassava Program, CIAT, Cali, Colombia 
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Type of dam caused feeding. Larvae prefer feeding on the upper leaves. 
All instars shov.color polymorphism, but it is more 

The cassava homworm is a voracious foliagt common during the third instar. Larval colors 
consmer. Hornworm outbreaks with populations including green, greenish-blue, greenish-gray, tan, 

of more than 90 lazvae per plant have been bluish-gray, brown red, black and yellow have been 

observed miColombia(6). When populations reach reported (15). 
this manitude, 100 percent of the foliage is 
consumed and larvae will also feed on the tender The fifth instar larvae may reach 10 to 12 cm in 
parts of the stem, often consuming the upper 20 to length; they migrate to the soil where they form 
30 cm of stem tissue. Lateral buds may also be chestnut brown, black-lined pupae under plant 
consumed and young plants may be killed. debris. Larvae may crawl considerable distances 
Damage simulation studies indicate that prior to pupation, which lasts 2 to 4 weeks. Pupal 

defoliation of young plants (2-5 months) reduces diapause of several months has been reported (14) 
yields more than that of older plants (6-10 months). 
Laboratory and screenhouse studies at CIAT (3) Population fluctuations of the hornworm are 
show that alarva can consume 1107cm 2of leaf area reported as occurring during different months of 

during its life cycle, 75 percent of which is the year, depending upon locality. It is possible that 

consumed during the last (5th) instar. High larval these fluctuations are triggered by climatic or 
mortality results when larvae are restricted to the seasonal change, as well as being cyclic. In 

basal leaves only, and no larva reaches the pupal Colombia hornworm outbreaks generally occur at 

stage. There is no indication that high or low the onset of either rainy or dry periods, but attacks 

cyanide content influences larval development are sporadic and the insect can be virtually absent 
greatly. (4). Some cassava varieties can tolerate for several years. In Brazil they are found all year 

high larval popvl-tions since under favorable but are most abundant from January to March; 
environmental ,conditions there can be up to 80 several generations may occur. 
percent defoliation with no reduction in root yield 
(4) Control 

A biological control program that utilizes 
several of the natural enemies of the cassava 

Biology and ecology hornworm appears to be the niust effective method 
of controlling the pest economically. Several 

The generally gray nocturnal adulimoth has five insecticides will reduce hornworm populations, 
to six black bands across the abdomen, with gray trichlorphon (Dipterex) being especially effective. 
forewings and reddish hind wings. The male However, chemical control should be avoided as 
forewing is a darker gray and browr, with a black pesticide applications are costly for a long-season 
band from the base to the apex and is smaller than crop and also affect the equilibrium between 
the female. Females live 5 to 7 days ;n the males; parasites and pests (5, 10). 
new days less. Winder and Abreu (16) found that 
the nocturnal flight periodicity for both sexes was Many cassava growers do not notice a 
bimodal, for females from 2300 to 2400 hours and hornworm attack until considerable foliage has 
0200 to 0300 hours and for males from 2400 to 0100 been consumed and most of the larvae are in the 4th 
hours and from 0200 to 0300 hours. Oviposition and 5th instar. Pesticide application is not 'as 
occurs 2 to 3 days after emergence, usually on the effective against these instars as it is against the 
leaf uppersurface but also on the petiole, stems and earlier ones. It has been observed that pesticide 
leaf undersurface (10). A female may deposit from application will often induce 5th instar larvae into 
30 to 50 eggs which hatch in 3 to 7 days (6,8). pupation. In addition insecticides also reduce 

natural enemies. Egg parasitism by Trichogramma 
There are five larval instars with a total duration sp. has been lessened in fields where insecticides 

of 12 to 15 days (may be slightly longer in some have been applied (5). Hornworm outbreaks in 
areas). The first instar larvae consume the egg shell certain cassava-growing areas of Colombia have 
before moving to the leaf undersurface to begin increased in recent years. In these areas there has 
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bain anincrease incassava acreage, as well as in the 

u.: of insecticides, especially to control thrips and 

frait flies, 

Biological control 

that combinescontrol programA biological 
parasitism ef eggs and larvae,larval predation and 

Bacillus thuringiensis is being
the larval diseaw 

studied at CIAT. 


Egg parasitism 

hornworm egg para~itism by
Natural 

T.fasciatum (3) and
Trichogramma minutum (12), 

Telenomus dilophonotae (10) has been reported to 

be as high as 94 to 99 percent (13), An average of 23 

Trichogramma adults emerge per egg (4). 

at CIAT toconductedTwo experiments were 
of liberatingeffectivenessevaluate the 

parasitizein cassava fields toTrichogramma 
hornworm eggs. During a period of considerable 

oviposition, approximately 100,030hornworm 
were released into a one-hectareTrichogramma 

field. A nearby field where there was no release of 

parasities was used as a control. Egg parasitism was 

to release and periodicallymeasured prior 
showed 22.1 percent more

afterwards. Results 
the field where

parasitism after four days in 
in the firsthad been releasedTrichogramma 

experiment; in the second, there was a 23.2 percent 

increase during a similar period and a 32.6 percent 

increase after five days as compared to the field 

not been released.
 
where Trichogramma had 


(Table 1).
 

Larval parasitism 

and A. americanus are
Apanteles congregatus 

Theseimportant larval parasites in Colombia. 

braconid wasps oviposit in the hornworm larvac 

where the parasite larvae develop. Mature larvae 

migrate from the host and pupate on the outer skin, 

forming a white cottonlike mass. These cocoons 

cm wide by 4.1 cm long.
are approximately 3.8 

of 257will contain an average 

Apanteles pupae, about 80 percent of which will 

emerge (unpublished data). 

Each cocoon 

we have twice releasedIn studies at CIAT 
Apanteles adults into hornworm-infested fields to 

eggs parasitized Infelds where Trichograima sp. had been released as 
Table I. Percentage of cassava homwort 

compared to control (no TRlchogramma released). 
Difference in 

parasitism between 
% of eggs fields with

%of eggs Increase in 
Days parasitized Increase in 

parasitism liberated Trichogramma
parasitism parasitized in 

after by liberated (%) vs. control
control fields 

release* Mhchogramf**. 

ExperimePt no. 1 

0 
4 
7 


10 


Experiment no.2** 
-1 

2 

3 

4 

5 

-2

"52.648.3 22.12.755.324.873.1 4.914.761.319.667.9 0.443.195.742.791.0 

-45.030.8 7.416.061.023.454.2 20.428.873.849.280.0 23.222.067.045.276.0 32.6.29.374.361.992.7 

rate ofo.000/hal at adaI0 VrkhvOsmT t 
amv366 us'plphso Saopl of50 plsa/plmot; 

a/pIo*Sample ofISOpwIe

229 



Canavaprotection workshop 

evaluate larval parasitism. Eleven cocoons were Larval disease 
cocoons were 

cci -ted aff.r three weeks. At the same time 382 

unparasitized !arvae and 633 pupae were collected 

in the field, resulting in about a 35 percent 

parasitism of the larvae present. In the second trial 

7 cocoon: were released and 49 were collected 17 

days later. Nc count was made of larvae or pupae. 

released in the first trial and 408 

A drawback in the use of Apanteles as a 

hornworm larval parasite is the high percentage of 
hyperparasitism observed. Seven hyperparasites 
have been collected from Apanteles pupae at 
CIAT. A study of 112 Apanteles cocoons collected 
on three separate occasions resulted in an average 
of 56 percent hypeiparasitism (Tabie 2). An 
additional difficuity in the use of Apantetes tor 
parasitizing hornworm larvae has been our 
inability to mass rear the parasite in the laboratory. 

Larval predation 

The paper wasps PolistescanadiensisL. and P. 

erythocephalus appear to be the most effective 

liarval predators. Each wasp requires several larvae 

per day, for its own consumption as well as for its 

brood. Control is most effective when tentlikc 
protective shelters are provided forthe wasps in the 

center of cassava fields. A program using natural 

Trichogramma egg parasitism plus the Polistes 

wasp has been in operation at CIAT (50-60 ha 

cassava) since 1973, and there has been no major 

hornworm outbreak during this period. The 
Polistes wasp has been introduced onto several 

farms in a cassava-growing region of Colombia, 
and biweekly evaluations are being made of 

hornworm oviposition, egg parasitism, larval and 
wasp populations. 

The adult hornworm moth is capable of lengthy 

flight, and large populations of adults may migrate 

into an area and oviposit numerous eggs, upsetting 

the equilibrium existing between biological control 

agents and the hornworm population. In addition, 

the somewhat cyclic occurrence of the hornworm 
often causes populations to increase rapidly and 

dramatically, also upsetting the equilibrium. 

Racillus thuringler7', a commercially available 
bacterial disease of many lepidopterous larvae, was 
studied at CIAT for cassava hornworm control. In 
a cassava field with heavy hornworm attack, 50 
plants/plot were sprayed with a suspension of B. 
thuringiensis;the larval population was measured 
before application and three days afterwards. 
Results showed that the larval population was 
reduced by 68 percent (Table 3). B. thuringiensis 

was more effective against the first three larval 

instars than the fourth and fifth 

In asecond experiment, one halfof a 5-hectare field 

was sprayed with B. thuringiensisand 50 plants 

were sampled at random before application and at 

three and six days aft.rwards. The larval 

population in the treated field was reduced from 

more than six larvae per plant to one, whereas in 

the untreated field the larval population increased 
to more than 13 larvae per plant (Table 4). 

A third experiment was designed to test the 

effectiveness of B. thuringiensisin controlling each 

hornworm instar under field conditions. 
Applications were made when there were high 

populations of the desired instar. Results indicated 

that B. thuringiensis is effective against the first 

four instars (the 5th was not tested) but most 
effective against the first (Fig. 1). 

Table 2. Percentage of hyperparasites emerging from Apanteles sp. pupa parasitizng cassava hornworm larvae 

Sample Date of No. of Apanteles Hyper- % %Hyper
ne'. collection- cocoons emerged parasites Apanteles parasites 

I Aug. 1977 14 1034 1777 37 63
 

2 Sept. 1977 49 5543 2482 69 31
 

3 Oct. 1977 49 1190 5506 17.8 82.2
 

Totals 112 7767 9765 
 44 56 
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Table 3. Number of casava hormworm larvae fre With thurengeensis 
and three days after application of Bacillus 
thuringiensis on twomonth-old cassava plants 
(var. Chlroza pllina). 

No. larvae/instar 

Developmental 
stage 

Before 
application 

3days after 
application 

First Instar 1,520 114 
Second Instar 4,449 982 
Third Instar 3,375 1,207 
Fourth Instar 1,192 850 
Fifth Instar 320 298 
Total 10,856 3,451 

* Eisht plots of 50 plats wth center 15plants o(cach plot umpkd (toa of 

120 plans ampled) 

Additional studies have shown that applications 
of A thuringiensys will not affect Trichogramma 
egg parasitism adversely (6). Laboratory studies 
were conducted to measure the foliage consumed 
after leaves had been sprayed with B.thuringieitsis, 
as compared to consumption of untreated leaves. 
Results showed that larvae can survive for I to 4 
days after they begin to consume treated foliage; 
however, the leaf tissue that they are able to 
consume is reduced by 86%for the 3rd instar, 93% 
for the 4th instar and 98% for the 5th instar larvae 
(6). 

=Without A thuringiensls(Sample of 80 plants) 

2294 

80 

60 

20 
[ 

I II III IV 

Figure 1.Effect of applications of Bacillus thuringien
sis on hornworm population when in the 1st, 2nd, 3rd and 
4th larval instars under field conditions. 

Conclusions 

A biological control program for the cassava 
hornworm appears to be a feasible control method. 
Several biological control agents were studied and 
found to be effective in reducing hornworm 
populations. These include the Trichogramma egg 
parasite, the Apanteles larvae parasite, the Polistes 
larval predator and B. thuringiensis, a larval 
disease. 

population three and six days after application.Table 4. Effects of Bacillus thuringiensis on a cassava hornworn 

No. of larvae* 
Instar 

Days 
Total Larvae/after 

III IV VI larvae plantapplication I Ii 

312 6.24With 0 159 97 56 
204 4.08B.thuringensis 3 84 80 39 1 

6 7 19 21 3 4 54 1.08 

- 534 10.68Without 0 311 160 63 

100 1 0 529 10.58B. thuringlensits 3 141 287 
127 254 227 51 20 679 13.586 

BDand on a S-put random ample 
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There are several other natural enemies of the grandis and a carabid Calosoma retosuin (7, 9). 

hornworm that could be employed effectivelv in a Numerous other predators and parasites have been 
attacking E ello (15). Larvalbiological control program but that need to be recorded as 

studied in more detail. A viral disease of the parasitism by several tachinid flies is also reported 

honiworm has been identified, but no studies have (1I, 16) and occasional tachinid parasitism has also 

been carried out. Larval predators that have also been observed at CIAT. Studies with these 

been identified are a pentatomid Alceorrhynchus parasites should be initiated. 
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Miscellaneous pests of cassava 

Anthony Bellotti 
Aart van Schoonhoven* 

Abstract 

A description is given of several pests that may on occasion cause serious damage to cassava. Aspects 

dealt with include their biology and ecology, type of damage and control methods. Insects attacking 

planting material on young plants during the establishmint phase include white grubs (Phyllophaga 

sp., Leucopholis rosida), cutworms (Prodenia litura P. cridanla,Agrotis ipsilon) and termites 

(Coptotermes spp.). Pests attacking foliage include leaf-cutter ants (Aria spp., Acromyrmex spp.), 

gall midges (Jatrophoblabrasilensis)and lace bugs (Vailga manihotae).Among insects attacking 

stems and branches are the stemborers (Coelosternus spp., Lagochirus sp.). 

for pests of cassava isThe term "miscellaneous" 
perhaps misleading. In this paper it has been used 

to refer to pests that cause little or no economic 

damage to cassava, to those about which there is 
or to others thatlittle scientific information; 

appear to be of secondary importance at present 

but that may become more important in the future 

a, traditional cassava cultivation practices change. 

leaf-
High populations of general. feeders (i.e., 

cutter ants, white grubs, cutworms and termites) 

can causs serious damage to cassava. During a 

recent armyworm attack in Malaysia, plants were 

and girdled, causing an estimated 25defoliated 
percent yield reduction i, a 3000-acre plantation. 

and Bean programs,* 	 Entomologists, Cassava 

respectively, CIAT, Cali, Colombia. 


Pests attacking foliage include gall midges and 

lace bugs; stemborers attack stems and branches. 
to be of minor importanceOther pests considered 

discussed herein include leafhoppers,and not 
several leaf beeti'!s, armyworms, certain species of 

iitsc pests were reviewed bymites and crickets. 

Bellotti and Schoonhoven (2).
 

material orInsects attacking planting 
seedlings 

'.'-bs, cutworms hand termites attack planting 

or damage plants during the importantmaterial 
All can cause seriousestablishment phase (26). 


losses in germination.
 

Grubs 

are pests in nearly all cassava-growingGrubs 
regions and are reported as a serious problem in 
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Indonesia (22) Several species are mentioned in experiments have not proven successful; the major
the literature (15, 34) but Leucopholis rorida drawback appears to be the method ofapplication. 
(Indonesia) and Phyllophaga sp (Colombia) 
appear to be the most important. The adult stage of Successful coiftrol of the grubs was obtained 
the grub is a beetle, usually of the family with aldrin and carbofuran as a dust or in granular
Scarabaeidae or Cerambycilac. form, applied in the soil below the cutting. 

Damage 	 Germination with an application of aldrin was 80% 
and with carbofuran, 73% whereas only 4.4%.Grubs feed on the roots of young plants, 	 germination of cuttings was obtained in theG ru sn h e oot of y o ng l a n scausingf ed 	 control. 

considerable damage. Damage to planting material 
is characterized by the destruction of the bark and 
buds of recently planted cuttings and the presence Cutworms 
of tunnels in the woody part. Affected cuttings may 
rot and die, and severely attacked fields have to be Cutworms are a universal pest, attacking many
replanted. Larvae will also feed on the bark of the crops. Attacks on cassava have been reported from 
lower stem just below the joil, roots and swollen the Americas (14,16) and Madagascar (18). The 
roots (1). When young plants (1-2 months old) are three species reported are Prodenia litura, P. 
attacked, they suddenly wilt and die. In studies eridaniaand Agrotis ipsilon.

with Phyllophaga sp at CIAT,germination was
 
reduced by 95% in experimental plots. Losses of
 
70% have been reported from Madagascar (17) Damage
 

Biology and ecology Cutworm damage to cassava can be grouped 
The biology of L rorida has been described by into three categories: (a) Surface cutworms, such as
Thlogy of bn 	 A. ipsilonand P.litura,chew off plants just above,Adulorahs beactiven dfesrib 

Dulong (17). Adults become active after initiation 

of the rains and begin oviposition about 9 days at, or a short distance below the soil surface, 
after mating, laying up to 37 white eggs singly, 50- leaving the plant lying on the gr6und. (b) The 
70 cm deep in the soil. Larvae hatch in about 3 climbing cutworms ascend the stem, feeding on 
weeks. The larval stage lasts about 10 months, with buds and foliage. They may also girdle the stem,
the 4- o 6-month-old larvae being the most causing the upper part of the plant to wilt and die.
destructive. Pupation at a depth oftakes place Larvae of thesouthern armyworm P.eridaniahave
about 50 cm, the prepupal stage is about 10 days been observed causing this type of damage to
and the pupal stage, 24 days. cassava. (c) The subterranean cutworms remain in 

the soil where they feed on the roots and 
Observations of Phyllophaga sp. in Colombia underground parts of the stem, resulting in the loss 
indicate a one-year cycle, with heaviest damage of planting material. The bark and buds of recently 

occurring at the onset of the rainy season. Attacks planted cuttings may be completely stripped 
are often more severe if cassava is planted in lapds causing a loss in germination. We have obsLrved A. 
previously used for pasture or in weedy abandoned ipsilon causing this type of damage at CIAT and 
fields. High poptilations can often be detected at nearby farms, where there have been losses as high 
the time of land preparation, as 50%, making it necessary to replant. 

Control In experiments at CIAT,cutworm damage was 
simulated by removing shoots of recently planted

Experiments at CIAT for control of grubs has cuttings. It was found that plants could recover 
centered around chemical soil applications and from this type of damage so there was little or no 
biological control. A muscardihe fungus yield The most severe dueloss. 	 damage to 
Metarhizium anisopiaeis pathogenic to the grub, cutworms appears to be stem girdling, which can 
and experiments that this may be cause plant mortality and damage toindicate an cuttings,
effective control method. Nevertheless, field resulting in a loss in germination. 
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cassava in the Americas, especially in Brazil 
Control 

and Guyana (4). There have been reports(9,11,29)
Cutworm attacks are sporadic but often occur 

of Atta spp. attacking cassava in Africa; however, 
follows maize or sorghum or is

when-~assava there is some doubt as to the presence of these ants 
jaft to these crops. Longer cuttingsplanted a thtre (Brown, personal communication). 

(30 cm) will allow plants to recover from surface 

cutworm attack. Underground cutworms can be Damage 
controlled with aldrin or carbofuran around the 

cuttings; it is, however, difficult to anticipate 
cutwrmnd ttaks isnotnotd util Ant outbreaks frequently occur during the dryamag season in Colcmbia when normal food sources arecutworin attacks and damage isnot notedattacksuntil is one of the few crops withcuttings fail to germinate. Aboveground limited since cassava 

can be controlled effectively with poison baits (10 Plants-can be totallyconsiderable foliage.
kg of bran or sawdust, 8-10 liters of water, 500 gof 

when large numbers of worker ans sdefoliatedsugaroIe m s, amove into a crop. A semicircular cut ismade in thefgor 5 hfa 
leaf, and juring se-.ere attacks the buds may also be 
removed. These parts are carried off to theTermites 


and chewed into a paste, on
undei ound nest 
Termites attack cassava mainly in the tropical 

which, ie fungus Rhozites gongyophorais grown
We alsolowlands, primarily in"Africa. have 

rhe ant nest is ofter readily visible by the(3-4).
observed them causing damage in the Americas 

piles of sand around the entrance hole. Attacks 
and Asia. Copotermesvolikowi and C. paradoxis 

frequently occur during the early months of the 
have been identified from Madagascar (18) and 

crop, but yield losses are not known. 
Ol-ontofermes obesus in India. 


Control
Damage 

Termites will feed on propagating material, Chlorinated hydrocarbons around the nest (11) 

swollen root7s or growing plants. Principal damage or granular Mirex baits applied along the ant trails 
give effective control (33). Varietal differences toappeirs to be loss of propagating material. They 

attack cassava stems in storage, as well as cuttings ant attack have also been mentioned (29).
 

after they have been planted, severely affecting
 

plant establishment. Experiments on the North Gall midges
 
Coast of Colombia resulted in a 46% loss cf stored 

due to termite attack. Stems Several species of gall midges (Cecidomyiidae)cassava stems are 
stored during dry periods for planting at the have been reported on cassava in the Americas (21, 

32); Jatrophobiabrasiliensisappears to be the mostinitiation of the rainy ,ason. Termite attacks will 
occur to stored material during the dry period and widespread (5-7). 
into the rainy season after planting. We have also 

observed swollen root damage and subsequent root Damage 

rot caused by termite attack, primarily during dry 
mostAlthough gall midges are one of the 

periods. 
frequent pests found in cassava plantations, they 

are considered of little economic importance and 
Gntrol 

control is usually not required. Reports from Peru 

and Mexico indicate that 6-to 7-month-old plantsorTreatment of stems with aldrin, chlordane 
cm 

carbaryl prior to storage was effecive in preventing were totally deformed, measuring only 20-30 
high as a result of gall midge attack. Asevere attack 

termite attack. 
causes yellowing of leaves, retarding plant growth; 

roots may become thin and fibrous.Pests attacking foliage 

Biology and ecologyLeaf-cutter ants 

the upper surface are yellowishonSeveral species of leaf-ctttter ants (Attaspp. and Leaf galls 
green to red, narrower at the base and often curved.

Acromyrmex spp.) have been reported feeding on 
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Galls are easily noticeable as they contrast against 
the green leaf surface. Eggs are laid Midually by 
the fragile adults, 4 to 5 per 1(.1 on the leaf 
undersurface. The emerging larvae cause abnormal 
cell growth and a gall is formed during the first 
larval instar. The second and third instars are also 
passed there. The larval duration is from 15 to 21 
days and there is only one larva per gall. (21). 
Pupation. which occurs in the gall, is from 10-15 
days. Prior to pupation, the larva enlarges the exit 
hole, through which the adult emerges. 

Control 

Varietal resistance to gall midges has been 
reported (36). Several larval parasites have been 
observed (6,30). The collection and Olestruction of 
affected leaves at regular intervals has been 
recommended to reduce pest populations. 

Lace bugs 

Lace bugs (Vatiga manihotae) damage is 
reported from Brazil (35), Colombia (9) and 
several other countries in the Americas (37). There 
are no reports of lace bugs from Africa nor Asia. 

Damage 

Yield losses due to lace bugs are nct known but 
high populations can cause cor.iderable damage to 
foliage. Leaves develop yellow spots that 
eventually turn reddish brown, resembling mite 
damage. Populations and damage have been 
increas'ng on the CIAT farm in recent years. There 
has been defoliation'of lower leaves, but seldom 
has the whole plant been affected. Lace bugs are 
often observed as part of an insect complex 
involving mites, thrips and other pests attacking 
the plant. Alternate hosts have not been identified. 

Biology and ecology 

Lace bugs occur in high populations during the 
dry season and may attack the plant during any 
part of its growth cycle; however, populations at 
CIAT were highest during the first three months of 
plant growth (14). The gray adults, about 3 mm 
long, are generally found on the undersurface of 
the upper leaves. The whitish nymphs are smaller 
and prefer feeding on the central part of the plant 
(12); Laboratory studies at CIAT show five 

nymphal instars of 2.9, 2.6, 2.9, 3.3 and 4.8 days, 
respectively (totaling 16.5 days). Females deposit 
an average of 61 eggs; the egg stage is about 8days. 
Adult longevity averages about 50 days. 

Control 

No control methods have been developed, but a 
germplasm screening program for varietal 
resistance has been initiated. It is suspected that 
this pest .may become more important 
economically as new, efficent, high-yielding 
varieties are grown. 

Stemborers 

Numerovs insect species have been reported 
feeding on and damaging stems and branches of 
cassava plants (2). They are mainly found in the 
Americas, especially Brazil (28) but have also been 
reported from Africa (23) and Asia (34). The most 
important stemborers belong to the orders 
Coleoptera and Lepidoptera. They appear to be 
highly host specific and few are reported to feed on 
alternate hosts. Approximately 17 species have 
been identified as successfully feeding on cassava; 
others reported attacking cassava appear to be only 
occasional feeders. Two species, Megasoma 
elephas and Syllepta gordialis have been observed 
feeding on swollen roots inVenezuela (20; Bellotti, 
personal observation). Seven species of 
Coelosternus are reported attacking cassava in the 
Americas (8-11, 19, 25, 27) and Coelosternus 
manihoti is reported as a pest in Africa (8). Only 
Lagochirus sp. is reportea from Indonesia (34), and 
several lepidopteran and coleopteran stemborers 
are reported from Africa (24). Dissemination of 
stemborers was probably through infested planting 
material. 

Damage 

Larvae of the Coelosternus weevils and the 
Lagochirus long-horned beetles cause similar 
damage by penetrating the cassava stem and 
tunneling into the center or pith region. This 
weakens the plant, and stems and branches may 
eventually dry and break. Larvae of C. sulcolutus 
hav "een observed feeding on underground parts 
of the stem, but they have never been found 
attacking roots. Stemborers are -suspected of 
reducing root production, but there is no sound 
data confirming this. We have observed stemborer
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that 	had rotted andinfested planting material 
failed to germinate. Frass and exudate from stem 

wood, ejected from burrows by feeding larvae, can 

be found on infested branches or on the ground 

below the pi.:";. Adults may feed on the tips of 

young shootn ur stems, which may retard growth 

(28). 

Biology and ecology 

remale Coelosternus may oviposit on various 

parts of the cassava, plant, but they prefer the 
is made by the.tender parts (i0) Oviposition 

near broken or cut ends of branches orproboscis 
beneath the bark in bavities. Adults of Lagochirus 

beetles also oviposit in stems and branches, and 

eggs hatch in 5 to 6 days. The full-grown larvae of 
in 5ize, aepending upon theCoelosternus vary 

species, but can range irwa 9 mm (C. tarpides)to 

16 mm (C. aliterans) in length. Most larvae are 

curved, with a yellowish white to pale brown body, 

a reddish brown head capsule, and black 
to several larvae inmandibles. There may be one 

each stem depending upon the species. The larval 
to 60 days. The larvalperiod ranges from 30 

development period for Lagochirus is about 2 

months and larvae measure up to 29 mm. They feed 

mainly at the base of the plant and many can be 

found in one plant. Pupation for both genera takes 

place in pupal chambers usually within the pith 

region of the stem and lasts about one month. 

Adult Coi 'osternusrange in length from .6 to 12 

mm, dependii.:, pon species ind are light to dark 
and 	may be almost completelybrown in col., 

covered w;i.,i yellowish scales. Adult Lagochirus 

are rapid nocturnal fliers, brown in color, about 17 

mm long, and feed on leaves and-bark. Both genera 

are activ-e throughout the year. 

Control 

Since adult stemborers are difficult to kill and 

larvae feed within the stems, pesticidal control is 
to Coelosternusspp. hasimpractical. Resistance 

been reported (31) Cultural practices that will 

reduce borer populations include removal and 

burning of infested plant parts (28) Only 

uninfested and undamaged cutting should be used 

for propagation. 
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Summary conclusions and recommendations 

Integrated pest control 3. 

1. 	 'It is most important in the long term to 
maintain a holistic approach toward 
protection of cassava from the impact, of 
the total array of pests; i.e., insects, 
diseases, nematodes, weeds, iodents, etc. 
This approach is tOe core philosophy of 
integrated pest control. 

2. 	 Integ ted pest control systems for cassava 
should place emphasis on combinations of 4. 
the three fundamental tactics of (a) host 
plant resistance,.(b) biological control and 
(c)cultural coutrols. The use of chemical 
pesti.ides and similar control measures 
should be resorted to only as asupplemen
tal zdjunct to the other three. It should be 5. 
nn,zed that this isnot nr- "ssarilythe case for 
weeds. The use of herbicides should be 
integrated with other control measures in 
the event they are required. 

Rapporteur: H.D. Thurston 

Moderators: F.D. Bennett 
L. Sequeira 
R.F. Smith 

H.D. Thurston 

Pest interactions. It is important to observe 
the weed/insect/crop and weed/ 
disease/crop interactions. Certain weeds 
may contribute to insect and disease 
problems, yet the possibility that beneficial 
interactions may also exist must not be 
overlooked. If such desirable relationships 
are observed, the methodology of main
taining noneconomic levels of the desired 
weed species should be worked out. 

Integrated pest control systems for cassava 
can best be developed if they are guided by 
an intimate physiological knowledge of the 
cassava plant and its respone to pests 
under varying environmental conditions. 

Continual communication among all 
workers concerned with improved cassava 
production and protection is vital for 
applying the holistic approach. Integrated 
pest control systems will not result from the 
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separate development of several com-	 tremendous capacity for recovering and 

ponents that are later fitted together and compeisating for damage. 
offered to the cassava producers as a 
complete package. Integrated pest control '2. Detailed studies should be made of the 

systems will come from procedures that nature and quantitative aspects of damage 

have a continual flow of communications 	 caused by the various cassava pests, in 
addition to an economic analysis of theirin both directions- from the labo. atory to 

experimental fields to the farmers,follow- impact on final yield. These studies should 
ed by effective feedback loops to guide and reveal the seasons when the damage occurs, 

r-, rient ongoing research. Because of the the significance of environmental con

critical -ole effective communication plays ditions and the physiological state of the 
plant on the damage/yield relationship, thein this development, it is recommended 

that regularly scheduled workshops, effect of agronomic practices on losses due 
similar to this one, be established on a to Weeds, and the expected frequency of 

triennial basis at different sites. incidence. Where appropriate, injury 
thresholds should be established to guide 
protection programs. 

6. 	 All concerned in the improvement of 
cassava producion should be continually 3. A set of typical growth phases in the 
on the alert for aiy changes in pest status. development of th/e cassava crop should be 
These changes, usually danger signals identified and the damage/yield impact of 
resulting from changes in the agro- the more important pests fitted to these 
ecosystem, should be investigated im- phases, thus making it feasible to gear th4 
mediately to determine their cause, as well integrated pest control system to corres
as to find ways in which to rectify them. pond to this series ofphases. The period of 
Previous experience in other crop agro- stand establishment is clearly one of the 
ecosystems suggests that these changes can most critical phases and should bc'con
come from many sources: sidered high priority eveq (hough great 

progress has been made in developing 
a. 	 Modification of fertlizer practices, integrated control procedures for this 

moisture, other environmental fac- stage. There will probably have to be some 
tors, or other agronomic practices adjustment for wet and dry seasons, leafy 

b.. Changes in plant variety 	 and nonleafy (vignrous and nonvigorous) 
c. Introduction of a new pest 	 varieties, and for mono- vs. mixed crop
d. 	 Disruption of the natural enemy ping systems.
 

complex
 
e. 	 Rapid major expansion or change 4. Methods for analyzing and reporting 

le-ding to monoculture over extended damage/yield impact from pests shoild be 
areas. standardized. Details should be g;ven on 

the indices used for classifying damage, the 
7. 	 Any proposed protection system should be conditions under which plants are tested 

subjected to a careful cost/benefit analysis, and the procedures for evaluating pest 

impact on the plants.
8. 	 A mechanism for standardizing bommon, 

names for diseases and pests should be 5. A review should be made of all 
established to avoid confusion. damage/yield impact information in order 

to rank pests into broad categories of 
Pest damage and yield loss significance to cassava production. This 

analysis should take into consideration the 

1. 	 Pest damage to the cassava plant does not cassava plant's high tolerince and ability to 

necessarily result in loss of yield or quality recover, the distribution and abundance of 

of the harvested crop because ofthe plant's pests, and the severity of the impact onyield 
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6. 

2. 

3. 

4. 

Summary conclusions 

and quality. It may be appropriate to It was felt that an index should be used for 

uevelop these analyses on a regional, evaluating pest damage under different 

rational or climatic basis. Future research cropping systems. It was repoited that HI 

efforts should place emphasis on 'those 	 (harvest index-root wt/total plant wt) is 
the simplest way to relate to leafiness. Thispests that have the greatest potential impact 
index must, however, be used carefully; for on cassava proditction. 
example, a very serious disease right before 
harvest might cause heavy defoliation,Postharvest problems must also be con-

sidered in an integrated approach. Fresh which would affect results. Work at CIAT 

roots are damaged by physiological by lrikura has shown that HI may be used 
to select varieties for different climaticprocesses, microbes and insects; quality of 

the processed products is affected by conditions. For a climate that is slightly 
warmer than at CIAT, a variety with astorage insects and mold. 
slightly higher HI should be used than that 

at CIAT and vice versa. It is essential that 
Breeding of new cultivars 

realistic data be obtained on this question 
as soon as possible. Emphasis in breeding 

Priorities in breeding .must be established, might best be placed on plant survivalI 	 under stress conditibns; i.e., pests, water,Improved cultivars with increased yield and 
soil nutrients. 

quality potential, coupled with characters 

for resistance to and/or ability~to compete 

with pests will be a major component of 5. Total resistance to a pest is not necessary to 
make a new variety a useful tool in anintegrated pest control systems. 

integrated pest control system. When 
New introductions of cultivars should be no 	

coupled with other cuntrol tactics, partial 
to pests than currentlymore susceptible or incomplete resistance can be extremely

er iblished varieties. New lines should be 
valuable and often provides a completelycontinuously exposed to the broad arra: of 

) 	 satisfactory solution.cotiuoslepoedt te rod rr: 


pest2 and potential pests over a wide range
 

of conditions under various management
 
6. In the desire to make new high-yielding

practices. varieties available to wide areas or to test 

Regional trials provide data for different them in different regions, great care should 

be taken not to spread pests to new areas. 
climatic and edaphological conditions, 
making it possible to extrapolate results for 	 The introduction of the green cassava mite 

a 
a good degree of ac- Mononychellus tanajoa into Africa is 

another area With 	 need for strongstriking example of the 
curacy. quarantine restrictions and sanitary 

A major question facing cassava improve- measures when transporting planting 
to another. 

ment programs is the determination of material fr,;m one area 


breeding goals relative to the "ideal plant
 
7. Efforts should be made to maintain ortype." It is imperative that sound breeding 

increase the inherent genetic variability ofobjectives be established from the begin-
ning because of the long tirhe span between cassava varieties.
 

the initiation of cassava crosses and the
 
delivery of improved varieties to farmers, 8. Inforniation on the growing conditions 

plus the fact that there are only a few under which new cultivars are tested should 

cassava breeding programs worldwide be standardized; e.g., soil fertility, altitude, 
meteorological conditions, cultural prac-Determination of the leaf area index for an 


ideal plant type may have a negative impact tices, etc.
 
on cassava pest control because by reducing
 

The different breeding philosophies (i.e.,excess foliage, the recuperative powers of 9. 

the plant may be affected. development of homozygous lines,
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breeding with wild species) should be established quarantine procedures for 
one area toreevaluated periodically to determine moving plant material from 


whether they are the most advisable, another.
 

of chemical pesticides4. 	 Indiscriminate use
Biological control (mainly with 

can disrupt the agro-ecosystems; an exam
reference to insect and mite pe~ts) pie of this is hornworm (Erinnyis ello) 

fcharacteristics outbreaks following the application of 
that make it especially suitable for pesticides to control thrips, a pest that can 
tholoicatmaes ec ily sbe rendered ineffective by the use of readily 
biological pest control. 	 available resistant varieties. 

a. 	 It is a long-season crop, allowing time 5. Priorities for biological control must be 
for insect ani mite pests and natural established for different regions since key 
enemies to establish an equilibrium, or major pests are not the same from onu 

o. 	 f-;,; ,.,ava pests will kill the plant a 
outright, and since cassava has agreat 
capacity for recovering, it has a high Chemical control 
economic threshold for many pests; 
therefore, the level of biological I Pesticides should be used only with extreme 
contr,! may not have to be very high. caution not only because of their potential 

c. 	 In general pesticides have not been for upsetting regulating mechanisms in the 
widely used-, thus existing natural cassava agro-ecosystems, but also because 
biological control mechanisms have of their relatively high cost and short-lived 
not been upset. Consequently, the effectiveness when taking into considera
natural regulating agents such as tion the long life and low unit value of the 
parasites, predators and pathogens cassava crop. An exception to this is the 
offer a powerful tool in a pest preventive treatment of planting materials 
management program. In the and their integrated use in. weed control. 
Americas, most of the pests are Herbicides alone will not give adequate 
indigenous, and the natural enemies weed control in cassava. 
aid in the reduction of pest pop
ulations. 2. As mentioned in no. 4 under Biological 

Control, application of pesticides for 
2. 	 Research should seek to identify effective controlling thrips should be avoided, not 

natural enemie dascertain how they can only because this may induce an increase in 

be supplemented, augmented, or otherwise hornworm attack but also because the 
encouraged. 	 agro-ecosystem is upset. 

3. 	 Intensive research leading to the introduc- As cassava production becomes of greater 
tion and rapid distribution of natural commercial value, great care should be 
enemies of introduced pests should be taken to avoid intensive pesticide use, 
initiated as soon as an exotic pest is whini has occurred on crops such as cotton 
discovered. Accurate identification of the and certain deciduous fruits. 
pest is -.ssential. Where these exotic pests 
have been identified (i.e., the green cassava 
mite Mononychellus tanajoa and the Cassava protection in intercropping systems 
cassava mealybug Phenacoccus sp.), 
emphasis shot '.d be focused on identifying, For an integrated pest control program to be 
studying, introducing and evaluating useful, it must take into account the planting 
natural enemies in the target areas. The practices that are prevalent in the different cassava
introduction of these pests points to the growing regions of the world. Small farmers in 
catastrophic consequence of ignoring Africa and certain parts of Central.America grow 
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cassava in association with other crops, whereas 

monoculturc is the most common practice for both 

small and large operations in South America. That 
pest incidence,such practices affect disease and 

their 	effec-thus altering control methods and 

tiveness, is self-evident. At this workshop, for 

was that the incidence ofinstance, it reported 

cassava bacterial blight was 14 percent in inter-

cropped areas of Nigeria, as compared with almost 

100 percent in comparable areas under 
data probably representmonoculture. These 

extremes and may therefore not be representative 

of the average situation, but they may demonstrate 

why farmers practice intercropping in certain 

areas. 

The reasons why intercroppiflg may reduce pest 


known. Possible factors

incidence are not yet 
involved are low populations of individual husts 

per hectare, a change in microenvironment, and the 

influence of barrier crops. It is evident that there is 

a need 	 to know precisely how pest control is 

under different crop combinations. The 
affected highwas 	 cited where 
case of 	 superelongation 

found 	not only when cassava is 
populations are 
grown inmonoculture but also when intercropped 

when highly susceptible varieties are used. Plant 

spacing and fertilizer regimes must also be studied. 

The n -thodology of an integrated control program 

will have to vary in accordance with pest pop-

ulations which are intimately related to ecological 

onditions which, in turn, will vary under different 

intercropping systems. For these reasons, certain 

participants felt that it would not be feasible to 

a miracle 	 cassava variety but ratherdevelop 
to specific 	conditions, whichvarieties tailored 

would be the responsibility of national programs. 

As condl. 'ons at CIAT may not be realistic, aspects 

of cassava in intercropping should be investigated 

elsewhere, perhaps in Central America (i.e., 

CATIE in Costa Rica or ICTA in Guatemala). 

Allelopathy 

be initiated to aicertain whether 

cassava has chemical compounds that inhibit 

growth and development of weeds or 

microorganisms. If so. the influence of factors such 

as variety, plant part, plant age, we-d species, etc. 

should be assessed, taking into account their 

possible significance in allelopathy. 

Studies should 

Quarantine 

There are three forms of cassava planting material: 

tissue culture and vegetative materialtrue seed, 
(stem cuttings). Although seed can be treated for 

surface contaminants, CBB and other pathogens 

are seed transmitted. Little is known about tissue 
apices 	 have beenculture; 	 and thus far, only 

with success. This leaves vegetativeobtained 
greater 	 risks of dismaterial, which carries 

seminating pests. There isdisagreement as to how
 

strict quarantine measures shiuld be in this regard
 

because of the lack of proper facilities and expertise
 

in some countries. Bans that are too strong would
 

only have a highly negative effect. The case of
 

Africa was cited, where only Nuguya (Kenya) can
 
material
felt thatthe of itproperly.theOnintroductionother hand,plantingwashandle 

n , 	 t A a were fa 
p uara n t eg en i 

quarantine agencies is Latin America were fairly 

competent and that risks were not too high. When 
,tre sllould 	 be exerdistributing material, great from pes-freeshould be selectedcised; 	 cuttings 

treated with appropriate
plantations only and 

ond 	 ethodoponl 	 orkpheaios ofmethodswork 	 onAdditional 
treating and shippingchemicals. 

obtaining, propagating, 
completely pest-free cassava germplasm isneeded. 

Recommendations 

tem-I 	 Technical assistance. This would be 

porary, in the form of graduate students 

who would study specific problems, con
cooperating institutions,tracts with or 

temporary appointments. Areas where 

work is required include 

a. 	 Nematology 
b. 	 Taxonomy 
c. 	 Nature and genetics of disease and 

pest resistance; the role and gene 

controlling HCN production in 

cassava. This work might be done 

outside the international institutes in 
some cases. 

2. 	 Computer modeling. Computer modeling 

be an important tool for establishing,can 
analyzing and determining the deficiencies 

of cassava pest management systems. Data 

used for computer modeling must have 

predictive value, which it will not havz 

unless it has been submitted to statistickal 

analysis. 
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3. 

4. 

5. 

6. 

Cassava protection workshop 

More intensive efforts to apply information probabilities of an epidemic increase 
from other crops. Perhaps information tremendously. 
available on other crops such as potatoes 
(i.e., storage of potato tubers) can be 7 Handling of breeding material and other 
applied to cassava. propagating material. There must be 

standardized methods for shipping 
Germplasm collection to include species. A material. It was strongly recommended that 
pool of resistant germplasm should be great care be exercised in selecting pest-free
maintained and not allowed to disappear; material and treating cuttings with ap
this is a primary responsibility of a crop propriate chemicals. 
protection system. 

8. Statistical evaluation of data. Where 
It was mentioned that IDRC has a special appropriate, research data should be 
project in collaboration with the University analyzed statistically. Publishing research 
of Goiana in Brazil, where wild Manihot results in refereed journals is also 
species are being col!ected. Seeds from this recommended. 
collection will be maden atinaavailableAgicltualto other 9. A technical committeeares. he exio was suggested to 
areas. In Mexico the National Agricultural evaluate integrated control programs for 
Research Institutecounry'is alsoAthoghcollecting thera-cassava and to deal with specific problemssecie.wid 
country's wild species. Although im- as they arise. It is important that it also act 
mediate application of resistance from in an advisory capacity at the different 
related species is often difficult tovisualize, 
such resistance may be invaluable in the oncenters, working outbreaks, etc. 
future. Thus every effort should be made to It was generally felt that the interdisciplinary group
collect and maintain collections of species had interacted well, coming up with some hitherto 
related to cassava. unforeseen ideas and problems and leaving.some 

open questions. It is hoped that this workshop will 
Greater cooperation in research activities make it possible to obtain the technical expertise 
among entomologists, pathologists, required to solve the many problems cassava 
physiologists, breeders, etc., not only- researchers face. Tropical researchers frequently 
within institutions but between them. feel discouraged because they are often isolated 

and out of contact with fellow workers in their own 
discipline, whereas developed country researchers 

Epidemics as related to monoculture. can ussually interact witha far broader spectrum of 
Several approaches to maintain genetic expertise in a given discipline. This conference has 
diversity in cassava, such as the multiline been helpful in providing such interaction and thus 
method, should be investigated. When only building confidence that research objectives are 
one genotype is used in a monoculture, the sound and have the proper priority. 
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