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INTRODUCTION 

The collaborative efforts of CIAT and IITA for the development of cassava 

germplasm in Africa were strenghtened in 1989 with the initiation of a 

coordinated effort to transfer germplasm from other areas of the world -

especially Latin America - into similar ecologies in Africa. 

A new senior staff position was created at CIA T's Cassava Program and the 

holder of the position was posted at Ibadan as a member of both CIAT's Cassava 

Programs and the Root and Tuber Improvement Program of IITA in September, 

1989. 

It was agreed that the transfer of germplasm from CIAT to IITA should follow 

and agroecologicall y-oriented approach, considering the existence of climate 

homologues in Africa and Latin America (Carter et al., 1982). As a result of its 

previous experience in Latin America, based on breeding for specific 

environments, CIAT have developed genepools for each of the major 

agroecologies, namely the Humid Tropics, the Lowland Semi-arid, the Mid and 

High Altitudes and the Subtropics. 

The main objective of the collaboration is to broaden the genetic base of cassava 

in Africa through the introduction of progenies obtained from crossed between 

known and superior genotypes adapted to one of the agroecologies mentioned 

above. Of particular importance are quality characteristics such as low root 

cyanide content, high root dry matter and high carotene levels in the roots, as 

expressed by TRIP. Other important characteristics considered as of high 

relevance by TRIP are resistance to mites, cassava bacterial blight and other pests 

and diseases, as well as adaptation to stressful conditions such as low 

temperature and drought. 

Improved CIA T clones and La tin American landraces adapted to the selected 

agroecologies and showing combinations of the several desirable characteristics 

are then being used as parents for obtention of segregating propulations being 

transferred to Africa. Due to the importance of the African Cassava Mosaic Virus 



(ACMV) in Africa and considering the inexistence of the disease in LAtin 

America, the work has taken advantage of the presence of 19 IITA elite clones 

introduced into CIA T in 1986. These clones are being used as parents in the 

crossings being made at CIAT, so that progenies transferred to Africa could have 

a certain degree of resistance to ACMV. 

After four years of work, we feel that a document is needed in order to evaluate 

the state of the art of this joint work and, if necessary, to redirect the activities 

being planned by the two centers in the future . The data presented in the 

document represent a synthesis of the results obtained in three years in four 

research sites and complement earlier results published in the 1990, 1991 and 

1992 Annual Reports of CIA T's Cassava Program. 

TRANSFER OF CIAT ELITE GERMPLASM 

Germplasm introd uction 

Eight shipments of cassava seeds were made between January 1990 and February 

1993 as part of the CIAT-IITA collaborative project for broadening the cassava 

germplasm base in Africa. Table 1 gives the details in terms of number of seeds 

per shipment and number of families introduced each year. 

More than 250,000 botanical seeds, representing 1,453 families were received at 

IITA between 1990 and 1993. Table 2 shows the nUl1l.ber of genotypes introduced 

and tested in each selection cycle . Starting with 5400, 3700, and 3288 seedlings 

evaluated at 1990 at Ibadan, Onne and Kano, respectively, and with 10,089 

seedlings evaluated at Vom in 1991, 9, 17, 38 and 53 clones were advanced to 

Preliminary Yield Trials at Ibadan, Onne, Kano and Zaria, respectively, in 1992. 

In 1993 two Advanced Yield Trials were planted at Minjibir and Zaria, where 25 

ans 12 clones of Latin American origin are being respectively evaluated. Out of 

the 265 clones evaluated at Jos in 1992-93, 37 were advanced to the PYT trial. 

The low number of genotypes advanced to yield trials at Ibadan and Onne is 

mainly due to the high pressure of ACMV in both locations. This, for IITA 



standards, prevents materials of Latin American origin to be advanced to yield 

trials . 

The similarity, in terms of biotic stresses, existing between Ibadan and Onne, 

associated to the need of more efficient use of resources, led us not to establish a 

seedling nursery at Onne in 1993. Starting in 1993, seedlings with potential 

adaptation to the humid agroecologies will be planted at Ibadan and only the 

selected individuals will be cloned and planted at Warri, in the humid forest 

zone. This is already bein done at Zaria, where clones selected at Kano are 

evaluated in Clonal Evaluation Trials. 

In addition to the increasing number of seeds and families being introduced 

along the years it is also noticeable an increase in the proportion of seeds 

obtained by controlled hybridization in relation to the total number of seeds 

introduced (Table 1). It is also important to note that the proportion of seeds 

having both CIAT and IITA parents has increased every year. 

In 1993 the first shipment of 10,000 seeds with high potential adaptation to semi

arid conditions was received from EMBRAPA, as part of the IFAD-funded project 

for the development of cassava germplasm for the semi-arid areas of Latin 

America and Africa. Half of the seeds were sown under controlled conditions at 

Kano and the resulting seedlings are now under evaluation in that location. 

Phytosanitary Aspects 

The phytosanitary aspects related to the seed shipments are being considered as 

an important issue since the beginning of the work. Efforts were made at CIAT to 

ensure that seeds transferred to Nigeria would not carry any pathogen and 

arthropod pests. A protocol was developed, which includes indexing for wirus in 

seed materials to be transferred. In 1990 seeds were tested for the presence of the 

Cassava American LAtent Virus (CAL V), a virus reported just before the first 

shipment. The decision made at CIAT and in consultation with IITA was that 

seeds and mother plants should be tested for CAL V before sent to IIT A. This was 



done by CIA T's Virology Unit and the results were negative for all samples 

tested. 

In 1992, seed shipments were tested for the presence of 5 viruses: CALV, Cassava 

X Virus (CXV), Cassava Common Mosai Virus (CCMV), Cassava Symptomless 

Virus (CSV), and Frogskin Disease (FSD). In 1993, with the confirmation that the 

Caribbean Mosaic Disease and the Frogskin Disease were different manifestations 

of the same organism, testing of seeds at CIAT covered six viral diseases. 

The other phytosanitary measured adopted at CIAT were strictly maintained. In 

addition to the seed treatment with fungicides a thermoterapy treatment at 690 

for 15 days was used. However, a carefull analysis of the germination of seeds 

introduced from 1990 to 1993 shows a significant reduction in germination. This 

has been noticed in all four locations in Nigeria, using different soil types and 

environmental conditions, what makes US believe that the heat treatment being 

currently used since 1991 is contributing for the observed losses in seed viability. 

Phytosanitary measures followed upon receiving the seeds are also strict. 

Samples of each family are again obtained and handed to UTA's Seed Health 

Unit for testing for pathogens. After testing and immersion in hot water (600 ) for 

20 minutes, seeds are germinated in screenhouses and inspected for the presence 

of exotic organisms. As a result of the project 3 screenhouse were constructes at 

Ibadan, Kano and Jos. 

GENETIC DIVERSITY 

As agreed by the two institutes, the CIAT scientist based at UTA is directly 

responsible for the introduction, establishment and field evaluation of Fl 

progenies in seedling nurseries located in four different sites in Nigeria. This is 

called the "pre-breeding" stage of the whole process. After the joint selection of 

promising individuals based on the field performance in each agroecology, the 

clonal evaluation trials (CET) and the following steps {Preliminary Yield Trials 

(PYT), Advanced Yield Trials (A YT) and Uniform Yield Trials (UYT)) are under 



the responsibility of the cassava breeding section of TRIP. The participation of the 

CIAT scientist in the intermediary steps of the breeding scheme has been 

important for the provision of feed~back for planning new crossing blocks at 

CIAT. 

At the present stage, the genetic diversity of the material introduced from CIAT 

can be measured up to A YT in the humid, sub~humid and semi-arid ecologies 

and up to the PYT stage in Jos. 

The estimation of the germplasm base introduced from CIAT into UTA is made 

according to the description of CIAT elite clones evaluated at CIAT, Colombia. 

Agronomic, morphological and quality traits are used, as well as reaction to pests 

and diseases common to cassava. Up to this stage, 330 parents were used at CIAT 

for production of botanical seeds which were transferred to UTA. Out of the 324 

elite clones existing at CIAT (as May, 1992), 177 clones were used as parents in the 

crosses made at CIAT as part of this project. Therefore, it can be said that the 

genetic background present in 55(X) of CIAT elite clones was introduced into UTA. 

Out of the 98, 94, 11, 71 and 50 CIAT elite clones respectively adapted to the 

Tropical Lowlands, Acid Soil Savannas, Humid Tropics, Mid-altitude Tropics 

and Highland Tropics, respectively, 64'X., 55(X., 54'X., 32% and 66% were used as 

parents for obtention of seeds which were already introduced into UTA between 

1990 and 1993 (Table 3). 

In terms of agronomic and morphological traits (Table 4), the collaboration 

resulted in the transference of: 

- 82 and 74%., respectively, of the elite clones with high and very high 

yield potential; 

- 84 and 78(1<:. of the elite clones with high and very high root dry matter 

content. 

When other root characteristics are considered, there was a tendency to introduce 

more sources of dark brown roots, with white or cream flesh and with no or few 

pigmentation in the cortex. The proportion of sources showing yellow roots and 



purple cortex, two characteristics of interest for UTA were, respectively, 4WX) and 

45% of the sources available in CIAT elite germplasm. 

The majority of the sources introduced show few or intermediate number of 

branches, reflecting CIA T's preference for high branching types. 

In relation to quality characteristics (Table 5), 78 and 100% of those with low and 

very low cyanide levels were already transferred to Africa; 83 and 64% of those 

elite clones showing good and very good culinary characteristics were already 

introduced at UTA. 

In spite of the massive transfer of the genetic variability existing at CIAT, only a 

small proportion of it is being maintained in the humid and sub-humid 

ecologies of Nigeria. Table 6 shows that 88% of the CIAT parents used for crosses 

at Palmira and introduced into UTA in 1990, were represented in the 1991-92 CET 

planted at Ibadan. However, only 7 of these parents were represented in the 9 

clones advanced to the 1992-93 PYT and, after harvest, only two parents from 

Latin America (CM 2909-36 and M COL 638) are represented in the 2 clones now 

being evaluated at the AYT stage in Ibadan. This represents a reduction of 97.6tX) 

of the genetic base which was introduced in 1990. 

The situation at Onne is more critical in terms of loss of genetic variability (Table 

6). In 1990, 53 CIAT parents were represented in the 1990-91 seedling nursery and 

80% of these parents were represented in the clonal evaluation trial planted in 

1991. In the PYT planted in 1992, 17 clones were evaluated, representing the 

genetic background of 12 CIAT elite clones. None of the 17 clones evaluated in 

PYT were advanced to A YT at Onne in 1993, representing the total loss of the 

genetic base introduced into the humid forest zone in 1990. 

The drastic reduction in genetic variability observed at Ibadan and Onne was not 

repeated in the semi-arid and mid-altitude areas (Table 7). Out of the 59 CIAT 

parents represented in the progenies introduced in 1990, 90% were maintained in 

the 1991-92 CET and 39(10 were advanced to the 1992-93 PYT. In the A YT trials 

established at Minjibir and Zaria in 1993 24(~{) and 17% of the parents used in the 



hybridizations are still being maintained. In the mid-altitude (Jos) most of the 

genetic base was maintained in the first clonal evaluation harvested in July 1993. 

The present PYT still maintains 42%, of the genetic base which was introduced in 

1991. 

FIELD EVALUATION OF INTRODUCED GERMPLASM 

Morphological and agronomic traits 

Table 8 shows a comparison of seedlings selected in 1991, 1992 and 1993 at Ibadan 

and Onne, on basis of their morphological and agronomic characteristics. Root 

fresh weight and number of roots per plants were recorded in the non-selected 

plants only in the 1991-92 and 1992-93 seedling nurseries. In spite of the low 

performance of the seedlings planted in 1991 (due to particularly marginal 

conditions of soil fertility and physical structure) it is possible to conclude that 

our selections emphasized plant vigour (measured as plant hight), late 

branching, intermediate branching levels, higher root weights and higher 

number of storage roots per plant. 

In the 1991-92 and 1992-93 seedling nurseries at Ibadan, root weights and number 

of roots per plant of the two check varieties were recorded. Although we are 

comparing results obtained from seedlings with plants propagated by stakes, the 

data presented in Table 9 reflects the potential of the seedlings, when compared 

with two IITA elite clones, one of them highly resistant to ACMD (TMS 30001) 

and the other (TMS 91934) resistant to CGM. 

Tables 10 and 11 present data obtained from Preliminary Yield Trials harvested at 

Minjibir and Zaria In 1993. The potential of these clones can be considered high 

when compared with IITA elite clones used as checks. Best genotypes are being 

evaluated in Advanced Yield Trials in both locations. 

The data on Table 12 show the performance of clones selected from the Clonal 

Evaluation Trial harvested in Jos in 1993. The majority of the clones selected are 

now and now under evaluation in PYT have parents adapted to the Highland 

areas of South America. Comparison with elite materials and one local landrace 



show the potential of the Latin American germplasm , especially in terms of 

number of storage roots per plant. 

The results obtained to date suggest that the probability of selecting good 

materials among the introduced progenies is considerable, especially in the semi

arid and mid-altitude ecologies. 

Reaction to pests and diseases 

Table 13 shows the proportion of sources of resistance to the major pests and 

diseases occurring in Latin America which were transfer- red to IITA. The data 

show the transference of: 

- 57 and 62°/c. of the germplasm considered as resistant and highly resistant 

to thrips; 

- 76 and 100(X) of the germplasm considered as resistant and highly 

resistant to the green spider mite; 

- 77 and 64lX. of the germplasm resistant and highly resistant to cassava 

bacterial blight (CBB); 

- 67 and 74(X. of the germplasm resistant and highly resistant to 

superelongation disease (SED). 

African Cassava Mosaic Virus 

Susceptibility to ACMV in the Latin American cassava germplasm has been 

reported by IIT A in the past and considered as the main factor responsible for the 

poor performance of CIAT germplasm in Nigeria. Data published by UTA in 1974 

shows an average score of 4.01 (following the 1-5 evaluation scale) for ACMV at 3 

MAP in seedlings of 205 families received from CIAT, in comparison to an 

average score of 2.8 for IIT A clones. 

Our work in Nigeria provided the opportunity to evaluate more than 70,000 

seedlings during four years, in four different locations. Monthly evaluations for 

ACMV were done at Ibadan and Onne, the two locations where ACMV pressure 

is highest in Nigeria. In the seedling nurseries planted in these locations 

individual seedlings were scored, making possible the assessment of both inter 



and intra family variability. The data collected from 1990 to 1993 at Ibadan and 

Onne represent a total of 89,930 and 70,000 individual evaluations, respectively 

(Table 14). Although seedlings growing at Kano and Jos were also evaluated for 

ACMV, data are not presented in detail due to the low pressure of the disease in 

the semi-arid and mid-altitude areas of Nigeria. 

The scale used for evaluation of seedlings was described by Hahn et al. (1989). 

Class 1 means no symptoms and class 5 represent maximum symptom 

expression characterized by distortion of the entire leaf. 

Changes in disease pressure with time for the three years of evaluation were 

observed by plotting the average severity and incidence of ACMV measured for 

each month at Ibadan, where disease build up is much faster when compared 

with Onne. Each data point in Fig. 1 represents the means of evaluations made 

in 3 years. 

The grouping of seedlings according to their genetic background show that those 

having as progenitors Latin American and African (mosaic resistant) genotypes 

expressed a lower level of severity when compared with those of pure Latin 

American origin (Fig 1a). Within this group ACMV severity is higher in 

seedlings obtained from OP crosses than in those obtained by controlled crosses 

involving CIAT elite materials. 

While a better performance of the CIA T -IITA seedlings is expected, due to the 

transfer of genes from the ACMV resistant parents to the hybrid progenies, the 

better performance of the clones of pure Latin American origin (CH clones) 

when compared with OP seedlings with similar genetic background deserve 

some comments. 

Due to the fact that ACMV is not present in LA, selection for resistance to the 

virus is unlike to have been done in the several breeding programs of the 

continent. However, the combination of genes from two elite parents (CM) with 

known superiority in terms of resistance to other diseases may have transferred 

to the resulting progenies a better capacity to withstand ACMV. 



Differences in incidence of the disease was observed only in the first two months 

after transplanting (Fig. Ib). The development of symptoms was slower in clones 

of CIATxIlTA origin when compared with those of pure Latin American origin. 

After 2-3 months from planting virtually all seedlings were showing symptoms 

of ACMV, the same being observed in the susceptible clone TMS 91934 (Table 15). 

In order to compare the reaction of the introduced germplasm to the disease with 

ACMV resistant !ITA elite germplasm, two check varieties were planted in each 

seedling nursery and evaluated for reaction to the disease also on a monthly 

basis in 1991-92 and 1992-93. The data confirm previous reports that the type of 

resistance existent at the !ITA germplasm is manifested by an outgrowth of 

symptoms later in the growth cycle, particularly at Ibadan, where disease severity 

is negatively affected by the dry season. This is particurlarly evident in the 

resistant clone TMS 30001 used as the resistant check variety . Clone TMS 91934 

was used at Ibadan as the sllsceptible check variety (Table 15). 

Incidence of ACMV in TMS 30001 at Ibadan was lower than levels expressed in 

the introduced germplasm both in 1991-92 and 1992-93, although it increased 

later in the year to levels similar to those observed in the introduced germplasm 

(Table 15). On the other hand incidence was also high in the susceptible clone 

TMS 91934. Data obtained at Onne show a similar performance of TMS 30001, 

although following a different pattern when compared with data from Ibadan. 

The main difference between IlTA resistant clones and the introduced material 

with respect to ACMV resides in the degree of severity expressed in the two 

locations. Severity of the disease was always higher in the CIAT germplasm 

when compared with TMS 30001 and slighty higher than TMS 91934 (Table 15) . 

The use of !ITA elite clones resistant to ACMV in the crossings made in 

Colombia had the objective to incorporate some degree of resistance in the 

progenies being shipped to !ITA. Our evaluations made possible the 

identification of differences in the performance of seedlings of CIA T lIlT A origin 

and those of pure Latin American origin, obtained by open pollination and 



controlled crosses. Data from the evaluations at Ibadan are used here for 

comparison. 

Cassava Bacterial Blight (CBB) 

eBB is one of the most important biotic constraints for cassava production in the 

humid and sub-humid areas of Latin America and Africa, where the disease is 

endemic. Both CIA T and IITA have devoted high priority for selection for 

resistance to eBB in their respective breeding programs. Several elite clones 

resistant to eBB are available in both centers. 

As shown in Table 13, progenies representing respectively 64°A. and 77%) of the 

eIAT elite germplasm considered as highly resistant and resistant to eBB were 

already transferred to IITA between 1990 and 1993. Sources being used as parents 

at eIAT are those adapted to the acid soil savannas of South America, where eBB 

is by far the most important biotic constraint for cassava production. 

Evaluation of the introduced progenies in Nigeria is being done 111 the four 

locations mentioned above. The methodology used followed the 1 to 5 

evaluation scale described by Hahn et al. (1989), where class 1 indicates absence of 

symptoms and class 5 is characterized by complete defoliation, stem die-back and 

stunting of shoots. Individual seedlings of each progeny were evaluated at 

regular intervals in each location. IITA clones TMS 30001 and TMS 91934 are 

used as resistant and susceptible check varieties, respectively. 

The results suggest that eBB is more severe in the forest-savanna transition area 

(Ibadan) and in the humid forest zone (Onne). However, eBB can also be a 

problem in the Southern Sudan Savanna region (Kano) and in the mid-altitude 

areas (Jos), as observed during the 1991-92 growing season. In both sites, the 

fluctuations in night and day temperatures ocurring during the short rainy 

season coincides with the period of establishment of the seedlings in the field 

and, as a result, can ca use death of the young plants. Fig. 2 shows the 

development of eBB at at Ibadan and Onne based in evaluations made in 1990-



91, 1991-92 and 1992-93. Average scores for the 3 years, scored during the period of 

maximum disease pressure (July-January) were used in Fig. 2. 

The comparison of seedlings with different genetic backgrounds (Fig. 2) does not 

indicates such a marked difference in favor of seedlings having lIT A clones as 

one of their parents, unlike the data obtained for ACMV. This may be an 

indicator of the successful efforts of both CIAT and lITA in the incorporation of 

resistance to CBB in their breeding materials, although disease severity was 

slightly lower in the CIAT-IITA hybrids (Fig. 2a). 

One aspect that has to be taken into consideration when discussing the severity 

levels of CBB at Ibadan and Onne is the death of young seedlings as a result of 

the severe attack of the bacteria in early s ta tes of the cycle . This is the main 

reason for the sudden reduction of severity levels after 2-3 months after 

transplanting observed during the evaluation periods. As shown in Table 14, 

there is a reduction in the number of plants from the second to third and from 

third to fourth month that has to be accounted to CBB. 

The date presented in Table 16 show that the populations introduced in 1991 and 

1992, at Ibadan, expressed average symptoms above those expressed by the two 

UTA clones used as check varieties. However, after 3 months from transplanting, 

severity levels measured in the introduced seedlings were of the same order of 

those measured in TMS 91934, but still higher than those of the resistant variety 

TMS 3000l. 

Incidence of CBB (represented by the (Xl of plants showing symptoms on a family 

basis) was also higher in seedlings than in the two IIT A clones from the first 

month after transplanting. 

After September incidence in both check varieties raised to levels close to that of 

the introduced progenies (Table 16). 

Similarly to the data on ACMV, the assessment of severity levels gives a better 

indication of the differences in the reaction of the introduced material in 

comparison with the UTA varieties. As can be seen in Table 16, TMS 30001 can 



keep severity levels low throughouh the growing cycle, with average values 

equal or below 2, whereas both TMS 91934 and the introduced progenies reach 

severity levels higher than 2 during the cycle. 

Cassava Green Mite (CGM) 

The green mite Mononychellus tanajoa is one of the most widespread arthropod 

pests of cassava in Africa. Since its introduction from South America in the 

recent past CGM has been reported in many African countries causing damage to 

cassava. 

CIAT's Cassava Program has been selecting for host plant resistance to mites in 

Colombia since the beginning of its work. As a result, sources of resistance have 

been identified and used in the breeding program, especially in populations 

targeting the acid soil savannas and the semi-arid areas of South America, where 

mites represent a serious constraint. 

Resistance to mites was one of the characteristics listed by TRIP as important to 

be transferred to Africa as part of our joint work. From 1990 to 1993 we have 

introduced progenies representing 100 lYo of the CIAT elite germ plasm considered 

as highly resistant to mites. and 76%) of those considered as resistant to mites 

(Table 13). 

Evaluation of seedlings for resistance to CGM has been done at Ibadan and Onne, 

the former being the "hot spot" for the pest among the sites being studied. Data 

from 3 years show that the pest assumes maximum levels of severity during the 

dry season occurring between December and March at Ibadan (Fig. 3). 

The comparison of the introduced germplasm with a susceptible (TMS 30001) 

and a resistant (TMS 91934) elite clone show that, in general, there is a slight 

reduction in the incidence of CGM in the introduced germplasm when 

compared with the local clones (Table 17) especially at the beginning of the 

attach of the pest. 

With relation to differences in the severity of the attack, data obtained in two 

years show that, during 1991-92, the introduced germplasm suffered less damage 



than the local clones especially TMS 30001 (Table 17). In 1992-93, average severity 

levels in the seedlings were comparable to levels recorded in the resistant check 

variety. 

Genotypes advanced to the clonal evaluation stage at Ibadan in 1991 were also 

severily damaged by the green mite although 35 clones showed a score of 2 (1-5 

evaluation scale) when evaluated during the time of maximum infestation 

(Table 18). Unfortunately, none of these clones were advanced by to PYT stage in 

1992, alegedly due to their high susceptibility to mosaic, although a careful 

evaluation of clones discarded from the 1991-92 CET show that some of the 

discarded clones had also good potential in terms of resistance to ACMV as can 

be seen in Table 18. 

Selections made in the 1991-92 seedling nursery, when advanced to CET in 1992-

93 also show variation in relation to susceptibility to CGM. Clones showing good 

potential are listed in Table 19. 

STRESS PHYSIOLOGY 

The work on germplasm evaluation at Minjibir, near Kano, is a good 

opportunity to select genotypes adapted to the very stressful conditions of the 

southern Sudan savanna of West Africa, characterized by a long (7-9 months) dry 

season with very low air humidity and strong dry winds. The phenomenon of 

Harmattan, occurring during the dry season, represents an additional constraint 

for cassava, through a reduction in radiation and temperatures, with a 

consequent reduction in photosynthesis caused both by the decrease in light and 

the presence of a fine layer of dust on the leaf surface. 

Figure 4 shows the rainfall distribution in the four sites being used for 

germplasm evaluation in the period 1990-1993. While Minjibir and Vom (Jos) 

have a typical monomodal distribution, Ibadan presents a situation of a "false 

bimodal" with a short "dry" period occurring also in August-September. The 

large variation in the length of the dry season, beginning of the rainy season and 



the total amount of rainfall in the dry savanna requires germplasm with enough 

developmental plasticity to adjust to such harsh conditions. 

In order to support the breeding activities being carried out in the southern 

Sudan and northern Guinea savanna regions (the latter represented by Zaria test 

site), additional research is needed to understand the physiological mechanisms 

responsible for adaptation of specific genotypes to those areas. With this in mind, 

the research activities being carried out at Minjibir, with the collaboration of the 

TRIP Physiology section, includes the assessment of water loss, stomatal 

mechanisms, plant growth and differences in yield in the populations 

introduced and the resulting clones advanced to yield trials. 

Special emphasis was put into drought tolerance in cassava. In 1990 preliminary 

studies were conducted at Ibadan with the objective of identifying differences in 

the fibrous root system of 10 different UTA clones and of using early root growth 

as a selection criterion for adptation to drought. The results of the preliminary 

study show large genotypic differences in fibrous root weight and root length 

measured from 2 to 5 weeks after planting. In 1990 a field experiment was carried 

out at Ibadan, in order to compare yield losses due to water stress with early root 

formation measured in the preliminary experiments reported above. By planting 

the 10 elite clones at the end of the rainy season it was possible to create a 

situation of water stress when the plants were approximatelly 3 months old and 

to overcome this situation by applying irrigation in the control plots. 

However, atypically early rains occurring at Ibadan in December 1990 (see Fig. 4) 

reduced the length of the dry season and influenced the performance of both 

irrigated and non-irrigated plants. Although a small difference in root yield was 

observed favouring the irrigated plants we decided not to compare yield losses 

with the differences in root formation and growth observed in the preliminary 

trial. 

A field study similar to that carried out at Ibadan in 1990-91 was conducted at 

Minjibir during 1992-93. Due to lack of irrigation facilities it was decided to 



establish differences in soil water content by planting two identical experiments 

at different distances from an artificial lake, assuming that there were differences 

in the water table of the two sites, as proved by netron gauge measurements at 

several soil depths. This study is also important to evaluate eventual influences 

caused by the water table on the performance of the introduced germplasm. 

Measurements of soil moisture during the dry season in 60 access tubes installed 

in all experimental plots, replicated 3 times show a significant difference in 

relative water content as a result of the differences in water table caused by the 

proximity of the lake, especially in deeper layers of the soil profile until 22 weeks 

after the last rains (week 15 in Fig. 5). 

The results suggest a strong influence of the water table on growth (plant height 

and leaf formation) and leaf shedding of the 10 clones under study. Plant growth, 

represented by plant height measured at 3 week intervals starting approximately 

20 weeks after the last rains, was higher under high water table, when compared 

with data obtained from plants growing away from the lake, the differences 

increasing with time after rains (Fig. 6). 

A similar effect of the depth of the water table was observed in the cumulative 

number of leaves formed per plants (Fig. 7). Using the initial number of leaves 

per plant at the beginning of the dry season as a covariate, it was possible to detect 

significant statistical differences after 6-9 weeks of measurements. Plants growing 

closer to the lake were able to form more leaves than those growing under a 

situation of lower water table. 

When the average number of leaves shed per plants growing under the two 

situations was compared it was also possible to identify significant differences 

between treatments after 6 weeks of measurements (Fig. 7). After 21 weeks of 

measurements (29 weeks after the last rains) plants growing at a larger distance 

from the lake lost 48%) more leaves than those growing in the high water table 

area. Differences became smaller after the 24st week, due to the onset of the 

second rainy season. 



Varietal differences were already observed after 5 months from planting (or 2 

months of dry season), by comparing the three parameters discussed above. 

Clone TMS 50395 was among those with significant reductions in plant height 

and leaf formation under a a situation of low water table after 31 weeks from 

planting, when compared with performance of plants growing in soil with high 

water table. At the end of the dry season plants of clones TMS 90853 and TMS 

50395 were very vigorous when compared with the other genotypes under 

evaluation in both situations of water table. While TMS 90853 showed no 

significant reductions in leaf formation in LWT, clone TMS 50395 reduced leaf 

formation in approximately 20'1<) as a result of the lower water table at the end of 

the dry season. These two clones also performed differently in relation to leaf 

retention, with TMS 90853 losing 32'X, more leaves than those shed under HWT 

and TMS 50395 showing a better leaf retention in both situations. These 

differences suggest the adoption of contrasting mechanisms of control of water 

loss by the two genotypes, with probable implications on root yield under stress, 

as discussed below. 

The yield data presented in Fig. 8 show the effect of the depth of the water table 

on the yields of storage roots and shoots+stakes of the different clones tested. As 

an average, root yields were reduced by 24(X) in the low water table area when 

compared with yield of clones growing in the high water table area. However, in 

the cases of clone TMS 90853, TMS 63397 and TMS 50207, yield differences are 

innexistent, with a slight increase in yield under more stressful conditions (Fig. 

8.1). No differences in shoot + stake yields were found between plants of clone 

TMS 90853 and TMS 63397, although yield levels were lower in the latter (Fig. 

8.2). 

As for the water extraction capacity of the different clones in both situations of 

water availability, those with higher yields in the LWT experiment showed a 

tendency of extracting less water from the deeper layers of the soil (120-180cm) 

during the first 24 weeks of measurements. Clone TMS 90853, for example, 



extracted 64, 51 and 49<% of the moisture available, respectively at 120, 150 and 

180cm in the soil profile. Clone TMS 50207 extracted 60, 57 and only 35 l X) of the 

moisture available in the same soil layers, with higher root yields than TMS 

90853 under higher stress (Fig. 8.1). 

The clones which extracted the higher percentages of the water existent in the 

deeper soil layers (TMS 91934, TMS 4(2) 1425 and TMS 84751) had the lowest root 

yields, what appears contradictory in terms of water use efficiency . However, 

clones TMS 91934 and TMS 84751 formed too many leaves in LWT and also shed 

high numbers of leaves under the same situation. This suggests a very 

inneficient utilization of the little water available in the soil profile. 

The behaviour of clone TMS 30572 under the two situations of soil moisture is 

typical of genotypes well adapted to regions where water stress is not a problem: 

under HWT conditions, TMS 30572 was able to yield 31 and 25 tonnes of roots 

and shoots per hectare; when subjected to a more stressful situation (LWT), 

yields of root and shoots were reduced in 39(X. and 44%, respectively. 

Stomatal control of water loss also show contrasting behaviours among the 

genotypes evaluated. In general, and up to 4 months after the last rains, no 

marked differences were observed in the trends of leaf conductance measured 

from 8 AM to 6 PM, with an increase in conductance until 2-4 PM and a 

subsequent decrease from 4 PM to the end of the day. Exceptions are for clones 

TMS 91934 and TMS 84751 which stabilized conductance after 2 PM and 12 noon, 

respectively. This partially explain why these clones were able to extract more 

water from deeper soil layers even in the LWT experiment. As said above, they 

also waisted most of the water extracted forming and shedding too many leaves . 

Differences in conductance measured in plants of TMS 30572 growing in HWT 

and LWT were marked, with lower values in the latter situation. 

The clones with higher relative yields (when compared with yields in HWT) 

under LWT, TMS 50395 and TMS 90853, were able to keep their stomata open 



late in the afternoon (6 PM), probably taking advantage of the low evaporative 

conditions prevalent at that time. 

OTHER ACTIVITIES 

Training 

As a member of the Root and Tuber Improvement Program of UTA, the CIAT

UTA scientist assumed the responsibility for training Africans during formal 

events promoted by UTA. Emphasis was placed in the areas of cassava 

physiology, morphology and agronomy. The latter can be considered as an 

important area in Africa, especially techniques recommended by CIAT for 

selection and preparation of cassava planting material, an aspect that did not 

receive much attention from TRIP in the past. In addition to training in this 

area, an article was published in the Root Crops Newsletter (vo1.7 n I, 1983) and 

two articles in the Root and Tuber Crops Newsletter. 

The CIAT-UTA scientist is also involved in the preparation of 2 Research Guides, 

in collaboration with the TRIP physiologist and former agronomist. These RG 

(Morphology and physiology of cassava and Cassava Agronomy) are in the final 

process of editing and will be published in 1993. 

Support to NARS 

In addition to the support being given to African scientists through training, 

support has also been provided in specific areas of research. The participation in 

the several meetings held in Zimbabwe in 1992 and 1993 for the implementation 

of a cassava development project, is another contribution of CIAT to NARS in 

Africa. As a result of the last planning meeting held in Harare from 2-4 May, 

1993, a possibility exists for testing CIA T's model of Integrated Cassava Project in 

Zimbabwe. This could be the first Cassava Integrated Project to be implemented 

in the continent with the support of UTA and CIAT. 

CIAT was represented in the First Afro-Brazilian Seminar on Cassava in 

Maputo, promoted by the Brazilian Agency for International Cooperation and 

supported by USAID and the government of Mozambique. Due to the severe 



drought which affected Southern Africa, the importance of transfer of Latin 

American germplasm to the dry areas of southern Africa was emphasized. 
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Table 1. Seeds and families introduced at IITA as part of the CIAT- IITA Collaborative Project 
on Cassava Development for Africa, according to the type of cross (OP and CHS) and 
percent of total shipment represented by CIAT-IITA hybrids. 

INTRODUCTION O.P. SEEDS C.H.SEEDS CIAT-IITA HYBRIDS1 
YEAR 

SEEDS FAM SEEDS FAM SEEDS FAM SEEDS FAM 

1990 87,,915 410 80,576 313 7,339 97 5.9 17.5 

1991 43,,584 314 38,500 222 5,084 92 8.0 21.6 

1992 69,674 331 58.219 170 11.455 161 17.0 15.7 

1993 50.571 398 35,,888 224 14,683 174 28.1 39.2 

TOTALS 251,744 1,453 213.183 929 38,561 524 

1 In relation to columns 1 and 2. 



TABLE 2. Evaluation of cassava germplasm in five locations of 
Nigeria according to year or introduction and 

selection cycle. 1990-1993. 

SITE / TRIAL 

IBADAN: 
Seedling Nursery 

Clonal Evaluation 

Prelim. Yield Trial 

Advanced Yield Trial 

ONNE: 
Seedling Nursery 

Clonal evaluation 

Prelim. Yield Trial 
Advanced Yeld Trial 

KANO: 
Seedling Nursery 

Clonal Evaluation 

Prelim. Yield Trial 
Advanced Yield Trial 

ZARIA: 
Clonal Evaluation 
Prelim. Yield Trial 
Advanced Yield Trial 

~ 

Seedling Nursery 
Clonal Evaluation 

Prelim. Yield Trial 

NP= Not Planted. 

1990 

5,400 

3,699 

3,288 

1991 

5,300 

538 

4,174 

311 

11,055 

474 

474 

13,,168 

1992 

3,514 

253 

9 

668 

61 

17 

2,580 

194 
38 

233 

53 

2,564 

265 

1993 

3,800 

117 

10 

2 

NP 

NP 
NP 

o 

4,325 

152 

58 
21 

147 
22 
11 

2,362 

140 
34 



Table 3. Sources of adaptation to different agroecologies transferred from CIAT elite cassava 
germplaam to IITA in the period 1990-1993. On basis of number of elite clones 
existing in CIAT-s Cassava Genebank and parents of families already introduced to 
IITA. 

EDAPHOCLIMATIC AVAILABLE AT CIAT TRANSFERRED TO TRANSFERRED 
ZONE OF ADAPTATION 1 IITA (%) 

Tropical Lowlands/long dry season 98 63 64 

Acid Soil Savannas 94 52 55 

Humid Tropics 11 6 54 

Middle Altitude Tropics 71 23 32 

Highland Tropics 50 33 66 

TOTALS / MEAN 324 177 55 

1 Following characterization by Carter et al. (1992). Parents adapted to the semi-arid are 
included in group 1 (Tropical lowlands with long dry season) 



Table 4. Sources of useful agronomic and morphological traits transferred from CIAT elite 
cassava germplasm to IITA for evaluation in different agroecologies. 1990-1993. 
Data in percentage of sources available at CIAT. 

ELITE CLONES C R I T E R I 
CLASS AVAILABLE 1 

YIELD DM ROOT FLESH CORTEX 
POT. CONTENT COLOR COLOR PIGMT. 

0 NA-NA-NA-NA-138-NA 61 

1 0-0-41-183-37-19 37 40 54 

2 1-12-41-29-35-55 100 75 49 27 63 

3 12-48-151-21-11-103 50 69 68 48 45 

4 71-56-NA-NA-1-35 82 84 0 

5 43-9-NA-NA-NA-18 74 78 

TOTAL 127-125-233-233-222-230 76 77 59 40 58 

1 Refers to Elite clones evaluated at CIAT for each characteristic listed. 
Description of Classes: 
Yield Potential: 5= Very High; 4= High; 3= Intermediary; 2= Low. 

Root Dry Matter Content: 5= Very High; 4= High; 3= Intermadiary; 2=Low. 
Root Color: 1= Light; 2= Light Brown; 3= Dark Brown. 
Flesh Color: 1= White; 2= Cream; 3= Yellow. 

A 

BRANCH. 
HABIT 

37 

74 

154 

57 

44 

57 

Cortex Pigmentation: 0= Absent; 1= Light Pink; 2= Light Purple; 3= Purple; 4= Yellow. 
Branching Habit: 1= Very few branches; 5= Many branches. 



Table 5. Sources of useful root q~ality traits transferred from 
CIAT elite germplasm to IITA for evaluation in different 

agroecologies. 1990-1993. 

ELITE CLONES QUALITY TRAITS 
CLASS AVAILABLE 1 

CYANIDE CONTENT CULINARY QUALITY 

1 3 - 14 100 64 

2 45 - 29 78 83 

3 43 - 22 81 82 

4 21 - 11 81 91 

5 11 - 11 45 64 

TOTAL 123 - 87 77 78 

1 Refers to Elite clones evaluated at CIAT for each characteristic 
listed. 
Description of classes: 
HCN and Culinary Quality: 1= Very LoW; 5=Very High 



Table 6. Changes in genetic diversity introduced from CIAT at Ibadan and Onne in 1990, 
as part of the CIAT-IITA collaboration on cassava germplaam. 

I B A D A N 0 N N 
BREEDING TRIAL 

PARENTS FAMILIES CLONES PARENTS FAMILIES 

Seedling Nursery 

Clonal Evaluation 

Preliminary Yield Trial 

Advanced Yield Trial 

% Maintained 

l.. Genetic diversity maintained 
2 Genetic diversity maintained 
3 Genetic diversity maintained 
4 Genetic diversity maintained 

84 145 53 77 

74 114 578 48 66 

7 6 9 12 14 

2 2 2 0 0 

2.4l.. 1.4l.. 0.32 0.03 0.03 

in relation to seedlings introduced in 1990. 
in relation to clones selected in 1991. 
in relation to seedlings introduced in 1991. 
in relation to clones selected in 1992. 

E 

CLONES 

308 

17 

0 

0.04 



Table 7. Changes in genetic diversity introduced from CIAT at Kano, Zaria and Jos in 1990/91, 
as part of the CIAT-IITA collaboration on cassava germplasm. Data in number of 

individuals maintained in each step of the breeding process. 

H I N J I B I R Z A R I A J 0 S 
TRIAL 

PARENTS FAMILIES CLONES PARENTS FAMILIES CLONES PARENTS FAMILIES CLONES 

SN 59 94 52 114 

GET 53 74 449 54 76 473 42 79 265 

PYT 23 20 35 27 33 55 22 26 34 

AYT 14 16 21 10 11 11 

% HTN. 241 171 052 171 121 022 423 233 134 

1 Genetic diversity maintained in relation to seedlings introduced in 1990. 
2 Genetic diversity maintained in relation to clones selected in 1991. 
3 Genetic diveristy maintained in relation to seedlings introduced in 1991_ 
4 Genetic diversity maintained in relation to clones selected in 1992_ 



Table 8. Morphological and agronomic characteristics of seedlings selected in Nigeria in 
1990-91, 1991-92 and 1992-93. 

I BAD A N 
CHARACTERISTIC 

Plant Height 1 

Hgt. at 1st. Branch 

Branching Levels 

Leaf Retention 2 

Root Skin Color 3 

Root Flesh Color 4 

Cortex Pigmentation5 

Constrictions 6 

Root Fresh Weight 7 

Roots per Plant 

1 In cm. 

90-91 

213 

113 

3.4 

24 

2.6 

1.3 

0.6 

1.4 

2.8 

6.2 

91-92 

197 

142 

1.5 

21 

1.9 

1.4 

0.3 

2.1 

1.1 

5.6 

92-93 90-91 

250 236 

135 141 

2.9 3.5 

16 15 

2.1 2.5 

1.7 1.4 

0.2 0.7 

1.9 1.5 

3.0 2.3 

8.7 6.0 

2 Percent of the total weight with leaves. 
3 l=Dark Brown; 2=Light Brown; 3=White 
4 l=White; 2=Cream; 3=Yellow 
5 O=No pigmentattion; 3=Intense Purple 
6 O=No constrictions 
7 In kg per plant. 

o N N E MINJIBIR 

91-92 92-93 90-91 

248 243 145 

150 140 97 

3.8 3.6 1.6 

19 13 39 

2.3 2.0 2.5 

1.1 1.2 1.5 

0.4 0.6 0.8 

1.8 1.9 2.0 

3.0 2.4 2.3 

5.5 5.2 6.9 

91-92 

194 

116 

2.6 

24 

2.0 

1.4 

0.5 

1.4 

2.3 

6.0 

VOM 

91-92 

136 

82 

2.9 

43 

2.2 

1.0 

0.3 

1.7 

1.2 

7.7 



Table 9. Yield potential of seedlings of Latin American origin selected at Ibadan and Onne 
in 1992 and 1993, compared with data obtained from plants of check varieties TMS 

91934 and TMS 30001 (Ibadan) and TMS 30001 and TMS 30572 (Onne). 

LOCATION/ SAMPLE SIZE ROOT FRESH WEIGHT (kg) No OF ROOTS PER PLANT 
GERHPLASM 

91-92 92-93 91-92 92-93 91-92 92-93 

IBADAN 

SEEDLINGS 228 150 1.06 3.01 5.7 8.7 

TMS 30001 110 1.21 6.6 

TMS 91934 107 3.72 9.5 

QNNE 

SEEDLINGS 134 30 2.98 2.37 5.5 5.2 

TMS 30001 40 40 3.78 2.19 9.3 5.8 

TMS 30572 40 40 2.19 3.80 5.8 9.3 



Tab1e 10. Root :rre.ah we1.sht and m ... ber o:r storaae roots per p1ant o:r c10Dell 
h&rveated :1n Pre1:1a:baary Y1.e1d Tr1. .. 1 .. t Zar1. ... R1.ser1.a. 1992-931 

CLONES FEHALE ax>T ~ PARENT WKI<IIT 

SIt 1320-4 H BRA 390 3.41 9.2 
SIt 121(}-51 SG 536-1 2.Tl 9.1 
SIt 1316-19 H BRA 12 2.65 7.6 
SIt 1209-8 SG 45&-1 2.59 4.5 
SIt 1317-47 H BRA 108 2.54 5.7 
SIt 1261-26 SG 562-4 2.38 5.2 
SIt 1281-14 ro 1372-5 2.37 6.7 
SIt 121(}-17 SG 536-1 2.33 8.4 
SIt 1315--9 11ft 1 2.31 6.8 
SIt 1212-38 SG 756-7 2.29 8.2 
SIt 1317-31 H BRA 108 2.27 6.7 
SIt 1072-18 Ham 18 2.03 4.9 
SIt 1207-26 Qf 3974-1 1.79 4.6 
SIt 1299-3 ro 1372-6 1.78 6.2 
SIt 1191-30 ro~l 1.78 6.5 
SIt 1298-1 ro 1372-5 1.72 4.7 
SIt 1206-47 Qf 3624-1 1.69 6.5 
SIt 121(}-4 SG 536-1 1.64 3.4 
SIt 867-9 H roL 2032 1.62 7.1 
SIt 125&-10 ro 142(}-1 1.62 6.1 
SIt 1318-5 H BRA 191 1.62 6.0 
SIt 1202-14 1.59 7.2 
SIt 1072-13 Ham 18 1.53 6.6 
SIt 816-29 Qf 1533-19 1.51 5.1 
SIt 118(}-5 H BRA 12 1.49 4.5 
SIt 121(}-40 SG 536-1 1.49 4.7 
SIt 1313-10 Qf 4116-1 1.41 5.9 
SIt 1206-26 Qf 3624-1 1.37 4.8 
SIt 1318-8 H BRA 191 1.31 4.4 
SIt 1256-7 Qf 3306-4 1.23 4.4 
SIt 1228-29 Qf 2766-5 1.14 4.0 
SIt 1206-44 Qf 3624-1 0.95 4.8 
SIt 1186-5 H roL 2215 0.92 4.1 
THS 4(2)14252 1.20 3.3 
THS 919342 0.60 2.0 

1 Data. are JIe8DB of 10 plants per replication, planted in single rows replicated 
twice. 

2 IITA elite clones used as check varieties. 



Tab1e 11. Root :rreah _j.8ht &Del mwwber of atore,ee root. per p1ant of 01OD8B 
h&rvaeted :1D Prel.1:a:l:a&ry Yj.e1d Trj.a1 at K~j.bj.r. Ifj.aerj.a. 1992-931 

CLONKS FHMALI!: ROO!' ~ PARKHT WKIWT 

fit 1317-14 M BRA 108 3.65 6.2 
fit 1317- 13 M BRA 108 2.90 5.8 
fit 1209-2 SG 455-1 2.70 5.3 
fit 1317-51 M BRA 108 2.35 3.9 
fit 1210-25 SG 536-1 2.10 5.5 
fit 1252-6 ro 1396-1 2.05 5.9 
fit 1278-18 ro 1141-1 2.00 5.2 
fit 1277-8 ro 912-8 1.95 2.4 
fit 816-29 at 1533-19 1.90 5.9 
fit 1251-5 ro 915-1 1.85 5.4 
fit 1313-8 at 4116-1 1.85 4.3 
fit 1250-20 lite 1 1.80 4.5 
SM 1204-8 at 3408-1 1.75 4.5 
SM 1228-29 at 2766-5 1.70 4.3 
SM 1185-6 M OOL 1505 1.65 4.8 
fit 1247-21 M OOL 1505 1.60 4.3 
SM 816-21 at 1533-19 1.60 6.0 
SM 1188-7 1ItC 1 1.50 3.9 
SM 1317-9 H BRA 108 1.50 4.0 
SM 1253-10 ro 1420-1 1.45 3.5 
SM 1206-3 at 3624-1 1.40 4.0 
SH 1186-5 M OOL 2215 1.40 5.3 
fit 1315-14 1ItC 1 1.35 3.5 
SM 1180-5 M BRA 12 1.30 5.2 
SM 1248-50 M OOL 2215 1.25 3.3 
SH 1314-10 at 4181-1 1.25 3.7 
SH 1257-16 at 3408-1 1.25 4.4 
SM 1252-29 ro 1396-1 1.20 4.2 
SH 1181-19 M BRA 174 1.15 5.0 
fit 1257-6 1.00 
SH 1210-33 SG 536-1 .t>.95 5.1 
fit 1247-43 M OOL 1505 0.90 3.9 
fltl186-42 H OOL 2215 0.90 3.0 
SM 1322-3 M OOL 2215 0.85 3.0 
SM 1280-39 ro 1305-1 0.75 3.2 
TMS 4(2)14252 2.05 3.6 
'IHS 919392 1.95 4.0 

1 Data are aeanB of 10 plants per replication, planted in single rows 
replicated twice. 
2 IITA elite clones used as check varieties. 



Tab1e 12 _ Root fZ'ieah _:1aht &Dei mWDber of! storaae roots per p1ant of! cl.oDea 
harvee1;ed. :lD 01cm.a.1 Jfva1uat:1on 'l"r:1a1 at Joa R:1ser:1a_ 1992-931 

CLONKS 

SH 1378-144 
SH 1367-250 
SH 924-168 
SH 1606-32 
SH 857-59 
SH 856-186 
SH 1375-61 
SH 1055-3 
SH 1369-165 
(]f 8199-9 
SH 1374-117 
SH 1272-38 
SH 925-172 
SH 1375-6 
SH 1270-36 
SH 1374-115 
SH 860-12 
SH 930-52 
SH 1606-16 
SH 1374-123 
SH 1273-6 
SH 8174-29 
SH 930-19 
SH 849-129 
SH 929-35 
SH 862-45 
SH 1367-243 
SH 857-50 
(]f 860-87 
SH 932-46 
SH 1059-3 
(]f 7194-38 
SH 1376-84 
SH 1272-31 
'DfS 4(2)14252 
'DfS 305722 
IDCAL 
'DiS 919342 

PAR K N T S 
FIIfALK HALl 

11 roL 2061 
ro 401-3 
11 roL 1522 
11 BRA 88 
ro 403-18 
ro 402-11 
M roL 1522 
ro 358-3 
ro 403-18 
'DfS 30572 
M BRA 443 
ro 501-2 
(]f 2087-101 
If roL 1522 
ro 481-3 
If BRA 443 
ro 487-2 
ro 401-3 
M BRA 88 
M BRA 443 
ro 1254-1 
11 roL 1413 
ro 401-3 
If roL 2060 
ro 358-3 
ro 501-2 
ro 401-3 
ro 403-18 
ro 487-2 
ro 403-18 
00 408-18 
ro 406-1 
M roL 2014 
ro 501-2 

M roL 2261 

ro 501-1 

ROO!' 
WEIGHT 

2.00 
1.60 
1.53 
1.40 
1.37 
1.33 
1.30 
1.30 
1.23 
1.20 
1.17 
1.17 
1.13 
1.13 
1.13 
1.10 
1.05 
1.03 
1.03 
1.03 
1.03 
0.97 
0.93 
0.87 
0.87 
0.83 
0.83 
0.80 
O.Tl 
0.73 
0.70 
0.60 
0.53 
0.30 
0.31 
0.31 
0.05 
0.30 

1.2 
4.7 

10.3 
6.3 
8.0 

12.0 
8.7 

10.3 
12.0 
8.3 
8.0 

10.0 
4.7 
3.0 
5.7 
8.3 
7.5 
9.0 
6.0 
9.3 
9.3 
6.3 
9.0 

10.0 
8.3 
7.3 
6.0 
6.0 
7.3 
6.3 
5.7 
4.3 
4.3 
8.0 
2.8 
3.2 
1.5 
3.0 

1 Data are III8a.D.1:I of 3 plants harvested fna single rows unreplicated. 

2 IITA elite clOnes used as check varieties. 



Table 13. Sources of useful resistance traits transferred from CIAT elite germplasm 
to IITA f or evaluati on in different agroecolog ies. 1990-1993. 

ELITE CLONES PES T S AND DISEASES 
CLASSES AVAILABLE 1 

THRIPS GREEN MITE C B B SED 

1 34-1-11-19 62 100 64 74 

2 74-34-53-46 57 76 77 67 

3 90-35-30-29 64 83 80 65 

4 22-11-54-25 54 82 59 76 

5 9-0-22-52 44 36 56 

TOTALS 229-81-170-171- 60 80 66 65 

1 Refers to Elite clones evaluated at CIAT for each characteristic listed. 
Description of classes: 
1= Highly resistant; 5= Highly Susceptible. 



Ya.bIe ~4:. ~r or aeed.1.t.Daa UIIed. foreva1uat:i:on of peata aDd cl:l. ___ a.t Ibadan~ o.a-_ H1.D.;Ji.bi.r- aDd VOID. 
:in 1990-91 ~ l.991-92 aDd 1992-93. 

IBADAR ORIfE HIRJIBIR VOH 

H A T 90-91 91-92 92-93 90-91 91-92 92-93 90-91 91-92 92-93 91-92 92-93 

01 4286 4B8O 2463 3242 3768 669 2718 11032 2668 9373 2684 

02 3228 3778 2422 3161 3708 674 2483 9292 8747 

03 3104 3694 2296 3121 3888 664 2768 9240 2489 8921 2604 

04 3106 3873 2088 3107 3694 648 2721 8834 8294 

06 3090 3369 2388 3040 3614 610 2716 8687 234f5 7877 2470 

08 3088 3361 2298 3189 3463 618 8272 7786 

07 2889 3288 2198 3078 3391 684 2707 8121 2318 7787 2466 

08 3081 3020 2234 3073 3083 496 2813 7968 7808 

09 3021 2996 2489 3081 3461 480 2483 7996 2662 7607 ItA 

10 2996 3188 2149 3379 478 2484 7841 7668 

'l'OTALS 31846 36106 22980 28082 34999 6396 23880 88762 12338 81336 9983 



Table 15. Reaction to ACHY in seedlings introduced from Latin America compared with 
susceptible (TMS 91934) and resistant (TMS 30001) elite clones at Ibadan, in 1991-
92 amd 1992-93. 

199 1 - 1 9 9 2 1 992 - 1 993 

MONTH SEEDLINGS TMS 91934 TMS 30001 SEEDLINGS TMS 91934 TMS 30001 

INC SKY INC SKY INC SKY INC SKY INC SKY INC SKY 

JULy 99.8 3.43 67.6 3.43 100 2.98 39.7 1.44 

AUGUST 100 3.60 99.4 2.75 44.3 1.77 99.8 3.58 100 3.06 79.7 2.20 

SEPTEMBER 99.8 3.58 99.4 3.01 64.2 1.82 100 3.58 100 3.06 79.7 2.20 

OCTOBER 99.9 3.81 100 3.04 65.3 1.71 99.8 3.81 100 3.09 80.5 2.26 

NOVEMBER 100 3.75 95.6 3.82 60.7 1.63 100 3.85 100 2.96 81.0 2.08 

DECRMBER 99.7 3.57 99.9 2.89 89.7 1.93 99.7 3.75 100 2.97 21.5 1.22 

JANUARY 99.4 3.67 100 2.92 86.5 1.88 99.6 3.48 100 3.02 1.8 1.02 

FEBRUARY 99.9 3.01 99.3 2.74 99.9 3.64 95.0 2.31 3.2 1.03 

MARCH 95.3 2.62 94.9 2.07 45.3 3.4 97.5 2.19 4.9 1.07 

APRIL 96.6 3.17 92.2 2.52 99.4 1.99 96.2 3.48 98.3 2.61 7.3 1.07 

Transplanting dates: June 04, 1991 and May 05, 1992. 



Table 16. Reaction to CBB in seedlings introduced from Latin America compared with two IITA 
elite clones at lbadan in 1991-92 and 1992-93. Families are not the same for each 
year. 

199 1 - 1 9 9 2 199 2 - 1 9 9 3 

MONTH SEEDLINGS THS 91934 THS 30001 SEEDLINGS THS 91934 THS 30001 

INC SEY INC SEY INC SEY INC SEV INC SEY INC SEY 

JULY 97.6 2.37 91.6 2.04 54.8 1.55 33.3 1.33 

AUG. 99.9 2.82 80.6 1.45 23.4 1.23 93.1 2.44 94.2 1.94 94.3 2.00 

SEPT. 99.7 2.91 92.1 3.32 100.0 2.01 84.0 2.33 56.6 1.57 69.2 1.69 

OCT. 99.9 2.85 100.0 2.54 100.0 2.22 96.9 2.42 99.2 1.99 87.0 1.88 

NOV. 99.9 2.55 100.0 2.03 100.0 2.13 99.9 2.50 99.2 1.99 100.0 2.00 

DEC. 99.8 2.39 100.0 2.02 90.0 2.02 93.2 2.45 96.7 1.97 91.8 1.93 

JAN. 90.0 2.18 99.4 2.01 99.5 2.24 96.8 2.51 100.0 2.13 100.0 2.00 

FEB. 91.0 2.45 96.6 2.03 99.5 2.15 97.2 2.39 98.3 1.98 100.0 2.00 

Transplanting dates: June 04, 1991 and May 05, 1992. 



Table 17. Reaction to CGH in seedlings introduced from Latin America compared with two IITA 
elite clones at Ibadan in 1991-92 and 1992-93. Families are not the same for each 
year. 

199 1 1 992 1 9 9 2 - 199 3 

MONTH SEEDLINGS THS 91934 THS 30001 SEEDLINGS THS 91934 THS30001 

INC SEV INC SEV INC SEV INC SEV INC SEV INC SEV 

NOVEMBER 22.9 1.22 67.0 1.68 86.2 1.9 98.1 2.74 91.6 2.66 99.2 2.89 

DECEMBER 48.3 1.53 89.1 2.22 93.5 2.63 91.5 2.74 100.0 2.73 99.2 2.61 

JANUARY 84.3 2.18 100.0 2.91 100.0 3.03 99.1 3.01 99.2 3.89 100.0 4.09 

FEBRUARY 99.5 3.98 100.0 3.33 100.0 4.04 98.1 2.74 94.2 2.34 100.0 3.02 

MARCH 95.7 2.49 100.0 2.20 99.4 3.62 99.4 2.61 99.1 2.00 100.0 3.52 



Tab1e 18. Performa.noe of c10nea w:i.th 10w 1eve1 of auacept:i.b:i.1:i.ty to 0ClH :i.n 
the 1991-92 C10D&l. Bva1uat:i.on Tr:i.a1 at :I'badan. 

PARENTS PBST~:rSBASB SBVBIUTY" 
CIDNB 

(Df2 am eBB J!'BMALB l!fAL1iI: 0ClH1 

(]f 6781-6 (]f 2087-101 (]f 507-37 1 2 4 3 

(]f 6971-4 (]f 507-37 11£ 1 1 2 4 5 
(]f 7417-5 ro 5-79 TMS 30001 2 2 3 3 
(]f 744&-2 (]f 3408-1 SG 104-284 2 2 3 3 
(]f 7499-7 TMS 30001 (]f 2909-36 1 2 3 2 
(]f 7558-2 MBRA 12 TMS 30001 2 2 3 3 
(]f 7559-3 TMS 30001 MBRA 12 2 2 3 3 
(]f 7559-4 TMS 30001 MBRA 12 1 2 3 3 
(]f 7559-7 TMS 30001 MBRA 12 1 2 3 3 
(]f 7603-2 TMS 30672 (]f 2712-3 1 2 3 3 
(]f 7144-8 (]f 3408-1 (]f 2714-11 2 2 4 3 
(]f 7144-9 (]f 3408-1 (]f 2714-11 2 2 4 3 
(]f 7146-5 (]f 3408-1 SG 104-284 2 2 4 3 
(]f 7500-46 TMS 30672 (]f 2909-36 1 2 4 3 
(]f 7904-9 TMS 30672 (]f 507-37 1 2 3 3 
(]f 7966-50 HmL 638 TMS 30572 1 2 4 2 
8M 902-13 (]f 507-37 2 2 4 4 
8M 902-14 (]f 507-37 2 2 4 3 

8M 905-15 (]f 996-6 2 2 3 2 

8M 979-26 (]f 2298-3 2 2 4 3 
8M 1003-10 HmL 1522 1 2 4 3 
8M 1150-2 (]f 2563-5 2 2 4 3 
8M 1218-36 (]f 1417-1 1 2 5 3 

8M 1223-12 (]f 2174-7 1 2 4 3 

8M 1225-2 (]f 2452-5 1 2 4 3 
8M 1232-27 (]f 2909-36 1 2 4 2 
8M 1241-50 (]f 4157-34 1 2 4 2 
8M 1241-64 (]f 4157-34 2 2 4 3 
SM 1331-10 ro 888-1 1 2 5 2 
8M 1331-18 ro 888-1 1 2 5 3 
TMS 91934 TMS 40160-13 L8 2.8 3.1 2.4 

TMS 30672 58308 B.S. Catarina L1 3.2 2.6 2.2 

<XIh and (Df:2 = Score of evaluations made at the beginnjng (November) and 
end (March) of (Df attack. 

am = Score of evaluations made at the peak of Afl.iV incidence. 
CBB = Score of evaluations made at the ~ of eBB incidence. 
* Pest and disease scores in TMS 91934 and 30672 are :means of 32 plots each 



Table 19. Performance of clones showing resistance to CGH in the 1992-93 clonal evaluation 
trial at Ibadan, compared with 2 IITA check varieties and the general average of 
the clones evaluated in February and March, 1993. 

PAR E N T S PEST/DISEASE SEVERITY 
CLONES 

CH 8159-22 

CM 8159-40 

8M 1251-8 

8M 1290-4 

8M 1294-7 

THS 91934 

THS 30572 

AVG.CLONES 

FEMALE HALE 

HBRA 191 

HBRA 191 

CG 915-1 

MCOL 1505 , 

CG 915-1 

THS 40160-13 

58308 

HNGA 10 

HNGA 10 

B.S.Catarina 

CGH1 

3 

3 

2 

1 

2 

3.1 

2.9 

3.4 

CGH2 CHY 

1 3 

1 4 

2 4 

2 4 

2 3 

2.1 3.4 

3.5 3.0 

2.8 4.3 

CGH1 AND CGH2 = Score of evaluations made in February and March, respectively. 
ACHY and CBB = Score of evaluation made in August. 

CBB 

2 

2 

2 

2 

2 

2.0 

2.3 

2.2 

* Pest/disease scores in THS 91934 and THS 30572 are means of 7 and 20 rows with 3 plants, 
respectively. 
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Fig. 1. Average severity and incidence of ACMV scored in seedlings with different genetic 

backgrounds during 3 years at Ibadan. Number of seedlings scored are shown in 

Table 14 
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Fig. 2. Average severity and incidence of eBB scored in seedlings with different genetic 

beckgrounds during 3 years at Ibadan. Number of seedlings scored are shown in 

Table 14. 
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Severity Level 
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Fig. 3 Severity of CGK scored in seedlings of Latin American origin during 1990-91. 1991-92 and 
1992-93 at Ibadan. Number of seedlings scored are shown in Table 14 . 
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Fig. 4 Rainfall distribution during 1990-1992 at Ibadan, Onne, KinJibir and Vom. 
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Fig. 5 Changes in relative soil water content measured at 60. 90. 120 and 150 em under two different 
situations of soil water tables at Minjibir. 1992-93. 



Plant Height (em) 
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Fig. 6. Average plant height of 9 IITA elite clones growing in low (LWT) and high (HWT) water 

table areas of Kinjibir. Data are means of 9 plants per clone and four replications. 
First data (0 weeks) were collected on 17/11/92, approximately 2 months after the 
last rains. 
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Fig. 7. Cumulative number of leaves formed and shed per plant growing in low (LWT) and 

high (HWT) water table areas of Minjibir. Data are means of 9 plants per clone in 

4 replications. First data (0 weeks) were c ollected on 17/11/93, approximately 2 

months after the last rains. 
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Fig. 8 Fresh root and shoot yields of 9 IITA elite clones growing in low (LWT) and high (HWT) areas 
of Minjibir. Data in tonnes per hectare. 
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