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P R B F A C B 

Research on common bean conducted by national programmes in 
Africa in coordination with CIAT is documented in three series of 
publications containing: the proceedings of workshops; reports of 
regional activities; and reprints of journal articles. 

Here (CIAT African Occasional Publications Series No. 3B), we 
present our summary and interpretion of the results from the first 
African Bean Yield and Adaptation Nurseries, carried out between 
1986 and 1989. The nurseries were initiated with several 
objectives: foremost was to establish the basis of an international 
trials network to facilitate the exchange of common bean cultivars 
among national programmes; important also was to attempt to 
classify environments to develop more efficient evaluation 
strategies and interpret genotypic performance in terms of 
environmental features. 

The data from individual trials were reported in Part 3A of 
this document. In Part 3B various methods of analysis are applied 
to the combined data. 

The trial series was conducted by national programme staff. 
Regional organisation was due to: the CIAT Regional Programme on 
Beans in Eastern Africa, Debre Zeit, Ethiopia; the Southern African 
Development Community/Centro Internacional de Agricultura Tropical 
(SADC/CIAT) Regional Programme on Beans in Southern Africa, Arusha, 
Tanzania (the bean component of the Grain Legume Improvement 
Programme of the southern African Centre for Cooperation in 
Agricultura! Research and Training (SACCAR)); and the Programme 
Regional pour l'Amelioration du Haricot dans la Region des Grands 
Lacs, Butare, Rwanda. Funding was provided by: national programmes; 
the canadian International Development Agency (CIDA); the swiss 
Development cooperation (SDC); and the United States Agency for 
International Development (USAID) . 

Further information on research activities on bean in Africa 
that are part of these projects is available from: 

Pan-Africa Co-ordinator, CIAT, 
Tanzania. 

P.O. Box 23294, Dar es Salaam, 

Coordinateur Regional, CIAT, Programme Regional pour 
l'Amelioration du Haricot dans la Region des Grands Lacs, B.P. 
259, Butare, Rwanda. 
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Environments 

MEL87 
FIF88 
KAC7F 
KAW6S 
KAW7F 
KIS7F 
MUL7F 
MSK87 
MSK88 
MBA88 
SEL89 
SEL89B 
IRE89 

Plant characters 

CH 
cw 
DFF 
DM 
STII 
PM2 
SPP 
sw 
SY 

Diseases 

Anlh 
ALS 
ALT 
AB 
RR 
WB 
FLS 
WM 
CBB 
HB 
BCMV 
BR 
PSB 

GLOOSARY 

Abbrevia t ions 

Melkassa, 1987 
Ants irabe, 1988 
Kachwekano, first season, 1987 
Kawanda, second season, 1986 
Kawanda , first season, 1987 
Kis indi, first season, 1987 
Mulungu, fir s t season, 1987 
Msekera, 1987 
Msekera, 1988 
Mbala, 1988 
Selian, 1989 
Selían, ínoculated, 1989 
!rente, 1989 

Canopy height (cm) 
Canopy width (score) 
Days to 50% flowering 
Days to 85% maturity 
Stand ~t harves t 
Pods/m 
Seeds/pod 
Weight of 100 seeds (g) 
Seed yield (kg/ha) 

Anthracnose 
Angular leaf s pot 
Al ternaria blight 
Ascochyta blight 
Root rots 
Web blíght 
Floury leaf spot 
White mould 
Comrnon bacteria! blight 
Halo blight 
Bean comrnon mosai c 
Black root 
Pod s ucking bugs 
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The performances of entries in the African Bean Yield and Adaptation 
Nurs ery (AFBYAN) in individual envüorunents were sUIIIll8dzed by Smithson 
(1990). The objectives of the AFBYAN I were : 

l . t o establi s h the bas i s of a regional nursery network; 

2 . Lo fac i 1 i tate exchange of promis ing materials; 

3 . to aid iu c lassification of e cological zonas; and 

4. to inte rpre t vadation in performance of genotypes in terms of physical 
and bio tic fac tors. 

In a rde r t o a chieve objec tives 3 and 4, collaborators were requested to 
collec t and provide data on various plant and environmental characters and 
seed y i e lds. For the original entry s et (AFBYAN I), there are data from 14 
trials . Following s imilar s tudies , entries are termed genotypes (G) and 
trial s , envi r·orunents (E), s o that the iuterac tion between them is the G x E 
iuterac tion . 

Changes in relative rankings appear to be an inevitable consequence of 
growing a s e t of plant genotypes in even a few locations or seasons. This is 
espec ially true in tropical, economically developing regions where not only 
are environmental fluc tuations greater but als o c rops lack the protection 
confe rr·ed by purchas ed inputs. The phenomenon, t e rmed G x E interac tion, is a 
major problem f or plant breeders and growers. For plant breeders, large G x E 
j nte t•ac tions impede progt·ess from sel ection and have important implications 
fot· t es ting and cultivar r e l ea s e programnes. Al though many different 
s t a t i !; tical procedures ha ve been employed to measure and charac terise G x E 
i nterac t i ou ir• brcoding trials, there ha ve been few at tempts to explore i t s 
nature and ca us es . 

Pool ed a na lys i s of variance partitions the total variation into 
components due t o E , G , their inte rac tion and the residual , thus quantifying 
the pt·oportion that eac h c ontributes and providing tests of their statistical 
s ignificance . However, the analysis helps little in the interpretation of the 
maiu e ffec t s and inte rac tions, the latter becoming complex where more than 
jus t a f ew envirorunents and genotypes are concerned. 

An importa.nt a spec t of G x E interaction is stability of performance. 
S tabil i ty can be measured s imply in t e rms of small among- environment variance 
hut a mo r e f a s hionable method has be en t o regres s the yields of individual 
geno t ypes on envi r onment mean y ields. This me thod was first proposed by Yates 
and Cochrane (1938) more than half a century ago; applied to barley trials in 
Aus tralia by F.inlay and Wilkins on (1963); and e xtended to include deviations 
from r egress i on a s we ll a s r egt•essions on env irorunent mean yields as 
s tability parame t e r s for mai ;¿e trials in the U.S . A. by Eberhart and Russell 
( 1966) . Regre~;s i on me thods ha ve s ine e be en applied by J inks and others ( see, 
Freeman, 1973 ) t o examine the inhe ritauce of s tability and their bases have 
be en di s c us s ed r·N.;e n tly by Un e t a 1 . (1986) . 
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Regr ess i on me thods s uffe r from problems o f interpretation and concept 
(Lin e t a l. 1986 ; Smithson and Gl'idley , 1991). One important danger is that a 
l a rgc propor·ti o n of g enotypes of s imilar or·igin and performance may weight 
the e nvi ronmeutal inde x l o the ex t ent that other g enotypes appear l e s s s table 
whe n, in fac t , they me r e l y diffe r in s tability charac teris tics . Another i s 
tha t a s imple linear r egression r espons e i s often a ssumed whi c h, in the 
bio logical context, i s improbable . Lin e t al. (1986) advocated the use o f 
c lus t e r· analys i s , whi ch does not s uffe r from this r·estric tion , for the study 
o f geno t ype r·esponse characteri s tics . 

1l10ugh bo th approaches can élssi s t the planning of br·eeding, t es ting and 
cultivar· r e l ease programmes , n e ithe r prov ides info r·mation that enables 
bt·eede r s t o prope t· l y quantify lhe fac t o r s contrihuting to variation in 
per·f o rma nce a c r oss a se r ies o f e nv ironments and the nature of g eno typic 
response~; to these fac t o r s. To do thi s wi ll r equire a mul tiple r egression 
npproach invol v ing lho~~e f eatures of the e nvironment and the plant 
c ha r·a c l e ri s tj <:s lmown l o be lmporta nt in de t e rmlning bean yields. 

Resour·ce~; d j d no l pt-H·mi t compl e t e me a s urement o f mos t plant and 
cnv i. ruruu~nt c ha rac teri s t ics , so those r eques t e d we re a c ompromise be tween 
compr d1e ns i veness and f e a s ibi li ty . The plant charac ters recorded we re all 
associaied wi t h seed y i e lds: e i the r· directly ( s u c h a s s tand count and y i e ld 
componenb~ ) ; o r i ndi rec tly, through the adaptation o f geno types to 
e nv it·orunent s (c rop growth , time t o fl owering and maturi t y and disease 
reac tion~:; ) . Ca nopy he ight and width we re meas ured to prov ide an eas ily 
r•ecordable but o bjective es tima t e of c rop gt'owth, a s an a lternative t o vigour 
!.i<:or es whi c h are s ub j ec tive and n o t compara ble a c r oss e nvironments. 

So n mo i s ture a nd f e rtility, t emperature, photoperiod, di s eases, insec t s 
and weed:; probu bly exet·i mos t influe nce on c r op de ve lopment, growth and 
yield . Ha infa ll in p r·esowing, veget a t ive a nd r·eproduc tive periods were used 
dS i ndi cat o r !_; o f soil mo i s ture. However , soil mo i s ture is a l so a func tion o f 
land confo r·mu t ion , ~>o i l t e xtur ·e a nd de pth and r a infa ll inte nsi t y. Jnformation 
(,n 1JH)S ~) fac t o r·:. we r e no t availa bl e. Al s o, because ac tua l r ecords we r e not 
m ·a i l ub ] e ac r·oss a ll e nv iro ruuents, l ong t e rm a verages o f bo th r a infall and 
lt~mperature we t·c used i n some c a ses. Whil e less than ide al , l ong t e rm 
élVer élges s hould provide a firs t a pproximation of a c tual wea the r conditions. 
Soi l s we r e c l nss if ied us ing available knowledge o f chemical compos ition, CEC 
m td pH . Tite pho l oper iod a t sowing v¡-u · i able was de r i v e d u s ing sowing date and 
)ati t ude i nfo rma tion . 

11w d i. sea :;e index wéls the average o f the l a r·ges t geno type mean s core f o r 
each of Lhe f i ve mos l sever·e disea ses i n e a c h e nvi r onment . Insec t damage was 
seldom rat e d a nd was t hus omitte d , e v en though insect s , espec ially bean s t e m 
maggo l.s, a r e known t o be important causes of c r op l o s s o f bean in Afric a . 
Weed cuve r was a l so not r·at e d but may be a n important variable because 
ma nagcment d i ff ur e d ac r oss lhe Bn vironments s tudie d . 

Pn:s umably, a ny o f t hese f ac t o r s may contribute to d i ff e r e nces in y i e ld 
a nd o l.he r tJla nt c harac t e t•s ac r oss a ·se t of e nv ironments, wi th the ir relative 
i mpor· l ance ch a ng ing wi th c irc ums tances. Provide d that important e nvironmental 
\'a t·ia b l es i nfl uenci ng plant pe rfo rma nce can be measure d wi th s uffic i ent 
accur acy, i l s hould be possibl e t o quantify the ir relati v e importance by 
r egr essing seed y i e lds (and o the r plant charac t e r s } on them. 



Furthel', G x F. interactions presumably occur because genotypes react 
differently t o one or more of the f eatures of the environments in which they 
are grown. For example, if Genotype A differs from B only in its ability to 
tolerate drought s tress then A s hould outper·form B in drought environments 
but behave s imilarly in non- drought environments and will be t•eflected in an 
lnte raction between the two genotypes and their environments. The regression 
of the yields (and other characters ) of the two genotypes separately on 
appropriate measures of the environment including drought stress should 
result iu different coeffi cient s for drought s tress. This argument can 
obvious l y be ext ended t o o the r genotype: environment relationships . 

Here, wc examine ways of providing s u ch information using data from the 
AFBYAN I trial series. Firs t , we apply conventional methods of analysis 
including: pooled analyses of variance to estímate the E , G, G x E and 
residual components o f the total variance of each variable to assess the 
importance of G x E interaction ; two-way pattern analysis to group 
environments and geno t ypes according to seed yields; and stability analysis. 
We then use l ess conventional methods to examine the nature of G x E 
interaction inc luding: pad.itioning the variations among environments, 
g•motypes and thei r i nteraction in various ways ; and regressing plant 
characte r s on environmental features considerad to be important in 
detel'llÜuing c r op growth and yield. 

MA'IHUALS AND MEllDOO 

Gcnotypes 

Sorne of the 25 genotypes were included due to problems of providing 
adequat e amounts of seed of all the entries originally proposed. Severa! were 
-cal ima' types, determínate with medium to large red seed with cream flecks. 
Four entries we r e not grown in all trials, so were omi tted from cornbined 
anal y~:; e::-;. These we 1·e: BAC 76 ( replaced by a local check at Antsirabe in 
Madagascar); Nain de .Kyondo (replaced by Canadian Wonder in the inoculated 
trial at Selian and at !rent e in Tanzania); and Mbala loc'al (replaced by 
Masa i Red in a ll three Tanzanian trials) . The remai'~ing 21 genotypes are 
lbted in Table 1, together with their countries of origin and s eed and plant 
types. 

F .. nvi ronments 

The envir onments from which data were obtained are listed in Table 2, 
together wi th ~;e l ected environmental features considered to be important for 
b1~an growth, development and yield. They i nc lude: sowing dates, latitudes, 
photoperiods and ttltitudes (all o f possible phenological importance); soil 
classe~; (SC) (on a scale of 1·-9, where 1 is the least and 9 the most 
fertile); and disease index (DI) (mean u f five larges t mean disease scores in 
each cnvir·onmmtt , to provide a measure of disease severi ty). 

RainfaJl a nd temperatura data during the vegetativa ( s owing to mid
fl ower ) and r·eproductive (mid- flower to maturi ty) periods and rainfall during 
one month pdor to sowing are given in Table 3. Except for Antsirabe, 
Mulungu , Mseket•a in 1987 and the two trials at Selian in 1989, these data are 
based on long term means and thus may diverge from conditions during the 
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a1 ~ tua] gTowi ng seasons cons.idered he re . 

Experimental dcsi gn and layout and data collection 

Tite e.xperimental design and layout and the data collected were described 
j n Part A. Briefly the trials were 5 x 5 triple lattices wi th three 
r eplicates and plot sízes of 4 rows of 4 m length 1 the centre two of which 
were used for data collection. The c rops were grown according to local 
practicel including time of sowingl spacing and fertilizer application. 

Tite plant character data reques ted were: canopy height and per cent 
ground cover at flowering (the latter was converted to cm of canopy width to 
deri ,:e the variable canopy size 1 which is canopy cross-sectional area); the 
numbe r o f days to fl owering and to maturi ty; s tand at harvest; and disease 
s r;oros ~on a l - 9 scal e}. Seed yields were recorded and the yield components 
(pods/m 1 sceds/pod and seed s ize) were es timated from a sample of 30 pods 
from each plot . 

Data analysis 

The methods used to investigate the performances of genotypes across 
environments were: 

Pooled analysis of variance. Pooled analysis of variance was computed for 
each varjable in the form of a split plot analysis with replicates as main 
plots and genotypes as s ub- plots. Because their error variances were 
heterogeneous 1 seed yields in kg/ha were also weighted by the r·eciprocals of 
their s tandard errors. The denominator for the F test of the E mean square 
was the pooled reps and reps x E terms. The G mean square was tested against 
the G x E mean square and the G x E mean square against the sub-plot error 
term. 

Clus ter analysis . Ehvironments and genotypes were cluster·ed by two-way 
c lassificatory analyses of seed yields using Ward 1 S (1963) agglomerativel 
hierarchi.cal mínimum variance method and the E, G and G x E interaction sums 
of squares were partitioned into components due to the variation among and 
within clusters in the manner of Byth et al. (1976). See Everitt (1980) for a 
suJJUJJary of methods of cluster analysis. 

Stability analysis. The stability of seed yields was explored usin.g the 
method of Eberhart and Russe]l (1966) by which the mean yield of each 
genotype in each environment is regressed on índices derived from the 
envirorunent mean yields. The significance of the divergence of each 
r·egr ession coefficient (b) from uni ty is determined by comparison wi th the 
standar·d error of the deviations from regression by standard 1 t' tests . The 
significance of the deviation from regression is tested by comparison of 
their deviation mean squares with the pooled error mean square by means of 
'F' tP.s t s. 

Hierarchical part.itioning . Plant characters and environmental features 
de t ermining seed yields were examined by partitioning the G and G x E sums of 
square:. into components due to plant type (I 1 II and II I) and seed size (S 1 M 
and L) and the E and G x E sums ·of squares according to altitude and lat:itude 

6 



or rainfa ll and t emper'ature. 

Multiple regression . Mult i ple regressions of plant characters on various 
combinations of envirorunental features were investigated using the model: 

where : Y r epresents an individual plant charac ter variable ; a is the 
Y axis intercept; B1- Bn are the regression coefficients of the environmental 
variables Xl-~ ; and e is the error . The dependent and independent variables 
ar'e i dentif1ed be low in the section on multiple regression. 

REIDI:rs 

Pooled analysis of variance 

Mean squares wer e signi ficantly greater than zero for all variables in 
the case of environments and for all except anthracnose score , in the case of 
the G x E int e rac tions (Table 4). The genotypes mean squares were 
significantly greater than zero except for stand at emergence and anthracnose 
scores. 

Environments accounted for the major part of the total variation of all 
plant characters except seeds/pod and seed size and of the disease scores for 
anthracnose, rust and BCMV (Table 5). In general, the proportion contributed 
by genotypes was s imilar to or less than that of the G x E interactions 
except for seeds per pod, seed size and ~ score . 

TI1e weighting of seed yields by the reciprocals of the individual 
environment standard errors tended t o ínflate the environmental component at 
the expense of the othe r s but did not mate rially change the overall pattern . 

Variable means 

Tables 6- 20 a r e two- way tables of envi ronment and genotype means for the 
diffe r·ent variables. In this sec tion, we will consider only the environment 
and geno type means as inte rac tions are difficult to inte rpret with 21 
genotypes grown in up to 14 environment s and will be described in a 
subsequent section . 

Days to flower . Days to flower were recorded in 11 environments (Table 6). 
TI1ey ranged be tween 35.2 in MSK88 and 60 . 2 in KAC7F. Kilyumukwe (38 . 2 days) 
and Muhinga (38 .8) flowe r ed earlies t and Carioca (47 . 5) and G 13671 (46.5) 
we r e l ates t to flower. 

Canopy heights . Canopy heights were measured in 11 environments (Table 7) . 
They ranged between 19 . 2 cm in MBA88 and 43 . 2 cm in MEL87. G 2816 (30 .8 cm) 
and Black Dessie (31 . 2) we r·e the s hortest genotypes and G 2470 (41 . 2 cm) and 
A 197 (37 .3 ) were the t a llest. 

Canopy widths. Canopy wi dths we re recorded in 13 environments (Table 8) . They 
we r e l east in MUL7F (23 . 3 cm) and greatest in FIF88 (44 .8) . Among genotypes, 
Calima and PVA 1272 produced the narrowest canopies (29. 9 cm) and Red Wolaita 
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and G 13671 ( 39.9 cm) we r·e the wides t . 

Canopy size. Canopy sizes wer·~ cal culated for 11 environments (Table 9). TI1ey 
we r e larges t in FIF88 (1.70 m ) , MEL87 (1 .67) and SEL89A (1 . 64) an~ 
s ignificantly smaller than all other environments in MBA88 (0.47 m ) , MSK88 
(0.55) and MUL7F (0 . 72). 

Days to maturity. Days t o maturity were recorded in seven environments (Table 
10) . TI1ey were s hortes t in MEL87 (68.4 days) and longes t in FIF88 (120.8 
days) . PVA 1272 (85.4 days ) matured earliest and Black Dess i e (91.6 days) was 
l ates t . 

Yield components. Yield components were estimated for 11 envi r onments (Table 
11). 

- 2 ( - 2 Pods/m we1·e fewest in MSK88 23.4 m ) and ~st in SEL89A 
(260.2) (Table 11) . Among genotypes, G 2470 (72 .3 - ) and PVA 563 (79 .6) 
produced the fewest pods and Carloca (160.6) and Black Dessi e (158.3) 
pr·oduced the mos t . 

Seeds/pod were f ewes t in MBA88 (2.08) and most in FIF88 (3.85) (Table 
12) . T 23 (2.61) and Ka banima (2 .69) produced the fewest seeds/pod and T 3 
(4.76) and Carioca (4 .57) produced the mos t . 

Seeds we r e smallest in MBA88 (293 g/1000 seeds) and larges t in SEL89B 
(511 g) (Table 13). Among genotypes, Black Dessie (216 g/1000 seeds) and 
Carioca (224 g) produced the smalles t seeds and A 197 (519 g) and G 2470 (516 
g) pr·oduccd the larges t . 

Seed yields. Seed yields we re r ecorded in all 14 environments (Table 14) . 
They we r e heaviest (3447 and 3032 kg/ha) in the two trials at Selian in 1989 
and small es t in MSK88 (169 kg/ha) and MBA88 (270 kg). G 2816 (1638 kg/ha) and 
Carioca ( 1601 kg) pr·oduced the heaviest yields and Muhinga ( 1056 kg/ha ), PVA 
880 and Kabanima (1163 kg) we r e the poores t yielders. 

Disease scores. Al though anthracnose was recor·ded in five out of the 11 
enviroumen t·s where diseases we r e rated, i t was never severe and diffe r ences 
among genotypcs we r e not significant (Table 15) . 

Angular leaf spot was mos t sever e and second most preval ent (eight 
env ironments ) of the diseas es ratcd (Table 16) . It was wor s t at KAC7F (6.32) , 
KAW6S (( 5 .73) d11d MUL7F (5.37). There we re significant differences among 
geno types wi t h ('_,ari oca ( 3. 13) showing the smallest mean seo r e and Urubonobono 
(5.13) ru1d Red Wolaita (5 .04) the mos t sever e disease . 

• 
Rus t was r ecorded in seven environments but was not severe except in 

cer ta in endr·nnment :genot ype combinations (Table 17). Severity ranged between 
1.10 in IRE89 and 3.25 in KAW6S. Red Wolaita (3 . 52), T- 3 (3.38) and T-23 
(3.05) s huwed the most severe scores and Carioca (1 . 29) appeared most 
r·es i stant wi t.h a maximum score o f 2. 33 in KAW6S. 

Common bac t f! r ial blight was the mos t prevalent disease, occurring in 
uine envi r onmeuts , but was severe only in individual genotypes in KAW6S (mean 
4. 94) , l{AC7F ( 3. 83 ) and MEL87 ( 3. 33) (Table 18) . Among genotypes, PVA 880 
(2.33 ) and Carioca (2.44) we r e l east affected and G 2816 (3 . 74) and T- 3 
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(3 .59) s howcd mos t severe s ymptoms. 

BCMV was recorded in five environments but was severe only in certain 
genotypes in the three trials in Zambia (MSK87, MSK88 and MBA88) (Table 19) . 
T -3 ( 4.87 ) and Red Wolaita (4 .60 ) were rated most severely affected andA 197 
and ZPv 292 (1.13) expressed the l eas t symptoms . 

As cochy ta blight was r ecorded in f our envirorunents but was severe only 
u1 KAC7F ( 4- 32 ) , MUL 7F ( 3. 30) and MBA88 ( 4. 02) (Table 20) . Overall, G 13671 
had the lar·ges t scor e (4 . 42) and ZPv 292 (1.92) was least affected . 

Other diseases (floury leaf spot , white mould, alternaría blight, root 
rots a.nd ha l o l>light) we re only locally severe. 

Cluster analysis 

Clus t e r analys i s of seed yields distingui shed four envi.rorunent (ECXis) 
and e ight genotype clusters (G<Xis) (Figures 1 and 2; Table 21). Their means 
are shown in Table 22. 

Cluste ring accounted for 96.1% of the variation among environments but 
only 31 . 1% of the G x E inte r·ac tion . Di fferences wi thin clusters were still 
highl y s ignificant for ECG 3 and ECXi 4 (Table 23). Environment mean yield 
accountetl totally for the separation. Apart from two trials sown a few days 
apart in the same field at Selian in 1989, which occurred together i.n ECXi 4, 
ther e was little sensible about the composition of the environmental 
c lus t ers _ Trials at the same l ocation in diffe r ent years or seasons fell in 
separate c lus t e r s and the r e was little obvious association between c limatic 
and othe r features o f envir·onments and their grouping. 

TI1e genotype c lus t ering accowlted f or 83 .5% o f the variati.on among 
gonotypes and, in contras t with the envi r onment clustering, 77 . 1% o f the G x 
E intet·action. As expec t ed from the me thod used, c lusters t ended to be 
related to genotype mean yie lds. The ma j ar discontinuity involved GCGs 1 
(1519 kg/ha), 7 (1601 kg) and 8 (1638 kg) and the remaining c l.uste r s (1218-
1302 kg/ha) _ In the hcavy yielding group, Gffi 1 and 7 fused earlier than G<Xi 
13. Among the poor yielding c lus ters , grouping was not so obviously associated 
with mean y i e lds , so mus t have also reflec ted diffe r ential responses to 
cm ironments. GCGs 4 ( 1224 kg/ha), 5 ( 1218 kg) aud 6 ( 1302 kg) fused first, 
f ollowed by GCG 2 (1231 kg/ha) and then GCG 3 (1272 kg). Moreover, the r e was 
near comple te overlap of the y i e lds of the genotypes in most c lusters. 

The genotype c luster composition was quite c losely r e lated to plant type, 
seed s i :>.e and o r·igin. All geno types in GCXis 2 and 5 were Plant type (Pr) I 
with mediwn tu larg·e seeds aud in GCG 3 were a ll Pf Illb with smal) seeds , 
two o f whic h (Bla ck Dessie a nd Red Wolaita) are from Ethiopia and the third 
(T 3) i s $ 0 similar in morpho l o¡¡;y t o Red Wolaita that they are probably 
identical . GCGs 7 and 8 each comprised a single genotype (Carioca and G 
281G), whi ch were thc overall s econd and largest yielders, respectively . GCGs 
1, 4 aud 6 each compri sed genotypes of varying plant type and seed size, 
though groups 1 and 4 involved genotypes grown or performing well in the 
Gr·eat Lakes Region. The two genotypes in GOG 6 (K 20 and ZPv 292) were bred 
in or o r·iginated from the s ame a r ca o f Uganda. 
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Stabllily analysis 

111~ regt·e~sj on coef fi c i e nts, coefficients of determination ( r 2 ) and 
s ta.ndurd CL'I'OI'S o f d eviatio ns from t'cgression (sb) for the 25 entries are 
s howt1 in Tctbl e 24. 

\ 'arious t·csponses were exhibí ted among genotypes in AFBYAN 1. Most had b 
, -alues not s ignifj cantly different from unity and deviations from r egressiorl 
not ~; ignificantly grea ter than zero - for example , PVA 563 (Figure 3). Two 
genotypes (PVA 1272 and Muhinga), exhibí ted b values significantly smaller 
tha.u uní ty (Figure 4). G 13671 had a b value greater than uní ty (Figure 5) 
d nd two genoly¡;es (G 2816 and Carioca ) had deviations fr om regression greate r 
lhan zer o (Fi.gut·es 6 and 7) . Since ten o f the 21 en tries were PI' I and eight 
o f thes ·~ Calima types, the e nvironmental índices must be heavily weighted by 
the it· r·ea c tion s t.o envit·onnlents and it i s not s urprising that only one of 
tha l particular group (PVA 1272) diverges significa.ntly from the index . 

The t·esu] t s confo rm nicely wi th the genotype groupings produced by the 
c lus t e r analys is. GCGs 1 and 6 genotypes were c haracterised by b values 
t.e ndiug to be grcater than wü ty; GCG 2 genotypes s howed b values t ending to 
be lHss than unity; and GCG 3 and 5 had b values n ear unity. Carioca (GCG 7) 
and G 2816 {GCG 8) diffe red from the o ther genotypes by their l arge r 
deYiations from l'egress i o n. GCG 4 was mos t diverse, involving three genotypes 
wi lh b values e] ose to unity and Muhinga , wi th a b value less than uní ty. 
Inte r est ingly, GCG 4 was o.lso one of the more diverse in plant character and 
s howt':d lhe lat·ges t wi thin g t·oup variation for seed yields. 

Componcnls of E and G x E interactions mean squares 

Pa t· ti U uning o f e nv iro nment s a c cord.ing to rainfall, temperature and soil 
c la!.:!S r evealed that most of the variation among environments was among the 
l ow, mprli um and high rainfall gro ups (38.9%) and within the medium rainfall 
g r o up (52. 5%), the 1 atter arising principally from variation among soil 
cla~·.sr's in thP. mcdium temper·ature group (34. 3%) (Table 25). Similar 
parl i Li oning o f the G x E s ums o f squar·es did not distingui s h major sources 
o f vari a lio n , which appeared to be s pread evenly across envi ronme nts. 

Com¡xments of G w1d G x E interactions mean squares 

111~ mean squares from the par·ti tioning of the G and G x E s ums of 
!;qua r es f o r· secd y i e lds according to plant type and seed size confirmed the 
i mpor·tanco o f plant type and seed size apportioning most of the G compon ent 
amor¡g r a the r tha n wi thin groups (Table 26) . 

AJthough thc r e we re no s ignific an t differences in seed yields among the 
thn<e phmt l ype:..; (I, II a nd III), there were very highly significant 
inle t·actio n s among plant lypes and e nv ironments. These were mainly due to the 
compal'i son of Plant Type (Pf) 1 genotypes with Pf 11 and Pf 111, Pf I 
geuotypes yielding worse than Pf 11 and Pf III genotypes in KAW6S, KAW7F, 
SEL89A and SELB9B and better in RUB7F (Table 27). 

There were also highly significant differences among Pf 1 genotypes, 
al'i siug mainly fr·om amor1g the large- seeded genotypes. The interactions among 
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PI' I genotypes and environments were highly significant ; in this case arising 
entire l y from wi thin the group with large seedso Most of these interactions 
a r ose from among r·athe r than wi thin c lus ter· groups o 

The two F'f II genotypes (Carioca and Kilyumukwe ) did not diffe r 
s ignificantly in s eed yield but displayed highly s ignificant interac tions 
with environments; Carioca yie lding be tter than Kilyumukwe in FIF88 , KAW7F , 
SEL89A a nd SEL89B and l ess well i n KAC7F, KIS7F, RUB7F and IRE89o 

Differences among Pr III genotypP.s were highly significant, wi th the 
majot•i ty o f the var iation occurring among the medium- size seeded group 
compris ing G 2816 and Muhinga , the largest (1638 kg/ha) and smallest (1056 
kg) yie lde r·s iu the trialso Diffe r ences among seed sizes and within the small 
and large- seeded groups we r·e not s ignificant o There were also highly 
s i.gnificant i.nte r·actions wi th environments, arising from comparisons of the 
roesponse o f the small wi th the medium and large-seeded groups and wi thin the 
medium a nd large-seeded groupso There we re no s ignificant interactions of 
environments within the small - seeded group (Red Wolaita, Black Dess ie and T-
3 ), which f o r med GCG 3o 

Multiple regres sion 

Amor1g the envirorunental variables, there were large correlations between 
t o tal seasona l r·ainfall and rainfall during o ther periods, among the 
diffe r ent measures of t emperatura and with s orne combinations involving 
photoperiod (Tabl e 28), so the regress ion variables were confined to 
pn:!sowing , vege tative and reproduc tive period rainfall, mean temperatura, 
~;o il c l ass and disease index o 

Thn R2 values from the mult ipl e regressions of seed yield and its 
components {pods/m2 , seeds/pod and seed s i ze ) and canopy size of each of th.e 
21 geno t ypes on these s i x envi r onmental variables are shown in Table 29 and 
the indivi dua l r egressi on coeffi c ients in Tables 30- 35 . The genotypes are 
a rranged a ccording t o clusters and the order in which they fused to 
fac ili t a t e im~pection f or similarities in envi ronmental responses. In oder to 
mo t·e eas i ly examine the r e lations hips between yield and i ts components, the 
r egression coeffic i ents are presented by independent (envirorunental) 
variable o 111Us, the coeff i c i ents for the regressions of seed yield on the six 
env ironmental variables are found in the first column of Tables 30-35 . 
S imila d y f or canopy size and the components of yield o 

1l1e r egressi ons accowlted f or up to 79% of the variation in seed yields 
and 89% of that i~ pod numbers (Table 29). Although there was no clear 
assoc í a tion of R values with GCGs for seed yields, in the case of pod 
number, t he R values t ended to be largest in members of G<XIs 1, 3 and 5 and 
l eas t in GOGs 2, 4, and 8. R2 values we re less for other plant characterso 
For seeds/pod they ranged from 0031 t o 0 . 79 and for seed size from 0 027 to 
0 079, there being two genotypes no t significantly great~r than zero f or both 
cha rac t e r s o Th~re was no obvious relationship between R values and GCG o Fo r· 
canopy size, R values were significant in only four genotypes o 

Soi l class. Seed yields increased from 172- 415 kg/ha for each unit increase 
in soil c lass {Table 30) 0 Although all genotypes responded si~1ificantly, 
the re we r·e diffe r ences among them . Notably, G 2816 displayed a significantly 
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larger b coefficient than most other genotypes while Carioca, the second 
largest yielder in the trial, and G 13671 (the fourth), also exhibited large 
b coefficients. The latter two genotypes also s howed the largest b values in 
the stabili ty analysis. Similarly, the membe r s of Gffi2 (PVA 1292, T- 23, 
Calima and PVA 880 ) exhibited consistently small coefficients for soi l c lass 
and in the s tability analys i s. 

The e ffects of soil fertility on yields ap~eared to be mainly through 
pod m.uuber, which inc reased by 19.4- 48 .7 pods/m for every un~ t increase in 
soil class. The response was gr eates t in Carioca (48 .7 pods/m ) and G 13671 
(39.4 pods ) aud o ther members o f Gffi1. For seeds/pod, coefficients were 
s ignificant in eight genotypes (0 . 18-0.35 seeds/pod for each unit increase in 
soi 1 class) and, for seed size, in ten genotypes (17 -50 g/J 000 seeds) . 

These r·es ul t s suggest that soil fertili ty was an impor·tant determinant 
of c rop yi0ld (and thus enviromnent index) and a contributor to G x E 
inter·action in these trials. 

Presowing rainfall. Seed yields were apparently unre lated to presowíng 
rainfall except for G 2816, i n which they fell significanpy ( 40 kg/ha for 
every mm) with incr easing rainfall (Table 31). TI1e pods/m , seed weíghts and 
canopy sizes o f all genotypes decr eased with increasing presowing rainfall, 
the decreases in pod numbers a nd seed sizes being significant in most 
genot}~es. Reduc tions in canopy size were s ignificant in only four genotypes 

Black Dessie, Red Wolaita (both membe r s o f Gffi3), G 12470 and G 2816. 
Presowing rainfall might a priori be expected to benefit crop growth and 
yield by incr easing the quantity of water in the soil profile but excess i ve 
rainfall could a l so be detr·imental to emergence and early c rop growth. 

Vegetative period rainfall There was little association between r ainfall 
during t.he vegeta tive period a nd any of the crop characteristics recorded 
(Tab] e 32). Tite exception was seeds/pod, which fell significantly (by O. 42-
1 . 05/pod for evcr·y mm of rainfall) wi th increasing rainfalJ , except in G 2816 
and membe r·s of GCG3. 

Reproductive period rainfall . Seed yields fell 0.77- 7 kg/ha for ever y mm of 
t•ainfall t·ecorded during the reproductive period (Table 33 ) . The fall was 
s ignifi cant in all but three genotypes- these were Kilyumukwe andA 197 
(bot.h meml>ers of GCG4) and G 2816, whic h appeared least affected. The 
coe ffi c i ents for o ther characters were rarely s ignificant, except for pod 
numl>er·, whe r e they were all po2itive . G 2816 was also conspicuous by a large 
Ü1c r ease in canopy size ( 31 cm ) and a large decrease in seeds/pod (l. 03) f or 
every nun inc r ease in reproductive rainfall. lncreasing rainfa ll during the 
r·Ppr·oduc ti ve per i od may be expected to r educe yields by producing condi tions 
l css favourable for pod ripening and more favourable for disease development. 

Mean temperature. Seed yields f ell significantly with increasing mean 
temperature (99 144 kg/ha with every °C) in only four ge~otypes, associated 
with significant decreases in pod numbers (86- 189 pods/m } in all genotypes 
and i n seed size (9-- 34 g/1000 seeds ) in 11 genotypes (Table 34). These 
dcct·eases were cowüered by l argely significant inc reases in seeds/pod. 
Canopy s izes dec r·eased s ignificantly wi th increasing temperature0 in two 
genotypes (Black Dessie and G 2816) from 7.4- 12 .5 cm2 for every C. G 2816 
wa :.; again conspicuous, i ts seed yield and canopy s ize falling and i t s 
seed~>/pod inc r·easing wi th incr·eas ing t emperature more than those of other 

12 



genotypes. 

Disease index. Disease index was rarely s ignificantly associated with any of 
the plant characters recorded (Table 35 ) . The seed yields o f Kirundo andA 
197 inc r eased s ignificantly by 167 and 176 kg/ha per unit increase in disease 
index, respectively. Both were in Gffi4, the other two members of which also 
d isplayed large, positive coeffici ents, accompanied by large, positive 
coeffic ients for pod numbe r and seeds/pod. Positive associations between seed 
yields and disease pressure are obvious ly spurious, perhaps due to the 
disease index behaving a s a proxy for other fac tors . Over all, there is 
little evidence f or diseases being important causes of crop loss in common 
bean in these trials. Whatever the factors involved, the large swings in 
coeff ic i ents from positive to negative could have made important 
contributions to G x E interaction. 

Dlsa.JSSI~ 

Environments 

Combined analyses o f var·iance revealed that envirorunents and the 
interac tions due to G x E interaction accounted f or much larger proportions 
o f the variation in seed y i e lds and other plant characters than genotypes. 
Partitioning of the environment sums of squares showed that rainfall and 
soil class (in the medium rainfall zone) accounted for mos t of the variation 
in yields among environments. The results of the multiple regression 
es timates we r·e in agreement, wi th yields increasing significantly wi th soil 
class and decreasing wi th increasing rept·oducti ve period rainfall. Clustering 
environments according t o seed yields s ubstantially reduced the E component: 
howev~r. inspection of the groups r evealed no obvious relationship with 
envirorunental f eatures. Furthermore, c lus tering r emoved only a small 
pr·oportion of the E x G component and parti tioning identified no major source 
o f variation, so these data provide no bas i s for s tratify ing environments for 
testing purposes. 

Genotypes 

Clus t c ring genotypes a ccording t o seed yields substantially r educed the 
G and G x E variations and distinguished groups differing principally in 
plant type and seed s ize. Partitioning of the G and G x E components 
showed that plant type accounted f o r mos t of the variation . Stabili ty 
characte r·istics we r e al so r e lated to plant type. Genotypes di verging most 
from environmental índices fell in the Pfii and Pfiii groups and so their 
res ponses differed from Pfl genotypes. Because environmental índices would 
have been heavily weighted by PII genotypes we can conc lude only that the two 
groups differed in stability and not that the PTI group was more s table than 
PTII and PTII I genotypes . 

Tite genotype, G 2816, diverged most conspicuously from the other 
genotypes . G 2816 is PTIII with a medium- size s eed : it yie lded heaviest 
overal1, appeared alone i n Gro 8 and deviated s ignificantly from the 
environmenta l index. Carioca was the second most divergent . It is PTII with a 
smal l seed : it was the second lar·ges t yielder overall, it occurred alone in 
GOG 7 and, like G 2816 , its yields deviated significantly from the 
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environmental index . TI1e geno types in GCG 3 (Red Wolai ta, Black Dessie and T-
3) we r e al so c l early dis linguishable from t hose of other groups. They were 
lhe only gP.notypes combining s emi- climbing growth habit with small seed s ize 
and t hey produced s imilar, s maller than average yields. 

Do the multiple regressions on envi r onmental variables offer any 
explanati on f ur t he genotypi c res ponses to envi r onments? The r egressions 
accounted f or l a rge and s ignificant proportions o f the variation in yield and 
its components (though not in canopy s ize) of most genotypes. Seed yields 
increased with i nc reas ing soil c lass (as a measure of soil fertility) and 
dec reased with inc r ea s ing reproductive period rainfall2 The effects of soil 
f e rtíli t y appea r·ed to be mainly a ssoc iated wi th pods/m though seeds/pod and 
canopy and seed s ize we r e also inc r ea s ed in sorne genotypes. The relationships 
be tween reproduc tive period rainfall and components of yield were 
inconsis l ent: and usually no t s ignifi cant: a s rainfall inc r ea sed , pod numbers 
tended t o i nc r·ease and seed numbe r s decrease. 

Onl y in a few genotypes was the r e evidence of a r e lations hip between 
seed yields and rainfa ll in lhe presowing and vegetative periods , mean 
l empe r·a tur·e o r disease indP.x, al though sorne yield components we r·e affec ted . 
Pod numbe r s and seed sizes tended t o fall with inc r easing presowing rainfall 
i'iud the numbe r· o f seeds / pod became fewe r· with inc r easing vegetative rainfall: 
there was no obvious explanat ion for these r elationships. Pod numbers and 
seed s i zes a l so f ell wi th inc reasing t emperatur·e , which confo rms wi th 
accepted knowl edge of t he a dapta tion of common bean, compensated by inc r·eases 
ír1 seed nwnber·s. 

Bul. il i s the diffor ences among the repenses of the genotypes t o the 
env i r omucntal var· iables i.ha t are important in relation t o G x E interac tion . 
Again G 2816 exhibited the greatest dive rgence. Its seed yield and canopy 
size respouded mor e to improving soil fertility than othe r genotypes and we r e 
depr essed t.o a larger ext en t by increasing presowing rainfall and mean 
t emperature : i t s canopy s i ze r·esponded more and i t s seed y i e ld was much l ess 
a ff cc ted • by r eproductive period rainfall. Carioca was also con spicuous . Its 
seed yit'lds t ended to r espond mor e to i mproving soil fertility than other 
genot.ypes and i t s seed y i e lds we r e among those most depressed by r'epr·oductive 
pel'iod r a) nfall . Carioca's response to soil f e rtility was associated with 
more pods and seeds /pod than othe r geno types . 

Tite membe r s o f GCü3 (Black Dessie, Red Wolaita and T 3) also responded 
differently t o env ironment s than other genotypes. Canopy sizes increased with 
improving soil fer tility and decreased with increasing presowing rainfall -
among o the r genot~rpes, only G 2816 behaved s imilarly. Their seed s izes 
'inc r ea s t}d mor e wi th impr·oving soil fertility , increasing disease pressure and 

inc l'uasing vegetative rainfall; and f e ll l ess with inc r easing t emperature and 
pr·esowi ng rainfa ll. Al so , seeds/pod fell l ess wi th inc r easing vegeta ti ve 
t-x:r·i od rain f a ] l than t hose o f other groups. 

GCG4 (K.irw1do, Ki lyumukwe, A 197 and Muhinga ) was another group wi th 
no ti ceably diffe t·ent res ponses to environments. This was the most di verse 
gr oup morphol ogi cally , inc ludi ng genotypes of all three growth habits and 
with mediwn and large seeds. The ir seed yields and pod numbe r s tended to 
increase mo r e than those of othe r genotypes with increasing disease 
polP-nt ial, though this relationship is probably spurious . There are s evera! 
o the r ins l a nces of individual geno types with differing res ponses to the 
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envirorunental variables. For example 1 the canopy size of G 12470 was smaller 
with inc reasing presowing rainfall than those of o ther genotypes; and its 
seeds /pod were fewer wi th inc r·easing pre sowing and r·eproduc ti ve period 
rainfall . 

It would be imprudent to draw a general set of conc lus i on s from these 
r·esul t s . The environrnents studied are an inadequate sample o f environrnents in 
whic h beans are produced in Africa. The genotypes include land races and 
improve d lines and cultivars that are conunonly grown o r have performe d well 
in tes t s in Afr·ic a 1 but they are few in numbe r . Attention has already b een 
drawn to the inappropriateness or impr··ec i s ion o f the e nv ironmental data . 
Another possible d e ficie nc y i s the omi ss i on of e nvironmental features whi ch 
also dete rmine crop growth and yie ld. One of these i s ins ect damage l no tably 
due to b ean s tem maggotl whic h is known to cause yie ld l oss of c01m1on bean in 
Afric a . Weed c over was al s o no t r ecorde d though s tandards of tria! manageme nt 
dlffe r·ed and may have affec t e d yie lds . Apart from other statis tical 
cons ide t"ation s , omiss i.on o f any fac t o r with large effec t s in any environment 
may i.nvalidate the analys i s . 

Fo t· the mul tiple r egress i on s t o be meaningful 1 the estimates s hould 
account for s ignificant pr·opor·tiou s o f the variation a c r oss env ir·onrnents ; the 
r esul t s s hould be r·epeatable; and the e ffec t s of the environmental fac t o rs 
s h ould rto t diver·g e too wide ly from expec tation. Re peatabili ty yet r emains 
tmpr·oven but the r egres sions did a ccow1t for s ignificant proportion s o f the 
varia tion in y ield and the e ffec t s of the environrnental variables we r e within 
r e a son . 

The importance of environments and G x E interaction in these trials i s 
beyond doubt. The r esults pro vide no ba sis for a c lassification of 
e llv it·unmculs. Seed yields improv e d with soil fertility and d e terio rate d with 
rainfclll dur ing the r e pro duc ti ve period. Geno types and g enotype groups 
di ff e r·ed in the ir r·esponses l o environments. From the r esul t s of the mul tiple 
r egress i on analys i s 1 it i s t empting t o s ugges t that the genotypic differences 
aro~;e ma inly from r·t~sponses t o soi l f e rtili ty and reproduc tive period 
r·ai.nfa l 1 bu t this needs furthe r confirmation. 

'OH'! rt-~sul t s o f the AFBYAN I I series are now being a ssembled and data 
héw e bt~en r ece i ve d fr·om 22 trials. No t all the data are complete but they are 
muc h mot· ~ ~ compre h e n s i ve than the data from the AFBYAN I series. A few trials 
r·ema i.n ou t s t a nding. Once these ha ve been rec ei ved 1 i t is proposed to e xamine 
em: i n>nmenl and grm o t ype r·espon s e s i n these data . Not only will this provide 
a be l t e r· s ample o f environrnents than AFBYAN I 1 but al so a more di vers e s et of 
geH•) I.yp~~:.. In additiou, it i s proposed to combi n e the data from the t e n 
günotyp( ) ~~ that at·e conmlon t o AFBYANs I and II a c ros s all environments. 
Ho pe fu]] y l analy s i s o f these large r data se t s wi ll produce more meaningful 
inte rpr·e t a tiow-; o f G x E inte r·act i on than have been so far a chieved . 
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Table l . Contributing countries, sources and characteristics of genotypes 
in AFBYAN 1 between 1986 and 1989. 

Genol ypes 

Black Oess ie 
Red Woldita 
PVA 1272 
G 13671 
G 2816 
¡ 3 

T 23 
Kabani1a 
K 20 
zrv 2n2 
CM· ioc a 
IJrubonobono 
K ir undo 
Cdlima 
Rubona 5 
Kilyu1ukwe 
A 197 
Muh i ng.1 
PVA 830 
PV A 563 
~ 12470 

Other Contributi ng 
iden tities counlries 

Japones 
Fl or de M<Jyo 

Lydllungu 85 

Peru 14 -2 

Ethiopia 
Ethi opia 
RNdOdd 
Rwanda 
Rw<1nda 
lan za nia 
Tan zania 
IJganda 
Ugdnda 
Za111b i a 
Zdllbia 
Burundi 
Burundi 
Burundi 
Rwan da 
Rwanda 
Rwand J 
Zaire 
Rwand d 
Rwanda 
RwandJ 

Seed t ypes 

Sources Si zes Colou r s 

Ethiopia 
Ethiopia 
CIAT 
Mexico 
Mexico 
Td nzania 
Tan za nia 
Uganda 
IJganda 
IJgan da 
Brazi.l 
Buru nd i 
Burundi 
Colo1bia 
Co lo 11 bia 
Rwan da 
CIAT 
la i re 
CI AT 
CIA T 
Ecuildor 

S 
S 
L 
L 

"' S 
L 

"' L 

"' S 

"' L 
L 
L 
L 
L 

"' L 
L 
L 

Black 
Red 
Red/white fle ck 
Crea•/b lack fleck 
Crea• 
Red 
Red/white fle ck 
Red/white fle ck 
Red/whit e fl eck 
Purple 1ottle 
Br own /creae s triped 
White/black fleck 
Yellow 
Red/credl fle ck 
Red/crea11 fleck 
Purple 
Crea111 
Nhit e/bl ac k st r iped 
Red/whit e fleck 
Red/ wh ite fl eck 
Purple/white fleck 

Pldnt 
type 

3b 
3b 
1 
3 
3 
:jb 
1 
1 
1 
:jb 
2b 
3 
3 
1 
1 
2 
1 
3 
1 
1 
1 

S, M and L indicates weight of seeds/100 g less than 25, 25- 40 and greate r 
than 40 , respectively 
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Table 2. Environrnents in which AFBYAN I was grown between 1986 and 1989 . 

Day length (hours ) 

Envir- Altitudes Soil Sowing At Change 
onments Countries Latitudes (mas l) class date sowing first month 

8°25 
. 

MEL87 Ethiopia 1550 5 30 Jun 12.60 - 0.12 
FIF88 Madagascar 19° . 1500 7 1 Mar 12.48 - 0 .53 
KAC?F Uganda 1°14 . 2123 3 25 Apr 12 .08 +0 .02 
KAW6S Uganda 0°34 1196 5 mid Oct 12.10 o 
KAW7F Uganda 0°34. 1196 5 9 Apr 12.12 +0.02 
KIS7F Uganda 0°25 . 1146 3 mid Mar 12.12 o 
RUB7F Rwanda 2°29. 1706 3 8 Oct 12 .15 +0 .05 
MUL7F Zaire 2°18: 1731 7 mid Oc t 12.15 +0 .07 
MSK87 Zambia 13°39 1025 5 8 Jan 12.88 - 0 .27 
MSK88 Zambia 13°39, 1025 5 10 Jan 12.87 - 0 .27 
MBA88 Zambia 8°51: 1673 1 13 Jan 12.58 - 0 . 18 
SEL89A Tanzania 3°20 

' 
1387 9 30 Mar 12.08 - 0 . 08 

SEL89B Tanzania 3°20 . 1387 9 4 Apr 12 .07 - 0.08 
IRE89F Tanzania 4°50 1400 2 15 Apr 12.02 - 0 .15 
- - --------------- ------------------------------------------------- --- --------

Tabl e 3. Rainfall and temperature data for environments where AFBYAN I 
was g rown between 1986 and 1989 . 

-· ''. - -· - o o ------ -· -~--- - - - - - -- --· - - -·- .. -- -- .. --- --- --- --- -- --- - ... 

Tempe ro.~ lure °C 
-- - - -·- --- ... -- • • - • • • • r o • -- ---- -. --- - ~ - - -------

f¡,Ji 11 f Jl 1 (mil) i'ld:ÜIBUII Mi ni111u1 Mean 
0- -- --- .. - . - - ' ' . - . -- .... - .. - -~ ----

[nvir p¡ ,. y., ~l - Reprodo Vego o o Reprodo Full V ego Rt>prodo Full V ego Reprud Full 
nn111enL :;otHil~ per-ind period l•J l o.~l period peri otl St>dStln period period St'dStlll period pt-r iod SPd~~ on 

o o ---- ----- ----. .. ----~ ---- - - - -- ··- ------ -· ·- ·· ·· - -- - -. - o -o ---. --

MFL B7 80 :JOO 200 580 22.0 2~0 o 24. o 1504 1500 1502 200 4 20.0 200 :> 
llf 88 1Sti l:l~ :!9 345 ?7.3 23. 5 25. 4 80 1 :J. 8 60 o 17.7 140 6 tf:.? 
Kt.nr l~i O 17.0 40 310 150 1 1500 150 1 
K~WLS ti O 200 150 460 27.3 27.5 27. 4 16. 2 1600 16.] ?1.7 21. 6 21. 6 
K Mm 115 230 70 415 2608 2t~ o o 2604 16. 7 1600 1604 21. B 2008 21. 3 
Kl :;7r JOO 210 170 500 28. 5 2800 ?80 3 1705 1703 17. 4 2:10 1 22. fi 2209 
RIIH?f 110 1.80 160 430 25.0 2500 2500 1309 1:30 9 1309 18.5 1900 18. 4 
Mlll?i j'J'l 

-'-' :m 267 761 2406 24. o 24. 3 Do4 1306 1305 180 0 1808 180 9 
~·:Kn7 :w 229 202 673 28. 8 2808 2808 1804 17. 3 1708 216 23. 1 !:l. 4 
M')K88 ::'gO :~60 190 730 27.0 27.6 2?.3 100 o 170 o 170 5 21.8 21. 6 210 '1 
MB.488 210 :340 :lOO 880 n o 24. 2 2:3. 6 14.6 14. 8 140 7 17. 9 180 2 18. J 
:n sqA !~') %9 4tl 559 2402 21. B 24. 2 160 o 130 7 14. 1! 200 1 1708 19. 0 
SELBIJB 11? :m 35 !i53 220 9 21. 7 2203 16.0 1:3. 6 140 B 1905 170 8 18. 7 
IP[89 ~iS 1~0 t!O 335 24. J ?2.0 230 2 13.5 1005 12. o 1805 16.0 170 2 

-- - -- . -- -· ··- .. ------- ------- -------- ----- . -- - ---- --
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Table 4 . Mean squares for plant characters and disease scores in AFBYAN 
in 4- 14 environments between 1986 and 1989. 

--------··-------------------------------------------------------------------
Plant charac ters / Envir·on- Error Varieties V X E Error 
disease scor es ments (E) (a) (V) (b) 
----- ----- ·--- - -------------- - -·- - - --- --- -- - -- -~----------·- - - ----- ---- --- - - - - - -

Canopy height (xl0- 1) 403 . ea*** 19 . 96 20.33*** 6 . 43*** 2. 10 
Canopy wiyth 122 . 82*** 6 . 72 19 . 56*** 2 . 52*** 1 .34 
DFF (xlO- ) 403 . 26*** 6.55 18 . 14*** l. 39*** 0 . 37 
Stand (x~o-2 ) 836 . 53*** 2.31 4.97 4. 95*** 1 .89 
DM (xlO- ) 196 . 22*** 0 . 27 1. oo*** 0 . 26*** 0.06 
Pods /m2 (xl0- 3 ) 

(x10- 6 ) 
307.69*** 2 . 30 16 . 5o*** 2 . 28*** 1.01 

Seeds/100 pods 21 . 36*** 0 .35 14 . 14*** 0 .66*** 0.30 
Seed size (xlO) 4 . 02*** 0 .03 3 . 35*** 0.10*** 0.04 
Seed yield (xl0- 5 ) 658 .07*** 5.86 9 . 94*** 3 . o5*** 0.94 
Seed yield (weighted) 1022 .oo*** 4 . 96 9 . 62*** 3.67*** 1.00 
Anthracnose 4 . 36** 0 .46 0 .67 0 . 53 0 . 46 
ALS 148 . 25*** 3.42 6 .66** 3 .19*** 0 .86 
Rust 47 . 2o*** 2.06 7 . o8*** 2 . 95*** 0 . 63 
CBB 66.3o*** 2.53 4 . 12*** 1 . 99*** 1 . 93 
OCMV 68.6s*** 1.52 13.7o*** 2 . 55*** 1.00 
ASO) 102.31*** 6.51 4 .73* 2.37*** 0 .72 

Table 5. Percentage contributions of sources of variation to total sums of 
squares in AFBYAN in 4- 14 environments between 1986 and 1989 . 

- --- ------------------------------------------------------------------------
Plant charac ters/ Environ- Error Varieties V X E Error 
disease se ores ments (E) (a) (V) (b) 
·- - - ----- - - ··-- - - - -- -- - - ---- - ------ - ----- - ----- ---- - - - ----- ---- - --- - - ------ - - - - ---

Canopy height 56 . 9 6. 2 5 .7 18 . 1 13 .0 
Canopy. width 44 .2 5 . 2 11 .7 18.1 20.8 
DFF 81.0 2 . 9 7.3 5.6 3.3 
Stand 81 . 2 0. 5 1.8 9 .6 7. 9 
DM 94.2 0 .3 1.7 2.7 1 .5 
Pods/m2 70 . 6 1.2 7.6 10.4 10 . 2 . 
Seeds /pod 28.2 1.0 37.4 15.9 17 . 4 
Seed s ize 27 . 8 0 .1 46.3 13 . 5 11 . 7 
Seed yield 83 . 6 1.6 1.9 7 . 7 5.2 
Seed yield (we ighted) 87 .8 0 .9 1.3 6.3 3.7 
Anthracnose 10.3 2.7 7.9 24.8 54.3 
ALS 53.8 2.8 6.8 22 . 9 14 . 2 
Rus t 28.8 2 . 9 14 . 4 36.1 17 .8 
CBB 40 . 5 3 . 5 0 . 3 24.3 25 .4 
OCMV 28 . 4 1.6 28.3 21.1 20 .7 
Asc::JJ 43 . 2 7 . 3 13.3 20.0 16.1 
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Table 6 . Days to flower of 21 genotypes in eleven envir0111Dents in AFBYAN 1 
between 1986 and 1989 . 

... -·- --- -- ---- -- --- --- .. ------ ---- ·---------------- -------- ------ ----------------------------·· ·· ------- - ---- - -

Environ1ent~ 

···---------------- --- --- ---------------------------------------------------
"EL FJF KAC KAN KAN "UL "SK "SK "BA SEL ~EL 

Genolypes 87 80 7F 6S 7F 7F 87 88 88 89A 898 "e dO$ 
------- ---- -- - . ---- ------------ ---- ----------------------------- --- -------------------------------

Bldd Oess i•? 40.0 58. 7 66.0 38. 7 37. 3 49.0 39.0 37. 3 49.3 43. 3 42.3 45.5 
Red WolJild 38.3 53. 7 61. o 38.3 37.3 51. o 38. 0 36. 7 45. 0 43.0 44. 0 44. ? 
PVA 1277 36. :l 52.3 54. o 37.0 35.0 49.0 36. 0 35. 0 43.0 40. 0 42. 7 41. B .. 
G 13671 a9.o 5t 7 66. 0 36. 7 36. 7 51. o 51. 7 41. 7 49.3 43. 0 41.7 46. 5 
G 2216 3~.3 54.0 65.0 36.3 37.3 47.0 33.3 34. o 44. 7 41. o 44 .0 42.9 
1 :~ :lB. 7 ~t 7 63. 7 :18.0 37.7 47.0 37. 7 36. 0 45. 0 44. 3 45. 7 44. 4 
T· 23 :)6. o 53.3 58. 7 35. 7 37.0 49.0 36. 7 :i5. 3 42. 3 41. o 40. 0 42.3 
KdL.tn iaJ :19.0 5~. 0 59. 7 37. 7 36. 7 49.0 38.3 35.3 . 44. o 42.0 43. 7 43. 7 
K-20 39. 3 54.7 57.7 38.0 35.0 49.0 37.3 35. 7 44 . 7 41. 7 43.3 43. :) 
ZPV-292 39. 7 54. o 60.0 36. 7 36.3 49.0 34. 7 32.3 44.3 40.3 U.3 42. 9 
C.JriocJ 41.3 51l. 7 70. 0 42.0 39.0 53. 0 (0. 3 37.3 50.0 48. 0 43. 0 47. ~) 

IJrubonnbono 38.0 52.3 59. 7 33. ·¡ 36. 1 39.0 3~. 0 34. 'l -40. o 41. o ~0. 3 40.8 
K!rllndo 36.3 53.0 58.3 34. 3 36. 1 42.0 32. 0 31. o 40.0 39.0 42. 3 40. 5 
e~ li ad 30. 0 52.3 ~7.3 34. 3 36.3 42. 0 34. 7 35. o 42. o 39.3 38.0 40. 1 
Rubllnd 5 35. 3 51.7 58.3 35. 7 36. 7 49.0 33.3 35. 7 42.3 40.0 39. 7 42. 1 
KJJyu1ukwP 31.0 52. 0 55. 0 :?4. o 36. 0 34.0 32.3 31.0 40.0 39. o 35. 7 38.2 
A 1~7 34. 3 52.7 58. 7 34.3 36. 7 42. o 34.7 33. 0 43. 3 39. 7 39.7 40.8 
MuhingJ 32. 7 51.7 59. 7 32. 7 34.7 34. o 32.0 31. o 40.0 41. o 38.0 38.8 
PVA 880 3!.1.3 53. 0 55.0 37. 7 36. 7 n.o 38.3 36. 7 44. 7 41. 7 38. 7 42.6 
F'VA 5!i~l 37. 7 54. 3 58. 7 37.3 a?.? 47. o 38. 7 37.0 44. 7 41. 7 44. 3 43. 5 
G 12470 36. 0 54. 7 61. o 37. 7 37. 3 n.o 40.3 37. 7 45.0 43. 0 43.0 44. 1 

~- r.! 1) 1.11 0. 35 

M~dn 36. 9 53. 9 60. 2 36. 5 36. 7 46. o 37. 1 35.2 44. o ~l. 6 41. 6 
$. [. ( ~) l. o~ 
t:. V. (%) 4.5 

- -- . - -·- - ---- ·-·. - -· -· -- - ~- ---- - - -------- --------------------- -- ---------------- - . -··--- ---- .- .. -----
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Table 7 . Canopy heights ( cm) of 21 en tries in eleven environments in AFBYAN 1 
between 1986 and 1989 . 

-- -- - -- - ... -- - -· ---- ---------··---------- --· -- .. - ... -----
Env iron1enls 

..... - - - ------ -- ___ ... - .. ---- ----. -------- ---- ------

"El. FIF KAG KAII KAII "IJL "SK "SK "BA SEL SEL 
Genolypes 87 38 7F 6S 7F 1r 87 88 88 89A 898 "edn 
-- ... - -- ·- -- . -- --- -- ------- . ----- --- -·- -- ------ ·---.. ---- --- ------ -- --- ----- --·- --- ---- --

Blo.~ck Oessie 43. 3 31. 7 31.7 ~5.0 41. 7 27. 7 26. 7 21.7 15.0 33. a 35. 0 31. 2 
Red Wl)lditJ 43. 3 35. 0 36.0 36. 7 35.0 40. 3 25. o 21. 7 21.7 33.3 ~H . 7 32. 7 
PVA 1272 36. '1 38. 3 45.0 45. 0 41. 7 ?5. 7 40. o 25.0 21.7 n :J 31.7 35.0 
G 13671 48. 3 H.7 ~3.3 35.0 36. 7 33. 0 26. 7 18.3 18.3 31.7 30. 0 :l2. l 
G 2R l6 45.0 ?8.3 31.7 38.3 30.0 45.3 21. 7 21. 7 16. 7 30.0 30.0 30.8 
T 3 43. :1 33. 3 36. 7 40.0 36. 7 35. 0 28.3 20. 0 20. 0 :n. 7 31.7 32. 4 
1·?3 43.3 41. 7 48.3 43.3 43.3 15. 7 43.3 26. 7 20.0 43. 3 35. 0 36. 7 
KJb<lni•a 38.3 36. 7 37. :l 40.0 47. 7 12. 7 35. 0 21.7 t8. 3 35.0 31. 7 32. 2 
K-20 40.0 3R.3 46.0 40.0 41. 7 16.3 H. 7 26. 7 18. 3 45. o 31. 7 35. 1 
ZI1V 292 ~3. 3 4l. '7 38.3 45.0 41. 7 17.7 35. 0 23.3 18. 3 38.3 35.0 34. :! 
Carincd 45.0 :lO. O 33.3 38. 3 40.0 3G.3 35. o 25. 0 21. 7 36. 7 36. 7 34. 4 
Urubonobontl 45.0 35.0 35.0 38.3 35.0 27.7 33.3 25.0 20. 0 35.0 31. 7 32. o 
Kiruntlo 40.0 41.7 41. 7 46. 7 43.3 23. 7 30.0 25. 0 20.0 38.3 31. 7 34. 7 
Cdli•d 40. o 41.7 38.3 40.0 41. 7 22. 0 36. 7 20. 0 21.7 41.7 31.7 34. 1 
RuLuna 5 46. 'l 41. '7 43. 3 40.0 43.3 22. 7 38. :¡ 26. 7 21.7 45. 0 35.0 36.8 
Kil YUIUkWI) 40.0 35.0 41.7 48.3 35. 0 30.0 28.3 25. 0 18.3 36. 7 31.7 33.6 
A 19'/ 43. :¡ 43.3 43.3 41. '7 50.0 21. 7 43. 3 26. 7 20.0 H. 7 35. 0 37. :J 
Mut.ingd 45.0 30.0 36. 7 41.7 35.0 27.0 33.:3 18.3 13.3 36. 7 33.3 31. B 
PVA 880 45.0 36. 7 41.7 43.3 45. 0 21. 3 41. 7 20. 0 18.3 45.0 31.7 35. 4 
PVt. 5fo:! 45.0 4:!. 3 40.0 45.0 46. 7 21. :J n3 20. 7 20.0 43.3 33.3 36.5 
¡; 12470 46. 7 41. 7 50.0 45.0 48. 3 37. 7 53. :l 26. 7 ?0.0 48.3 35.0 41. 2 

S. F. ( ~ ) 2. 65 0.80 

Me.w 43. 2 3'/. 5 39.5 41. 3 40.9 26. ? 35. 2 23. 1 19. 2 38.7 . 32.9 
S. [. ( t ) l. 78 
C. V. (xl 13. 3 

-- . ···----------- --------··--··---------- --- - ---·--------------------------------------
' 
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Table 8. Canopy widths (cm) of 21 en tries in thirteen environments in AFBYAN ] 

between 1986 and 1989. 

~ - ... - . - - -- - ..... -- - - -. - - - .. ____ _ . - - -- - --- . - - -- -- .. 

Environ11e11ts 
··-- ----- -- - - - ------- -- - -- - -- - .. . .. . ·- ~ 

MEL FIF KAC KAW KAN KIS MUL MSK MSK MBA SEL SI:.L lRE 
Gt>not YIJt. s 8'1 BH 7F 6S 7F 7F 7F 07 08 88 89A A! lB 39F Ml:'d n~ 

. ... -- --- - -- ------ ------------- ------- -------------. -- -- --. -- - - -------- - --- --- - - -. -

Blad Dl'S:: ie 40.0 45.0 40.0 36. 7 50.0 0.3 30.0 30. 0 31.7 25.0 50.0 45. 0 20.0 17.4 
Rt!d Wn l.Ji Ll 41. 7 4:3. 3 40.0 :b . O 45.0 45.0 3:3. :l 43.:3 30.0 26. 7 50.0 45.0 35.0 39.9 
PVA 1 T/2 :Jl :J 46. 7 30.0 31. 7 35.0 38.3 10.0 26. '{ 16. ? 18.3 38.3 30.0 n3 ?9. 9 
r; 136'/1 41. 3 46.? 36. 7 43. 3 40.0 41. 7 23.3 50. o 31.7 30.0 48.3 :lB. :3 4r¡_ O :l!). 9 
G ?BlG 43. 3 46. 7 30. 0 30. 0 30.0 31.7 40.0 30. 0 28.3 23.3 48. 3 40. 0 :Jo. o :Jt 7 
r -3 33. 3 43. 3 46. 7 40. 0 48.3 4:3.3 :10.0 :36. 7 28.3 26. 7 46. 7 4[.7 :16.7 :lB. 6 
T- 13 40.0 43.3 40.0 31.7 35. o 25. 0 13. 3 33. :J 20. o 23.3 40. 0 3~. 0 35. o 31. 9 
Kabdn 111.1 3:l. :l 4'). o 36.7 31 3 45. 0 36. 7 13.3 23. 3 15.0 23. :l 40.0 31. '/ :30.0 :n. 3 
K-20 H 3 45. 0 43.3 ?B. 3 :n. 7 31.7 13.3 33.3 20. 0 2J 3 40. 0 35. 0 26. 7 :n. 9 
zrv 292 3:l. ') 46. 7 30.0 40. 0 35.0 28.3 16. 'l 36. 7 26. 7 26. 7 41.7 35. 0 tG. 7 31.8 
f: di lt)( d 41 .7 48.3 33 . :J :J3. 3 46. 7 46. 7 30.0 U 3 28.3 28.3 50.0 43. 3 40.0 :1(1. 5 
!Jrubonnbono 40.0 46. 7 36. 7 H. 7 36. 7 43. :J 20. 0 45.0 36. 7 28.3 43.3 :)6. 7 40.0 30. 1 
K1n1ndn :16. 7 43. 3 :16. 7 35.0 38. 3 3:1. 3 20.0 33. 3 28.3 25. 0 40. o :.10.0 21. 7 32. 4 
Co~l11d :36. 7 41. 7 33. :J :13. 3 :n. 1 :Jfi. 7 23. :J 25.0 15.0 21.7 35. 0 30.0 25. 0 29. 9 
RuLond 5 41. ., 4U. 3 46. ? 31.7 3H.3 ~J5. o ?0.0 28.3 {3. 3 na 40.0 3.l:J 38.3 .14. 5 
r ilyUIIUk NP ~f) 7 40.0 36 . 7 3:3.3 31. 7 3:3. :l ?.:l.3 26. 'l 23.3 2:3. 3 40.0 33. 3 23.3 31. 2 
A 197 :m. 3 43.3 36. 7 :10. 0 40.0 31. 7 23. 3 26. 'l 21. 7 na 38.3 ~n. 7 25.0 31. 5 
MllhÍO!Jd 31. 7 f3. 3 33. :) :)6. '1 3:J. 3 :J3. 3 16. 7 26. 7 18.3 2!). o 48.3 33. 3 30. 0 31. ~j 
PVA UBO ·11 . ·¡ 41. 7 3:.1. :3 :lJ -7 :J6. 7 40.0 ?3.3 23.a 16. 7 20. o 40. 0 30.0 26. 7 31. ? 
["/.~ ~J63 :J6. 7 4G. '( n:¡ :J'i. o 43. :? 4L 'l 23. 3 28. :J t:l.3 21. ., 3lJ. :3 16. 7 26. 7 3?. 'l 
e 12470 41. 7 41i. 7 40. 0 36. 7 30. 3 :JB. 3 33.3 45. o 21. 'l 25.0 41. 7 3A. :J 45. 0 :ru 

)_ [, (') :1.36 O. 93 

l'ft•.¡n :m_ '> 44.8 311. fl :14. 'l 38. 6 31. 1 n:J :J:l.3 2:3.6 24. 4 42.8 35.9 30.5 
~; . ~~ . ( ~ ) J. 63 
r.. V. (%) 16. 9 

-- - . -- - --- -- -- --- --- - -· - ··---- -- - - -·· ----- ----- ··· - ··--- ---- --· -- -- --- ------.- --- - --·--·· 
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Table 9. Canopy sizes (m2) of 21 en tries in eleven environments in AFBYAN 1 
between 1986 and 1989 . 

------ --- . ... ·-~---·- - ··- ···--. -- -- ----- -- ··-- - ·· .. --·---- - ·- -- -- --- --- ------- - ---- ~-- -

[nviron•~ntz 

---- --- ----- ---· - ·· - .. -· -- - - - --- --·--- ·- ·---- -· ------
Mfl FlF KAC KAW KAW MUL MSK MS~. MBA SEL S[L 

G~notypes 8'1 BB 7F GS '/F 7F 87 08 BB 89A 890 "e.Jnf. 
·- -- -· -·- ·- --- ----- --- ----- ----- -- -·-- --- · -- ---- - -· ---------- - ----------- . 

Bl.Jck o~ss íe 1.72 l. 40 1.27 l. 28 2. 08 0.83 0.80 O.GB 0.38 1. G7 l. 58 1. 25 
Retl WnLiitd 1. BO L 52 l.44 l. 29 1. 58 l. 3~ L. 21 0.65 0.57 l. 67 l. 4:l 1. 32 
PVA P72 l. ~3 1. 79 l. 40 l. 43 l. 48 O. 57 l. lO O. 42 O. 40 l. 67 0.95 1.13 
G 13671 2.09 l. 98 1. 23 l. 52 l. 52 O.BO l. :33 0. ~8 0.56 1. s:l 1. 15 1. 30 
G ?BIG l. 95 l. 35 0.95 l. 17 O. 93 l. 81 0.65 0. 62 O. 39 l. 45 l. 20 1. 13 
T ·3 1. 45 1. 44 l. 72 1. GO 1. 77 1.11 l. 02 0.57 0.53 1. 47 l. :¡:¡ 1. 2B 
1n l. 74 l. 81 l. 95 l. 37 l. 55 O. /2 l. 45 0.55 0.47 l. 73 l. 23 1. 28 
r..JbJniiJ l. 20 l. 66 1. :J9 l. 33 2. L~ O. 1.9 0. 8? 0.3? 0.43 l. 40 l. 00 l. 09 
K-20 l. 74 l. 7G 2.00 1. 13 l. 33 0.25 l. 38 0.53 O. 43 l. 80 1. 12 l. 23 
7PV 292 l. 4'7 l. 97 1.15 1. 80 l. 46 0.31 1. :J2 0. 63 0. 49 l. 59 l. ?5 l. 2/. 
f.dr iuc,¡ l. 88 1.47 l. 10 l. 28 1. 88 l. 25 l. 52 O. 71 0.62 l . 83 l. 59 l. ~lB 
tlrubonobonn l. 84 1. 63 l. 28 1. 60 l. 30 0. 58 t. 50 0.9:l 0.57 l. 52 1.17 L n; 
K1rundll l. 48 1. 80 l. 52 l. 64 J. GB 0. 57 l. 00 O. 72 0.50 l. 53 0. 95 l. 22 
f. ~ Lad l. 47 l. 75 l. 28 l. 33 t. 4? 0.5:3 0.93 0.30 O. 47 l. 47 0. 95 L 00 
Rubon ct ~ l. 94 2. 02 2.0:-1 l. 2'1 1. 68 0. 50 l. 09 O.G3 0.51 l. 80 1.1'1 l. :3:1 
Kilyu1uk11e l. 4:3 l. ~ 2 1. 53 l. 63 l. 10 O. 71 O. 78 0. 60 O. 43 1.47 l. 05 1.11 
A 197 l. GB l. B9 l. 60 l. 26 2. 00 O. 61 l. ] 9 0.57 O. 47 l. 59 1.10 1.2'7 
"uhin!JJ l.tl l. 32 1. 25 1. 53 l. 17 O. 48 0.90 0.34 0.33 1.'17 1.11 l. 06 
PVA 880 L. 38 l. 57 l. 37 1. 40 1. G8 O.G2 0.98 0.34 o. 3"? 1. 80 0.95 l. 18 
PVh 563 t. Gri 2. O:l l. 35 l. 58 2.03 0. 61 1.?7 0. 27 0. 43 1. 6'/ l. 22 l. ?8 
G 12470 1. 95 l.% 2.03 l. 65 1. H5 l. 24 2. 40 0.57 0.~2 2. 03 l. 35 J. 60 

S. l. ( ~) O. 169 0. 051 

"P.rln l. 6'1 1. 70 1.47 l. 43 ]. 60 O. 72 1.17 0.55 0.47 l. 64 l. 18 
S.[. ( ~) O. 105 
C. V. (%) 23. 6 

., ---------· ·- --- --- --------- -- ---------·- ---- ··----- - -- - · ----- _________ __ __ _______ ______ .. __ _______ __ __ 
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Table 10. Days to maturi ty of 21 ent r·ies in seven environments in AFBYAN 1 
between 1986 and 1989 . 

Genotypes 

Black Dessie 
Red Wolaita 
PVA 1272 
G 13671 
G 2816 
T - 3 
T -23 
Kabanima 
K-- 20 
ZPV- 292 
Carioca 
Urubonobono 
IUrWldo 
Calima 
Rubona 5 
Kilyumukwe 
A 197 
Muhinga 
PVA 880 
PVA 563 
G 12470 

S.E.+ 

Mean 
S.E. (_±) 
C.V. (%) 

MEL 
87 

67.7 
62 . 7 
63 .0 
71 .0 
65.7 
63 . 7 
69. 3 
71.0 
70 .0 
68.7 
67 .3 
70.3 
71.7 
66 . 0 
70 . 0 
66.0 
70.0 
69 . 7 
69 . 7 
71 .3 
71.3 

FIF 
88 

133.0 
118 .0 
118.0 
120 .0 
125 .7 
118 . 0 
118.0 
121.7 
121 .7 
116 .0 
133. 0 
ll8.0 
116 .0 
116.0 
118 . 0 
114.3 
122 .0 
120 . 0 
120.0 
123. 7 
125.7 

Envirorunents 

KAC 
7F 

89.0 
91.0 
88 . 0 
90.7 
93.3 
90 . 0 
90.0 
91.3 
91.0 
91.0 
91.0 
86.0 
90.0 
89.0 
90.0 
87.0 
93.3 
87.0 
93.3 
91.3 
92.7 

KAW 
7F 

73.3 
73.3 
70.3 
75.0 
74.3 
73.3 
70.0 
73.0 
68.7 
71.0 
76. 3 
73.0 
70.0 
72.0 
71.7 
70.7 
74.0 
72.3 
74.3 
77.0 
75.0 

1. 65 

MUL 
7F 

90.0 
88.3 
85.0 
89.0 
90.0 
85.0 
89.0 
89.0 
89.0 
89.0 
97.3 
89.0 
86.3 
85.0 
89.0 
85. 0 
89 . 0 
85.0 
89.0 
89.7 
90.0 

MSK 
87 

86.3 
86.3 
79.0 
91.3 
78.3 
86.0 
82 .0 
77 .o 
87.3 
74.0 
80.7 
86.7 
79.7 
79.0 
83.0 
80.7 
80.0 
74 .0 
82.0 
81.0 
92.0 

SEL 
89A 

101.7 
101.7 

94 .7 
104 .3 
100 .7 
100 .0 

94 .0 
99 .7 

100.7 
93.0 

104 .3 
102 . 0 
97.7 
96 .0 
99 . 3 

102.3 
100.3 
101.7 
102 .0 
100.7 
104 .3 

68.4 120 . 8 90.3 72.8 88.5 82.2 100.0 
0.66 
2.8 
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Means 

91.6 
88.8 
85.4 
91.6 
89.7 
88.0 
87.5 
89. 0 
89.8 
86.1 
92.9 
89.3 
87 .3 
86.1 
88.7 
86.6 
89 . 8 
87 . 1 
90.0 
90 . 7 
93 .0 

0.55 



Table 11 . Pods m - 2 of 21 genotypes in e leve n environments in AFBYAN 1 
between 1986 and 1989. 

-- . -··-. .. ··- -- - ---·· . - . -.. .. - -. 

~nviron1ents 

-·- -- ·-·- ... ··-- - · ----··. 

r1r KAC KAII KAII KIS NSK NSK "OA so SEL IRE 
Gt:>notypt•:: RS 7F 6$ 7F 'IF 87 88 88 89A 898 89F Medos 

--- - ---· ----- --------- . -- ·-- ---·- - ---- - ------------ · ··- ·- --·- ---

8l~ L r Oe!:sie 209.0 130. 4 132.9 177. . 71.8 117 .. , 49.4 7t 1 358. 1 315 . • 10t 5 158.3 
Red Wol di t.1 152. 0 95. 1 110.7 Ot 2 43.8 62. 1 16. '/ 42.8 275. 0 235.2 85. 8 109. 4 
PVh 1272 128. 1 127.9 79.2 70.2 31.5 101. 'l 28.5 59.3 290.0 171. 7 81. 8 106 . • 
r, 13671 lfi!l. 6 15t 1 H9.3 61.7 48.9 56. 5 22.0 41.6 270.6 208. 7 78.1! 114.7 
e 2816 11~1. 5 111.5 153. 2 78.6 ~11. 7 02.6 44 .9 75.0 287. 1 213. 0 106. 4 119. 8 
T 3 174.8 155. 2 144.1 73.6 41. 9 86. 2 21. o 33.1! 235. 7 199. 9 100.6 115. 1 
r-n 149. o 1:10. 4 92. 8 46.8 34.8 82.9 28.6 66.6 268. 4 H0. 1 69. 9 101. o 
KJbdnild 15'/. 5 1H.8 160.5 33.3 54.3 70. 8 16.5 53.0 217.8 206. 2 82.5 108.8 
K ~o 146.0 70. 2 58.0 17.3 :J2.9 HO. 4 16.9 67.9 311. 7 273. 9 59. 5 109. 3 
lPV ·292 J 10. o 113.3 91.3 29.4 46.8 91. 2 34.5 47. 4 203.6 HB.3 36.9 06.6 
Cdriocd 2G7. 1 131.5 160. 4 226. 1 5l. 7 101.3 17. 5 66 . • 390.5 280.9 73. 7 160.6 
Utubnnobono l'/1.5 1H.9 H6.7 79.0 58.3 55.9 2t 2 45.2 260. 2 212.5 92. 8 ll'/. 1 
Kiruodo 100.3 J:>t6 80. ? 63. 7 40. :J 02. ? 2?. 7 67.:1 23t 5 150. 8 44 . • 91. 9 
C.t li1.1 118.2 103.3 93. 0 63. 9 56. 6 91. 8 14. '/ 55. 4 226.7 115.5 54.3 90.3 . -. 
Ru LunJ 5 184. 6 162.8 112.5 55.8 55. 7 87. 9 3t 5 50. 3 ?37. 1 210. 9 72.5 115.7 . 
K 1 1 YUIUkNt · 70.3 97.5 103.0 27.3 62. 7 81. o 18.8 59.3 276.4 166.5 51. 8 92. 2 
A 197 80.0 110.0 97. 9 76. 5 27.0 78. 9 31. ., 60. o 192. 4 138.5 57.8 87.2 
Muhing.¡ 109. o 10?.6 10?.6 97. 1 30. 7 69. 7 13.9 48. 2 280.6 187. 3 52. 8 99.5 
PVA BHO 1 13. 5 99.6 80.8 35.3 ~ 0.6 86. l 13.0 31. 2 25?.2 1 ~9. B 55.3 85. 2 
PVA 56:l 101. o 84.E 68.8 51.8 27.5 71. 8 11.. 35.:1 221.1 150. 1 52. 7 79. 6 
li 1/ flO lOP..I:! 75. 5 73.0 45. 7 40.5 ... 4 9. 9 19. 7 )'1(5 140. 3 63. 4 72.3 

S. E. (~) 18.34 5. 54 

" "dll 141. 1 117.9 109.1 71.2 44.3 83.0 2:1. 4 52 .• 260. 2 190.6 70. 4 
~-E. (i) 6. 04 
C. V. !xl 30. 1 

-- - . . ... -- - ------------------------ --- - -----------------------·----------------------

25 



Table 12 . Seeds /100 pods o f 21 geno types in eleven environrnents i n AFBYAN 1 
be tween 1986 and 1989. 

. - - - - - -- - -. . ~. -- -- .. - ~ - - -- - -- - - . 

l:.nviroflllt>n l s 
-- -- -- - -- - -- - - -- -- -- - . . - - -- - -· - - ·- --- - -

r ¡ r KM; KA II KA II KJ S MSK MSK MBA SFI SF l lRE 
G •: n n t y pe·-: O P. 7~ 6S 7F 7F 87 83 88 8~1 A S~lR 89 F Mt:>dll S 

-- - - - .... - -. -. 

Rl.¡ck O!! SS iP 127 :; :n 431 497 467 440 :!52 221 40 49 4 4 ~3 42G 
11" d il n l J i t .J 510 414 521 537 488 424 434 :377 441 449 ~J77 452 

!• PVA 1272 :m 290 387 30 l 336 21l0 266 119 /15 266 178 27 1 
!l 13fi71 416 0 2 436 47 4 44 9 30/ 190 2~! 4 :Hil ~l/ 0 301 :356 
¡; 28H :3 96 396 323 41 9 4 ~l 6 ~57 3Hl 128 :J90 421 30:3 :1 56 
T :! 542 493 4bG 50? 188 423 :34 {' 4a4 501 580 472 476 
T-:!3 293 3:Jil :no 331 279 21Jtj 238 116 208 275 133 2fi l 
Kab dn lllt.l :{06 :J29 :J36 317 314 /86 166 150 267 284 201 269 
r. -10 343 406 :333 370 353 292 21 4 105 227 284 243 2R9 
ZPV ?92 410 344 463 407 429 443 383 180 377 415 225 371 1\ 
c~r iot:d 554 486 452 491 53 :l 507 40 1! 30'1 498 467 3:Jl 4 5'1 
IJrubonnbono 416 437 339 422 406 358 351 1'/1 ~l99 393 291 ~62 

Kirund•l 343 364 :389 380 :)67 409 287 157 267 382 235 :J?5 
C.ll lll·l 317 353 286 290 316 329 210 165 211 286 2~9 276 
Rul:ton d ~ :340 377 :rr2 363 347 327 3')¡· 

~ :> 200 260 284 298 3tB · 
K ll YUIIllth;p 3~6 1fi'/ 349 3RO na 354 Hi4 1:34 /65 ?45 235 2BR 
Á 197 :w :3 44 280 :31 8 264 311 316 l !lB 285 2'78 295 ~94 

Mu ltir:9d 309 391 ~1 / 0 369 347 :388 314 :! 00 ~H 3 327 245 3 ?~l 

PY/1 8:10 :JH/ :)53 :J :JO 404 :l.59 310 256 22 4 275 3:?4 247 :10~1 
PVA r,¡;:l :3~,f¡ ~l50 343 361 :l82 :J28 179 131 286 3:J6 265 301 
G 1:!470 :34 7 3!i7 :J:l9 380 :HI 4 234 184 41 8 :3 46 :l02 245 :320 

~- l. ( ~ ) 3l 1 o 

Mt'dn ~B~ :i81 :JG8 3 ~16 :J B:l ~52 28::.' 208 3n 353 283 
:·;. ~. ( _f) 7 
1~ . V. (% ) l G. ! 

. . . ~ -- ~ - - - - - -· - - - - ·- - -.. .. - - . ~- -- ·-- - ·- --- -- -----~ ·-- ····-- --- - ... -. -
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Table 13. Weights of 1000 seeds (g) of 21 genotypes in eleven environments in 
AFBYAN 1 between 1986 and 1989 . 

------· ------------------------------------------------------- ----------------
Environments 

- ------------------------ ---------------------------
FIF KAC KAW KAW KIS MSK MSK MBA SEL SEL IRE 

Genotypes 88 7F 6S 7F 7F 87 88 88 89A 89B 89F Means 
- ·-·- ---- - +- ---------- ----------------------------------------------------------

Black Dessie 200 322 329 157 239 185 151 161 225 231 174 216 
Red Wolaita 249 428 277 230 243 234 168 190 259 315 222 256 
PVA 1272 520 422 409 398 538 432 276 354 472 546 572 449 
G 13671 407 344 360 294 350 352 277 268 443 593 393 371 
G 2816 400 364 329 279 338 317 243 231 398 436 351 335 
T- 3 238 192 282 229 227 226 173 183 228 289 215 226 
T- 23 567 525 465 396 543 432 342 402 536 663 566 494 
Kabanima 484 349 348 326 454 342 253 292 517 483 459 392 
K- 20 472 585 435 421 589 373 259 322 499 414 522 445 
ZPV- 292 497 420 393 377 341 351 239 279 446 599 392 394 
Carioca 201 253 254 197 189 229 162 199 243 307 227 224 
Urubonobono 350 377 456 268 381 294 251 285 380 407 405 350 
Kir1mdo 537 485 375 386 424 333 251 299 556 522 465 421 
Calima 642 521 549 510 524 447 273 367 672 679 521 519 
Rubona 5 499 383 390 357 439 387 276 332 589 547 622 438 
Kilyumukwe 609 549 508 473 459 393 312 376 580 655 643 505 
A 197 630 529 583 463 526 493 375 383 638 709 480 528 
Muhinga 468 384 378 293 475 282 196 230 335 419 469 357 
PVA 880 551 493 493 368 505 394 266 301 521 550 553 454 
PVA 563 557 506 547 411 415 373 269 292 567 588 578 464 
G 12470 588 533 537 342 413 446 259 402 579 769 812 516 

S.E. (~) 36. 0 11 .0 

Mean 460 427 414 342 410 348 251 293 461 511 459 
S .F. (~) 7 . 0 
c.v . (%) 15. 6 

- ---------------------------·-------------------------------------- -----
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Table 14 . Seed y ields (kg/ha) of 21 genotypes in f ourteen environments in 
AFBYAN 1 be tween 1986 and 1989 . 

......... -· ---. ----·· ------ -. -- ----- -- ---------------- -· -· ..... - --- - - -·-- -- --

Environ1ents 
- --- ----- - ----· - ---· ---- - . . ··-- --- ---- ·--- -- --------- - -- -

Mrt. FIF KAC KAN KAW KIS RUB IIUL MSK MSK MBA SEL S El m 
lio~n•ltypt>:; 87 R8 7F 6'' .) 1r 7r 7F 7F 8'/ 88 88 89A 898 R9F "edns 

··-- --- ····---------------- -- -----·------- -- - ·-- ----·---- ---- ·· --

'31Jck Oo•s;; i e ~i09 2204 1567 1633 1363 738 1?52 403 !)57 260 242 3542 3587 778 1359 
!!t·t.l WoL1i tJ BJS 196! 1517 1600 1018 502 1265 399 614 121 292 3125 3293 713 1231 
PVA tn:> 61:3 224:l 1500 1150 845 550 1730 242 125'/ 2HI 255 2929 2407 8?2 1197 
r; 13671 9~8 ?902 ?lG'/ 2275 845 767 1484 313 553 114 264 4001 3548 9:19 150H 
1~ 291tl ~126 2104 1550 1650 908 46'/ 1828 2~43 928 355 221 4:360 3896 WJ3 1638 
T 3 19~ 22!>6 H54 1700 836 403 1362 509 823 125 2L7 2686 3:124 102) 1~26 
1n 690 2502 2150 11 25 t)15 52~ 1600 :l4 1046 243 309 2922 / 49R q2o 1?27 
K.1b~n iiiJ :!G9 21?1 1575 1H5 34 ~ 771 2008 22 685 71 236 ?965 2681 7fif, 11 f,~l 
r. 20 00 2~1~6 180 Bl'l ?71 688 2400 4~l 1580 97 21 8 3~33 2924 756 12B?. 
7.PV ·?q/ li79 2241 lfil'/ 1642 440 G71 1954 76 1397 289 226 3307 3615 344 1321 
r,.¡riootl 742 2989 1575 1692 2176 521 1362 703 1175 116 395 4663 3777 ~i/8 1601 
IJrubonnbono 810 2500 2292 2 1~2 888 900 1852 280 584 no 212 3837 3344 1107 1501 
Ktrunofo :J:J:J 1852 2117 1150 967 621 1815 ?23 1 09~l 167 305 3374 ?989 488 1250 
Cdlu.t 8~~~ 242:J 1867 1400 931 81? 2152 323 1333 84 343 :nH 2238 826 J:l3B 
Rubon.J ó RO? 3132 2325 1483 ?a8 842 18R7 231 1109 311 :J2!i 3591 ~1366 1151 1~21 
K i 1 yumu kw~) 452 1552 1950 1750 488 888 1830 165 1122 109 298 3597 26~5 789 1?.~0 
A 197 421 1908 1933 1575 J.llB 354 1912 &Gl 1196 375 .449 :ms 2605 732 1331 
MuhingJ :343 1569 1533 1200 928 500 1~28 72 '762 8~ 21.7 2908 2532 607 1056 
PVA 8BO 5?0 2030 1675 900 515 729 1626 297 1025 90 209 356:1 %292 ?66 116:) 
PY/1 563 53fi 2003 H67 1292 '1'/8 433 1820 308 869 60 115 :J474 2%4 811 1~09 
¡; 12470 2~8 2?31 1433 t:l17 593 617 2165 653 464 59 277 3446 3074 1306 12111 

S.[. (~) 177. 2 91i. 4 

Mo>an 597 2751 1767 1477 838 633 1749 40~ 980 169 270 3447 3032 827 
S. E. (~) 47. 4 
r.. V. (%) 23.3 

- - -. -- · -· -· - ---- ·--- . - · ·-- ---· --· - . -------- -- - ------ ---- ··-·--- --- - - ~------ ---·· ..... _ - -- ------
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Table 15. Anthracnose reactions o f 21 en tries in 5 environments in AFBYAN 1 
between 1986 and 1989 

-- ----· -- -------- _____ ... _________________________________ ____ - ---

FIF KAC KAW KIS MUL 
Genotypes 88 7F 6S 7F 7F Means 

------------------------------------------------------

Black Dess i e 1.00 1.00 1.33 1.33 2 .67 1 . 47 
Red Wolaita 1.00 1.67 1.67 1.67 2.67 1.73 
PVA 1272 l. 33 2 .00 1.00 1 . 67 1 .67 1.53 
G 13671 l. 33 1.00 1.67 1.00 2 .00 l. 40 
G 2816 l. 33 1.00 1.67 1 . 67 2 .00 l. 53 
T- 3 1.00 1.00 2.00 1.67 1.67 1.47 
T -23 l. 67 1 . 67 1.00 1.00 2 . 33 1.53 
Kabanima l. 33 1.00 1.33 1.00 1 .67 l. 27 
K- 20 1.33 1.00 1.00 1.67 1.33 l. 27 
ZPV- 292 l. 33 2.00 1 . 33 1.00 2.33 1.60 
Carioca 1.00 1.00 l. 33 1.00 2.00 1.27 
Urubonobono 1.00 1.00 l. 33 1 . 33 1 .67 1 .27 
Kirundo l. 67 1.00 1.00 l. 33 l. 33 1.27 
Calima 2.33 3.33 1.00 1.33 1.33 1.87 
Rubona 5 1 .33 1.00 1.00 1.00 1.67 l. 20 
Kilyumukwe 1.00 1.00 1.33 1.00 l. 33 1.13 
A 197 1.00 1.00 1.33 1.00 2.00 1.27 
Muhinga 1.00 1.00 l. 67 1.00 1.33 1.20 
PVA 880 1.67 2.33 1.67 1 .33 2.00 1.80 
PVA 563 2.00 1 . 67 1 .33 1 . 33 2 .00 1 . 67 
G 12470 1.00 1.00 1.00 l. 33 3.00 1.47 

S.E.+ 0 .392 0.175 

Mean l. 32 1 . 37 1.33 l. 27 l. 90 
S.E.+ 0.085 
c.v. (%) 47 .2 
----------------------------------------------------------
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Table 16 . Angular l eaf spot reactions of 21 entries in 8 environments 
in AFBYAN 1 between 1986 and 1989. 

IRE 
Genotypes 

KAC 
7F 

KAW 
6S 

KIS 
7F 

MlJL 
7F 

MSK 
88 

MBA 
88 

SEL 
89A 89 Means 

Black Dessie 
Red Wolaita 
PVA 1272 
G l 3671 
G 2816 
T- 3 
T -23 
Kabanima 
1{- 20 
ZPV- 292 
Cario"ca 
Urubonobono 
Kirundo 
Calima 
Rubona 5 
Kilyumukwe 
A 197 
Muhinga 
PVA 880 
PVA 563 
G 12470 

S.E .+ 

Mean 
S.E . + 
c.v. (%) 

7.33 
6.33 
5.33 
4 .67 
5.67 
6.67 
6.67 
6.67 
7 .33 
7 .00 
4.67 
7.00 
7 .00 
7.00 
6.67 
5.33 
6.67 
4 . 67 
6.33 
7.33 
6.33 

7.67 
5 .67 
4 .33 
4 . 67 
7.00 
4.00 
5.67 
7 .67 
5.67 
5.33 
4 . 00 
7.00 
6.67 
6.00 
6.67 
5. 00 
5.33 
5. 67 
6 .67 
5.00 
4 .67 

l. 67 
J . 33 
1.67 
1.00 
3.33 
1 .33 
1.00 
1.00 
1.67 
1.67 
1.00 
2.33 
2 . 33 
1 . 67 
1.00 
1.33 
1.00 
1 . 67 
1.00 
1.00 
l. 00 

5.67 
7.00 
5 .67 
3.67 
5.33 
5.67 
5.00 
4.33 
4 .67 
5.00 
5 .67 
5 .33 
5. 33 
6.00 
5.67 
5 . 67 
5.33 
5.00 
5.00 
6.00 
5 . 67 

3.33 
5.33 
2.33 
5. 33 
4.33 
5 .67 
3.00 
4.33 
4.33 
2 .00 
2.00 
4 .33 
3.00 
4.67 
3.00 
2.67 
4 .67 
2 .00 
4. 67 
4 .67 
4 . 00 

0 .536 

3.67 
4 . 00 
2.00 
5.67 
5.67 
2.67 
3.00 
3.00 
2.33 
3.67 
3.33 
6 .00 
2 . 67 
3.00 
3.00 
2.67 
3. 00 
4 .00 
2 . 67 
2.67 
2 .00 

3.67 
5.67 
2.67 
1.00 
1.67 
4.67 
5 .67 
3.67 
2.67 
3.00 
1.00 
5.33 
7 .00 
6.33 
6.33 
4.67 
6.67 
3. 67 
6.00 
4.67 
2.00 

3.67 
5.00 
4 . 00 
3.00 
2.00 
4 . 67 
4 . 67 
3.00 
4.00 
4.67 
3.33 
3.67 
4.00 
5.00 
4 .00 
4 .00 
4.67 
4.00 
4.33 
3.67 
4 .00 

6.32 5. 73 1.48 5 .37 3.79 3.37 4.19 3.97 
0.233 
21.7 

4.58 
5 .04 
3.50 
3 .63 
4.38 
4 .42 
4 .33 
4 .21 
4 .08 
4 . 04 
3.13 
5 . 13 
4.75 
4.96 
4 .54 
3.92 

. 4 .67 
3.83 
4 .58 
4 .38 
3. 71 

0 . 190 

----- ---· ------~- -~-- ----- -·-- -· -----------~----------- --------- ------------------~-- -. .. -·---
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Table 17. Rust reac tions of 21 en tries in 7 environments in AFBYAN 1 between 
1986 and 1989 

--- ·- -------------------------------------------------------------------
KAC KAW KIS MUL MBA SEL IRE 

Genotypes 7F 6S 7F 7F 88 89A 89 Means 
-----------------------------------------------------------------------

Black Dessi e l. 67 2.00 1.33 1.67 1.00 3 .00 1.00 1.67 
Red Wolaita 7.00 4.67 1..33 2.67 l. 33 6.33 l. 33 3.52 
PVA 1272 1.00 3.00 2.00 2.33 1.33 2.67 1.00 l . 90 
G 13671 3. 33 2.33 l. 33 2 .00 1.00 1.00 1.00 1.71 
G 281.6 4 .67 3 .00 1.67 3 .00 1.00 1.00 1.00 2 . 19 
T- 3 7 .33 2.33 l. 33 2 . 67 2.67 5 .00 2 . 33 3 . 38 
T- 23 1.00 4 . 00 2.00 4 .00 2. 00 7 .00 1.33 3.05 
Kabanima 1.00 3.33 l. 33 2 . 00 1.00 2 . 67 1.00 1.76 
K- 20 2.33 5 . 00 1.67 l. 67 1.00 2 .00 1.00 2. 10 
ZPV- 292 3 .67 3. 67 1.00 3 .00 l. 67 5 .00 1.00 2 . 71 
Carioca 1.00 2 . 33 1.00 1.67 1.00 1.00 1.00 l. 29 
Urubonobono 3. 67 3 .67 1 .33 2. 33 1.00 1.67 1.00 2 .10 
Kirundo 2 . 33 3 .00 l. 33 2 .00 1.00 3.00 1.00 l. 95 
Calima 1.00 3 . 00 1.67 3 .33 1.00 2.00 1.00 1.86 
Rubor1a 5 1.00 2 .67 1.00 3 .00 1.00 1 . 33 1.00 1 .57 
Kilyumukwe 2 .00 2 . 67 1 . 67 3 .00 1.00 2.67 1.00 2.00 
A 197 1.00 5 . 00 1.00 2 .00 1 . 33 3.00 1.00 2 .05 
Muhinga 1.00 3.00 3 .00 3. 00 1.00 3.33 1.00 2 . 19 
PVA 880 1.00 4 . 33 1.00 1 .67 1.00 2.67 1.00 1.81 
PVA 563 1.00 2.67 1.33 2 . 00 l. 33 2 .33 1.00 1.67 
G 12470 1.67 2.67 1. 33 3 .33 1.00 3 . 67 1.00 2 . 10 

S. E .+ 0 . 457 0 . 173 

Mean 2.37 3. 25 1 . 46 2 . 49 1 .22 2.97 1 . 10 
S .E . + 0 . 181 
c. v . (%) 37 .3 
------------------------------------------------------------------------
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Table 18 . Common bac t e rial bl ight z·ea c tions of 21 entries in 9 env ironments 
in AFBYAN 1 between 1986 and 1989 . 

GenotypP.s 

HLlck Ot> SS l l:' 

Red Hol.tiLa 
rvA 1212 
e 13671 
G 2816 
T ·· 3 
T · 2 ~l 
Kabdnllld 
K /0 
7 PV 29~' 

CM ioc.¡ 
IJrubonobnno 
Kirundo 
r.alilld 
RubonJ 5 
Ki J yu11ukw •~ 

A 197 
Muhi n~ld 
PVA BBO 
PVA !JC:J 
G 12470 

~i. [. ¡ 

Medn 
~;. E. t 

e. v. ( x) 

11 [l 
87 

KAC 
7F 

4. 00 4. 33 
4.00 4. 00 
:).3:! 2.00 
3.00 6.67 
2.67 6. :1:1 
4.33 5.33 
:J. 33 :J. 00 
4.00 4.00 
:Loo 4.oo 
4.00 3.00 
:J. 1a 3. ~17 
;¡_ 31 3. o o 
3. 00 :J. 00 
:3. 67 '2. 3:1 
:3.00 2. 33 
~LOO 4.00 
2.67 3.3:1 
3.00 3. 33 
3.00 4.67 
:1. 3-J fi. 00 
:l.OO 2.00 

KAW 
f¡$ 

KIS 
7F 

5.67 2.3:1 
6. DO 3. 6'/ 
3.:3:3 2.67 
5.00 2.33 
o. oo 3. :n 
5.67 3.33 
5.00 2.67 
6.33 2.00 
5.00 2.00 
5.00 3.33 
~ .33 1.67 
G. 67 3. fi7 
~i. :n 2. 3:3 
~- 00 l. :J3 
5. 00 :J. 00 
5.00 4.00 
3. 33 1.00 
4. 67 2. fi7 
:L 67 L 00 
3.67 2.67 
4.00 2.00 

MSK 
87 

2. 3:3 
2.33 
l. 67 
2.00 
2. 67 
2.67 
1. !)7 

2.00 
2. 00 
2.33 
J. 00 
2.00 
2. :J3 
l. ti7 
1. 33 
3. 00 
1. 33 
2. 00 
1. 33 
l. 67 
l. 6'7 

0.555 

HSK 
BB 

3. 00 
4.33 
2. 67 
2- !) 7 
4.67 
4. J3 
2. 67 
4.00 
:J. :3:1 
3. 67 
2. 67 
2.G'l 
3. 67 
3.33 
2.67 
:1.33 
2. 00 
2. 00 
1. 67 
3. 00 
2.67 

MBA 
BB 

l. 00 
l. 00 
l. 67 
l. 67 
1.:33 
l. 67 
l. 67 
2. 00 
2. :13 
2. 33 
l. 00 
l. 00 
2. 00 
l. 67 
2.00 
l. 33 
l. 00 
l. 00 
1. 67 
2. 67 
2. !} 7 

S El 
89A 

l. 67 
l. 67 
l. 6'7 
2. 3:! 
3.33 
l. 67 
l. 00 
2. fi7 
2.00 
2.00 
2.00 
2.67 
1. 3:3 
1.3:3 
l. 00 
:1. 00 
6. 67 
2.33 
1. 3:3 
2.33 
2. 00 

IRE 
89 

4.00 
2. 67 
:J. 67 
2.67 
:J. 33 
3.:J3 
3.67 
2. fi'l 
3.00 
4.00 
2. 33 
3. 00 
4.00 
4. 00 
3.67 
4. 00 
:3. 00 
3.33 
2. 67 
3. 00 
?. 6'/ 

~J. :n 3. H3 4. 94 2. 52 1. 95 3. 10 1. 65 2.19 3. 27 
O. 200 
:32. :3 
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Hedns 

3. 15 
3. 30 
2.52 
3. 15 
3. 74 
3.59 
2. 74 
3. 30 
2. 96 
3.30 
2. 44 
3. 11 
3. 00 
2. 70 
2.67 
1. 41 
t. 70 
2. 70 
2. 3:l 
3. 15 
2. 52 

O. 185 



Table 19. BaN reac tions of 21 entries in 5 environments in AFBYAN 1 between 
1986 and 1989. 

Genotypes 

Black Dessie 
Red Wolaita 
PVA 1272 
G 13671 
G 2816 
T-3 
T- 23 
Kabanima 
K- 20 
ZPV- 292 
Carioca 
Urubonobono 
Kirundo 
Calima 
Rubona 5 
Kilyumukwe 
A 197 
Muhinga 
PVA 880 
PVA 563 
G 12470 

S.E .+ 

Mean 
S.E.-i 
C.V. (%) 

KAW 
6S 

1 .33 
1.67 
1.00 
1.00 
1.00 
2 .00 
l. 00 
l. 00 
1.00 
1 .33 
1.33 
1.67 
1.00 
1.00 
1. 33 
l..OO 
1 .00 
1.00 
1.00 
1.00 
l. 00 

KIS 
7F 

1.33 
2.33 
1 . 33 
1 .67 
1.00 
2.33 
l. 67 
1.33 
l. 33 
1.33 
1.00 
2.33 
1 .67 
2.67 
1.00 
2.00 
1.33 
2.00 
l. 67 
1 .67 
2 .67 

MSK 
87 

5 .33 
7 . 33 
2.67 
5.67 
4.33 
6.67 
3.33 
3.67 
3 . 33 
1.00 
3.33 
6.33 
3 .33 
3.00 
3. 00 
3.33 
l. 33 
3.00 
4.00 
4 .33 
3.33 

0 .578 

MSK 
88 

2.33 
5 .67 
1.00 
1 . 67 
3.00 
6 . 00 
l. 00 
l. 00 
1.00 
1.00 
3.00 
1.67 
1.00 
1.00 
l. 33 
l. 00 
1.00 
1.00 
1 . 67 
1.00 
2.67 

MBA 
88 

2.33 
6.00 
1.00 
3.67 
4.33 
7.33 
3. 00 
2.33 
1.33 
1.00 
2 .00 
2.00 
3.33 
1.00 
2.00 
1.00 
1.00 
1.67 
2.33 
3.33 
1 .67 

1 .17 1 .70 3.89 1.90 2 . 56 
0.155 
44.6 
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Means 

2 . 53 
4 . 60 
1 . 40 
2.73 
2 . 73 
4 .87 
2 .00 
1.87 
1.60 
1.13 
2 . 13 
2.80 
2.07 
l. 73 
1 .73 
1 . 67 
1.13 
l. 73 
2.13 
2.27 
2.27 

0 . 258 



Table 20 . Ascochyta blight reac tions o f 21 entrie s in 4 envirorunents 
in AFBYAN 1 be tween 1986 and 1989 . 

Genotypes 

Black Dessie 
Red Wolaita 
PVA 1272 
G 13671 
G 2816 
T- 3 
T-23 
Kabanima 
K- 20 
ZPV- 292 
Carioca 
Urubonobono 
Kirundo 
Calima 
Rubona 5 
Kilyumukwe 
A 197 
Muhinga 
PVA 880 
PVA 563 
G 12470 

S.E. t 

Mean 
S. E.+ 
c .v. (%) 

KAC 
7F 

3.67 
4.33 
3 . 67 
6 . 67 
5.67 
4 . 67 
2.67 
3 . 67 
4 .00 
2 .67 
3 .33 
5 .00 
4 . 33 
6 . 33 
4.33 
2.33 
4 . 67 
4.00 
6.33 
4 . 67 
3 .67 

MUL 
7F 

3 . 33 
3.00 
3.33 
5.00 
6.00 
3 . 00 
3.00 
2 .00 
2 . 33 
2.33 
5.67 
3.00 
2.33 
2.67 
3 . 33 
3 . 00 
3.00 
3 .00 
3 . 33 
3 .00 
3.67 

MBA 
88 

2 . 33 
4.00 
5.00 
3.67 
3 . 33 
4.33 
3 .33 
4 .33 
4 . 33 
l. 67 
4 .33 
3. 00 
5 .33 
4.00 
4 .67 
3.67 
5.00 
4.00 
5.33 
5 . 00 
3.67 

0 .488 

IRE 
89 

1.00 
1.67 
1.33 
2.33 
1.33 
1.00 
1.33 
1.00 
1.00 
1.00 
1.00 
l. 33 
2.33 
3.00 
1.00 
1.33 
3.67 
1.00 
1.33 
1.00 
1.00 

4 . 32 3 . 30 4 .02 1 .48 
0.322 
25.8 

34 

Means 

2.58 
3.25 
3.33 
4.42 
4.08 
3.25 
2.58 
2 . 75 
2.92 
l. 92 
3 . 58 
3 .08 
3.58 
4 .00 
3.33 
2.58 
4.08 
3. 00 
4 .08 
3 .42 
3.00 

0.244 



Table 21. Environment and genotype c lusters formed from two-way 
c lassification of s eed yields . 

Clus t -
e r s Envirorunents /genotypes 

Environnents 

1 Mulungu 1987F , Msekera 1988, Mbala 1988 
2 Melkassa 1987 , Kawanda 1987F, Kis indi 1987F, Msekera 1987 , lrente 1989 
3 Ants irabe 1988 , Kachwekano 1987F , Kawanda 1986S, Rubona 1987F 
4 Selian 1989A, Selian 1989B 

Genotypes 

1 G 13671 , Urubonobono , Rubona 5 
2 PVA 1272 , T 23, Calima , PVA 880 
3 Black Dessi e , Red Wolaita , T 3 
4 Kirundo, Kilyumukwe, A 197, Muhinga 

·5 Kabanima, PVA 563, G 12470 
6 K 20 , ZPv 292 
7 Car ioca 
8 G 281 6 

Table 22 . Means of c lus ters formed by two- way c las sification of s eed yie lds 
in AFBYAN I . 

Geno type 
c lus t e r s 

1 
2 
3 
4 
5 
6 
7 
8 

Means 

1 

251 
220 
291 
260 
200 
158 
405 

1040 

281 

Environment c lus ters 

2 3 4 Means 

865 2207 3614 1510 
812 1755 2749 1231 
766 1648 3259 1272 
710 1692 3019 1224 
643 1759 3099 1218 
725 1859 3345 1302 

1028 1904 4220 1601 
884 1783 4128 1638 

775 1811 3239 
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Table 23. Environment (E) and genotype (G) c lus ter com!:Ynents_~f E, G and 
G x E s ums of squares for s eed yields {kg ha x 10 ). 

Sources of varia tion 

Env irorunents (E) 
Among E groups 
Within E groups 

Er r o r 

Within E group 1 
2 
3 
4 

Geno types (G) 
Among G groups 
Within G groups 

Within G group 1 
2 
3 
4 
5 
6 

G X E 
Among E groups x G 
Within E groups x G 

In E group 1 x G 
2 
3 
4 

Among G groups x E 
Within G groups x E 

In G group 1 x E 
2 X E 
3 X E 
4 X E 
5 X E 
6 X E 

Among E groups x 
among G groups 

Remainder 

Error 

13 

28 

20 

260 

560 

df 

3 
10 

7 
13 

60 
200 

91 
169 

21 
239 

36 

2 
4 
3 
1 

2 
3 
2 
3 
2 
1 

40 
80 
60 
20 

26 
39 
26 
39 
26 
13 

MS 

6581oo*** 
2741358*** 

33093*** 

5856 

8784 
15806 
6536o*** 
54054** 

9938*** 
237oo*** 

2528 
46 

2409* 
2399 
5826** 
1474 

317 

3047*** 
4101 *** 

944 

2731 *** 
2712*** 
2384*** 
3145*** 
2911 ** 

6711 *** 
1074 

1251 
879 
872 
944 

1093 
2057 

9639*** 
2468*** 

r.ss 

96.1 
3 .9 

83.5 
16.5 

0 . 2 
0 .7 
2 . 3 
0.6 

0 .0 
3.6 
2.4 
8.8 
1.5 
0.2 

31.1 
68 . 9 

13 . 7 
24 .1 
23.8 

77 . 1 
22.9 

25 . 6 
74 . 4 

7.3 

4 .1 
4 . 3 
2 . 9 
4.6 
3 . 6 
3 . 4 



Table 24. Stability parameters for seed yields (kg/ha) of 25 genotypes 
in AFBYAN I grown between 1986 and 1989. 

- ------------------------------------------- -
Genotypes b r2 sb 
-------------------------------------------- -

Genotype cluster 3 

Black Dessie 1.04 0 . 94 0.074 
Red Wolaita 0.94 0.95 0.064 
T 3 0.91 0.92 0 . 075 

Genotype cluster 2 

PVA 1272 0 .83** 0.96 0 .047 
T 23 0 .89 0.93 0.073 
Calima 0.85 0.92 0.073 
PVA 880 0.92 0.94 0.066 

Genotype cluster 5 

Kabanima 0 . 95 0.95 0.064 
PVA 563 1.01 0.99 0.030 
G 12470 1.04 0.95 0 .066 

Genotype cluster 4 

Kirw1do 0 . 99 0 . 96 0.059 
Kilyumukwe 0.96 0.93 0.078 
A 197 0.90 0.96 0.056 
Muhinga o.85** 0.98 0 .038 

Genotype cluster 6 

K 20 1 . 07 0.90 0.101 
ZPv 292 1.08 0.94 0 .079 

Genotype cluster 1 

G 13671 1 .20* 0 . 95 0.083 
Urubonobono 1 . 13 0.96 0.070 
Rubona 5 1.11 0 .96 0.069 

Genotype cluster 7 

Carioca 1 .25 0.88 o .132** 

Genotype cluster 8 

G 2816 1.06 0.75 0.177*** 
---------------------------------------------
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Table 25. Mean squares for seed yields (kg ha- l x 10- 2 ) from partitioning 
of environments in AFBYAN I according to rainfall, temperature and 
soil c lass. 

Sources of Vdriatio~ 

fnvironment s 
A1ony rainfa ll groups (RFG) 
lhthin RFG1 

Atony te1peratu re groups (TG) tn RF G1 
Within TGl in RFGl 

Among ~oi l classes (SC ) in TG1 
Hithin SC3 in TG1 

Within RFG2 
Among TG in RFG2 
Within TG2 in RFG2 

Am ong SC in TG2 
Within SCl tn TG2 

Within TG3 in RFG2 
Within RFG3 

Amony TG in RFG3 
Within TG2 in RFG3 
Within TG3 in RFG3 

Error 

13 

20 

Environ~ents x genotypes 260 
A•o~g RFG x G 
llithin RfGl x E 

Among temperdture groups (TG) in RFGl 
Nithin TGl in RFG l 

Among soi l cldsses (SC ) in TGl 
Wi thio SC3 t n TG l 

Within RFG 2 
A~ong IG in RF62 
Wi thin TG2 in RFG2 

A1ong SC in TG 2 
Within SC1 in fG2 

H1thin TG3 in RFG2 
lhthin RFG3 

Among TG in RFG3 
Hithin TG2 in RFG3 
Hithin TG3 in RFG3 

Error 560 

38 

2 
4 

4 

3 

40 
80 

80 

df 

1 
3 

1 
2 

1 

1 
1 
1 

20 
60 

20 
40 

20 
60 

20 
20 
20 

1 
2 

1 
1 

20 
40 

20 
20 

Medn squ dre s Sums of squ ares (t) 

65B1oo.*** 
14058 4*** 
250092*** 

100.0 

339321 u 
330523** 

382658*** 
278389**' 

1123823*** 
1284 21 Ul 

1493416*** 
2932778*** 

S4054 u 
ji4179Uf 

82651* 
:l5413Ut 
5704 

206836*** 

5856 

3on*** 
3581 *** 
3284'** 

2799*** 

942 

100.0 

4267*** 
23 01 *** 

2732Ut 

1871 * 

1985 

2903** 
4253*** 
1238 

38.9 
11. 7 

52.5 

3.9 
'1. 7 

4. 4 
3. :3 

15.0 
34.9 

34.3 
0.6 

2.6 
2. 9 

18. 1 
33. 2 

27. fi 

21. 2 

0.4 
O. 1 
2. 4 

21. 5 
11. 6 

7.5 
15.1 

5.0 

7. 3 
10. 7 
3. 1 

6.9 
4. 7 

7. 7 
7. 4 



Tabl.e 26 . Plant type (PT) and seed s ize (SS) c omponents of genotypes (G) and 
G x en~Íronme~~s (E) sums of squares for seed yields 
(kg ha x 10 ) in AFBYAN I . 

Sources of Vdri.dtion 

6enotypes 
Along PT 
Wi thin PT I 

Ret ween SS in PT I 
A1ong LSS in PT I 

A1ong LSS groups in PT 
Within CG2 in PT I 
With in C65 in PT 1 
Wi thi n· rest in PT I 

Within PT lJ 
Within PT Ill 

A1ong SS in PT JI J 
Within sss i~Pr 1Í 
Within MSS in Ill 
Within LSS i PT 111 

G x r 
AI OO!l PT X f 

PT I v. PT II dnd 111 x E 
PT II V. 111 X E 

Wi thin PT 1 x E 
Between SS in PT 1 x E 
A1ong LSS in Pf I x E 

A1ong LSS groups in PT 
With in 662 in PT I x E 
Within C65 in PT 1 x E 
Within res t in PT l x E 

Wi t hin PT ll x [ 
Within PT 111 x E 

A1ong SS in PT 111 x E 
Within SSS x f 
Within MSS x E 
Wi.thin l SS x E 

Error 

20 

260 

1 X E 

560 

2 
9 

1 
B 

26 

117 

13 
104 

df 

1 
8 

2 
2 
3 

13 
13 

13 
104 

26 
?.6 
39 
13 

2 
3 
1 
2 

26 
39 
13 
26 

Medn squdres 

9930 tU 

9<4 2 

111 20 
4918u 

54 22 . 
4855u 

8562 
2409 
1101 
669 4 

24380 
13490tU 

HB2 
2399 

26523*** 
13990 

Per cent SS 

100.0 
11. 2 
22. 2 

12.3 
54.3 

100.0 

2. 7 
19. 5 

4. 8 
2. 4 

40.0 
7. o 

21. o 
16.9 

4. 1 
25.0 

12. 6 
41. 5 

1.9 
23. 1 

22. 1 
3.0 

10. 5 
6.0 

8. 6 
3. 6 
O. 5 
6. 7 

R. 4 
4. 3 
1. 5 
8. 9' 

SSS, MSS, LSS = s mall, medium and large seed size groups, respectively; 
GC2 , GC3 , GC5 , GC6 = genotype clus t e r·s 2, 3, 5 and 6, respec tively (Table 24) 
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Table 27 . Mean seed yields (kg/ha) of plant type and seed size genotype 
groups in fourteen environments in AFBYAN 1 between 1986 and 1989. 

~-~---· - . ~- . -- ------ ~ - --- - -------- ~- ~ - --------- -- --· --- - - - -----···--· -- - -- -----~--- --- · .... ------ ·--- -·--------- - ----- ------

Environ111ents 
- - - -· ·· -- .. --- ------------------------- ... , --------~ - ------- - ----- ____ _______ __ __ ___ _____________ _, ________ 

Mtl FIF KAC KAN KAN KI S RIJB MIJL MSK MSK MBA SEL SEL IRE 
Genotypes 87 88 7F 6S 7F 7F 7F 7F 87 88 88 89 898 89 lileans 

·· - -- - -·-. - -- - - ------------- ----- ·-- --- --------- .. ------ -· ----- ~-- --· ------------- ··--. - -·- .. --.. - --- --- -------

Pl.1nt type I J59 2315 1777 1253 675 633 1920 281 1056 161 27:) 3298 2712 885 1271 
Pldnt type ll 597 2270 1763 1721 1.'132 704 1596 434 1149 11.1 346 4130 3216 658 1431 
PlJnt lype IT.I 639 2177 1757 1671 910 619 1593 5:35 857 192 249 :m o 3:348 799 134:3 

Plant type I 

H~diun1 seed:. 369 ?311 1!175 1475 :w, 771 2008 22 685 71 :>36 2965 2681 766 1163 
LJr~e $P.eds 530 2314 1799 1229 711 617 1910 310 1098 170 n8 :)335 2715 099 1283 

GC2 60/. 22!19 1798 1144 '726 655 17'7'7 224 1165 158 279 3139 2359 833 1231 
GC5 417 2117 1450 1304 685 525 1992 480 667 60 196 3460 3014 1058 1245 
Rt'tlldÍnder 533 2465 20.'!3 1292 709 628 2033 311 1295 261 330 3513 2992 880 1.'!77 

Plant type Il 

CJrioLJ 742 2989 1575 1692 2176 521 1362 703 t175 116 395 4663 3777 528 1.60) 
K [lyu•wkwe 452 1552 1950 1750 4R8 B8B 1830 165 1122 109 298 3597 2655 789 1260 

Plant type III 

S111J 11 st>eds 574 2140 1513 1644 1072 548 1293 437 798 169 267 3118 3401 838 13'12 
Mf!d i u111 seeds f)90 1.104 1.748 1671 791 6:34 1791 743 918 235 219 3603 3347 817 1:379 
l.drge seeds 635 2377 2142 1713 906 694 1650 268 823 140 284 3688 3268 713 1379 

Medium seed·.; 

G 2816 ~126 2104 1550 1650 908 467 1828 2543 928 355 221 4360 3896 1193 1638 
lPv 2!12 f)79 2241 H117 1642 440 671 1954 76 1397 289 226 3307 :Jf)J5 344 1:321 
Urubonohono 010 2500 2292 2192 888 900 1852 280 584 210 212 3837 :1.'!44 1107 1501 
Muhii1!J•l 34 ~ 1569 1533 1200 928 500 1528 7') 762 Bt! 217 2908 253? 607 1056 

Ldt ~JI' St?t'U ~ 

G 13L7J 9:l8 2902 2167 2275 845 767 1484 313 553 114 264 4001 3548 939 1508 
K ir un do :):):J tA52 2117 1150 967 621 1815 223 109:J 167 305 3374 2989 488 P50 

. - ,. . -- -· .. - -- ' -· -- -. --. ·- - - - ~ . -- ··-· . -- ---- - -- - ---- --- ---------· ··----· -- .. ·----· ---·---- ·- -------- . --- -·· -
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Tabl e 28 . Correlation coeffi cient s (X 102 ) among environmental 

-- --- . - --- .. - -- -.. - . - -- . - -- -------------------------
Envir on•ent ,!l Vdf'Ídbles 

-- - --- - --- - - -.. - ----. - -------- ----- ·- - ---------- --- -
VR RR l R VMX T RMXT MM XT VMNT RMNT MMNT S"XT SMNT SMT se pp epp DP 

---- -- - ----------- -- - --------------· --··-- -- ----- ---- ---------

PR 28 33 59 24 27 29 22 16 19 12 17 16 4 76 . 54 2' 
VR 39 78 52 -25 -37 30 37 38 21 25 27 -- H 19 10 27 
Rll 82 -6 48 20 24 48 3fl 21 52 40 37 51 10 - 10 
TR - 24 10 2 35 47 4:l 23 42 36 3 53 -5 13 
VMXT 67 91 20 H 17 63 49 57 9 19 -21 -18 
RMXT 90 55 62 60 78 88 86 34 51 3 -17 
MM XT 45 H 45 80 77 80 17 37 -8 -16 
VM NT 94 90 81 85 85 7 17 H 49 
RMN T 99 71 89 84 22 16 57 48 
MMNT 77 89 86 16 17 51 49 
SMXl 90 97 -12 33 -· -25 
SMN T 98 7 36 n -8 
SMT -5 36 10 16 
se 10 12 .. 7 
pp - 65 -35 
CPP 54 

- . ---- - - - - - - .. -------- .. ----- . --. -- -------------------- ----------------- -
PR, VR, RR and 1R = preflowering, vegetativa and reproduc tive period and 
total rainfall; VMXT, RMXT and MMXT = vegetative , reproductiva and mean 
maximum temperature; VMNT, RMNf and MMNT = vegetative, reproductive and 
mean mínimum temperature; SMXT, SMNT and SMT = seasonal maximum, minimum 
and mean t emperature; SC = soil c lass; PP = photoperiod; CPP = change 
i n photoperiod ; DP = disease potential 
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Table 29 . 2 R value s (xl02 ) from multiple regressions of yie ld and its 
components on environmental variables . 

----- ---------- - ·---- ----------- -------- --·- ·- - ----------~---- ---- ------·- ---- -- --
Weight/ 

Seed Canopy SP.eds/ 1000 
yields s iz~s Po~s/ 100 s eeds 

Genotypes {kg/ha) (cm ) m pods (g) 

--------- --·-----------------------------------------------------

Gffi 3 
Red Wolaita 77 35ns 77 78 36ns 
Black Dessie 76 61 89 31ns 56 
T- 3 77 45* 83 45** 56 

GCXi 2 
PVA 1272 72 23ns 65 65 60 
T 23 74 17ns 61 79 57 
Calima 68 28ns 61 62 73 
PVA 880 64 25ns 60 so** 64 

GOO 5 
Kabanima 68 24ns 82 60 61 
PVA 563 76 30ns 76 66 79 
G 12470 76 35ns 85 34ns 59 

GOO 4 
Kirw1do 73 28ns 68 66 80 
Kilyumukwe 58 32ns 58 73 65 
A 197 70 27ns 64 39. 67 
Muhinga 74 25ns 74 46** 69 

Gai 6 
K 20 63 20ns 70 71 59 
ZPv 292 68 26ns 69 71 74 

GOO 1 
G 13671 73 42* 75 65 42* 
Urubonobono 74 24ns 87 59 58 
Rubona 5 76 31ns 82 48** 52 

GOO 7 
Carioca 75 34ns 77 49** 27ns 

GOO 8 
G 2816 79 65 68 69 72 

ns denot es no t s ignificantly greate r than zero; * and ** denote s ignificantly 
greate r than zer o at P = 0.05 and 0.01, res pec tively; all other values 
s ignificantly greater than zero at P = O. 001 
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Table 30 . Regression coefficients from multiple regressions of yield and its 
components on the independent variable soil class. 

Genotypes 

GOO 3 
Red Wolaita 
Black Dessie 
T- 3 

GOO 2 
PVA 1272 
T 23 
Calima 
PVA 880 

Gro 5 
Kabanima 
PVA 563 
G 12470 

GOO 4 
Kirundo 
Kilyumukwe 
A 197 
Muhinga 

GOO 6 
K 20 
ZPv 292 

GOO 1 
G 13671 
Urubonobono 
Rubona 5 

GOO 7 
Carioca 

GOO 8 
G 2816 

Seed 
yields 

(kg/ha) 

206 •• 
219*** 
189** 

234*** 
218* 
265*** 
172 ... 

Dependent variables 

Canopy 
siz~s 
( cm ) 

687 
297 
454 
535 

383 
645 
399 

440 
484 
438 
768 

326 
710 

401 
340 
392 

810 

885** 

P'1s / 
m 

(x10) 

255** 
299*** 
261*** 
219*** 

384 ... 
237 ... 
194*** 

394 ... 
347*** 
337*** 

Seeds/ 
100 

(~2) 

613 
1944 
1480 

2786** 
126 

- 377 
856 

2713** 
1822* 
2530 

2094. 
2172* 
- 346 

977 

1144 
3526 ... 

2688* 
922 
295 

2791* 

- 271 

Weight/ 
1000 
seeds 

(g X 102 ) 

2363. 
2037. 
1635** 

-444 
1208 
4472*** 
1976 

1030 
2785** 

302 

1933. 
1063 
5ooo*** 

367 

150 
3039** 

1994 
2160** 
- 511 

1399 

1739** 

*. ** and ***deno te coefficients significantly different from zero at 
P = O. 05 , O. 01 and O. 001 . r·especti vely 
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Table 31. Regr ession coefficients from multiple regress i ons of y i e ld and 
components on the independent variable presowing rainfall (mm). 

Genotypes 

Gffi 3 
Red Wolai ta 
Black Dessie 
T- 3 

Gffi 2 
PVA 1272 
T 23 
Calima 
PVA 880 

Gffi 5 
Kabanima 
PVA 563 
G 12470 

Gffi 4 
Kirundo 
Kilyumukwe 
A 197 
Muhinga 

Gffi 6 
K 20 
ZPv 292 

Gffi 1 
G 13671 
Urubonobono 
Rubona 5 

Gffi 7 
Ca rioca 

Gffi 8 
G 2816 

Seed 
yields 
(kg/~a 
x10 ) 

- 162 
- 1042 

251 

2214. 
2710 
1127 
1243 

1124 
381 

- 681 

1605 
- 235 
1167 

448 

4019 
2563 

- 1120 
- 1492 

2356 

703 

-4007 * 

Dependent variables 

Canopy 
siz2s 
( cm 
x102 ) 

- 2565 
- 4165*** 
-· 4252** 

- 1006 
- 2189 
- 1550 
- 3365 

- 554 
- 1939 
- 5607* 

- 801 
- 2686 
- 1620 
-2640 

-2382 
436 

- 2301 
- 1359 
-2173 

-- 3366 

- 456 
-654*** 
- 486*** 

- 298 
- 359 
- 410* 
- 382 

- 341 
-646* 
- 287 
- 558** 

- 403 
- 278 

Seeds/ 
100 
pod~ 

(x10 ) 

- 150 
- 360 
- 695* 

- 177 
354* 
189 

- 138 

- 476 
- 455 

- 1107** 

109 
- 188 

573* 
388 

- 31 
110 

- 1020** 
332 
210 

24 

276 

Weight/ 
1000 
seed2 

(gx10 ) 

- 514 
- 197 
·- 506*** 

- 928** 
- 916** 

- 1521 *** 
- 1193*** 

-10oo*** 
- 687* 

- 599 
- 1091*** 

- 968* 

- 341 

* ** d ***d rr · · · ·r· tl d"ff tf t , an enote coe ~c~ents s ~gn1 ~can y 1 e ren rom zero a 
P = 0.05, 0.01 and 0 .001, respectivel y 
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Table 32. Regress ion coeffi c ients from multiple regressions of yield and 
components on the independent variable vegetativa rainfall (mm) . 

Genotypes 

Gal 3 
Red Wolaita 
Black Dessie 
T- 3 

Gffi 2 
PVA 1272 
T 23 
Calima 
PVA 880 

Gffi 5 
Kabanima 
PVA 563 
G 12470 

Gffi 4 
Kirundo 
Kilyumukwe 
A 197 
Muhinga 

Gal 6 
K 20 
ZPv 292 

Gal 1 
G l 3671 
Urubonobono 
Rubona 5 

Gal 7 
Cat·ioca 

Gal 8 
G 2816 

Seed 
yields 
(kg/~ 
x10 ) 

230 
767 

- 514 

- 683 
- 1474 
-2374 

225 

- 1056 
803 

1777 

- 1068 
- 1449 
- 1908 

- 80 

- 550 
- 669 

- 1514 
. 1429 

- 902 

379 

1218 

Dependent variables 

Canopy 
siz2s 
(cm 
x102 ) 

- 199 
- 3 

- 1049 

- 1788 
- 687 

- 1007 
- 1051 

- 1058 
- 751 
- 648 

- 2416 
- 1820 
- 1205 

- 771 

- 780 
- 1152 

- 648 
--892 

-- 1427 

1049 

- 618 

P<1s/ 
m 

(x102 ) 

235 
105 

- 283. 

16 
- 142 
- 173 
- 105 

- 330 .. 
5 
3 

- 118 
- 15 

- 133 
- 19 

- 250 
- 211 

- 271 
- 173 
- 236 

- 109 

9 

Seeds / 
100 

(~~) 

- 104 
- 424 

- 6 

- 824 ... 
- sao** 
- 362 

- 827··· 
- 1053 ... 

- 260 
- 548* 

- 938 .. . 
-831 .. . 

- 9os*** 
- 465 
- 613 .. 

-234 

Weight/ 
1000 
seed2 

(gx10 ) 

- 765 .. 
- 726 ... 
- 132 

410 
225 

- 200 
- 148 

424 
- 201 

687 

225 
205 

- 364 
- 52 

- 375 
- 97 

325 
- 283 

836* 

- 132 

- 81 

* ** ru1d *** denote coefficients significantly different from zero at 
P = 0 . 05, 0 .01 and 0.001, respectively 
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Table 33 . Regr·essi on coeffic i ents from mul tiple regress i ons of yield and 
components on the inde pendent variable reproduc tive rainfall (mm) . 

Geno lypes 

Gai 3 
Red Wol a ita 
Black Dessi e 
T- 3 

('.(XJ 2 
PVA 1272 
T 23 
Calima 
PVA 880 

Gai 5 
Kabanima 
PVA 563 
G 12470 

G<.Xi 4 
Kirundo 
Kilyumukwe 
A 197 
Muhinga 

ca; 6 
K 20 
ZPv 292 

oo; 1 
G 13671 
Urubonobono 
Rubona 5 

Gffi 7 
Carioca 

ca; 8 
G 2816 

Seed 
y i e lds 
(kg/~a 
x10 ) 

- 514 ** 
- 546** 
-388* 

* - 528 

* - 501 
- 601 ** 
- 604** 

- 529** 
-437 
-335 
- 539** 

* -670 
540* 

- 539* 
568* 

- 684** 

- 77 

Dependent variables 

Canopy 
s i z~s 
(cm 
x102 ) 

- 1534 
1112 

122 

334 
124 

7 
1362 

- 2449 
- 1197 

2355 

- 204 
1215 

- 78 
1341 

1152 
- 1232 

398 
545 
446 

268 

261 
523 
502* 
422 

834*** 
300 
233 

452* 
660* 
345 
440 

489 
513* 

581 

562 

Seeds / 
100 
pod~ 

(x10 ) 

- 727** 
322 
226 

379 
- 630** 
- 490 

- 89 

430 
- 11 

- 1310** 

- 85 
122 

- 656* 
- 371 

-3 15 
228 

587 
- 720 
- 307 

J14 

Weight/ 
1000 
seed~ 

(gx10 ) 

581 
290 
388* 

- 224 
102 

- 723 
276 

8 
282 

- 152 

- 2 
- 175 

843 
63 

- 12 
222 

18 
744* 

- 464 

287 

53 

* ** and *** denvt.e coeffic ients significan tly different frorn ze r·o a t 
P = 0.05, O.O.i and 0 . 001 , r espec tively 
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Table 34 Regress ion coeff j c ients fr·om mul tiple regress i ons of yield and 
components on the independent variable mean temperature . 

----·· ----·--------------------------------------------·-----------

Genolypes 

Gro 3 
Red Wolaita 
Black Dessie 
T- 3 

Gai 2 
PVA 1272 
T 23 
Calima 
PVA 880 

Gffi 5 
Kabanima 
PVA 563 
G 12470 

ca; 4 
Kir·undo 
Kilyumukwe 
A 197 
Muhinga 

Gai 6 
K 20 
ZPv 292 

Gffi 1 
G 13671 
Urubonobono 
Rubone. 5 

Gffi 7 
Carioca 

Gffi 8 
G 2816 

Dependent variables 
- -----------------------------------------------

Seed 
yields 
(kg/ha 

x10) 

- 10 
- 529 
-703 

- 451 
- 993. 
- 514 
- 668 

- 667 
- 542 

- 1065. 

- 443 
- 127 
-525 
- 216 

- 694 
- 241 

- 980 
- 707 • ··1134 

404 

·1444 .. 

56 
- 742. 
- 428 

337 
- 607 
- 518 
- 617 

233 
- 113 
-709 

5 
··584 
- 214 
- 553 

- 997 
315 

·405 
63 

- 948 

- 862 ... 
- 1545*** 
- 1510 ... 

- 1322 .. 
·-17os*** 
- 1055 .. 
- 1161* 

- 1894*** 
- 1065 .. 

- 98o*** 

- 1214 .. 
- 1243. 

- 864. 
- 1198 .. 

- 1869 .. 
- 1106 .. 

- 1876 .. . 
- 1707 .. . 
·-1724 .. . 

-- 180 -1813 .. 

-- 1249.. - 1573 .. 

Seeds/ 
100 
pod2 

(x10 ) 

1441 
682 

- 1174 

533 
1109 

- 1977* 

199o*** 
1190. 

831 
1704** 

Weight/ 
1000 
seeds

2 (g X 10 ) 

-144 
- 683 
- 148 

- 817 
- 1762. 
- 2082 .. 
- 1509* 

- 1323 
- 1877 .. 
- 3436** 

- 1925 ... 
- 2133. 
- 1643. 
- 1017 

1557** - 449 
2133 ... - 1680 .. 

272 
1588. 
1452 . 

- 1074 
- 1090. 
- 1540 

962 - 569 

• •• d ••• d t ff . . . . f . 1 d . ff f . an cno e coe 1c 1ents s 1gn1. t cant y 1 erent rom zero at 
P = O. 05, O. 01 a nd O. 001, r espective] y 
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Table 35. Regt·ession coeff icients f r·om mul tiple regr·ession s of yiel d and 
,;omponents on the independent variable di sea se index. 

Genotypes 

cm 3 
Ued Wo laita 
Black Dessie 
T 3 

cxx; 2 
PVA 1272 
T 2.'3 
Calima 
PVA 880 

GUi 5 
l{abanima 
PVA 563 
G 12470 

ca; 4 
Kirundo 
Kilyumukwe 
A 197 
Muhi nga 

GUi 6 
1{ 20 
í'.Pv 292 

Gffi 1 
G L3671 
Urubor1obono 
Rubona 5 

G<r. 7 
C'Fi t ' i OCfi 

GUi 8 
G 2816 

Seed 
yields 
(kg/ha 
xlO) 

1041 
903 
648 

-1299 
112 
187 
282 

473 
566 
433 

1671 * 
1899 
1755* 
1153 

- 150 
664 

1163 
1583 

- 8 

722 

1626 

Dependent variables 

Can opy 

si~es 
( c m ) 

20 
- 116 

507 

597 
- 567 
-883 
- 536 

-488 
·· 1073 

.. 519 

- 544 
108 

- 801 
6 

545 
- 1182 

1514* 
-906 
-702 

362 

-305 

25 
263 
923 

657 
687 
638 
609 

1277 ** 
474 
112 

1291* 
1380 
1238* 
1217 

- 439 
1069 

1442 
1003* 

870 

377 

937 

Seeds/ 
100 
pod~ 

(x10 ) 

- 1905* 
442 

- 538 

1673 
1146* 
- 119 
1529* 

1829* 
665 

1416 

1743* 
1329 

182 
2003* 

1964* 
1625 

1640 
1297 
1361 

483 

516 

Weight/ 
1000 
seeds 

(g X 102 ) 

3218** 
3489*** 

411 

-3510** 
- 1554 

- 71 1 
- 1293 

- 2933 ** 
- 347 

- 3549 

- 919 
- 1574 

258 
- 2316* 

614 
- 427 

-987 
933 

- 3961* 

1092 

- 457 

* ** d *** d ff ' . t . ' f ' tl d ' ff t f t nn eno t e coe 1c 1e n s S J.gnl 1can y 1 eren rom zero a 
P = 0.05 , 0.01 and 0.001, r espectlvel y 
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Figure 1. Dendrogram of environment classification for seed yields . 
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Figure 2 . Dendrogram of genotype classification for seed yields. 
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Figure 3. Regression of yield of PVA 563 on environment 
mean yield. 
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Figure 4. Regression of yield of PVA 1272 on environment 
mean yield. 

5000 

X = 1197 
4500 •• 

b = 0.83 

4000 
sb = 0 .04 7 

_......_ 
o 

..S:: 
'-.. 3500 

C7' 
~ .........-

-o 
Q) 3000 
>-.. 
e 
o 
Q) 

E 2500 o 
Q) o 0.. 
>-.. ...., 
o 2000 e 
Q) 

ü o 
1500 

o o 
1000 

500 

oóo 
Q L-----~----~-----L----~----~L-----~--~ 

o 500 1000 1500 2000 2500 3000 3500 

Environmental mean yield (kg/ ha) 

52 



Figure 5. Re gress ion of yield of G 13671 on environment 
mean yiel d. 
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Figure 6. Regression of yield of G 2816 on environment mean 
yield. 
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Figure 7. Regression of yield of Carioca on environment 
mean yield. 
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