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ABSTRACT

Ten pigeonpea genotypes [ Three improved cultivars,
four exotic lines and three local farmers pigeonpea genotypes
were grown in a randomized complete block design 1n three
replications at Ffive Ilocations for two seasons to study
genotype X environment interactions for grain yield and other
plant characters.

The nature of genotype X environment interactions
were investigated by means of regression analysis technique*
of Eberhart and Russell [1966] and stability analysis method
of Wrickle [1962,1966].

Combined analysis of variance showed that genotypes
X environment interaction was significant for grain yield,
pods per plant, seeds per pod, 100 seed weight,days to 50%
flowering, days to 50% maturity, plant height, length of
pod bearing region and number of pod bearing branches.

Results showed that a considerable portion of
genotype X environment interaction could be attributed
to the [linear regression for most characters. Pooled devia-
tions from linear regression for most characters were highly
significant. There ,were significant differences for all
traits except grain yields among genotypes for their

regression on environment index.
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High correlation was found between the ranks of

genotypes according to mean performance Ix 1, regression
i 2

coefficient [b J, deviations from regression Is d J
i i

and Ecovalence [ W j-

The genoiypes which were most stable had minimum
deviations from regression Ls? d j and very small w
Genotypes showed varied responsé to the various environme;ts
with respect to the various ‘traits. The genotype 423/60
the highest grain yield per plant but lacked stability
for this trait. The local farmers varieties were the most
desirable cultivars for most traits, followed by the impro-
ved cultivars and then came the exotic lines. The response
of the localy adapted cultivars to the environments used In
this study showed that they were well buffered and could
adjust their genotypic and phenotypic states in response
to the changing environmental conditions. It was concluded
that further experiments with all the genotypes covering

more sites and seasons be planned to tap the great potential

in these cultivars.



@
CHAPTER 1

INTRODUCT ION

Pigeonpea [Cajanus cajan {L} MillspJd is a popular
crop iIn a wide range of climatic and soil conditions in
the medium and low potential areas of Central, Eastern
and Coast Provinces 1iIn Kenya. It is mainly grown by
small scale farmers and is normally intercropped with maize,
sorghum, cotton and other crops for domestic consumption.

Surplus prodution* is usually marketed locally but
the amounts involved are not known since accurate data 1is
generally lacking. However, the crop ranks second iIn import-
ance among other pulses after field beans [Phaseolus vulgar-
is L.] [Onim, 1980]. Other scientists have ranked it fourth
after fTield beans [P. vulgaris L.] groundnuts [Arachis hypo-
gea L.] and cowpea [Vigha unguiculata L. ] LNyabundi., 1980 ].
Pigeonpea 1is grown on over 115,000 ha in Kenya [ Kimani,1987]
In the fourth and fifth development plans the Kenya government
has emphasized increased production of drought tolerant crops
including pigeonpea in the medium and low potential areas in
view of the fact that although crop production in these areas

|

iIs marginal due to the relatively low rainfall, increasing

population pressure on land is forcing more and more people



{2}

to move iInto these areas.

The International Development Research Centre aided
Pigeon Project at the Department of Crop Science, University
of Nailrobi has since 1975 collected pigeonpea gerrnplasm from
African [ Nigeria ] Caribbean [Trinidad] and Asian [ especia-
Ily India ] countries as well as from International Centres
to constitute a gerrnplasm bank [ Kimani, 1987 ]. This germ-
plasm bank was evaluated under different environments to
gain some understanding of their potential and select some
suitable genotypes for further breeding work. A Number of
improved cultivars have been developed some of which have be-
en released to farmers.
These new cultivars need to be evaluated iIn the major pigeo-
npea growing areas to indicate the extent of environmental
influences as well as genotype x environment interactions.
This 1s i1mportant since fTarmers vrequire cultivars with a
known potential. Efforts should be made to ensure that these
new and existing cultivars get to the intended end users who
are small scale farmers many of whom cannot afford much
animal protein.

Crop scientists consider stability in performance
as one of the mosé#desirable properties of a genotype to be

released as a variety for wide cultivation. No breeding work
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would be considered complete until the improved genotypes are
tested over a wide range of environmental conditions involv-
ing different locations and different seasons.

A number of statistical methods are used for estimation
of phenotypic stability.For this purpose, the multilocational
trials over a number of seasons are conducted and data thus
obtained subjected to environment-wise (location) analysis of
variance Tfollowed by pooled analysis of the data. This has
been done in Kenya for pigeonpea (Onim, 1981). The cultivars
which were used in the study by Onim(1981) have now been imp-
roved further. In case the genotype x environment interaction
is Tound significant one of the various approaches known for
measuring the stability of genotypes can be used and the ge-
notypes may be ranked accordingly.

The objectives of this study were:

©O) determine the performance of local, exotic
and new pigeonpea cultivars under varying
environmental conditions in Kenya.

(i) estimate the adaptability and stability
parameters for plant and yield component-

s for these cultivars.
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CHAPTER 11

REVIEW OF LITERATURE
2.1 THE CONCEPT OF GENOTYPE X ENVIRONMENT [INTERACTION

A phenotype 1is as a result of an iInterplay of a ge-
notype and the environment. The relative rankings of genoty-
pes often differ in different environments such that a spec-
ified genotype does not exhibit the same phenotypic charact-
eristics under all environments. This variation arises from
lack of correspondence of genetic and non-genetic effects a-
nd causes difficulties in demonstrating the significant sup-
eriority of any variety. The failure of a genotype to give
the same phenotypic performance when grown under different
environments is a reflection of genotype X environment inte-
raction .

In developing crop cultivars, breeding work is oft-
en done at one location and testing of the improved cultivar
may be done at several other locations (Onim, 1981). A high
yielding genotype iIn a favourable environment does not mean
that the same genotype will also be high yielding genotype
in an adverse environment (Falconer, 1981). The reason for

this 1is that although it is the same genotype, different
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gene combinations are called into play in the two different
environments hence making this genotype behave as if it were
two different genotypes in the two environments.

The iInteraction between a genotype and its environm-
ent contributes to the total variance observed for a genoty-
pe and can be isolated and its significance determined. When
all the genotypes iIncluded 1iIn a trial behave consistently
under all the environments the interaction term is absent.

Various methods for the statistical analysis of ge-
notype x environment iInteraction have been proposed. Lin et.
al. (1986) proposed that the stability parameters in current
use are derived from two components of a two-way classifica-
tion of data and that there are three types of stability co-
ncepts which have been discussed from statistical and biolo-
gical points of view. The concepts of stability according to
them are that a genotype is considered stable if the variat-
ion of its performance among environments is small or if its
response to environments 1is parallel to the mean response of
all genotypes in the trial or If the residual mean square
from the regression model on environmental index is small.

Genotype x environment interactions are of major

|
importance iIn the development and evaluation of plant culti-

vars.
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2.2 ESTIMATION OF GENOTYPE X ENVIRONMENT INTERACTION

Various techniques have been devised to evaluate geno-
type stability over a range of environments iIn many crops. A
widely used technique is regression analysis proposed by Ya-
tes and Cochran (1938) amplified by Finlay and Wilkinson
(1963) and refined and adopted by other workers (Eberhart a-
nd Russell, 1966; Perkins and Jinks, 1968; Shukla, 1972; La-
nger et. al., 1979). In this technique genotype X environme-
nt interaction is partitioned by calculating a regression of
the vyields of a given genotype in different environments on
the respective means of all genotypes.
Lewis (1954) suggested the use of "phenotypic stab-
ility factor’” (SF) which took into consideration the mean v-
alues only in the highest and lowest yielding environments.
This method has been used only to a limited extent (Prasada-
and Singh, 1980), Kermali, 1981), since the SF has some very
obvious defects as it does not consider intermediate enviro-
nments thus introducing some bias.
Plaisted and Peterson (1959) described a procedure
to characterize the stability of performance of several var-

ieties. A combined analysis of variance at all locations was
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computed for each pair of varieties. The mean of the estima-
ted variance components of genotype X environment iInteracti-
on Tor all pairs of genotypes that include genotype is the
stability measure for that genotype. This procedure is very
cumbersome when the analysis involves many genotypes (Verma
et. al. (1975). Plaisted (1960) proposed a variance compone-
nt Tfor the genotype X environment interaction G? ) as a sta-
bility parameter whereby one genotype is deléted from the
entire set of data and the genotype X environment vg&iance
from this subset is the stability index for genotype 1.

Wrickle (1962, 1966) developed a method to estimate
the ecological valence (W ) or in short ecovalence which is
the contribution of each génotype to the genotype X environ-
ment interaction sum of squares and is expressed as its per-
centage. The 1lower the ecovalence of a variety, the smaller
are its fluctuations from the experimental mean under diffe-
rent environments and thus a smaller share of the interacti-
on sum of squares. Accordingly the genotype with the least
ecovalence is considered the most stable. This technique has
been used to a very limited extent (Fejer, 1967 and 1973,
Qualset, 1968) because 1t does not allow prediction of the

|
performance of genotypes over environments (Verma et. al.,

1975) .
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Comstock and Moll (1963) showed statistically the

effect of large genotype X environment interaction in reduc-
ing progress from selection. They developed a model for est-
imating genotype, environment and genotype x environment iIn-
teraction variance. A multilocation or multi-year test is r-
equired for a meaningful and unbiased estimate of the genet-
ic variance which is of major interest.

A dynamic approach to the interpretation of variet-
al adaptation was developed by Finlay and Wilkinson (1963).
They showed that regression of yields of separate genotypes
accounted for a large part of genotype X environment intera-
ctions as reported earlier by Yates and Cochran (1938). This
led to the realization that the components of a genotype and
the environmental 1interactions were linearly related to env-
ironmental effects when these effects were measured on the
same scale as the genotypic effects. The observed values are
regressed on environmental indices defined as the difference
between the marginal mean of the environments and the overa-
Il mean. The regression coefficient is then taken as the st-
ability measure. They reported the adaptation of some 277 b-
arley varieties grown in seven seasons at three sites iIn Au-
stralia. They repor{zd that phenotypic stability of the var-

ieties was inversely proportional to the mean yield. From
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the analysis, the varieties specifically adapted to good and
poor environments and those showing general adaptability co-
uld be 1identified. Varieties from particular geographical r-
egions showed a similarity in type of adaptation which prov-
ides a useful basis for plant iIntroduction.

The regression technique of Finlay and Wilkinson
(1963) was modified by Eberhart and Russell (1966) by adding
another stability parameter namely the deviation from regre-
ssion (s 2d ). They defined an ideal variety as one which h-
as a high mean yield (u), unit regression coefficient (b ) =
1.0) and the least deviation from regression (52 d =0). Th-
ey Ffound that the estimates of squared deviations for many
maize hybrids were near zero against large estimates for ot-
hers thus indicating the utility of this parameter 1in chara-
cterizing varieties for stability.

Although this technique has been extensively used
by crop breeders (Borojevic S et. al.,1982; Eberhart et.
al. 1969), Galvez,G., 1980, Nguyen et. al., 1980,Pfahler, P.L
et. al., 1979, Pollock, J.S., 1975, Russell, R. 1978, Staff-
ord, R_.E.1982 and Tai et. al., 1982) to study cultivar due
to the advantage of using the iIndependent variable (environ-

mental 1index), the validity of their method has been questi-

oned (Freeman, 1973, Freeman and Perkins 1971; Shukla,1972).
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Based on the principle of structural relationship
analysis Tai (1971) presented a method of genotypic stabili-
ty where a genotype x environment interaction of a particul-
ar variety is partitioned into two components i.e. the line-
ar response to environmental effects ( ) and a deviation
from response (A ). He showed that the phenotypic estimates
of stability (Eberhart and Russell, 1966) may be quite diff-
erent from genotypic estimates when a small number of genot-
ypes is tested over a small number of environments with a 1-
imited or uncertain ranges of environmental variation. The
approach of Finlay and Wilkinson (1963), Eberhart and Russell
(1966) and Tai (1971) 1is purely statistical and the compone-
nts of their analyses have been related to parameters in a
biometrical genetical model (Verma and Gill, 1975).

Allard and Bradshaw (1964) discussed the significa-
nce of the genotype x environment interaction on the basis
of the relative magnitude of different variances estimated
from multi-location-year testing. They suggested that hete-
rozygous and heterogeneous populations offer the best oppor-
tunity to produce varieties which show small genotype X env-
ironment interactions.OThey used the term Zindividual buffe-
ring” for individuals where the individual members of a pop-

ulation are well buffered such that each member of the popu-
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lation is well adapted to a range of environments and ’popu-
lation buffering’” if the variety consists of a number of ge-
notypes and adapted to a somewhat different range of enviro-
nments. Data are analysed iIn the above models assuming they
represent a random sample of environments though they are n-
ormally collected in a non-random way iIn a series of seasons
and locations.

Bucio-Alanis [1966] developed a mathematical model
to measure the genotype X environment interaction when only
two homozygous parents were grown under a large number of en-
vironments. Bucio-Alanis and Hill [1966] extended the above

model to 1include F between the +two homozygous parents.
1

This methodology, unless extended to include more than two
homozygous lines, lacks general utility because there is need
for adequate control lines against which the breeder may ev-

aluate the performance of new lines.

Perkins and Jinks [1968] extended the technique of
Bucio - Alanis [1966] and Bucio-Alanis and Hill [1966] to co-
ver many inbred lines and crosses among them. The regressio-
n coefficient so abtained [ ] is similar to that of Finla-

y and Wilkinston [1963" except that the observed values are

adjusted for location effects before regression.
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Perkins and Jinks {1968} further extended their mo-
del to include F ’s which may not have any systematic rel-
ationship. This ;pproach is superior in its predictive valu-
es across generations which is not possible with procedures
suggested by Finlay and Wilkinson {1963}, Eberhart and Rus-
sell {1966} and Perkins and Jinks [1968 a, Db] .

Shukla [ 1972 a ] suggested a method deriving a sta-
bility variance {0 ? } which is based on residuals iIn a two
way classification. Ih1 this method variance of a genotype a-
cross environments is the stability measure. He proposed th-

2
at an approximate F-test was provided by the ratio of )

2 i
to the pooled error mean square {(@-~ } calculated in the u-
e

sual manner for combined analysis. This stability variance
was evaluated by Eagles and Frey {1977} for selecting oat
{Avena sativa L. } cultivars.

Francis and Kannenberg (1978) used the conventional
coefficient of variability (CV%) of each genotype as a stab-
ility measure when they were studying genotype X environment
interactions in 15 single cross maize hybrids from a six iIn-
bred diallel of short season maize grown in yield tests over
16 environments for Ffive years. They found that phenotypic
response invoked by a change in environment is not the same

for all genotypes (Comstock and Moll, 1963). They suggested
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that where “predictable” environmental variations exist (Al-
lard and Bradshaw, 1964) the genotype X environment interac-
tion can be reduced by stratification of environment and al-
location of different genotypes to different environments

(Horner and Frey, 1957). Obilana and ElI-Rauby (1980) consid-
2

ered the coefficient of determination ( ) as a stability
2, i

parameter. An (Y"_ ) value near 1.0 indicated that the resp-

i
onse of that genotype to environmental change was more stab-
2

le. A stable genotype would thus have a very high (Y ) val-

ue. This method was used by,Nguyen et. al. (1980).

Several authors have examined the relationships of
various stability parameters (Hanson, 1970; Langer et. al .,
1979, Easton and Clements, 1973; Nguyen et. al., 1980; Beck-
er, 1981; Gray, 1982; Kang and Miller, 1984; Lin et. al._,
1986). Quaslet (1968) working with wheat reported the absen-

ce of any correlation between W and both b and s d. Jo-
i

wett (1972) concluded that W is considerably less informa-

2 i
tive than b and s d when working with sorghum. Prasad and
i i 2
Singh (1980) concluded that SF was as effective as s d . 5
i

They also reported the absence of any similarity between s d

and W_ and also SF Iarrd W
1 1

Becker (1981) suggested that the observed correlati-
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ons among stability parameters lead to the conclusion that
coefficient of regression is equivalent to variance as a me-
asure of stability according to the biological concept of a
stable genotype {.one with constant yield} and that mean squ-
are deviations from vregression is equivalent to ecovalence
as a measure of stability from the agronomic concept of sta-
bility {one which has yield which is predictable from the 1-
evel of productivity of the environment}. He also suggested
that the use of different concepts of stability will lead to
different ranking of genotypes for the parameters belonging
to the two different concepts which are not correlated with
each other.

Among the methods discussed above majority of the
crop breeders use regression analysis techniques. This 1is b-
ecause, although genetic effects are not generally independ-
ent of environmental effects many authors have observed that
the relation between the performance of different genotypes
in various environments and some measure of these environme-
nts 1s often linear or nearly so. The weaknesses of the sta-
tistical theory of regression analyses developed independen-
tly by various workers were pointed out by Freeman and Perk-
ins {1971}. They suggested that fundamental statistical ass-

umptions were not usually satisfied and that the choice of
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the sums of squares and degrees of freedom from which the r-
egression components were subtracted was not appropriate. S-
econdly, the use of the mean yield under each environment as
the environmental value of the particular set of genotypes
as an independent variable which is iIn fact not independent
of the phenotypic variable regressed onto it has been criti-

cized (Verma and Gill, 1975).
2.3 GENOTYPE X ENVIRONMENT INTERACTION IN PIGEONPEA

Many studies have, been reported on the genotype X
environment iInteraction in many crops but only a few have b-
een reported in pigeonpea.

Abrams et. al.(1969) reported results on genotype X
environment interaction in pigeonpea in Puerto Rico. They
evaluated 20 varieties of pigeonpea at two locations for th-
ree years. They found that the first and second order inter-
actions for yield, days to flowering and plant height were
as large as the variety component of variance. They fTound
that variety x location X year iInteraction, although statis-
tically significant was of small magnitude and equal to, or
smaller than the variety Xx year IiInteraction. The variety X
location interaction was of much smaller magnitude than the

variety X year interaction and was statistically non-signif-
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icant. Wallis et. al. (1980) reported variety evaluation
trials at four environments in South-eastern Queensland in
Australia. They reported that the date of occurence of the
first frost was an important limiting factor to pigeonpea
production in Queensland and therefore the interaction of s-
owing dates and days to pod set in different varieties are c-
ritical factors. They concluded that phenology and vegetati-
ve growth is influenced by photoperiod x temperature intera-
ction and thus by sowing date and latitude.

Onim (1981) discussed the importance of genotype X
environment interaction studies in cultivar development in
pigeonpea and reported that there iIs some evidence that most
pigeonpea cultivars are location specific. He reported that
when locally adapted, Machakos and Kitui cultivars were pla-
nted in Kisumu in the Lake Victoria basin or at Mombasa in
the Kenya Coast they failed to flower. He also reported th-
at medium maturing pigeonpea cultivars at ICRISAT in India
take approximately 160 days to mature there but when 60 such
cultivars were planted at Kisumu they all matured in 120 da-
ys. He found highly significant differences between environ-
ments but genotypes X environment interactions for grain yi-

eld was not significant;

Kimani  (1988) reported that data obtained when a
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number of genotypes were evaluated iIn Kabeto, Machakos (1C
RAF Field station). National Dryland Farming station (Katun,
ani}, Makueni, Kiboko, Kikambala and Thika showed considera-
ble environmental and genotype Xx environmental influences.
He reported further that yield, plant height, duration to m-
aturity, pods per plant and number of primary branches were
considerably affected by environment. Seeds per pod and 100
seed weight were affected to a lesser extent. He suggested
the need to test genotypes over several locations to quanti
fy the extent of genotype X environment interactions on var

ious traits and identify the relatively stable ones.
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CHAPTER 111

MATERIALS AND METHODS

3.1 MATERIALS

Three improved cultivars, four exotic lines and three
local farmers” pigeonpea genotypes were used iIn this study.
They differed in maturity duration and other plant character-

s. These were:

(&) IMPROVED CULTIVARS

These cultivars are mainly selections from the local germpl-
asm collection. They have been selected on basis of wide ad-
aptability, desirable seed and pod characters and high grain
yield.

1. NPP 670:

Is an early maturing hybrid variety(4.5-5.5 months)
that 1i1s high vyielding with large cream/white seeds. It is a
popular variety with a determinate/semi determinate growth
habit. It has good seed vyield (1500-2600 kg/ha), earliness
and desirable seed characters. It is drought tolerant and c-
an be harvested twice a year. It normally grows to a height
of about 1.2 m but this varies with altitude (i.e. at 1800 m

a.s.l. it matures early and grows to a height of 0./ m.
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2. 423/60:

This is a variety developed at the National Drylan-
d Farming Station, Katumani. It has a spreading growth habit
with cream or brown seeds.

3. THIKA LINE SELECTION

This 1s a breeding line selected by a pigeonpea pr-
oject. It 1is an advanced stage of single plant selection. T-
he [line has a spreading growth habit. It was included iIn th-
is study to determine its adaptability and stability of per-
formance .
() EXOTIC CULTIVARS

These were all introductions from the International
Crop Research Institute for semi-Arid Tropics (ICRISAT), In-
dia. They are variable in plant characters including seed
colour, seed weight, specificity of adaptation and plant he-
ight. This variability necessitated their inclusion in this
study. They have been wused in hybridisation programs with
Kenyan pigeonpea types to combine the desirable grain appea-
rance and high yielding ability of the latter with earliness
and resistance to rosarium wilt of the former.

(@) TCPL 215: Is an early
maturing cultivar developed

at ICRISAT, India. It has a campact growth habit
a dark

and
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green stem. Seed colour may be brown or white.
() ICPL 7035: This originated from Indian Bheda coll
pedigree. It is indeterminate and has large dark brown seeds
with red streaks and i1s late maturing in 1CRISAT.
(©)) ICPL 312: This has a semi-spreading growth habit.
Seeds are cream/white or brown.
@ T21: Is a high yielding early maturing variety from
ICRISAT, India. It 1is 1indeterminate with a spreading growth

habit. Seeds are orange with white speckles.
© LOCALLY ADAPTED CULT1VARS (FARMERS VARIETIES)

1. MARIAKANI 11 was collected from farmers” field

he Coast Agricultural Research station, Msabaha sub-station.
Selection has not been done previously although this variet-
y is very well adapted to the coast region. The seed colour
is variable.

2. MUNYENZENI 11: This 1is a variety collected from fa-
rmers” field at the coast by the Coast Agricultural Research
station, Msabaha sub-station. No selection has been done on
this variety but it is well adapted to the coast region. Se-
ed colour is variable (black, light brown, maroon and white).
3. MARIKEBUN1 7: This is a coastal variety collected

from Msabaha. This variety is well adapted to the coastal
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region. Seed colour is very variable {light brown, maroon,
cream and white}. The seeds are medium sized.
3.2 LOCATIONS

The study was conducted at five locations for two
seasons In the 1987 short rains and 1988 long rains. Experi-
ment 1 was planted at Kabete Campus field station, the Nati-
onal Horticultural Research station, Thika and the National
Dryland Farming station, Kiboko substation,during the short
rains in October, 1987. Experiment 11 was planted at Kabete,
Thika, Kiboko, Machakos Farmers” Training centre and Coast
Agricultural Research station Mtwapa during the long rain-
s (March/April) 1988.

All locations are in pigeonpea growing areas except
Kabete. They varied in soils, moisture availability, temper-
ature TfTluctuations and are suitable to specific strains of
pigeonpea.

Kabete 1is on Latitude 1 14 20 " S longitude 36 45
E and 1820 metres above sea level. In the 1987/88 short rai-
ns kabete received 486.1 mm of rainfall ((Appendix4).The mean
maximum and minimum temperatures in the year of study were
23-33* C and 13.25f C respectively. The mean humidity, ra-

diation and sunshine hours received In the two seasons under

study are also shown in Appendix 4. lhe soils are deep
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friable clay type resistant to orosion(Knya and Mukunya.
1979).

The National Horticultural Research Station, Ilhika
is on Latitude 01 Ol S, Longitude 37 04* t and an alti-
tude of 1600 metres above sea level. The station received a
total annual rainfall of 930 mm (Appendix 5) with moan temp-
eratures of 25.72 tC and 14-3<C<:(max and min respectively).
The soils are deep, well drained, dusky-red to dark reddish
brown, friable clay with moderate fertility (Jaetzold and Sc-
hmidt, 1983).

Machakos Farmers Training Centre Tfield station lies
on Latitude 1 33" S, Longitude 37 14 h and an altitude
of 1596 metres above sea level. The potential evaporation is
32-83 mm. The station received a total rainfall of 611./ mm
(Appendix 6). The mean maximum and minimum temperatures were
25.96C C and 13.0 ° C respectively. The site is located ab-
out 70 kilometres South East of Nairobi and 7 kilometres So-
uth of Machakos town. The region iIs a sub-humid to semi-hum-
id zone and is underlain by rocks of the Precambrian baseme-
nt system, the predominant rocks being gneisses and banded
gneisses. The predominant soil type is a well drained dark
reddish brown sandy"clay derived from basement complex gnoi

sses. The soil is friable, with a well developed blocky
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structure and clay skins. The soil pH is between 6.0 - 6.5
with medium nutrient levels and the soil has a medium base
saturation of 50-80% with moderate levels of organic matter
(top soil organic carbon = 1.0 - 1.5% (1CRAF publication re-
port, March, 1987).

Kiboko is located approximately 160 km from Nairobi
on the Nairobi/Mombasa highway. The altitude is approximate-
ly 1000 m (3300 ft) above sea level, and lies between latit-
udes 2 0 10~ S and 2 °25 S and longitudes 37 ° 40" E and 37
55" E. The climate of Kiboko falls under the influence of
the intertropical convergence zone (Whyte, 1960), character-
ized by a bimodal distribution of wet and dry seasons. The
months of January and February are the driest months while
rains occur in April and May. Meteorological records taken at
Makindu Meteorological station since 1928 indicate that rai-
nfall data of the study area over the last 45 or so years
conforms to a long-term annual average of approximately 600
mm with an annual mean relative humidity of 62.5 %.However
the site received 331 mm of rainfall and had a mean annual
relative humidity of 27.62 % in the year of study(Appendix 7)
The mean maximum and minimum temperatures taken at Makindu

) C
are 28.6 C and 16.5 C respectively with an annual mean temp-



43
erature of 23  C and annual dew point ol Ib./ u. Ihe Pot-
ential average annual evaporation is approximately 2000 mm.

The soils are Regosols and are predominantly shall-
ov, well drained, black to very dark greyish brown (Near hi-
IIs and foot slopes). The area has a slope less than 5% an-
d soils on these slopes are mostly derived on relatively un-
differentiated basement system rocks predominantly gneisses.
Soil types are ferrosols (deep,dark red brown to dark brown)
and Luvisols (red and dark reddish brown from firm sandy
clay with a top soil of loamy sand ) [Hatch et. al., 1984).

Mtwapa is on latitude 3o 56# S longitude 39C 447E
and altitude 21 metres above sea level. Between November, 19-
87 to October 1908 the station received 953.8 mm rainfall.
The mean maximum and minimum temperatures iIn the same period
were 29-9C C and 22.93 C respectively with a mean temperatu-
re of 26.4 C. The soils are sandy.

The above Five locations belong to the ecological
(climatic) zone 111 and 1V which fall between the very dry
and wet areas - where the annual ratio of precipitation to
evapotranspiration (P/Eo) is 53-67 % in zone 111 and 38-52 %

in Zone 1V (Siderius and Muchena,1977).
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3.3 FIELD LAYOUT AND OBSERVATIONS

All  the ten genotypes were planted at Kiboko
on 21, November 1987 , at Kabete on 24, November 1987 and at
Thika on 25, November 1987 to comprise experiment 1. In exp-
eriment 11 all the genotyes were planted at Kabete
on 26, March 1988, at Machakos on 28, March 1988 thi ka
on 29, March 1988 Mtwapa on 1, April 1988 and at Kiboko on
16 April, 1988.

At each location the genotypes were grown in a ran-
domized complete block design with three replications for t-
he particular seasons(s). Spacing was 75 cm between rows a-
nd 30 cm within rows. A plot consisted of three rows each,
five meters long. Two guard rows were planted with the loc-
al farmers variety, Katheka. No fertilizer was applied. The
crop was weeded thrice during the growing season and supple-
mental irrigation was provided in the 1987 short rains.

Plants were sprayed twice at the beginning of each
flowering cycle using Rogor L40 and Thiodari at rate of /5
ml/20 litres of water for each insecticide. Ilhose insectici-

des were sprayed to control the pod fly (Melanogromyza
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chalcosoma) and pod borer (Heliothis) and other pod sucking
insects prevalent on the crop at that time.

3.4 DATA COLLECTION

Data was recorded on the following traits,
() Days to 50 % flowering: This was recorded
number of days from emergence to the day when 50% of the
plants in the whole plot had open TfTlowers.
(ii) Days to 50 % maturity: This was the duration
from the date of planting to the day when 50% of the plants

in each plot had brown pods.

(ii1) Plant height (cm): The average length of 5
randomly selected plants in centimetres from the ground lev-
el to the tip of the main stem of each plant.

(iv) Grain Yield per plant (g): This was based on
the mean yield of five randomly selected plants per plot.

(v) Pods per plant: This was obtained as the aver-

age number of pods per plant from five randomly selected pl-

ants .

(vi) 100 seed weight (g): For each entry 100 clean

heal thy seeds were counted and their weight recorded in gra-

ms .

as
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(vii) Length of pod bearing region (cm): For each
of the five representative plants per plot, lengths from t
he Tfirst pod to the last pod on each of four branches was
measured. The mean of these lengths for the five random pla-
nts per plot was recorded as the length of pod bearing regi-

on in centimetres.

(viii) Number of pod bearing branches: This was re-
corded as the number of pod bearing branches for each of fi-

ve randomly selected plants per plot.

(ixX) Seeds per twenty randomly selected pods per

plot:

Other characters recorded were pod colour,
seed shape, growth habit, main seed colour, seed pattern, p-
attern of pod streaks and stem colour. Twelve (12) months

climatic data were collected within each environment and is

given 1In Appendices 4-8.

3.5 STATISTICAL PROCEDURES

3.5.1 THE LINEAR MODEL

Data was analysed according to the following linear

model :
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. e
Y =tl + g + Ej + (G )ij + ijk
ijk i
where
th th
Y is the measured value for the K plot of the i
ijk
th
genotype at the j environment.
U is the mean of the genotype means iIn the study
th
g is the effect of the i genotype and 2g =0
i i
where 1 = 1, 2 ..... 10.
th
%? is the effect of j environment and
Z e = Oand J s 1, 2, 3....... /.
J
th
(gB) iIs the specific interaction effect due to the 1
]
th
genotype and j environment and
mJge) = "E(qe) = "S.SIgb) = 0
i ij j ij ij ij 2
e is the random error term with mean O and variance e
ijk

3.5.2 ANALYSIS OF VARIANCE

The data for each trial was analysed separately to

determine significance of main effects ( Appendix 1 ).
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Bartlettes test was applied to error mean squares
to test for homogeneity of variances before a combined anal-

ysis. lhe outline of the combined analysis is given in appe-

The sources of variation, degrees of freedom, expec-
ted Mean squares and F tests were as shown in fable 1.

The pooled analysis of variance was done on the ba-
sis of plot means where each value is the mean of three obs-
ervations (i.e. one from each, replication). Thus the pooled
error which was used for testing the significance of varian-
ce due to genotype X environment iInteraction needed to be T-
urther divided by 3. If the variance due to genotype X envi-
ronment interaction was found significant further analysis
was carried oul to estimate stability parameters.

3.5.3 EBERHART AND RUSSELL REGRESSION MODEL

Eberhart and Russell (1966) considered that the re-
gression of each variety on an environmental index and a fu-
nction of the squared deviations from regression would prov-
ide estimates of the desired stability parameters.

These parameters are defined according to the foll-

owing model.



Table Is Sources of variation,

combined analysis.

Source of variation df

Environments (E{

Reps within:,
environment(R)

Genotype (6G)

Pooled error

Total

Where n = total
g = total
r =

(n-1)

n(r-1)
(9-1)
(9-1)(n-1)
(n-r)(g-1)

nrg-1

number of environments
number of genotypes

replicates.

S|

MS

EMS

RMS

GMS

GXE MS

eras

Expected mean square
(EMS)

ag + gr IEa
n-1

o4 NF 8%
(g-1)

oy + — ZZ(gE)2
r (n-1)(g-1)

°1

degrees of freedom expected mean squares and F-tests for

Computed
F

EMS/eMS

GMS/eMS

GXEMS/eMS



Y = U + £ 1 + Oij
ij i i J
th
Where Y = genotype mean of the i genotype grown at
ij
th
the j environment.

mean of the 1 genotype over all environ-

ment.S.

regression coefficient measuring the res-

th
ponse i genotype of varying envi ronments.
th

deviation from regression of the i geno-

Lh
type in the j anvi ronmenL.

| = environmental index obtained as mean of all
3

genotypes at the j environment minus the grand mean (U. )
Regression analysis was performed as detailed in Appendix
3. In this model the sums of squares due to environment and
genotype X environment are partitioned into environments
(linear), genotype x environment (linear) and deviations
from regressions (the deviations being calculated separately

for each genotype).

The first stability parameter iIs a regression coef-

ficient estimated by

b =2L"Y 1 /2-1
I i ij j “Jj ]
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The performance of each genotype was predicted by

using estimates of the parameters where

\Y = X + b 1 where

X 1s an estimate of U

The deviations [ r - y - v ] were squared and summed to

Mjyooig i
to provide an estimate of another stability parameter s d

s d =(Zr /n2) s [/r
i J 0 1ij e
where s /r is the estimate of the pooled error (or the vari-

e
th

ance of a genotype mean at the j location and
z€= L zxf-\nJ - (2X1j)7 2]

A genotype with unit regression coefficient (b =1.0 ) and
i

2
deviation not significantly different from zero (s d =0 )
i

Is said to be stable.

For each genotype these two parameters were obtain-
ed. The significance of differences among genotype means
i.e. H0 _al' :u " was tested by the appropr-

n

9

iate *F' test defined as F = MSI / MS
3

To test that genotypes do not differ with respect
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to their regression on the environmental index 1.e.

H = b = b = e — = b
0 1 2 i

Individual deviation from linear regression for each genoty-
pe was tested by F test of their individual MS/ error avera-

ged over replicates as fTollows:

F Pooled error

= C (] «" ¥n . 1

3.5.4 WRICKLE”S STABILITY PARAMETER

Wrickle (1962) developed a stability parameter whi-
c;h he termed the "ecological valence™ or 1iIn short, ecovalen-
ce (W ). He partitioned genotype x environment sums of squa-

i
res using the formular.

U JE" ry - /) - & 19 + Y./ I
1 i i.j i -j gn
th
Where Y is the mean performance of the i G(genotype)
i3
th
in the j E (Environment). The lower the ecovalence of a

genotype the smaller are its fluctuations from the experime-

ntal mean under different environments and thus a smaller



N hare in the interaction sum of squares. Accordingly the ge-
notype with the least ecovalence is considered to be more st-
able while those with a high ecovalence have poor stability.

The Wi values were obtained and expressed as a per-

csentage of G x E sums of squares.

3.5.5 RANK CORRELATIONS

The Spearman’s rank correlation uses the relative
joositions or rankings of values to measure the relationship
lostween the rankings ol individuals by two methods.

Denoted by R it is defined as:

2
n(n - 1)

Where D 1s the difference between cor responding ranks for
the two variables and n is the number of pairs of values. It
is also possible to use the rank correlation coefficient on
data where unwiedly Ffigures would make the calculation of
ordinary correlation coefficient very tedious. Use of rank
correlation does not produce an accurate result as the true
correlation coefficient but gives a rough indication as to
the strength of the rtelationship between the variables.

The rank correlation was obtained for all combinat-

ions of mean performance (X), Wrickles®™ stability value
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W ), Dlinear regression coefficient (b ) and deviation from
: _

1
2

linear regression (s d }. The R values were tested for sign
i

ificance at 0.05 and 0.01 levels for (n-2) degrees of freed-

om from coefficient of correlation table.

TOIVERSITY OF NAIROBf
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CHAPTER v
RESULTS
4.1 MEAN PERFORMANCE OF GENOTYPES

4.1.1 Grain yield (kg/ha)

The mean grain yields (kg/Z/ha) for each genotype In
all the environments are shown in Table 2. 423/60 had the h-
ighest overall, mean across locations and seasons. For this
genotype the highest yields were recorded at Mtwapa iIn the
1988 long rains. It was TfTollowed by oultivar Ihika Line Sel
which was also the second highest yielding at Kabete in the
1987 short rains and Mtwapa and Thika in the 1988 long rains.
At Kabete the best two lines were T21 and lIhika Line select-
ion. At Kiboko in the 1987 short rains the best [lines were
ICPL 215 and Mariakani 11. At Thika in the 198/ short rains
the best two lines were Mariakani 11 Marikebuni 7.

At Mtwapa the best two lines were 423/60 and lhika
Line Selection.Cultivar T21 and Mariakani 11 gave the high-

est grain yield at Machakos in the 1988 long rains.

In the 1988 long rains at Kiboko the best two cult-

#H #H
ivars were Mariakani Il and 423/60 while at Ilhika iIn the same

season 423/60 and Thika Line Selection were the best two cu-



Genotypes 1987 short rains 1988 long; rains

Kabete_ Kiboko__ Thika____ Mtwapa___ Machakos Kiboko Thika___

426/60 680(6)+ 3100(4) 290(6) 7200(1) 1320(3) 710.(2) 760(1) 2010(1)
T21 1070(1) 2730(6) 190(8) 3650(4) 1640(1) 370(8) 180(3) 1400(5)
NPP 670 1030(3) 2350(7) 270(7) 870(10) 1010(6) 500(5) 110(7) 880(9)
MUNYENZENT 11 640(7) 2780(5) 600(3) 3600(5) 910(7) 520(4) 100(8) 1310(6)
MARIAKANI |1 910(5) 3350(2) 1000( 1) 4250(3) 1450(2) 1100(1) 150(6) 1740(3)
MARIKEBUNI 7 920(4) 3270(3) 710(2) 3440(6) 1160(4) 480(7) 170(5) 1450(4)
THIKA LINE SEL. 1040(2) 2230(8) 530(4) 6340(2) 1130(5) 490(6) 490(2)" 1750(2)
ICPL 312 130(10) 980(10) 70(10) 1900(8) 260(9) 60(10) - 570(10)
ICPL 215 390(9) 3780(1) 300(5) 1610(9) 230(10) 310(9) 170(4) 970(7)
ICPL 7035 570(8) 1725(9) 100(9) 3110(7) 510(8) 690(3)_ - 1120(8)
Mean 740 2630 410 3600 960 520 270 1320

CV$ 46060 45.0 49.50 43.10 29.10 34.70 46.50 42<,1

LSD (P=0005) 13.27 45.67 7.77 59.81 10079 6.97 3.81 21.16

( )+ Ranks are given

in parenthesis
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Itivars. Cultivar Mariakani Il had the highest yield in the
1987 short rains followed by Marikebuni 7 while ICPL 312 had
the Ilowest yields over all the three locations. In the 1988
long rains the cultivars 423/60 and Thika Line Selection we-
re the highest yielding. The best performance for all the g-
enotypes was recorded in Mtwapa in the 1988 long rains and
at Kiboko in the 1987 short rains. The poorest performance
was at Thika in the 1988 long rains and in the 1987 short r-

ains. The range for grain vyield was 1440 kg/ha for the two

seasons.
4.1.2 Pods per plant

The mean number of pods per plant for each genotype
in all the environments are shown in Table 3. On average Th-
ika Line Selection had the largest number of pods per plant
at Mtwapa, Kiboko and Thika in the 1988 long rains and was
best overall performer.

Cultivar 423/60 was the second overall and was sec-
ond In Mtwapa iIn the 1988 long rains. The cultivar with the
lowest number of pods at almost all environments was NPP 670
The ten genotypes had more pods at Mtwapa and Machakos in t
he 1988 long rains and their performance was poorest at

Kabete and Thika in the 1987 short rains.The range for pods

Plant In the two seasons was 66.



Genotypes

423/60

T21

NPP 670
MUNYENZENI 11
KARIAKANI 11
MARIKEBUNI 7

THIKA LINE
SELECTION

ICPL 312
ICPL 215
ICPL 7035
Mean
CV $

LSD (P=0<05)

Kabete
9(7) +
23(1)
11(5)
10(6)
12(4)

13(3)

19(2)
5(10)
8(9)
9(8)

12

47

43

uu/ ijjun

1987 short rains

Kiboko Thika
38(7) 7(9)
57(3) 9(7)
22(9) 10(6)
30(8) 11(5)
48(4) 13(2)
57(2) 16(1)
39(6) 13(3)
15(10) 7(10)
48(5) 12(4)
95(1) 9(8)
45 11
28 37
22 11

+
Hanks are

iuuu cadlu m 1l ine
1988 long rains
Mtwapa Machakos Kiboko
351(2) 59(5) 51(3)}
236(3) 149(1) 44(4)
53(10) 33(7) 29(8)
161(6) 52(6) 37(6)
170(5) 77(2) 54(2)
202(4) 68(4) 41(5)
356(1) 72(3) 74(1)
101(9) 18(10) 11(10)
110(8) 27(8) 27(9)
118(7) 19(9) 34(7)
186 57 40
45 28 28
144 28 19
given in parenthesis

Thika
50(2)
27(3)
11(8)
14(7)
16(6)

19(5)

58(1)

22(4)

22

37

14

Mean

81(2)
78(3)
24(10)
45(6)
56(5)

59(4)

90(1)
26(9)
36(8)
41(7)
53
36
40



4.1.3 Seeds per pod

The mean number of seeds per pod for each genotype
at all the environments are shown in Table 4. There was lit-
tle variation iIn the trait across environments. lhe cultivar
Mariakani 1l had the highest number of seeds per pod at Mtw-
apa, Machakos and Kiboko in the 1988 long rains and at Kabe-
te, Kiboko and Thika in the 1987 short rains. It was follow-
ed by Munyenzeni 11 which had 5 seeds per pod on average. T-
he cultivar ICPL 312 had the lowest number of seeds per pod.

The Dbest expression of this trait was at Mtwapa an-
d Machakos i1n the 1988 long rains followed by Kabete in the
1987 short rains. At Thika, iIn the 1988 long rains the geno-
types had the lowest seeds per pod. The range for this trait
was 2.

4o 1 4. Seed weight

The mean 100-seed weight for each genotype in all
the environments are shown in Table 5. The Cultivar NPP 670
had the largest seeds (g). This genotype had the largest 100
-seed weight at Mtwapa and Thika in the 1988 long rains, Ka-
bete and Thika 1in the 1987 short rains. It was followed by
ICPL 7035 which had £he highest 100 seed weight at Machakos

and Kiboko 1In the 1988 1long rains and Kiboko in the 1987



Table 4:

>
Genofypes

423/60

T 21

NPP 670
MUNYENZENI 11
MARTAKANIT 11

MARIKEBUNI 7

THIKA LINE SEL.

ICPL 312
ICPL 215
ICPL 7035
Mean

CV %

LSD(P=0.05)

Kabete
5@2)+
4(9)
4(6)
5(2)
6(1)

5(4)
4(8)

3(10)
4(7)
5(5)

11.7

0.41

1987 Short rains
Kiboko

5(5)
4(10)
40N
5(4)
5D

5(3)
4(9)

5(6)
4(8)
5(2)
4
6.3

0.49

+Ranks are given

Seeds per pod for 10 pigeonpea genotypes grown
Kenya during 1987 short rains and 1988

long rains.
Thika Mtwapa

4(5) 5(4)
3(9) 4(7)
40" 4(6)
5(2) 6(3)
5D 6(1)
5(4) 6(2)
4(6) 4(8)
5(3) 4(8)
4(8) 4(8)
3(10) 5(4)

4 5
7.7 9.8
0.57 0.82

in parenthesis.

1988 Long rains

Machakos
S(4)
4(9)
4(8)
6(2)
6(1)

6(2)
4(6)

5(5)
3(10)
4(6)
5
8.7
0.68

Kiboko
5(4)
4(7)

"4(6)
5(2)
6(1)

5(3)
4(5)

1(10)

4(7)

3(9)
4

14

0.98

in seven environments (five locations)

Thika

4C3)
4(7)
3(8)
5(1)
4(3)

5(1)
4(5)

4(6)

3

5.8
0.32

Mean
5(4)
4(9)
4(6)
5(2)
S(L

53
4(5)

3(10)
4(7)
4(8)
4
9.1
0.61



[able 5 A 100-seed weight (g) for 10 pigeonpea genotypes grown in seven environments (five locations
in Kenya during short rains (RQ%?) and giong rainsg(1988) ( )

renotypes 1987 short rains 1988 long rains

Kabete Kiboko Thika Mtwapa Machakos Kiboko Thika Mean
23/60 12.63(4 )+ 12.065(3) ~ 12.865(5) 13.6(4) 13.621(3) 11.25(3) 12.756(3) 12.684(4)
21 9.6 3(10) 8.997(10) 9.211(10) 10.2(10) 10.03(10) 7.39(10) 10.273(8) 9.39(10)
IPP 670 17.57(1) 19.25(2) 24.70(1) 22.1(1) 19.13(2) 14.25(2) 20.703(1) 19.672(1)
iUNYENZENI 11 11.7(5) 11.481(5) 10.845(9) 12.41(5) 13.2(7) 10.35(4) 10.47(7) 11.494(5)
1ARIAKANT 11 11.2(7) 11.3(6) 11.015(7) 11.62(9) 13.4(4) 9.94(6) 11.579(5) 11.436(6)
dARIKEBUNI 7 11.0(8) 10.514(8) 10.17.5(6) 11.9(6) 13.27(5) 10.3(5) 10.989(6) 11 .164(7)
rHIKA LINE SEL. 10.5(9) 10.905(7) 11.01(8) 11.83(7) 12.38(8) 8.597(8) 12.448(4) 11.096(8)
[CPL 312 12.97(3) 10.444(9) 17.191(3) 11.67(8) 12.12(9) 8.48(9) _ 10.411(9)
[CPL 215 11.60(6) 11.753(4) 15.479(4) 13.68(3) 13.23(6) 9.9(7) 13.474(2) 12.731(3)
ICPL 7035 17(2) 21.69(1)  22.485(2) 21.9(2) 21.21(1) 16.3(1) _ 17.226(2)
dean 12.58 12.84 14.498 14.091 14.16 10.68 10.27 12.73
V% 17.1 5.4 11.6 6.8 13.9 13.2 11.3 11.33
LSD (P=0.05) 3.7 1.2 3.0 1.7 3.4 2.4 2.0 2.49

+Ranks are given in parenthesis
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short rains. Cultivars 121 and ICPL 312 had the smallest se-
eds. On average the ten genotypes had the largest seeds at
Mtwapa, Machakos (in the 1988 long rains), Kiboko and Thika
(in the 1987 short rains). Seed size varied with location a-
nd seasons with a range of 10.282.

4-1-5 Days to 50% Flowering

The mean number of days taken for each genotype to
reach 50% flowering are shown in Table 6.

Cultivars ICPL 312 was the first to reach 50% flow-
ering at all the environments except at Thika where it flow-
ered later than T21. On average ICPL 312 took the shortest

duration to Fflower TfTollowed by T21 while NPP 670 was the la-

st to flower.

Duration to flowering also varied with the location

end season. The genotypes generally flowered earliest at Ki-

boko iIn the 1988 long rains and at Kabete iIn the 1987 short

4-i-6 Days to 50% maturity

The mean number of days taken to reach 50% maturity
for each of the genotypes 1in all environments are shown in
Table 7. Cultivar ,ICOL 312 was the earliest to reach 50% pod

maturity followed by T21. The cultivars, Mariakani 11 and NPP



Genotypes

423/60
T21

NPP 670

MUNYENZENI 11
MARIAKANI 11

MARIKEBUNI 7

THIKA LINE SEL.

ICPL 312
ICPL 215
ICPL 7035
Mean
CV I*

LSD (P = 0.05)

WLLIlia) euiU

1987 short rains

Kabete
122(10) +
87(2)
105(6)
107(7)
114(9)
107(7)
94(4)
76(1)
92(3)
99(5)
100
10®99

18.9

Kiboko
111(5)
98(2)
135(10)
123(8)
115(6)
110(4)
117(7)
95(1)
110(3)
130(9)
114
6*3

1203

"Ranks are given

Thika
125(7)
89(2)
143(10)
130(9)
122(6)
129(8)
93(3)
87(1)
95(4)
106(5)
112
8.46
162

Mtwapa
112(8)
79(2)
125(10)
99(4)
100(5)
99(3)
100(5)
64(1)
103(7)
114(9)
100

2.11
3.6

100

vij-uivN i

1988 long

Machakos

103(4)
105(5)
109(9)
111(10)
108(8)
107(7)
105(5)
87(1)
92(2)
96(3)
102
4.2

7.4

in parenthesis®

rains

Kiboko

88(3)

79(2)

103(10)

94(4)"

95(5)
92
3.2

51

Thika
111(3)
108(1)
131(10)
114(4)
124(9)
119(6)
115(5)
111(2)
121(8)
120(7)
117

9.34
18.8

Mean
110(7)
92(2)
122(10)
111(8)
112(9)
110(6)
103(4)
84(1)
101(3)
108(5)
105

6.37
11.8
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/0 were the latest genotypes to reach 50 % pod maturity.

On average the genotypes matured later at Thika and
Kiboko in the 1907 short rains than at other Ilocations. Cul-
tivar NPP 670 was the first to mature at Machakos iIn the 19-
8 long rains although it was the latest when all locations
were considered.

4.1.7 Plant height

Plant height varied with genotypes, location and
season. The mean plant heights (cm) at maturity for all the
genotypes across the environments are shown in Table 8. Ove-
rall among all genotypes, ICPL 312 was the shortest followed
by ICPL 215, NPP 670 and ICPL 7035. Cultivar 423/60 had the
tallest plants on average. Plants were generally taller at
Mtwapa in the 1988 long rains and Kiboko in the 1987 short
rains compared to Thika in the 1988 long rains where plants
were the shortest.

4-1.8 Length of pod bearing region

The mean lengths (cm) of pod bearing regions at ma-
turity for each genotype in the environments are shown in T-
able 9. Cultivar I1CPL"312 had the shortest pod bearing leng-

th followed by ICPL 215, NPP 670 and ICPL 7035.



loca-tions

Genotypes

423/60

T21

NPP 670
MUNYENZENIT 11
MARTAKANT 11

MARIKEBUNI 7

THIKA LINE SEL.

ICPL 312
ICPL 215
ICPL 7035

Mean
cv

LSD (P = 0005)

Kabete
158(8)+
119(2)
140(5)
149(6)
179(10)
157(7)
123(4)
112(1)
119(3)
159(9)
142
1009

26.4

1987 short rains

Kiboko
155(5)
128(2)
187(10)
164(6)
173(7)
146(4)
184(9)
127(1)
137(3)
180(8)
158
1006

28.8

+Ranks are given in parenthesis

Thika
185(7)
131(1)
202(10)
195(9)
191(8)
176(6)
143(4)
138(2)
142(3)
161(5)
166

8.3

23.6

PBIHSJ] una r?00 \jui*

Mtwapa

164(9)
128(2)
160(7)
135(3)
135(3)
135(3)
149(6)
110(1)
137(5)
162(8)
141

1.5

307

luiuu /-

1988 long rains

Machakos

119(7)
116(6)
110( 1)
110(1)
110(1)
112(4)
112(4)
129(8)
142(9)
142(9)
120

Oo74

1.5

Kiboko
145(4)
138(2)
152(8)
150(9)
144(3)
150(7)
146(5)
137(1),
145(4)
146(6)
145

0o47
11 o7

Thika
134(1)
147(4)
168(10)
148(5)
165(7)
159(7)
158(8)
149(6)
142(2)
144(3)
152

10.4
27.0

Mean
151(7)
130(2)
160(10)
150(6)
157(9)
148(5)
145(4)
126(1)
138(3)
158(8)
146

6013

17.7



Genotypes

423/60

T21

NFP 670
KUNYENZENI 11
KARIAKANI 11

MARIKEBUNI 7

THIKA LINE SEL.

ICPL 312
ICPL 215
ICPL 7035
Kean

cV $
LSD (P = 0.05)

Kabete
88(9)+
88(8)
73(4)
83(7)
80(5)
82(6)
92(10)
40(1)
52(2)
67(3)
75

900

11 b

Kiboko

136(7)
118(4)
116(3)
127(6)
144(8)
124(5)
141(9)
58(1)
96(2)
165(10)
123
JOLY:
2203

1987 short rains

Thika

103(10)
77(3)
81(5)
81(4)
93(9)
85(7)
90(8)
49(1)
65(2)
82(6)
81

1304

18.4

Mtwapa

256(10)
180(4)
144(3)
224(9)
223(8)
213(6)
213(7)
96(1)
113(2)
191(5)
185

1007
3400

1988 long

Kachakosj

97(8)

107(10)
69(4)
86(5)
93(7)
90(6)
99(9)
36(1)
43(2)
58(3)
78

9.38
12.5

""Ranks are given as parenthesis

rains

Kiboko
90(7)
72(3)
77(5)
72(4)
93(8)
89(6)

110(10)
38(1)
59(2)_
99(9)
80

9097
1307

Thika
80(9)
54(4)
59(8)
54(5)
54(6)
56(7)

83(10)

47(3)

61

18

15

Mean
121(10)
100(5)
88(3)
104(6)
111(8)
106(7)
118(9)
45(1)
68(2)
95(4)
97

1106

18.2



Table 9: Mean lenth
environments

Genotypes

423760

T21

NPP 670
KUNYENZENI 11

KARTAKAKT 11

MARIKE3UNI 7

THIKA LINE SEL.

ICPL 312

ICPL 215
ICPL 7035
Mean

cv £

LSD (P = 0,05)

(five

locations)

1987 short rains

Kabete
26(9)+
31(10)
18(7)
17(6)
14(5)
14(4)
25(8)
7(1)
13(3)
9(2)
18
47

14

Kiboko
42(8)
47(9)
22(2)
40(7)
32(5)
32(4)
49(10)
14(1)
22(3)
38(6)
34

25

1405

( )+ Ranks are given

Thika
24(10)
22(9)
15(3)
19(5)
20(7)
19(6)
21(8)
9(1)
14(2)
18(4)
18
22

6.9

(cm) of pod bearing region of 10 pigeonpea genotypes grown
in Kenya during 1987

(short rains)
1988 long rains

Mtwapa Machakos Kiboko
63(9) 22() 28(6)
72(10) 3510)  30(7)
26(3) 14(3) 11(2)
48(8) 19(5) 21(4)
38(5) 20(6) 24(5)
43(6) 22(8) 30(8)
47(7) 25(09) 40(10)
14(1) 12(2) “srrr
19(2) 10 (1) 12(3)
29(4) 15(4) 33(9)
40 19 24
36 17 14
24 505 5.6

in parenthesis

in seven

Thika
2009)
12 (6)
13(7)
9(4)
10(5)
15(8)

21(10)

9(3)

14
24

4.4

and 1988(long rains)«

Mean
32(8)
36(10)
17(3)
25(6)
23(4)
27(7)
32(9)
11(1)
14(2)
24(5)
24
2604

10.7
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Cultivar T21 had the longest pod bearing length fo-
llowed by Thika Line Selection and 423/60. The coast farmers~’
genotypes, Munyenzeni 11, Mariakani Il and Marikebuni / had
medium pod bearing lengths. Pod bearing length was generally
greater at Mtwapa and Kiboko in the 1988 long rains compared
to other locations. In some genotypes, for example NPP 670,
pods were borne clustered.

Number of pod bearing branches

The mean number of pod bearing branches at maturity
tor each genotype in all the environments are shown in Table
10 cultivar ICPL 312 had the lowest number of pod bearing
branches followed by NPP 670 and 423/60. The cultiva-
rs, Marikebuni 7 and Mariakani 11 had the highest number of
pod bearing branches.

On average the genotypes had more pod bearing bran-
ches at Kiboko in the 1987 short rains followed by Mtwapa in
the 1988 long rains and Kiboko in the 1988 long rains.

4-2 GENOTYPE X ENVIRONMENT EFFECTS

The results of the combined analysis of variance i-
ncluding all environments are summarised in Table 11.
The G x E interactions were highly significant for

all traits considered. The effects of both the environment



environments (five locations)

(long rains)

Genotypes

423760

T21

NPP 670
KUNYENZENT 11
MARTAKANIT 11

KARIKEBUNI 7

THIKA LINE SEL,

ICPL 312
ICPL 215
ICPL 7035
Kean

cv I

LSD (P= 0.05)

Kabete

6(3)
7(5)
9(9)
7(5)
7(4)
9(10)
8(8)
5(1)
8(7)
6(2)
.
20

2.5

1987 short rains

Kiboko
mi)
15(7)
14(5)
12(2)
14(6)
24(9)
13(4)
13(3)
18 (8)
37(10)
17
30
8.7

Thika

4(3)
5(6)
4(5)
9(9)
8(8)

11(10)
6(7)
2(1)
5(4)
4(2)
6
27.2

2.7

1988 long rains

Mtwapa

11()
12 (6)
5()
19(8)
25(9)
30(10)
10(3)
14(7)
10(4)
9(2)
14
19.6

Machakos
4(4)
8(10)
5(6)
6(8)
7(9)
6(7)
5(3)
2(L
4(2)
4(3)
5

19.0
106

( )* Ranks are given in parenthesis

in Kenya during the 1987 (short raina)

Kiboko
10(4)
8(2)
11(9)
10(5)
15(10)
10(6)
11(8)
7"
9(3)
11(7)
10
30.2

4.7

Thika
6(8)
7(10)
3(3)
5(6)
4(4)
4(5)
7(9)

5(7)

28.4

1.9



G
3nd genotypes were highly significant for all the traits.

4*3 REGRESSION ANALYSIS

ENVIRONMENTAL INDICES

The values of the environmental indices obtained as
the deviation from general mean from the mean of a specific
environment averaged over all the genotypes are shown iIn la-
ble 12.

4-3-1 EBERHART AND RUSSELL (1966) REGRESSION MODEL.

The mean squares from the regression based on Eber-
hart and Russell (1966) model are shown in Table 13. For all
the characters there were significant differences among the
genotypes. The G x E (linear) for all the traits was highly
significant showing that the genotypes differed significant-

ly for their regression on environmental index.

This also implied that the relationship between ge-
notype performance and the environmental values was not lin-
ear for all traits.

The mean squares for pooled deviations from regres-
sions were highly significant for most characters indicating
that the major components for the differences In regressions
were due to the deviations from the linear function except
"a grain yield, number of pods per plant and mean length

of pod bearing region which were not significant.



>urce of df Grain Number Number TOO—seed Days to Days to Kean plant Length of Number of

kriation yield/ of pods/ of seeds/ weight 50% 50fc height pod bearing pod bearing
plant plant nod flowering matyrity X 103 region X 103 branches
X 103 X 10J X 10

ivironments

r) 6 8.47** 37.17** 2.71** 29.2** 868.08** 2_17** 20.35** 1.03** 255.01**
»ps within

iviromnent 14 0013 0.14 0.11 0.86 25.01 0.11 0.05 0.01 2.12
inotype

) 9 0.78** 3.96** 4.03** 72.6** 814.47** 0.86** 3.86** 0.51** 30.29**
x E 54 1<>38* 1.56** 0.63** 9.33** 77.64** 0.25** 0.34** 0.04** 17 .95**
ioled

'ror 126 0.12 0.85 0.06 0.77 19.71 0.05 0.04 0.02 2.30

* %

Significant at P = 0001



T YNPoltment (Five 1ocations) in kenyfl' ih’ ro$n” {short - vains) Lini® ~  ~ ritl lin) .
Invironment Grain yield Number of Number of 100—seed Days to Days to Mean Length of Number of
per plant pods per seeds per weight 50% 50% plant pod bea- pod bearing
plant pod flowering maturity height ring branches
region
e Mtwapa 1988 51.71 132.46 0.62 1.36 -5.81 -4.93 89.7 16.6 5.39

long rains

'© Kachakos 1988 -7.52 4.15 0.25 1.43 3.13 -26.14 -17.88 -2.96 -4.03
long rains

Kiboko 1988 -17.40 -12.99 -0.22 -2.05 -13.51 -1.16 -15.71 0.36 0.98
long rains

Thika 1988 -24.35 -31.49 -1.09 * -2.46 11.99 5.23 -46.91 -12.40 -5.18
long rains

Kabete 1987 -12.50 -41.26 0.26 —0.15" -5.10 -4.84

. -20.91 - —5.79 -1.83
short rains
i. Kiboko 1987 30.04 -8.39 0.20 0.11 9©00 11.73 26.89 10.53 8.06
short rains
Thika 1987 -19.99 -42 .48 -0002 1.77 6.57 20.12 -15.11 -5.35 -3.39

short rains
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Tests of deviation from linear regression for each
genotype with respect to grain yield showed significant dif-
ferences for T21 and Thika Line Selection (at P = 0.01). Cu-
Itivars 423/60 and NPP 670 showed significant differences at
P = 0.05. Cultivars T21 and 1CPL 7035 showed significant dif-
ferences for pods per plant at P = 0.05

Deviations for seeds per pod were not significant,
for all genotypes except for the exotic genotypes (ICPL 312,
ICPL 7035 and ICPL 215) which were significant at P = 0.01.

Significant differences were detected for 100 seed
weight for T21, ICPL 312, ICPL 215 and ICPL 7035 (all at P -
0.01) and for Thika line selection at P= 0.05. Only Mariakani
Il showed a non significant difference for days to 50 * flow
ering while Marikebuni 7 and Munyenzeni 1l were significant,
at P=0.05 and other genotypes were signhificat at P=0.01.

Significant deviations were found for days to 50%
maturity for 423/60, Mariakani 11, Thika Line Selection and
ICPL 312 (P= 0.01) as well as for ICPL 7035 and Marikebuni 7/
(P = 0.05). For plant height the individual deviations from
linear regression were significant for 423/60, T21 and ICPL
7035 (at P = 0.01) while for ICPL 312 significant differenc-

es occurred at P = 0.05.
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Only cultivars T21 (at P = 0.05) and 1CPL 7035 (at
P =0.01) showed significant deviations for length of pod b-
earing region. For number of pod bearing branches NPP 670,
Mariakani I, Marikebuni / and ICPL 7035 showed significant
differences (P = 0.01) and Munyenzeni U significant differ-
ence at P = 0.05.

4.3.2 Stability and adaptability parameters

The values of mean (X ), regression coefficient (b )

i 1
2
and deviations from regression (s d ) are shown in Tables 14

-22. The genotypes with b approximating unity have average
i

adaptability while those above and below unity are adapted

specifically to the favourable and unfavourable environments

2
specifically. The genotypes with the lowest s dI are most
stable.

Grain yield (kg/ha)
The genotypes which had yields above the mean were
423/60, Thika Line Selection, T21, Mariakani 11 and Marikeb-

uni 7. These TfTour genotypes represented each of the three

different groups of genotypes included in this study.
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lvar 423/60 had a B value showing maximum
i

dev-

iation from } L ) ) o
1 nity indicating that it was specifically adapt-

ed to F ) ) ) )
avouiable environments. The b values for Thika Line

i
deviation from

IOn and Mariakani 11 showed substantial

indicating that these genotypes were also adapted to

veurable environments (Table 14).
7 was widely adapted to

Il and ICPL 7035 were well

Cultivar Marikebuni all en-

roents. Although Munyenzeni

Adapted, their yields were low.

fthe s d values showed that 423/60, T21 and Maria-

kanh_ had poor stability. Cultivars Thika Line Selection,

ICPL O 5>aﬂﬁ Marikebuni 7 were the most slLabJe.

lhe results showed that ICPL 215 was specifically adapted

Unfav®urable environments and was among the most stable

to
its grain yields were rei-

Ctltivars for grain yield although
NPP 670 showed specific adaptation to

Cultivar
in stability

atively low.

environments and was ranked eighth

favourable

and had low yields.

Based on the above parameters Thika Line Selection,

Marikebuni 7 and Mariakani
ypes combining good yield, wide adaptation and good Stabili ty

Il were the most desirable genot-



rnblir i

NnU_ MUl o « «7ZTIN77N #  AAe ik S»>il o 11......
r ten pigeonpea genotypes grown at seven environments’

Lt«ZTINZ7N # e ik > il

during 1987 (short rains) and 1988 (long rains)

Genotype (G)

423/te

T21
NPP 670

MUNYENZEKI 11
MARIAKANI 11
MARIKEBUKI 7
TKIKA. LUTE SELEC-e
ICEL 312

1CFL 215

1CEL 7035

V ««n

Mean
grain
yield

(ke/ha)
x_103

Regression Coefficient

Phyenotypic ("b") Genotypic
1.814(10) 0.814
0.293(8) -0.707
0.243(9) -0.757
1.020(3) 0.020
1.131(4) 0.131
1.017(1) 0.017
1.514(7) 0.514
0.535(6) -0.465
0.772(5) -0.228
0.830(1) -0.170
0.917 -0.083

Ctm tm ftn& Ui««U

(B7)

CFive’

10oationa)

Deviation from

in

regression

(x 103)

0.227(9)

0.906(10)
0.155(8)

-0.110(7)

-0.086(

-0.075
—0.067

-0.109(6
-0.071(

-0.081(
0.0689

5)
(3)
(1)
)
)

2
4)

(S2d i)
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for grain yield.

Pods per plant

The entries which had number of pods above the ave-

rage number included Thika Line Selection , 423/ou, 121, Ha

rikebuni 7 and Mariakani 1l. The cultivars Ilhika Line selec

tion and 423/60 were adapted specifically to the favourable

environments while T21, Marikebuni 7 and Mariakani 11 were

widely adapted.

Cultivars Munyenzeni 1l and ICPL 7035 were well ad-

apted but their mean number of pods wore low. For stability

0 H = -
based on s d values, T/, 'Iimkg Line Selection and 423/fcO

i
had good stability. Cultivars Mariakani Il and Marikebuni 7

2

had poor stability. On the basis of B_and s d™ i1t was fo-

und that 1in general T21 was the most desirable genotype for

pods per plant as i1t was well adapted and had good stability

(Table 15). Cultivars Thika Line Selection and 423/60 had fI-

ood vyields (high number of pods/piant) as well as good stab-

ility but were adapted to favourable environments.



TablB 15* Mean and
for ten

Genotype (G)

423760

T21
NPP 670

MUNYENZENT 11
MARTAKANIT 11

MARITKEBUNI 7

THIKA LINE SELEC.

ICPL 317

ICPL 25

ICPL 7035

Mean

stability
prgeonpea g

Mean number of
pods per plant

(x)
81(2)+

78(3)
24(9)
45(6)
56(5)
59(4)
90(1)
22(10)
36(8)
41(7)

53

parameters

estim ates

Regression coefficient

Phenotypic(b”?)

1

_947(10)

1 .286(4)

0.

0.

.239(8)

.871(3)
.906(2)
.084(1)

.928(9)
.566(6)

558(7)

615(5)

10000

+Ranks are given

in

from

Genotypic B#?)

00947

0.286

-0.761

-0.129

-00094

0.084

0.928

-0.434

-0.442

-0.385

0.000

parenthesis

linear repressmn
ypes grown at seven environments (Ffive Iocatlo

1987 (short rains) and 1988 (long rains)#

Deviation from

.289(4)
.179(2)
.811(8)

.828(10)
.723(5)
.821(9)
.236(3)
.808(7)
.767(6)
.093(1)
.556

regressions di)
(x 107)
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Seeds/pod

Deviation of b from unity was minimum for Maria-
kani  Il, NPP 670, 423/60 and Marikebuni 7, suggesting that
the genotypes had wide adaptability.
iultivars ICPL 312 and ICPL 7035 were adapted to favourable
environments. Number of seeds/pod for 721. thika Line Select-
ion. Mariakani IX. Munyenzeni 11 and 423/60 showed very good
stability compared to others while ICPL /035 and ICPL 312
had very poor stability.

The cul tivars 423/60, Munyenzeni IX, Mariakani XI
and Marikebuni 7 had seeds/pod above average.

Based on these observation Mariakani Il and 423/60
were the most desirable genotypes as they combined good ada-
ptability, good stability and a high number of seeds/pod
(Table 16)

100 Seed Weight

Cul tivars NPP 670 and ICPL 215 had minimum deviati-
on from unity indicating that they are well adapted. The ge
notype NPP 670 had poor stability for this trait. On basis of

2
deviations from regression (s d ) ICPL 215 was the most sta

ble genotype and also the most desirable genotype for this



Table TfT6s Mean and stability parameters estimates from linear regression model for seeds per pod for ten

pigeonpea genotypes grown ax seven environments (five locations) in Kenya during the 1987 (short
rains) and 1988 (long rains)

Genotypes (©G) Seeds_per Regression coefficient Deviation from regression

~pod (O _ _ (szdi)

Phenotypic (b”) Genotypic (6")
423/60 5(4) + 0.505(3) -0.495 0.020(5)
T21 4(9) 0.239(7) -0.761 0.005(1)
NPP 670 4(6) 0.612 *“ (2) -0.388. 0.030(7)
MUNYENZENT 11 5(2) 0.487(5) -0.513 0.020(4)
MARTAEAX1 11 5(0) 0.881 -0.119 0.017(3)
1
MARIKEBUKI 7 5(3) 0.534 (4) -0.466 0.023(6)
THIKA LIKE SELEC. 4(5) 0.184(8) -0.816 % 0.008(2)
ICPL 312 3(10) 2.956 (9) 1.956 1.612(10)
ICPL 215 4(7) 0.219(6) -0.781- 0.159(8)
ICPL 7035 4(8) 3.286 (10) 2.286 0.182(9)
Mean 4 0.9903 0.009 0.208
** Significant at P = 0.01 .
¢ Significant at P = 0.05

Ranks are given in parenthesis.
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trait as i1t combined high seed weight, good adaptation and
good stability. The results indicated that although ICPL 312
and ICPL 7035 were adapted to favourable environments they
were unstable for this trait (Table 17).

Days to 50% flowering

Table 18 shows that the cultivars T21 and ICPL 312
were well adapted to favourable environments and were early
flowering. Cultivars Thika Line Selection and ICPL 215 were
more adapted to unfavourable environments. Although Marikeb-
uni 7 and Munyenzeni |11 were well adapted they were not as
early as cultivars ICPL 312 and T21.

On the basis of S Zd_ values Mariakani Il was the

i
most stable genotype followed by Marikebuni 7 and Munyenzeni
Il. The cultivar NPP 670 had poor stability while T21 had
the poorest stability. Based on the adaptability and stabil-
ity parameters the early flowering genotypes ICPL 312 and T
21 were adapted to the more favourable hotter environments
although rather unstable. Cultivars Marikebuni 7, Mariakani

Il and Munyenzeni 11 had good stability and wide adaptation.

Days to 50% maturity

The deviation of b values from unity showed that it

i
was minimum Ffor 423/60, Thika Line Selection, Marikebuni /,



flowering ror the plfreonpea genotypes grown in flOVOn ©nviromnenlfi \j I100#"N10Nt) iU NEN\J™
during- 1987 short rains and 1988 long rains®

Genotype (G) Mean days to Regression coefficient Deviation from regression (s~d?)
S03- flowering Phenotypic (b") Genotypic

423760 110(7)+ 0.701(6) -0.299 114.670(9)
T21 92(2) 1.736(10) 0.736 166.545(10)
NPP 670 122(10) 1.426(8) 0.426 81.624(8)
MCJINYENZENI 11 111(8) 1.053(2) 00053 38.491(3)
MARTAKANT 11 112(9) 0.925(4) ~0.075 7.911(1)
MARIKEBUNI 7 110(6) 0.957(1D) —00043 32.613(2)
THIKA LINE SELEC. 103(4) 0.671(7) ~0.329 48.801(4)
ICPL 312 84(1) 1.489(9) 0.489 50.917(5)
ICPL 215 101(3) 0.840(5) -00160 54 .596(6)
ICPL 7035 108(5) 1.056(3) 0.056 76.303(7)
Mean 105 1.0854 0.0854 67.247

+ N , n
Ranks are given iIn parenthesis
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Mariakani 11 and Munyenzeni Il had good stability and wide
adaptation.

Days to 50% maturity

Deviation of b_ values from unity showed that it
i
was minimum for 423760, Thika Line Selection, Marikebuni 7
and ICPL 7035 (Table 19) showing that these genotypes had w-
ide adaptation.

Cultivars ICPL 215 and NPP 670 were more adapted to
favourable environments. The days to 50% pod maturity for N-
PP 670, Munyenzeni |[II, ICPL 215 and T21 showed very good st-
ability as compared to others, while Thika Line Selection,
Mariakani 11 and 423/60 had poor stability.

Cultivars ICPL 312 and T21 were well adapted to un-
favourable environments and were early maturing.

Plant height

Table 20 shows that Thika Line Selection, 121, Mar-

ikebuni 7 and Mariakani Il showed minimum deviation of b _
i

from unity. This suggested that these genotypes had wide ad-
aptability.
Cultivar$- 423/60, ICPL 215 and ICPL 312 were

adapted to favourable environments. In case



Table 19 Mean and stability parameters estimates from
50% maturity for ten pigeonpea genotypes grown
in Kenya during 1987 short rains and 1988

Genotype (G)

423/60

T 21

NPP 670
MUNYENZEN1 11
MARIAKANI 11

MARL1KEBUNI 7

THIKA LINE SELEC.

ICPL 312
ICPL 215
ICPL 7035

Mean

Mean days to 50%
maturity ()
151(7)+
130(2)
160(10)
150(6)
157(9)
148(5)
145(4)
129(1)
138(3)
156(8)

146

Ranks are given

Phenotypic (bi)

67

Regression coefficient

1.061(1)
0.387(5)
2.015- (10)
1.674 (8)
1.661  (6)
1.199(3)
1.105(2)
0.329(7)
0.062(9)
0.506(4)
0.999

in parenthesis

Genotypic (Bi)

0.061
-0.613
1.015
0.674
0.661
0.199
0.105
-0.671
-0.938
-0.494
0.0001

linear regression model for days to

in seven environments (5 locations)
long rains.

Deviations from regression
(s2di1)
201.078(8)
50.4638(4)
4.766(1)
30.714(2)
205.375(9)
70.388(5)
303.194(10)
160.3316(7)
43.1228(3)
103.038(6)
117.247
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Table 20 Mean and stability parameters estimates from linear regression model for plant height

for ten pigeonpea genotypes grown in seven environments ( 5 locations) in Kenya during
1987 short rains and 1988 long rains.

Mean plant
height

Ggnotype ©) Regression coefficient Deviations from regression

(s2di)
Phenotypic (bi) Genotypic (Si)

423/60 121(10)+ 8 ©)) 0.34 203.895(9)
T 21 100(5) 0.881 (2) -0.119 138.150(8)
NPP 670 88(3) -0.336 10.714(3)
MUNYENZENT 11 104 (6) 1.258 (5) 0.258 - 49.186(6)
MARTAKANT 11 111(8) 1.242 «(4) 0.242 38.117(4)
MARIKEBUNI 7 106(7 ) 1.127  (3) 0.127 = 1.924( 1)
THIKA LINE SELEC. 118(9) 1.000 (@ 0.000 40.856 (M)
ICPL 312 45(1) 0.601 (8) ~0.399 2.438(2)
ICPL 215 68(2) 0.555 (10) -0.445 55.171(7)
ICPL 7035 95(4) 1.0007 0.339 687.963(10)
Mean 9% 0.96687 6.0007 122.841

+Ranks are given

in parenthesis
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2
deviations from regression (s d ) Marikebuni 7, ICPL 312
i

and NPP 670 were the most stable for this trait. Although
-CPL 312 had good stability and was adapted specifically to
-he favourable environments it had the shortest plants.

The genotypes 423/60 and ICPL 7035 had very poor s-
T:ability and were adapted to favourable environments and va-

ried greatly in their heights.
Length of pod bearing region

Table 21 shows that cultivars marikebuni 7, Mariak-
ani 11, Thika Line Selection and ICPL 7035 were well adapted.
Of these Marikebuni 7 and Thika Line Selection were the most
stable for this trait.

The genotypes ICPL 312, ICPL 215 and NPP 670 had
the shortest lengths of pod bearing regions. The poorest st-
ability for this trait was recorded for ICPL 7035 and T21.

Number of pod bearing branches#

Table 22 shows that ICPL 312, ICPL 215 and Mariaka-

ni I had minimum deviation of b indicating that they were
i

widely adapted. Cultivars ICPL 7035 and Marikebuni 7 were a-
2

dapted to the favourable environments. The s d _values sug-
i



70
Table 21: Mean and stability parameters estimates from linear regression model for length of pod

bearing region for ten pigeonpeapea genotypes grown iIn seven environments (6 locations)
in Kenya during the 1987 (short rains) and 1988 (long rains).

Genotype (G) Mean length of Regression coefficient Deviations from regression
pod bearing (s2d1)
region (cm) Phenotypic (b") Genotypic (B")
423/60 32(8)n 1.441 (6) 0.441 13.288(6)
T21 36(10) 1.814 cto) 0.814 31.909(9)
NPP 670 17(3) 0.415(8) 0.585 6.071(2)
MUXYENZENI 11 25(6) "1.345 Vo) 0.345 13.244 (7)
MARTAKANT 11 23(5) 0.949 (2 0.051 5 14.691(8)
MARIKEBUNI 7 25(7) 0.989 = (D 0.011 2.040(1)
TEIKA LINE SELEC. 32(9) 1.111 Q) 0.111 7.411(3)
ICPL 312 9.0(1) 0.392 (9) 0.608 9.165(4)
ICPL 215 14(2) 0.423 (D) 0.577 10.796(5)
ICPL 7035 20(4) 1.119 (4) 0.119 51.943(10)
Mean 23 0.9998 -0.0002 16.0558

Ranks are given

in parenthesis.



Table 22:

Mean and stability parameters estimates from linear regression model

bearing branches for ten genotypes grown in seven environments (5 locations)

during 1987 (short rains) and 1988 (long rains).

Genotype (G)

423/60

T 21

NPP 670
MUNYENZENI 11
MARTAKANI 11

MARIKEBUNI 7

THIKA LINE SEL.

ICPL 312
1CPL 215
ICPL 7035

Mean

(

Mean number
of pod bearing
branches

Regression coefficient

Phenotypic (")

7(3)H
9(6)
7(2)

10(7)

11(9)

13 (10)
9(5)
6(1)
8(4)

10(8)
9

Y Ranks are given

0.532 (7)
0.632 - (5)
0.610 (6)
0.846 (4)
1.124 (3)
1.694 (9)
0.521 (8)
1.073 (1)
0.917 (2
2.051 (10)
1.000

in parenthesis.

Genotypic ()
-0.468
-0.368
-0.390
-0.154

0.124
0.694
-0.479
-0.073
-0.083
1.051
0.000

for number of pod
in Kenya

Deviation from regression
(s2di)

0.832(2)
0.334(1)
6.025(7)
4.898(6 )
17.832(8)

18.104(9)
0.947(3)
1.531(4)
2.381(5)

49.724( 10)

10.261
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gested that T21, 423/60 and Thika Line Selection were the m
ost stable for this trait. Cultivar 1CPL 312 combined wide
adaptability with good stability but had a low number ol b
anches. Although Marikebuni 7 had the highest number o p

oearing branches it had poor stability and it> adapt y

was good only in favourable environments.

4.4 WRICKLE™*S STABILITY PARAMETER

The values of ©covalence (W ) for each genotype
i

11 characters are shown on Table 23. Ecovalence values exp-
essed as a percentage of genotype X environment int
s sum of squares which is an indicator of the contribution

>F each genotype to the interaction sum of squares are shown

>n Table 24.

The genotype with the minimum W. (or ~ as a perce-

ntage of genotype x environment sum ot squares) IS more

ble while those with higher M values have poor stability
1

For grain yield, the four most stable cultivars we-

re Mariakani I, Munyenzeni 11, ICPL 7035 and Matlkebu
The cultivars Thika Line Selection and 423/60 had the p

st stability.



Moven environments (5

Jenotype

f23/60

r2i

SIFP 670
fAIUNYENZENI 1 |
ICARIAKAKI 11
SttARIKEBUKI 7

EHIKA LINE 3EL.

ICPL 312
ICPL 215
ICPL 7035

Kean

locations)

in Ken,yB duriru<

Crain Pods/nlant Seeds/ 100-seed Davs to
yield x 103

kg/Z/ha
x 103

5.101

0.288
3C23:4
0.044
0e250
0.222
30275

1.147

2.654
0.051
1.627

iyov

pod weight 50£

flowering Xx to3

22.80 1024 10.29 0.72 1.25
6.98 1.27 16.30 0.43 0.97
13.09 0.38 43031 0.60 1.60
0047 0082 9 14 0.29 0.9
0.84 0.36 13.61 0.14 1.83
0.29 0.71 15.65 0.26 0.64
22.28 1.48 18.87 0.39 1.77
4.42 15.14 95.79 0.48 1.63
4079 2.14 15.01 0.36 1.60
7.93 10.48 268.947 0.48 1.07
8.389 3.40 50.69 0.42 1.33

Note: The genotype with minimum W.

(ohort

X 103

2.66
1.09
1.54
1.28
0.75
0.42

0.43
2.48
2.91

5.07

1.863

is more stable

.*»*

Uon«

Days to 50% Plant height Length of
maturity

ppd bea-
ring
region
276.89
659.15
270.96
97.50
18.26
80.19
134.79
272.56
705.81

358.93
287.50

rmina).

Number of
pod bearing
branches

39
31
80
58
123
199

43
13
21

439

104.6



enotype

23/60

71

rpp 670
IUNYENZENI 11
IARIAKANI 11

IARIKEBUNI 7

rHIKA LINE SEL.

:cpl 312
ICtL 215

XJPL 7035

Sean

Grain yield Number of
per plant

6,85(10)
0,39(5)
4,34(8)
0.06(2)
0.03(1)
0.30(4)
4.40(9)
1.54(6)
3.56(7)
0.07(3)

20154

27.14(10)
8.30(6)

15.59(8)
0.57(2)
1.00(3)
0.35(1)

26.52(9)
5.26(4)
5.70(5)
9.44(7)

9.987

Number of 100-seed
pods/plant seeds/pod weight

w

.65(5)
3.75(6)
1.12(2)
2.41(4)
1.05(1)
2.09(3)

4.14(7)

44.52(10)

6.31(8)
30.81(9)

9.985

+Banks according to magnitude

2.04(2)
3.24(6)
8.60(8)
1.81(1)
2.70(3)

3.11(5)

3.75(7)

19.01(9)

2.98(4)

10.04

Pays to
50%

Pays to
50%

flowering maturity

17.15(10)

10.33(6)

14.35(9)
6.98(3)
3.37(1)
6.37(2)
9.51(5)

11.41(7)

9.18(4)

53.18(10)11.5(8)

10001

9.35(5)
7.29(2)
12.02(7)
7.37(3)
13.74(10)
4.81(1)
13.25(9)
12.19(8)
11.99(6)
8.027(4)
10.00

Plant height Length of Number

14.

2

13.

15.

27*%22(10)

10.

in ascending order are given

29(8)

.88(4)
.32(6)
91(5)
.05(3)
26(1)

.34(2)

34(7)
64(9)

02

pod
beqﬁng
region
11.48(7)
27.33(-f)
11.23(5)
4.04(3)
0.75(1)
3.32(2)
5.59(4)
11.30(6)
29*27(10)
14.87(8)

11.92

in parenthesis*

of pod/
bearing
branches
4.02(4)
3.19(3)
8.25(7)
5.98(6)
12.69(8)
20.53(9)
4.44(5)
1.34(1)
2.16(2)
45.29(10:

10*79
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Cultivar Marikebuni 7 was the most stable genotype
;or pods per plant followed by Munyenzeni 11 and then Mariak-
ani 11, all of which were coast farmers’ varieties. The lea-
st stable genotypes for this trait were 423/60 and rhika
Line Selection.

For seeds per pod cultivars NPP 670 and Mariakani 11
*ere the most stable followed by Marikebuni 7 and Munyenzeni
Il. The least stable genotypes for this trait were 1CPL 312
and ICPL 7035.

The 100 seed weight was most, stable in Munyenzeni 11,
423/60 and Mariakani 1I1.

The genotypes ICPL 312 and ICPL 7035 were the Ileast
stable for this trait.

The most stable genotypes for days to 50% Fflowering
were Mariakani Il, Marikebuni 7 and Munyenzeni Il while ent-
ries with poorest stability were NPP 6/0 and 423/60.

For days to 50% pod maturity Marikebuni /, NPP 670
and Munyenzeni 1l had the best stability while Ihika Line
Selection and Mariakani 11 had the poorest stability.

Cultivars Marikebuni 7, Thika Line Selection and M-
ariakani Il were more stable for plant height, compared to
ICPL 215 and ICPL 7035.

For length of pod bearing region Mariakani 1l. Mar"
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;Kebuni 7 and Munyenzeni 11 were the most stable genotypes
rfhile 1CPL 215 and T21 were the least stable.
The most stable genotypes for number of pod bearing

tranches were ICPL 312, ICPL 215 and T21 while the least st-

able genotypes were ICPL 7035 and Marikebuni /.

4.5 Rank correlations

The ranked correlation coefficients between the di-
ferent stability parameters (Table 25) indicated that tor
all the characters there was no significant difference bet-

ween the ranks except for a few cases.

For grain yield only the ranks between (W_) and re
i

gression coefficient (b ) was significant. For number of pods
L
per plant there was a significant positive correlation betw
een Wrickles stability parameter (W ) and the phenotypic re
i

gression coefficient (b ).
i

For number of seeds per pod the ranks between the

mean seeds per pod (X) and (W ) indicated a positive signiti
i

cant correlation. lhe rank correlation between Wrickles sta-

bility parameter ( W ) and phenotypic regression coefficient



Parameters Grain
yield/
plant

X vs W 0.16

X VS s2a 0.07
i i

X vs b -0.23
i i

W vs a2a 0004
i i

W wvs b 0.75*
i i

*2a vs b 0.51

Number of
pods per
plant

-0.28

0039

-0.08

0.61

0.89**

-0.31

Number of 100-seed
seeds/pod wef/ Nt
0.78* 0.006
0.43 -0.31
0.72 0.53
0.47 0.42
0.91** 0.55
0.29 0.29

** Significant at P
* Significant at P

Days to
50f
flowering

-0.08

-0.25

—0043

0.83**

0.01
0005

Days to Mean
50% plant
maturity height
0.16 —0049
—0008 0.T5
0006 -0.44
0.50 0.6
0ol6 0o 87**
—Oov72* 0027

Length of
pod
bearing
region

—0o 13

-0.21

0.68

0.13

Number of
pod bearing
branches

-0.45

-0.42

-0.09

0.30
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3 ) was positive and highly significant.

) _ __1dcant assoc
For 100 seed weight there was no signif

significant
3ion between the rankings. Ilhere was a hig Y

2
d ) and W for

positive correlation between the tanks of ( i i

:ays to 50% flowering.

of
For days to 50% maturity a negative corielatio

observed which was signifi
"anks between s d and b was

t at P = 0.05.

- For Plant height only the rank correlation

Detween b and W was significant at P =0.01.
i i

_ i of pod
Length of pod bearing region and the number

canifi t correlation in the
Dearing branches showed MO Stgntiican

rank correlation shows that all
ranks. The general trend of

- in estimating genotype stabil-
the parameters were €ffective

ity.
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CHAPTER V

DISCUSSION

1 Mean portormance ol genotype*
) ) ) ) .ikil Heoend on pro
ke objectives of any breeding programme

lems to be solved and the expected end produc

usually a plant genotype that overcomes some
" 4

duct 1is

imitations of existing genotypes. The major

igeonpea breeding in Kenya is to overcome the yteld Umxti
- piaeonpea breeding in
iy factors. Important objectives
T mafnritv reduced height, t-

(enya include seed yield, eai ly
fiy H-ifferent ecological

olerance to drought and adaptation

zones (Kirnani, 1987).
genotypes .ith »«e"«- *

seed vyields of acceptable characteristics is the maj
All other objectives are

tive in the breeding of pigeonpea.
directly or indirectly related to yield

late maturity -ith a strong pe-

improvement. Most -

ocal Pigeonpea genotypes are

tendency. The long duration to maturt * be u
* 4iv It is therefore des

sirable for subsistence farming am - rain_
select geno“"types that can mature early since ,

rennial

irable to

fall is usually a limiting Tfactor in the semi-arid
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Genotypes that Tflower early have the potential of escaping
moisture stress prevalent iIn these areas. Most local pigeon-
pea genotypes are tall and have average height in excess of
two metres, such plants present difficulties in harvesting
or spraying and cannot be grown in close association with
lov height plants due to shading effects. Short or medium
stature genotypes may be more desirable.

Although pigeonpea has a wide adaptability to diff-
erent climates and soils and is cultivated in most tropical
and sub-tropical environments each maturity group has its s-
pecific area of adaptation.

For grain yield (kg/ha) the best yielding genotypes
were iIn order 423/60, Thika Line selection, Mariakani 11, M-
arikebuni 7, T21 and Munyenzeni Il. The other genotypes, 1CPL
215, ICPL 7035, NPP 670, and 1CPL 312 were poor yielding. 423
/60 is a locally adapted cultivar which was able to adapt i-
tself favourably except at Thika and Kabete in the 198/ short
rains. It can be recommended especially for Mtwapa, lhika a-
nd Kiboko in the long rains.

The breeding line selection was best suited to all
environments except at Kiboko 1In the short rains. Its best

I

yields were recorded at Mtwapa and Thika in the 1988 long t

ains as well as in Kabete in the short rains.
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The farmers varieties from the Coast were all good
yielders and seemed suited to all the environments. T21 which
is an exotic line was average yielding and was best suited to
Machakos in the 1988 long rains and Kabete in the 1987 short
rains. Other exotic cultivars had poor performance over all
environments except ICPL 215 which was the best yielding ge-
notype at Kiboko in the 1987 short rains. NPP 670, an impro-
ved cultivar was a poor yielder across all environments exc-
ept Kabete in tho 1987 short rains where it ranked third.

The differences observed may be attributed to the
climatic and soil conditions occuring in the different envi-
ronments in the cropping season. Appendices 4-8 show some of
these conditions existing in the seven environments included
in this study. The optimum environment in this study was that
which would produce maximum performance of a given genotype.
This environment include a complex of factors, but tho-
se considered of primary 1Importance are adequate moisture,
favourable temperatures throughout the growing season and a-
dequate TfTertility. These factors are necessary for the atta-
inment of optimum plant growth. Other factors such as radia-
tion and sunshine are iImportant for grain Filling but are i-
nfluenced by other conditions such as high plant densities,

narrow row spacings and early planting (which were all Tfixed



{82}
in this study.)

Mtwapa was the best environment for grain yield and
thus had the best combination of factors favouring grain fi-
Iling especially for cultivar 423/60 and Thika Line selecti-
on. The ranking of genotypes across the agroecological zones
was variety specific indicating that each genotype was suit-

ed to specific environmental conditions.

Over all environments Thika Line selection had the
highest number of pods per plant (fable 3) and was followed
by 423/60 (90% of pods per plant in fhika line selection) a-
nd T21 ( with pods per plant 32% above the overall mean) .
The exotic Qlines were very poor for this trait except for |1
21 which ranked third overall and was best at Machakos in the
1988 long rains and Kabete in the 1987 short rains.NPP670 pe-
rformed poorly across locations.The coast Tarmers varieties
were average. The general trend for pods per plant was a sim-
ilar trend to that observed for grain yield except for the

different rankings of genotypes.

The number of seeds per pod were only slightly aff-
ected by the environment. This is true because it is a high-
ly heritable trait and therefore not much affected by envir-
onment (Kimani, 1988). Cultivars Mariakani 11 Munyenzeni 11

and Marikebuni 7 had more seeds than other genotypes (fable
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4) . The trait thus had its phenotypic superiority among
the three coast farmers” varieties. The exotic lines had the
poorest performance while the remaining genotypes had avera-
ge performance.(Table 4).

Very small differences were observed for 100 seed
weight across the environments but large genotypic differen-
ces were obvious, with NPP 670 having the largest seed. This
cultivar was followed by exotic [lines ICPL 7035 and 1CPL
215. However the poorest performers were the exotic lines
ICPL 312 and T21. Farmers” varieties were average in their
performance.

The data 1In Table 6 iIndicates that there were large gen-
otypic and environmental influences on duration to 50% flowe-
ring.This is a confirmation of an earlier report that flower-
ing and maturing are considerably affected by environmental
conditions (Kimani,1988).In the 1987 short rains genotypes w-
ere earliest at Kabete, followed by Thika and Kiboko. In the
1988 long rains the genotypes were earliest at Kiboko followed
by Mtwapa, Machakos and Thika. In the first season days to
flowering iIncreased with increasing temperature and decreasi

Li

radiation. In the second season was no clear cut relationship

# #* o,
between days to flowering, temperature and radiation.

Akinola and Whiteman (1975) reported that among eatly and
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late maturing pigeonpea cultivars, days to flowering depend-
ed on day length, photoperiod and radiation. It is known th-
at these factors influence flowering but no data was availa-
ble in this study to support this fact. Although it is gen-
erally assumed that tropical latitudes hardly differ in pho-
toperiod duration, recent evidence suggest that small diffe-
rences in light duration iIn Kenya exist and could affect the
onset of the reproductive phase and performance of photopet -
iod sensitive crops such as pigeonpea. (Coullson, Personal
Communication).

For days Lo maturity large genotypic and environme-
ntal effects were observed. The performance in both seasons
followed a similar trend as for days to 50% flowering.

Results also indicated that in the 1987 short rains
plants were tallest at Kiboko followed by Ihika and Kabete.
The 1988 long rains results indicated that plants were tall-
est at Mtwapa followed by Kiboko, Machakos and Ihika. These
results showed that 1increased temperatures in combination
with other environmental factors like radiation and humidity
influenced plant height. lhe tallest, genotype, 423/60 also
had the highest yields in both seasons. It also appeared th-

at the shortest genotypes were very low yielding.

The length of pod bearing region (Table 9) appeared
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to be related to plant height and consequently to the yields
for most of the genotypes studied. Number of pod bearing
branches was also influenced by both genotypic and environ-

mental effects in both seasons.

5.2 G x E iInteractions

For all traits under consideration genotype X envi-
ronment interaction was highly significant. This indicates
that the genotypes responded differently when grown under d-
ifferent environments.

Genotype and environment differences were signific-
ant for all traits. Earlier studies have reported similar
results. Abrams et. al. (1969} reported significant cultivar
differences for all characters measured. They in contrast to
this study found cultivar x location IiInteraction sums of
squares negative and insignificant except for planting date.
Partly 1iIn contrast to what was observed 1in this study Onim
(1981) reported highly significant differences between envi-
ronments but Ffound no differences among genotypes. The lack
of significant genotype X environment interaction he observed
for grain yield was due to use of populations in his study
rather than pure lines. The genetic constitution of a popul-

ation is much broader than that of a pure line and its
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interaction with an environment is the mean interaction ol
all genotypes in that population.

The present study included both pure lines and pop-
ulations. The highly significant genotype X environment inte-
raction observed for grain yield indicates that selection for
average performance over the entire area from which the loc-
ations were drawn may not be considered. If a criterion can
be found for establishing sub-areas or regions this interac-
tion variance can be reduced. Some such criteria for strati-
fication or division into “regions could be the soil type,
rainfall or maturity period. IT the genotype X environment
interaction remains after this, sub division of the area must
be controlled by making variety comparisons at a sufficient
number of locations within the region (Verma and Gill, 1975).

As indicated by the results (Table 18) genotype X
environment interaction for days to 50% flowering was highly
significant indicating that for flowering, genotypes are in-
fluenced by seasons of short rains and long rains. The inter-
action appears due to difference in temperatures of the two
seasons and difference iIn minimum temperatures of locations.

The desirable genotypes should show low genotype X
environment interaction for agriculturally important traits,

or may be Tflexible for other traits. Such genotypes are said
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to be well buffered as these can adjust their genotypic and
phenotypic states in response to changing environmental con-

ditions a phenomenon called genetic homeostasis (Lerner,1954)

5.3 Regression Analysis

Estimates based on Eberhart and Russell (1966) model
show that for all characters genotype X environment (linear)
was highly significant showing that genotypes differed sign-
ificantly for their regression on environmental index.

This means that genotype performance and environme-
ntal values were not linear. Thus breeding methods can be
designed towards producing a high yielding genotype with a
considerable degree of general adaptability.

Mean squares for pooled deviations Irom regressions
were highly significant indicating that the major components
for the differences 1iIn regressions were due to deviations
from the linear function with exceptions for number of pods
per plant and length of pod bearing region.

Tests of individual deviations from linear regress-
ion for individual genotypes were significant for most char-
acters indicating that genotypes differed genetically for the

regressions of thejr means (for various traits) on the envi-

ronmental i1ndex.
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5-4 Adaptability and Stability Parameters

A genotype 1is considered stable if its among envir-
onment variance is small or If its response of environments
is parallel to the mean response of genotypes in the trial

if the residua] mean square from the regression model on
the environmental 1index is small. Thus stability of perform-

ance refers to the ability of the genotype to show minimum

interaction with environments which may be gauged from the

2
squared deviations from regression coefficient (s d ).
i

Adaptability refers to the response of a particular genotype

to varying environments as defined by its mean performance

(x ) and slope of its regression line (b ) measuring the re-
i i

sponse of the genotype by the environmental index.

In this study these stability and adaptability par-
ameters have been considered. In addition, another stability

parameter considered was the ecovalence (W ) but this is not
i

based on the regression model and hence discussed separately.
The rank correlation coefficients between stability

and adaptability parameters differed in value. They indicated
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that there were no significant differences between the ranks
except in a few cases. The rank correlation coefficient bet-

ween stability parameters indicated that they were equivale-

nt in ranking stability of genotypes.

These results agree partly with the findings of ot-

her workers. Jowett (1972) indicated that W was less infor-
i

2
mative than s d while Becker (1981) indicated that the two

parameters were equivalent as measures of stability from the

agronomic concept of stability.

Prasada and Singh (1980) observed no correlation

between W and b for sorghum. Qualset (1968) also found

the absence of correlation between W and b for sorghum as
i i

well.

Mean performance (X) and b are regarded in this
i
study as measures of adaptability while summed deviations

from regression (s d ) and Wrickle’s ecovalence (W ) were
i i

considered as measures of stability.

Grain yield,per plant

The highest vyielding genotype was 423/60 and was
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specifically adapted to the favourable environments. On yie-
Id basis this was followed by Thika line selection (which was
specifically adapted to the Tfavourable environments) and
Mariakani 1l which was specifically adapted to unfavourable
environments. Marikebuni 7 was widely adapted.

Considering stability of these genotypes with resp-

2

ect to summed deviations from regressions (S d ) 423/60 had
i

very poor stability. Thika line selection, Mariakani 11 and
narikebuni 7 had very good stability. On basis of ecovalence

W _ ) only Mariakani Il and Marikebuni 7 were stable compar-
i

ed to the others which were relatively unstable. Therefore,
for grain vyield Mariakani Il and Marikebuni 7 were the most
desirable, genotypes since they combined desirable qualities.

Number of Pods per Plant

Cultivars Thika Line Selection and 423/60 were well adapted
to Ffavourable environments while T21, Marikebuni 7 and Mari-

akani Il were widely adapted. The genotypes T21, Thika Line

2
Selection and 423/60 had good stability on basis of S d_
i

o

In terms of W and S d Marikebuni 7 and Mariakani 1[Il had
i i

good stability and were 1In general the most desirable
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genotype on basis of performance, adaptability and stability.
This trend 1is like that for grain yield discussed above.

Number of Seeds per Pod

Cultivars Mariakani 11, Munyenzeni 11, Marikebuni 7
and 423/60 were well adapted. All these genotypes had very

2
good stability with respect tos d and W and so were the
i i

most desirable genotypes for this trait.

100 Seed Weight

The genotypes NPP 670,ICPL 7035 and ICPL 215 had
above average weights / 100 seed. NPP 670 had poor stability

2
on basis of S d and W . On the basis of high seed weight,
i i

good adaptation and good stability ICPL 215 was the most de

sirable genotype.

Days to 50% Flowering

Cultivars T21 and ICPL 312 were well adapted to fa-
vourable environments and were early flowering. Cultivars
Thika Line Selection and ICPL 215 were adapted to unfavoura-
ble environments. The genotype Marikebuni 7 and Munyenzeni

Il were well adapted but not as early flowering. For stabil-
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ity based on S d and W and Marikebuni 1 Munyenzeni ]
i i

and Mariakani Il had good stability. For this trait Munyenz-
eni 1l and Marikebuni 7 wore the most desirable genotypes in
terms of earliness good stability and adaptability.

Days to 50% Maturity

Cultivars 423/60, Thika Line Selection, Marikebuni
7 and ICPL 7035 had wide adaptation. These had poor stabili-
ty except for ICPL 7035 which had relatively good stability.
In terms of combining the desired quantities (earliness, wi
de adaptation and good stability), Marikebuni 7 was the mo .t
desirable cultivar.

Plant Height

Cultivars Thika Line Selection, 121, Mariknbum 7/
and Mariakani 11 had wide adaptation. lho genotypes Marikeb

uni 7, ICPL 312 and NPP 670 had very poor stability based on

2
S d . For W , the cultivars, Marikebuni /, rhika Line

i i
Selection and Mariakani Il had good stability. On average

therefore the most desirable genotypes were Marikebuni /7,

Mariakani 11 and Th;Lka Line Selection.
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Length of Pod Bearing Region

The cultivars Marikebuni 7, Mariakani 11, Thika
Line Selection and ICPL 7035 were well adapted (widely).
Of these genotypes Marikebuni 7 and Thika Line Selection had
2
good stability with respect to s d_ and W These then were
i i

the most desirable genotypes for this trait.

Number of Pod Bearing Branches

Cultivars ICPL 215, ICPL 312 and Thika Line Select-
ion were the most desirable for this trait.

The genotypes evaluated for stability and adaptabi-
lity for the various traits indicated that some were better
adapted and more stable than others.For example, the most de-
sirable genotypes were the locally adapted genotypes, TfTolio
wed by improved varieties and then the exotic lines. Ilhe de-
sirable genotypes showed low genotype x environment interac-
tion Tfor the traits investigated. Such genotypes are said to
be “well buffered” as these can adjust their genotypic and
phenotypic states iIn response to changing environmental con-
ditions (Verma and Gill, 1975). The genotypes with better
buffering capacities have wider adaptability and stable per-

forrnance (for example Mariakani Il and Marikebuni / in case
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of grain yield in this study) compared to others. This can
ke explained by the different buffering mechanisms operating
in these genotypes. The variation in stability among genoty-
pes is thought to be the results of heterozygosity or
heterogenei ty.

Allard and Bradshaw (1964) have distinguished the diffe-
rent mechanisms which promote the genotypic stability.rhe go
notypes used in this study were populations or individuals w-
hich are not pure lines.A population consists of a mixture of
diverse homozygous lines * which occasionally intercross
and produce a new series of homozygous lines.

A hybrid like NPP 670 is a homogeneous mixture of
heterozygous genotypes with individual buffering mechanisms.
A variety like Mariakani 11 used in this study is a homogen-
eous mixture of homozygous genotypes with individual buffer-
ing mechanisms.

Individual buffering is the ability of an individu-
al or a population to produce a certain narrow range of phe-
notypes under different environments. There iIs a strong evi-
dence that individual buffering is a property of the hetero-
zygotes (Allard and Bradshaw, 1964). On the other hand in
population buffering a population can be an aggregate of a

number of genotypes adapted to a somewhat different range of
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environments. Like individual buffering population buffering
is measurable iIn berms of genotype x environment interaction.
All  the genotypes included have a great potential
for improvement in one or more characters. This would provide
genotypes with more desirable adaptability and stability es-
pecially if selection for the various characters went hand

in hand with selection for improved grain yield.
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CONCLUSIONS AND PRACTICAL IMPLICATIONS FOR PIGEONPEA

BREEDING

1 Genotypes had varied response to specific environm-

ents for different characters considered. The geno-
types showed adaptability and stability parameters that ind-
icated great potential which can be exploited iIn them. It
was therefore recommended that full potential of genotypes
likely to show population buffering (more stable and widely
adapted) be further utilized. This was more so with the loc-

ally adapted and the improved cultivars which were in genei

al the most desirable.

2. Genotype x environment iInteraction effects were hi-

ghly significant for all traits. Both genotypic and
environment effects were iIndividually significant for all
traits. This 1s an important aspect In pigeonpea breeding
since the interplay of genetic, non-genetic effects and gen-
otype-environmental interaction reduces the correlation bet-
ween genotype and phenotype which in turn reduces confidence
in inferences from experimental data relevant to both plant
improvement and inheritance mechanisms. Future breeding pro-

grams therefore will need to consider these effects.
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3. A considerable portion of genotype x environment

interaction sum of squares could be attributed to
linear regressions in case of most characters except iIn a
few cases. This led to some useful predictions of stability
and appear to be particularly meaningful in practical plant
improvement work.
4. The pooled deviations from regressions were signif-
icant for all traits except for grain yield/ha number of pods
per plant and length of pod bearing region.The genetic diffe-
rences among the genotypes for their regressions on environm-
ental index showed that the relationships between genotype

performance and environmental values is not Llinear lor all

characters.

5. The rank correlations of different stability

parameters showed similar rankings of  genotypes
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APPENDIX 1: Sources of variation , degrees of freedom and expected mean squares when

genotypes are tested at each environment.
Source of variation df MS Expected MS F-test
Replicates (r-1) Mx v M

2
Genotypes (g=D) m2 + 08 % 8
2

Error (9-1)(r-1) m3



APPENDIX 2: Sources of variation, degrees of freedom and expected mean squares wiien e
are tested at different environments (combined analysis).

Source of variation daf SS MS EMS
Replication in
Environments n(r-1) Pooled over environments RMS
, 1 71 Y2 EE2
Environmen n-1 = -J - CF EM (o]
vironments ar J | C S & +or 3
n-1
%
Genotypes -1 1 1Y2 rk E g
g nr i i~ CF GMS + nr %
(@-D
Genotypes X . EE Y2
environments (g-DCn-1) i s - CF -Genotypes SS E E(gE)2
_ environment CXE MS (- (@-D
SS
Error n(r-1)(g-1) Pooled over environments eMS &



Appendix 3: Regression analysis (Eberhart and Russell, 1966 Model)

Source of variation

Total

Genotypes

Env + (Genotype x Env)
Environment (Linear)

Genotype x Environment (linear)
Pooled deviations

Genotype 1

2
3

10

Pooled error

df
ng-1

g-1

g(n-D

(-
g(n-2)
n-2

n-2

n-2

ng(r-1)

|g d, Y.} L)2/§ ]%

IfAay. 1,272z 1.2]- E (hinear) SS
I 3 3 3 J 3

= & -
13 13
U Y2 =(Y.D)23-[I1 Y~AL., ]2/  r
j g - * J J J J 3 3 {§J
=Z 62
i 2
-z 62
Jj## 3]
Z 62

SS(ele)/3 (pooled over all é) PJ

MS

m2

"3



Season

1987/88
short

rains

Seasonal

1988

long

rains

Month Year
Nov «37
Dec *87
Jan 88
Feb ' 88
March ' 88
mean
Aor ' 88
May
June 88
July 88
Aug 88
Sept 88
Oct; 88
Seasonal
Annual mean

Mean

Annual

Temnerature

Mean Mean
max

23.6 18.9
23.8 19.0
2501 19.5
25.8 19.6
25.8 20.2
24.82 19.44°
23,5: 1?00
%03 1801
2103 16.9
20.7 16.1
2009 16.4
22.8 17.3
24*5 18.5
22.26 17.47
23,33 18.29

rainfall

total

(cc) Total
Mean rainfall
min.

14.0 18201
13.4 15.3
14.0 96.2
13.4 20.5
14.6 172.0
13.88 Tot.486.1
14.7 466 C6
13.9 245.9
12.6 50.9
11.6 18.7
11.9 46.9
12.1 27.1
12.8 16.7
12.80 Tot.872.8
13.25 113.24

1358.9 mm

Mean Humidity

06008 12002
88 67
76 51
79 47
79 41
78 48

Mean 80 49.8
88 64
“W
113 89“ ____82
66
lll64“

1 85/\ 57

“ 4S5~
86.71 60.29
83.92 55.92

Radiation

KJ/M2

19.4
25.57
25.31

25.97

22.98
23.93

20.42

15.85
15.58
10.69

13.15
16.27
15.36

T9.26

Mean ;

Sunshine
hours

5.8

10.1

3.7Z
4.6
7.6
5.08

6.07



Mean max Mean Mean min rainfall 0600# 1200# MjyM/------ Hrs

(mm)

Nov~ 1987 2507 20.6 15.4 119.8 83 55 17.3 . ..5.5

Dec 1987 27.7 2005 13€2 18.6 76 46 22.6 10.0
1987/88 340 1088 27.A 20.8  14.1 48.6 78 43 21.7 - 9.3
SIPTU- pep 1988 28.7 2103  13.8 1909 74 36 2207 95

March 1988 28.2 21 & 15.6 17403 .79 44 21.6 702
Seasonal mean 27054 21.02 14.42 tot.38102 78 44.8 21 018 8.28

Apr* 1988' 25.6 21.0 1603 270.2 86 59 17.7 6.3

May T 2404 19.9 1504 118.2 85 60 15.3 -
1988 .

June it 2305 18.8 14.0 48.3 88 56 13.7 -
long

July t  22.8 18.0 13.2 13.1 86 57 12.2 2.5
rains Aug* it 2301 18.4 137 8.9 85 56 12.1 3.6

Sept* B 2407 191 13.4 33@4 81 51 16.0 4.0

Oct* " 26.8 20.2 13.5 56.6 74 42 20.6 7.4
Seasonal mean 24 041 19.54 14.21 tot.548.7 __83.57 5.4.43 15.41 4.92

Annual mean 25<»72 20.04 14.30 77«49 81.25 50.42 17.82 6.6

Rainfall annual Total = 930 nm



Total RainXtill Metxri "3 teemtiu.TTon

season wiontn Tear Temper:axure * nuiuiuj. oy/c
Mean max Mean Mean min gon B8 (Hours

Nov 1987 25.6 19.9 1402 93.5 51 20.48 7.2

1987/88 Dec 1987 26.7 2000 1302 1200 57 27.75 9.6
Jan 1988 36.3 8L 14.0 93.7 49 26.70 0.8

Onoxu  pop I ~28.6 21 04 14.2 13.8 50 21 .50 10.0

rains--  March It 26.0 21.0 16.0 109.3 ~T8 21.78

Seasonal mean - 28064 20.5 14.32 Total322.3 Mean 53 25.04 8.94
Apr* 1988 _ 2409 19.8 14.7 203.7 “5T" 23.20 7.1
May 1988 23.8 18.5 11.9 23.6 67 21.10 6.4

1988

long June 1988 2300 18.5 11.9 10.1 58 18.00 5.0
July 1988 22.6 17.4 11.0 NIL 61 .- 17.42 4.5

rains-  Aug-e u 2207 16.8 11 02 3.0 56 17.70 4.5
Sept n 2402 1700 11.3 15.4 48 8° o8° 5.2
Oct * L 27.1 19.8 12.4 33.6 37 26.70 9.0

Seasonal mean 24.04 18.26 12.06 Total289.4 56.29 20.62 5.96
Mean (annual) 25.96 19.19 13.0 55.61 54.92 22.46 7.2

Total annual rainfall 611.7



Month Year Temperature(°C) Rainfall
\\ > Max Mean Min total (mm) Radiation (MJ/M?%) Sunshine hours
Nov* 87 28,0 2304 18,8 99.3 2401 902
1987/88 Locx .87 28.9 24015 1904 1001 25.6 904
short Jan *88  30.4 2485 19.3 55.2(1) 2404 8.7
rains Peb *88 3204 " 2509 19*4 1.8(1&3) 27.6 8.2(3)
March 88  33.0(142) 26.5  20*0 48.3(2) 26.6(142) 8.5(142)
Seasonal mean 30*54 2496 19.38 Total 214.7 mean 25*66 808
Apr* r88 2-8.4 23.85 19.3 9904 23*4 6.55(142)
1988 May ~ *88  28.4 2207  17c0 6.4(142) 2106 _
orai June <88  22.1(142) 19015 16.2(143) 6.3(1) 20.0(143) 6.8(3)
or-ir
July *88  27*0 21*25 1505 1.3(2) 17.8 5@4
rains Auer, *88 26,9 . 21 *1 15.3 1.1(3) 17.9 4.8
Sept* 88  27.9(1) 2107 1505 2.3(143) 20*2 6.3
Oct. *88 — - mm
Seasonal mean 26.78 21.63 16*50 Total 116.8 200 15 597
Annual mean 28.5 Z3014 17.80 27.62 22.65 7.385
Annual rainfall total 331*5

Numbers in parenthesis

represent 1st 2nd or 3rd decade for which the data
refers* A decade

represent a period of 10 days*
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Season

1987/88

short

rains

Seasonal

1988

long

rains

Seasonal

Month Year
Nov 1987
Dec 1987
Jan, 1988
Feb, 1988
March 1988
mean

April 1988
May 1988
June 1988
July 1988
Aug, 1988
Sept, 1988
Oct, - 1988
mean

Annual mean

(_

Temperature(°c)

Max

30.9(2)

32.3(1)
32.83
33.2(1)
32.31

30.7(143)

29.5(142)
28.15(143)
27.9(142)
25€9

28.0

Mean

27 005

28,1
28.3
28.7
28,04

2705
26,6
2501

24.8
23.7

247
25.8

25.40
26.4

Annual

) means not recorded

Min

2302

23.9(1)
23.7

21.4(142)
23072

24.3(143)

23.7(142)

22.0(143)
21.6
21,4

21,4

22,4
22.93

rainfall

Total rainfall
(mm)

13CH

12,5
2.6(142)

Total 28.6

281.4(143)

98.4
292,7
38.2
12502

58.1
3102

2£la2
95.38

= 95308

R

mean

adiation
(MJ/K2)

23.0

21,1

26.4
26.0(142)
24,13

21.7(143)
20,8
18.0(143)
17.83
19917
20,73
24.6
20,40
21.8

Sunshine
hours

9025
9©25

8.4(143)

8,1
_8.5(1)

8,2

8.4
9cs8

8.57
8,7

1, 29 or 3 refer to the decade the data was obtainable,

A decade

is 10 days

in a month.



