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ABSTRACT

Fourteen genotypes, (four hybrids, six
varieties ,and four random m™fcing populations) were
grown in a randomized compile block design and three
replications in five locations for two seasons, 1i.e,
1979 long rains and 1979/80 ~hort rains, in the
medium agricultural potential areas of Kenya.
Environment x Genotype interaction was studied for
grain yield/plot, grain yie~d/head, days to 50%

flowering and mean plant height.

The combined analysis of variance for each
character indicated that genotype x location X season
interaction (G x L x S) variance was highly
significant and was also the most important component
of genotype x environment (g x E) 1interaction. Both
G x L and G x S interactions were not significant
for any character except days to 50% flowering,
although, the magnitude of g x S was higher than

G x L interaction component 1in all cases.

The nature of G x E interactions were
investigated by means of regression analysis
techniques of Finlay and Wilkinson (1963), Eberhart

and Russell (1966) and Perkins and 3inks (1968a and b).



It was concluded that a considerable portion of

G x E interaction sum of squares (SS) could be
attributed to the linear regressions in case of
grain yield/plot (67%), grain yield/head (70%),
plant height (83%) and days to 50% flowering (45%).
For all characters, the pooled deviations from
regressions were highly significant. In case of
grain yield/plot and days to 50% flowering, G x E
(linear) SS was not significant, showing more
environmental effect on genotypes to express
themselves in different environments. For grain
yield/head and mean plant height, this variance was
significant, showing that there are genetic
differences among the genotypes Tfor their regression
on the environmental 1index. From the joint
regression analysis, 1t was shown that for grain yield/
plot, the predictions of GE interaction based on
linear regression are difficult to make. While for
grain yield/head and days to 50% flowering, reliable
predictions can be made only for some genotypes.
However, such predictions 1in case of plant height

were more practiced.

A number of adaptability and stability

parameters were estimated. Adaptability was



i)

referred to the response of a particular genotype to
environments and was determined by means of
regression coefficient value (bi). Genotypes with
bi = 1.00 were widely adapted, those with bi <1,
were adapted specifically to the unfavourable
environments and those with bi >1 were adapted
specifically to the favourable environments. The
stability was referred to as the ability to show
minimum interaction with the environments. The
stability parameters taken into consideration were
’Phenotypic stability factor” (PS), ’Ecovalence”’
(Wi), ’Coefficient of determination”’ (RAZ), and
deviations from the regression’ (Sg). High
correlation was found between the ranks of genotypes
according to Wi, 2 and S’2 parameters. The defects
of PS parameter were pointed out. Hence, the
stability of the genotypes was based on the value of

SZ alone. The genotypes with the Ilowest SZ being

the most stable and vice versa.

The hybrids gave the highest yield and were early at
each environment, although they were slightly taller
than the varieties. The hybrids, however, lacked
stability and in general were more specific in
adaptation. The populations tended to be taller,

and their adaptability and stability were better.



The difference 1in adaptability and stability of the
different genotype groups was attributed to their
different buffering mechanisms. It was suggested
that the adaptability and stability of populations

be fully exploited to realise their full potential.

Considering the overall performance, the
hybrids were the most desirable genotypes. HYBRID,
which had wide adaptability, was most desirable
together with HIJACK, which performed better in
unfavourable enviroments and HIMIDI which performed
better in the favourable environments. Among the
varieties, MY 57 and 5D x 135/13/3/1, and among the
populations, SERERE ELITE and- RS/R appeared most

promising.

A comparison of standard error of genotype
means suggested that four locations, four seasons
and three replications were optimum Ffor such
studies. The low intraclass correlations for all
characters indicated that the location and seasons
could be treated as random environments. Hence,
seasons and locations can be used interchangeably
when considering the allocation of plots for

evaluating the genotypes.



CHAPTER 1

INTRODUCTION

Sorghum (Sorghum bicolor (L.) Moench.) is
grown over a wide range of climatic conditions in
the medium potential areaas of Western and Nyanza
provinces, and to some extent in the Eastern and
Coast provinces of Kenya. Sorghums are grown in
combination with millets, maize, beans, cowpeas
and rarely with cotton, cassava and sweet-potatoes
The estimated area under grain sorghum in 1979 was
210,000 hectares, which produced about 186,000
metric tons, giving a yield of 886 kg/ha (FAO
production yearbook, 1979, Vol. 33). However,
with the priority given by Kenya Government to
develop agricultural production of the semi-arid
medium potential areas, the production of drought
resistant crops including sorghum is now receiving
due emphasis under the Fourth Development Plan

1979-83.

Under the UNDP/FAO aided research project

on sorghum and Millet development at the National



Dryland Farming Research Station, Katumani, a
number of cultivars have been collected and are
being evaluated at different locations. The yield
potential of these cultivars under the medium

potential areas of Kenya is not known.

In any crop evaluation programme, the ability
of a genotype to perform well over a wide range of
environmental conditions is always appreciated. This
general adaptability is of particular importance
because of edaphic variation between locations and
seasons in any one locality. The results of a
particular breeding programme are very easily
influenced by genotype x environment (GE) interactions
when dealing with quantitative trait such as grain
yield. Hence, genotypic evaluation involving
seasons and locations 1is required. It is possible
to statistically analyse GE interaction by conducting

yield trials over several locations and seasons.
This study, therefore, aims to:

D Estimate the components of variance for GE
interactions and consider the implications
of these interactions in genotype evaluation

procedures.



Determine the optimum number and allocations
of locations and seasons that could be used

to give a desired level of efficiency.

Estimate the stability parameters with respect
to hybrids, varieties and random mating
populations of sorghum and identify the most

superior genotype(s).



CHAPTER 2

REVIEW OF LITERATURE

2.1. Procedures to estimate the GE interactions

Various methods have been proposed for the
statistical analyses of GE interactions and have been
discussed explicitly by Freeman (1973] and Hill
(1975). Using the data from multi locational trials
over a number of seasons, analyses of variance Iis
conducted to calculate the variance due to GE
interaction. IT this variance is found significant,
one of the various approaches known for measuring
the stability of genotypes can be used and the
varieties can be ranked accordingly. The models for
estimating G, E and GE interaction variance components
have been developed by Comstock and Moll (1963).
Allard and Bradshaw (1964) have discussed the
significance of GE interaction on the basis of these
estimates of variance components. In the above
models, data are analysed assuming that they represent
a random sample of environments. But actually, they
are collected in a non random fashion by taking a
series of locations and seasons. Hanson (1964)

devised a formula to compute intraclass correlations



among seasons and locations, which could be used to
decide whether the environments selected cause any

bias on estimates of the genetic components.

Before the use of regression techniques for
deriving stability parameters became popular, several
other procedures were available. Lewis (1954)
suggested the use of "phenotypic stability factor”
(PS) which took into consideration the mean values
only in the highest and lowest yielding environments.
The technique described by Plaisted and Peterson
(1959), involved analysis fTor each pair of genotypes,
making the procedure very cumbersome when many
genotypes are to be analysed. Wrickle (1962, 1966)
(cited by Jowett, 1972) developed a method to
estimate a stability parameter which he named
ecovalence”™ Wi). This parameter has a limited use
because it does not allow the prediction of

performance of genotypes over environments.

Yates and Cochran (1938) had shown that the
regression of yields of the separate genotypes on
the mean yield of all genotypes accounted for a large
part of GE interactions in a set of barley trials.
This method was largely neglected untill Finlay and

Wilkinson (1963) used it for testing the adaptability
14



of some 277 barley genotypes in several environments
This regression technique was improved upon by
Ebsrhart and Russell (1966) by adding another
stability parameter 1i.e. deviation from regression.
These regression techniques were further modified

by Perkins and Jinks (1968a)-who proposed a
regression of GE interactions on the environmental
index rather than the regression of mean performance
on the latter as done in the Eberhart and Russell’s
(1966) model. Here, sum of squares (SS) due to
environments (Joint regression) has the same value
as SS due to environments (linear) of Eberhart and
Russell (1966) model, while the GE interaction SS

is further divided into (1) SS due to heterogeneity
between regressions, which 1is the same as GE
(linear) SS of Eberhart and Russell (1966) model,
and (11) Remainder SS, which is the SS due to

pooled deviations of Eberhart and Russell (1966)

model .

Originally, Finlay and Wilkinson (1963) used
the term ’Stability® to refer to the slope of the
regression line (b"). But now, it is considered
to be a measure of the relative response of genotype

to changes in the environment. According to Finlay



and Wilkinson (1963) model, the average stability

is indicated by b~ values approximating 1.0.
Genotypes with b~ above 1.0 have below average
stability i.e. are more sensitive to environmental
changes. Similarly, regression values below 1.0
indicate above average stability i.e. are more
resistant to environmental changes. On this criteria,
an ideal genotype was defined as the one with

maximum yield potential under the most favourable

environment and with the maximum stability.

According to Eberhart and Russell (1966)
model, a stable genotype 1is the one which has a high
mean (X?), unit regression coefficient (b = 1.0)
and the deviations from regressions as small as
possible (Sg = 0). Obilana and El-Rauby (1980) have
considered an additional parameter, coefficient of
determination (RM). R™ values near 1.0 indicated
that the response of that genotype to environmental
change was more stable. A stable genotype would thus
have a very high R value. The regression coefficient
(b™) corresponds to the b~ values of Finlay and
Wilkinson (1963) and to (1 + Bl) values of Eberhart
and Russell (1966)~ after subtracting 1.0, it
corresponds with values of Perkins and O0inks

~1968 a and b). *



Qualset (1968) working with wheat reported

the absence of any correlation between and both
and S%. Jewett (1972) working with sorghum

concluded that thr VL is considera-Aly* ]jes>s
informative than b" and S%. Prasad and Singh (1980)
concluded that PS was as effective as Sg.. They
also reported the absence of any similarity between
2

Sd' ?ndiw- and also between PS and W1. -

A,2. GE Interaction 1in Sorghum

Liang and Walter (1966) evaluated 21 sorghum
hybrids for grain yield at seven locations for two
years in Kansas. GL and GY interactions were
significant, but their components were relatively
small compared with second order interactions and
the genotype variance. Large second order
interactions indicated diffential response of
genotypes grown under different environmental
conditions. The allocation of 3 replications, 10

locations and 2 years was recommended as the optimum.

Reich and Atkins (1970) tested eight parental
lines, sixteen hybrids, sixteen two component
blends of parental lines and sixteen two component

blends of the F* hybrids 1in nine environments over



two years in lowa for grain yield, seeds/head,
heads/plant and 100 seed weight. They fTound
significant C, E and GE interaction sources of
variation for all attri“butes. Data for grain yield
and for the yield components in.di.chat™d that the
tyturid blends were the most productive and stable.
Ii almost all environments, a hybrid was the
highest yielding individual entry in each
environment and it also had the highest mean yield

among individual genotypes over all the environments.

Rao (197Q) evaluated the performance of fTive
hybrids and a local check at 18 locations in India
for grain yield, fodder yield, days to 50% flowering
and mean plant height. The combined analysis of
variance showed that the second order G x L x Y
interaction and the Tfirst order GL interaction were
significant in all cases whereas GY interaction was
not significant except for days to 50% flowering.
The variance component for GL for almost all
characters was of sizeable magnitude and
statistically significant. Next to this was the
GLY component. The GY component was of the Ilowest

magnitude and statistically not significant.

Jewett (1972), planted eight single crosses.

*



” 10
siXx three-way crosses and eight inbreds of sorghum
at- seven locations in Uganda and one location
a: Kampi-ya-mawe 1in Kenya. The hybrids uniformly
outyieided tha varieties. In terms of regression
coefficients of" yield on the environmental index,
the hybrids were more stable and there was no
difference between threeway and single crosses.
In terms of S;‘, weak aviderrc'S- w.as presented that
indicated that threeway crosses were more stable
than single crosses. The varieties showed

significantly smaller values of 2 and of

Majisu and Ooggett (1972) evaluated sorghum
varieties and hybrids in East African lowlands over
a period of five years. Combined, analyses of
variance shewed significant differences for G, E
and GE 1interaction mean squares each year. The
genotypes usually differed significantly for their
regression on environments. All but a few genotypes
had large 2 . There was no evidence for superior
stability of all hybrids over varieties, although
hybrids were top yielders under favourable
environments. They suggested the need to subdivide
East Africa into portions with similar environments,
especially with respect to rainfall, for which

suitable sorghum varieties and hybrids could be developed.
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Singhania ana Rao (1976, a) studied the
GE interaction of 21 male parents, the Tfertile
counterparts of five female parents and their 105
hybrids in 3 different environments in a single
season. Both parents and hybrids showed significant
GE interaction. Both the linear and non-linear
components of GE interaction were significant,
but the linear component was greater in the parents.
On the other hand, the hybrids showed greater
non-linear components and a higher mean performance
indicating that heterosis 1is generally associated
with greater sensitivity to environment. In another
study by Singhania and Rao (1976, b) 1involving the
same materials, a study of GE interactions was made
with respect to plant height, days to 50% bloom,
panicle length, grain yield/panicle, hundred grain
weight and number of grains/panicle. They showed
that all characters except for days to 50% flowering,
displayed considerable GE interaction. The
relationship between performance of lines and the
environmental values was essentially linear with
respect to plant height, grain yield and number of
grains per panicle. It was concluded that the

homozygous 1lines could perform better than their

hybrids in better environments while the hybrid



superiority under less fTavourable conditions tended

to be universal.

Kambal and Mahmoud (1978) obtained the estimates
of GE interaction from a study involving 16 sorghum
varieties grown at the same three locations over
a three year period. They reported that while the
GY interaction was small and not significant, the
GL interaction}was highly significant. They also
indicated that a relatively more efficient testing
procedure should involve at least two years, SiX

locations and two replicates.

Obilana and El-Rouby (1980), obtained data of
three to five genotypes evaluated in four locations
each in four different ecological zones in West
Africa for two-three years. LY, GL, and GLY
interactions were most significant. GY 1interaction
was significant only in one of the zones. The
second order interaction variance components were
larger than the first order interaction variance
components. The environmental variance was the
largest component 1in ail zones. The 1ideal
combinations of replicates, Ilocations and years

were computed as 4, 8 and 3 and 6, 8 and 4 respectively.
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None of the above workers have determined the
intraclass correlations. These have been reported
by Hanson (1964) on soybeans, maize, tobacco and
cotton. Such evaluations have also been reported
by Gupton, et al. (1974) on barley tobacco. Both
these reports concluded that years and locations
taken 1in their respective experiments may be

considered random environments and may" be used

interchangeably.
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CHAPTER 3

MATERIALS AND METHODS

3.1. MATERITALS

The materials consisted of fourteen genotypes
(four hybrids, six varieties and four random

mating populations) as described below:

Cil Hijack (Code: HIJ): a hybrid of the cross
CK60A x SB65, developed by EAAFRO, Serere
Programme, produces light brown grains with
floury endosperm. It is high yielding with
fair disease resistance and good ratooning

potential.

(@) Himidi (Code: HIM): a hybrid of the cross
CK60A x Lulu Dwarf, developed by EAAFRO,
Serere Programme, produces white grains with
hard but not completely fainty endosperm.
It has fTairly good disease resistance and

good ratooning potential.

(©)) Hibrid (Code; HIB): a hybrid of the cross
CK60A x Simila, developed by EAAFRO, Serere
Programme, produces light brown grains with

floury endosperm.
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@ Kafinum A x Lulu Dwarf (Code: KAF): a
hybrid, developed at Katumani using Serere
material, produces white grains. It is high
yielding with fTair disease resistance and

good ratooning potential.

) 5D x 135/13/1/3/1 (Code: 5DX): a variety
from EAAFRO, Serere Programme, produces
brown grains with floury endosperm. It is
widely adapted, high yielding and with fair
resistance to leaf diseases.

6) M-Y 57 (Code: HY5): a Machakos-Yatta
selection, collected from Kampi-ya-mawe.

It produces brown grains.

a 2K x 99 (Code: 2K9): a variety originating

from EAAFRO, Serere Programme. It produces

white grains.
(%) 9D x 5/Fg/41/1 (Code: -9DX): a variety

originating from EAAFRO, Serere Programme.

It produces white grains.

9 2K x 1/1 (Code: 2K1): a variety originating
from EAAFRO, Serere Programme. It produces

white grains.
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(11)

(12)

(13)

€)

16

Kohomash (Code: KQB) : an introduction from

Ethiopia. It produces white grains.

West African Early (Code: WAE): a random
mating population obtained from ICRISAT.

It is generally early, producing large white
grains and has good ratooning potential.
Early, short and disease free selections were
made at Kampi-ya-mawe, in 1978 Short Rains

to reconstitute the present population.

Serere Elite (Code: SER): a random mating
population obtained from ICRISAT. It
originates from EAAFRO, Serere Programme,
produces tall plants with brown grains.
Selections were made at Ithookwe, 1in 1978
Short Rains to reconstitute the present

population.

US/R (Code: USR): a non restorer random
mating population obtained from ICRISAT.
It is generally late maturing, but has
vigorous and uniform plants producing a

mixture of white and brown grains.

RS/R (Code : RSR): a restorer random mating

population obtained from ICRISAT. Selections



17

were made at Katumani in 1978 short rains,
biased towards dwarf, early white grain

types to reconstitute the present population.

3.2. METHODS

3.2. 1. Field Layout,Locations and Observations

The experiment was conducted at five locations,
Katumani (KAT), Kampi-ya-mawe (KYM), Ithookwe (ITH),
Murinduko (MUR) and Mtwapa (MTW), during 1979 long
rains (LR, April to August) and 1979/80 short rains
(SR, November to March). A brief outline of the
environmental conditions of these locations is given
in Appendix 1 and Appendix 2. These locations belong
to the ecological (climatic) zone 111 and 1V, which
are of Medium Agricultural Potential and fall in
between the very dry and very wet areas, where, the
mean annual ratio of precipitation to potential
evapotranspiration (P/Eo) 1is 53-67% in zone 11l and

38-52% 1in zone 1V. Siderius and Muchena, 1977).

At each location the genotypes were grown in
a randomized complete block design with three
replicates for two seasons. A plot consisted of two
rows* each three meters long and spaced at 75 cm

apart. The plant spacing within the rows was 15 cm.
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Fertilizer mixture (N-P-K = 11-52-0) at the rate of
10G kg/ha was applied at planting aij a top dressing
of CAN at 1Q0 kg/ha at thinning was applied. A
minimum of two hand weedings were done. D.D.T. and
Furadhan were applied to protect -fiutn damage by
stem borers ,shootfly and other pests. Manual
guarding was done at maturity to protect the heads

from bird damage. Inspite of this, the damage Tfrom

birds in some locations occured.

Within each environment, seasonal (5 months)
climatic data was obtained with ref0ct to mean
maxxmum, mean rnxnxmum and mean ternpgtures total

precipitation and P/Eo% and is given in Appendix 2.

Data on the following piaittcharacters were

obtained:

Grain yield/plot: The grain yield*as recorded in

2
kgZ74,5m plot.

Grain yield/head: The grain yields g per panicle

(effective tiller) was obtained asyncjer.

(grain yield kg/plot)/(number of~eads harvested per

plot).

Days to 50% flowering: The numberyf days from

emergence to the day when 50% of tte plants in the net



plot were shedding pollen.

Mean plant height: The average length in cm from

the ground level to the tip of the head of the plant.

3.2.2. Statistical Procedures
3.2.2.1. The Linear Model

Using means, the data was analysed following the

linear model:

Yijkm U+ gi + LI * Sk + rjkm * (gh)ij + tls)jk

* tgs)ik * (gls)ijk + eijkm

where

Yijkm measured value for the plot specified
by the subscripts,

u is the population mean
is the effect of ith genotype (G), where 1 =
1,2,3, ,14

is the effect of jth location (L), where j =
1,2,3,4,5
sk is the effect of kth season (S), where k = 1,2.
rjkm *s the effect of the mth block (RCBD) and jth
location in the kth season, where m = 1,2,3.
8ijkm the comP°site of remaining effects (including
the plot effects, error due to sampling among

e
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the plants of a plot and the error of measurement).
Combination of symbols refer to the effects of
interaction between factors indicated by single

symbols. The first order interactions are represented
by
Cgl) .. or GL interaction
1]
(Is)jk or LS interacti on

Cgs)ik or GS interaction

The second order interaction was represented by

(gls)jj”~ or GL-S interaction

The population variances were symbolism by d
and their subscripts indicate the source. Itis
assumed that gA, Cglk~, (gs)n, CglsKjk and
eijkm are rancom factors normally and independently
distributed (NID) with mean zero and variance 3 shown
under, and that their effects are additive in

contribution to the sum

Bijkm NID (O, ce>
2 %
(gls)ijk NID (0, UgISJ
(gs(ik NID (0, ozgs J
2
i - NID (O, .
i NID CO, a2 )

g9
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3.2.2. Analysis of Variance (ANQVA)

The data from each individual trial was examined
separately by ANQVA (Appendix 3). In the pooled ANOVA
(Appendix 4), where data for all locations and seasons
was combined, the sum of squares for replicates and for
the experimental error are equal to the totals of these
items in the individual analysis (Yates and Cochran,
1938).

The mean squares (NS) used for F tests of the
variance ratio (VR) at 5% and 1% levels of
significance were as under:

In case of ANOVA for each location per season, all the
items were tested against error N.S. In case of
combined ANOVA from all locations and seasons, the
procedures described by Cochran and Cox (1957), Creech

et al. (1968) and Bronius (1970) was followed as under:

SOURCE NS
Season (S) N1
Location (L) N2
S x L N3
Replicates ¥ S and L M4
Genotypes (6) M5
B8 x.= VE
8 >l M7
G x S x L VB
Error M9
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Using the above layout, Mg was used to test M* and Mg
Mg was used to test Mg and MM . If Mg was significant
(P = 0.05), then Mg was used to test Mg, Mg and M~
If either Mg or M was significant, then the
significant interaction was used to test Mg. IT both
Mg and M™ were significant, then the significant
interaction was used to test Mg. If both Mg and M"
were significant, then Scatterthwaite*s approximation
is followed as under for testing Mg, where n = no. of

deg. of freedom.

VR = (Mg + Mg)/(Mg + M?)
~ ? *
(I% . MB)Z/! (Mslng) (Mg/ngls_
(I% + M})Z/Z n%/%S ) M;/ngljl
IT both Mc and M-, were not significant, then Mg was
used to test Mg. If Mg was not significant, then Mg
was used to test M_.

5

3.2.2.3. Variance Components Estimates

The estimates of the components of variance
were obtained from the combined ANOVA following the
procedures discussed by Miller ¢: al. (1959) and
Comstock et al. (1963) . The form of ANDVA and the

expected mean squares (MS) are given 1in Appendix 5.
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Genotypes (G), seasons (S) and locations CL) were
consiaered to be the representative samples of
their respective populations and as random variables

in the analysis.

Estimates were obtained for the following
variance components: SCaZ), L (a?), G (a2), G x S
2 S 1 S
G x L (a2 and G x S x L (cr2n). The
methods of determining these estimates are given
in Appendix 6. Levels of significance of the

variance components correspond to those of the

respective MS from ANOVA.

3.2.2.4. Variances of Genotype Means

An estimate of the optimum number of replicates
(R), S and L (which may be most efficient) 1in variety
testing was obtained by determining their effect on
the magnitude of the theoretical variance of
genotype mean CG-) " where
Gy = gi + (°as)/s + (°asp/SL_ + (ag)/RLS
By substituting the estimated values for variance
components in the above formula, value of G- may be
predicted for any particular combination of R, S and
L. Due to limitations of time and cost, it seemed

desirable to investigate R = 3, S =2, 4 and 6, and
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L =3. 6, 9, 12 and 15. Hence estimates of G- for
all possible allocations of R, S and L within these
limits were obtained. These were then shown
graphically relative to the conditions of the

present trial i.e. R =3, S =2 and L = 5.

3.2. 2.5. Correlation among locations and among

seasons

Location and season intraclass correlations
as discussed by Hanson (1964) were calculated to
test the hypothesis that the assumption of random
effects of S and L did not lead to greatly biased
estimates from testing iIn consecutive seasons at

selected locations.

The G x E effect (n”™") was expressed as
a linear model involving the interaction effects

of G xS, G x L and G x S x L.

e Ny = Gg ¢ (BLY; + (OLS) oy

Thus, the 1intraclass correlations were expressed as

_ 42 2 2 2
among seasons Pg = a2®/(a st @ gS+ a dz
. 2 2 2 2
among locations = a (a + ags + °gl”2
where, a2 , gAv and a2, were the estimated
gls gns gl

variance components such that

2 _ 2 X
an'_%lé +ags tagl

*
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The sum D = (PS + PI) was thus used to test the
hypothesis. Values of D in the range of 0.4 or
less indicated that the L and/or S were to be

treated as random environments.

3.2.2.6. Regression Analysis

The expectations of the sources of variation
in the statistical analysis used by Yates and
Cochran (1938) were calculated on basis of the
standard model of genotype (G) and environmental (E)
actions and interactions as under (Freeman, 1973):

The performance Y. .. of the ith G in the jth E is

1)
regarded as
Y-ij- =U+g. + 1.+ (gbij + (€i)) (D
where, i =1, 2...... 14
j=1.2...... 10
u = the grand mean over all G and E.
g™ = the additive genetic contribution of

ith G, calculated as departure from

(e}

U of the mean of ith averaged over

all E, such that £g~ = 0O.

gi = i/n) yi /gn)
i

1]
= the additive environmental contribution

of the jth E calculated as the

*
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Environmental Index obtained as the
difference between U and the mean of
jth E averaged over all G, such that

| 1.=0

. czY ./g9) -(EE Y _/gn)
J ] J i j J
(el)iﬁ = the C x E interaction of ith G in jth
s

E h th ., ==
, such that ] (g )1J 0
(e-...) = the experimental error of ith G in
i
jth E.

Since all the regressions were performed on
) 2
mean values over all the replicates, ae/R was taken

as representing a% for R replications.

For each genotype and genotype group, the
regression coefficient (" on the 1j and the
correlation coefficient (r”~) of the data was
determined and their regression lines drawn after

estimating the values of X and Y intercepts as under:

Y]j X ¢ bi Ij (2)
where, Yij genotype mean at jth E
genotype mean over all E
b regression coefficient measuring
the response of ith G to varying E

1. environmental index

Y intercepts =
.

X intercepts
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3.2.2.6 .1. Finlay and Wilkinson Regression Model

The performance of the genotypes across
environments was detecyined by the statistical
procedure developed by Finlay and Wilkinson (1963)
It was assumed that G x E of each genotype was
a linear function of the environmental values.
Hence, (glL . in the regression model (1) 1is
regressed on |1 . (Freeman, 1973)

* Bi U * 5ij
where, EL 1is the linear regression coefficient for
the ith G and 67. is the deviations from regression
line for the ith G in the jth E.
Thus the regression model (1) was rewritten as

Y.ij = U + g. + I\,J + B.i IJ + 6ii

It can be shown mathematically that the regression
slope EL (obtained from regression of (glLj on

1j) is exactly one unit less than the stability

©)

©)

parameter b~ (obtained from regression of Y*j on 1j).

Vi TU gyt 1y @ +Bp 46

1)
or Y,,.. =U + g. + l.,b._. +cr._.
ij g J ij
where, b. = @@ + B.) = 1Y. . 1./E I?
1 1 j I Jj J
or b. = 1 + B”, Phenotypic regression coefficient

(Hill, 1975)

5)
(6)
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EK = Genotypic (linear) regression

coefficient (Hill, 1975)

The values of individual genotypes were
used to compare their adaptability by plotting them
against genotype means in a two dimensional scatter
diagram. The ANOVA based on the mean performance
of ith G in the jth E, as set out in Appendix 6
was used to test the contribution of linear

regressions to the G x E variance component.

3.2.2.6.2. Eberhart and Russell Regression Model

The model developed by Eberhart and Russell

(1966) can be stated as under:

Yir = U.i + Bi Ij . Bif

where, Yif = genotype mean of ith G at jth E.
U, = mean of ith G over all E.
B, = regression coefficient measuring

the response of ith G to varying E.
6u deviation from regression of ith G in
jth E.

Ij = environmental 1index obtained as mean of

all G at the jth E minus the grand

mean (U).
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The appropriate regression analysis was
performed as given in Appendix 7, where the sum of
squares CSS) of E and G X E were added and
partitioned into a linear component between
environments, a linear component of G x E and
deviations from regressions; the deviations being
found separately for each genotype. The significance
of differences among genotype means, 1i.e. Hq =
UI = UZ = - = U n was tested bw F ;est of
MSA/MSA. The significance of genetic aifferences among
genotypes Tor their regression on environmental index,
i.e. H =b. =DbN = ___....... = b was tested by F
test of nS2/MS3. The significance of the deviations
from regressions for each genotype was tested by F
test of their individual MS/error MS, averaged over

all replicates.

The measures of stability parameters as
described by Eberhart and Russell (1966), 1i.e. the
phenotypic regression coefficient (b") and the

genotypic regression coefficient (B") was obtained.

2
The second measure, 6di i.e. MS of deviations from
regression was estimated as sai * / } SEI/(n—Z)/ -

N 2
SB/F, where galr is the estimate of the Dooied error

(or the variance of a Genotype mean at jth L).
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3.2.2.6.3. Perkins and Jinks Regression Model

In this analysis, also called the joint
regression analysis, the G x E SS is partitioned into
two parts, (1) the variation due to the response
of the genotype to varying environmental indexes
(Regression SS), measuring the differences between
the slopes of the regression lines, and (2) the
unexplained deviations from regressions on the
environmental index (Remainder SS), measuring the

scatter of the points about the regression line.

e ooy la = Nz ey JLRTLILE) 2 T 6

J 1

where (E V. y2E 2o o B2 ER2 ., 2 FiR2
J 1 1 J J 1 J J

In order to show that b.I NS accounts for a
significantly larger portion of the total variation,
it was compared with the remainder NS in the b"
analysis, as shown in Appendix 8. Here, the
hypothesis being tested states that a significant
portion of the variation of ith G over E is accounted
by fitting a regression slope of b”, which 1includes
both the additive environmental variation and the

portion of G x E SS that is a linear function of the

environmental values.

The analysis, as shown 1in Appendix 9 was
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3.2.2.6.3. Perkins and Jinks Regression Model

In this analysis, also called the joint
regression analysis, the G x E SS is partitioned into
two parts, (1) the variation due to the response
of the genotype to varying environmental indexes
(Regression SS), measuring the differences between
the slopes of the regression lines, and (2) the
unexplained deviations from regressions on the
environmental index (Remainder SS), measuring the

scatter of the points about the regression line.

i.e. 5 (Y.ij

where [E Y?jlj)2/% |%

In order to show that b.I MS accounts for a
significantly larger portion of the total variation,
it was compared with the remainder MS in the b"
analysis, as shown 1in Appendix 8. Here, the
hypothesis being tested states that a significant
portion of the variation of ith G over E is accounted
by fitting a regression slope of b”, which 1includes
both the additive environmental variation and the *

Portion of G x E SS that is a linear function of the

environmental values.

The EL analysis, as shown 1in Appendix 9 was



32

against the remainder item.

3.2.2.7. Other Stability Parameters

In addition to the stability parameters based

on the regression model, i.e. b~", S% and R2, the

following additional parameters were also determined:

3.2.2.7.1. Phenotypic Stability Parameter

The phenotypic stability factor (PS) suggested

by Lewis (1954) 1is expressed as

PS = XHE/ XLE

where, LE = Low yielding environment
HE = High yielding environment
X = Mean value.

The PS value for each genotype was derived as suggested

above and its deviation from unity was calculated.

3.2.2.7.2. Wrickle"s Stability Parameter

The ecological valence, or in short, ecovalence
(W.) of genotypes (g) grown under several environments
(n), as developed by Wrickle (1962) was used to

estimate the stability of their performance as under:
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W_I = 3 Z'Y[r - (Yi./n) - (Y_J/g) * (Y../gn)/2

where, is the mean performance of ith G in jth E.
As the is the contribution of each G to G x E SS,
it was expressed as its percentage. Since all the

W. were calculated from mean values over 3 replicates,
(G x E SS)/3 was taken as representing the G x E SS

for 3 replicates.

3.2.2.8. Rank Correlations

The spearman rank correlation measures the
relationship between the rankings of individuals by
two methods (Snedecor and Cochran, 1937). It is
denoted by

n 0 2
r. =1 - (a _EI d?)/‘/ﬂ(n -1)7

I =
where, rS denotes the rank correlation coefficient,
n is the number of pairs of observations and d» is

the difference in rankings of the ith individual.

The rank correlation was obtained for all
combinations of mean performance (x), Lewis" stability
factor (PS), Wrickles* stability value (W),
coefficient of determination CR2), linear regression
(b™) and deviation from Ulinear regression (ssz).

The rs values were tested for significance at 0.05
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and 0.01 1levels for (n-2) degrees of freedom from

coefficient of correlation table.



CHAPTER 1V

RESULTS

4.1. Mean Performance of Genotypes

4.1.1. Grain Yield (kg) per Plot

The grain yields per plot of eachl genotype
and genotype groups 1in all environments are given
in "Table 1. Over all environments, the hybrids
performed better (1.16 kg.) than the populations
(1.00 kg) and varieties (C.95 kg). The hybrid, HIJ
was found to be the best entry in KAT LR (1.40 kg),
KAT SR (1.65 kg), ITH SR (1.66) MUR LR (0.80 Kkg)
and MTW SR (1.93 Kkg)-. HIB and HIM, performed better
than the others at KYM LR (1.70 kg) and MUR SR (1.00
kg) respectively. Among the environments, the yields
at MUR LR (0.41 kg) and KAT LR (0.65 kg) were
generally low. On the other hand, KYM SR,ITH SR,
KYM LR and KAT SR gave better yields than the overall

mean (1.02 kg).

4.1.2. Grain yield (g) per head

The mean grain yields (g) per head for each

genotype in all the environments are given in Table 2.
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Over all environments, the highest per head yield was
obtained from HIB (407g) followed by HIJ (386 @),

KAF (369 g) and HIM 343 g) , HIB was the most

superior entry at KAT SR (469 g) and MTW SR (978 g).
HI3 was the best entry at KAT IR (278 g) and MUR LR
(377 g) , while KAF was the best entry at ITH SR

(567 g), ITH LR (337 ¢g) and MUR SR (513 @) . At KYM
LR, KYM SR and MTW LR, the highest yielding entries
were KCB (390 g), 9DX (460 g) and 9DX (593 @)
respectively, all of which are varieties. In general
the mean yields at MUR LR (120 g) and KAT LR (137 09)

were poor.

4.1.3. Days to 50% Flowering

The mean number of days to 50% flowering for
each genotype in all the environments are given in
Table 3. On the average, the hybrids were early
(60 days). HIJ was the earliest hybrid (57 days),
followed by HIM (58 days) and HIB (59 days). All
the populations, except USR (62 days) were also early
HIJ was the earliest entry at KAT LR (60 days), KAT
SR (66 days), KYM (59 days), KYPL SR (55 days), ITH SR
(59 days) and MUR LR (65 days).J 5DX was the earliest

entry at ITH LR (54 days}, MYS at MUR SR (565 days)
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and 2K9 at MTW SR (48 days). AtMTW LR, SER was the
earliest entry (51 days). In general, most
genotypes were early at MTW LR (57 days), MUR LR

(58 days), KYM SR (58 days) and ITH LR (58 days),

but were late at KAT LR (67 days] and ITH SR (64 days)

4.1.4. Mean plant height (cm)

The mean plant heights (4@ at maturity for
each genotype and genotype groups in all the
environments are given 1in Tablet in general, the
hybrids grew taller (140 cm) than varieties (125 cm),
but were shorter than the populations (145 cm).
Among all the genotypes, 2K1 wasthe shortest
(110 cm) fTollowed by KOB (115 an, MY5 (124 cm),
9D x (133 cm), 5D x (133 cm) andHIM (138 cm). 2K1
was the shortest at KAT LR (112 a) «AT SR (108 cm),
KYM LR (123 cm), MUR LR (78 cm),*JUR SR (104 cm)
and MTW SR (105 cm) . KOB was th;shortest at KYM SR
(116 cm) and MTW LR (132 cm). ZXSand HIM were
shortest at ITH LR (88 cm) and M sr (111 cm)
respectively. In general, all W8 genotypes were
short at ITH LR (107 cm), ITH SR(107 cm) and MUR LR
(108 cm) and were comparatively taller at MTW LR

(143 cm), KYM LR (160 cm) and KAI|.R (155 cm).



MWLR MWSR  Men

MRIR MR®R

KFR KMIR. KMR ITHLIR  ITHR

KAT [R

Table 4. Mean plant height (cm) at maturity of 14 %orghum genotypes grown in ten environments in Kenya

Genotypes

Ranks are given in parenthes?s L
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4.2. G x E Effects

The results of the combined analysis of
variance involving all the seasons and locations are
summarized in Table 5. The two factor interaction
of G x S x L was highly significant in all traits.
The one factor iInteractions, G x S and G x L, were
not significant in case of grain yield/plot, grain
yield/head and plant height, except in case of days
to 50% flowering. The S x L was significant for
aays to 50% flowering, plant height, and grain yield/

plot, but was net- significant for grain yield/head.

For all the traits under consideration, the
effect of G and E was highly significant (Table 61.
When the components of environments were considered,
S were not significant for days to 50% flowering
and plant height, but were significant for grain
yield/plot and grain yield/head. Similarly, L were
not significant for days to 50% flowering, but were
significant for plant height, grain yield/plot and

grain yield/head.

4.3. Variance Components

4.3.1. Estimates of Variance Components*

The estimates of variance components are given
*



Table 5.

Source of

variation

fteps./S/L
Seasons (89
Locations (L)
Genotypes (G)
S XL

G X S

G X L

G XS XL

Pooled Error

* significant at P

* %

significant at P

df

20

13
52
52

260

Mean squares Tfrom combined ANOVA

Grain yield

per plot

0.60**
9.06%*
7.03*
0.65**
0.66*
0.17

0-%?

0.23**

11
o

.05

0.01

Grain yield

per head

(x 104)
5.12**

63.66%*
106.70*
9.11**
6.90
3.04
1.99

2.06**

including all

locations 1in

Days to 50%

flowering

25%*
3
307
102+
5Q2%**
94+
52*

33**

each season

Mean plant

height

(x 1D2
4_2**

62.3
412.2*
40.5**

41.9**



Table 6. Mean squares Trom combined ANOVA including all environments as represented by each

location in each season

Source of df Grain yield Grain yield Days to 50% Mean plant
vari at ion per plot per head flowering height

/ _ (x 104) (x 102) 3
Reps/E 20 0.68* 5.12** 26** 42%**
Environments(E) 9 © 4.51** 57.60** 435** 208 .7**
Genotypes (6) 13 0.65** 9.11** 182** 40._.5**
c =< 8 117 0.19** 2.58** 26** 4 _7**
Pooled error 260 0.04 0.27 3 0.7

1

*

significant at P = 0.05

%%
significant at P = 0.01
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in Table 7. The levels of significance of the
variance components correspond to the respective
mean squares from combined ANOVA (Table 5). Some
components carry a negative sign and may be
considered as estimates of zero or as small positive
values of variance (Bronius, 1970). The relative
magnitude of the variance component indicates 1its

importance as a source of variation.

Among the main factors, L contributed maximum
towards variance for all traits except for days to
50% flowering. The second order interaction
G x S x L was highly significant for all characters.
On the. other hand, the first order interactions,
viz. G x L and G x S, were not significant for
any character except days to 50% flowering. In all
cases, however, the magnitude of the second order
interaction G x L x S was larger than those of the

first order interactions G x S and G x L.

4.3.2. Allocation of Experiments

In addition to their usefullness in
comparisons, the variance components were also
used to find the ideal combination of replicates (R),

L and S to be used for genotype evaluation by means



Table 7.

Variance

components

Q

Mo N DA DN NP DN

0o
«Q

— (2]
72}

0

s o Q
b 11 |-

Q

o]
N

(ep]
>

Ranks,

Estimates of variance

Grain yield

per plot

0.04*(2)
0.08*(1)
0. 01*(5)
0.02%*(4)

~0.01(6)

-0.004(7)
0.04**(3)

0.12

0.003

* significant at P = 0.05

**significant at

P =0.01

components

Grain yield

per head
(x 103)

2

11.

.65*(3)

98* (1)

.98(5)
_05% *(4)

.45(7) -

.65(6)
68** (2)

.58

.99 o[

according to their magnitudes are given

Days to 50%

flowering

-3.09(7)
-2.67(6)
13.30* *(1)
2.32(5)
3.18%(4)
4 .03* * (3)
7.70%%(2)

10.04

3.76

in parenthesis.

Plant
height

10(5)
444%(1)
86%*(4)
124%*(2)
~36(7)
-2(6)
20* *(3)

212

11
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of computing the standard errors of genotype mean
(Gx). The calculated theoretical Gx expected under
different combinations of L and S when compared to
the observed Gx for 3R, 2S and 5L taken as equal

to IDO are given in Table 8. These results are

also shown graphically in Figures 1 to 4.

The smaller the Gx, the more precise is the
estimate of genotype mean. It is obvious that
increasing the number of plots results in the
corresponding aecrease in the standard error. This
reauction depends on 1increase in the number of plots
due to increase iIn the number of R, S or L. In each
case, however, the reduction 1in the standard error

differed.

For grain yield per plot (Figure 1), when
the number of L were kept constant at five, a
reduction of 52% in the standard error was realised
when the number of S was increased from 2 to 4, and
it was only 18% when the increase was from 4 to 6.
Similarly, for grain yield/head (Figure 2), this
reduction was 65% and 20% when the number of seasons
was 1increased from 2 to 4 and 4 to 6 respectively.

For days to 50% flowering (Figure 3) and mean plant



Table 8.

Expected standard

Observed Gx,

R,S,

L =

3,

2,

Expected Gx,
R.S.L =

31

’

Wwww

wWwww

W wwww

A A DD NNDNDNN

DO OO

The

when
5

when

as under

12
15

expected Gx,
to 100 are i*iven

Grain yield
per plot
(X 10°3)

2.7 (100)

6.0(221)
1.9(70)
0.5(19)
.2 (-6)
-0.6(-21)

0.6(21)
~0.3(-10)
~0.6(-20)
-0.8(-28)

-1.2(-46)
-1.0(-37)
-0.9(-33)
-0.9(-32)
-o0.a(-31)

when the observed Gx
in brackeis.

error of genotypic mean (Gx)

- (

Grain yield Days to 50% Plant

per head flowering height
(x 1025 t
9.9 (100) 3.8 (100) 10.8(100)
14.3(145) 4.9(131) 16.7(173)
8.8(89) 3.5(92) 8.9(82)
7.0(70) 3.0(79) 5.6(51)
6.0(61) 2.7(73) 3.9(36)
5.6(55) 2.6(69) 2.9(27)
4.7(48) 3.0(80) 3.4(31)
3.2(32) 2.0(53) 1.4(13)
2.7(027) 1.7(44) 0.8(7)
2.3(23) 1.4(37) 0.3(2)
1.5(16) 2.4(62) -1.8(-16)
1.3(13) 1.5(40) -1.1(-1P)
1.2(13) 1.2(33) -0;8(-8)
1.2(12) 1.1(29) - -0.7(-7)
1.2(12) 1.0027) -0.6(-6)
is taken as equal



Gx WHEN OBSERVED Gx=100

EXPECTED

FIG. 1

Theoretical expected variance of genotype
mean (Gx) of grain yield (kg) per plot
for various assumed values of R, L, S
compared to observed standard error for

3R; 5L, 2S5 = 100.



GX=100

Gc WHEN OBSERVED

EXPECTED

FIG. 2.

Theoretical expected variance of genotype
mean (GX ) of grain yield, (g) per head
for various assumed values of R, L, S
compared to observed standard error for
3R, 5L, 2S = 100.



Gx WHEN OBSERVED G x- 1QQ

EXPECTED

FIG. 3.

Theoretical expected variance of genotype

mean

(Gx) of days to 50% flowering for

various assumed values of R, L, S
compared to observed standard error for

3R,

5L, 2S = 100.



=100

Gx

EXPECTED Gx WHEN OBSERVED

FIG. 4.

Theoretical expected variance of genotype
mean (Gx) of mean plant height for
various assumed values of R, L, S

compel rod to observed standard error

fur 3HFf JL, 2G * 1UU.

%
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height (Figure 4), the reduction in standard error
when the number of seasons was increased from 2 to
4 was 40% and 85% respectively. This reduction was
15% and 25% for these characters respectively when
the number of seasons was increased from 4 to 6.

It is therefore apparent that increasing the number
of seasons from 2 to 4 is more effective than

increasing it from four to six seasons.

When the number of seasons for testing was
maintained at 4, the ideal number of locations was
found to be between 4 and 6. Number of locations
higher than six did not reduce the standard error
considerably. The reduction in standard error for
grain yield/plot, grain yield/head, days to 50%
flowering and mean plant height was about 90%, 60%,
35% and 80% respectively when testing was done at
4 locations. On the other hand, this reduction was
99%, 68%, 45% and 90% respectively when 6 locations
are used for testing. Hence the gain by 1increasing

the number of locations from 4 to 6 was insignificant

4_.3.3. Intraclass Correlations

For all traits the iIntraclass correlations

among seasons were higher than the intraclass

*



Table 9 Locations and seasons intraclass correlations

Character Vari an ce

component

E x # an?
Grain yield/plot 0.02
Grain yield/head 5870
Days to 50% flowering 14.91
Mean plant height 61.0

i
T

Intraclass correlations™®

among Among D

seasons seasons (ps ¢ Pj)
Ps pi

~0.24 -0.79 -1.03
0.11 -D.25 -0.14
0.27 0.21 0.48

-0.02 -D.44 -0.47

*The negative values are to be considered as estimates of zero or

small positive values.



55

correlations among locations (Table 9), but the
sums of both the seasons and locations intraclass
correlations (D) were less than 0.4 in case of all
the characters. This shows tfraat t,h.e seasons and
locations used in the experiment could be considered
as random environments. Hence testing 1in consecutive
seasons at selected locations cannot be considered
as a source of bias in these experiments.
i

4.4. Regression Analysis

Environmental index: The values of the
environmental 1index obtained as the deviation from
general mean from the mean of that specific
environment averaged overall the genotypes 1is given
in Table 10. The distribution of the values of
environmental index in different traits 1is variable,
highlighting the evident disadvantage of using the
average yield of all genotypes in a particular
environment to derive its value. But until an
independent index based on the environmental factors
can be obtained, it is the best available index. For
all the analysis based on regression model presented
here, the environmental index as obtained above

has been utilised.



Table 10. Values of environmental index

Environment Grain yield Grain yield Days to Mean plant
per plot per head 50% flowering height
1. KAT LR -0.37 -158 6.5 20
2. KAT SR 0.20 -37 0.1 -1
3. KYM LR 0.23 -19 2.1 25
4. KYM SR 0.49 14 -2.3 9
5. ITH LR 0.05 -31 t 3.8 -28
6. ITH SR 0.27 -30 | -2.5 -28
7. MUR LR -0.61 -129 -2.9 -28
8. MUR SR -0.23 5 . -0.9 -6
9. MTW LR -0.07 142 -3.B 30

10. MTW SR 0.05 241 -0.2 7



4.4.1. Finlay and Wilkinson (1963) Regression Nodel

The mean squares from ANOVA of each trait

on natural scale are given in Table 11, together

with the percentage of G x E SS which can be
attributed to the linear regressions. This percentage
was found to be 67%, 70%, 45% and 83% for grain
yiela/plot, grain yield/head, days to 50% flowering
and mean plant height respectively. This was

further confirmed by the highly significant effect
due to regressions in all cases, showing that a
significant portion of the G x E variance component
was attributed to linear regressions. The deviations
from regressions are also highly significant for all
traits. This residual G x E variance (deviations
from regressions) 1is in all cases higher than the
experimental variance (error mean square). This
implies that in addition to the experimental
variability, there is an additional coefficient of
variation due to deviations from regressions which

are also highly significant.

4.4.2. Eberhart and Russel (1966) Regression Model

The mean squares from the regression analysis

based on Eberhart and Russel (1966) model are given



Table 11. Mean squares from

Source of

variation

Genotypes (G)
Environments (E)
G x E
Regressions
C< of G x E)1

Deviation from
regressions

Mean Error

df

13

117

13

104

260

the regression

Grain yield
per plot

0.22%*
0.11**
0.10**
1.07**
67

0.07**

0.04

1% of G x E SS which can be attributed

* significant at P

* - - -
significant at P

0.01

0.05

analysis

Grain yield

per hiad
(x 10 )
3.04**

1.37**
2.34%*

14.63**
(70)
0.80**

Days to 50%

flowering

62**
11**
28**
112**
(45)

17%*

to linear "regressions.

(Finlay and Wilkinson £ 1963,

height
(x 1C2)
14 .2**

5.0%*
6.9%*

51.0%*
(63)

1_3**

model)

Mean plant
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in Table 12. For all characters, there was a highly
significant difference among the genotype means.

For grain yield/plot and days to 50% flowering,

G x E (linear) hS was not significant, while it was
significant for grain yield/head (at P = 0.05) and
mean plant height (at P = 0.01). This shows that
the relationship between the genotype performance
and the environmental values is essentially linear
with respect to grain yield/head and mean plant
height. Hence for these traits, there are genotypic
differences among the genotypes for their regression
on environmental index, while such genetic differences
for grain yield/plot and days to 50% flowering were

not significant.

The mean squares Tfor pooled deviations from
regressions were highly significant for all characters,
indicating that the major components for differences
in regressions were due to the deviations from the
linear function. From the tests of deviation from
regression for each individual genotypes, with
respect to grain yield/plot, significant differences
occurred in HID, 9DX and 2K1 (all at P = 0.01) and
KAF (at P = 0.05). Similarly, with respect to grain

yield/head, HIJ, HIB, KAF, 5DX, 90X, 2K1 (all at



Table 12. Mean

Source of df Grain yield
variation per plot
G 13 0.22**
E ¢ (G x BE) 126. 0.17**
E (linear) 1 13.52**
G x E (linear) 13 0.03
Pooled Deviations 112 0.06**
HIJ 0 0.14**
HIM 8 0.04
HIB 8 0.05
KAF 8 0.00*
5DX 8 0.06
MY5 8 0.05
2K9 8 0.06
9DX 8 0.15**
2K1 8 0.15**
KOB 8 0.03
WAE 0 0.04
SER 8 0.02
USR 8 0.03
RSR 8 0.01
Mean Error 260 0.04
** significant at P = 0.01
* significant at P = 0.G5

squareg from the regression analysis

Grain yield

per

(Eberhart and Russel,

head

9x 104)

O OO0 OO RFRPROOORLRPFPOO O L N NMDW

.04**
.17

.80
.34*
L(4F*

.85**
.39
.54**
S31r*
.94* *
.70%*
.21%*
.03**
.06**
.59*
.28
.17
.30
.25

.29

1

1

I

- -

61.
25.

1325.
10.
15.

.57
.33
.30
.31
.42
.34%**
.96**
.53**
.30**
16**
.55*
L44**
.22
.55**

.35

Days to 50%
flowering

73%*
67

50
19
86

1966,

(o))
N
N O

O ORRPNRPRRORORLRORLRON Bk

model)

Mean plant
height
(x 102)

14.
6.

.53
.00**
L24**

.31
.54
AT
.02
.06
.50
.34
.84
.38*
.10
.59**
.60%*
-1Q
.57

.71

20**
36
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P = 0.01) and KAF (at 0*01). Similarly, with
respect to grain yielc/head, HIJ, HIB, KAF, 5DX,
2K1 (all at P = 0.05), MYS and KOB (both at P =
0.01), the deviation from regression was significant.
For both these traits, all the populations did not
differ significantly. On the other hand, for Days
to 50% flowering, all the hybrids were not
significant, while all the varieties except 5DX
were highly significant in addition to SER anq RSR
(all%at P = 0.05) and WAE (at P = 0.01). Wit;
respect to plant height, the entries which showed
significant deviation from regression included HIJ

and WAE (both at P =0.01) and 2K1 HIB and SER all

at P - 0.05).

4.4_.3. Joint Regression Analysis (Perkins and Jinks,

1958a, Model)
Phenotypic Regression Coefficient (b%)

Analysis: For all the traits under consideration,
the mean squares from b analysis of each genotype
are given 1in Table 13. In general, most of the
genotypes have significant b™ MS, except for grain
yield/plot, HIJ was not significant, while for grain

yield/head, KAF, 9DX and 2K1 were not significant.



Table 13. Mean squares of phenotypic regression coefficient (b?)

analysis of

individual

. 48**
L 25%x
.10%*
.66%*

.55**
L67**
L70**
.75
.06*
.54**

5T**
22%*
.63%*
12%*

genotypes
Genotypes Grain yield Grain yield Days to 50% Mean plant
per plot per head flowering height
(x 105) x 103)
Hybri des
HIJ 0.58 1.20** 17.8* 4
HIM 1.70** 1.98** 17.8* 5
HIB 0.99** 2.88** 77.9** 6
KAF 0.49* 0.61 45.6* 5
Varieties
5DX 1.13** 2.69** 90.8** 2
MY5 0.80** 0.42* 67.3 3
2K9 1.04** 0.92** 98.7 6
9DX 1.52* 0.60 Jj 132.3 3
2K1 0.76* 0.29 107.2 1
KOB 0.61** 1.19** 129.6* 1
|
Populations
WAE 0.92** 2.31** S 97.2** 4
SER 0.91** 1.50** 1212.5** 6
USR 1.08** 0.81** 150.8** 6
RSR 1.41** 1.62** 212 .5** 8
** significant at P = 0.01
* significant at P = 0.05
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MY5, 2K9, 9DX and 2K1 were not significant in case of
days to 50% flowering. All the entries were
significant for plant height. The genotypes that were
significant indicated, that in their cases, a
significant portion of G x E could be explained by b",
which accounts fTor both the additive environmental
variation and that part of G x E SS that is a linear
function of the environmental values.

\

Genotypic (linear) Regression Coefficient (B")

Ana lysis: Table 14 gives the MS of each
genotype from the analysis. In general, most of
the genotypes did not show significant B~ MS.
However, 1in case of grain yield/plct, RSR was
significant (at P = 0.05), while 1in case of grain
yield/head, WAE was significant (at P = 0.05).

HIJ (at P = 0.01) and HIM (at P = 0.05) were
significant for days to 50% flowering. For mean
plant height, 2K1, KOB and RSR (all at P = 0.01) were
significant. In these genotypes, a significant
portion of G x E SS was accounted by B”, which
represents the component of G x E which 1is a linear

function of the environmental values.



Table 14.

Genotypes

Hybrides

HIJ
HIM
HIB
KAF

Varieties

5DX
MYS
2K9
5DX
2K1
KOB

Populations

WAE
SER
USR
RSR

**

*

Mean squares of

Gr
pe

[eNeoNeNo)

cNeoNoNoNeNe

[eNeoNoNo)

significant at P
significant at P

genotypic

ain yield
r plot

.049
.103
.0001
.081

.006
.008
.001
.063
.012
.041

.001
.001
.003
.041*

0.01
0.05

(linear)

individual

Grain yield

genotypes

Days to 50%

regression coefficient (EL) analysis of

Mean plant

per head | flowering height
( 104)
0.003 30.33** 0
0.867 30.44%* 30
3.441 0.82 126
1.074 8.87 70
2.785 0.06 269
2.116 2.33 40
0.228 0.04 225
1.118 3.14 32
3.286 0.39 1182**
0.005 2.74 767**
>
1.672* 0.02 1
0.134 23.48 143
0.441 6.50 211
0.267 23.48 539**
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Joint Regression Analysis: The joint
regression analysis of the data for all the four
characters 1is summarized in Table 15. In case of
each trait, the additive environmental item
(Joint regression SS) is highly significant
indicating that some of the EL are significantly
positive, while others are significantly negative.
For all the traits. G x E NS was highly significant,
as further indicated by either heterogeneity between
regression MS, the remainder M.S., or both being
significant. In case of grain yiela/plot, remainder
MS alone was significant, indicating that there is
no relationship or no simple relationship between
G x E and the environmental values, hence predictions
of G x E for each genotype from the linear regressions
are difficult to make. For grain yield/head and
days to 50% flowering, the heterogeneity between
regressions MS was significant when compared with
error MS, but was not significant when tested against
the remainder MS, hence reliable predictions can only
be made for those individual genotypes whose b” is
highly significant. On the other hand, for mean plant
height, heterogeneity between regression MS is

significant against both the remainder and error MS,



Table 15. Mean squares

Source of
variation

Genotypes (G)

Environments (E)

(Joint regression)
G x E

Heterogeneity between

regress ions
Remainder

Mean error

variance ratio 1

variance ratio 2

** significant at 0.01
* significant at 0.05

from joint regression

df

13

117

13

104

260

Grain yield
per plot

0.217**

1.503**

0.063**

0.032

0.066**

0.041

analysis (Perkins and Jinks,

Grain yield

per head
(x 104)

3.04**

19.20**

0.86**

1.34**1

0.80**

0.29

(S

Days to 50%

flowering

62

147

16**

10**1

17%*

1968a,

model)

Mean plant
height

14

69

.20**

.62**

.50**

.80**

.33**

.71

1**2
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indicating that th-e predictions of G x E based on

have a considerable practical value.

4.4.4. Adaptability and Stability Parameters

The term ‘adaptability” refers to the
response of a particular genotype to varying
environments as defined by its mean performance over
all the environments where it was tested () and
slope of its regression line (b”) measuring the
response of the genotype to all the environments
guantified by the environmental 1index. On the other
hand, the “stability” of this performance, refers
to the ability of the genotype to show a minimum of
interaction with environments, which may be gauged
from the squared deviations from regression
coefficient (SM). The additional stability parameters
also considered included the phenotypic stability
factor (SF), ecovalence W”) and coefficient of
determination CRiJ. Two of these factors, SF and

L are not based on the regression model and will

thus be treated separately.

The relationship of the stability of each
genotype and genotype group in different environments

is shown by means of regression lines for grain yield/



plot (Figure 5), grain yield/head (Figure 7),

days to 50% flowering (Figure 9) and mean plant
height (Figure 11). The regression lines show the
sensitivity of the genotypes to environmental
changes and can also be used to predict their
performance in general. The relationship between
the genotypes and environmental changes was further
explained by means of the scatter diagrams given

in Figures 6, 0, 10 and 12, showing the

adaptability of the genokypes and genotypes groupst
Lines were drawn around all the genotypes belonging
to specific genotype groups, and the position of the
enclosed area showed the type of adaptation of

that genotype group. The generalised interpretation
of these scatter diagrams 1is given by Finlay and

Wilkinson (1963) and reproduced in Appendix 11.

The values of mean (x?) and regression
coefficient (b”) for each genotype have been given
in Tables 16 and 19, together with the stability
parameters 2 and Rg. Ilhe = have been ranked
according to their magnitude, while the b~ for each

genotype have been ranked according to their
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deviation from unity in the assending order. For
convenience of comparison of b”, the have also
been 1included. Genotypes with b approximating 1.0
have average adaptability, while those above and
below 1.0 are adapted specifically to the favourable
and unfavourable environments respectively. Similarly,
all the genotypes have been ranked separately with
respect to stability factors S~ and R?, according
to their magnitude. For S%, the genotypes with the
lowest values are most stable and vice versa. On
the other hand, for R?, the genotypes with the

1
highest values are more stable and vice versa.

Grain Yield/Plot

The genotypes which performed above mean
(1.02 kg/plot) are HIJ (1.30), HIB (1.25), HIM
(1.13), SER (1.12), RSR (1.10) and MY5 (1.08).
The first three genotypes are hybrids, while SER
and RSR are populations and MY5 is a variety.
Among these genotypes, the b™ of HIB and SER showed
minimum deviation from unity (i.e. B = 0.01 and
- 0.03 respectively; and hence were well adapted
to all environments. HIJ and MY5 with deviation
of b~ from unity being - 0.23 and - 0.09, respectively

*



Table 16.

Mean and stability parameters estimates from the regression model

Genotypes(G) Me an

X
Hybrides (H)
1. HIT 1.30(1)
2. HIM 1.13(3)
3. HIB 1.25(2)
4. KAF 0.97(9)
mean 1.16
eVarieties (V)
5. 5DX 0.97(10)
6. MY5 1.06(6)
7. 2K9 0.83(13)
8. 9DX 0.98(8)
9. 2K1 0.81(14)
10. KQB 1.00(7)
mean 0.95
Populations (P)
11. WAE 0.87(12)
12. SER 1.12(4)
13. USR 0.91(1D)
14. RSR 1.10(5)
mean 1.00
Mean 1.02
Ranks

Coef.

eloNoNoNoNeie) cNeoloNoNe]

[cNeoNoNoNal

R
i

.35(14)
.85**
L73%*
_44%(12)
_80**

_72**(B)

.66**(10)
.69**(9)

.56 *(11)

.41*(13)

_73* *(6)

.88**

_75%*(5)
.85 **(2)
.84* *(4)
_98** (1)
.96* *

are given 1in parenthesis
e~significant at P

esignificant at P

of Det.
7

Regression coefficient

Phenotypi c

OO0OORRFROR OO PR+ O

PR R OO

by

.78(11)
.33* *(14)
.01 **(1)
L71*%(13)
.96

.08* *(6)
J91%*(7)
.04* *(4)
.26*(12)
.89*(8)
_79%*(9)
.99

.98% *(2)
_97* *(3)

.06* *(5)

.21* *(10)
.06

Genotyp

b

-0.
.33
.01
-0.
-0.

23

29
04

.08
-0.
.04
.26
-0.
-0.
-0.

09

11
21
01

.02
.03
.06
.21*
.06

ic

for grain yield/plot

Deviation
from reg.

OR, RrOOO [c RN

Qoo o

2

_08**(12)
.30(5)
_37* <7)
.6 3% * (11)

trp **

_44%(9)
.42(8)
.48(10)
_21%%(14)
_08**(13)
.22%*(4)

.31(6)
.16(2)
.20(3)
.03(1)



Regression lines for grain yield/plot
showing the relationship of means of Hybrids
(H)J Varieties (V) and Populations (P)

and mean of all genotypes (G). The
environments 1 to 10 on the X axis
correspond to those in Table 10.



Regression lines for grain yield/plot
showing the relationship of the individual
hybrids, mean of all hybrids (H) and mean
of all genotypes (0G). The environments

1 to 10 on the X axis correspond to those
in Table 10.

<e



ENVIRONMENTAL INDEX

Regression Qlines for grain yield/plot
showing the relationship of the individual
varieties, mean of all varieties (VI anc
mean of all genotypes CGl- The
environments 1 to 10 on the X axis
correspond to those in Table 10.
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ENVIRONMENTAL INDEX

Regression lines for grain yield/plot
showing the relationship of the individual
populations, mean of all populations (P)
and mean of all genotypes (0G). The
environments 1 to 10 on the X axis
correspond to those in Table 10.



7P

The relationship of genotype adaptation
(regression coefficient) to grain yield/
plot. The numerical numbers 1 to 14
correspond to the genotypes as listed in
Table 16.
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were specifically adapted to unfavourable environments
On the other hand, 1in case of HIM and RSR, the
deviation of from unity was 0.33 and 0.21
respectively, indicating that they were specifically
adapted to favourable environments. The populations
WAE and USR were well adapted (B = - 0.02 and 0.06
respectively) but their mean yields (x* * 0.87 and

0!91 respectively) were low.

On the basis of values, RSR (S*. = 0.03)
and SER (S” = 0.16) had good stability. HIM (SN =
0.30), HIB (53, = 0.37) and MY5 (Sh. = 0.42) had
average stability, while HIJ (ga = 1.08) had poor
stability. On the basis of RZ values, all the
populations together with HIM had good stability
(R? = above 0.75). HIB (R? = 0.73) and MY5

(R’2 0.66) had average stability while HIJ (RZ =

0.35) had the poorest stability.

Based on the above parameters it was found

that 1in general HIB (x * 1.25, b~ 1.01, = 0.37,
R? = 0.73) and SER (x = 1.12, = 0.97, S~. = 0.16,
R* = 0.85) were the most desirable genotypes for

grain yield and were well adapted. HIM (x = 1.13,

b, = 1.33, Sid.l = 0.30, R} =0.85) and RSR (x = 1.10,
¢



»

b.X = 1.21, SOl = 0.03, Rz = 0.98) were 'fou%d to have

.

very good stability, but they were more a%apted
%
to the favourable environments. HIJ(Xu_: 1.30"
= 0.78, = 1.08, R? = 0.35) was found to be

more adapted to the poorer environments, although

its stability was poor.

Grain yield/head !

t
The entries which yielded above®average

(;_: 302 .g/head) includ?d all the four*hybfgds,
HIB (407 g ), HU (386 E ), KA8 (369 g ) and HIM
(343 g ), together with 5DX (308 2 ) and K(TB
(302 g ). Next to these, the yislds of USR (287 g ),
RSR (287 g ), SER (279 g ) and MY5 \f279 2 ) were
also encouraging. HIJ, KOB and SER were we’lL
adapted to all environments (B1 = -0.02, —%"02 and
0.10 respectively), HIB, HJIM, gDX anti*RSR are
adapted to the more favourable environments

0,
(Bf = 0.53, 0.27, 0.48 and 0.15 respgctively),
while KAF, USR and MYi are adapted sp%fifically to

the unfavourable environments (B. = -Q.30, -0.19
*

and -0.42 respectively). - . e
k

For stability based on SZA and’r% values,

most hybrids, especially KAF did ncvt have good

»



Tab le 17.

Genotypes (GJ

Hybndes (H)

1. HI3
2. HIM
3. HIB
4 KAF
mean
Varieties (V)
5. 5DX
6. MY5
7. 2K9
8. 9DX
9*. 2K1
10. KOB
mean
Populations (P)
11. WAE
12. SER
13. USR
14. RSR
mean
Mean

Ranks are given i
**significant at P
“‘significant at P

Mean
X

386(2)
343(4)
407(1)
369(3)
376

30B(5)
279(10)
219(14)
269(11)
244(13)
302(6)
270

252(12)
279(9)
287(7)
267(B)
276

302

nop

a
D
0

Coef.

[eNeoNeoNoNoNoNo) [oNeNeoNoNe)

[cNeoNeNeNe]

renthesis

of Det.

R

.64* *(10)
.86%*(4)
.70%*(9)
.37(12)
_84**

_78* *(6)
_43*(11)
.85**(5)
.29(13)
.25(14)
_72%*(8)
_92%*

.9 1* *(2)
91* *(1)
77 *(7)
.89 **(3)
97

Phenotypic Genotyp ic
b.. B.
S, |
0.98** (1) -0.02
1.27**(7) i 0.27
1.53** 0.53
0.71(8) -0.30
1.12 0.12

i
1.48**(12) 0.48
0.59*(11) -0.41
0.86**(4) -0.14
0.70(9) -0.30
0.48(13) -0.52
0.98**(2) -0.02
0.85 -0. 15
: (
1.37* *(10) 0.37*
1.10**(3) 0.10
0.81**(6) -0. 19
1.15* *(5) 0.15
1.11 0.11

Mean stability parameters estimates from the regression model

Regression coefficient

for grain yield/head

Deviation from

Reg. 9

bdi ,,

(x

12

'_\
2O D RO~

NN RN

1D4)

8% *(9)
.2(6)

.3**(13)
10.

5**(12)

_5% *(10)
.6*(8)
.7%(2)
6% * (14)
5% *(11)
7% (D)

.2(4)

_4(1)

.4(5)
.0(3)



Regression lines for grain yield/head

showing the relationship of means of

hybrids (H), varieties (V] and

Populations (P) and the mean of all geno-
types (6G). The environments 1 to 10 on the Xx
axis correspond to those in Table 10.



FIG.7(b)

Regression lines for grain yield/head
showing the relationship of the individual
hybrids, mean of all hybrids (H) and mean

of all genotypes (0). The environments
1 to 10 correspond to those in Table 10.



G/H E AO

FIG. 7(c)

ENVIRONMENTAL INDEX

Regression lines for grain yield/head
showing the relationship of the individual
varieties, mean of all varieties (V) and
mean of all genotypes (G). The
environments 1 to 10 on the X axis
correspond to those 1in Table 10.
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egression lines for grain yield/head
showing the relationship of the individual
populations, mean of all population (P),
and“mean of all genotypes (0). The

environments 1 to in nn fho y » e
to those 1in Table 10. 3X13 corresP°
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stability. The population SER (S%‘ = 1.4, R’2 =

0.77) was the most stable followed by RSR

1
and HIM (Séi = 3.2, R% = 0.86). USR, KOB, 5DX,

(S%i = 2.0, R} 0.89), WAE (S_ij.I = 2.2, R% = 0.91)

MY5 and HIJ have average stability.

Because of its wide adaptability, the most

desirable entry was HIJ (x = 386, b = 0.98, 2
= 6.80, R? = 0.64), though its stability was
average. “"sER * = 279" bi - Sdi = *-4- Ri =

0.91) was the most stable with wide adaptability,

but the yield was below the average. Both HIB

(x = 407, b. = 1.53, S2. = 12.3, R? = 0.70) and HIM
(x = 342, by = 1.27, Sz. = 3.15, R} = 0.86) were

high yielding and adapted to more favourable
environments, but their stability, particularly of

HIB, was poor.

Days to 50% flowering

Two hybrids, HIJ and HIM were found to be well
adapted to unfavourable environments (b = 0.43 in
both cases) and were early flowering Cx = 55.6 and
58.4 respectively), while the two populations RSR
and SER were more adapted to the Tfavourable
environments (b. * 1.50 in both cases) and were also

early (x = 58.9 and 59.J respectively). On the other



Table 18. Mean and stability parameters estimates from the regression model for days to 50% flowering

Genotypes(G) Mean Coef.?0f Det. Regression coefficient Deviation from
X RTI Phenotypic Genotypic PEeg.- y
b. B.
1 |
Hyb ri ds(H) ¥
1. HIJ 56.6(1) 0.47*%(9) 0.43*(13) -0.57* * 21(D)
2. HIM 58.4(2) 0.40*(10) 0.43*(14) -0.57* 27(3)
3. HIB 60.0(7) 0.64* *(3) 0.91**(5) -0.09 43(5)
4 KAF 61.3(10) 0.47*(8) 0.69*(10) -0.31 51(6)
mean 58.8 0.68** 0.61 -0.39
Vari eti es (V)
5. 5DX 59.7(6) 0.77**(2) 0.98* *(3) -0.02 27(4)
6.* * MY 5 60.0(8) 0.20(14) 0.84(6) -0.16 267(13)
7. 2K9 60.4(9) 0.27(12) 1.02(2) 0.02 264* *(12)
8. 9DX 64.5(13) 0.34(11) 1.18(8) 0.18 252* * (1D
9. 2K1 64.2(12) 0.25(13) 1.06(4) 0.06 314**04)
10. KOB 64.9(14) 0.49*(7) 1.17*(7) 0.17 137**(8)
mean 64.2 0.72** 1.04 0.04
Populations (P)
11. WAE 59.2(5) 0.62**(4) 1.01**(1) 0.01 60*(7)
12. SER 59.0(4) 0.60* *(5) 1.50* *(11) 0.50 140* *(9)
13. USR 61.5(11) 0.85* *(1) 1.26* *(9) 0.26 26(2)
14. RSR 58.9(3) 0.59* *(6) 1.50* *(12) 0.50 148**(10)
mean 59.7 0.71** 1.31 0.31
Mean 60.5 t
Ranks are given 1in parenthesis
** gsignificant at P = 0.01
* sigoificant at P = 0.05
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ENVIRONMENTAL INDEX

FIG. 9(c)
Regression lines for mean number of days to \
50% ~flowering showing the relationship of \
individual varieties, mean of all varieties
(V) and mean of all genotypes (G). The
environments 1 to 10 on the X axis correspond
to those in Table 10.
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FIG. 9(d)

ENVIRONMENTAL INDEX

Regress ion lines for mean number of days to
50-0 M lowering showing the relationship

of individual populations, mean of all
populations (P) and mean of all genotypes
(GJ. The environments 1 to 10 on the X
axis correspond to those in Table 10.
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FIG. 10.

The relationship of genotype adaptation
(regression coefficient) to days to 50%
flowering. The numerical numbers 1 to 14
correspond to the genotypes listed in
Table 18.
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hand, the early flowering genotypes, WAE (59.2
days), 5DX (59.7 days) and MY5 (60.0 days) had
under adaptability (b. = 1.01, 0.98 and 0.84
respectively). The three late flowering varieties,
2K1 (64.2 days), 9DX (64.5 days) and KOB (64.9 days)
had wide adaptability (b = 1.06, 1.18 and 1.17

respectively)

On the basis of SJi values, HID CsJi = 21],

HIM [S|d.i = 27) and 5DX (S3; = 27) were the most
stable genotypes fTollowed by HIB Sa = 43), WAE

ISJi = 60) and SER (S3; = 140). On the other hand,
RSR (S2. = 148) and MY5 (S2. = 267) had poor
stability. Similarly, from the R’g values, USR

(Rg = 0.85) was the most stable genotype Tfollowed by
5DX, HIB, WAE, SER and RSR (R2 = 0.77, 0.64, 0.62,
0.60 and 0.59 respectively). HIJ, HIM and MY5 had

2
poor stability (R™ = 0.47, 0.40 and 0.20 respectively).

Based on the adaptability and stability
parameters, the early flowering hybrids, HIJ
(x = 56.6, b. = 0.43, S2. = 20.6, R? = 0.47) and
HIM (x = 58.4, = 0.43, S2. = 26.7, R? = 0.40) were
found to be adapted to the more unfavourable
environments 1i.e. where the minimum temperatures are

lower. This indicates that these hybrids have cold
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tolerance, and moreover, they are Quite stable. The

other desirable genotypes which have wider

- 2
adaptability are 5DX (x = 59.7, b~ = 0.90, =
27 .34, R% = 0.20), WAE Cx = 59.2, b.I = 1.01, S%i =
60.43, R? = 0.62) and HIB (x = 59.9, b. = 0.91,

Sai = 43.00, R% = 0.64).

Mean Plant Height

In terms of deviation of b~ from unity, it
was minimum in HIJ (B~ = 0.01), .WAE (B = 0.01),
HIM (B = 0.08) and MY5 (B = -0.10), showing that
these genotypes had wide adaptability. 2K1L (B™ =

-0.51), KOB (B.

-0.41) and 5DX (B. = -0.25) were
more adapted to the unfavourable environments. The
heights of HIM, RSR, RSR, MY5 and KAF showed very
good stability as compared to others, while 2K1,

KOB, HI1J, HIB, WAE and SER had poor stability.

Two genotypes, MY5 (x1 = 123.5, b. = 0.91,

52i 468, R7 = 0.89) and HIM (x, = 137.5, b, = 1.00,
SHi = 431, Ri = 0.93) had the best stability and were
well adapted, though both are slightly taller.

Inspite of being tall, HIJ (& = 138.7, b~ = 1.00,
$2; = 1849, R2 = 0.71) and WAE (x5 = 140.3, b. =

1.01, Ss2n~ = 2071, R? = 0.69) had very wide



Table 19. Mean and stability parameters estimates from the regression model for mean plant height

GenotypeslGJ Mean Coef. of Det. Regression coefficiient Deviation
X Phenotyp ic Genotyp ic from Reg.
bi Bi Sd¥ 2
! ' (x 10" )
Hybrids(H)
1. HIJ 138.7(9) 0.71 **(11) 1.00**(1) 0.001 1.85* *(13)
2. HIM 137.5(6) 0.93**(2) 1.08"*(3) 0.08 0.43 (O
3. HIB 143.3(13) 0.04 ** (0) 1.17"(C7) 0.17 1.18 *(11)
4 KAF 138.5(8) 0.90**(3) 1.13* *(6) 0.13 0.66(4)
mean 139.5 0.93** 1.09 0.09
Varieties
5. SDX 133.3(5) 0.75* *(10) 0.76" (111 -0.25 0.86(6)
6. MV5 123.5(3) 0.09**(4) 0.91" (5 -0.10 0.47(3)
7. 2K9 137.9(7) 0.86 **(6) 1.22* *C10] 0.22 1.07(9)
8. 9DX 133.0(4) 0.85* *(7) 0.92" (4 -0.09 0.67(5)
9. 2K1 110.3(1) 0.49*(14) 0.49*(14) -0.51** 1.11 *(10)
10. KOB 114.5(2) 0.63**(13) 0.59*(13) -0.41** 0.89(8)
* mean 125.4 0.90** 0.81 -0.19
Populations (P)
11. WAE 140.3(10) 0.69 **(12) 1.01**(2) 0.01 2.07" (14)
12. SER 155.2(14) 0.83* *(9) 1.18* *(8) 0.16 1.28*(12)
13. USR 142.9(11) 0.88**(5) 1.22* *(9) 0.22 0.189 (7)
14. RSR 143.3(12) 0.95** (1) 1.35* *(12! 0.35** 0.46(2)
mean 144 .6 0.93** 1.19 0.19
Mean 135.2

Ranks are given 1in parenthesis
eAsignificant at P = 0.01
esignificant at P - U.U5
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FIG.11(b)
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ENVIRONMENTAL INDEX

Regression lines for mean plant height
showing the relationship of individual
hybrids, mean of all hybrids(H) and mean
of all genotypes (0G). The environment

1 to 10 on the X axis correspond to those
in Table 10.



FIG. 11(c)
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Regression lines for mean plant height
showing the relationship of individual
varieties, mean of all varieties (V) and
mean of all genotypes (G). The
environments 1 to 10 on the X axis correspcn
to those in Table 10.
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riG. 11(d) Regression lines for mean plant height

showing the relationship of individual
populations, mean of all populations (P)
and mean of all genotypes (0). The
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FIG. 12.
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uo

HEIGHT

The relationship of genotype adaptation
(regression coefficient) to mean plant
height. The numerical numbers 1 to 14
correspond to the gsnotypes listed in

Table 19.
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adaptability, although they had poor stability.
The shortest group of varieties, 2K1I (x* = 110.3,
b.I = 0.49, Sai = 1106, R% = 0.49) and KOB

(x. = 114.5, b. - 0.59, = 887, R? = 0.63) had

very poor adaptability as well as poor stability.

4.5. Lewi®"s (1954) Stability Model

The deviations of the phenotypic stability
factor (SF) from unity were derived for each trait
and were ranked 1in ascending order (Table 20).
According to Lewis (1954), the greater the SF
deviates from unity, the less stable is the

phenotype.

For yield/plot, HIB was the most stable
(deviation of SF from unity = 1.62) fTollowed by KAF
(1.68), HU (1.72) and MY5 (2.07). On the other
hand, for grain yield/head, HU was most stable (2.14)
followed by MY5 (2.54). KAF (3.73) and HIM (7.87)
had poor stability. Similarly, 1in case of days to
50% flowering, HU (0.11) was the most stable
followed by HIM (0.13) and KAF (0.16). MY5 had poor
stability (0.36). For mean plant height, 2K1 (0.37),
5DX (0.62) and HU (0.67) were most stable, while
KAF (0.89), HIM (0.74) and HIB (0.73) had poorer

stability. Overall, HIJ was the most stable followed



Ranks according to magnitude

parenthesis.

in assending order are given

in

Table 20. Deviation of ’phenotypic stability factor from unity
Genotype Grain yield Grain yield Days to 50% Mean plant
per plot per head flowering height
Hybri ds
HId 1.72(3) 2.14(1) 0.11(1) d1.67(3)
HIM 4.00(6) 7.87(12) 0.13(2) 0.74(9)
HIB 1.62(1) 2.18(6) 0.23(5) 0.73(8)
KAF 1.66(2) " 3.73(8) 0.16(3)- 0.89(13)
Varieti es
5DX S 4.24(9) 10.7(14) 0.22(4) 0.62(2)
- MY5 2.07(4) 2.54(2) 0.36(10) cl-71(6)
“2K9 £.38(11) ,-3.69(7) 0.48(14) 0.80 (1*2
9DE v 6.89(13) 9.22(13) 0.32(8) 0.72(7).- .
2KT 5.86(12) 4.53(9) 0.46(13) Cr.37(1)
n <KO0B 4.39(10) 4.73 (10f 0.33(9) 0.69(5)
Populations - * o
WAE 7.26(14) 7.49 eil) 0.29(6) cl-76(11)""
SER 3.28(5) ©2.82(4) *"0.4-1(11) C1.6744)
- USR 4.04 CN) 2.65(3) *0.30(7) 0.74(10)
* RSR 4.06(6) 3.15(5) 0.46(12) 01.90(14) *

001
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by HIB and MY5.

4.6. Wrickle’s Stability Model

The values of ecovalence (W”) were calculated
for each genotype with respect to all the characters
and are given in Table 21. These values were
further used to calculate the percentage of G x E
that they represent 1in each genotype and are given
in Table 22. Lower the KW , the smaller are its
fluctuations from the experimental mean under
different environments and thus have a smaller share
in the interaction SS. Hence, the genotype with
minimum (or as a percentage of G x E SS) is
more stable, while those with higher values have
poor stability. The stability factors of genotypes

have been ranked in ascending order according to

their magnitude.

In general, Tfor grain yield/plot and grain
yield/head, all the populations were more stable
(representing between 4.2 and 1.0% of G x E) as
compared to varieties (17.3 to 1.9% of G x E), while
the hybrids had moderate stability (15.6 to 4.0%
of G x E). HI3 showed very poor stability with

respect to grain yield/plot and represented about

*



Table 21.

Genotypes

Hybrids
H1J
HIM
HIB
KAF

Varieties
5DX
MY5
2K9
9DX
2K1
KOB

Populations
WAE
SER
USR
RSR

Mean

Wrickle’s stability parameter W")

mean

mean

mean

Grain yield
per plot

.13
.40
.37
.71
.65

[eNeNeNoN

.44
.42
.46
.27
.09
.26
.66

OO KRR OO0OO

.31
.16
.21
.08
.19
.52

[cNoNoNoNeNe)

Grain yield
per head
(x 105)

.68
.40
.57
.15
.95

ORr R OO

.03
77
.19
.58
.18
.47
.87

OO R FPOOR

-39
.15
.29
.22
.26
.72

[cNeoNololeNel

Days to 50%
flowering

51.
57.
43.
59.
52.

o wokrFOo

27.3
269
264
255
315
140
212

60.4
163
32.3
172

107
136

Mean plant
height
(x 10™)

.85
.46
.30
.73
.08

R OpR o

.12
.51
.30
.71
.29
.66
.26

PR NOROPR

.07
.43
.10
.00
.40
.25

RPRPRPRPRPEDN



Table 22. Wrickle’s value as % of G x E SS

Geno types Grain yield Grain yield Days to 50% Mean plant
per plot per head flowering height
Hybrids
HIJ 15.4(13) 6.7(8) 0 2.7(4) 10.6(12)
HIM 5.5(7) 4.0(6) 1 3.0(5) 2.6(1)
HIB 5.0(6) 15.6(13) 1 2.3(3) 7.4(8)
KAF 9.7(11) 11.5(11) 3.1(6) 4.1(4)
mean 8.9 #9.4 | 2.8 6.2
Varieties
5DX 6.0(9) 10.2(10) 1.4(1) 6.4(7)
MY5 5.6(8) 7.6(9) 14.1(13) 2.9(3)
2K9 6.2(10) 1.9(2) 13.8(12) 7.4(9)
9DX 17.3(14) 15.6(14) 13.4(11) 4.0(3)
2K1 14.8(12) 11.7(12) 116.5(14) 13.1(14)
# KOB 3.6(4) 4.7(7) 7.3(8) 9.5(11)
mean 9.0 8.6 11.1 7.2
Populations J
WAE 4.2(5) 3.9(5) 3.2(7) 11.8(13)
SER 2.1(2) 1.5(1) 8.5(9) 8.1(10)
USR 2.8(3) 2.8(4) 1.7(2) 6.3(6)
RSR 1.002) 2.2(3) 9.0(10) 5.7(5)
mean 2.5 2.6 5.6 8.0

Ranks according to magnitude in assending order are given

in parenthesis.

€0T
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15.4% of G x E, as compared to populations, each

of which represented 1.0 to 4.2% only. For grain
yield/plot, the best hybrid, HIB and the best
variety, KOB represented 5.0% and 3.6% of G x E
respectively. Similarly, with respect to grain
yield/head, HIB had very poor stability (15.6% of

G X E) compared to the populations (between 1.5 and
3.9% of G x E) and the best variety, 2K9 (1.9% of

G x E). HIJ represented 6.7% of G x E.

On the other hand, for days to 50% flowering,
all hybrids showed good stability (representing
2.3 to 3.1% of G x E). The most stable, entry was
a variety, 5DX (1.4% of G x E)followed by USR
(1.7% of G x E) .~ With respect to mean plant height,
the entries with good stability are HIM, MY5 and 9DX
% of G x E = 2.6%, 2.9% and 4.0% respectively),
while HIB and HIJ did not have the desired stability

% of G x E = 7.4% and 10.6% respectively).

4.7. Rank Correlations

The ranked correlation coefficients between
the different stability parameters (Table 23),
indicates that for all the characters under
consideration, there is a highly significant

2
correlation between the-ranks of W. and R.



Table 23,

Rank correlation coefficients between different Stability parameters

Paramete rs

U ;™ = = =
-_) o o ok o

VS SF
VS wq
VS Ra
VS bi
VS S2
i
VS _
Wi
VS R%
VS 2
i
VS R%
VS b1
VS Sar
\AS bI
VS Sar
Ve Sar

*

*significant at P

*significant at P

Grain yield
per plot

0.
0.

0.
-0.
.27

69**
17

19
22

.09
.05
.08
.14

0.91**
0.41

o

.98**

0.27

o

.93**

.29

0.01
0.05

Grain yield

per

0.
-0.

-0.
0.
-0.

head
13
27

08
07
37

.34
.01

0.36

.29

0.83**
0.65*
0.99*

0.35
0.84* *

.56*

Days to 50%
flowering

0.38
0.31

0.18
-0.41
0.42

0.78**
0.33

0.85**

0.78**
-0.18
0.94**

0.03
0.63*

-0.
.22
.30

Mean plant
height

0.
0.

42
05

28

.39
.69*
.14
.03

0.86**
0.24
0.88**

0.17

0.77** .

.11

501
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(r = 0.78 to 0.91) and R? and S~ (r = 0.63 to 0.93)
In case of grain yield/head, the ranks of W. and

b.1 (r = 0.65*) and b, and S&i (r = 0.56*) were

1
significant. For days to 50% flowering, the ranks
of SF were significantly correlated with the ranks
of both W.i (r = 0.70**) and S’\i (r = 0.05**).
Similarly, for plant height, there was a significant
..-hegative correlation between the ranks of SF and

2 (r = -0.69%). There was a highly significant

correlation between the ranks of and SF for

grain yield/plot (r = 0.69**).

Taking into consideration the general trend
of rank correlations, there was a highly significant

. 2
positive correlation between the ranks of Wi' R.I

2
and S”~, indicating that these three parameters
are equally effective in estimating the genotype

stability.



CHAPTER V

DISCUSSIONS

5.1. Mean Performance of Genotypes

The major objective of sorghum breeding in
the medium agricultural potential areas of Kenya
is to develop high yielding, early maturing and
short to medium statured stable genotypes. Since
rainfall 1is the limiting factor in these areas, it
is desirable to select genotypes which can flower
within 60 days from emergence and escape moisture
stress. This would also help to reduce the
exposure period to diseases and pests. For plant
height, emphasis should be given on short to
medium heights, to prevent lodging, allow for
better management and higher populations and are

also easier for bird scaring.

For grain yield/plot, over all environments,
hybrids ranked Tfirst followed by populations and
varieties. Infact, in each environment except
ITH LR, KYM SR and MTW LR, the highest yielding entry
was a hybrid. Among the hybrids, HIT and HIB
performed the best* among the varieties, MY5 was

the bestj while among the populations, SER and RSR
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-4
were the best. When comparing the best hybrid
with the genotype mean, 1in each environment, the
difference ranged from 115% 1in case "of KAT LR to 2%
in case of MTW LR. Only 1in case of ITH LR, the
difference was almost nil. On the average, the best
hybrid (HI1J) vyielded,27% above the genotype mean.
On comparing the best hybrid w*ith the best variety
(MY5), the hybrid vyielded 20% ab%ye the variety
mean overall the environments. This difference
ranged from 58% at MTW SR to 8% at ITH SR:1 Only at
KYM SR, ITH LR and MTW LR, thg pe{formanfe of the
hybrid was 20%, 24% and 31% respectively below

the best variety.

Over all the environments, the hybrids viere
earliest, followed by populations and varieties.
HIJ was the earliest amon% all the hybrid"s. Only
KAF was Jlate among all the hybrids and or*ly. USR was
late among all the populations. Within the
varieties, 5DX, MY5 and 2K9 were earfy. Among the
genotypes included in this trial, £fhe varieties were
shortest followed by hybrids and populations. 0/On

0

basis of mean over all environments, the varieties

2K1, KOB and MY5 are shortest. Within hybrids, HIM

|
is the shortest and WAE 4 s shortest among populations.



The genotypes were tested in the medium
agricultural potential areas where the main limiting
factor is the available soil moisture during the
cropping season. From the data presented above, it
appears that these hybrids are more efficient in
utilizing the available soil moisture than the
populations and varieties. It may also be because
of early flowering and medium plant height, as these
traits may help to enhance the grain productivity
of the plant under such conditions.

<

5.2. G x E Effects

For all traits, the G x S x L was highly
significant and also the most important variance
component of G x E. This indicates that the
genotypes responded differently when grown under
different environments. On taking 1into consideration
the pattern of climatic distribution, management
of trials and pests, especially bird, damage 1in each
environment, they were found not to be consistent
at any location for both seasons or for all locations
in any season. Hence, consistent location and
season effects are absent. In all previous studies

in sorghum G x E has been reported to be highly



no

significant. A major role of G x S x L variance
component has been reported by Liang and Walter
(1966), Kambal and Mahmoud (1970) and Obilana and
EI-Rouby (1900). Although, Rao (1970) reported
that for grain yield/plot, days to 50% flowering
and mean plant height, the G x L component was

more 1important than G x S x L component.

The lack of significant G x S for all traits
except days to 50% flowering in this study indicates
that the relative performance of the genotypes was
essentially similar in both seasons of testing.
Similar results were reported by Liang and Walter
(1966) and Obilana and El-Rouby (1900) for grain
yield, while Kambal and Mahmoud (1970) and Rao (1970)
reported it as not significant. A significant
G x L interaction for sorghum grain yield has been
reported by Liang and Walter (1966), Rao (1970),
Jowett (1972), Kambal and Mahmoud (1970) and Obilana
and EIl-Rouby (1900). In contrast to their
findings, the lack of significant G x L for all
traits except days to 50% flowering in. the present
study could be attributed to the similarity of
locations at which the experiments were conducted.

Hence there would be little advantage to divide the

*



region comprising these locations for breeding and
testing purposes. However, Tfor all traits, G x S
was found to be of a higher magnitude than G x L
indicating that G x S was more important. This

is in agreement with Liang and Walter (19661.
Although Rao (1970), Kambal and Mahmoud (1978) and
Obiliana and EI-Rouby (1900) reported that for

grain yield/plot, G x L was more import*ant'~tHan

G X Y component.

As indicated earlier, G x S for days to 50%
flowering was highly significant. This indicated
that with respect to flowering, the genotypes are
influenced by the seasons of long rains (LR) and
short rains (SR). G X S appears due to difference
in temperatures of the two seasons as indicated by
the highly significant negative correlation
(r * -0.03**) between mean number of days to 50%
flowering and mean minimum seasonal temperatures.
Similarly, different minimum temperatures of
locations appear to be contributing to the
significant G x L for days to 50% flowering. Rao
(1970) also reported significant G x Y for days to

50% flowering in sorghum.
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Regression Analysis

>
After the importance of G x E in the present

study was established, it was desired to assess

the nature of this interaction by means of

regression analyses. From the results of the

various regression analyses, the following points

were deduced.

1L.

2)

Estimates based on Finlay and Wilkinsoq's
(1963) model, showed that 1in case of grain
yield/plot, about 67% of G x E SS could be
attributed to the linear regressions. For
other characters it was 70% (for grain yield/

head), 83% (for mean plant height) and 45%

(for days to 50% flowering).

The residual G x E variance component was
highly significant in case of all characters.
Moreover, 1its magnitude was higher than the
experimental variance (mean error) . This & .
implied, that in addition to the experimental
variability, there 1is an additional
coefficient of variation in the genotype
responses which could be attributed to the
deviations from linear regression. The

results in this study agree with Majisu and
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Doggett (1972), Reich and Atkins (1970) and
Jowett (1978) for grain yield/plot. Similar
observations have been made by Singhania

and Rao (1976 a & b) for grain yield/head,
days to 50% flowering, mean plant height and
grain yield/plot in case of hybrids only.
However, 1in their studies they found that
the pooled deviations were significant for
grain yield/plot (hybrids only) gnd plant
height, but were not significantlfor grain

yield/plot (parents only), grain yield/head

and days to 50% flowering.

The comparison of the linear component of
interaction against deviation from regression
as iIn case of Eberhart and Russell (1966)
model and Perkins and Jinks (1968 a & b)
model are identical and more valid than
comparisons with mean error 1in case of

Finlay and Wilkinson (1963) model. It was
shown that with respect to grain yield/plot,
the environment played greater role than

the genotype. This does not agree with the results

of Reich and Atkins (1970), Jowett (1978) and
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Majisu and Doggett (1972). This does not
however mean that there were no genetically
controlled responses in the genotypes used

in this study to the different environments
for grain yield/plot. This could probably

be due to the number of environments in

which these genotypes were tested were not
adequate to detect the statistical differences.
For days to 50% flowering the G x E (linear)
SS was not significant, while it is
significant for grain yield/head and plant
height. This indicates that there are
genetic differences among genotypes Tfor their
regression on environmental 1index for plant
height and grain yield/head, but not for

days to 50% flowering. These results are

in agreement with those of Singhania and

Rao (1976 b).

The significant remainder item (not the
heterogeneity between regression item) for
grain/plot in the present study indicates
that the predictions of G x E based on linear
regression cannot be made (Perkins and Jinks,

1968) In case of grain yield/head and days



115

to 50% flowering, reliable predictions can
be made only for some genotypes. However,
for plant height, the predictions of G x E
based on linear regression will have

considerable practical value.

5.4. Adaptability and Stability Parameters

The adaptability, or response of a particular
genotype to environments was determined conjointly
from its mean performance over all environments (x*)
and the slope of its regression line (bM). The
stability of this performance, or the ability to
show a minimum of interaction with environments
was determined as the squared deviations from the
regression coefficient (5%)_ The additional
stability parameters such as the phenotypic stability
factor (SF), ecovalence (UK) and coefficient of

2
determination (R™) were also estimated.

The rank correlation coefficients between

these parameters indicated that the values of WA,

2 and S% are equally effective in ranking the

stability of genotypes. There was no correlation

between b.I and %ﬁ., and also between %ﬁp and SF.
These results agree partly with the finding of other

¢
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workers. Jowett (1972) indicated that 4 1is less
informative than Sg., while Qualset (1968) reported
the absence of any correlation between K and S%.
Prasada and Singh (1980) reported the absence of
correlation between and b~, and between the SF
and Wi . Qualset (1968) also found the absence of
any correlation between and b”. The present
study does not agree with Prasada and Singh (1980)
on similarity between SF and b”. The SF has some
very obvious defects as it does not consider the
intermediate environments. The bias introduced

as a result of considering only the highest and
least performing environments does not warrant the
use of this parameter in estabilishing the stability
of that genotype. Hence, in the following
discussions, in addition to the mean performance
(x.), linear regression coefficient (") will be
regarded as a measure of adaptability, whereas, only
the summed deviations from regressions (Sg-) will
be considered as a measure of stability, and the
other stability measures will be 1ignored. The
estimates of these parameters have been discussed

with respect to the following traits.
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Grain Yield/plot

The highest yielding genotype Hid 1is
specifically adapted to unfavourable environments.
On yield basis, this is followed by HIB, SER and
MY5 which are well adapted to all environments
HIM and RSR are also high yielding, but they are
specifically adapted to the favourable environments.
Considering the stability of these entries, RSR
ranks first followed by SER, HIM and HIB. The
stability of MY5 and HIJ 1is poor. Although the
stability of USR, KOB and WAE is good, the
adaptability and/or mean yield of these entries is
poor. The most desirable entry on the basis of
adaptability and stability is HIB followed by SER,

RSR, HIM, HIJ and then MY5.

Grain Yield/head

HIJ and KOB are well adapted to all
environments. KAF 1is specifically adapted to
unfavourable environments, while HIM, HIB and 5DX
are adapted more specifically to the favourable
environments. The adaptability of HIB and 5DX is
relatively poor. Among these genotypes, USR 1is most

stable followed by HIM, KOB and HIJ. The stability
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of 5DX, KAF and HIB 1is poor. SER is well adapted
with high stability, but its yield 1is poor. In
general, the most desirable entry 1is HI3, followed

by KOB, HIM, USR, KAF and then HIB.

Days to 50% Flowering

The hybrids HIT and HIM are early flgyering
and are adapted to more unfavourable environments.
HIB and WAE are early entries with good adaptation
to all environments. The populations RSR.and SER
are also early and are adapted to more favourable
environments. The varieties in general have a good
adaptability, but except for 5DX and MY5, they are
late. Among the early entries with wide
adaptability, HIB is the most stable followed by 50X,
HIM, HIJ and WAE are also very stable. From general
point of view, the most desirable entries are HIJ,
HIM, 5DX, WAE and HIB. Although HIJ and HIM are
more adapted to flower early in unfavourable
environments i.e. where minimum temperatures are

low, this factor may be considered as an additional

attribute.



Mean Plant Height

The hybrids, although of medium height, are
well adapted to all environments. All the
populations tend to be very tall and except for WAE are
poorly adapted. The varieties with the exception
of 2K9 are short. 2K1 and KOB are the shortest and,
with 5DX are adapted to the unfavourable
environments. MY5 and 9DX are also short and are
well adapted to all environments. From the entries
with wide adaptability and also adaptability
specifically to unfavourable environments, those
which are stable include HIM, HY5, KAF, 9DX and
SDX.  Among these, the most desirable is HIM followed
by MY5, 9DX, KAF and 5DX. HIM has got very good

stability inspite of it being slightly taller.

When the overall performance of the genotypes
was considered, the hybrids were the most superior.
The superior performance of the hybrids has also
been demonstrated, among others, by Doggett and
Jowett, (1966), Jowett (1972) and Majisu and Doggett
(1972). HIB had wider adaptability to all
environments, while HIM was specifically adapted
to the favourable environments and HIJ was

specifically adapted to the unfavourable environments
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probably due to its earliness.

Among the genotypes evaluated, some of the
varieties and populations have better stability and
adaptability than the hybrids. Host of the
hybrids and varieties considered in this study were
originally released for East African lowlands,
mostly 1in Uganda, where the rainfall distribution
is more reliable. Hence the poor stability of the
hybrids as compared to varieties and populations
under the unreliable, low rainfall areas of medium
agricultural potential areas of Kenya is not
unexpected. These results are in agreement with
tnose of Majisu and Doggett (1972] who also found
that the hybrids had no superior stability over
varieties considered broadly as genotype groups.
This suggests that varieties and populations with
better buffering capacities have wider adaptability
as compared to the hybrids. This can be explained
by the different buffering mechanisms operating in
these genotypes- Allard and Bradshaw (1964-) have
distinguished between a number of buffering
mechanisms which promote the genotype stability.

A hybrid may be considered a homogenous mixture

of heterozygous genotypes with individual buffering

4
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%
mechanisms. Similarly, a variety is a homogenous

mixture of homozygous genotypes with individual
buffering mechanism. Individual buffering refers
to the situation where each member of a population
is well adapted to a range of environments. On

the other hand, the random mating population, is
made up of heterogeneous mixture of heterozygous
genotypes, with population buffering, 1in which each
genotype may be adapted to a somewhat different

range of environments. In this connection, it may

[72]

be mentioned that the random mating population
able to maintain a high level of heterogeneity and
heterozygosity. This was apparently evident in

this study. Inspite of the fact that the

populations in this study had undergone only one cycle
of random mating, their stability was better than

those of the hybrids and varieties.

The four populations studied, hence, have
a lot of potential for improvement 1in one or more
characters. All these populations are tall growing
and can hence be selected for short plant height.
The population USR needs to be improved for
earliness. The most appropriate selection procedure

.
to effect these improvements together with high



grain yield can be the use of recurrent selection.
This would provide the opportunity to fully exploit

the adaptability and stability of these populations.

5.5. Allocation of Experiments

By increasing the number of seasons, locations
and replicates, there 1is a corresponding decrease
in the standard error and hence an increase in
the efficiency of the experiment. Increasing the
number of seasons was found to be more effective
than 1increasing the number of locations. From
the estimates of the standard error, it was
established that in order to obtain a fair estimate
of G x E, the minimum number of environments should
be 4 locations and 4 seasons, with 3 replicates
at each environment. The use of four seasons would
cover two short rains and two long rains and would
thus be more effective for this zone. Similar
computations on sorghum by Liang and Walter (1955),
Kambal and Mahmoud (1978) and Obilana and"El-Rouby
(198Q) have recommended the allocation of 10
locations over 2 years with 3 replicates; 6 locations
over 2 years with 2 replicates and 6 locations

over 2-3 years with 4 replications respectively.
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195

In order to find out if the selection of
consecutive seasons and selection of sites to
represent a wide range of environment would bias the
estimates of G x E component, Hanson’s C1964)
intraclass correlations were computed. The low
intraclass correlation values in the present study
indicated that the locations and years may be
treated as random environments. These results agree
with those of Hanson (1964) and Gupton et al.

(1974) .



CONCLUSIONS

The hybrids gave the highest grain yield and
were the earliest in maturity at each
environment, although they were slightly
taller than the varieties. Their
adaptability was more specific and they had
poor stability as compared to populations
and varieties.Of the genotypes tested in this
experiments, the most desirable genotypes
were the hybrids; HIBRID - which had
comparatively wide adaptability, HIJACK -
which was adapted to the unfavourable
environments, and HINIDI - which was adapted

to more favourable environments.

Genotypes x season x location interaction NS
was highly significant for all traits. The
first order interactions, genotype X season
and genotype x location were not significant

for all traits except days to 50% flowering.

Genotype x season x location variance was
the most important of the genotype X
environment components 1in case of all traits

and genotype x season interaction was of a
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higher magnitude than genotype x location

interaction component.

A considerable proportion of Genotype X
environment interaction sum of squares could
be attributed to the linear regressions in
case of grain yield/plot (67%), grain yield/
head (70%), mean plant height (83%) and

days to 50% flowering (45%).

The pooled deviations from regressions were
highly significant in case of all the
traits under consideration. Genetic
differences among the genotypes for their
regression on environmental index were
identified for mean plant height and grain
yield/head, but non could be identified for
grain yield/plot and days to 50% flowering.
From joint regression analyses, it was
concluded that for grain yield/plot, the
predictions of genotype X environment
interactions based on linear regression
cannot be made, while such predictions
could be made for only some genotypes in

case of grain, yield/head and days to 50%
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flowering. For plant height, such predictions
could be made reliably. The rank

correlations of different stability parameters
showed that the summed deviations from
regression (S%), Ecovalence and
coefficient of determination (Rg) gave similar

rankings of the genotypes.

The random mating populations, due to
population buffering, were most stable and
widely adapted. It was recommended that the
full potential of these populations be

further utilized.

The 1ideal allocation of four locations, four
seasons and three replications was recommended.
Seasons and locations could be considered
random environments and could be used

interchangeably.
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Appendix 1:

Location

*3.

Katumani
(Mach akos)
Eastern Prov.

Kampi ya Mawe
(Makuen i)
Eastern Prov.

Ithookwe
(Kitui)
Eastern Prov.

Muri nduko
(EmbU)
Eastern Prov.

Mtwapa
(Kikambala)
Coast Prov.

Environmental

Cen tre
cordinates

01°35°S
37° 14°E

01°50°S
37°40°E

01°22°S
38°01°E

00°35°"S
37°221E

03°56 *S
39 °44 *E

Muchena,

conditions of the five

1977)

Altitude

1575

1125

1130

1380

21

locations

in Kenya (Source: Siderium and

Physiography and ecological
zone

Undulating upland zone
IV, P/Eo = 40%,
Ned. Low Agri. Potential

Gently undulating upland,

Zone 1V, P/Eo = 35%,

Ned. Low Agri. Potential
_

Gently undulating upland,

zone 111, P/Eo = 50%,

Med. High Agri. Potential

Undulating volcanic upland,
zone 111, P/Eo = 53%,
Med. High Agri. Potential

Very gently undulating
Coastal plain, zone 111,
P/Eo = 58%

Med. High Agri. Potential

VET



Appendix 2.

Environment

10.

KAT

KAT

KYM

KYM

ITH

ITH

MUR

MUR

MTW

MTW

Climatic data of the ten environments

LR

SR

LR

SR

LR

SR

LR

SR

LR

SR

Mean temperature

17.
20.
20.
22.
20.
22.
20.
21.
25.

26.

6(23-13)
0(26-14)
3(26-15)
0(29-17)
6(25-17)
4(20-17)
6

9

2(29-22)

8(31-22)

Mean

228

449

210

455

308

661

506

421

826

267

J

Precipitation

1979780

340

351

301

574

711

414

484

306

889

107

Seasonal
P/Eo %

35

55

27

52

39

73

53

53

105
26

GET



Appendix 3: Analysis of variance table when genotypes are tested at each environment

J
Source of variation df ms Expected MS VR
Replicates (r- 1 i v M3
2 2
Genotypes (g-1) n2 Oe + rag m2/m3
2
Error (r-1) (g- D

<

M3

GET



Appendix 4: Analysis of variance table when Genotypes (6) are tested at different

locations (L) for a number of seasons(S)

*1
igiggiig: df MS Expected MS
Rep licates/L/S 2 sl1(r-1) Mr oi
2 2 ) i,
L (1-D ni e t rga gy = ra g + rgia2
2 t 2 2
S (s-1) MS oo ra + rgasl + rsa [ + rgga%
2
G - M ra * rla2 + rsa , + rlsa2
(9-1) g as gs gl
L xS Cl-1)(s-11 Moy s 18 ro + rga231
2
L - -
X G (1-1)(g-D) M,Ig ae ra rlags
2
S x G (s-1)(g-1) Mgs ae rs’\l’él,
2
L xS x G (1-1)s-1)g-1) Mgrs ag
Error 3 s1(r-1) (g- D M a2
e e
2
gls
2
1: see text gls

2: Reps within L and S SS = sum of Rep SS insi\sll L and all S

31 trrur SS ur (C x Rup/1./*S) SS - mini uT urr@r SS in tll 1 >l 11 |
gls

4
~gls

/EI



Appendix 5. Method of determination of estimates of variance components (Source:

Comstrock, et al., 1963)

Variance component Method of determination
2
S 0s Mg~ i - Mgs T oegls)/rig
2
L °1 (M1 - gy - Mg| T vgls)/rsg
S x L asl ("si - "gls)/rg
2
G M - M - M + M /rls
ag ( g gl gs grs)
2
G L M - M /rs
X \/ ( gf gls)
2
M M /rl
G x S ags (gs g'S)r
2
G xS x L agsl (Mgls B Me)/r
2
Plot error o Mo

8€T



Appendix 6: Regression analysis (Finlay and Wilkinson,

Source of
variation

Regressions

Deviation from

regressions

Average error

*E

(y?./n) /

df

(g-1

(n-1)

(G-1)(n-1)

(g-1)

(9-1)(n-2)

£ (g-1J(r-1)

1963, model)

Ll \V}
o
\—

Pooled over environments

averaged over replicates.

o€t



Appendix 7. Regression analysis (Eberhart and Russell, 1966, Model)

Source of variation df SS -MS™
Total ng- 1 I I y2.. - CF
- i j 1]
g“1 _ _
- ’i y’)l CF M.,
E n-1 )
E E 2
dg(n-1) S ye- E Y
G x E (g-1)(n-1) ) ! J
E (Qinear) 1
M ».j vV 2'J 1J
G x E (linear) g-1 M
i ~"Tj yij Vv Z/E
pooled deviations g(n-2) E E 62 M
r'\ 1y 2 2,0l 0
i n-2 L y2.- (@i /- (Fyijly) . . = E 6
Jvy 115 j
n-2 E 62
J 2
9
n n-2 672
nj

Mean error -
AG-lt t 11 Atpuului) uvur a1l L)

orT



Appendix B. Phenotypic

Source of

vari ation

Total

Regression (b")

Remainder

Regression (b.) Analysis of each

Perkins and Jinks, 1968 a)

df

n-1

Genotype (Source:

SS

J (yij " yi./n)2

(e
-rs)
-
N

i



Appendix 9.

Source of

vari ation

Total

Regression
1

Remainder

Genotypic

Gy

(linear)

Regression

Perkins and Jinks,

(B™) Analysis of each Genotype

df

1968 a)

SS

[T
-
(&

(Source:

A"



Appendix 10. Joint Regression

Source of variation

k (differences between)
(genotypes )

E (jJoint regression)

Heterogeneity between

regressions

Remainder

Average error
«

Analysis (Source:

df

g-1
n-1

(g-1(n-1)

g"1

(g-1)(n-2)

ifr-1(9-1)

Perkins and Jinks,

SS

1968 a)

eVl
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A general
Adap tab il

144 -

ised Int"erpre Lation of

1963).

it Source:
Wilkinson | Yod

e Finlay* and
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