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Abstract

The genetic analysis carried out according to variety cross
diallel model involving eight diverse maize composites
possessing various levels of tolerance to moisture stress
under optimum moisture and rainfed conditions revealed
that the variance due to dominance effect was significant
for days to 50% silking and tasseling, leaf area, plant
height, cob width under both moisture situations. Variance
due to additive effect, dominance effect GCA and SCA
were significant for grain yield and test weight under both
irrigated and rainfed conditions. The average heterosis x
mating interaction was significant for grain yield under
irrigated condition and for test weight for both the
conditions. In our study, A-68 was one of the parents
in crosses, which recorded highest heterobeltiosis under
rainfed conditions for grain yield, plant height, and Cob
width and cob length. The heritability values estimated
on individual diallel sets revealed that test weight, plant
height and cob width are highly heritable under both
irrigated and rainfed conditions. While, heritability for yield
was very low. The estimates of heritability also changed
with mating systems. Thus, for breeding for moisture
stress tolerance, indirect selection using highly heritable
and highly correlated traits with yield will be an effective
strategy. The correlation studies revealed that the grain
yield was positively and significantly correlated with test
weight, cob length, cob width, number of rows per cob
and number of grains per cob under optimum moisture
(14), limited moisture (1 2) and rainfed (10) situations. The
results revealed that cob width, number of grains per row
and test weight. were the common yield components
across different moisture regimes. The mUltiple regression
equation fitted to predict grain yield explained 47%, 37%
and 26% of the variation in yield under 14, 12, 10' respectively.
Thus, low leaf area in conjugation with more test weight,
cob width and grains per row form effective indirect
selection criteria for grain yield under water stress
situation.

Key words: Maize, character association, yield prediction,
heterosis, genetic studies, heritability

Introduction

Drought is a major factor responsible for limiting maize
production and productivity in developing world. Global
estimate about annual losses of maize production due

to problem of drought in early 1990s was about 15
per cent [1]. Therefore there is a need to enhance
breeding effort for drought tolerance in maize. The
inbred-hybrid approach has been dominating and
important at present, yet in many cases,
non-conventional (non-inbred hybrids) hybrids have been
developed for commercial cultivation particularly in
developing countries. Maize in the developing countries
is grown generally under unpredictable environments
inherent with one or the other stress. In such situations
and in those countries where new hybrid breeding
programme is being initiated and scientific expertise
and seed industry are in their infancy, beginning should
be made with non-conventional hybrids and gradually
shift towards conventional hybrids [2].

The selection for grain yield under the stress
condition is the most practical way to select for water
stress tolerance [3]. However, one major problem
with this is of high G x E interaction leading to low
heritability of the yield. Therefore, it becomes important
to select for highly heritable and strongly correlated
secondary traits under stress conditions. Keeping these
points in view an experiment involving eight maize
composites was planned to study genetic components,
extent of heterosis, heritability, correlation and regression
analysis in varietal crosses under irrigated and moisture
deficit conditions.

Material and methods

The experimental material consisted of eight genetically
diverse maize composites possessing different levels
of tolerance to moisture stress. The composites included
were Comp.8551 (highly tolerant), Comp 8527, Comp
85134, Comp 85164 (tolerant), Comp 8557, DRC 8601,
Ageti 76 (moderately tolerant) and Ageti 68
(susceptible). Diallel mating design was adopted to
generate 28 F1s and 28 F1's random mated [Ojj) and
28 F1s selfs [CSj{) populations were derived from F1s.
Twenty-five plants were sampled randomly covering
whole plot either to cross or to self as the case may
be. For generating F1s random mated population, the
pollens were bulked and pollination was done. In all,
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five different populations, viz., eight composites as
parents, eight parental Selfs, 28 F1s, 28 F1s random
mated and 28 F1 selfs were evaluated at IARI, New
Delhi, under irrigated and moisture stress conditions
(rainfed) in Kharif season of 1989. The experimental
material was sown in complete randomized block design
with three replications. Each experimental population
was raised In to rows each of five-metre length consisting
of 20 plants each. The experimental material was
sown in July third week following the monsoon rains.
A distance of five metres was kept between the
experimental fields with irrigation and rainfed conditions
to avoid seepage effects on the results. Data on
various morpho- physiological traits were recorded in
both the experiments and analysis was done according
to the analysis-II of the variety cross diallel [4]. The
ANOVA Table was modified to include GCA x matings,
hj (variety heterosis) x matings, Sij (specific heterosis)
x matings, additive effects (Aj), dominance effect (Ok)'
GCA (Vj) and SCA (hij ). For correlation analysis data
on eight parental composites and 28 F1s evaluated
under optimum moisture [1 4-four irrigations], limited
moisture (1 2-with only two irrigations) and moisture stress
(Ia-rainfed) conditions at IARI were used. A distance
of three metre was kept between the materials with
four irrigations (1 4) and with two irrigations [1 2], and the
rainfed experiment (la) was sown in a different field
five metre apart from the irrigated field so as to avoid
seepage effects on the results. In limited irrigation
treatment, two irrigations at critical stages, that is, at
knee-high stage (40 DAS) and at flowering stage (65-70
DAS), were applied. In the rainfed treatment, no
irrigation was given throughout the crop period

Results and discussion

The distribution of rainfall during the crop season of
1989 was as follows; July 52 mm, August 55 mm,
September 70 mm, October 6.2 mm and November
9.2 mm. The crop was sown in third week of July.
Though August and September received above 50 mm
rainfall, this was well short of optimum and in addition,
most of the rainfall during September was during first
and second week while, third and fourth week together
received only 10 mm rainfall. In all, The rainfall during
the crop season (July-November, 1989) was 192.8 mm,
which can be considered as a moisture deficient season
and a good condition to test material under moisture
stress (rainfed) conditions as water requirements of
maize during the kharif season has been reported to
be about 500 mm [5]. The flowering and post flowering
periods of rainfed crop experienced moisture stress due
to very low rainfall during that period. Thus, it provided
an opportunity to carry out correlation and regression
analysis under sufficient moisture (1 4), limited moisture
(12) and moisture deficit (10) conditions, and genetic and
heterosis components, extent of heterosis and heritability
under sufficient moisture (irrigated) and moisture stress

(rainfed) conditions. The results and discussion of
experiments are presented below.

Genetic components: The total heterotic effect hi/
was partitioned into effect due to average heterosis
(h-), effect due to varietal effect (h/) and due to
specific effects (Table 1). The average heterosis
contributed by the particular set of varieties used in
crosses was significant for grain yield under both the
moisture regimes. But significance of h- x matings
interaction was observed for grain yield under irrigated
condition and for test weight under both conditions. It
was also observed that parental varieties differ in the
contribution to heterosis for grain characters as heterosis
due to varietal effect (hi) was highly significant under
irrigated and rainfed conditions. The variance due to
specific heterosis (Si/) in hybrids was not altered due
to change in matings under irrigated conditions.
However, Si( x matings was significant for grain yield
and test weight under rainfed conditions. Further
partitioning of hj( into variance due to average heterosis
(h-), varietal heterosis (hj) and specific heterosis
revealed that average heterosis was significant for days
to 50% silking under both moisture situations and under
rainfed conditions only for days to 50% tasseling. And
also hj was significant for leaf area, days to 50% silking
and tasseling under both the conditions. While, Si(
was significant for leaf area under irrigation only.
Similarly, h- x matings, hj x matings and Si( x matings
interactions were significant for various characters, which
can be seen from, the Table 1.

The differences among matings were significant
for morpho-physiological traits indicating that
morphological traits differed from one mating to another
[9]. The present statistical model (analysis-II) of Gardner
and Eberhart (1966) has been extended to compute
the interaction of GCA and SCA variances with matings
so that genetic information for the effect of mating on
GCA and SCA variances in crosses can be derived.
The differences among matings were significant under
both moisture regimes for grain yield. Both gca and
sca effects significantly interacted with matings for grain
yield and test weight under both irrigated and rainfed
conditions indicating that SCA and GCA estimates
differed significantly in different matings.

The GCA variance (Vj) contributed by variety j
in its crosses as its deviation from average heterosis,
irrespective of mating design which has been defined
as general combining ability of parental lines in crosses
was significant for grain yield and test weight. Thus,
parents do possess significant differences among
themselves in their ability to contribute to heterosis in
their crosses due to additive genes which was expressed
under both irrigated and rainfed conditions. The variance
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due to additive effects ((aj), due to heterozygous loci
and dominance effects (dk) due to heterozygous loci
in parents were significant for grain yield and test
weight [10]. The variance due to dominance effects
(dk) were significant for leaf area, days to 50% tasseling,
days to 50% silking, plant height and cob width under
both irrigated and rainfed conditions. Thus, there was
a significant variation among parental composites for
additive and dominance effects.

Heritability.-The different hybrid sets i.e., F1 hybrid
(C··), F1 hybrid selfed (CSjj') and F1 random mated
(cVjl form distinct bases for development of hybrids,
inbreds and composites. The heritability of various
characters has been estimated using ANOVA method
on individual diallel sets (Table 1). The highly heritable
traits under irrigated as well as rainfed situations are
test weight, plant height and cob width. These
characters showed consistency in heritability over
different moisture regimes and also exhibited significant
correlation with yield. Thus, these traits form a set of
secondary traits to select for higher yield both under
stress and non-stress conditions. These secondary traits
are important in selection as heritability for yield is very
low. The heritability estimates changed with mating
system. The implication of this was that direct selection
for yield made under stress would not be effective

Table 1. ANOVA for heterosis and genetic components and

even by changing the mating system. Therefore, it is
suggested to select for grain yield under no stress
situation and to select for correlated secondary traits
of yield with high heritability under stress or rainfed
situations for improving yield under moisture stress.

Studies on Heterosis: The wider adaptation and
better performance of hybrids than their inbreds is a
known phenomenon even under drought [8]. The present
study also brings out the fact that F1 hybrids were
better than parental composites for grain yield under
both irrigated and rainfed conditions. This was confirmed
by the average heterosis values over better parental
composites under irrigated (16%) and rainfed conditions
(11.7%). The hybrid Comp 8527 x Comp DRC-8601
deserves special mention as it performed exceedingly
well under irrigated as well as rainfed conditions (Table
2).

The heterosis estimates showed that for grain
yield, out of 10 top heterotic crosses (data not shown)
five involved A-76 and the rest five involved DRC-8601
as one of the parents in both irrigated and rainfed
conditions and the cross A-76 x A-68 topped in
heterobeltiosis for grain yield, test weight, plant height,
leaf area, cob length and cob width. These composites
can further be utilized for development of high yielding

heritability estimates under two levels of water stress

VARIANCE
Source df Days to SO% Days to Plant height Leaf area (cm2) Test weight Cob Cob width Grain yield/ plant
of _.:::ta:.::s.::.se::..:l::..:in"'g_--"-SO.::.o--'Yo--'s"'il:.::ki.:..:.ng"--__('-=c.:..:.m:.L) ---'(""g)'----__':..::e.:..:.n<Lgt::..:h ---->..;:(gZL) _
Variation IR. RF IR RF IR RF IR RF IR RF IR RF IR RF IR RF

h- 1 2.2 19.4 2.8" 14.2" 12.3" 211.6 0.7 15.8 21.2" 0.9" 0.7 0.3 0.5 4.9 413.2" 287.5"

Hi 7 9.3" 8.2 2.7" 39.9" 7.6" 405.7" 829.9" 1168.4" 14.3" 9.2" 5.9" 4.3 7.7" 16.8" 1065.2" 405.4"

Si( 20 1.4" 2.3" 2.4" 6.7" 0.9 8.0 66.2 468.2" 1.6" 1.3" 0.2 0.6 1.0 0.7 36.5 26.6"

A, 70 4.8" 5.3" 5.2" 14.0" 7.8" 62.5 334.1" 502.9" 5.8" 6.3" 1.1 1.1 7.2" 4.5 148.9" 38.7"

Ok 8 5.0" 3.3" 5.3" 11.4" 1.9" 67.1" 540.l" 446.l" 8.5" 11.1" 1.8 4.0 5.7" 8.2' 255.5" 130.0"

GCA(vi) 7 4.7" 8.2" 3.7" 14.0" 23.1" 201.0" 816.2" 603.4" 13.7" 16.7" 2.5' 4.325.0" 18.0" 414.2" 90.l"

SCA(hJi') 28 3.4" 4.3" 4.2" 15.3" 2.9" 114.7" 254.8" 627.4" 5.4" 3.2" 1.6' 1.5 2.7 4.9 307.2" 130.6"

matings 2129.1" 143.3" 146.2" 279.9" 0.8 379.4" 2128.5" 2203.7 4.4" 19.6" 24.5" 19.6146.2" 78.2" 9206.5" 1618.3"

GCAx 14 2.3" 1.9" 3.3" 8.6" 5.0" 134.7' 239.1" 523.1" 5.1" 2.6" 1.6' 1.6 2.7 3.6 187.0" 80.3"
matings
SCAx 56 3.9" 2.7" 3.6" 8.1" 3.0" 98.9 282.6" 20.3" 3.8" 3.4" 1.2 1.3 3.1' 3.7 167.1" 92.2"
matlngs
h- x 1 14.7" 24.1" 14.5" 27.8" 2.1 274.4 1797.8" 643.5" 5.8" 26.0" 1.5 3.8 7.8" 8.6 751.1" 5.6
matings
H,x 7 15.2 14.6" 17.6" 54.1" 17.8" 560.8" 1577.9" 2051.3" 25.2" 14.0" 8.3" 7.816.1" 25.3" 1024.0" 617.7"
matings
Si(X 40 2.4" 0.6" 1.6" 1.3" 1.1" 33.4 74.6 73.3 0.8 1.6" 0.2 0.3 1.3 0.5 35.9 20.9"
matings
Error 210 0.8 0.6 0.8 0.6 0.6 74.8 64.4 80.6 0.8 0.4 1.0 0.6 2.2 2.5 51.2 9.4

Heritability
Cjj' 18.3 8.6 15.0 7.7 29.6 29 17.5 15.6 32.7 36.4 34.5 1.230.3 31.4 22.9 6.5

C'i( 13.8 3.8 20.8 60.6 43.8 9.2 52.6 15 35.4 13.8 47.6 1.667.0 7.0 14.8 15.8

C'i( 21.2 22.3 16.9 19.1 23.3 18.6 16.6 36.5 22.9 44.9 9.8 22.044.5 21.3 16.6 20.1

h- - average heterosis; Hj - variety heterosis; Sij - specific heterosis; Ai - additive effect; Dk - dominance effect
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Table 2. Character-wise top crosses exhibiting significant heterosis in different matings under irrigated and rainfed conditions
in maize

Character Fl 's (Ci) F1's self (CSi ) F/s random mated (erj{)
Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed

Plant height A-76 x A-68 (12.2) ORC8601 x A-68 Comp8527 x Comp.8557x Comp85134 x Comp.8527 x
(15.2) 8551 (12.5) ORC 8601 (12.5) 8527 (10.8) A-68 (16.4)

Leaf area Comp85134 x Comp8527 x ORC Comp.85134 x Comp.8551 x No hybrid Comp.8527 x
8551 (30.0) 8601 (-27.5) A-76 (37.6) A-68 (-26.6) recorded positive ORC 8601 (-34.1)

heterosis
OFT Comp8527 x Comp85164 x Comp85134 x Comp85134 x Comp8557 x Comp8527 x ORC

8551 (-7.5) 8551 (-11.2) 85164 (-15.0) ORC8601 (-9.8) 8557 (-5.1) 8601 (-10.1)
OFS Comp8527 x A-76 Comp8527 x Comp 85134 x Comp85134 x Comp85134 x Comp 85134 x

(-9.5) 8557 (-16.8) 8557 (-10.7) 8557 (-13.0) 8527 (-6.8) ORC8601 (-14.5)
Cob length ORC8601 x A-68 Comp8527 x Comp8527 x Comp8557 x ORC ORC8601 x Comp8527 x

(20.9) ORC8601 (20.8) 8551 (13.0) 8601 (69.8) A-68 (18.9) 8551 (21.8)
Cob width A-76 x A-68 (10.2) Comp85164 x No significant Comp85134 x Comp8527 x Comp8527 x

ORC8601 (19.8) positive heterosis 8527 (40.9) A-76 (7.3) 8557 (13.7)
Test weight A-76 x A-68 (32.8) All hybrids A-76 x Comp.8557 x Comp.8527 x No significant

showed negative Comp.8551 (27.8) A-76 (46.2) A-76 (31.9) positive heterosis
values

Grain yield A-76 x A-68 (54.8) Comp8527 x Comp.85134 x Comp.8551 x ORC8601 x A-68 Comp.8527 x
ORC8601 (104.5) A-76 (40.0) A-68 (166.6) (44.9) ORC 8601 (81.8)

better combining inbreds for hybrid breeding for irrigated
as well as for moisture stress conditions.

Correlation Studies: The correlation coefficients
among different characters under optimum moisture (14)
limited moisture (12) and moisture stress (10) condition
are given in Table 3. Grain yield was positively and
significantly correlated with test weight, plant height,
cob length, cob width, number of rows per cob and
number of grains per cob consistently under 14, 12 and
10 conditions. Thus, increase in any of these traits
would enhance the grain yield. Early growth vigor and
good grain filling have been reported to be associated
with stable yields under water stress situations [6]. In
case of water deficit (10) situation correlation of grain
yield with days to 50% silk emergence and 50%
tasseling were non-significant and hence earliness could
not confer advantage under moisture stress. Therefore,
under water stress grain yield will be determined by
test weight, cob components and plant height. Another
important point is that the leaf characteristics could not
exhibit significant influence on grain yield. However,
days to 50% silking under 12 and 14 was significantly
and negatively correlated with yield. Therefore early
maturity confers the advantage under moderate moisture
stress possibly due to avoidance mechanism [3].

It is also interesting to note that test weight which
showed positive correlation with plant height, cob length
and cob width, did not show significant relationship
with other grain characters (data not shown). Number
of grains/row showed negative correlation with silking
and tasseling revealing that selection for earliness will
enhance number of grains per row under moisture

stress situations. This could be due to the
synchronization between tasseling and silking characters
ensuring better seed setting. Though there. was a
positive correlation between days to silking and tasseling
under all the three moisture conditions, anthesis silking
interval increased under stress. The delay in silking
under moisture stress is undesirable, as seed set would
be affected due to both non-availability of pollen and
possible decline in pollen fertility.

Regression analysis: The multiple regression
equations fitted through stepwise regression technique
are presented below along with coefficient of
determination (R2).

In 14, Y = -70.36 + 0.79 X1 + 0.16 X2 + 1.02 X3
+ 1.48X4 + 1.73 Xs; R2 = 0.47

In 12, Y = -69.43 + 0.85 X1 + 0.19 X2 + 3.02 X4
+ 1.71 Xs; R2 = 0.37

In 10, Y = -9.98 + 0.46 X1 + 0.56 X3 + 0.66 Xs
+ -0.004 X6; R2 = 0.26

Where,

X1 = cob width X2 = plant height X3 = grains/row

X4 = cob length Xs = test weight X6 = leaf area

From the above equations it is seen that the
grain yield in 14 can be predicted by a combination of
characters such as cob width, plant height, grains per
row, cob length and test weight. All these characters
possessed positive regression coefficients. Thus,
increase in their magnitJde would enhance the grain
yield. The R2 =0.47 indicates that present equation
accounts for 47 per cent variation. Similarly, characters
that were important under 12 and 10, can be known by
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Table 3. Correlation of yield with yield components and morpo-physiological traits under different levels of moisture stress in
maize

Moisture
regime

Test wt. Cob length Cob width NR NG PI. height Leaf area Leaf wt. DFT DFS

14 0.42** 0.56** 0.55** 0.29**

12 0.40** 0.53** 0.45** 0.27**

10 0.26** 0.44** 0.41** 0.27**

0.55**

0.38**

0.42**

0.44**

0.43**

0.27**

0.25**

0.15

0.01

0.09

0.07

0.02

-0.16

-0.24*

-0.19

-0.27**

-0.26**

-0.16

*:* - Significant at 5% and 1% level of probability, respectively;
DFT - Days to 50% tasseling; DFS - days to 50% silking; NR - Number of rows per cob; NG - Number of grains per row

seeing the prediction equation given above and also
the variation accounted by the equations. It is interesting
to note that X1 (Cob width) and X5 (Test weight) are
there in all three-regression equations.

The preferred method of selections should involve
a combination of direct and indirect selection using a
selection index of desirable secondary traits and grain
yield under stressed and unstressed conditions.
However, in breeding where enhanced yield potential
is a major breeding goal, the breeder might consider
making 75% traditional breeding efforts (direct selection
for yield) and 25% traits oriented [7]. From this
statement it appears that one should select for yield
as well as secondary traits. Contribution of some
characters changed under water stress situation as
plant height did not make significant contribution and
leaf area was negatively correlated with yield under
water stress. Correlation and regression analysis
suggested that low leaf area in conjugation with selection
for higher cob width; more number of grains per rows
and bigger seed size would form effective selection
criteria under water stress situations.

References

1. Edmeades, G.O., Bolaqos J. and Lafitte H.R. 1992.
Progress in breeding for drought tolerance in maize. In: D.
Wilkinson (ed.) Proceedings of the 47th Annual Corn and
Sorghum Research Conference. Washington, D.C:
American Seed Trade Association (ASTA).

2. Vasal S.K., Dhillon B. S. and Srinivasan G. 1995.
Changing scenario of Hybrid maize breeding and research
strategies to develop two parent hybrids. In: Hybrid
Research and Development, M. Rai and. Mauria (eds.). pp.
19-26. Indian Society of Seed Technology, IARI, New
Delhi.

3. Blum A. 1985. Breeding crop varieties for stress
environments. Critical Reviews in Plant Science, 2:
199-238.

4. Gardner C.O. and Eberhart S.A. 1966. Analysis and
interpretation of the variety cross diallel and related
populations. Biometrics, 22: 439-452.

5. Berger J. 1962. Maize Production and Measuring of
maize. Conzett and Huber. Zurich, pp. 41.

6. Chapman S.C. and Edmeades G.O. 1999. Selection
improves drought tolerance in tropical maize populations II:
Direct and correlated responses among secondary traits.
Crop Science, 39: 1315-1324.

7. Rasmusson D.C. 1987. An evaluation of ideotype
breeding. Crop Science, 27: 1140-1146.

8. Grzesiak S. 1990. Reaction to drought of inbreds and
hybrids of maize as evaluated by field and green house
experiments. Maydica, 35: 303-311.

9. Sfakianki, Fobiadis N., Evgenidis G. and Karranis N.
1996. Genetic analysis of maize variety diallel crosses and
related populations. Maydica, 41: 113-117.

10. Vidal-Martinez V.A., Clegg M.D. and Johnson B.E. 2001.
Genetic studies on maize pollen and grain yield and their
yield components. Maydica, 46: 35-40.


