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Abstract:  Wheat  (Triticum  aestivum)  is  king  of  cereals  and it is the staple food of the people of Pakistan.
The  gene  action  controlling  drought  tolerance  in  spring  wheat  is  studied by generation means analysis.
The parental, back cross, first and second filial generations were grown under the water deficient condition in
randomized complete block design using three replications. Data on the quantitative traits were collected from
each  generation  and  replication.  Heterosis  is observed in all the yield predicting parameters like number of
tillers per plant, number of grains per spike, 1000 grain weight and grain yield per plant. Generation means
analysis revealed presence of additive [d], dominance [h] and epistatic genetic effects in the inheritance of
traits. Two parameter model [md] provided the best fit for spike length and number of tillers per plant which
shows  the  presence  of  additive  genetic effect is prominent with simple inheritance while, [ml] showed best
fit for  grain  yield  per  plant  that  indicates  the  non  allelic interaction is involved in the inheritance of trait.
The remaining traits exhibited higher parameter models and indicating the complex inheritance.
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INTRODUCTION is still rainfed where, the crop suffers from severe water

Water is the blessing of nature. Life is a set of become important because wheat cultivation in stressed
complex characteristics is supported by the water. areas lacking basic growth requirements does not fulfill
Pakistan is an agriculture country because agriculture is the needs of increasing population of country.
the second largest sector, accounting for over 21% of Drought is one of the major challenge in plant
GDP and remains by far the largest employer, absorbing production in present scenario for agriculture scientist,
45% of the country’s total labor force. Nearly 62% of the which affects both area and yield of crop. Drought is the
country’s population resides in rural areas and is directly permanent feature of climate it may coined as when soil
or indirectly linked with agriculture for their livelihood [1]. moisture does not fulfill the moisture needs of growing
Wheat (Triticum aestivum L.) is an important cereal in plants. Accurate meaning of drought is indescribable [5].
Pakistan as well as a staple diet of people. Pakistan is one Agriculture drought is defined as climate departure with
of the top ten wheat producing countries of the world, shortage in of natural rainfall which, adversely affect crop
account  for  approximately  21 million  tons annually [2]. or range production [6]. Drought effects the crops yield
It is grown by 80% of farmers and close to 40% of the especially of cereals and poses a serious threat to food
cropped area in Pakistan [3]. Wheat is mainly grown on security of entire continent. Water stress is generally
the rainfed lands and about 73% area of the developing accompanied by heat in dry season [7]. Water is the blood
countries comprises semi-arid where moisture availability of crop and over three quarters of fresh weight of actively
is a major constrain on wheat production [4]. Wheat growing crop consists of water and therefore appropriate
production in Pakistan is primarily based upon canal water availability is major requirement for plant growth.
irrigation. According to the Pakistan statistical year book, Utilization of six generations in generation means analysis
2009 there is only 7.3 million hectares irrigated by canals. is simple but useful method for computation of genetic
Instead of world’s best canal system, 1.1 million hectares effects  for  the  quantitative  plant  traits  and  its  greatest

stress. Wheat production in water stress conditions
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merit reside in the capability to measure the epistatic
effects like additive × additive [i], additive × dominance [j]
and dominance × dominance [l] types [8].

The aim of the present study to understand the
behavior of genes under water scarce environment,
involved in the inheritance of yield contributing
quantitative traits especially grains production per plant.

MATERIALS AND METHODS

The research work presented in this dissertation was
carried out in the Department of Plant Breeding and
Genetics, University of Agriculture, Faisalabad, Pakistan.
The experiment was laid out according to the randomized
complete block design with three replications each. Seed
of the parents V-04189, V-03138 and hybrid (P  × P ) were1 2

grown during wheat crop season 2009-10 to develop six
generations by cross scheme displayed in Table 1.

At maturity selected spikes from parents and hybrid
were  crossed  to  develop  F   (P  × P ),  F  (F  × F ), BC1 1 2 2 1 1 1

(P  × F ) and BC  (P  × F ) generations. All the1 1 2 2 1

precautionary measures were adopted during crosses to
avoid contamination. Seed of crosses and parents were
harvested and threshed separately to avoid mechanical
mixing and stored under optimum conditions.

Raising of the Parents, F , F  and Back Crosses: The1 2

parents, F , F  and back cross (BC  and BC ) generations1 2 1 2

were sown with pre-irrigation (no further irrigation) in
randomized complete block design with three replications
under water stress conditions during 2010-11. A single
row for parents and F  generations, two rows for each1

back cross and five rows for F  generations were planted.2

The length of each row was one meter. Inter-row and
inter-plant distance was 30 and 15 cm, respectively.
Normal cultural practices except irrigation applied to the
generations throughout its growing period. Data of well
guarded selected plants from each generation recorded for
following traits.

Plant Height (cm): At maturity plant height was measured
by using meter rod along the mother shoot of each
selected plant in each generation from ground level to tip
of the spike excluding awns.

Spike Length (cm): The spike of mother shoot of
randomly selected plants from each of six generations was
measured in centimeters from the base of the first fertile
spikelet to the apex of the spike excluding awns.

Table 1: Parents, direct and back crosses scheme adopted for the
development of generations

Cross
----------------------------------------------------

Populations Direct Reciprocals
P V-04189 V-031381

P V-03138 V-041892

F P  × P P  × P1 1 2 1 2

F Self F Self F2 1 1

BC P  × F P  × F1 1 1 1 1

BC P  × F P  × F2 2 1 2 1

Number of Tillers per Plant: Counting of fertile tillers of
each selected plant from each of six generations was done
at maturity and average was taken for further calculation.

Number of Grains per Spike: The spike of the main tiller
from each selected plant of the six generations in each row
was harvested and threshed separately and the number of
grains per spike was counted and average was taken.

1000-Grain Weight (g): One 1000 grains were selected
from the bulk of each of the harvested generation from six
generations and weighed on the electric balance
(COMPAX model no. CX-600) in grams.

Grain Yield per Plant (G): All the selected plant from
each of generations were harvested manually and after
threshing  grain  weight  per  plant  was  taken in grams
with the help of electronic balance (COMPAX model no.
CX-600) and average was taken.

Biometrical Analysis 
Statistical Analysis of Variance: Data collected for all
traits were subjected to analysis of variance according to
Steel et al. [9] to sort out significant differences among
generation means. Data of those traits which showed
significant genotypic differences were further analyzed for
the determination of other genetic parameters.

Generation Means Analysis: A generation means
analysis was performed as described by Mather and Jinks
[10]. A computer programme named MeanXFit supplied
by Dr. H.S. Pooni, School of Biological Sciences,
University of Birmingham, was used to perform analysis
for different characters associated with yield and yield
components under drought conditions.

The coefficient of genetic components of generation
means is presented in Table 2. Weighted least square
analysis  [10]  was  performed  in  the  generation  means.
A  simple  one  parameter  model  was tried first and tested
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Table 2: Coefficients for the genetic effects for weighted least square analysis
of Generation means (Mather and Jinks, 1982)

Parameters
------------------------------------------------------------------

Generations [m] [d] [h] [i] [j] [l].
P 1 1 0 1 0 01

P 1 -1 0 1 0 02

F 1 0 1 0 0 11

F 1 0 0.5 0 0 0.252

BC 1 0.5 0.5 0.25 0.25 0.251

BC 1 -0.5 0.5 0.25 -0.25 0.252

[m] = Mean
[d] = Additive
[h] = Dominance
[i] = Additive × Additive
[j] = Additive × Dominance
[l] = Dominance × Dominance

for goodness of fit. If the one parameter model [m] did not
fit then a two parameters model [m] and [d] tested for
goodness of fit. If two parameter [m] and [d] did not fit
then dominance parameter included, [m] and [h] used to
test goodness of fit. If different combinations of two
parameter model did not show goodness of fit than three,
four, five or six parameter is applied unless  showed2

non-significance. The higher value parent was always
taken as P  in the model fitting for each trait. The model1

was selected when parameters tested were significant at
infinity and  value was non-significant.2

RESULTS AND DISCUSSIONS

Plant Height (cm): Plant height is important yield related
trait and directly affects the yield. Plant height is solely
governed by multiple gene factors. After green revolution
short stature plant is preferred in wheat because, short
stature plants are more resistant to lodging and more
responsive to fertilizer. But, for breeding under drought
stress long stature plants are preferred because, when the
plant will become stressed it showed reduction in height
and  ultimately,  poor  vegetative  growth.   Perusal of
Table  4  indicated  significant  differences  (P  0.01)
among six generations (P , P , F , F , BC  and BC ) of a1 2 1 2 1 2

cross V-03138 (P ) × V-04189 (P ) for this trait.1 2

The hybrid (F ) showed plant height (98.73 cm) higher1

than P  (92.40 cm) and lesser than P parent (100.60 cm)2 1

presented in Table 3. Nabipour et al. [11], Hassaan [12],
Saleem [13] and Mirbahar et al. [14] reported that plant
height significantly reduced with the moisture stress.

The genetic analysis showed that five parameters
model [mdhil] showed the best fit for plant height from
observed to expected generation means (Table 5). The

additive genetic effects [d] found to be greater than the
dominance [h], additive × additive [i] and dominance ×
dominance [l]. Lesser value of dominance genetic effect
[h] indicated that selection is efficient in early segregating
generations. The positive and higher value of additive ×
additive [i] genetic effects than the negative dominance ×
dominance [l] favors the selection in early segregating
generation and it is possible to fix the additive × additive
[i] genetic effect to increase the plant height.

The additive genetic components significantly
involved in the inheritance of plant height as compare to
non-additive were agreed by Singh et al. [15], Subhani
and  Chowdhry  [16],  Arshad  and  Chowdhry [17], Riaz
and  Chowdhry  [18],  Gorjanovic  and Balalic [19],
Inamullah et al. [20], Farooq et al. [21]. With the presence
of dominance [h] genetic effect it is concluded that plant
height is under the control of additive type of gene action
with partial dominance agreed by Chowdhry et al. [22]
and Bakhsh et al. [23]. Epistasis is also involved in the
inheritance of plant height as reported by Rahman et al.
[24]. The additive × additive [i] genetic effect significantly
contributed among all epistatic factors as reported by
Amawate and Behl [25], Aruna and Raghavalah [26],
Novoselovic et al. [8] and Akhtar and Chowdhry [27].

Spike Length (cm): Spike length is an important
morphological trait which directly affects the grain yield.
Breeders have more preference for the long spike because
long spike contains large numbers of spikelets which
ultimately increases the grain yield. In Table 4 mean
squares   for    replication    and    genotypes   revealed
non-significant differences (P  0.05) for replications and
highly significant (P  0.01) for genotypes (P , P , F , F ,1 2 1 2

BC  and BC ).1 2

The parent V-03138 (P ) showed highest value (13.001

cm) for spike length among all the genotypes (Table 3).
Rahman  et al.  [28]  also  found   significant  differences
for spike length between generations. Spike length in
wheat  plant is  severely  prone  to  water  stress and
greatly reduced with higher level of water stress as
previously  reported  by  Nabipour  et al.  [11] and
Mirbahar et al. [14].

The generation means analysis revealed two
parameters model [md] showed the best fit for spike
length  from  observed  to  expect  generation  means
(Table 5). The additive genetic effects [d] significantly
involved in the inheritance of spike length and indicated
that the selection in early segregating generations is
useful. Absence of epistasis makes it possible to fix the
additive genetic effect to increase the spike length.
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Table 3: Generation means of quantitative traits of a cross V-04189 (P ) × V-03138 (P ) sown under water stress1 2

Traits P P F F BC BC1 2 1 2 1 2

Plant Height (cm) 100.60 92.40 98.73 82.66 96.66 95.66
Spike Length (cm) 13.00 12.26 12.72 10.70 12.66 12.46
Number of tillers per plant 12.53 12.20 13.26 12.33 12.66 12.86
Number of grains per spike 55.60 51.06 59.93 53.66 50.53 50.80
Grain yield per plant (gm) 4.34 4.01 5.60 4.05 3.90 3.90
1000-grain weight (gm) 48.15 46.24 52.56 44.85 40.64 40.90

Table 4: Analysis of variance for yield and various quantitative traits in six generations (P , P , F , F , BC  and BC ) of cross V-04189 (P ) × V-03138 (P )1 2 1 2 1 2 1 2

under water stress condition

Mean Squares
------------------------------------------------------------------------------------------------------------------------------------------------

Characters Replication (df=2) Genotypes (df=5) Error (df=10)

Plant height (cm) 1.98 123.91** 2.57N.S

Spike length (cm) 1.02* 2.03** 0.33
Number of tillers per plant 0.02 0.97** 0.21N.S

Number of grains per spike 0.42 40.66** 5.17N.S

1000 grain weight (g) 0.001 61.45** 0.017N.S

Grain yield per plant (g) 0.00002 1.28** 0.0017N.S

*P  0.05, ** P  0.01, N.S = Non-significant

Table 5: Estimations of parameters of best fit model on generation means of yield and various quantitative traits of cross V-04189 (P ) × V-03138 (P )1 2

Traits m ± S.E [d] ± S.E [h] ± S.E [i] ± S.E [j] ± S.E [l] ± S.E (d.f)2

Plant height (cm) 2.38* ± 17.54 4.29* ± 0.83 2.93* ± 36.30 3.12* ± 17.51 -2.59* ± 9.15 1.955(1)
Spike length (cm) 56.71** ± 0.21 1.04** ± 0.32 6.922(4)
Number of tillers per plant 51.49** ± 0.24 0.35** ± 0.36 1.518(4)
Number of grains per spike 57.75** ± 0.92 2.13** ± 0.83 -3.23** ± 4.80 4.37** ± 5.08 2.256(2)
Grain yield per plant (g) 20.85** ± 0.18 3.81** ± 0.40 4.757(4)
1000 grain weight (g) 11.97* ± 5.31 -4.81* ± 13.31 -3.10* ± 5.29 6.41* ± 8.26 3.988(2)

m = Mean, [d] = Additive effects, [h] = Dominance effects, [i] = Additive × Additive effects, [j] = Additive × Dominance effects, [l] = Dominance × Dominance
effects.
*P  0.05, ** P  0.01

The results revealed that spike length entirely respectively) displayed in Table 3. Rana et al. [35] and
controlled by additive [d] type of gene action as Nabipour et al. [11] reported that number of tillers showed
previously reported by Subhani and Chowdhry [16], high sensitivity to water stress and in wheat greatly
Khattab et al. [29], Chowdhry et al. [30], Bakhsh et al. reduced.
[31], Sharma and Sain [31], Gorjanovic and Balalic [19] The generation means analysis revealed two
Ahmadi et al. [32], Munir et al. [33] and Nazan [34]. parameter mode [md] to fit best for number of tillers per

Number of Tillers per Plant: Fertile tillers are the one of The additive genetic effects [d] significantly involved in
most important trait in breeder’s eye. It is directly the inheritance of number of tillers per plant and indicated
involved in yield and high number of fertile tillers is the that the selection in early segregating generations is
basic need to enhance the grain yield. On viewing useful. Absence of epistasis makes it possible to fix the
analysis of variance in Table 4 non-significant differences additive genetic effect to increase the number of tillers per
for spike length found in replications while, genotypes are plant. The non–allelic interaction is not involved in the
highly significant (P  0.05) which indicates genetic inheritance of number of tillers per plant that’s why it is
variation among the genotypes under stressful primarily controlled by additive type of gene action as
environment. The hybrid (F ) showed (13.26) higher confirmed by Chowdhry et al. [22], Misra et al. [36],1

number of tillers over the P , P  parents (12.53 and 12.20, Subhani and Chowdhry [16] and Inamullah et al. [20].1 2

plant from observed to expect generation means (Table 5).
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Number of Grains per Spike: A perusal of Table 3 segregating generations is of no use and trait had a
revealed  that  the F   showed   maximum   number of breeding importance in later generations. But negative1

grains per spike (59.93) over the both P  and P  parents value of [h] and [i] indicated that 1000-grain weight is1 2

(55.60 and 51.06, respectively) while least number of under the complex genetic control.
grains per spike was noted in BC  (50.53). On viewing Non-additive genetic effects were also observed by1

Table 4 significant differences (P  0.05) among six Prodanovic [38], Chowdhry et al. [30], Bakhsh et al. [23],
generations of the cross V-04189 (P ) × V-03138 (P ) were Haideri et al. [42], Nazan [34]. Complex epistasis was also1 2

observed for the number of grains per spike. found out of which dominance × dominance [l] is
Number of grains per spike is directly related with outstanding as previously reported by Misra et al. [36],

grain yield and it is most important morphological marker Amawate  and  Behl  [25],  Shreekant  et  al.  [43] and
while breeding for grain yield. Number of grains per spike Akhtar and Chowdhry [27].
showed high sensitivity to water stress. Nabipour et al.
[11], Hassaan [12] and Mirbahar et al. [14] concluded that Grain Yield per Plant (g): In crop improvement ultimate
number of grains per spike decreased with water stress, objective in any breeding programme is grain yield. Grain
but in this study hybrid performed better than the both yield is the resultant of complex interaction between
parents. genes and environment. Environment plays chief role in

The generation means analysis indicated four determining the fate of plant. Table 3 indicated that hybrid
parameter model [mdhl] fitting best for number of grains F showed highest grain yield (5.60 g) followed by P , F
per spike (Table 5). The negative value of dominance [h] and P  (4.34, 4.05 and 4.01 g, respectively). The back cross
genetic effect makes it possible to perform selection generations (BC  and BC ) showed (3.90 g) similar grain
efficiently in early segregating generations. The yield per plant.
dominance × dominance [l] showed higher and positive The perusal of Table 4 indicated that plant treatments
value that revealed number of grains per spike had a (P , P , F , F , BC  and BC ) of a cross V-04189 (P ) × V-
breeding importance in proceeding generations and 03138 (P ) showed significant differences (P  0.01) for
number of grains per spike can be increased by fixing grain yield per plant. Rana et al. [35], Nabipour et al. [11]
genes in hybrid combination. and Hassaan [12] reported that grain yield per plant

Number of grains per spike controlled by additive showed high sensitivity to moisture stress with reduced
type of gene action has also been reported by Prodanovic grain yield per plant in wheat.
[37], Petrovic et al. [38], Senapati et al. [39], Chowdhry et On viewing Table 5 generation means analysis
al. [30], Bakhsh et al. [23], Akhtar and Chowdhry [27], indicated that two parameters model [ml] fitted best for
Gurmani et al. [40] and Dvojkovic et al. [41]. grain yield per plant from observed to expect generation

1000-Grain Weight (g): Grain size also influences the than the dominance × dominance [l] genetic factor (3.81).
yield. Bold grains are the breeder’s tool to increase the Absence of additive [d] and dominance [h] genetic effect
plant yield. 1000-grain weight is the morphological marker concluded that the grain yield per plant is under the
depicting the grain size. Table 4 showed significant complex genetic control and breeding for high grain yield
differences (P  0.05) among six generations along with is not an effortless task for breeders. The dominance ×
Table 3 where V-03138 designated as P  showed high dominance [l] genetic effect showed that the grain yield1

value  of  1000-grain  weight  (48.15 g) over P  V-04189 per plant is an important trait and selection in early2

(46.24 g), the hybrid (F ) showed highest 1000-grain segregating generations is not fruitful. It can be fixed in1

weight (52.56 g). 1000-grain weight shows high sensitivity later generations. According to this study breeder can fix
to water stress and it reduced under water deficit the dominance × dominance [l] genetic effect with hybrid
environment as reported by Nabipour et al. [11], Hassaan which will prove to be most beneficial.
[12] and Mirbahar et al. [14]. Inheritance of grain yield per plant is solely

A perusal of Table 5 revealed four parameter model controlled by non-additive genetic effects as agreed by
[mhil] the best fit for 1000 grain weight from observed to Chowdhry et al. [22], Prodanovic [37] Subhani and
expect generation means. The absence of additive genetic Chowddhry [16], Inamullah et al. [20] and Haideri et al.
effect [d] indicated that 1000-grain weight is under the [42]. Non-allelic interaction is also involved out of which
control of non-additive gene action. The highest value of dominance × dominance [l] genetic effect is outstanding
dominance × dominance [l] were observed which, as reported by Amawate and Behl [25], Shreekant et al.
displayed that selection for 1000-grain weight in early [43] and Novoselovic et al. [8].

1 1 2

2

1 2

1 2 1 2 1 2 1

2

means. The value of [m] genetic factor (20.85) is higher
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CONCLUSION 12. Hassaan, R.K., 2003. Effect of drought stress  and

The data analysis revealed, all the traits studied have genotypes. Ann. Agri. Res., 48(1): 117-129.
significant differences among the six generations. 13. Saleem, M.S., 2003. Response of durum and bread
Generation means analysis concluded that spike length wheat genotypes to drought stress: Biomass and
and number of tillers per plant controlled by additive type yield components. Asian J. Pl. Sci., 2(3): 290-293.
of gene action that’s recommended for selection in early 14. Mirbahar,   A.A.,    G.S.   Markhand,   A.R.  Mahar,
generations and remaining traits exhibited higher genetic S.A. Abro and N.A. Kanhar, 2009. Effect of water
order, that referred to delayed selection for advanced stress on yield and yield components of wheat
generations, could be helpful for improvement. In future, (Triticum  asetivum  L.)   varieties.   Pak.   J.  Bot.,
breeding cultivars against rainfed environment, these 41(3): 1303-1310.
genotypes could be given a due importance. 15. Singh, G., G.S. Nada and V.S. Sohu, 1998. Gene effect
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