Genetic control for some traits using generation mean
analysis in bread wheat (Triticum aestivum L.).
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ABSTRACT
In order to study the inheritance and genetic analysis of drought tolerance indicators a

six generations of P4, P,, F4, F,, Bcy and Bc, of two wheat crosses i.e., Sakha 94 x Tokwie
(C4) and Giza 168 x Tokwie (C,) under normal irrigation (N) and drought stress (D) were
studied using generation mean analysis at Faculty of Agriculture, Sohag University, Egypt.
Genetic variation was found for No. of spikes/plant (NS), 100-seed weight (SW), grain yield
(GY), biological yield (BY), relative water content (RWC) and chlorophyll content (CC) (N&D)
in two crosses. High heterosis was observed for all studied characters (N&D) except CC in
two crosses. Genetic analysis showed over dominance in the inheritance of all studied
characters (N&D) in two crosses. High to moderate heritability values in broad sense were
detected for all characters in both crosses. Narrow-sense heritability (C1&C;) ranged from
0.18 for CC (D) to 0.37 for RWC (D) in C4. The genetic advance (C,&C,) was high (more
than 40%) for GY (N&D), while NS, BY, RWC and CC (N&D) were moderate (14-40%),
indicating the importance of direct selection for these characters. The genetic models fitted
for all studied characters (N&D) in two crosses except RWC (D in Cy), indicated dominance
and additive x additive gene effects. Both additive x additive and dominance x dominance
effects were significant for all studied characters (N&D) in two crosses except RWC (D in
C4), supporting the presence of duplicate type of epistasis. Since several important
characters are influenced by dominance and non-allelic gene interaction, it is advisable to

delay selection to later generation with increased homozygosity.

Key words: Wheat (Triticum aestivum L.), drought stress, generation mean analysis, gene
action.

1. INTRODUCTION
In Egypt, wheat production is far below what is needed to meet the local consumption of the

growing population resulting in increasing wheat imports. To formulate an efficient breeding

program for developing drought-tolerance varieties, it is essential to understand the mode of
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inheritance, the magnitude of gene effects and their mode of action [1,2,3]. The plant
breeder is interested in the estimation of gene effects in order to formulate the most
advantageous breeding procedures for improvement of the attribute in question. Therefore,
breeders need information about nature of gene action, heterosis, inbreeding depression,
heritability and predicted genetic gain from selection for yield and yield components. [4]
Listed three major factors that must be considered and which may limit progress in the
analysis of quantitative genetic variation: the number of genes involved the type of gene
action, and the genotype- environment interaction.

The genetical studies based on the means and variances of basic generations, is a simple
method for estimating the gene effects for a polygenic trait and has been reviewed in many
crop species. The greatest merit of generation means analysis lies in its ability to estimate
the epistatic effects [5]. The possibility of epistasis accounting for a significant proportion of
genetic variance of quantitative trait has been investigated extensively in previous studies in
crop plants. Amount and type of epistasis can have a major consequence on both the
reliability of predictions and the design of breeding program. Statistically, detection of
epistasis using generation means analysis is more reliable and efficient than by the analysis
of variance approach [6].However, it has its own limitations and several assumptions. Triple
test cross is a powerful method of genetic analysis, which provides unbiased estimates for
epistasis. In addition, it also estimates the additive and dominance components of variation
with high accuracy when epistasis is absent [7].The variance estimates attributed to
environment, total genetic, additive and dominance deviation effects were obtained from the
phenotypic variances for populations P1, P2, F1, F2, BC1 and BC2. These estimates
allowed the determination of heritabilities in the broad and narrow sense, mean degree of
dominance and minimum number of genes that control each character, by using Burton’s
expression [8].The objective of the present investigation was to investigate the genetic
analysis of quantitative indicators of drought tolerance in wheat under drought condition

using generation mean analysis.

2. MATERIAL AND METHODS
2.1 PLANT MATERIAL AND EXPERIMENTS

The two Egyptian cultivars, Sakha 94 and Giza 168 were more adapted in Egypt and proved
high yielding. However, the introduced line (Tokwie) is characterized as a drought tolerant.
Therefore, the line introduced was crossed with the Egyptian cultivars in order to enlarge the
variability for selection in the breeding program for these characters.

The experiments reported herein were carried out during the three successive growing
seasons of 2010/2011, 2011/2012 and 2012/2013. In 2010/2011, the parent genotypes of
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hexaploid wheat (Triticum aestivum L.) were sown to secure enough hybrid seed (Table 1).
Two crosses namely Sakha 94 x Tokwie (Cross 1) and Giza 168 x Tokwie (Cross 2) were
developed at Faculty of Agriculture, Sohag University, Egypt.

In 2011/2012 season, F; plants were selfed to produce F, seeds and backcrossed to the
parents to produce BC4 and BC, seeds. In 2012/2013 season, The parents (P4 and P,), the
first (F4) and second (F,) generation hybrids and the first (P, x F, = BC4) and second (P, x F,
= BC,) backcrosses were grown in two experiments in a randomized complete blocks design
with two replicates for each one. Each replicate consisted of 20 grains in one row for each of
the parents and F4, 40 grains in two rows of each of back cross and 80 grains in four rows
for the F, population. Rows were 2.0 m long and 30 cm apart and 10 cm between plants.
The first experiment was under normal irrigation (N) (gave irrigation when ever required), the
second experiment was under drought stress (D) (after the emergence of 50% of the spikes,
the water stress treatment received no more water until harvesting). The soil was fertilized at
the rate of 20 kg/fed (15% P205) and 80 kg/fed (33.5% ammonium nitrate) and weeds were
controlled by hand.

Data were recorded on 5 competitive individual plants for non-segregate basis as (P4,P, and
F1) and 10 plants for BC; and BC, and 60 plants for F, population for each replicate follows:
1-No. of spikes/plant (NS).

2-100-seed weight (SW) in grams.

3-Grain yield/plant (GY) in grams.

4-Biological yield/plant (BY) in grams.

5-Relative water content (RWC): A 4 cm segment of the youngest leaf was taken and cut
into 2 cm segments and weighed (fresh weight = FW). Then the segments were placed in
distilled water for 4 hours and reweighed to obtain turgor weight (TW). Thereafter the leaf
segments were oven dried and weighed (dried weight = DW). RWC was calculated using the
formula of [9], RWC % = [(FW — DW) / (TW — DW)] x 100.

6-Chlorophyll content (CC). Chlorophyll content was measured using a SPAD-502
chlorophyll meter (Minolta, Japan). For this measurement the average of three leaves per
plant per replication per treatment was taken.

2.2. STATISTICAL ANALYSIS

Analysis of variance and mean comparison of the characters was done using SAS Software.
Generation mean analysis was performed using Mather and Jinks method [5]. In this method
the mean of each character is indicated as follows:

Y=m +a[d] + B [n] + o® [i] + 2a B []] + B> [1]

Where:
Y = The mean of one generation
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m = The mean of all generation

d = The sum of additive effects

h = The sum of dominance effects

i = The sum of additive x additive interaction (complementary)

1 = The sum of dominance x dominance interaction (duplicate)

j = Sum of additive x dominance and a, 2a B and B? are the coefficients of genetic

parameters.

The genetic parameters (m, [d], [h], [l], [j], [1]) were tested for significance using a t-test.

To estimate the parameters and to select the most suitable model the least squares method
and the joint scaling test of Mather and Jinks [5] were employed.

Potence ratio, was estimated by using the formula of Smith [10].

Stress Tolerance index (STI) for grain yield were computed as formula using by [1]. STI =
(GYNI(GY)(GYN)*

Where GYyis grain yield under normal irrigation and GYj, is grain yield under drought.
Broad-sense (Hbz) and narrow-sense (an) heritability were estimated by [11]. Formulas:

Hy” = [Ve2 - (Vp1+Vpa+VE)/3] | VE2 Ho' = [2Ve, - (Vec1+Vee2)l / V2

Genetic advance was calculated [12] with a selection intensity of i=5% for all the characters
as: Ga = i.Hp\Vk,

The components of variation for six generations were calculated by the formulae of F2
variance were obtained by the following formula of Mather and Jinks [5] as:

E =1/3 (Vp1+ Vpot Vi)

D =4Vg; - 2 (Vger + Vaea)

H= 4(Vg,-1/2Vp -VE)

F = Vgc1 - Vee2

Where:

D - Additive genetic variance

H - Dominance variance

E - Environmental component of variance

F - Correlation between D and H over all loci

3. RESULTS AND DISCUSSION
The analysis of variance (Table 2) revealed significant differences for two environments and

generations for No. of spikes/plant (NS), 100-seed weight (SW), grain yield (GY), biological
yield (BY), relative water content (RWC) and chlorophyll content (CC) in two crosses,
indicating the existence of genetic variation and possibility of selection for drought tolerance.
The genotypes x environments interaction was also significant for all studied characters in
C,, except for GY, displaying their similar response and different responses of other traits.

While, the genotypes x environments interaction was non-significant for all studied
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characters in C,. Genetic variation was found in wheat for NS, SW, BY and GY by [12, 13,
14] and for RWC by [1,16].

The data six generations means (Table 3) showed that F1 hybrids were higher than mid-
parent and or best parent for all studied characters under both conditions in two crosses
except CC. These results showed the presence of heterotic effects for these characters.

In fact the development of any plant breeding program is dependent upon the existence of
genetic variability. The efficiency of selection and expression of heterosis also largely upon
the magnitude of genetic variability present in the plant population [1,2,15,17,18]. The
potence ratio presented in table (3), its values ranged from less than one (0.11) for CC (D in
C,) to more than one (36.91) for RWC (D in C,), indicating the presence of over dominance
for all studied characters in two Crosses under normal (N) and drought stress (D) except CC
(D in C4) was partial dominance. These results are in line with those obtained by
[13,15,19,20].

The highest stress tolerance index (Table 4) was revealed by the F4 hybrid (ST1=0.85 in C,
and 0.83 in C,), displaying the presence of heterobeltiosis for drought resistance in the F;
hybrid, followed by P, (0.81) in C; and P, (0.81) and P4 (0.80) in C..

The degree of dominance (h/d), broad-sense (Hb) and narrow-sense (Hn) heritabilities,
genetic advance (GA) and genetic components of variation are presented in Tables (5&6),
which shows that the degree of dominance (h/d) for all studied characters was greater than
one in two crosses (N&D) except NS (N in C,), indicating the presence of the
overdominance type of gene action in the inheritance of these traits. Selection of these
characters must therefore be delayed until the F3 or F4 generation. This delay permits a loss
of non-additive genetics variance through inbreeding, so that the additive genetics variance
can be more clearly evaluated. these results are in harmony with those obtained by [21].
Whereas they revealed that, the complex genetic behavior particularly additive and
dominance components could be successfully exploited in later generation.

NS (N in C;) was controlled by the additive type of gene action; the pedigree method of
selection can be used for improved of this trait, While for characters under control of the non-
additive type of gene action, biparental mating offers good prospects for increasing the
frequency of genetic recombination, hastening the rate of genetic improvement, through it
may be necessary to resort to heterosis breeding [1,13,15,22,23,24,25].

Heritability estimate indicates the progress from selection for plant characters is relatively
easy or difficult to make in breeding program. Plant breeders, through experience, can
perhaps rate a series of their response to selection. Heritability gave a numerical description
of this concept. Assessment of heritability of various traits is of considerable important in

crop improvement program, for example, to predict response to selection [26]. High to
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moderate broad-sense heritability estimates for all studied characters in two Crosses (N&D)
(Tables 5&6) showed that effective progress can be mad through selection. Moderate
narrow-sense heritability (0.2-0.5) was show for all studied characters in two crosses (N&D)
except CC (D) in Cross 1 and RWC (D) in Cross 2 indicated low heritability estimate (less
than 0.2) [27].The difference between H, and H, exhibits the involvement of the dominance
effect in the genetic constitution of these characters.

The variation observed between the genotypes for the characters investigated exhibited that
selection maybe effective for the improvement of drought tolerance [1,2,28,29], however, the
selection efficiency is related to the magnitude of heritability and genetic advance [12,17].
Heritability estimates along with genetic advance are important selection parameters and
normally more helpful in predicting the gain under selection than heritability estimates alone.
However, heritability estimates are influenced by the type of genetic material, sample size,
method of sampling, conduct of experiment, method of calculation and effect of linkage.
Genetic advance which refers to the improvement in the mean genotypic value of selected
individuals over the parental population is influenced by the genetic variability, heritability
and selection intensity [30,31].

The rate of genetic advance is connected with heritability [5]. The genetic advance (C,&C,)
was high (more than 40%) for GY (N&D), while NS, BY, RWC and CC (N&D) were moderate
(14-40%), indicating the importance of direct selection for these characters and the
significance of indirect selection for SW (N&D) in two crosses with low genetic advance (less
than 14%) through correlated response with characters having high heritability and genetic
advance [1,14,32,33,34].

Degree of dominance and variance components are presented in Tables (5&6), Ew, D and H
are environmental, additive and dominance components, respectively. F is an indicator of
correlation between D and H over all loci. If F is zero it means that dominant genes are in the
parent with high performance, while negative F exhibits that dominant genes are in the low
performance parent. If the ratio of F/YDxH is equal to or near one confirms that the
magnitude and sign of dominance for all the genes monitoring the character is equal,
therefore, the ratio VH/D is a good estimator of dominance. If F/ADxH is equal to zero or
close to zero, the magnitude and sign of the genes controlling the character is not equal and
hence VH/D explains average dominance. The h/d ratio estimates the degree of dominance
[1,15,18,35]. The ratio of YH/D for all studied characters (N&D) in two crosses showed
average dominance except NS (D), GY (D) and CC (N&D) in C4 and GY (N), RWC (N) and
CC (N&D) in C, showed over dominance.

The estimates of heterosis and inbreeding depression together provide information about

type of gene action involved in the expression of various quantitative traits. The percentage
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of heterosis with regard to High Parent (HP) and Mid-Parent (MP) and Inbreeding
Depression (ID) (Fig. 1 and 2) exhibited that mid-parent and high parent heterosis were
positive for NS, SW, BY, GY, RWC and CC in two crosses under both conditions except CC
was negative (D) (C4&C,) compared with high parent. Inbreeding depression was positive for
all studied characters.

The joint scaling test [5] was employed to estimate the mean (m), additive effect (d),
dominance effect (h), additive x additive (i), additive x dominance (j) and dominance x
dominance (1) values (Tables 7&8). The results of A, B, C and D scaling test for the two
wheat crosses under both environments, revealed that significant of any of these tests
indicates the presence of non-allelic gene interactions or epistasis on the scale of
measurement used. Results of scaling test, showed that additive-dominance model is
inadequate for explaining the inheritance of all studied characters, indicating the present of
non-allelic gene interaction in two crosses under two environments. [36] studied the
generation mean analysis in heat tolerance in wheat; they showed the adequacy of additive-
dominance model for grain yield and its components.

The mean parameters (m) for all studied attributes of two crosses and environments (Tables
7&8) which reflect the contribution due to the over all mean plus the locus effects and
interaction of the fixed loci were significant. The estimated of dominance gene action (h) was
significant for the all studied characters (N&D) in two crosses, indicating the importance
gene effects in inheritance of these characters. The significant [d] and [h] in the inheritance
of RWC (D in C,) revealed that both types of additive and dominance effects are involved in
the genetics of RWC [1,2,13,15,37].

The genetic models fitted (Tables 7&8) for all studied characters (N&D) in two crosses
except RWC (D in C,), indicated dominance and additive x additive gene effects. indicated
dominance and additive x additive gene effects. It is there fore suggested that selection
should be carried out in late generation and the interaction should be fixed by selection
under selfing conditions. The epistatic effect (dominance x dominance [1]) was significant for
all studied characters (N&D) in two crosses, which confirm the important role of dominance x
dominance gene interaction in the genetic system controlling, these result were reported by
[13,15,24,38]. Both additive x additive [i] and dominance x dominance [1] effects were
significant for all studied characters (N&D) in two crosses except RWC (D in C4), supporting
the presence of duplicate type of epistasis. This complementary interaction increases the
variation between the generation and in the segregating population. The cross, which
showed most promising in terms of narrow sense heritability and genetic gain, also showed
highest means under both conditions, chance to find stress tolerant breeding material in

segregating populations of this cross are promising.these finding are in line with [39], they
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studied genetic analysis of salt tolerance, and refer to High narrow sense heritability may be

used as a useful indicator index for the selection of salt tolerant genotypes at the vegetative

growth stage in wheat.

Table 1.  Pedigree and origin of the genotypes used in the two bread wheat crosses.
Cross Parental name Pedigree Origin
Sakha 94 (P1) Opata/Rayon//Kauz Egypt
Cr(1)ss Tokwie (P2) | T South Africa
Giza 168 (P1) Mill/Buc//Seri Egypt
e I — South Africa
2 Tokwie (P2)

Table 2. Pedigree and origin of the genotypes used in the two bread wheat crosses

- sov

Mean square

df T NS

SW BY GY RWC cC

Cross 1
Environments 1 9.61* 558 | 10859.21* 71570 | 1234.65*  659.63**
(A) 2 0.05 0.08 7.02 4563 3.33 2.41
Error 5 8.94** 0.82** 283.17* 191.21*  120.94*  227.39*
Generations (B) | g 0.35™ 0.13™ 25.55" 7.54™ 12.54™  11.98™
AxB 20 0.25 0.07 84.49 14.90 15.23 1.05
Error
Cross 2
Environments 1 14.06** 9.06" | 11600** 620.63* 144129  1416.27**
:;A) 2 0.05 0.001 149.70 0.08 11.95 2.94

ror-— 5 | 18.49* 0.53 269.52** 207.59** 532.02*  179.34*
Generations (B) o
AxB 5 1.03** 0.10* 20.87* 5.71 53.83* | 58.96*
Error 20 0.17 0.02 48.62 4.13 10.39 4.26

Ns: No. of spikes/plant; sw: 100-seed weight in grams; BY: Biological yield/plant in grams;

GY: Grain yield/plant in grams; RWC: Relative water content %; CC: Chlorophyll content

* and ** significant at 5% and 1% levels of probability, respectively.
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283 Table 3. Mean comparison of the characters studied.
284
Characters
Generations Sw BY GY RWC CcC
N D N D N D N D N D N D
Cross 1
Gemmeiza 9 (P;) 14.87 | 1317 | 6.10  4.84 100.97  64.60 i 44.49 | 33.76 67.97 = 5467 4647  40.17
Inbred line 1 (P;) = 10.67 : 10.17 = 563 : 480 9698 60.91  37.70 | 30.58 7121 6173 5970 @ 49.37
Fi (P1xPy) 16.07 1467 630 556  109.32 6829 . 4841  41.03 7402 6691 5257 @ 4540
F2 1317 1217 511 | 463 8269 5295 3252 | 2316 69.85 5521  39.37 @ 33.93
Py x F1 (BCy) 1467 1367 574 | 491 9616 6505 ! 40.66 | 3049 67.14 5335 4620 @ 37.43
P, X F1 (BCy) 1267 1207 536 478 9570 6161  36.93 2818 6850 5655 54.30 @ 40.93
LSDo.0s 1.88 i 1.01 045 {042 425 519 @ 431 385 201 1.36 3.08 3.94
Potence ratio 157 i 200 i 183 427 519 | 300 @ 189 432 273 1497 @ -1.10 1.41
Cross 2
Sids 1 (P+) 1467 | 1267 | 575 | 462 | 101.76 | 67.85 | 42.40 | 34.07 66.97 5273 | 53.70 | 39.33
Inbred line 2 (P;) = 10.67 | 10.17 | 563 | 480 96.98 60.91 | 37.70 | 30.58 = 7121 6173 59.70 | 49.37
Fi1 (Pt xPy) 16.67 | 14.17 | 6.30 | 495  111.44 79.03 | 47.11 | 38.91 86.14 7836 67.73 | 44.40
Fa 1417 1367 513 | 452 9658 59.19 | 30.39 | 22.14 56.74 5166  43.87 | 39.33
Py x F1 (BC) 1417 1317  6.09 | 500 100.03 6242 | 3541 | 26.40 7497 5587 5253 | 40.43
P, X F1 (BCy) 1267 1167 575 | 473 9863 60.62 | 39.72 | 28.80 8187 6160 5537 | 4477
LSDo.0s 190 | 120 @ 051 046 352 | 259 @ 252 232 149 2.41 2.93 2.89
Potence ratio 2.00 | 220 | -10.22 270 505 | 422 @ -240 -378 804 3691 19.46 0.11
285 Ns: No. of spikes/plant; sw: 100-seed weight in grams; BY: Biological yield/plant in grams;
286 GY: Grain yield/plant in grams; RWC: Relative water content %; CC: Chlorophyll content
287
288
289  Table 4. : Grain yield/plant under normal (GYy) and drought stress (GYp), and stress
290 tolerance index (STI) for each generation.
Generations GYy GYp STI Generations GYy GYp STI
Cross 1 Cross 2
Gemmeiza 9 (P1) @ 44.49 33.76 0.76  Sids 1 (P4) 42.40 34.07 0.80
Inbred line 1 (P2) | 37.70 = 30.58 0.81 Inbredline2(P;) 3770 3058  0.81
F1 (P1x P2) 4841 4103 085 F1(PixP) 4711 | 3891 083
F2 32.52 23.16 0.71 F2 30.39 22.14 0.73
P1 x F1 (BC1) 40.66 30.49 0.75 P1xF1 (BCT) 35.41 26.40 0.75
P2 X F1 (BC2) 3603 2818 076 2XF1(BC2) 4975 2880 073
291
292
293
294
295
296
297
298
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Table 5. Genetic parameters and components of variation for all studied characters in

the cross 1 under normal (N) and drought stress (D) conditions.

i Characters hid Hs H, Ga D H F E. VH/ID F/INHXD

NS N +2.65 069 | 028 2506  19.80 9.07 | +1.40 5.42 0.68 0.11

D +3.63 067 | 020 2283 1340 1753  -0.80 5.50 1.14 -0.05

SwW N +5.79 078 | 033 | 887 | 7.21 2.80 | -0.11 1.19 0.62 -0.03

D | +12.31 083 | 032 | 1255 | 930 576 | +0.60 1.27 0.79 -0.08

BY N | H134.72 079 | 036 2029  17.82 375 | -1.60 2.56 0.46 -0.20

D +13.69 074 | 033 2505 2156 551 | -155 4.34 0.51 0.14

oy N +8.94 079 | 029 5663 4035 2926 @ -2.36 7.49 0.85 -0.07

o | *13.67 074 | 024 4660 | 2868 3312  +0.99 7.90 1.08 0.03

+2.70 074 | 032 | 2136 | 1803 542 | -1.88 3.73 0.55 -0.19

RWC N -2.40 076 = 037 2376 2237 139 @ -1.16 3.74 0.25 -0.21

D -5.31 073 | 021 2343 1325 19.00 @ -1.20 413 1.20 -0.08

cc N -6.18 074 | 018  19.92 | 920 2027 224 3.36 1.48 0.16
D

Ns: No. of spikes/plant; sw: 100-seed weight in grams; BY: Biological yield/plant in grams;

GY: Grain yield/plant in grams; RWC: Relative water content %; CC: Chlorophyll content

Table 6. Genetic parameters and components of variation for all studied characters in

the cross 2 under normal (N) and drought stress (D) conditions.

Characters hid Hs H, Ga D H F E. VH/ID F/INHXD
NS N  +0.67 073 | 030 27.98 i 2250  9.33 | -0.75 5.00 0.64 -0.05
D -1.50 070 i 029 2506 @ 2070 727 | -0.35 5.17 0.59 -0.03
SW N +11.06  0.81 0.32 | 1066 | 8.09  4.51 +0.03 1.21 0.75 0.005
D +6.07 075 | 029  6.71 5.01 3.01 +0.50 1.08 0.78 0.13
BY N | +1648 | 066 | 031  17.92 | 1621 237 | -0.32 2.91 0.63 -0.02
D +1332 | 077 | 026 2280 | 1491 1345 | -1.67 4.50 0.38 -0.27
oy N | 851 0.71 0.24 | 4764 | 3087 30.76 | -2.37 9.52 1.00 -0.08
p 179 075 030 5360 4171 2066 +0.75 = 847 0.70 -0.03
N -15.04 | 079 | 025 23.83 | 1453 1722  +2.08 | 3.16 1.09 0.11
RwC D 863 077 019  19.62 | 2062 874 | +1.30 2.81 0.65 0.10
N 1815 069 | 020 1973 1120 1591 | +0.88 | 4.25 1.19 0.07
cC D -3.03 080 | 026 2001 | 12.34 | 1416 | +0.03 | 2.41 1.07 0.002

Ns: No. of spikes/plant; sw: 100-seed weight in grams; BY: Biological yield/plant in grams;

GY: Grain yield/plant in grams; RWC: Relative water content %; CC: Chlorophyll content.

* Tel.: +201118936834; fax: +20932280126.
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Table 7. Estimates of scaling test and types of gene action using generation means
for all studied characters cross 1 under normal (N) and drought stress (D)

conditions.
Scaling test Genetic parameters
Characters A B c D m [d] [h] (il il |
NS g -1.60**  -1.40*  -5.00*  -1.00*  13.17** 2.00 5.30** 2.00** -0.10 1.00**
-0.50** | -0.70* | -4.00* = -1.40*  12.17* 1.60 5.80** 2.80** 0.10 -1.60**
sw T -0.91** 1.20* -3.88**  -0.88* 5.11** 0.38 2.20** 1.77* 0.14 0.45**
-0.57** | -0.80** = -2.23**  0.43** 4.63* -0.13 1.60** 0.86* 0.12 0.52**
BY T 17.97** | -14.91** | -85.85**  -26.49**  82.69** 0.47 63.32**  52.97** -1.53 -20.09**
2.79* 597  -50.30** -20.77**  52.95** 3.44 47.08**  41.54* 1.60 -32.78*
Gy N | -11.58 | -10.26** | -46.95* -12.56** | 32.52** 3.74 33.43* | 2511* -0.66 -3.28**
D 4181  -1325% -49.78™ -12.36"  23.16* 2.31 31.58* | 24.72* 0.72 -0.34**
e N 7717 823 7.84* 4.05* 69.85* -1.36 -3.67* -8.10** 0.26 24.04*
D 1489 | -1554*  -2040" = 0.51* 55.21* -3.21 7.69** -1.03 0.32 31.46*
N~ 663" | 367 | 5383 -21.77**  39.37 -8.10 43.02** = 43.53* -1.48 -33.23*
CcC D -10.70*  -12.90* = -44.60* -10.50**  33.93** -3.50 21.63*  21.00** 1.10 2.60**
Ns: No. of spikes/plant; sw: 100-seed weight in grams; BY: Biological yield/plant in grams;
GY: Grain yield/plant in grams; RWC: Relative water content %; CC: Chlorophyll content
* and ** significant at 5% and 1% levels of probability, respectively.
Table 8 Estimates of scaling test and types of gene action using generation means for
all studied characters in the cross 2 under normal (N) and drought stress (D)
conditions.
Scaling test Genetic parameters
Character 4 B c D m [d] [h] 0] 0] 0]
NS g -3.00** | -2.00* | -2.00** 1.50** 14.17* 1.50 1.00* -3.00** -0.50 8.00**
-0.50**  -1.00** 3.50** 2.50** 13.67** 1.50 225  -5.00** -0.25 6.50**
SW g 0.13** 0.43* | -3.88** | -1.57* 5.13** 0.34 3.76** 3.15** 0.28 -2.85%*
0.43** 0.29* | 223* | -0.70* 4,52 0.27 1.64* 1.40** 0.36 -1.54**
BY T -13.14* | -11.16* | -3530*  -550** = 96.58** 1.40 23.07**  11.00** -0.99 13.30**
-22.04** | -18.70** | -50.05** = -4.66** = 59.19** 1.80 23.98* 9.32** -1.67 31.41*
oy N -18.70% « -3.37** | 50.77** -14.36**  30.39** -4.32 36.77* | 28.71* -7.67 -6.65**
D 2019™  -11.89* 5391 -10.92*  22.14* -2.41 28.42*  21.83** -4.15 10.25**
N | -3.18* 6.39** | -83.50** @ -43.36**  56.74** -6.90 103.7**  86.71** -4.78 -89.92*
RWC b -19.35** | -16.88** | -64.55** -14.16** 51.66™ | -573" | 49.44*  28.31* -1.23 7.91*
N~ -16.37 | -16.70* | -73.40™  -20.17**  43.87* -2.83 51.37**  40.33** 0.16 7.27**
cC D -2.87** | -4.23* | -2017**  -6.53** = 39.33** -4.33 13.12**  13.07** 0.68 -5.97**

Ns: No. of spikes/plant; sw: 100-seed weight in grams; BY: Biological yield/plant in grams;
GY: Grain yield/plant in grams; RWC: Relative water content %; CC: Chlorophyll content
* and ** significant at 5% and 1% levels of probability, respectively.

*Tel.: +201118936834; fax: +20932280126.
E-mail address: naheif1974@gmail.com.
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Fig.1. (A&B): Percentage of heterosis énd inbfeeding depreésion under two environments in
Cross 1 for characters investigated.
HP: High Parent; MP: Mid-Parent;ID: Inbreeding Depression
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Fig.2. (A&B): Percentage of heterosis and inbreeding depression under two environments in Cross 2 for
characters investigated.
HP: High Parent; MP: Mid-Parent;ID: Inbreeding Depression
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4. CONCLUSION

Genetic analysis showed overdominance in the inheritance of all studied characters under
normal and drought conditions in two crosses. The genetic advance in both of tow crosses
was high for grain yield under normal and drought conditions; meanwhile it was moderate in
number of spikes, RWC and chlorophyll content. The complex genetic behavior especially
both of additive x additive and dominance x dominance effects were significant for all studied
characters (N&D) in two crosses except RWC under drought in cross 1, whereas several
important characters are influenced by dominance and non-allelic gene interaction. It is
recommended that selection for improvement of studied traits should be delayed to later
generation of segregation population in wheat

ACKNOWLEDGEMENTS

The author would like to thank Dr. Ala A. S. Ahmed of Sohag University, Agronomy Dep. for
his kind technical supports on the phenotypic measurements. The author also thank Dr.
Mohmed Husein of Sohag University, Horticulture Dep. to provide the agricultural facilities in
the research Farm

COMPETING INTERESTS
Author has declared that no competing interests exist.

REFERENCES

1. Farshadfar E, Ghandha M, Zahravi M, Sutka J. Generation mean analysis of
drought tolerance in wheat (Triticum aestivum L.). Acta Agron. Hung. 2001; 49: 59-
66.

2. Farshadfar E, Mahjouri S, Aghaee M. Detection of epistasis and estimation of
additive and dominant components of genetic variation for drought tolerance in
Durum wheat. J. Biol. Sci. 2008b; 8: 598-603.

3. Igbal M, Navabi A, Salmon DF, Young RC, Mardoch BM, Moore SS, Spaner D.
Genetic analysis of flowering and maturity time in high latitude spring wheat.
Euphytica. 2007; 154: 207-218.

4. Sprague GF. Orientation and objectives In “Statistical genetics and plant breeding”
Nat. Acad. Sci. N.R.C. Pub. 1963; 982. IX-XV.

5. Mather K, Jinks JL. Biometrical Genetics. 3rd Edn. Chapman and Hall Ltd. 1982;
ISBN-10: 0412228904.

6. Lamkey KR, Lee M. AQuantitative genetics, molecular markers and plant
improvement. In: Focussed plant improvement- towards responsible and sustainable
agriculture. ed. imrie, b.c. and hacker, j.b. 1993; 104-115.

7. Kearsey MJ, Jinks JL. A general method of detecting, additive, dominance and
epistatic variation for metric traits.l. Theor. Heredity. 1968; 23: 403-409.

*Tel.: +201118936834; fax: +20932280126.
E-mail address: naheif1974@gmail.com.



446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481

10.

1.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Burton GW. Quantitative inheritance in pearl millet (Pennisetum glaucum Agron. J.
1951; v.43:409-417.

Ritchie SW, Nguyen HT, Holiday AS. Water relations in winter wheat as drought
resistance indicators. Crop Sci. 1990; 28: 526-531.

Smith, H.H. Fixing Transgressive Vigour in Nicotiana Rustica. In: Heterosis. lowa
State College Press, Ames, IA, USA. 1952.

Warner JN. A method of estimating heritability. Agron. J. 1952; 44: 427-430.
Johnson HW, Robinson HF, Comstock RE. Estimates of genetic and
environmental variability in soybean. Agron. J. 1955; 47: 314-318.

Tammam AM. Generation mean analysis in bread wheat under different
environmental conditions. Minufiy J. Agri. Res. 2005; 30(3): 937-956.

Farshadfar E, Aghaie M, Sharifi M, Yaghotipoor A. Assessment of salt tolerance
inheritance in barley via generation mean analysis. J. Biol. Sci. 2008a; 8: 461-465.
Amin IA. genetics behaviour of some agronomic traits in two durum wheat crosses
under heat stress.Alex.J. Agric. Res. 2013; 58(1): 53-66.

Manette A, Schonfeld C, Richard J, Carre B, Morhinweg W. Water relations in
winter wheat as drought resistance indicators. Crop Sci. 1988; 28: 526-531.

Singh P, Narayanan SS. Biometrical Techniques in Plant Breeding. 1st Edn.,,
Kalayani publishers, New Dehli, India. 1993.

Singh RK, Chaudhary BD. Biometrical Methods in Quantitative Genetic Analysis.
1st Edn., Kalyani Publisher, New Dehli, India. 1999; ISBN: 81-7663-307-0.

Ketata H, Smith EL, Edwards LH, McNew RW. Detection of epistatic, additive and
dominance variation in winter wheat (Triticum aestivum L.). Crop Sci. 1976; 16: 1-4.
Moshref MK. Genetical and statistical studies in wheat. Ph.D. Thesis, Al-Azhar
Univ., Egypt. 1996.

Zaazaa El, Hager MA, El-Hashash EF. Genetical Analysis of Some Quantitative
Traits in Wheat Using Six Parameters Genetic Model. American-Eurasian J. Agric.
& Environ. Sci. 2012; 12 (4): 456-462.

Gill KS, Dhillon SS, Bains KS. Combinig ability and inheritance of yield
components in crosses involving Indian and exotic wheat germplasm. Indian J.
Genet. PI. Breeding. 1972; 32: 421-430.

Sharma G, Singh RB. Inheritance of plant height and spike length in spring wheat.
Indian J. Genet. PI. Breeding. 1976; 36: 173-183.

Srivastava RB, Sharma SC, Yunus M. Additive and non-additive gene effects for
yield and yield components in two crosses of wheat (T. aestivum L.). India J. Genet.
1992; 52: 297-301.

* Tel.: +201118936834; fax: +20932280126.
E-mail address: naheif1974@gmail.com.



482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Kheiralla KA, El-Defrawy MM, Sherif THI. Genetic analysis of grain yield, biomass
and harvest index in wheat under drought stress and normal moisture conditions.
Assiut J. Agric. Sci. 1993; 24: 163-183.

Nyguist WE. Estimation of heritability and prediction of response in plant
populations. CRC Critical Reviews in Plant Sci. 1991; 10(3): 235-322.

Tefra H, Peat HE. Genetics of grain yield and other agronomic characters in
(Eragrostis tef Zucctrotter) Il the triple test cross. Euphytica. 1997; 96: 193-202.
Umarahan P, Ariyanayagam RP, Haque SQ. Genetic analysis of yield and its
components in vegetable cowpea (Vigna unguiculata L. walp). Euphytica. 1997; 96:
207-213.

Farshadfar E. Application of integrated selection index and rank sum for screening
drought tolerant genotypes in bread wheat. Intl J Agri Crop Sci. 2012; 4 (6), 325-
332.

Alza JO, Martinez JMF. Genetic analysis of yield and related traits in sunflower
(Helianthus annus L.) in dryland and rigated environments. Euphytica. 1997; 95:
243-251.

Sharma SN. Genetics of spike length in durum wheat. Euphytica. 2003; 130: 155-
161.

Sharma BD, Sood BC, Halotra VV. Studies on variability, heritability and genetic
advance in chickpea research. Indian J. Pulses Res. 1991; 3: 1-6.

Sood S, Kalia NR, Bhateria S, Kumar S. Detection of genetic components of
variation for some biometrical ftraits in Linum usitatssimum L. in sub-mountain
Himalayan region. Euphytica. 2006; 155: 107-115.

Golparvar AR. Heritability and mode of gene action determination for grain filling
rate and relative water content in hexaploid wheat. — Genetika. 2012; 44 (1): 25 -32.
Naroui Rad MR, Abdul Kadir M, Rafii MY, Jaafar ZEH , Naghavi5 MR, Ahmadi F.
Genotype x environment interaction by AMMI and GGE biplot analysis in three
consecutive generations of wheat (Triticum aestivum) under normal and drought
stress conditions. AJCS. 2013; 7(7):956-961.

Lal C, Maloo SR, Kumar V. Generation mean analysis for some heat tolerance and
quantitative characters in bread wheat (Triticum aestivum L.). J. Wheat Res. 2013; 5
(2): 22-26.

Farshadfar E, Mohammadi R, Aghaee M, Sutka J. Identification of QTLs involved
in physiological and agronomic indicators of drought tolerance in Rye using multiple
selection index. Acta Agron. Hung. 2003; 51: 419-428.

Kearsey M, Pooni HS. The Genetical Analysis of Quantitative Traits. 2nd Edn.,

* Tel.: +201118936834; fax: +20932280126.
E-mail address: naheif1974@gmail.com.



518 Chapman and Hall, U.K. 2004; ISBN: 0-7487-4082-1.
519 39. Dashti H, Bihamta MR, Shirani H, Majidi MM. Genetic analysis of salt tolerance in
520 vegetative stage in wheat (Triticum aestivum L) . POJ. 2012; 5(1):19-23.

*Tel.: +201118936834; fax: +20932280126.
E-mail address: naheif1974@gmail.com.



