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ABSTRACT

Non-allelic interaction scaling test (A, B, and C) coupled with joint scaling test x2 and six parameters
model were applied to test the adequacy of genetic model and estimates the genetic components for days to
heading, flag leaf area, number of spikes / plant, number of grains/spike, 1000-grain weight and grain
yield/plant using six populations (P1, P2, F1, Fz, BCiand BC2) of two wheat crosses; Gemmeizall x
Misrl and Gemmeiza 12 x Misr2, A randomized complete block design with three replications was used.
The obtained results indicated the importance of additive genetic variance (D) in the genetic control of days to
heading and flag leaf area for Gimmeiza 12 x Misr 2 and amount of spikes/plant in two crosses. Heritability in
narrow sense was more than 0.50. While the dominance genetic variance (H) was found to be the prevalent
type controlling for the remaining characters in two crosses, the value of (H/0)% was more than one for these
characters and heritability in narrow sense as less than 0.50. The non-allelic interaction (A, B and C) coupled
with joint scaling test (X2) revealed that simple genetic model was adequate for explaining the inheritance of
amount of spikes/plant for Gemmeiza 12 X Misrl, epistasis played a great role of controlling remaining
characters in two crosses. Additive (d) and additive X dominance (J) were significant for days to heading and
number of grains /spike (in two crosses), 1000 grain weight and grain yield / plant in two crosses cross
(Gemmeiza x Misr 2).
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INTRODUCTION

Decision making about effective breeding method to
be used is mainly dictated by the type of gene action
controlling the genetic variation, such information is helpful
for the breeders to predict in early generation of breeding.
Programme, the potential of recombinant lines that could
be derive following a series of selfing generations in this
respect, additive and dominance gene effects, with great
importance of dominance were found to be controlled
heading date, number of grains/spike, and grain yield/plant
by Pawar et al. (1988) and Alkadoussi and Eissa (1990); flag
leaf area, number of spikes /plant and 1000-grain weight by
Shehab EI-Din (1997) and Salama (2002). The inheritance
and genetic model for grain weight/spike were investigated
by Alkaddoussi and Eissa (1989).They indicated that
digenic model was appropriated to ascertain the genetic
model for grain yield/plant. Non - allelic interaction
parameters genetic model to test for epistasis were studied
by Salama (2002). Mitkess and Dawla (1983), Chatrath et
al. (1986), Awaad (1996) and Salama ( 2007) indicated that
additive gene action was the predominant type controlling
heading data, number of grains/spike and grain yield/plant.
Limited studies were carried out to study the genetic control
of yield and yield attributes characters in wheat, Sharma et
al. (1996) Esmail (2002) and Sultan, et al. (2005).Therefore,
the objective of this work was studying the genetic control
of yield and yield attributes characters by using the six
population biometrical approach of wheat varieties to be
used in breeding program. It was performed to outline how
to increase grain yield of wheat.
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MATERIALS AND METHODS

1- Description of the parental
experimental procedures:

The present study was carried out at Tag El-Ezz
Research Station, Dakhlia Governorate Agriculture Research
Center, during three winter successive growing seasons i.e.
2016/2017,2017/2018 and 2018/2019. In. 2016/2017 season
the parental wheat genotypes of local origin were grown and
two crosses were made by hand; Gemmeizall X Misrl and
Gimmeizal2 X Misr2. The pedigree of the parental wheat
genotypes are shown in Table 1.

genotypes and

Table 1. Names and pedigree of the used wheat

genotypes.
Serial number  Genotypes Pedigree
. Maya 74/ on // 1160
! Cemmeizall 1 47/3/Bp/Gall /4 /Cha S,
2 Misr1 T. aestivum/ Bon // Cno
[7CCno /Mfd // Man ,,S,,
3 Gemmeiza 12 Vem/ Cmo 67B,t,)8,, [7CI3/Kal /
. Giza 155 //Pit62
4 Misr2 JILR64/3/Tzpp! Knott

In second season 2017/2018 seeds of two F 1 's
crosses were sown to produce F;  plants and crossed
between P1, Pzand F; to obtain backcross 1 (BC1) (F1 X
P1), backcross 2 (BCy) (F1 X P2) and P1 X P, (F1 seeds)
and the F; plants were selfed to produce F2 seeds. In the
third season 2016/2017 obtained seeds of the six
populations (P4, P2, F1, F2, BCy and BCy) of the two crosses
were sown on 20" November 2018 and evaluated using a
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randomized complete block design (RCBD) with three
replications. Rows were 2 m length. Spacing between rows
was 20 cm. While it was 10 cm between plants. Plot area
was 6 m? (2 x 3 m). The experimental plot consists of two
rows for each parent, F; and backcrosses and five rows for
F, generation. The recommended agricultural practices of
wheat production were applied.

2- Recorded data:

The studied characters were; days to heading (day),
flag leaf area (cm?), number of spikes /plant, number of
grains/spike, 1000- grain weight (g) and grain yield / plant
(9). Data were recorded on 10 individual plants for each of
the parental genotypes as well as F1's, 20 in BC; and BC»
and 50 in F, were labeled in each replicate.

3- Biometrical analysis:

The "t” statistical test was applied to test the
differences between parental genotypes for the studied
characters before considering the biometrical analysis.

a- Testing for the genetic model:

The scaling test A, B and C were applied according
to Mather and Jinks (1982), formulae to test the presence of
non-allelic interactions were as follows:

A =2Bc, — P, — F,
B = 2Bc,-P,—F,
C =4F, — 2F; — P;- P,

Joint scaling test proposed by Cavalli (1952) as
indicated X2 was applied to test the adequacy of the
genetic model controlling the studied characters. Due to
the unknown biased effect of non-allelic interaction the
simple genetic model (m), (d) and (h) was applied when
epistasis was absent, whereas, in the presence of nonallelic
interaction the analysis was proceeded to estimate the
interaction types involved using the six-parameters genetic
model of Jinks and Jones (1958) as follows:

m = Mean of F.

d= Additive gene effects= Bc; — Bc,
h= Dominance gene effect=F; — 4F, — (1/2)P; — (1/2) P, + 2B, + 2B,

i= Additive x Additive=2Bc; + 2Bc, — 4F,
Jj=Additive x Dominance= B¢, - (1/2) Py — Bc, + (1/2) P,
I= Dominance x Dominance= Py + P, + 2Fy + 4F, — 4Bcy — 4Bc,
The significance of genetic components was tested
using "t" test as follows:
effect

JVariance of effect
The genetic components of variance for each
character in the studied crosses were partitioned into
additive (D), dominance (Il) genetic variance and
environmental variance (E) using Mather (1949) and
Mather and Jinks (1971) formula as follows:

Ew= 1/, (VP1 + VP2 + 2VF1)

D = 4VF2 — 2(VBc1 + VBc2)
H = (VBcl + VBc2 — VF2 — Ew)
F =VBc2- VBcl,)

(H/D)° 5 = Average degree of dominance F/ (DxH)
0 -5 provides little evidence that the dominance at different
loci are particularly consistent in sign or magnitude.

Broad (Tn) and narrow (Ty) sense were computed
from the genetic variance using six populations according to
Mather and Jinks (1982) formulae.

RESULTS AND DISCUSSION

1- Mean performance:

Before considering the biometrical analysis for the
studied characters, the "t" statistical test was applied for
testing parental genotypes involved. The "t" value was
significant; suggesting that employed displayed enough
amount of genetic variability. Thus, genetic differences for
the genes controlling the studied characters were detected
Table 2.

Mean and Standard error of the six populations (P4,
Py, F1, F2, Beiand Bcy) of two wheat crosses for studied
characters are given in Table 2. According to the mean of
F1 as compared with its standard error (S.E.).

tt=

Table 2. Mean performance + standard error of the six populations of the two wheat crosses for studied characters.

Days to heading Flag leaf

Number of

Number of grains 1000 - grain Grainyield/

gp;gggters (days) area(cn?) spikes/plant /spike weight (g.) plant (g.)

1 2 1 2 1 2 1 2 1 2 1 2
P, 99.5 100.10 4297 43.80 7.66 6.45 65.82 69.11 5933 6217 19.70 21.12
+0.23 +0.19 +0.29 +0.34 +0.11 +0.09 +0.36 +0.31 +0.29 +0.38 +0.10 +0.08
p 93.0 92.5 45.0 40.23 6.33 5.83 62.14 58.32 6546 5735 1851 26.49
2 +020 #0.13 +0.18 020 +0.13 +0.15 #0.29 +0.28 024 031 +0.14 +0.07
P 96.32 9185 4724 4581 8.13 6.92 69.18 73.81 6728 66.53 2593 2454
! +0.31 +0.26 +0.33 +0.37 017 019 #0.39 +0.41 035 034 +0.16 #0.11
P 102.01 9953 46.16 44.82 7.73 6.52 68.88 72.53 66.21 6542 2417 2334
2 +0.71 +093 +0.84 +092 +0.28 #0.37 091 +0.82 +0.84 +0.79 028 +0.23
BC, 103.36 100.52 46.02 4451 6.82 6.14 69.88 71.93 61.72 64.81 23.09 22.08
+0.54 +048 +094 091 +0.19 +0.38 +#0.67 +0.65 051 +0.58 +0.23 +0.26
BC» 92.01 90.10 4793 4213 6.98 6.73 65.16 59.99 68.16 5835 24.73 2049
+0.75 +0.92 +0.65 061 +0.27 +0.20 #0.93 +088 +0.95 +0.87 026 +0.16

"t" test ** ** ** ** ** ** ** ** ** ** ** **
h=FI— 007 -445%% 326™ 3.79** 113 0.78** 520** 1009** 488%* 6.77/** 6.82** 3.13**
(P1+P2)+SE  +033  +028 +0.37 041 +0.18 +0.20 044 +045 +039 042 +0.18 +0.12

** significant at 0.01 level of probability

Results indicated that the mean of F; was earlier than
the early heading for cross 2 (Gimmeizal2 x Misr2) whereas,
the F1 exceeded its high performing parent (HP) for
remaining studied characters in two crosses. The results
provide evidence for present of over dominance gene effects
and increasing alleles were more frequent in the genetic
constitution of wheat parental genotypes, and that dominant
gene were dispersed. The F, mean of the two studied crosses

in each character indicated high value from high parent for all
studied characters in two crosses except cross 2 for days to
heading indicated appreciable amount of genetic variability
for these characters in the corresponding crosses. The
heterotic effect as indicated by (h value) which indicated
dominance deviations was positive and significant for all
studied characters in two crosses except days to heading in
two crosses. Significant and positive (h) value indicating that,
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presence heterotic effects and the increasing alleles were more
frequent than the decreasing ones in the genetic constitution
of the parental genotypes. However, the negative and
significant (h) value was obtained for days to heading at
cross 2 providing evidence for the predominant of decreasing
alleles over the increasing ones and the important role of
dominance and I or dominance x dominance gene effects
in the genetic control of these characters.

2- Component of genetic variance:

The assessment of the genetic variance (Table, 3)
revealed that, the dominance genetic variance (h) were higher
in magnitude than the corresponding additive (D) ones for
days to heading and flag leaf area of 1 and 2 cross, number of
grains/spike, 1000-grain weight and grain yield/plant for 1%
and 2™ crosses. This resulted in average degree of dominance
(H1/D) was more than unit However, additive component (D)
was found to be the prevailed type controlling for the
remaining character in two crosses. Thus phenotypic selection

would be effective in early segregating generations. The
negative value "F" together with the ratio F (H1/D)0 for flag
leaf area (two crosses), number of spikes / plant and grain
yield/plant (cross 2).Thus the decreasing alleles were more
frequent But, for the remaining characters in two crosses the
increasing  alleles exceeded the decreasing  ones.
Heritability in narrow sense was high for days to heading and
flag leaf area (cross 2) 0.65 and 0.58, respectively, number of
spikes/plant (1* cross) (0.60) and (cross 2) (0.63). Suggesting
the importance of straight forward phenotypic selection
method to improve characters in this respect Al
Kaddoussi and Eissa (1989), Hassan (1993) and Salama
(2002). But for the remaining characters heritability values
ranged from (0.12) for flag leaf area (1% cross) to 0.48 for grain
yield/plant (cross 1). These results are in accordance with
those at Al Kaddoussi (1996), Sultan, et al. (2005) and
Salama (2007).

Table 3. Components of genetic variance, derived parameters and narrow sense heritability (Tn) for the studied

characters of two wheat crosses

Characters Days to Flag leaf Number of Number of 1000 grain Grainyield/
Crosses heading (days) area(cmd spikes/plant grains / spike weight (9.) plant (g.)
1 2 1 2 1 2 1 2 1 2 1 2

Genetic parameters

[D] 0.28 1.28 0.18 0.99 0.096 0.172 0.72 0.66 046 0.29 0.074 0.022

[H] 1.16 0.68 212 0.96 0.048 0.084 1.44 1.28 152 144 0.08 0.108

[E] 0.07 0.05 0.08 0.11 0.02 0.03 0.13 012 0.09 0.12 0.02 0.015
Derived parameters

[F1 028 0.62 -047 -0.45 0.04 -0.11 044 037 0.65 0.43 0.02 -0.04

"I'H/O 2.03 0.72 3.43 0.98 0.71 0.70 141 1.39 181 2.23 1.04 2.22

FI'NIDH 0.49 067 -115 -0.46 0.19 -0.91 0.43 040 077 066 0.26 -0.83

Tn 0.28 065 012 0.58 0.60 0.63 0.42 0.41 0.33 0.23 0.48 0.21

3- Adequacy of genetic model:

The non-allelic interaction tests (A, B and C) for
studied characters, (Table 4) provide evidence for the
importance of epistasis in the inheritance of studied
characters in two crosses except number of spikes/plant

(cross 2). Significance x2 suggested that the additive
dominance model is not sufficient to explain the inheritance
of these characters. Thus results confirm the findings of Al
Kaddoussi and Eissa (1990) and Salama (2002).

Table 4. Testing for non-allelic interaction (A, B and C), x2 and six parameters genetic model gene effect for the

studied traits of the two wheat crosses.

Non-allelic Joint Six — parameter

Parameters interaction test scaling test genetFi)c model
Characters  Cross No. A B X" [M] [d] [h] [i] [i1 [L]
Days 1 1092**  -13 229 o 102.01** 1135** -17.23** -1766** 8.1** 11.70**
to +0.47 +155 +291 .71 +093 #396 +414  +169 4397
Heading 5 99**  -415* 21.82** o 99.53** 1042** 21.33** -1688 6.62** 11.94**
(day) +1013  +186 4375 +093 013 #492 +491 265 +449
Flag 1 183 362 219 o 46.16** -191 6.51 3.26 0.89 871
leaf +197 +135  #342 .84 +014 393 #495 #183 671
area 5 494 023 363 o 4482**  2.38* 220 6.0 0.59 837
(cm?) +183 +£129 +377 +092 +109 +406 +413 4285 +6.01
Number 1 -215%* 050 067 o 773**  -0.16 -2.18 -328  -082** 597**
of +043 +059 £1.19 +028 +033 +225 +223 +026 +195
spikes/ -1.09 071 -0.04 6.52**  -0.59 044
plant 2 +078 +047 +154 N5 +037 +043 +161 - -
Number 1 4.76** 236 9.2%* o 68.88** 472  -0.24 544  288** 1.68
of grains +143  +1.93 3.75 +091 #1115 599 +496 +081  +4.89
spike 2 0.94 215  1507** o 7253** 11.94** -16.18** -26.28** 6.54** 37.49**

+139 +184  +3.63 +0838 +110 #492 #3899 +186 695
1000- 1 -3.17** 358 549 o 66.21** -6.44** -1519** 508 -337** 467
grain +111  +196 4343 +084 +108 +362 +360 +069 +4.35
weight 2 301* -718* 91* o 65.42** 6.46** -859** -1536** 4.05* 21.62**
((0)) +1.27 180 +327 +079 +105 +348 +346 +175 4432
Grain 1 0.55 502*  6.61* o 24.17%* -164** 578  -104 -223** -453*
yield/ 49 +056 +117 +028 +034 +192 +161 +083 +201
plan 5 -15%*  -405%*  2.67** 2334** 159** 0448 -822** 127** 13.77*t
(9 55 4034 095 4023 #0031 #1142 #1143 +031 2.27

Separation out the interaction types using six
parameter genetic model revealed significant (d) gene effects
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for all studied characters in two crosses except number of
spikes/plant in two crosses positive and significant
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dominance (h) was shown for days to heading (cross 2)
and grain yield/plant (crossl ). Similar results were
obtained Hassan (1993) and Salama (2002).The most
important digenic interaction as computed by the six
parameter genetic model were; additive x dominance (J)
for days to heading and number of grains/spike (two
crosses), 1000-grain weight and grain yield / plant (cross 2).
Significant dominance x dominance (L) were the prevailed
type that controlled days to heading (two crosses), number of
spikes/plant (cross 1), number of grains/spike, 1000-grain
weight and grain yield / plant (cross 2).

This information are of great interest for wheat
genotypes to raise grain yield and early mature ones to
overcome the gap between production and consumption in

Egypt.
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