The 2" Scientific Conference the Collage of Agriculture 2012

ESTIMATION OF COMBINING ABILITY, GENE ACTION
AND HETEROSIS IN DURUM WHEAT USING
NESTED MATING DESIGN

Cgd) B8s (Al Jadll g CEDIGIY) B jala AR
qadiall 7 g Sl anaal aladiuly ALEAY) Adaiall o

Ismail Hussain Ali Erfan Fateh Shakor
College of Agriculture Directorate of Agricultural Researches
Salahaddin University / Erbil Ministry of Agriculture / Erbil

ABSTRACT
An experiment was conducted by using the nested mating design involved 15 hybrids and
20 parents (5 male and 15 female) in durum wheat during 2011-2012 at the station of Directorate of
Agricultural Researches/Erbil under dry farming conditions using a randomized complete block
design with three replications. Some growth characters, grain yield and its components were
studied. Genetic statistical analysis were done to estimate general combining ability (GCA) of the
parents, genetic variance components (additive and dominance), environmental variance, average
degree of dominance, heritability in broad and narrow sense, expected genetic advance, heterosis
and correlation coefficients among the characters. The results showed highly significant differences
among genotypes for all studied characters. Three parents had a positive general combining ability
effect in most characters including grain yield. The additive was greater than dominance genetic
variance in most characters. Heritability in narrow sense was high for plant height, spike no./plant,
1000-grain weight and grain yield/plant. The values of average degree of dominance was greater
than one for flag leaf area, number of grains/spike and biological yield/plant, while less than unit for
spike no./plant. Expected genetic advance was high for plant height, spike no./plant and grain
yield/plant and it were moderate for plant height, grain no./spike, 1000-grain weight, biological
yield/plant and harvest index, while it was low for flag leaf area. Maximum number of hybrids
showed significant positive heterosis for grain no./spike, 1000-grain weight and grain yield/plant .
The cross [14 x 3] had the highest positive heterosis for most studied characters including grain
yield followed by [8 x 1] and [16 x 4]. Grain yield/plant revealed a significant positive genetic
correlation with spike no./plant, grain no./spike, 1000-grain weight and harvest index.
Key words: Durum wheat, nested mating, combining ability, gene action, heterosis, genetic
correlation.
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INTRODUCTION

Yield is the most complex character in wheat crop plants. So the information on genetic
control of yield and its components is more helpful for future breeding program. The combining
ability and gene action can be studied through the diallel crossing technique developed by earlier
scientists [1]. This breeding methodology is still considered as an important tool to work out the
genetic basis for the control of traits. However, plant breeders sometimes wish to increase the
number of parents in the hybridization program, with making few crosses by using another mating
method nested mating. In this method every male crossed with few females differed from another
male. Such programs need testing the combining ability of genotypes that are used as parents
according to the general combining ability and then selecting the best hybrid combination. Nested
mating method which described by [2] is considered one of the ways for estimating the general
combining ability to select the best parents. General combining ability, gene action, heritability and
heterosis had been studied for the different characters in wheat by many researchers using F;
generation. Knowledge about combining ability is important in selecting suitable parents for
hybridization, understanding of inheritance of quantitative traits and also in identifying the
promising crosses for further use in breeding programs. Many researchers have studied the
combining ability and genetic structure of bread wheat hybrid populations by using nested mating
design and diallel analysis methods related to yield and yield components. Combining ability has
been defined and categorized originally by [3] who described that high general combining ability
(GCA) effects were due to additive type of gene action, whereas high specific combining ability
(SCA) indicated non-additive gene effects. [4] reported that (GCA) effects were significant for
number of grains per spike and grain yield. [5] and [6] describe additive type of gene action with
partial dominance controlling this trait. [7] and [8] showed that over dominance type of gene action
controls this parameter. Over-dominance type of gene has been reported for plant height ([9, 10]
and flag leaf area [8, 11]. Over-dominance type of gene action has been reported by [12] for plant
height, flag leaf area and grain yield per plant, but transgressive segregates can be found for plant
height, flag leaf area, and grain yield per plant in later segregating generations. On the other hand
Heterosis and combining ability are the two most important aspects of any hybrid crop. Many
reports have been published establishing the fact that heterosis does occur with proper combinations
of parents [13]. In fact, heterosis shows combining ability of parents so their usefulness in
hybridization programs. Because of self-pollinating nature of wheat plant, limited investigation on
hybrid grain has so far been devoted to wheat. Exploitation of heterotic effect for grain yield
increase was largely attributed to cross-pollinated crops [14]. [15] revealed that heterosis relative to
mid-parent was found to be significantly positive for grain weight /spike, no of grains /spike, grain
yield/plant, biological yield and harvest index in the three crosses under study. [16] reported
negative magnitude of heterosis for plant height and positive for spike length, number of
grains/spike and harvest index. The knowledge of combining ability provides a useful clue for
selection of desirable parents for development of superior hybrids. Thus, the information regarding
heterosis, combining ability and nature of gene action are the basic requirements for a thorough
understanding of genetic architecture of yield and its components.

The objective of this research were to estimate some genetic parameters in order to evaluate
the ability of some durum wheat genotypes to predicate heterosis in F1 hybrids for the choice of best
parents and their crosses at early stages in the program under rainfall conditions.

MATERIALS AND METHODS

Fifteen durum wheat (Triticum durum Desf.) F; hybrids were created by crossing 5
pollinator parents with three standard females in the 2010-2011 growing season (Table, 1) followed
the nested design (Design | mating scheme) [17]. Grains of genotypes were received from the
International Center for Agricultural Research in the Dry Areas (ICARDA). The hybrids and
parents were evaluated using randomized complete block design with three replications during the
2011-2012 growing season at the station of Directorate of Agricultural Researches/Erbil under dry
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farming conditions in the area of Ainkawa in Erbil/Kurdistan region of Iragq under the circumstances
amounted to rain (172.6 mm) with good distribution depend on meteorological in the research site.
The grains were manually drilled into one row of 2.5 m length, spaced 20 cm apart and 10 cm plant
to plant distance. Data were collected for plant height (cm) [PH], flag leaf area (cm?) [FLA], spikes
no. /plant [SN], grains no. /spike [GN], 1000-grain weight (g) [GW], grain yield/plant (g) [Gy],
biological yield/plant (g) [By] and harvest index (%) [HI].

Table (1) Pedigree of genotypes (females and males) used in the study.

No. Pedigree
Males
1 ICD86-0471-ABL-0TR-8AP-0TR-20AP-0TR
2 ICD85-1340-ABL-6AP-0TR
3 ICD83-0050-4AP-14AP-TR-3AP-0TR
4 ICD 523-3Y-1Y-2M-0Y
5 ICD88-1233-ABL-8AP-0AP-6AP-0AP
Females
5 Icajihan36

ICD01-0251-T-14AP-AP-4AP-0AP

7 13307/Azn1/6/Zna-1/5/AW11/4/Ruff//Jo/Cr/3/F9.3
ICD00-0361-T-6AP-AP-4AP-AP

8 Marsyr-3//saadi 1989/Chan ICD02-1230-T-TR-12AP-0AP-4AP-0AP

Atlast1/961081//Icasyr-1

9 ICD02-0494-T-11AP-0TR-5AP-6 AP-2AP-0AP
10 Atlast1/961081//Icasyr-1
ICD02-0494-T-11AP-0TR-5AP-6 AP-4AP-0AP
11 Icasyr-1/3/Gen//Stj/Mrb3
ICD02-1016-C-6AP-0TR-1AP-0AP-1AP-0AP
12 Icasyr-1/3/Gen//Stj/Mrb3
ICD02-1016-C-6AP-0TR-1AP-0AP-5AP-0AP
13 Azeghar-2/4/Stj3/3/Gdfl/T. dicds/SY20013//Ber
ICD02-1272-W-3AP-0TR-3AP-0AP-5AP-0AP
14 Marsyr-3/3/ Gen//Stj/Mrb3
ICD02-1043-C-1AP-0TR-6AP-0AP-6AP-0AP
15 Icasyr-1/3/Ber/Sb15//T. urartu

ICD02-1257-W-4AP-0AP-4AP-0AP-4AP-0AP

16 12938-5L-1AP-1AP-4AP-0AP

17 ICD78-0030-2AP-2AP-3AP-2AP-0AP

18 ICD79-0852-13AP-3AP-2AP-0AP

19 ICD79-1463-1AP-2AP-2 AP-1AP-0SH

20 ICD91-0083-AB-1AP-0AP-5AP-0AP

Data analyzed according to nested mating design according to the following statistical
model:
yijk = g+ mi+ fj(i) + rk +eijk {i=1,2...m; j=1,2....f ;k =1,2...r }Where, yijk=experimental unit
value; p=grand mean; mi=general combining ability for ith parent; fj(i)=effect of j female which
crossed with ith male; rk= effect of k replicate; eijk=effect of experimental unit for ij cross in k
replicate. Analysis of variance table and calculate the sum of squared of the variation sources and
degrees of freedom for these sources are shown in the Table (2):
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The effects of general combining ability (GCA) of parents were calculated according to the
following two equations:

- Effect of GCA of male parents: §i=Vyi..—Y...

- Effect of GCA of female parents: §j=VY.].— V...
The standard error of the effect of GCA for parents (males and females) was estimated according to

the following equation: SE=,/20'2%

The components of genotypic variation (Dominance variance oD , Additive variance oZA) and

environmental variance o°E have been estimated based on the expected mean square (EMS)
according to the following equations:

o= MSM=MSE_ s ca=tota
rf 2
Table (2): ANOVA Table of nested mating design.
SOV df ss MS EMS (Fixed Model)
s 1,2 2
Re pl. F1 Tyik® Y.
mf mfr
. 2 2
Males (m) m-1 2. Y MSm o’e+ fro’m
fr mfr
5 TYij.?  2VYi.?
Females / Male m(f —1) j.o IV MS F/M Sletro? f/m
r fr
e Lo, TYiSOZY.KE YL
Error (mf =D (r-1) | Zyijk or + —t Mse o2
- 2 Y---
Total mfr —1 Tyijk ? — ——
mfr
~o*A=20°’m

o’ F/M =

MS /T —MSe _ (2GCA+ o2SCA) = %02A+ 2D

no’D=c’F/M —c?m

In order to test the significant of each one of these variances, the following equations were used to
find a variance of each variance:

V(c?A) = f2 [Z(MSm)z N 2(MSe)2}

2r2 k+2 k+2

V(c2D) _ 1 [2(MS f/m)? . 2(MSe)? L1 2(MSm)? . 2(MSe)?
r? (k+2 K+2 r’f2| k+2 K+2
2(MSe)?

V (c?E) =
(@"E) k+2

Taking the square root of the variations above we then get the standard error (SE) for each
variance for the test of significant of each one of these variances using statistical t-test.

Heritability in broad h%sand narrow sense h?.estimated by using the following
equations:
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o’m+o® f/m

H 2b.s. = >
o’e

+o’m+o? f/m

2c’m
H 2n.s. =

c’e

+o’m+o? f/m

Averagedeg reeof domin ance (a)=+/2c°D/c? A
Expected genetic advance=H %.s. oPi

EGA% = G%T .100

Where, oP is the phenotypic standard deviation, and i is constant =1.76), at 10% selection
intensity.

Each of heritability in broad sense, narrow sense, and genetic advance was categorized as
low, moderate and high as suggested by [81, 19 and 20], respectively.

Heterosis over mid parents was computed according to the following equation:
Heterosis (H) =F, —[pi+pj/2] . Then, heterosis significant was tested using the following

statistical t-test for each hybrid: t(H)=H / (H) . The variance of heterosis were calculated from

the following equation: V(H)=(3/2)(Mse/r). Also genetic correlation between studied

Calt.=r/S

characters was calculated and tested with a t-test as follows: r  where,

_ 2
Se=y1-1 /n—2 and df = n-2.

RESULTS AND DISCUSSION

Analysis of variance for characters indicated highly significant differences among genotypes
(Males, females and hybrids) indicating that there was enough variation to be successful in selecting
the desirable parents and cross combinations in this study (Table 3). The mean performance of
males, females and hybrids for studied characters are presented in Table (4). The parent [12] was
shorter than others in plant height (56.67 cm) and the parent [10] was the tallest one (70.33 cm).

Table (3): Mean squares of genotypes (males, females and hybrids) for studied characters.

Mean squares
Characters Replications Genotypes Error F. value
df=2 df =34 df = 68
PH 156.753 79.706 10.645 7.89*
FLA 7.800 13.215 7.090 1.86*
SN 3.010 2.721 1.256 2.18*
GN 6.895 39.702 2.895 13.08*
GW 5.826 18.635 2.937 6.10*
BY 17.943 28.917 4.551 6.22*
GY 1.649 1.571 0.568 2.78*
HI 13.409 48.615 10.016 4.66*

* = Significant at 0.05 probability level.
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Table (4): Mean performance of parents and hybrids for the studied characters.

PH | FLA | SN | GN | GW | BY | GY HI

Males

1 62.67 | 25.00 | 6.67 | 1267 | 2667 | 18.00 | 279 | 15.36
2 62.00 | 2833 | 5.67 | 12.00 | 24.00 | 1833 | 266 | 14.41
3 63.67 | 2467 | 600 | 1000 | 2167 | 19.00 | 214 | 11.25
4 66.00 | 2233 | 533 | 1133 | 2500 | 19.00 | 279 | 14.20
5 68.33 | 2533 | 467 | 1167 | 2333 [ 17.00 | 154 8.99
Mean 6453 | 2513 | 567 | 1153 | 2413 [ 1827 | 238 | 12.84
Females

6 66.00 | 2533 | 467 | 1400 | 3211 | 17.00 | 333 | 19.38
7 68.00 | 26.00 | 400 | 1167 | 2484 | 16.00 | 313 | 19.37
8 69.67 | 26.00 | 500 | 10.67 | 23.33 | 2000 | 171 8.53
9 62.00 | 2667 | 500 | 1333 | 2757 | 1633 | 435 | 26.68
10 70.33 | 2533 | 367 | 1033 | 2449 | 12,67 | 260 | 20.51
11 66.67 | 2500 | 400 | 1233 | 2794 | 1767 | 391 | 2207
12 56.67 | 25.00 | 3.67 | 1267 | 2500 | 15.00 | 3.00 | 19.94
13 68.67 | 2367 | 467 | 1000 | 2582 | 1833 | 296 | 16.19
14 62.00 | 2733 | 467 | 1800 | 2719 | 17.00 | 328 | 19.30
15 65.67 | 2633 | 400 | 1167 | 2600 | 17.33 | 328 | 1871
16 69.67 | 2433 | 400 | 1500 | 2867 | 16.67 | 230 | 13.56
17 69.33 | 26.33 | 3.67 | 13.67 | 28.00 | 16.00 | 202 | 12.31
18 66.00 | 2433 | 367 | 1667 | 2667 | 16.67 | 248 | 14.20
19 67.33 | 26.00 | 367 | 1067 | 2833 | 17.00 | 2.00 | 11.44
20 66.00 | 2833 | 3.00 | 1100 | 2567 | 16.00 | 157 9.78
Mean 66.27 | 2573 | 409 | 1228 | 2678 | 16.64 | 279 | 16.80
Hybrids

6x1 64.67 | 2400 | 333 | 1167 | 3033 | 1467 | 198 | 13.37
7x1 60.00 | 2433 | 367 | 1267 | 2967 | 1567 | 246 | 15.67
8x1 70.67 | 32.00 | 3.00 | 17.67 | 29.00 | 1833 | 212 | 1157
9x2 71.00 | 2367 | 400 | 1600 | 2500 | 1533 | 185 | 11.95
10x2 68.33 | 27.00 | 367 | 1267 | 2933 | 1533 | 230 | 14.95
11x2 7133 | 2467 | 3.67 | 1633 | 29.00 | 1933 | 3.00 | 1550
12x3 86.33 | 2467 | 300 | 1367 | 2667 | 16.00 | 194 | 12.10
13x3 76.00 | 2833 | 500 | 1800 | 29.16 | 17.67 | 258 | 14.56
14x3 7333 | 26.00 | 633 | 2733 | 2833 | 3200 | 359 | 11.13
15x4 67.33 | 2567 | 433 | 21.33 | 32.00 | 23.00 | 390 | 17.05
16x4 66.00 | 2333 | 533 | 1800 | 31.00 | 19.33 | 416 | 2148
17x4 69.33 | 2333 | 567 | 1467 | 2800 | 1867 | 317 | 16.65
18x5 60.33 | 27.00 | 533 | 1167 | 26.00 | 1833 | 280 | 15.22
19x5 66.67 | 26.00 | 467 | 1367 | 2667 | 17.67 | 279 | 1590
205 68.67 | 2733 | 467 | 1767 | 2467 | 1967 | 273 | 13.94
Mean 69.33 | 25.821 | 438 | 1620 | 2832 | 18.73 | 276 | 14.74
G. M. 67.33 | 2569 | 444 | 1407 | 2706 | 17.77 | 272 | 15.35
LSD g0s | 5.32 3.61 1.83 2.77 2.79 3.48 1.23 5.16

G. M. = Grand mean.
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The hybrid [13x3] was the tallest hybrids (76.00 cm) whereas hybrid [7x1] was the shortest in plant
height (60.00 cm). The largest flag leaf area was found in parents [2 and 20] (28.33 cm?), whereas
the lowest leaf area was that of parent [4] (22.33 cm?). The hybrid [8x1] gave the largest flag leaf
area (32.00 cm?), while the lowest one was observed in hybrids [16x4 and 17x4] (23.33 cm?). The
largest spikes no. /plant was found in parent [1] (6.67), whereas the lowest value of this trait was
obtained in parent [20] (3.00). For hybrids, the hybrid [14x3] gave the largest number (6.33); the
hybrids [8x1 and 12x1] gave the lowest number for this character (3.00). The maximum grains no.
/spike showed in parent [14] (18.00) among parents and (27.33) from [14 x 3] among hybrids.
1000-grain weight is more stable character under rainfall conditions [21], the results for this
character indicated that the parent [6] had highest value (32.11 g) among parents and (32.00) from
[3 x 8] and [15 x 4] among hybrids. In biological yield/plant, parent [8] gave the highest value
(20.00 g) among parents and [14 x 3] from hybrids showed maximum mean value (32.00 g) for this
character. It is further revealed that the parent [9] produced the highest grain yield/plant (4.35 g)
while maximum grain yield/plant was obtained in the hybrid [16 x 4] (4.16 g) followed by [15 x 4]
(3.90 g) and [14 x 3] (3.59 g). Parent [9] exceeded over the other parents in harvest index (26.68%)
and [16 x 4] from hybrids showed maximum mean value (21.48%) for this character. Similarly,
significant differences among genotypes for grain yield and related characters in different sets of
material of wheat were also reported [21, 22, 23]. The significant differences among the genotypes
[Parents (males and females) and hybrids] for all the characters studied indicating that, material
used had significant genetic diversity. These results are supported by the significant differences
between male parents as well as between female/male (Table 5); in addition to the superior of
overall mean of hybrids on the overall mean of males and females in most characters.

Table (5): Mean squares of nested mating design for studied characters.

SOV df Mean squares

PH FLA SN GN GW BY GY HI
Re pl. 2 | 31.200 | 5.089 | 0.822 | 2.067 |13.919 | 0.067 | 0.998 | 29.306
Males (m) 4 | 278.39* | 12.422 | 5.42* | 56.30* | 28.07* | 52.03* | 3.24* | 44.64*

Female/Males | 10 | 60.11* | 17.49* | 2.16* | 50.20* | 4.61* | 55.67* | 0.816 | 11.513

Error 28 | 5.033 | 5922 | 0.346 | 4.781 | 2559 | 2.067 | 0.469 | 10.168

Total 44

General combining ability (GCA) effects can be considered as the numerical values assigned
to the parents in relation to their mean performance in cross-combinations. Table (6) showed the
relative values of GCA effects of all the parents (males and females) for the studied characters. The
GCA effects of 2, 7 and 18 for PH were negative and significant. Thus parents 2, 7 and 18 could be
utilized to reduce plant height in bread wheat under rainfall conditions. Parent 2 also had positive
and obvious GCA effects on GN and BY. In FLA, SN and HI only parents 8, 14 and 16,
respectively had positive and remarkable significant GCA. It is quite evident from the results that
parents 3, 15, 14 and 16 proved as better general combiners for GN, GW, BY and GY, respectively.
The comparison of values revealed that those parents which mentioned above can be further used as
the source material in the development of segregating generation. Other researchers also obtained
parents which showed desirable GCA effects for different mentioned characters [15, 23, 24]
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Table (6) Estimates of general combining ability effects of males and females for studied

characters.

PH | FLA | SN | GN | GW | BY | GY | HI
Males

289 | -057 | -0.66 | 093 | 072 | -110 | -0.33 | -122
2 11.22* | 065 | 034 | 560* | 099 | 412* | -0.02 | -2.75
3 022 | -157 | 067 | 3.93* | 3.27* | 256* | 1.03* | 3.05
4 211 | 109 | 045 | 027 | -1.28 | 078 | 005 | -0.33
5 222 | 109 | -1.10* | 007 | 2.61* | -1.55 | -0.53 | -181
Females
6 267 | -169 | -1.10* | -240 | 3.27* | -310* | -0.74 | -1.98
7 -7.33* | -135 | -0.77 | -140 | 261* | -210* | 026 | 0.32
8 3.33* | 6.31* | -144* | 360* | 194 | 056 | -0.60 | -3.78
9 367* | -202 | -044 | 193 | -206 | -244* | -0.87 | -3.40
10 1.00 | 131 | -077 | -140 | 227* | -2.44* | -042 | -0.40
11 400* | -1.02 | -0.77 | 227 | 194 | 156 | 028 | 0.15
12 19.00% | -1.02 | -144* | -040 | -039 | -1.77 | -078 | -3.25
13 867 | 265 | 056 | 393* | 210 | 010 | -0.14 | -0.79
14 6.00* | 031 | 1.90% | 1327* | 127 | 14.23* | 087 | -4.22
15 000 | -002 | -010 | 7.27% | 494* | 523* | 118* | 170
16 -133 | -235 | 090 | 393* | 3.94* | 156 | 1.44* | 6.13*
17 200 | -235 | 123 | 060 | 094 | 090 | 045 | 1.30
18 700 | 131 | 090 | -240 | -1.06 | 056 | 008 | -0.13
19 067 | 031 | 023 | -040 [ -0.39 | -010 | 007 | 055
20 133 | 165 | 023 | 360* | 239 | 190 | 001 | -141
SE(gi—gj) | 1.83 | 199 | 048 | 179 | 131 | 117 | 056 | 2.60

Table (7) revealed that values of additive genetic variance and environment variance were
significant for all characters, while values for dominance genetic variance were not significant for
all the studied characters. The values of additive genetic variance were greater than dominance
genetic variance for PH, SN, GN, GW and GY which depicts the importance of additive gene effect
for controlling these characters, whereas the values of dominance genetic variance were greater than
the additive genetic variance for FLA and BY, which indicates to the importance of dominant gene
effect for controlling these characters. These results are in agreement with other researchers [21,
25].

The average degree of dominance (2) was more than one for FLA, GN and BY, indicates
that these characters are controlled by over dominance, while it was less than one for SN indicating
that this character was controlled by partial dominance, whereas equal to zero for PH, GW, GY and
HI indicating that no dominance controlled these characters. These results are in agreement with
previous results [15, 26, 27]. The values of heritability in broad sense (H%,s) were high for PH, SN,
GN, GW and BY ranged between (68.895%) for GW and (91.890%) for BY and moderate for FLA,
GY and HI. These findings correspond with the results published by [12 and 28]. Heritability in
narrow-sense (H%,s) varied between high for PH, SN, GW and GY and moderate for GN, BY and
HI, while were low for FLA. These results agreed with those previously reported by [15 and 29].
The expected genetic advance (EGA) was between 0.785 for FLA and 12.710 for PH. The expected
genetic advance as a percent of mean (EGA %) was high for SN and GY and it were moderate for
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PH, GN, GW, BY and HI, while it was low for FLA. These results are in agreement with those
reported by [30].

Table (7) Estimates of genetic parameters for studied characters.

PararS”Eter PH FLA SN GN GW BY GY HI
2 | 60.746% | 1444 | 1128~ | 11449% | 5.668* | 1L104% | 0.616* | 7.660%
+15.467 | +0.996 | +0.316 | +2.052 | +1.580 | +3.691 | +0.184 | +2.539
2+ | 0000 | 3133 | 0039 | 9415 | 0000 | 12315 | 0.000 | 0.000
+0.000 | +2.435 | +307 | +6.898 | +0.000 | +7.579 | +0.000 | +0.000
2p | 5033 | 5.922% | 0.346* | 4.781% | 2550 | 2067 | 0.469* | 10.168*

+1.300 | £1.529 | +.089 | +1.234 | +0.661 | +0.285 | +0.121 | +2.625

a 0.000 2.083 0.263 1.282 0.000 1.489 0.000 0.000

H ps. 85.800 | 43.595 | 77.132 | 81.357 | 68.895 | 91.890 | 56.774 | 42.966

H” s, 85.800 | 13.754 | 74545 | 44.644 | 68.895 | 43.569 | 56.774 | 42.966

EGA 12.710 | 0.785 1.614 3.979 3.48 3.871 0.869 3.195

EGA% | 18.870 | 3.060 | 36.400 | 28.280 | 12.860 | 21.78 | 31.949 | 20.814

*=The o° D value was set to zero when estimated variance turned out to be a negative.

The number of hybrids showing significant heterosis levels over mid-parent with respective
directions and ranges for all the eight characters are presented in Table (8). Results of hybrids
showing significant desirable heterosis revealed that maximum number of hybrids showed heterosis
for GN, GW, GY, SN, BY, HI, PH and FLA, respectively. Heterosis of F1 hybrids over mid parents
for the studied characters are presented in Table (9) revealed that the significant heterosis in
desirable direction were observed in hybrids [7 x 1] and [18 x 5] for PH and [8 x 1] and [13 x 3] for
FLA. 5 hybrids in significant heterosis for SN were observed in desirable direction. Hybrid [14 x 3]
had the highest positive heterosis for GN and [15 x 4] for GW. The significant heterosis in desirable
direction was observed in most hybrids for GN and GW. Significant positive heterosis was
observed in three hybrids in BY, the hybrids [14 x 3] showed the highest value for heterosis
(14.00). Heterosis values of the hybrids for HI varied from(-8.60— 7.60). The hybrids which
exhibited significant heterosis for GY are [16 x 4], [18 x 5], [19 x 5], [20 x 5], [14 x 3] and [15 x
4]. It indicated that high yielding varieties involved in the hybrids were predominantly responsible
for enhancing the yield. Similar finding were reported by [31].

It’s better to remind that the information on heterosis and combining ability considered
together will be more meaningful. If the heterotic hybrids involve both the parents with high general
combining ability effects, then it implies that the parental contribution to heterosis is mainly
through additive gene action. As a rule, hybrid with the highest value of heterosis had a line with
high GCA as one of its parents [32]. Therefore, Based on general combining ability effects best
parents were identified using scoring techniques (Table 10). Among 20 parents, parents 3, 14 and
15 exhibited high GCA effects for maximum number of characters and produced heterosis in higher
number of traits of the hybrids that participated in the composition. Thus, these parents can be used
as genetic material to improve or derive new varieties of durum wheat under rainfall conditions.

Genetic correlation coefficients between studied characters are shown in Table (11). There
were significant and positive correlation between GY and most of its components and between
themselves, thus selection for any of these characters lead to improve other characters including
GY. Similar results have been reported by [30]. The results of this study revealed that parents (3),
(14) and (15) had the possibility to use in crossing programs because they have showed desirable
GCA effects for most of the studied characters and obtaining some crosses like (14x3), (15x4),
which had high desirable heterosis for most of the characters.
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Table (8): Number of hybrids showing significant heterosis levels with respective directions and

ranges.

Relative heterosis

Characters — -
Positive Negative Range

PH 2 2 [ 16.33 - (-6.84) ]
FLA 2 0 [-[3.50-6.5]
SN 5 7 [-2.84 -1.17]
GN 10 1 [-2.50 -13.30 ]
GW 9 0 [-0.79-6.50]
BY 3 2 [-2.83—-14.00 ]
GY 6 3 [-3.29-1.62]
HI 3 3 [-8.60 — 7.60 ]

Table (9) Heterosis relative to the mid-parent for studied characters.

PH FLA SN GN GW BY GY HI

6x1 0.33 -1.17 -2.34* -1.67 0.94 -2.83* -1.08* -4.00*

7x1 | -5.34* -0.34 -1.67* 0.50 3.92* -1.33 -0.50 -1.70

8x1 4.50* 6.50* -2.84* 6.00* 4.00* -0.67 -0.13 -0.38

9x2 9.00* -3.50* | -1.34* 3.34* -0.79 -2.00* | -1.66* | -8.60*

10x2 2.17 1.16 -1.00* 1.51 5.09* -0.17 -0.33 -2.51

11x2 | 7.00* -2.00 -1.17* 4.17* 3.03* 1.33 -3.29* -2.74

12x3 | 16.33* -0.17 -1.84* 2.34 3.34* -1.00 -0.77 -3.50

13x3 | 9.83* 4.16* -0.34 8.00* 5.42* -1.00 0.03 -0.84

14x3 | 10.5* 0.00 1.00* 13.30* 3.90* 14.00* 0.88* -4.15*

15%4 0.17 1.34 -0.34 9.83* 6.50* 4.84* 0.87* 0.60

16x4 | -1.84 0.00 1.00* 4.84* 4.17* 1.50 1.62* 7.60*

17x4 1.67 -1.00 1.17* 2.17* 1.50 1.17 0.77 3.40

18x5 | -6.84* 2.17 1.16* -2.50* 1.00 1.50 1.03* 3.63

19x5 | -1.16 0.34 0.50 2.50* 0.84 0.67 1.02* 5.69*

20x5 2.17 0.60 0.84* 6.34* 0.17 3.17* 1.18* 4.56*
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Table (10): Scoring of parents based on their GCA effects for studied characters.

Males
1 0 0 0 0 0 0 0 0 0 5
2 1 0 0 1 0 1 0 0 3 2
3 0 0 0 1 1 1 1 0 4 1
4 0 0 0 0 0 0 0 0 0 5
5 0 0 -1 0 1 0 0 0 0 5
Females
6 0 0 -1 0 1 -1 0 0 -1 6
7 -1 0 0 1 -1 0 0 -1 6
8 1 1 -1 1 0 0 0 0 2 3
9 1 0 0 0 0 -1 0 0 0 5
10 0 0 0 0 1 -1 0 0 0 5
11 1 0 0 0 0 0 0 0 0 5
12 1 0 -1 0 0 0 0 0 0 5
13 1 0 0 1 0 0 0 0 2 3
14 1 0 1 1 0 1 0 0 4 1
15 0 0 0 1 1 1 1 0 4 1
16 -1 0 0 1 1 0 1 1 3 2
17 0 0 0 0 0 0 0 0 0 5
18 -1 0 0 0 0 0 0 0 -1 6
19 0 0 0 0 0 0 0 0 0 5
20 0 0 0 1 0 0 0 0 1 4
Scoring: 1 = Significant GCA effects in desired direction.
0 = Non-significant GCA effect.
-1 = Significant GCA effects in undesired direction.

Table (11): Genetic correlation coefficients between studied characters.

FLA SN GN GW BY GY HI
PH -0.003 -0.031 0.265 0.114 0.161 -0.076 -0.193
FLA -0.064 0.083 -0.031 0.048 -0.084 -0.110
SN 0.159 -0.060 0.549* 0.453* 0.175
GN 0.368* 0.602* 0.355* 0.059
GW 0.140 0.343* 0.270
BY 0.484* -0.045
GY 0.838*
* = Significant at 0.05 probability level.
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