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Abstract

The present study was carried out at Sakha Agricultural
Research Station, during the two winter wheat-growing seasons;
2004/2005 and 2005/2006. Six bread wheat genotypes namely;
Gemmiza 9, Irena, Sakha 61, Line 1, Line 2 and Line 3 were used.
These genotypes were crossed in a half diallel mating design to
determine the genetic mechanism controlling earliness and grain
yield characters. The parental genotypes and their F;’s were planted
in a randomized compiete block design with three replications. The
studied characters are: days to heading, days to physiological
maturity, grain filling period, plant height, number of spikes/ plant,
number of kernels/ spike, kernel weight, grain yield/ plant and grain
filling rate/ plant. The results revealed that the additive and
dominance gene actions were significant for most of the studied
characters. Additive gene action played the major role in the
inheritance of all studied characters. The mean degree of
dominance (Hy/D) “? for all characters were less than one
confirming the role of partial dominance gene effects in controlling
the traits. The “F” values coupled with KD/KR ratio, indicated excess
of dominant increasing alleles for all studied characters except for
number of days to maturity, plant height and number of kernels/
plant. Narrow-sense heritability estimates were relatively high for all
characters, indicating the importance of additive gene action.

Key words: Bread wheat, yield components, genetic analysis,
heritability, diallel cross, gene action.

INTRODUCTION

Wheat ( 7riticum aestivum L.) is the most important cereal crop in the world. It
is the main staple food of the rapidly increasing population of Egypt, hence it
occupies a prominent position in the cropping pattern of the country. Due to the
limited cultivated area and irrigation water, to realize the demands of rapidly
increasing population, we need to increase the grain production per unit area using
available resources. Therefore, it is necessary to develop wheat cultivars, capable to
produce high yield under a wide range of agro-climatic conditions. The diallel analysis
technique illustrated by Hayman (1954 and 1958) provides a fairly reliable mechanism
to properly understand the genetic system and gene action involved in the expression
of important plant characters in early generations. So, the information on genetic
control of yield and yield components is helpful in designing a breeding program

(Shamsuddin and Abi-Antoun, 1986). For a sound breeding program, a plant breeder
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needs to the relative importance of different gene actions involved in the inheritance
of concerned characters.

Many wheat researchers observed partial dominance with additive type of gene
action for days to heading (Subhani and Chowdhry, 2000), and grains per spike
(Kashif and Khaliq, 2003). Similar results have been reported by Rahman et a/. (2003)
for number of spikes per plant, kernel weight and grain yield per plant.

Menshawy (2004) and El-Hag (2005) estimated the nature of gene action, and
dominance was found to be predominant for number of days to maturity, number of
kernels per spike, kernel weight, grain yield per plant and grain filling rate per plant.

In addition to gene effects, breeder would' also like to know how much of the
variation in a crop is due to genetic and to what extent this variation is heritable,
because efficiency of selection mainly depends on additive genetic variation
(Novoselovic et al, 2004). Heritability values in narrow sense are important to the
breeder since they quantify the expected improvement upon selection. However, grain
yield is known to have low heritability and it is highly influenced by the environment.
The present study was designed to achieve the following objectives: 1) to evaluate
wheat genotypes for various characters, and 2) to estimate the nature of genetic
mechanisms involved in the expression of some economic characters and earliness of

wheat.
MATERIALS AND METHODS

The present research was carried out at Sakha Agricultural Research Station,
Agricultural Research Center, Egypt, during the two wheat-growing seasons 2004-
2005 and 2005-2006. Names and pedigrees of the wheat genotypes used are shown
in Table 1.

Table 1. Names and pedigrees of the parental bread wheat genotypes

Rames Pedigrees Source

Gemmiza 9 Ald “S" / Huac // Cmh 74A. 630 / Sx Egypt
CGM 4583-5GM-1GM-0GM

Irena Buc/Flk//Myna/Vul CIMMYT
CM91575- 28Y-0M-0Y-1M-0Y

Sakha 61 Inia / R1 4220 // 7¢ / Yr“s” Egypt
CM 15430 —2S-55-0S-0S

Line 1 Cazo/Kauz//Kauz CIMMYT
CMBW90 Y3279-OTOPM-010M-010Y-3M-0SH

Line 2 Skauza*2/ Srima CIMMYT
CMBW91M02694F-OTOPY-7M-010Y-010M-010Y-0S

Line 3 Sakha 12 /5/ Kvz //Cno 67 / Pj 62 3/ Yd"S" Egypt
Blo"S" /4/ K 134 (60) / Vee
5.14665-45 -1S -05Y-0S
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In 2004-2005 half-diallel crosses were made among the six parents under field

conditions.
In 2005/2006 season, the six parental genotypes and their 15 Fy's were planted in a
randomized complete block design with three replications. Each replicate consisted of
21 rows (15 Fys and parents), 2.8 m long and 30 cm apart with 20 cm between
plants. Fifteen seeds were planted in each row.

The data were collected on five guarded plants from each experimental plot.
The studied characters were; number of days to heading, number of days to
physiological maturity, grain filling period (day), (days from heading to maturity), plant
height (cm), number of spikes per plant, number of kernels per spike, 100- kernel
weight (g), grain yield per plant (g) and grain filling rate per plant (g/day) was taken
as the grain yield divided by grain filling period.

The collected data were subjected to analysis of variance technique. Plant
characters which showed significant differences among genotypes were further
analyzed by using diallel technique developed by Hayman (1954 and 1958).This
analysis provides estimates of the following components of genetic variation: Variation
due to additive gene effects (D), covariance of additive and dominance effects (F),
variation due to dominant gene effects (H,), dominance effect adjusted by gene
frequency (H,), dominance variation over all heterozygous loci (h?), variation due to
environmental effect (E). Hayman's analysis also provides estimates of following
proportions: The mean degree of dominance at each locus (H,/D)Y?, the ratio of
genes with positive and negative effects in the parents (H,/4H;), the ratio of
dominance and recessive genes in the parents (KD/KR), an estimator of number of
gene groups exhibiting dominance invoived in the inheritance of the trait (K), the
coefficient of correlation between the parental order of dominance and parental
measurement (r) and heritability in narrow sense (h? ).

RESULTS AND DISCUSSION

Statistical analysis of variance revealed highly significant differences among the
tested wheat genotypes for all studied characters (Table 2). The significance of the
genotypic differences indicates the presence of diversity in the studied materials.

Table 2. Analysis of variance mean squares for some traits in bread wheat genotypes.

| MS
Source ‘ " Days Days Grain Plant Spikes Kernels 100- Grain Grain
of , df I to to filling height per per kernel yield/ filing
variance } i heading  maturity  period plant spike  weight plant rate /plant 1
!
Rep. 2 214" 126597 241270 7.057 1.36 ' 215.37" 0.09 | 99.82" | 0.05" .
. ' - x o p P | e | . 1 v
Genotypes 1 20 : 165357 | 32.59"  66.42 79.85 26.437 1 294637 | 0.76 | 317.42 i 0.14
Error } 40 ' 0.58 } 347 1 318 1.3 | 186 2771 0.07 © 14.76 . 0.005
! ‘ ! | ‘ R : ‘
i |

*, ¥* = Significant at 0.05 and 0.01, respectively.
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Mean performance of the parental genotypes and their F; ‘s is presented in
Table 3. Line 1 and 3 and their cross (P4x P6) were the earliest genotypes in both
days to heading and maturity. The shortest grain filling period were observed in Ps
(47.0 days) followed by P, (50.3 days) and their cross (49.3 day). The crosses; P, x Py
and P; x Ps exhibited the highest mean values for plant height (116.3 and 116.5 cm,
respectively). On the other hand, the parent P; and the cross P; x Py showed the
highest mean values for number of spikes per plant; 26.7 and 21.5, respectively.
Moreover, the parent Ps and its cross P; x P recorded the same value (5.8 g) for 100-
kernel weight. On the other hand, the parent P, and the cross P, x P; recorded the
highest mean values of grain yield per plant (72.2 g and 62.7 g) and grain filling rate
per plant (1.3 g/day and 1.1 g/day).

Table 3. Mean performance of the studied characters in bread wheat genotypes

Genotypes Characters

Days Days Grain Plant Spikes Kernels 100- Grain Grain

to to filling  height per per Kernels vyield/ filling
heading  maturity period plant spike weight  plant rate/plant

(day) (day) (day) (cm) (@ (9)  (g/day)
Parents
(P;) Gemmiza9  107.0 158.0 50.3 113.3 19.3 86.3 4.5 56.4 1.1
(P;) Irena 97.3 152.7 53.7 1103 18.5 86.2 47 72.2 1.3
(P;) Sakha 61 95.9 149.0 53.3 100.7 26.7 59.3 4.2 38.0 0.7
(P4) linel 87.3 145.7 56.7 109.3 17.7 72.1 5.1 459 0.8
(Ps) line2 108.3 154.7 47.0 109.7 247 84.8 4.0 45.2 1.0
(Pe) line3 80.2 147.0 65.0 99.0 15.1 63.9 5.8 269 0.4
Hybrids
P X P, 102.0 153.3 50.0 114.0 20.4 89.3 5.3 52.7 1.0
P X P; 98.7 154.7 55.7 112.3 21.4 74.2 5.2 62.7 1.1
P1 X P4 95.5 151.3 55.7 115.3 17.5 72.0 5.5 47.2 0.8
P1 X Ps 105.0 155.0 49.3 116.0 18.9 68.9 5.1 45.9 0.9
P; X Pg 92.0 151.0 58.3 109.0 14.3 66.3 5.8 35.8 0.6
P.X Py 95.4 152.0 55.6 111.0 19.6 81.0 4.7 49.5 0.9
Py X P4 92.7 148.3 54.7 116.3 17.1 79.4 5.2 50.7 0.9
Py X Ps 101.0 153.3 53.0 113.3 18.3 91.3 4.7 49.9 1.0
P, X Ps 90.2 148.0 56.3 106.0 17.7 77.4 5.4 45.3 0.8
P3X P4 90.0 147.0 55.7 106.7 20.3 60.5 5.0 41.5 0.7
P3 X Ps 95.7 153.0 58.0 102.5 20.8 78.4 45 42.2 0.7
P3 X Pg 86.0 148.7 61.7 102.3 21.5 59.1 5.1 32,5 0.5
Py X Ps 93.6 150.7 57.0 113.3 18.5 79.4 5.2 54.5 1.0
P4 X Pg 83.7 146.7 62.3 106.3 159 65.3 5.7 34.7 0.6
Ps X Pg 90.0 149.7 58.0 105.3 16.4 76.2 5.2 46.7 0.8
New LSD 0.05 1.1 2.9 2.7 1.7 2.1 8.1 0.4 5.7 0.1
New LSD 0.01 , 2.1 3.7 3.5 3.1 2.7 10.6 0.5 7.4 0.1

Results in Table 4, show that t* values were not significant for all studied

characters. Accordingly, the major assumptions postulated for diallel analysis by
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Hayman (1954) appeared to be valid. The regression coefficients (b) are expected to
be significantly different from zero but not from unity if all assumptions are correct.
This was true for each of plant height, spikes per plant, kernels per spike, kernel
weight, grain yield per plant and grain filling rate, confirming further validity of
diallel assumptions for these traits.

Table 4. Values of t%, regression coefficient of covariance (Wr) on variance (Vr) and t-
values forb=0and b = 1.

Characters t Regression t value t value
coefficient for for
b=0 b=1
Days to heading 0.014 0.798 £ 0.272 2.926" 0.739
Days to maturity 0.060 0.874 + 0.312 2.805 0.403
Grain filling period 0.247 0.708 + 0.250 2.835 1.167
Plant height 0.743 0.600 + 0.239 2.511 1.675
| Spikes per plant 0.0003 0.765 + 0.326 2.345 0.719
Kernels per spike 0.072 0.549 + 0.490 1.120 0.919
100- kernel weight 1.429 0.566 + 0.210 2.691 2.064
Grain Yield/ plant 0.284 0.818 + 0.450 1.815 0.405
rGrain filling rate/ plant | 0.023 0.662 + 0.338 1.959 0.999

b=0 and b= 1 indicate difference of regression coefficient value from 0 and 1 (unit), respectively.
* Significant at 0.05 level of probability.

Estimation of the genetic components of variation for all studied characters are
presented in Table 5. The additive component "D" was highly significant for all
characters. In addition, the dominance components (H; and H;) were highly significant
for most of the studied characters. These significant values suggest that the additive
and dominance gene effects play an important role in the inheritance of these
characters. Moreover, the values of additive genetic variances (D) were greater than
the dominance variances (H; and H,) for all chafacters. This result indicated that
selection for these characters might be more effective in early generations for
improving such characters.

The results obtained from present study were in agreement with the finding of
Abd El-Rahman (2004) who reported that the dominance components H; and H, were
significant for number of spikes per plant, number of kernels per spike and grain yield
in wheat indicating asymmetrical distribution of positive and negative alleles among
parents. Also, Dere and Yildirim (2006) reported that the additive genetic variance was

the main type of gene action controlling grain yield per plant.
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Table 5. Estimates of genetic components of variation for the studied characters of
certain bread wheat genotypes.

Characters D Hy H, F h2 E
119.92" 12417 8.13" 22507 | 10.017+1. 0.21%
Days to heading +1.25 +3.18 +2.84 £3.06 91 0.47
21.18 -0.41 -0.40 1.63 -0.56 1.527
Days to maturity ~+0.36 +0.92 +0.82 +0.89 +0.55 +0.14
47.75™ 17.55™ 1071 | 19.737+3. 6.23" 1.39"
Grain filling period +1.24 +3.15 +2.82 03 +1.89 +0.47
33.04™ 20.87™ 19.06™ -12.64 23.60™ 0.54
Plant height +2.33 +5.91 +5.28 +5.69 +3.55 +0.88
I |
19.22" T 10.50" 8.39™ 10.21" ] 8.43™ 0.61
Spikes per plant +0.87 +2.21 +1.97 +2.12 +1.33 +0.33
132.55™ 95.61 72.05 -5.04 -4.75 12.22
Kernels per spike +19.68 +49.97 +44.64 +48.09 +30.04 +7.44
0.43™°10. 0.25™ 0.19" 0.14™ 0.58" 0.02™
100- kernel weight 02 +0.05 +0.04 +0.04 +0.02 £0.01
235.63™ | 168.38™+ | 138.78"+ | 141.87™'+ 1.31 6.27
Grain Yield/ Plant +18.53 47.03 42.01 4526 +28.28 +7.00
0.10" 0.04™ 0.03™ 0.03" 0.010 0.002
Grain filling rate/ plant £0.01 +0.01 +0.01 +0.01 +0.007 +0.002
L

The "F"' values were highly significant and positive for most of the studied

characters, indicating that the dominant alleles are more frequent than the recessive
ones among the parental genotypes. Significant and negative F value was recorded for
plant height. Meanwhile, the insignificant "F" values for days to maturity and number
of kernels per spike may be a sign of equality in the relative frequencies of dominant
and recessive genes in the parents.

The dominance effect "h*" estimates, which is a measure of heterozygous loci,
were highly significant and positive for each of days to heading, grain filling period,
plant height, spikes per plant and 100-kernel weight. The observed positive and

2" values indicated that the dominant effects of these characters were

significant "h
due to heterozygosity and dominance seemed to be acting in positive direction
(unidirectional). In contrast, the h* values for grain yield and grain filling rate were not
significant indicating that it could be due to the presence of considerable amount of

canceling the dominant effects in the parents. These results agreed with Kashif, ef a/.
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(2003) for plant height and grain vield per plant in durum wheat and El-Hag (2005)
for number of kernels per spike in bread wheat.

Estimation of the proportions of genetic components for the studied characters
are shown in Table 6. The values of average degree of dominance (H,/D) *? is less
than one confirming the role of partial dominance gene effects in all characters. These
results are in accordance with those of Habib and Khan (2003), Rahman et a/. (2003)
for number of kernels per spike and grain yield per plant and Menshawy (2004) for
number of days to heading, grain filiing period and plant height.

The proportion of genes with positive and negative effects in parents (H,/4H;)
was equal to or close to the ratio 0.25 for number of days to maturity (Table 6). This
result confirms equal frequencies of positive and negative genes among parents. While
for the other characters the ratio ranged from 6.15 to 0.23 indicating unequal
frequencies of positive and negative genes among parents. These results are in
accordance with those of Awaad (1996) who recorded unequal frequencies of positive
and negative genes among parents for days to heading, plant height, number of
spikes per plant, number of kernels per spike and grain yield per plant in F;
generation. ' ’

The proportion of dominant and recessive alleles in the parents (KD/KR) were
found to be unequal with more dominant than recessive alleles for all the characters,
except for plant height and number of kernels per spike (Table 6). Similar results were
obtained by Awaad (1996) for number of spikes per plant and grain yield per plant
and Dere and Yildirim (2006) for grain vield per plant.

Concerning number of effective factors (K) that control the trait and show
dominance to certain degree, the data showed one gene block governing grain filling
period, number of kernels per spike, grain yield per plant and grain filling rate. While,
two genes blocks control days to heading, days to maturity and plant height. One
hundred kernel weight was reguiated by four genes blocks.

The correlation coefficient values "r" between the parental order of dominance
(Wr+Vr) and the parental measurement (yr) were negative for grain filling period,
plant height, number of kernels per spike and 100 kernel weight revealed (Table 6).
These results suggested that the parents contains most increasing genes have the
lowest values of Wr; + Vr;, and thus contain most dominant genes controlling these
characters. However, correlation coefficient was found to be positive for the remaining
values indicating that high mean expression is associated with recessive genes. The
possession of recessive gene with high expressing is an advantage in breeding

program as it might facilitate fixation of the traits in the early generations.
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Narrow-sense heritabilities (h® ) estimates ranged from 0.60 to 0.96 for the
studied characters (Table 6). These results revealed that the additive component
played the major role in the inheritance of these characters. Thus, phenotypic
selection would be an effective procedure for improving those characters. . Similar
moderate heritability in narrow sense were estimated by Darwish and Ashoush (2003)
for number of spikes per plant. The high estimates of heritability agreed with those
obtained by Abd El Rahman (2004) for days to heading, days to maturity and plant
height and Menshawy (2004) for plant height.

Table 6. Proportions of genetic components for the studied characters

Characters (Hy/D)” Ha/4H; KD/KR h*/H; r h? ns
(K
Days to heading 0.32 0.16 1.82 1.23 0.80 0.96
Days to maturity - 0.25 - 1.39 0.18 0.87
Grain filling period 0.61 0.15 2.03 0.58 -0.59 0.81
Plant height 0.80 0.23 0.61 1.24 -0.28 0.82
Spikes per plant 0.74 0.20 2.12 1.01 0.42 0.67
Kernels per spike 0.85 0.19 0.96 -0.07 -0.66 0.73
100- kernel weight 0.77 0.19 1.54 3.03 -0.80 0.71
Grain Yield/ plant 0.85 0.21 2.11 0.01 0.28 0.60
Grain filling rate 0.62 0.23 1.70 0.27 0.14 0.76
REFERENCES

1. Abd El-Rahman, Magda E. 2004. Genetical analysis and evaluation of drought
tolerance trait under different conditions in wheat ( 7riticum aestivum L.). Ph. D.
Thesis, Tanta Uni.

2. Awaad, H.A. 1996. Diallel analysis of yield and its contributing characters in
wheat (7. aestivurn L.). Zagazig J. Agric. Res. 23: 999-1012.

3. Darwish, I.H.I. and H.A. Ashoush. 2003. Hetersois, gene effects, heritability and
genetic advance in bread wheat. Minufiya J. Agric. Res. 28: 433-444.

4. Dere, S. and M.B. Yildirim. 2006. Inheritance of grain yield per plant, flag leaf
width and length in an 8x8 diallel cross population of bread wheat (7. aestivum
L.). Turk. J. Agric. For. 30: 339-345.

5. El-Hag, A.A. 2005. Inheritance of some agronomic traits in bread wheat by diallel
analysis. J. Agric. Res. Tanta Univ., 31 (4-A): 663-674.

6. Habib, I. and A.S. Khan. 2003. Genetic model of some economic traits in bread
wheat (7riticum aestivurn L.). Asian Journal of Plant Sciences 2 (17-24): 1153-
1155.




10.

11.

12.

13.

14.

15,

MAGDA E. ABD EL-RAHMAN 583

Hayman, B.1. 1954. Theory and analysis of diallel crosses. Genetics, 39: 789-809.
Hayman, B.I. 1958. The theory and analysis of diallel cross. II. Genetics, 43: 63-
85.

Kashif, M. and I. Khalig. 2003. Mechanism of genetic control of some quantitative
traits in bread wheat. Pakistan Journal of Biological Science, 6 (18): 1586-1590).
Kashif, M., J. Ahmad., M.A. Chowdhry and K. Perveen. 2003. Study of genetic
architecture of some important agronomic traits in durum wheat ( 7riticurn durum
Desf.). Asian J. Pl. Sci., 2: 708-712.

Menshawy, A.M.M. 2004. Genetical analysis of grain yield and some related traits
in bread wheat. Egypt. J. Agric. Res. 82 (1):203-214.

Novoselovic, D., Marijana Baric, G. Drezner, 1. Gunjaca and A. Lalic. 2004.
Quantitative inheritance of some wheat plant traits. Genetics and Molecular
Biology, 27 (1): 92-98.

Rahman, M.A., N.A. Siddquie, M.R. Alam, A.S.M.M.R. Khan and M.S. Alam. 2003.
Genetic analysis of some yield contributing and quality characters in spring wheat
(7riticum aestivurn). Asian J. Pl. Sci., 2: 277- 282.

Shamsuddin, A.K.M. and M. Abi-Antoun. 1986. Nature of gene action controlling
yield and yield components in spring wheat. Bangladesh 1. Agric. Sci., 11: 1-11,
Subhani, G.M. and M.A. Chowdhry. 2000. Inheritance of yield and some other
morpho-physiological plant attributes in bread wheat under irrigated and drought
stress conditions. Pakistan Journal of Biological Sciences 3: 983-987.



584 GENETIC ANALYSIS OF YIELD, YIELD COMPONENTS,
AND EARLINESS IN SOME BREAD WHEAT CROSSES

Glda parg g Sl @l gal Al gl Julas
‘},\.il\c..a'égﬁgjgﬂ\ Jsana

Crasl e wd) daale

Lol Crgadll S pa = Alindl frolaall Gipny dpna = peadll Cogand o il geali il

p YooYt awse JOA L Aol 3l Gisad) Aans Ao 3e A jall oda oy
Ny lial Gale 3l md g A5 S A Cendiul g . Y T=Yeo
Ll Ui Lad gl 5 ¥ Al 5 Y 3De O3B 1) G b)) o8 8en A
any g Sl e b Sl i Sl 38000 il 4y 5500l agl) Diallel U alad
el HUai Wl Jo¥1 diadls dus¥) A8 el (el all del ) sl Jpane cliia
JUUJRV-SR FEN [ PR SN RRXS TR 3 G I [ N PG O e W 5% WA
Al Cgs 5y el Q! 2ae clall Jobs cdoad) DUl 5 538 ¢ oo o) gpadl) el s
Al Dl Jare 5 Slall gl Jgamna daa Vo D (s

LS Al ally Agiall ciliiall el galadl s Canadll Jadll (e S A gine il < el
prd el g cliall JS A5 A Canadl O Sall Al A ot sal) G f
2S5 G ccliall JS pmaall sl gl e J S Cun (Hy/ D) Y2 salad) 3a 0 Ja e
A e F oo chaii ) cliall oda (b aSaall 8 450 5al) ol dualdl ozl 5l 50 elld
1 el A paall Cliiall e &y b AaSatall sl YT ) S5 800 ) Aaumge KD/KR
ia o Al el LS AL g sae g bl Jgb craal s plY) aae dia
ol a o lel o e Jay Les Aad Ll int il JS Lt e @l Gpuall inally g 53l
5Kl A a1 Jla) G G syl oS claall





