J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

Heterosis: Kazakhstan and Egyptian Wheats

Nader R. Abdelsalam ,
Agricultural Botany Department, Faculty of Agriculture, Saba Basha
University, Alexandria, Egypt (nader.wheat@yahoo.com)

ABSTRACT

Egyptian and Kazakhstan wheats were combined in Kazakhstan spring 2007, the
hybridization schemes have been performed as follow three Egyptian cultivars; four
Kazakhstan cultivars as male parents and lines as female parents, and vice versa. Aegilops
ventricosa from Egypt was used exclusively as pollen donor (male parent) for respective
hybridizations. Eight Parents with their twenty five hybrids were sown at The Experimental
Station of Faculty of Agriculture, (Saba Basha) Alexandria University (Abis Farm — Egypt),
during 2007-2008 harvest seasons. Then, ten plants for each parents and hybrids were
collected and Fy heterosis was assessed for the morphological characters i.e. plant height
(cm); heading date (days); the number of tillers per plant; spike length, {(cm); the number of
spikelets per spike; seed number in the spike and 1000-grain weight (g) using fermula H=
HF - (UP1+P2f2)

Key words: Heterosis, Kazakhstan and Egypt Wheats.
Abbreviations: Es: Aegilops ventricosa Tausch K4 : Genotroph 1

E1 : Sakha 161 K1 : Albidum 16 E1ks: Sakha 161 x Albidum 16

k1Es: Albi 1 kh 1
E. . Sakha 168 Kz : Kazakhstanskaya 4 E+: Albidum 16 x Sakha 16

etc ...
Es: Gemmieza 7 | Kz: Kazakhstanskaya 126

INTRODUCTION

The term heterosis was coined by Shull (1908) defined heterosis
concept as “the interpretation of increased vigor, size, fruitfulness, speed of
development, resistance to disease and to insect pests, or to climatic rigors
of any kind, manifested by crossbred organisms as compared with
corresponding inbred, as the specific results of unlikeness in the
constitutions of the uniting parental gametes”. This definition is often
interpreted as not implying a genetic basis for heterosis, because the
definition basically describes the phenotype that results from crossing two
different inbred lines. Heterosis is defined as the superiority of F, hybrids
over their inbred parents Shull (1908). Hybrid vigour is expressed by
increased biomass, growth rate, fertility, resistance to diseases and insects
as well as tolerance to abiotic factors Birchler et a/., (2003). Heterosis can
be defined as mid-parent heterosis (MPH), the difference between the
hybrid and the mean of either parents or high-parent heterosis (HPH), the
difference between the hybrid and the parent with the highest trait value
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Lamkey and Edwards (1998). Heterosis also is defined as advantageous
quantitative and qualitative traits of off-spring over their parents, and the
utilization of heterosis principles has been a major practice for increasing
. productivity of plants and animals Yao ef al., (2005). §

Three hypotheses tried to explain heterosis: (aj the dominance
hypothesis: masking of harmful recessive alleles by superior dominant
alleles in the heterozygous hybrid Bruce (1910) and Jones (1917), (b) the
over dominance hypothesis: superior phenotypic performance of the
heterozygote as compared to both homozygous genotypes Hull (1945) and
Crow (1948) and (c) the epistasis hypothesis: interaction of favourable
alleles at different loci contributed by the two homozygotes Williams (1959);
Li et al. (2001) and Meyer et al. (2004). Hybrid maize was the first hybrids,
in the 1920s, yielded about 15% more than the better open pollinated
varieties (lowa, 1934). Heterosis of six yield components and five spring
wheat cultivars were concluded by Khan et al. (1995) that half of hybrids
showed heterosis over the better parent value for grains per spike the
results showed that heterosis of 1000-grain weight, spike weight and grains
per spike reached 51.10%, 44.58% and 40.35%, respectively.

MATERIALS AND METHODS

Hybridization of Kazakhstan and Egyptian wheat parents were in
the republic of Kazakhstan, Almaty, for 2006-2007 seasons. Parents with
their 25 hybrids were sown at The Experimental Station of Faculty of
Agriculture, (Saba Basha) Alexandria University, Abis Farm, Arab republic
of Egypt. To assess the F; heterosis for morphological characters of 25
hybrids from wheat cultivars (Triticum aestivum L.) for further ascertain of
their capacity for hybridization in breeding programs, ten plants for each
cultivar were collected and assessed for different morphological characters
including plant height (cm) measured from ground level to the end of spike
except awns at maturity (cm); heading date (days) as duration from the
date of sowing to the date of 50% spike's exertion beyond the flag leaf
sheath; the number of tillers per plant counted at maturity; spike length,
(cm); the number of spikelets per spike; seed number in the spike and
1000-grain weight (g). The most standard usage is mid parent heterosis,
defined as the F; mean exceeding the average means of the two parental
lines, H= pF4- (uP4+pP2/2) Schull (1908).

RESULTS AND DISCUSSION

Hybridization between Egyptian and Kazakhstan wheats were
achieved high values in heterosis between all hybrids in morphological
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traits except four hybrids namely (K4Ei, KiEs, KiEs and K4E,;) which
achieved negative heterosis in all traits. These were negative values due to
unsuccessful hybrids in the filed experiment. Heterosis can be positive or
negative. Both positive and negative heterosis can be useful depending on
the trait, for example, positive heterosis for yield and negative heterosis for
growth duration.

Plant height: Data in Table 1 and 2 showed that heterosis was
positive and very high in all hybrids in plant height ranged from (00.1 to
39.1%). The highest heterosis is recorded for (E2K; KoE+, K4Ez, K3Eq, KiE,,
KsEa, E2Ky, EsKs, EsKy, EqKa, EsKp, EqKy, EKs, KiEz, K3Es KoEs, EqKg,
KiE,, and K4E,) in values (39.1, 36.0, 35.0, 34.2, 33.5, 32.6, 32.5, 30.1,
30.1, 29.8, 28.7, 28.6, 27.7, 27.7, 27.5, 26.3, 23.0, 22.3 and 21.7%
respectively), whereas the lowest values were recorded to (E;E,; and E,E,)
in values (00.10 and 0.7 respectively). Four hybrids (K4E4, KiE;, KiE4 and
K4E,) achieved negative heterosis in all traits.

Heading date: Hybrids had positive heterosis ranged from 8. 0% in
E;E,4 to 66.6% in K,E; except the four hybrids had negative heterosis. The
high values were (K2E4, E1Ks, E41K;, KiE4 and E4K>) with values (66.6, 65.5
and 62.5%, respectively); the lowest values were recorded to (EsE, and
EoEs) by means (08.00 and 9.0%). The results clearly indicated that
hybridization values were between wild type Aegilops ventricosa and
domesticated wheat achieved the golden goal in decrease the period in
days in heading date between cultivars

Number of tillers/plant. Kazakhstan parents under Egyptian
conditions cannot arrived to the full maturity and were stalling in green
stage they had high number of stem which effect on heterosis values by
negative. Hyb“ds of E1K3, E2K1, E3K1, E3K3, K3E3’ E3E4, K1E4, K4E4, K4E1,
and K4E3 had values (-00.20, -01.20, -00.50, -01.60, -00.10, -00.60, -20.00,
-20.10,-12.20 and -12.70%, respectively). Data in Table 1 and 2 showed
that there was positive heterosis in number of stems per plant ranged
between (1.20 to 7.30%) Highly heterosis in number of stems per plant
effect on number of spike per plant and number of grains in spike
depending on the relationships between number of stems spike number per
plant (Table 1and 2)

Spike length: Heterosis was positive and high in all hybrids in spike
length ranged (0.11 to 12.3%). The highest heterosis was recorded for
(E2Ky, E4Ky and K4Ey) in values (12.03, 12.10 and 11.18% respectively),
whereas the lowest values were dated to (E;E, and E;E,) in values (0.11
and 2.53% respectively).
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Number of spikelets/spike: The results in Table 1 and 2 indicated
that all hybrids had positive heterosis with high values ranged between
(4.10 to 16.40%).

Number of grains in spike: Hybrid vigor observed as an increase in
yield of grain refers to the increase in size or rate of growth of off spring
over parents; from the results all hybrids had postive heterosis and the
increase in the grain yield per spike ranged from (13.3 to 47.0%).

1000 grain weight: Heterosis was positive and very high in all
hybrids in 1000 grain weight ranged from (11.70 to 30.30%), the heterosis
values were (30.30, 28.20, 27.85, 27.11, 20.42, 26.11, 25.30, 22.11, 20.14,
22.46, 14.01, 20.86, 25.96, 14.01, 20.86, 23.50, , 25.96, and 11.70%
reSpectiVE'y) is recorded for (K1E1. K2E1, E3K1,E1 Ky, E1K2, E1K3, KsE1, K1E2,
E:Ka KoEp EaKs, EsKs, KeEp KiEs, KiE; E3Ks, KiEs, ksEs, and KsEs),
whereas (E;K; E;E, KiE; K4E and K4E;) lowest values in negative (-1.46, -
1.46, -1.40, -17.00, -17.00,-25.00, and -24.62 % respectively). Four hybrids
(K4E4, KiE3, K1E4 and K4E4) achieved negative heterosis in all traits.

Heterosis is an important cause of the increasingly high yields of
wheat, maize, grain sorghum, and oil sunflower but it is not the only cause.
Improvements in general combining ability as well as in specific combining
ability, in additive genes as well as in dominant, over-dominant or epistatic
gene combinations, have been crucial to improvement of hybrids in all
crops, studies on the genetic basis of heterosis for polygenic traits in
various crops have shown that heterosis is the result of partial to complete
dominance, overdominance, and epistasis, and it may be a combination of
all these (Zsubori et al. 2002). Evidence of real overdominance for
quantitative traits is hard to find. However, apparent overdominance
caused by nonallelic interaction and linkage disequilibrium is a common
contributor to heterosis (Janick 1996). Heterosis may also be due to the
specific positive effects of the cytoplasm of the maternal parent on the
nuclear component of the paternal parent.

Plant height, heading date, number of stems per plant and spike length are
an excellent models character to study heterosis (Duvick, 1997), as
heterosis for plant height is substantial and can exceed 70% in maize
(Duvick, 1997). Plant height is easy to determine, highly heritable (Lu”
bberstedt et al. 1997, 1998), and closely correlated with important
agronomical traits, like biomass production and forage yield (Lu™ bberstedt
et al. 1998; Niklas and Enquist 2000). Moreover, significant correlations
with plant height were found for number of leaves, grain yield and flowering
time (Troyer and Larkins 1985) and determined by complex interaction of
many genes (Zsubori et al. 2002). Early morphological investigations
suggested that 90% of heterosis for plant height is due to an increased cell
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number, while 10% is due to an increase in cell size (Kiesselbach 1922).
Our study is in agreement with other studies (Richey, 1946) which reported
that hybrid vigor, or heterosis usually refers to the increase in size or rate
of growth of offspring over parents; for example, hybrid vigor in crop plants
can be observed as in increase in yield of grain, or reduction in number of
days to flower with Duvick (1984) who stated that wheat hybrids can yield
up to 30% more than their parents; the author reported that hybrids with
heterosis at these levels usually are the product of crosses between
different classes of wheat, such as a cross of hard red winter wheat by soft
red winter wheat. This study is also in line with Sun et al. (2004) and
Birchler et al. (2003) who differentially-expressed genes between hybrids
and their parental inbreed are correlated with heterosis. This study is also
in line with Rood et al. (1990) who reported that plant height is one of the
typical traits showing heterosis in many crop plants. In maize and sorghum,
the mid-parent heterosis in plant height can be 40% and 16%, respectively.
In wheat, over 10% of mid-parent heterosis was observed in different
hybrids the heterosis in plant height mainly results from increased
internodes elongation other than increases in the number of internodes
(Wu et al. 2001). This study is in with Khan et al. (1995) who showed that
half of hybrids showed heterosis over the better parent value for 1000-grain
weight, spike weight and grains per spike reached 51.10%, 44.58% and
40.35%, respectively. Our study is in agreement with other studies. Hassan
et al. (1996) studied the heterosis in three different environments in F4 of
six half diallel crosses with six parents. They found that heterotic effect
were high for some crosses and different among location. The current
study is agreeable with Khan and Khan (1996) who studied the heterosis of
some important yield component in ten crosses. They found that number of
tillers showed 31.91% heterosis, 1000-grain weight showed 17.32%, grains
per spike showed 11.37% and plant height showed 5.23%. Highly
significant positive heterosis in bread wheat for grain yield ranged from
39.7% to 89.1% was obtained in crosses involving ten diverse parents
(Sharma and Menon 1996). In full diallel cross between five genetically
diverse red winter wheat Knobel et al. (1997) found that some traits had
very low or negative levels of heterosis in characters correlated with yield.
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Table (1) Heterosis for morphological traits of Egyptian and Kazakhstan wheats hybrids

Growth characters Spike characters
Plant Heading  Number  Spike Ne of Ne of 1000
Height date of tillers/  length spikelets/  Grain/ grain-
(cm) (days) plant {cm) spike spike weight
P, 100.6 85.00 10.00 12.20 21.80 62.40 50.40
P, 126.2 00.00 14.20 00.00 00.00 00.00 00.00

(F1) Eqky 142.0 105.0 16.20 18.20 23.60 68.20 52.31
Heterosis%  28.60 62.50 04.10 12.10 12.70 37.00 27.11

Py 126.2 00.00 14.20 -00.00 00.00 00.00  00.00

P, 100.6 85.00 10.00 12.60 21.80 62.40 50.40
(Fy) K4E4 135.7 105.0 17.60 17.26 25.60 7560  55.50
Heterosis%  22.30 62.50 05.50 11.18 14.70 4440 3030

Py 100.6 85.00 10.00 12.16 21.80 6240  50.40

P, 126.6 00.00 15.40 00.00 00.00 00.00  00.00

(F4) E4K2 136.6 105.0 15.80 13.54 21.80 6540 4562
Heterosis % 23.00 62.50 03.10 07.46 10.90 3420 2042

P1 126.6 00.00 15.40 00.00 00.00 00.00 00.00

P2 100.6 85.00 10.00 12.16 21.80 6240 5040

(F1) KeE4 149.6 108.0 20.00 16.00 25.20 7460 5340
Heterosis% _ 36.00 66.50 07.30 09.92 14.30 4340 2820

P, 100.6 85.00 10.00 12.16 21.80 6240 5040

P, 130.2 00.00 16.40 00.0 00.00 00.00 €2.00

(Fy) £4Ks 145.2 108.0 13.00 14.60 23.80 7040  51.31
Heterosis % 29.80 65.50 -00.20 08.52 12.90 39.20  26.11

P, 130.2 00.00 16.40 00.00 00.00 00.00  00.00

P, 100.6 85.00 10.00 12.16° 21.80 6240 5040
(F1) KaE, 149.6 104.0 13.60 15.00 23.80 68.00 50.50
Heterosis % _ 34.20 61.50 00.40 08.92 12.90 36.80  25.30

P, 106.4 93.00 12.20 13.84 2220 59.80 51.22

P, 162.2 00.00 14.20 00.00 00.00 00.00 00.00

(Fy) E2K,y 148.8 101.0 12.00 19.00 26.80 77.80 26.76
Heterosis %  32.50 54.50 -01.20 12.03 15.70 4790 0146

P, 126.2 00.00 12.20 00.00 00.00 00.00  00.00

P2 106.4 93.00 10.20 13.84 22.20 59.80 51.22

(F1) KiE2 138.0 102.0 11.80 18.80 2540 76.00 47.72
Heterosis % _ 21.70 55.50 00.60 11.83 14.30 46.10 22.11

P, 106.4 93.00 12.20 13.94 22.20 59.80 51.22

P, 126.6 00.00 154 00.00 00.00 00.00  00.00

(Fy) E2K, 155.6 101.0 19.20 14.60 23.80 71.80 4557
Heterosis%  39.10 54.50 05.40 07.63 12.70 4190  20.14

P, 126.6 00.00 154 00.00 00.00 00.00 00.00

P, 106.4 93.00 12.20 13.94 22.20 5980 51.22
(Fy) KeE2 150.0 106.0 16.40 13.60 23.80 7240  48.07
Heterosis % 33.50 59.50 02.60 06.63 12.70 4250 2246

Py 106.4 93.00 12.20 13.84 22.20 59.80 51.22

P 106.4 00.00 16.40 00.00 00.00 00.00  00.00

(Fq) E2Ka 146.0 106.0 15.00 14.40 23.00 69.00 3962
Heterosis % 27.70 59.50 01.20 07.43 11.90 39.1 14.01
Py 130.2 00.00 16.40 00.00 00.00 00.00 00.00

P, 106.4 93.00 12.20 13.94 222 59.80 51.22
(Fs) KaE2 146.0 107.0 16.40 15.16 24.80 7280  46.47
Heterosis % 27.70 60.50 02.10 08.19 13.70 4290  20.86

Py 139.6 00.00 14.40 00.00 00.00 00.00  00.00

P, 106.4 93.00 12.20 13.94 22.2 59.80 51.22
(F1) KeE2 158.0 108.0 15.60 16.00 25.40 75.00 51.57
Heterosis % 35.00 61.50 02.30 09.03 14.30 45.10  25.96

ISDoos(P)  6.320 10330 2250  0.860 1510 5040  04.120
LSDoos(F) 1153  00.448 2709  1.503 1.372 3430 0.116
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Table (2) Heterosis for morphologicat traits of Egyptian and Kazakhstan wheats hybrids

Growth characters Spike characters

Plant Heading Number ‘Spike Ne of Ne of 1000-

Height date of length  spikelets/  Grain/ grain
{cm) (days) Tillers/plant (cm) spike _spike weight

P, 108.0 95.00 11.20 13.70 23.00 62.80 49.24

P, 162.2 00.00 14.20 00.00 00.00 00.00 00.00

(F1) EaK, 147.2 104.0 12.20 17.40 26.20 78.60 52.67
Heterosis % 30.10 56.50 00.50 10.55 14.70 47.20 27.85
P, 108.0 95.00 11.20 13.70 23.00 62.50 49.24

P, 1266 00.00 15.4 00.00 00.00 00.00 00.00

(F4) EaK, 146.0 105.0 16.20 16.40 23.80 70.20 56.47
Heterosis % 28.70 57.50 01.90 08.55 12.30 38.80 14.01
Py 126.6 00.00 15.4 00.00 00.00 00.00 00.00

P, 108.0 95.00 11.20 13.70 23.00 62.50 49.24

(Fy) K2E3 143.6 103.0 21.00 15.48 2460 73.80 52.40
Heterosis % 26.30 55.50 07.70 08.63 13.10 42.40 20.86
Py 108.0 985.00 11.20 13.70 23.00 62.50 49.40

P, 130.2 00.00 16.40 00.00 00.00 00.00 00.00

(Fy) EaKa 149.2 105.0 12.20 14.20 22.20 62.60 48.20
Heterosis % 30.10 57.50 -01.60 07.35 10.70 31.20 23.50
Py 130.2 00.00 16.40 00.00 00.00 00.00 00.00

P, 108.0 95.00 11.20 13.70 23.00 62.50 49.24

{Fy) K3Ea 14€.6 106.2 12.80 14.14 2420 69.90 36.32
Heterosis % 27.50 58.70 -00.10 07.29 12.70 38.20 11.70
[ 139.6 00.00 14.40 00.00 00.00 00.00 00.00

P, 108.0 95.00 11.20 13.70 23.00 62.50 49,24

(F1) KiEs 156.4 107.0 16.80 16.50 26.60 78.00 66.28
Heterosis % 32.60 59.50 04.00 09.65 15.10 46.60 25.96
P, 106.4 93.00 12.20 13.94 22.20 59.80 51.22

P, 91.00 105.0 12.80 11.84 13.20 34.40 34.00

(F1) EzE4 99.40 108.0 20.00 13.00 21.80 60.40 4115
Heterosis % 00.70 09.00 07.50 00.11 04.10 13.30 01.46
Py 108.0 95.00 11.20 13.70 23.00 62.80 49.24

P, 91.00 105.0 12.80 11.84 13.20 34,40 34.00
{F1) EaEs 99.60 108.0 11.40 15.30 23.00 ©63.40 40.22
Heterosis % 00.10 08.00 -00.60 02.53 16.40 14.80 -01.40
P4 162.20 00.00 14.20 00.00 00.00 00.00 00.00

P, 91.00 105.0 12.80 11.84 13.20 34.40 34.00
(F1) K4Eq4 00.00 00.00 00.00 '00.00 00.00 00.00 00.00
Heterosis % -108.6 00.00 -20.00 -05.92 -06.60 -17.20 -17.00
P1 139.0 00.00 14.40 00.00 00.00 00.00 00.00

P2 91.00 1050 12.80 11.84 13.20 34.40 34.00
(Fy) KEq 00.00 00.00 00.00 00.00 00.00 00.00 00.00
Heterosis % -115.3 -52.50 -20.10 -05.92 -06.60 -17.20 -17.00
Py 139.6 00.00 14.40 00.00 00.00 00.00 50.40

P, 100.6 85.00 10.00 12.16 21.80 62.40 00.00

(F1) KeE4 00.00 00.00 00.00 00.00 00.00 00.00 00.00
Heterosis % -120.1 -42.50 -12.20 -06.08 -10.90 -31.20 -25.20
Py 126.2 00.00 1420 00.00 00.00 00.00 00.00

P, 108.0 95.00 11.20 13.70 23.00 62.80 49.24

(Fy) KiEs 00.00 00.00 00.00 00.00 00.00 00.00 00.00
Heterosis % -117.1 -47.50 -12.70 -06.85 -11.50 -31.40 -24.62

LSD o5 (P) 6.320 10.330 2.250 0.860 1.510 5.040 04.120
LSD o.0s (F1) 1.153 00.448 2.709 1.503 1.372 3430 0.116
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CONCLUSION

Wheat hybrids can yield up to 30% more than their parents, but
hybrids with heterosis at these levels usually are the product of crosses
between different classes of wheat, such as a cross of hard red winter
wheat by soft red winter wheat. Commercially useful wheat hybrids must be
made within a class, to maintain milling and baking quality. Crosses within
a quality class typically have less heterosis, only about 5-15% more than
their parents. The lower amount of heterosis may be because of
relationship among members of a relatively closed gene pool.

Heterosis or hybrid vigor has been one of the most important driving
forces for plant breeding in the last decades. When two different
populations are crossed to generate a new progeny population, parental
populations will certainly transfer their genes and population genetic
properties of these genes into their hybrids. Therefore, for the hybrids
derived from natural populations, heterosis is a property of the genes
concerned as well as of populations. For this reason, the traditional genetic
analysis of heterosis based purely on quantitative effects of genes, will not
be enough to gain a comprehensive insight into its genetic basis. Demand
for hybrid wheat is rapidly increasing due to quickly growing populations,
especially in the less-developed countries. Extensive grain production has
to be supplied from a reduced area under lower inputs. Hybrid wheat
assortments would provide 15-20% higher yield potential comparing to
inbred wheats. Moreover, new hybrids have already shown better
performance under extremely unfavorable external conditions, especially
under drought and high salinity.

Our present study used Kazakhstan and Egyptian wheat cultivars
(Triticum aestivium L.), parents which were sown in the republic of
Kazakhstan, Aimaty, for 2006-2007 seasons and during 2007-2008 harvest
seasons. Parents with their 25 hybrids were sown on Arab republic of
Egypt to assess the F; heterosis for morphological characters to further
ascertain their capacity for hybridization. Results showed that hybridization
between Egyptian and Kazakhstan wheats achieved high heterosis
between all hybrids in morphological traits except four hybrids namely
(K4E4, K4E3, K{E4 and K4E4) which achieved negative heterosis in all traits;
these negative values were due to unsuccessful hybrids in the filed
experiment.
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