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Specific Properties of Hybridisation among Common Wheat (Triticum aestivum L.) and
Wild Wheat Species Aegilops under Experimental Field Conditions
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Abstract: Two Egyptian wild wheat namely, Aegilops ventricosa Tausch. and Aegilops kotschyi Boiss.
were collected from two different localities along the Marsa-Matroh/El-Salom Road i.e. Side Barany and
Borg Al-Arab Cities, Egypt respectively. These two different wild species were crossed as male parents
to four domesticated Egyptian wheat cultivars (Triticum aestivum L.) namely, Gemmieza 3, Sakha 8,
Sakha 68 and Giza 155. Naturally these two species grow under harsh a biotic condition assuming drought
and salinity. Such factors increase the chance of artificial interspecific gene flow between then and the
domesticated wheat cultivars. Results from the present work showed high significant variation between
the domesticated wheat parents and the two wild species in all the morphological characters i.e. heading
date (day), tillers number/plant, number of spikelet/spike, grain number/spike and weight of 1000 grain
(g). Results of the F1 hybrids showed high significant positive values of heterosis in relation to
morphological traits except tillers number/plant, which achieved negative heterosis in all hybrids, this may
due to the huge gap between the two wild species and the domesticated cultivars.  Finally phylogram and
similarity among the two wild species and domesticated wheat with their hybrids were calculated.
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INTRODUCTION

Common wheat (Triticum aestivum L.) is the
world’s most important crop species, grown on an area
of over 215 million hectares and yielding more than
625 million tons annually[1]. It’s predominantly a self-
pollinating crop that has variable outcrossing rates
depending on populations, genotypes and different
environmental conditions[2]. Cultivated wheat is known
to hybridize with species of the genera Aegilops[3],
Agropyron[4], Secale, Haynaldia, Hordeum and
Elymus[5], that frequently share its habitat. Although
wheat and Aegilops spp. are mainly autogamous plants
propagated through seeds by self-pollination,
crosspollination can occur and natural hybridization has
been detected between both genera[3]. Interspecific
crosses between various species of Aegilops and
Triticum spp. as female were in the origin of cultivated
wheat. The Triticum/Aegilops complex of the Poaceae
family in the Triticeae tribe originated in countries of
ancient Mesopotamia then spread to Transcaucasia and
beyond. Aegilops germplasm is used in wheat breeding
as a source of several economically important traits,
particularly those associated with disease resistance and
a biotic stress tolerance. However, other useful traits in
Aegilops could be identified and used in wheat
breeding[3]. Egypt is one of the centers of distribution

and variation of Aegilops in the world. Due to the
importance of cultivated wheat, having a better
knowledge about new genetic resources is necessary to
improve wheat races.

Aegilops ventricosa is the source of several disease
resistance (R) genes that are of agronomic importance
and have been successfully introgressed into wheat [6].
respectively. Aegilops species display strong resistance
to various foliar diseases [7 - 8].

Aegilops ventricosa Tausch. (DN), Aegilops
kotschyi Boiss and A.s geniculata (MU) revealed the
resistance to Hessian fly[9]. Wild relatives of crops play
a significant role in the development of cultivars with
desired characteristics[10], the authors reported that wild
relatives provide valuable genes for biotic and a biotic
stresses, disease resistance, high protein content and
other economically desirable attributes. Progenitors of
cultivated species should be considered an important
source of variability for breeding genetic bases of
cultivated crops, so the aim of this study was to
evaluate the potential gene transfer between the
domesticated wheat Triticum aestivum and the two wild
relatives.

MATERIALS AND METHODS

Grains of wild wheat, A. ventricosa Tausch (2n =
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4x = 28 chromosomes, DDNN) and A. kotschyi Boiss
(2n = 4x = 28 chromosomes, UUSS) were collected as
random batches from natural habitats along the Marsa-
Matroh/El Salom Road and Borg Al-Arab City
respectively and four common wheat, T. aestivum L.
(2n = 6x = 42 chromosomes, AABBDD) representing
major cultivars harvested in Egypt, namely, cvs.
Gemmieza 3, Sakha 8, Sakha 68 and Giza 155 were
sown at The Experimental Station of Faculty of
Agriculture, Saba Basha, Abis Farm in two harvested
seasons.

The first harvested season: the six parents were
sown under standard conditions in four replicates in a
completely randomized design to assess the difference
in the morphological characteristics among the wild
species and domesticated wheat cultivars. By the end
of this season, schemes of hybridization between the
two different wild species and the four domesticated
ones: the two different wild Aegilops species were used
exclusively as pollen donor (male parent) for respective
hybridizations.

The second harvested season: the six parents and
their F1 hybrids were sown to assess the variations in
the morphological characteristics and the F1 heterosis;
the most standard usage is mid parent heterosis,
defined as the F1 mean exceeding the average means of
the two parental lines, H=μF1-(μP1+μP2/2) x 100[11]. 10
plants of each cultivar, wild species, domesticated
wheat cultivars and F1 produced were collected and
assessed for a range of morphological traits, including:
heading date (days); tillers number per plant; number
of spikelet /spike; grain number in the spike and 1000-
grain weight (g) in the two harvested season.

RESULTS AND DISCUSSION

Morphological Variation in the Wild Species and
Domesticated Cultivars: In the parental generation,
results in Table 1 indicated highly significant variations
among the two wild species and the domesticated
wheat cultivars in all morphological characteristics. The
developmental rate of domesticated wheat cultivars till
heading to date was faster than the wild species with
14-20 days in average. Most remarkable values were
obtained for cv. Giza 155 as the earliest one of
heading date in average 53.254 days, while the two
wild species were the lasted in average 65.80 days and
74.96 days for A. kotschyi and A. ventricosa
respectively.

Concerning the tiller number/plant, the two
different wild species A. kotschyi and A. ventricosa
significant exceeded than the other four domesticated
cultivars which the mean value of such trait reached
11.75 as average in the two wild species while it was
3.1 for the domesticated ones.  On the other hand the

domesticated wheat cultivars significantly exceeded the
two wild species in the number of spikelet/spike, grain
number/spike and 1000 grain weight characteristics.

Artificial Pollination Between the Two Wild Species
and Domesticated Wheat Cultivars: Spikelets of 30
spikes from each domesticated wheat cultivars were
selected and emasculated to receive the wild pollen
grains. Data in Table 2 indicated that the highest
relative frequency percentage of successful
hybridization has been registered for the cross of cv.
Sakha 8 (Female) x A. ventricosa (Male) (67.67%),
whereas the lowest one (34.88%) has been noticed for
the cross of cv. Giza 155 x A. kotschyi respectively.
The results indicated that crossing with the wild wheat
A. ventricosa had the highest values (41.90 to 67.67%)
more than with A. kotschyi (34.88 to 44.24%)
respectively.

F1 Hybrids and Mid-parents Heterosis: Data obtained
from the second harvested season for the different
studies characteristics of the two wild species and the
four domesticated wheat cultivars didn’t statistically
different from the data which obtained for the first
harvested season in the parental generation. Data in
Table 3 and Fig. 1, 2 clearly indicated that the wild
species A. ventricosa significant exceeded the other
wild one i.e. A. kotschyi in all the studied
characteristics but they closely related to each other in
relation to the other domesticated wheat cultivars.

The obtained results indicated that the domesticated
wheat cultivars perform heading date earlier than the
two wild wheat species with 18.4 days in average. The
results indicated that the crossing between domesticated
wheat cultivars and the two wild wheat successful in
decrease the heading date period from the average ~18
days in parents (see Table 1), to ~5 days in wheat
hybrids (see Table 3 and Fig. 1, 2). The percentage of
heterosis for such characteristics showed highly
significant positive values in relation to the two wild
wheat species and domesticated cultivars. The F1

produced from the cross between Sakha 8 and A.
kotschyi showed the highest value of percentage of
heterosis in 24.1% in relation to other different crosses
According to the tillers number/plant in Table 3 and
Fig. 1, 2 the two wild species were significant
increased than the other four domesticated wheat
cultivars in which the wild species had 11.25 tillers in
the average, while the domesticated cultivars preformed
range of tillers 3.20 per plant. Although the F1 hybrids
produced from all crosses between the two wild species
and the domesticated cultivars clearly exhibited
negative heterosis percentage, this may be due to the
huge gap between the wild species and the
domesticated cultivars. The data in Table 3 and Figure 
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1 indicated that, general mean for the tillers
number/plant in the F1 hybrids wheat increased up to
5.97 comparisons with parents in average 3.20.

Concerning to the number of spikelet/spike
characteristics in Table 3 and Figure 1, the two
different wild species significant decreased the
domesticated cultivars with about 6 spikelet/spike,
which the average number of spikelet/spike the wild
species was 10.06, while in the domesticated wheat
cultivars parents exhibited 16.35 spikelet/spike, the F1

hybrids overcome the high parents with about 5.17
addition spikelet/spike.  This reflected significant value
of heterosis for such character (Table 3 and Fig. 1).
Depending on the results which obtained from spikelet
number/spike the grain number/spike and 1000 grain
weight showed high significant positive heterosis in all
the crossing between the two wild wheat and
domesticated wheat cultivars ranged from 6.45% to
28% (Table 1 and Fig. 2).

Data in Figure 2 show the similarity and genetic
distance between the two different wild species A.
ventricosa; A. kotschyi and the four domesticated wheat
cultivars with their F1 hybrids depending on the studied
morphological characteristics, the data pointed to
significant genetic distance between domesticated wheat
parents cultivars and the two wild wheat Aegilops
species, on the other hand no significant distance in
their hybrids were observed.

Hybridizations of wild and domesticated wheat
cultivars have demonstrated high level of morphological
variation and mid parent’s heterosis. The current
research is agreeable with many researchers i.e.
Hamada[12]; Lamkey et al.[13]. which studied the
differences between wild and domesticated wheat in
addition to the morphological characteristics. The
current work is agreeable with Van Beuningen et al.
[14]. and Kmani et al.[15]. which used 289 cultivars,
classified at estimating 53 different quantitative
morphological traits into specific clusters by genetic
distance measured by such characters as plant height,
leaf length, tilling, spike length and grain weight. They
found that Aegilops exhibited a longer period of
heading compared to domesticated wheat. To properly
respond to growing abiotic stresses, breeding
programmes involving wild and domesticated wheats
should be developed for an essential interest in the
context of plant hardening to abiotic stress factors, and
particularly drought and high salinity. Our hybridization
study contradicts the data of Pickett et al.[16-17] who
surveyed the development of wheat hybrids over the
last 40 years. These authors concluded that hybrid
wheat production would not be economically feasible
for a number of reasons: a) limited advantage of

heterosis; b) lack of gains from point of an agronomic
point of view, quality as disease-resistance traits; c)
growing seed costs, and d) inability “to fix” heterosis
in polyploidy abolishing advantages of hybrids obtained
through inbred lines. The current research is agreeable
with Troyer[18]; Yao et al.[19] and Hassan[20] which
reported that plant height, heading date, number of
stems/plant and spike length is excellent model traits to
study heterosis. They stated that wheat hybrids can
yield up to 30% more than their parents; the authors
reported that hybrids with heterosis at these levels
usually are the product of crosses between different
classes of wheat.

Conclusions: Our data pointed to significant genetic
distance between domesticated wheat cultivars and the
two different wild species i.e. A. ventricosa and A.
kotschyi especially in 50% time to heading. At the
same time, obvious similarities among the domesticated
cultivars were emphasized based on their agro-
morphological traits. These similarities could be used
for proper dates of sowing, thus resulting in suitable
parental combinations for the crosses, as there essential
high quality grain would be grown to be met by wheat
industries and export. Crossing between two wild
species and the four domesticated wheat cultivars
obtained demonstrated quite a large amount of F1

hybrids for their subsequent analysis and hybridization.
After cross results indicated that the hybridization
between the domesticated cultivars and the wild
species, their hybrids successful in decease the heading
date period from 18 days in parents, to 5 days in the
hybrids. Finally hybridization among the two wild
species and domesticated wheat cultivars achieved high
values in heterosis among all hybrids in morphological
traits i.e. heading date, number of spikelet per spike,
grain number per spike and weight of 1000 grain,
except stem number per plant, which achieved negative
heterosis in all hybrids, these negative values may due
to the huge gap between the wild species and the
domesticated cultivars.
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Fig. 1: general mean of the two wild wheat; domesticated wheat parents and their F1 hybrids for the
morphological characteristics

Fig. 2: Phylogram and similarity among the all parents and their F1 hybrids 

Table 1: Mean of morphological characteristics for wild and domesticated wheat parents in the parental generation (1st harvested season).  
Parents Time to 50 % Tillers number/ Plant Number of Grain Number/Spike 1000 Grains Weight

heading date (days) spikelets/ spike
Aegilops ventricosa 74.96 (a) 13.20 (a) 12.02 (a) 25.02 (a) 27.05 (a)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aegilops kotschyi 65.80 (b) 08.30 (b) 09.45 (b) 12.78 (b) 16.74 (b)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Gemmieza. 3 53.25 (c) 03.20 (c) 14.70 (c) 40.50 (ac) 44.42 (c)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sakha 8 54.65 (c) 02.80 (c) 15.26 (cd) 39.02 (cd) 42.60 (c)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sakha 68 54.40 (c) 03.40 (c) 15.00 (d) 37.50 (d) 40.58 (c)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Giza155 53.25 (c) 02.90 (c) 14.70 (d) 38.56 (d) 43.59 (c)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D. 0.05 02.74 00.65 01.27 01.58 05.37*
a,b,c : values in the same column with different superscripts are significantly different (P < 0.05).
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Table 2: Percentage of successful hybridization among wild wheat Aegilops species and domesticated wheat cultivars T. aestivum.
              Parents Number of Number of  obtaining Frequency of
----------------------------------------------- emasculated spikelets seed hybrids hybridization (%)
Female Male
Gemmieza 3 x Aegilops ventricosa 420 202.0 48.09 (%)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Gemmieza 3 x Aegilops kotschyi 412 153.0 37.13 (%)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sakha 8 x Aegilops ventricosa 430 291.0 67.67 (%)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sakha 8 x Aegilops kotschyi 443 196.0 44.24 (%)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sakha 68 x Aegilops ventricosa 420 176.0 41.90 (%)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sakha 68 x Aegilops kotschyi 420 161.0 38.33 (%)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Giza 155 x Aegilops ventricosa 441 222.0 50.34 (%)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Giza 155 x Aegilops kotschyi 430 150.0 34.88 (%)

Table 3: Overall mean of morphological characteristic for wild; domesticated wheat parents; hybrids and their mid-parent heterosis.  
F1 Hybrids Heading date (days) Tillers number/ Plant Number of spikelet/ spike Grain Number/ Spike 1000 Grains Weight
P.2.  Aegilops ventricosa 79.40 13.00 11.81 24.00 26.73
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P.2  Aegilops kotschyi 68.60 09.50 08.30 12.90 16.40
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P.1. G. 3 55.00 03.40 16.80 39.20 48.33
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F1. (G. 3 x Ae. Vent.) 84.00 08.00 22.81 56.00 62.73
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
H. (G. 3 x Ae. Vent.) 16.8 % -0.20% 8.51% 24.40% 25.20%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P.1. G. 3 55.00 03.40 16.80 39.20 48.33
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F1. (G. 3 x Ae. Kot.) 81.00 04.90 19.80 52.60 55.70
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
H. (G. 3 x Ae. Kot.) 19.2% -1.55% 7.25% 26.55% 23.34%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P.1. S. 8 54.00 02.91 15.80 38.60 47.70
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F1. (S. 8 x Ae. Vent.) 82.00 07.00 23.60 57.00 64.90
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
H. (S. 8 x Ae. Vent.) 15.3% -0.95% 9.79% 25.70% 27.68%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P.1. S. 8 54.00 02.91 15.80 38.60 47.70
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F1. (S. 8 x Ae. Kot.) 85.40 04.10 20.20 51.60 53.31
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
H. (S. 8 x Ae. Kot.) 24.1% -2.11% 8.15% 25.85% 21.26%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P.1. S. 68 57.00 03.40 16.60 37.00 48.90
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F1. (S. 68 x Ae. Vent.) 81.40 08.30 24.20 59.00 63.31
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
H. (S. 68 x Ae. Vent.) 13.2% -0.10% 9.99% 28.50% 25.49%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P.1. S. 68 57.00 03.00 16.60 37.00 48.90
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F1. (S. 68 x Ae. Kot.) 80.00 05.60 18.90 50.00 58.31
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
H. (S. 68 x Ae. Kot.) 17.2% -0.65% 6.45% 25.05% 25.66%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P.1. Gi.155 56.40 03.10 16.20 39.60 48.31
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F1. (Gi.155 x Ae. Vent.) 82.20 07.90 21.20 55.60 61.31
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
H. (Gi.155 x Ae. Vent.) 14.3% -0.15% 7.19% 23.80% 23.79%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 3: Continue
P.1. Gi.155 56.40 03.10 16.20 39.60 48.31
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F1. (Gi.155 x Ae. Kot.) 80.40 04.00 20.20 53.76 50.31
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
H. (Gi.155 x Ae. Kot.) 17.9% -2.30% 7.95% 27.51% 17.95%
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean (Two wild wheat) 74.00 (a) 11.25 (a) 10.06 (a) 18.45 (a) 21.57 (a)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean  (Four domesticated wheat) 55.60 (b) 03.20 (b) 16.35 (b) 38.60 (b) 48.31 (b)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean (Eight hybrids) 81.77 (c) 05.97 (c) 21.16 (c) 54.22 (c) 58.16 (c)

* a,b,c : values in the same column with different superscripts are significantly different (P < 0.05).
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