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Abstract
Immature embryos of F1 progeny resulting from taxonomically wide hybridizations require tissue culture using complex 
media to mature, grow and develop into normal and healthy plants. To gain insight as to how progeny of wide-crosses between 
wild and domestic Triticum species, 12 domestic varieties (Al-Eiz, Babel, Bedhaa, Entisar, Hadbaa, IPA 99, Latifia, Nour, 
Rabia, Sally, Sham 6, Tamoz 2) were used to determine the genotype response to culture media type. Immature embryos 
the aforementioned wheat varieties were screened on four media (Murashige and Skoog; MS full strength, ½ strength MS, 
Gamborg B-5; B-5 full strength, and ½ strength B-5) to determine performance when used as a female in a cross with wild 
species. The experiment used a completely randomized design with six replications. Traits recorded were final germinations 
percentage (FGP), shoot length (SL), root length (RL), and root number (RN). Results indicated significant variety x media 
interaction for all traits studied. Despite the interaction, in a practical sense, all varieties performed adequately on ½ B-5 and 
varieties Al-Eiz, Entisar, Hadbaa, and Latifia performed well on any of the four media. Tamoz 2 behaved recalcitrantly on all 
media tested. Data from this study indicated genetic variability among these wheat varieties caused substantial differences 
in response to each type of media.

Keywords  Varieties · Wide crosses · Murashige and Skoog · Gamborg B-5 · Final germination percentage · Shoot length · 
Root length · Root number

Introduction

Bread wheat (Triticum aestivum L.) is the most important 
crop in the world. It is ranked first world-wide in consump-
tion production, and total planted hectarage followed by rice 
(Oryza sativa), maize (Zea mays), and barley (Hordeum 
vulgare) (FAO 2011; Tadesse et al. 2016). Wheat plays an 
essential role in human food security and international trade 
because it is a stable for 40% of the global human popula-
tion. Furthermore, the high nutritional value of wheat can 
supply roughly 21% of the calories and 20% of the protein 
for the daily human requirement (Braun et al. 2010; Wu et al. 

2022). Wheat has many food uses, including the production 
of bread, biscuit, confectionary products, ethanol, beer, and 
protein production. Wheat bran and wheat straw is used as 
animal feed (Baba and Malik 2020). The human population 
recently exceeded 8 billion, climate change diseases, and 
agricultural pests have a substantial impact on wheat demand 
and production. Continuous cultivation and a lack of genetic 
diversity in conventional breeding programs led to genetic 
erosion then narrowing the genetic base of wheat genotypes 
(Peng et al. 2011). This loss of diversity among wheat geno-
types has limited productivity and led to sensitivity to biotic 
and abiotic stresses exacerbated by climate change (Nevo 
2009). Therefore, the incorporation of genetic relatives of 
wheat, especially the wild relatives, into breeding programs 
is important to expand domestic wheat’s genetic base (Nevo 
and Chen; 2010; Solh et al. 2012; Tadesse et al. 2016). How-
ever, taxonomically wide hybridizations result in small and 
shrunken seed, embryo failure and/or endosperm that aborts 
after 3–5 days of growth; all of which result in very low seed 
set (Chahal and Gosal 2006; Ogbonnaya et al. 2013). There-
fore, embryo rescue is an important method to ameliorate 
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these sexual incompatibility barriers in wheat breeding pro-
grams (Houben et al. 2011; Mohammed et al. 2020; Hull 
et al. 2021). In addition, immature embryo culture is one of 
most important techniques that is used for producing wheat 
haploid plants that can be converted to doubled haploids 
that are 100% homozygous in one generation. Immature 
embryo culture may also be used to break seed dormancy, 
test seed viability, callus method, propagate rare plant spe-
cies, and aid in genetic transformation (Tamas et al. 2004; 
Aydin et al. 2011; Chauhan and Khurana 2011). Successful 
embryo rescue depends on the genotype of the plant and the 
composition of the culture media (Varshney and Altpeter 
2002; Tamas et al. 2004). In addition, immature embryos of 
F1 crosses resulting from these wide-crosses require appro-
priate nutritional media to complete maturation, germina-
tion, and growth into normal plants (Pickering and Johnston 
2005; Mohammed et al. 2020).

Characteristics measured in these studies generating 
wide-cross hybrids include germination percentage, shoot 
and root length, and root number. Researchers have reported 
each hybrid requires has a specific medium that may or may 
not be suitable for other wide-cross hybrids(Tamas et al. 
2004; Wu et al. 2008; Gonzalez et al. 2008; Xynias et al. 
2014; Ltifi et al. 2019; Mohammed et al. 2020). A number of 
media types for wheat immature embryo culture have been 
reported, most frequently Murashige and Skoog (MS), ½ 
MS, Gamborg B-5 (B-5) media (Singh et al. 2004; Niroula 
and Bimb 2009; Sourour et al. 2011; Avci and Kutlu, 2020; 
Patial, et al. 2021). One of the most challenging problems 
facing plant breeders using interspecific or intergeneric 
hybridization is germination of embryos compromised by 
gene imbalances resulting from taxonomically wide-crosses. 
The question arises, which is the appropriate medium for 
each F1embryo. To elucidate the appropriate medium for 
progeny of specific wide-crosses, immature embryos were 
generated of 12 domestic wheat varieties with the goal 
of putatively identifying and optimizing germination and 
growth of immature embryos derived of these varieties 
crossed with wild species of wheat.

Materials and methods

Twelve wheat varieties (Bedhaa, Sham 6, Sally, Tamoz 2, 
IPA 99, Rabia, Al-Eiz, Latifia, Entisar, Hadbaa, Nour, and 
Babel) were used to study the effect of two media at two 
concentrations (MS, ½ MS, B-5, and ½ B-5) on immature 
embryo culture. These varieties were chosen because they 
are the 12 most widely grown in Iraq. Seeds of these wheat 
varieties were received from Seed Technology Center/ 
Office of Agricultural Research/ Iraqi Ministry of Science 
and Technology. Field and laboratory experiments were 
conducted in the Field Crops Station and Plant Tissue 

Culture Laboratory of Agriculture College/Tikrit University 
during winter and spring of 2020/2021, respectively. 
Varieties were planted in the field. Irrigation, fertilization, 
weed control and other cultural operations were conducted 
as needed. When embryo length of each variety was 
0.5–1 mm, approximately 12–14 days after pollination, spike 
with its peduncle were harvested suggested by (Tamas et al. 
2004; Niroula and Bimb 2009; Devaux 2021). Harvested 
spikes on their peduncle were placed in a beaker of water 
and refrigerated until dissection. Excised seed were hand 
threshed to remove chaff and sterilized for one minute in 
70% ethanol. Seed were then surface disinfested with 1% 
solution of NaClO for 15 min and rinsed three s times with 
sterile distilled water (Tadesse et al. 2019) in a laminar 
flow hood (Environmental Air Control, Inc., Hatfield, PA). 
Disinfested seed were dried on sterile filter paper. Immature 
embryos were aseptically dissected from each wheat variety. 
Five embryos from each variety were cultured in a 100 ml 
baby food jars containing 20 ml of either MS, ½ MS, B-5, 
or ½ B-5 medium (Sigma-Aldrich Co., M-5519, St. Louis, 
MO), with no plant growth regulators. Media salts were 
supplemented with 0.8% agar (Sigma-Aldrich Co., A-1296, 
St. Louis, MO); 2% and 3% of sucrose (Fisher Scientific, 
S5-500, Fair Lawn, NJ) for Gamborg B-5 and MS media, 
respectively. The pH of B-5 and MS media was adjusted 
to 5.5 and 5.7, respectively, using 0.1 N NaOH (Houben 
et al. 2011). Jars were wrapped with Parafilm M® PM-996 
(Bemis Company Inc., Neenah, WI) labeled and placed in 
a growth chamber (Percival, Mod. 135LLVL, Controlled 
Environments. Boone, IA) in a completely randomized 
arrangement. Chamber conditions were a constant 
temperature of 20–25 °C with16 h/8 h photoperiod (light/
dark) for 10 days (Tadesse et  al. 2019). After 10 days, 
embryos were assessed for normal germination, shoot and 
root growth. There were six replications of each variety 
(n = 30). Embryos with roots longer than 2  mm were 
monitored and counted daily for an additional 10 days. The 
final germination percentage (FGP) was calculated using the 
formula of Scott et al. (1984):

Characteristics of embryos included in the final 
germination percentage included shoot length (SL; cm), 
root length (RL; cm), root number (RN), and leaf number 
(LN). These morphological characteristics were assessed 
on these12 wheat varieties to gain insight to the potential 
response of rescued wide-cross hybrid embryos to 
culture media. The experimental design was a completely 
randomized design (CRD) with six replications (jars) 
totaling 30 embryos per variety. Data were transformed 
and statistically analyzed using PROC MEANS and PROC 

FG% = Final number of germinated embryos

Total number of embryos planted
× 100
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GLM in SAS (Version 9.4, SAS Institute 2011, Cary, NC). 
Significant mean separation among the 12 wheat varieties, 
two media types at two concentraions, and variety x media 
interactions was determined using Fisher’s LSD(α = 0.05).

Results and discussion

Analysis of variance (Table 1) indicated no year effect, but 
highly significant effects on all traits studied. A significant 
interaction between varieties x media takes precedence 
over the main effects. Data from this study showed most 
mean values could be separated at the P < 0.01 level, for 
Table 2–5 least significant difference values were reported 
at P < 0.05. While mean separations do indicate relative 
ranking among varieties and media formulations, there 
is a practical aspect of reporting SL, RL, and RN, i.e., 
the variety x media combination with the greatest shoot 
length (and ranked greatest) isn’t the only variety x media 
combination representing embryos that would grow and 
mature into plants that could survive transplantation. All 
data with appropriate mean separation are presented in 
Table 2–5, but the narrative focuses on practical delimiters 
of length and number, i.e. while more is better, if a single 
embryo germinates and survives breeding progress can 
be made.

The significant interaction effect indicates not all 
wheat varieties responded the same to each of the media 
formulations. Previous studies have reported significant 
differences among wheat genotypes, media, and interaction 
for different characteristics such as FGP, RL, SL and RN 
(Tamas et al. 2004; Singh et al. 2004; Gonzalez et al. 
2008; Wu et al. 2008; Niroula and Bimb 2009; Sourour 
et al. 2011; Xynias et al. 2014; Ltifi et al. 2019; Avci and 
Kutlu, 2020 Mohammed et al. 2020; Patial et al. 2021).

Table 1   Analysis of variance of twelve wheat varieties (Al-Eiz, 
Babel, Bedhaa, Entisar, Hadbaa, IPA 99, Latifia, Nour, Rabia, Sally, 
Sham 6, Tamoz 2), four media types [full and half strength Murashige 
& Skoog (MS, ½ MS, respectively) and full and half strength Gam-
borg B-5 (B-5, ½B-5, respectively)], and their interaction for final 
germination percentage (FGP), shoot length (SL), root length (RL), 
and root number (RN)

***Significant at the 0.001 probability level
NS, not significance at P > 0.05.

Source of variation Degrees of 
freedom

Mean squares

FGP SL RL RN

Varieties (V) 11 10,588.4
***

90.0
***

51.2
***

18.4
***

Media
(M)

3 4479.0
***

82.5
***

57.9
***

6.7
***

V x M 33 1253.9
***

27.5
***

12.1
***

2.9
***

Error 240 4.3 0.51 0.33 0.27

Table 2   Mean final germination 
percentage (FGP) for the 
interaction among 12 wheat 
varieties on two media at two 
concentrations (full and half 
strength Murashige & Skoog 
(MS, ½ MS, respectively) and 
full and half strength Gamborg 
B-5 (B-5, ½B-5, respectively). 
N = 30 for each wheat variety

†Different lower case letter following mean yield denotes differences between means within a column 
(variety).
‡Different upper case letter following mean yield denotes differences between means within a row 
(medium).

Varieties of wheat Media formulation LSD (0.05)

MS ½ MS B-5 ½ B-5

Mean of final germination percentage

Al-Eiz 100.0 a† A‡ 100.0 a A 86.67 b B 86.67 b B 1.68
Babel 71.11 c B 35.56 h C 72.22 d B 78.33 d A 2.98
Bedhaa 42.33 g D 78.89 d B 68.25 e C 83.33 c A 1.53
Entisar 66.67 d C 85.22 b A 66.67 f C 80.00 d B 2.79
Hadbaa 88.89 b A 77.78 d B 88.89 a A 88.89 ab A 2.75
IPA 99 16.56 i D 38.89 fg B 28.89 j C 66.11 e A 1.31
Latifia 64.29 e D 86.90 bc B 76.36 c C 90.48 a A 2.12
Nour 57.11 f A 40.78 f B 60.22 g A 23.33 h C 3.84
Rabia 37.11 h D 42.06 f C 69.33 e A 60.11 f B 1.90
Sally 36.11 h C 46.78 e B 38.00 i C 63.33 e A 3.39
Sham 6 38.00 h D 84.63 c A 55.19 h C 79.30 d B 1.59
Tamoz 2 0.00 j C 20.00 i B 20.00 k B 50.00 g A 2.69
LSD (0.05) 2.13 2.42 1.98 2.96
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Likely the most important characteristic, FGP was meas-
ured daily, and finalized on day-10. It is defined as a seed 
with a radicle equal to or greater than 2 mm. The FGP 
ranged from 100% (Al-Eiz on both MS formulations) to 0% 
(Tamoz 2 on full strength MS) (Table 2). While a greater 
percentage germination would be considered better, it should 
be noted that all 12 genotypes tested had at least 50% FGP 
on at least one of the four media formulations tested.

There are media x variety combinations had relatively 
high values of FGP, such as Latifia on ½ B-5 (90.48%), 
and Hadbaa x MS, B-5, and ½ B-5 (88.89%). While not 
the greatest percentage, Bedhaa, Sally, Tamoz 2, IPA 
99, Latifia, and Babel varieties had highest value of FGP 
(83.33, 63.33, 50.0, 66.11, 90.48, and 78.33%, respectively) 
when cultured on ½ B-5 medium compared to the other 
three formulations. Sham 6 and Entisar had the greatest 
FGP when grown on ½ MS medium. Rabia performed 
best on B-5 medium and Al-Eiz showed the greatest FGP 
on full and half strength MS. The variety, Nour showed 
greatest FGP on MS (51.11%) and B-5 (60.22). Hadbaa 
performed equally on three of the four media formulations 
(88.89%), except ½ MS medium which gave a lower FGP 
(77.78%). Wheat varieties used in this study could be used 
in interspecific or intergeneric hybridization by culturing 
immature embryos of F1 crosses on appropriate medium 
of each variety in wheat breeding programs. Similar results 
have been reported by previous studies. Tamas et al. 2004 
found that reducing the concentration of nutrient salts 
to half in BEG 2 (MS supplemented with vitamins and 
sucrose), MS-9 (MS supplemented with vitamins, sucrose 
and 6-benzylaminopurine) and MS media led to increase 
germination. Cherkaoui et al. (2008) reported that B-5 and 
½ MS media were better than MS medium for FGP of durum 
x maize embryos. Sourour et al. (2011) reported that B-5 
medium was significantly better than MS and ½ MS media 
for immature durum x maize embryo germination. Xynias 
et al. (2014) found that each wheat cross responded to each 
type of media independently, and ½ MS and B-5 media 
were better than MS medium for double haploid embryo 
germination.

Patial et al. (2021) reported that ½ MS medium followed 
by modified MS medium gave FGP immature wheat embryos 
compared to B-5 and modified B-5 media. Similar to this 
study, they found that genotypes responded individually 
to each test medium. Mohammed et al. (2020) found the 
same results working on germination of immature embryos 
resulting from wide-crosses between domestic (Hordeum 
vulgare) and wild barley (H. bulbosum). These differing 
results were attributed to genotype diversity, immature 
embryos size and components of each medium type, such 
as macro and microelements, vitamins, sucrose level and pH.

Germination was defined as the production a radicle at 
least 2 mm long. However, shooting may occur without 

emergence of a radical (Northam and Callihan, 1994). Shoot 
growth is necessary for the embryo to maintain growth 
outside of the culture medium. Mean shoot (SL) length 
of germinated embryos were evaluated and ranged from 
11.27 cm (Hadbaa on ½ strength B-5)to 0 cm (Tamoz 2 
onMS)(Table 3). The variety x media type interaction was 
significant (P < 0.01) for SL. Varieties that were determined 
to have adequate shoot growth (shoots > 7.0 cm) were Entisar 
(8.39 cm; on ½ MS,and 8.35 cm; B-5),Hadbaa (11.27 cm on 
½ B-5), Latifia and Nour (8.24 and 9.60 cm, respectively, on 
MS), Rabia (8.62 cm on ½ B-5), and Sally (9.94 cm on B-5). 
Varieties responding the poorest (SL < 2.0 cm) on these four 
media formulations were Al-Eiz (1.57 cm on ½ MS), Babel, 
Bedhaa, and IPA 99 (1.56, 0.43 and 0.17 cm, respectively, 
on MS). Tamoz 2, based on FGP and SL appears to be 
recalcitrant on these media. The zero-shoot response of 
Tamoz 2 (on MS) corresponds to complete radicle failure 
(Table 2) on the same medium.

When assessing varietal performance based on SL, seven 
of the 12 varieties had the greatest SL on ½ B-5 medium 
(Babel, Entisar, Hadbaa, IPA 99, Rabia, Sahm 6 and Tamoz 
2), four of 12 on B-5 (Babel, Bedhaa, Entisa, and Sally), two 
of 12 on ½ MS (Entisar and Latifia)and three of 12 on MS 
(Al-Eiz, Latifia an Nour). This exceeds 12 because a variety 

Table 3   Mean of seedling shoot length (SL) of 12 wheat varieties on 
two media at two concentrations [full and half strength Murashige & 
Skoog (MS, ½ MS, respectively) and full and half strength Gamborg 
B-5 (B-5, ½B-5, respectively)]. (N = 30 for each variety)

†Different lower-case letter following mean yield denotes differences 
between means within a column (variety).
‡Different upper-case letter following mean yield denotes differences 
between means within a row (medium).

Varieties 
of
Wheat

Types of Media LSD (0.05)

MS ½ MS B-5 ½ B-5

cm

Al-Eiz 7.31 c† 
A‡

1.57 g D 4.73 e C 6.04 c B 1.08

Babel 1.56 g C 3.36 f B 5.98 d A 6.44 c A 1.15
Bedhaa 0.43 h D 3.46 f C 6.91 c A 5.63 d B 0.61
Entisar 3.04 ef B 8.39 a A 8.35 b A 7.74 bc A 1.14
Hadbaa 4.79 d C 5.34 d C 6.78 cd B 11.27 a A 1.29
IPA 99 0.17 h D 3.05 f B 2.33 g C 4.70 e A 0.52
Latifia 8.24 b A 7.3 b AB 5.34 de C 6.94 d B 1.04
Nour 9.60 a A 6.17 c B 5.47 de 

BC
4.18 e C 0.71

Rabia 2.28 fg D 3.51 ef C 4.48 e B 8.62 b A 0.89
Sally 4.63 d B 2.13 g C 9.94 a A 4.81 d B 0.53
Sham 6 3.49 e C 4.24 e B 3.61 f C 5.07 d A 0.28
Tamoz 2 0.00 h C 0.40 h B 0.40 h B 1.31 f A 0.15
LSD 

(0.05)
0.83 0.76 0.80 0.90
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may share maximum growth classification in more than one 
medium. Based on SL performance of these 12 varieties, 
MS would seem to be the poorest choice, with four varieties 
having the shortest shoot length on that medium (Table 3). 
These SL data fall into trends similar to FGP and confirmthe 
effects of wheat genotype with types of media.Our results 
are sustained by previous studies (Burun and Poyrazoglu 
2002; Tamas et al. 2004; Russowski et al. 2006; Cherkaoui 

et al. 2008; Sourour et al. 2011; Mohammedet al. 2020).
These authors found similar difficulty in singling out one 
appropriate medium for different varieties of wheat.

A significant variety x media interaction was present for 
RL. Root length values ranged from 8.32 cm (Nour on MS) 
to 0.0 cm (Tamoz 2 on MS; Table 4).

The varieties determined to have RL appropriate for 
transplanting and sustained growth (RL > 5.0 cm) were 

Table 4   Mean of root length 
(RL) of 12 wheat varieties on 
two media at two concentrations 
[full and half strength 
Murashige & Skoog (MS, ½ 
MS, respectively) and full and 
half strength Gamborg B-5 
(B-5, ½B-5, respectively)]. 
(N = 30 for each variety)

†Different lower-case letter following mean yield denotes differences between means within a column 
(variety).
‡Different upper-case letter following mean yield denotes differences between means within a row 
(medium).

Varieties of Wheat Types of Media LSD (0.05)

MS ½ MS B-5 ½ B-5

cm

Al-Eiz 4.54 c† A‡ 1.93 e C 3.75 d B 4.46 cd A 0.67
Babel 1.35 g C 3.57 c B 4.84 c A 4.65 c A 0.73
Bedhaa 0.7 h D 3.77 c C 7.48 a A 5.54 bc B 0.77
Entisar 2.15 f C 6.08 a A 5.64 b AB 5.02 c B 1.02
Hadbaa 4.05 cd C 3.93 c C 5.52 b B 7.08 a A 0.54
IPA 99 0.10 i C 2.75 d B 4.38 cd A 3.85 d A 0.57
Latifia 5.24 b A 5.18 b A 3.60 d B 5.81 b A 0.93
Nour 8.32 a A 6.73 a B 5.63 b C 7.00 a B 0.54
Rabia 3.13 e C 3.56 c C 4.59 c B 5.51 bc A 0.87
Sally 3.80 d B 2.42 de C 8.14 a A 3.23 d B 0.60
Sham 6 3.52 de B 3.56 c B 4.60 c A 4.37 cd A 0.43
Tamoz 2 0.00 i D 0.90 f B 0.60 e C 1.69 e A 0.22
LSD (0.05) 0.58 0.74 0.67 0.66

Table 5   Mean of root 
number (RN) of of 12 wheat 
varieties on two media at two 
concentrations [full and half 
strength Murashige & Skoog 
(MS, ½ MS, respectively) and 
full and half strength Gamborg 
B-5 (B-5, ½B-5, respectively)]. 
(N = 30 for each variety)

†Different lower-case letter following mean yield denotes differences between means within a column 
(variety).
‡Different upper-case letter following mean yield denotes differences between means within a row 
(medium).

Varieties of Wheat Types of Media LSD (0.05)

MS ½ MS B-5 ½ B-5

Al-Eiz 3.89 bc† B‡ 3.93 b B 4.19 b B 4.5 ab A 0.34
Babel 2.73 d B 3.00 c AB 3.18 c AB 3.53 c A 0.69
Bedhaa 2.5 d B 3.47 bc A 3.97 b A 4.01 bc A 0.62
Entisar 3.67 c B 4.53 ab AB 5.36 a A 5.08 a A 0.86
Hadbaa 3.89 bc B 3.89 b B 3.87 b B 4.64 ab A 0.51
IPA 99 0.50 e D 2.25 d C 3.00 c B 3.25 c A 0.19
Latifia 4.67 ab A 4.74 a A 4.2 b B 3.44 c C 0.44
Nour 5.00 a A 4.67 a A 3.00 c B 4.00 bc AB 1.02
Rabia 3.75 bc AB 3.39 bc B 3.64 bc AB 4.19 b A 0.60
Sally 4.33 b A 3.00 c B 4.00 b A 4.00 bc A 0.82
Sham 6 3.84 bc A 3.40 bc AB 3.20 c B 3.86 b A 0.49
Tamoz 2 0.00 e D 2.00 d B 1.33 d C 3.16 c A 0.32
LSD (0.05) 0.60 0.60 0.66 0.52
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Bedhaa (7.48 and 5.54 cm on B-5 and ½ B-5, respectively), 
Entisar (6.08, 5.64 and 5.02 cm on ½ MS, B-5 and ½ B-5, 
respectively), Hadbaa (5.52 and 7.08 cm on B-5 and ½B-5, 
respectively), Latifia (5.24, 5.18, 5.81 cm on MS, ½ MS, and 
½ B-5, respectively), Nour 8.32, 6.73, 5.63, 7.00 cm on MS, 
½ MS, B-5 and ½ B-5, respectively) and Sally (8.14 cm on 
B-5). The varieties with the greatest RL were Nour on MS 
media, Sally, and Bedhaa on B-5 media.

Among the poorest performing (RL < 2.0 cm) were Al-Eiz 
(1.93 cm on ½ MS), Babel (1.35 cm on MS),Bedhaa, IPA 
99 and Tamoz on MS medium (0.7, 0.1 and 0.0 cm, respec-
tively). Consistent with the trend observed with FGP and SL, 
Tamoz 2 performed poorly with respect to RL on the other 
three media formulations as well. Tamoz 2 RL measurements 
were 0.9 cm (on ½ MS), 0.6 cm (on B-5) and 1.69 (on ½ B-5).

When assessing varietal performance by medium based on 
RL, eight of the 12 varieties had their greatest RL on ½ B-5 
media (Al-Eiz, Babel, Hadbaa, IPA 99, Latifia, Rabia, Sahm 
6, and Tamoz 2). Of these eight, six had RL > 5.0 cm. Six 
varieties (Babel, Bedhaa, Entisa, IPA 99, Sally, and Sham 6) 
performed best on B-5, with five exceeding 5.0 cm in RL. Two 
of the 12 varieties performed best on ½ MS (Entisar and Lati-
fia). In addition to Entisar and Latifia, Nour had RL > 5.0 cm. 
On the MS media three varieties (Al-Eiz, Latifia, and Nour) 
performed best. This exceeds 12 due to a variety having maxi-
mum growth in more than a single medium. Indeed, Nour per-
formed exceedingly well on all media and Latifia and Entisar 
performed well on three of the four media formulations. These 
RL data fall into a trend similar to SL and FGP.

Based on RL performance of these 12 varieties, ½ B-5 
would appear to be the best medium, while MS would seem 
to be the poorest choice(Table 3). As with FGP and SL, it 
is difficult to draw a conclusion about the optimal medium 
type for different varieties. Tamas et al. 2004 (with wheat); 
Gonzalez et al. 2008 (with T. turgidum); Wu et al. 2008 
(with wheat); Niroula and Bimb 2009 (wheat and maize); 
Mohammed 2018 (with H. vulgare and H. bulbosum); Ltifi 
et al. 2019 (wheat and maize) found similar results.

Root number is another measure of embryo performance 
in tissue culture. Mean RN ranged from 5.36 (Entisar on 
B-5) to 0.0 (Tamoz 2 on MS) on the four media formulations 
(Table 5). Entisar (5.36 on B-5) gave the highest value, but40 
other variety x media combinations produced mean RN of 
3.0 or more on the four media formulations. Seven variety x 
media combinations showed low numbers (< 3.0) of roots pro-
duced; they were Babel (2.73 on MS), Bedhaa (2.5 on MS), 
IPA 99 (0.50 and 2.25 on MS and ½ MS, respectively), and 
Tamoz 2 (0.0, 2.0, 1.33 on MS, ½ MS and B-5, respectively).

When comparing varietal response to media, all twelve 
varieties produced > 3 roots on B-5 media, 11 of 12 on ½ 
B-5 media, 10 of 12 on ½ MS media and eight of 12 on 
MS media.As with FGP, SL, and RL the data for FN con-
firmed each wheat variety responded to each medium type 

individually. Previous studies by Burun and Poyrazoglu 
2002 (with barley); Russowski et al. 2006; Cherkaoui et al. 
2008 (with Valeriana glechomifolia);Sourour et al. 2011 
(with durum wheat x maize crosses); Mohammedet al. 2020 
(with barley) found similar difficulty to find a single appro-
priate medium for different varieties.

Conclusion

Results indicated significant variety x media interaction for 
all traits studied. Assuming other wheat varieties behave 
in a manner like these 12, knowing nothing about a wheat 
variety, the medium formulation ½ B-5 would be the best 
option for a culture medium. If choosing specific varieties to 
make wide crosses, Al-Eiz, Entisar, Hadbaa, and Latifia gave 
FGP from 64 to 100% in every media formulation tested and 
performed well for SL and RL. Tamoz 2 had the lowest FGP 
reaching 50% (in ½ B-5) when it did germinate. Tamoz 2’s 
SL, RL and RN were always among the lowest value of the 
48 variety x media combinations.

The data from this study provides insight to the putative 
performance when using these varieties as females crossed 
with wild wheat germplasm. However, the significant variety 
x media interactions indicate broad and absolute statements 
concerning wide-cross hybrid wheat embryo performance 
on any specific medium are not possible because of the 
variability among the males used in this experiment.
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