
 

 
 

 
 
 
 
 
 

International Journal of ChemTech Research  
                                                                  CODEN (USA): IJCRGG       ISSN: 0974-4290 

                                                            Vol.8, No.9, pp  318-333,            2015 
 

In vitro Selection for Drought Tolerance in Wheat (Triticum 
aestivum L.). 

 
Hend M. Mandour1*, S.S.A.Soliman2, M.S. Abd El-Hady1,  

A.A.Mahmoud2, and Hoda.M.H.El-Naggar1 

 

1Botany Dept., Agric., Biol., Division, NRC, Dokki, Giza, Egypt. 
2Genetics Dept., Fac., Agric., Zagazig Univ., Egypt. 

 
 

Abstract: This study aims to detection the response of five wheat genotypes and their 10 F1 

hybrids for embryo culture, evaluating the genetic response of the induced callus for drought 

tolerance and plant regeneration and determining the gene action and genetic control of three 

important criteria, i.e. callus induction frequencey, callus primary fresh weight and plant 

regeneration frequencey. The results revealed that  there were highly significant differences 

(P<0.01) among the genotypes for callus induction, drought stress and plant regeneration 

criteria, indicating the presence of genetic variation, different responses of wheat genotypes 

under study to callus induction and in vitro drought stress, possible selection for callus 

induction  and drought tolerance  criteria at in vitro  level using mature embryos.M2 medium 

gave the highest percentage of callus induction, variety Gemmeiza-10 (p3) showed maximum  

values of callus induction frequencey (CIF%) and callus relative fresh weight growth  

(CRFWG),while Misr-1(p4) and Giza-168 (p1) showed the best performance towards callus 

primary fresh weight  (CPFW) and callus relative growth rate (RGR) ,respectively. Regarding 

drought stress and plant regeneration criteria, variety, Giza-168 (p1) gave the best 

performance towards all characters except INTOL and (CGI), where Gemmeiza-10 (p3) and 

Sids-13 (p2) were the best towards these criteria. In contrast variety Misr-1 (p4) gave the 

least performance towards all characters. Fluctuation behavior of F1 was observed for almost 

crosses .Diallel analysis revealed that genotype Line-24 (P5) had most dominant genes for 

callus induction frequency and plant regeneration frequency, while Giza-168(P1) had most 

dominant genes for callus primary fresh weight. Misr-1(P4), Line-24 (p5) and Giza-168(P1) 

had most recessive genes for callus induction frequency, callus primary fresh and plant 

regeneration frequency. 

Key words: Genetic analysis, In vitro selection, Embryo culture, Wheat, Drought, Diallel 

analysis. 
 

 

 
Introduction 

Wheat (Triticum aestivum L.) belongs to grass family poaceau .It is self-pollinated annual plant and is 

the most widely grown cereal crop [1].Wheat is not only a main crop for more than one third of the world 

population [2], but also the most abundant sources of energy and nourishment for mankind [3], as well as an 

important staple food crop, dominant grain of world commerce.  

     Egypt, as a developing country has less share in global wheat production. Its consumption is increasing  
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day by day due to ever increasing population. In Egypt, wheat is the most important cereal crop covers 3.4 

million feds (about 48% of cultivated area) with total annual production 9.5 million tons (1.3% of total 

production) [4]. In the same time, Egypt imported 7.7 million tons or about 81% percent of production to face 

the Egyptian local consumption of wheat [5]. Recently there is an increase in Egyptian wheat production but not 

sufficient to meet the demands of the Egyptian population [6]. 

      Abiotic stress is a major limiting factor in agricultural crop production in many countries and the main 

abiotic stresses of economic importance include drought [7]. Drought is the commonest, most serious threat and 

significant constraints to agricultural production, seriously affecting crop growth and yield quantity  and quality 

[8]; [9]; [10]; [11] and [12]. 

     Improvement of productivity under drought stress conditions is one of the most important breeding 

objectives in wheat. Improved yields of wheat depend on many factors, among which one of the most important 

factors is tolerance to environmental stress, particularly to water stress.  

    Drought tolerance is now considered by both breeders and molecular biologists to be a valid breeding 

target. Breeding for drought tolerance by selecting for grain yield only is difficult because the heritability of 

yield under drought conditions is low, or due to small genotypic variance, the large variances in the genotype-

environment interaction and our poor understanding of the physiological basis of yield in water-limited 

conditions [13]; [14] and [15].Thus under stressful environments ,yield is not always the most suitable or 

easiest selection trait. Therefore, we need to deploy the biotechnological tools for addressing the critical 

problems of crop improvement for sustainable agriculture. 

       Tissue culture creates a wide range of genetic variation in plant species, which can be combined in 

plant breeding programs. In addition by in vitro selection, mutants with useful agronomic traits, such as disease 

resistance, salt or water stress tolerance can be obtained in a short duration [16]; [17] and [18]. 

     Embryos are the most frequently used explants for the initiation of wheat tissue culture for either callus 

culture or direct DNA delivery techniques [19]; [20] and [21].Both mature and immature embryos have been 

used extensively in tissue culture protocols, but mature embryos were found to be a better choice in comparison 

to immature embryos [22].  

     Plants tolerant to drought stresses can be acquired by applying selective agents such as Polyethylene 

glycol (PEG) in the culture media. Poly ethylene glycol (PEG) has been used for many years to stimulate water 

stress in Plants [23]; [24] and [25].It can also used to stimulate water stress without the risk of being taken up 

by the plants [24].Cells tolerant to selective agent are selected and subsequently regenerated into plantlets due 

to their ‘totipotency’. The selected somaclones for desired characters may be genetically stable and helpful for 

crop improvement [26]. 

    Therefore, the  present investigation aims to : (i) detection the response of five wheat genotypes and 

their 10 F1 hybrids  for callus induction using  embryo culture technique , (ii) screening the obtained callus for 

drought tolerance using different concentrations of PEG , (iii) evaluating the genetic response of the tolerant 

calli to plant regeneration and (iv) determining the gene action and genetic control of three important criteria 

,i.e.callus induction frequencey, callus primary fresh weight and plant regeneration frequencey. 

Materials and Methods  

    The present investigation was carried out at the Experimental Farm and Tissue Culture Lab of Genetics 

department, Faculty of Agricultural, Zagazig University, Egypt, during the period 2012-2015. Fifteen wheat 

genotypes (Triticum aestivum L.) were used in this investigation, i.e.5 parents namely, Giza-168 (P1), Sids-13 

(P2), Gemmeiza-10 (P3), Misr-1 (P4), Line-24 (P5) and their F1 hybrids that introduced to this experiment from 

diallel crosses without reciprocal. The origin and pedigree of the five cultivars are presented in (Table1). 

In 2012 winter season, the five wheat genotypes were sown in two successive sowing dates with two 

weeks interval in order to synchronize the flowering time for crossing purposes. Hand emasculation and 

pollination were performed so as to produce enough grains of all possible F1 cross combinations of five parents, 

i.e.full diallel without reciprocal. 

 



Hend M. Mandour et al /Int.J. ChemTech Res. 2015,8(9),pp 318-333.  320  

 

Table 1. Pedigree, breeding history and origin of the five parental genotypes used in this investigation. 

Entry Name pedigree Drought 

tolerance 
Origin 

1 Giza 168 (P1) MRL/BUC/SER CM93046-8M-0Y-0M-2Y-0B Tolerant Egypt 

2 Sids 13 (P2) KAUZ "S"//TSI/SNB"S". ICW94-0375-4AP-2AP-

030AP -0APS-3AP-0APS-050AP-0AP-0SD 
Tolerant Egypt 

3 Gemmeiza 10 

(P3) 
MAYA74"S"/0N//160-

147/3/BB/GLL/4/CHAT"S"/5/ CROW"S". 

GM5820- 3GM-1GM-2GM-0GM. 

Mod. 

Tolerant 
Egypt 

4 Misr 1 (P4) OASIS/SKAUZ//4*BCN/3/2*PASTOR.CCMSSOY

O1881T-050M-030Y-O3OM-030WGY-33M-0Y-0S 
Sensitive Egypt 

5 Line 24 (P5)  THB/KEA/PF85455/4/RIVADENEIRA/5 Sensitive Mexcio 
 

Experimental procedures 

    This part was classified into 3 experiments on the basis of the objective .The first experiment 

aimed to determine the optimum hormone balance for callus induction from wheat mature embryos by using 

three different media compositions and also to determine the genetic response of the fifteen wheat genotypes 

.i.e., 5 parents and their 10 F1 hybrids to callus induction, the second experiment aimed to evaluate the response 

of  the obtained calli for drought tolerance by using selective media (M2 medim+ different concentrations of  

PEG) and the third experiment aimed to determine the genetic response of the tolerant calli to plant 

regeneration. As well as determination of some genetic parameters.The experimental work was conducted as 

follow:

(i) Callus induction 

Grain surface sterilization and imbibition  

    Mature wheat grains were surface-sterilized with 70 % (vol/vol) ethanol for one minute and then rinsed 

with sterile distilled water for five times. After that, grains were treated with 30 % (vol/vol) NaOCl for twenty 

minutes, followed by five times washing with sterile distilled water. Grains were imbibed in sterile distilled 

water over night at room temperature. After imbibition, grains were again sterilized with 70 % (vol/vol) ethanol 

for one minute and five times washed with sterile distilled water [27]. 

Isolation of mature embryos from wheat grains 

    Mature embryos were aseptically removed from sterilized grains using blade and forceps. The 

instruments were sterilized at 250˚C in oven. Mature embryo were isolated and cultured with scutellum in 

contact with the medium to start initiation of callus formation.  

    For callus induction, the effect of three callus induction media was compared. 

Culture media used for callus induction were: 

1. MS+2mg/l 2,4D. 

2. MS+2mg/l 2,4D+300mg/l casein hydrolysate. 

3. MS+2mg/l 2,4D+4mg/l Silver nitrate. 

    Aseptically mature embryos were transfered to glass jars containing 40 ml of solidified basal MS 

medium [28] supplemented with 30 g/L sucrose and was adjusted to PH 5.8, solidified with 2.5g/L phytagel 

before autoclaving at 121˚C and 1.2 kg/cm² for 20 min .All the operations and inoculation were performed 

under aseptic conditions in a laminar airflow cabinet. Mature embryos in contact with medium were incubated 

for 2 weeks dark incubation at 25 ˚C.  After establishment, calli were sub-cultured on the same callus induction 

medium   at 2 weeks intervals until enough callus material was obtained to initiate the drought stress stage. 
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Criteria measured in callus induction stage 

   After 14 days of embryo culture, callus primary fresh weights (CPFW) and callus induction frequency 

(CIF%) were measured and after 28 days of embryo culture callus growth rate (CGR), callus relative fresh 

weight growth (CRFWG), callus relative growth rate (CRGR) were measured.  

Callus Induction Frequencey % (CIF %):  

CIF was evaluated 2 weeks after embryo culture as: (number of embryos produced callus)/(number of 

embryos plated in Petri dishes). [20]. 

Callus Primary Fresh Weight (CPFW):  

CPFW was evaluated by measuring fresh weight of callus 14 days after callus induction [29]. 

     Data obtained for callus induction frequencey and callus primary fresh weight on M2 media were 

analyzed with diallel analysis and their genetic components variation were estimated. 

Relative Fresh Weight Growth (RFWG):  

RFWG = [(W2-W1)]/W1 [28] where W1 and W2 are the initial weight of callus before and after four 

weeks, respectively. 

Callus Relative Growth Rate (CRGR):  

RGR = [LnW2-LnW1] /GP [30], where W1 and W2 are the initial and final weight of callus and GP is the 

growth period, respectively.  

(ii) In vitro experiment of drought tolerance 

    After four weeks of incubation on callus multiplication media, the obtained calli were separately 

subcultured on MS medium supplemented with different concentrations of polyethylene glycol (0, 5, 10, 15 and 

20%) for the evaluation of drought tolerance. Before transferring to drought medium, fresh weight of calli were 

measured and after 14 days of transferring onto PEG-medium .RFWG, RGR, callus growth index (CGI), 

relative tolerance (RT%) and in vitro tolerance (IT) were calculated as follows: 

In this stage CGR, RFWG and RGR were calculated the same as in callus induction stage  

In vitro tolerance (IT): was calculated as: 

 

IT= RGR treatment / RGR control, [31] 

 

Callus growth index (CGI) or increasing value of callus fresh weight was calculated as: 

 

CGI =  

 

Where, RFWG stress= (W1-W0)/W0 , 

RFWG control= (W1-W0)/W0, [32],W0 is the weight of callus before treatment and W1 the final weight of 

callus after14 days of treatment and control for RFWG stress and RFWGcontrol, respectively. 

 

Percetage of relative tolerance (Rt%): Rt% was calculated as: 

 

Rt% = [a/b] × 100, [33]. 

Where  a = fresh weight under stress after 14 days and b = fresh weight after 14 days under control 

(iii) Plant Regeneration  

    The obtained calli were shifted to regeneration medium with 30 g/l sucrose, 2.5 g/l phytagel and plant 

growth regulators (2 mg/l TDZ) .The calli were incubated at 25±2°C temperature with 16 h light and 8 h dark 

photoperiod. The regeneration medium was refreshed every 15-21 days. Plant regeneration frequencey was 

calculated as follows: 

(PRF%) = (number of regenerated calli / total number of calli) x 100. 
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Statistical Analysis: 

1. All data were further analysed with ANOVA. 

2. Means and their least significant differences for each studied character were calculated. 

3. Diallel F1 analysis was applied to estimate the genetic parameters for (CIF%) ,(CPFW) and (PRF%) as 

described by [33] and [34].The data were also subjected to Wr-Vr graph analysis following [35].The 

illustration of [36] was adopted to estimate the components of genetic variance and heritability in broad 

and narrow sense. 
 

Results and Discussion 

Callus induction  

Effect of interaction between hormone balance and genotypes on callus induction . 

    Callus induction and growth from mature embryos was visible in all media and in all genotypes after 6-

10 days in the dark and lasted up to four weeks. The induced calli were soft, white and friable.  

The analysis of variance revealed the presence of highly significant differences (P<0.01) among the 

genotypes for (CIF%), (CPFW) , (CRFWG) and (CRGR), indicating the presence of genetic variation, different 

responses of genotypes to callus induction and possible selection of callus induction in bread wheat using 

mature embryos (Table 2). The differences between the three media were significant except in (CIF%)  

indicating that this criterion is genotype dependent. The media × genotype (M × G) interaction was significant 

in CIF, CPFW and CRFWG except for CRGR displaying different responses of characters to media 

compositions, while CRGR was stable and independent of media compositions. Similar findings were found by 

[37].Genotype effects on callusing ability from wheat mature embryo cultures were reported in bread wheat by 

[38] and [39]. 

Table 2. Analysis of variance for callus induction criteria using mature embryos of wheat genotypes 

under study. 

SOV                                  M.S of the studied characters 

df CIF CPFW      CRGR      CRFWG 
Replication   2  726.8** 160.8 0.00012 0.00145 

Genotypes 14  20738** 3086.5** 0.00043** 0.034** 

Media 2  47.32 5671.7** 0.0027** 5.124** 

GxM 28  556** 1028.8** 0.000026 0.04** 

Error 88  175.3 
   

  263.8 0.0000188   0.006 

**,Significant at 0.01  

Mean values of callus induction criteria. 

    Mean values of the three media compositions (Table 3) indicated that the best media was M2 which 

gave the highest callus induction frequency (85.5%) followed by M1 (85%) and M3 (81.6%). 

    Mean values of (CIF%), (CPFW) , (CRFWG) and (CRGR) are present in (Table 4). Gemmeiza-10 (p3) 

possessed higher values for (CIF) and (CRFWG), while Misr1 (p4) and Giza-168 (p1) possessed higher value 

for,(CPFW) and (CRGR) respectively. In contrast, Genotype  Line-24 (p5) showed   lower values for (CIF%) 

,(CPFW) and (CRFWG),while genotype Misr-1 (p4) showed   lower values for (CRGR) .Fluctuation behavior 

of F1 was observed for almost crosses of the four criteria. Hybrid Gemmeiza-10xMisr-1 (p3xp4) possessed 

higher values for (CPFW) and (CRFWG), while Misr1xLine-24 (p4xp5) and Giza-168xSids-13 (p1xp2) 

possessed higher value for,(CIF%) and (CRGR) respectively. In contrast, Hybrid Giza-168xLine-24 (p1xp5) 

showed   lower values for (CIF%) ,(CPFW) and (CRFWG),while Hybrid Sids-13xMisr-1 (p2xp4) showed  the 

lowest values for (CRGR). Various amounts of CIF%, CPFW, CRFWG and CRGR in different genotypes 

exhibited that the characters measured were genotype dependent .Similar results were found by [39]; [40]; [41]; 

[42]; [43]  and [44] who exhibited significant differences between wheat cultivars for callus induction response 

and  revealed that callus induction was genotype-dependent. In general, callus induction used as an efficient 

character for assessment of culture responses from mature embryo in wheat genotypes.  
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Table 3.Mean performance of the five parental genotypes and their 10 F1 hybrids on M1, M2 and M3 

media to Callus induction 

Genotypes               M1               M2                      M3             Mean               

P1 (Giza-168)   80  90   70  80   
P2 (Sids-13)   91.7  94   91.7  92.5   
P3 (Gemmeiza-10)   100  100   100  100   
P4 (Misr-1)   68.4  84   93.4  81.9   
P5 (Line-24)   75  34   34  47.7   
P1×P2   75  70   80  75   
P1×P3   70  80   100  83.4   
P1×P4   100  80   100  93.4   
P1×P5   50  67   75  64.1   
P2×P3   90  82   90  87.3   
P2×P4   91.7  100   38.4  91.7   
P2×P5   91.7  100   75  88.9   
P3×P4   100  100   75  91.7   
P3×P5   100  100   56.7  85.6   
P4×P5   91.7  100   100  97.2   
Mean   85  85.5   81.6     
LSD 0.05   48.7  22.3   27.3     
LSD 0.01               68.03        30.96                

 
37.8 

 

Table 4. Mean performance of wheat genotypes under study to callus induction criteria over all media    . 

Genotypes CIF(%)    CPFW(mg)  CRFWG    CRGR  
 P1 80    44  0.038    0.62  
P2 92.5    94.5  0.04    0.57  
P3 100    92.2  0.043    0.34  
P4 81.9    110  0.041    -0.037  
P5 47.7    40  0.037    0.11  
P1×P2 75    75.6  0.042    0.87  
P1×P3 83.4    84.5  0.038    0.64  
P1×P4 93.4    82.5  0.042    0.37  
P1×P5 64.1    65.7  0.033    0.46  
P2×P3 87.3    82.2  0.04    0.5  
P2×P4 91.7    111  0.04    -0.06  
P2×P5 88.9    80  0.04    0.38  
P3×P4 91.7    102.2  0.047    0.17  
P3×P5 85.6    72.2  0.042    0.22  
P4×P5 97.2    97.8  0.034    0.02  
LSD 0.05 23.2    28.5  0.0075    0.14  
LSD 0.01 32.2    39.6  0.01    0.19  

 

Drought tolerance  

    Analysis of variance (Table 5) revealed  highly significant differences (P <0.01) between genotypes for 

CGI, CRGR, RT%,CRFWG and INTOL and different drought levels indicating the presence of genetic 

variation, different responses of genotypes to different drought intensities and in vitro selection of drought-

tolerant genotypes. The stress × genotype (G × S) interaction was significant for CGI, RT%, RGR, and INTOL 

except for CCRFWG displaying different responses of characters to different levels of drought (PEG), while 

CRGR was stable and independent of different drought levels. Similar findings were reported by [45] and [46]. 

[18] reported a significance difference between Maize genotypes for the same characteristics. 
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Table 5. Analysis of variance of evaluated traits on mature embryo calli under drought stress conditions. 

SOV       M.S of the studied characters     

df CGI RFWG  RGR INTOL RT% 

Replication 2 0.02 0.0045  0.0038 0.0065 9.45 

Genotypes(A) 14 0.019** 0.45 ** 0.0022** 0.87** 8334.7** 

PEG level(B) 4 3.42** 14.5 ** 0.065** 30** 176694.4** 

AxB 56 0.025** 0.0071  0.00014** 0.2** 4777.6** 

Error 148 0.0027 0.012   0.000067 0.06 306 

**Significant at  0.01 . 

Mean values of in vitro drought tolerance criteria 

Mean values of  (CGI), (RFWG), (RGR) , (INTOL) and (RT%)  are present in (Table 6) . Giza-168 (p1) 

possessed higher value for (RFWG), (RGR) and (RT), while Sids-13 (p2) and Gemmeiza-10 (p3) possessed 

higher value for, (CGI) and (INTOL) ,respectively. In contrast, variety Misr-1 showed a lower values for the 

five studied criteria. Fluctuation behavior of F1 was observed for almost crosses of five criteria. Hybrid Giza-

168xSids-13 (p1xp2) showed the higher values for the five studied criteria. In contrast the least values were 

attributed to hybrids Sids-13xMisr-1 (p2xp4) and Misr-1xLine-24 (p4xp5).   

Table 6. Mean performance of wheat genotypes under study to drought stress criteria    

Genotypes  CGI  RFWG RGR INTOL   RT%    
P1  -0.28  0.37 0.056 0.43   25    
P2  -0.13  0.34 0.046 0.28   34    
P3  -0.32  0.2 0.0076 0.46   21    
P4  -0.38  -0.02 0.0032 -0.26   -52.5    
P5  -0.32  0.07 0.0037 -0.13   6.6    
P1×P2  -0.21  0.52 0.086 0.53   70    
P1×P3  -0.27  0.38 0.06 0.36   37.1    
P1×P4  -0.28  0.22 0.0033 0.2   17.6    
P1×P5  -0.3  0.27 0.0037 0.28   31    
P2×P3  -0.34  0.3 0.04 0.24   20.3    
P2×P4  -0.27  -0.036 -0.0032 -0.033   15.4    
P2×P5  -0.35  0.23 0.0032 0.19   23.3    
P3×P4  -0.39  0.13 -0.06 -0.07   15.7    
P3×P5  -0.38  0.1 0.0004 0.026   19.5    
P4×P5  -0.4  0.036 -0.23 -0.24   13.4    
LSD 0.05  0.027  0.19 0.014 0.429   30.6    
LSD 0.01  0.0.038  0.26 0.019 0.59   42.5    

 

Various amount of RFWG, CGI, CRGR, IT and RT%  in different genotypes exhibited that the  

measured  criteria were genotype dependent. Similar results were found by [42] who reported that, response in 

tissue culture such as callus intiation is genotype dependent.  Values of CGI,RFWG, RGR, INTOL and RT 

were decreased with increasing drought stress level .Likewise, [18]  reported that these criteria reduced while 

studying somaclones achieved from Maize calli under drought stress with PEG. [47] and [48]  reported that 

increasing the levels of PEG(0-30%) reduced CRGR, PCWC and INTOL in date palm (Phoenix dactylifera L.). 

[49] and [50]  also reported the same results in bread and durum wheat and [51]  in soybean, respectively, 

which is in consistent with the results of this experiment. 

Plant regeneration  

Effect of interaction between PEG concentrations and genotypes on plant regeneration.  

    The analysis of variance over four   drought stress levels (0,5,10 and 15%) for genotypes under study to 

plant regeneration revealed the presence of highly significant differences among the genotypes for plant  
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regeneration frequency  indicating the presence of genetic difference between them (Table 7). Similar findings 

were found by [20] who reported that there were significant differences between wheat cultivars for their 

regeneration potential from immature embryo. 

Table 7. Analysis of variance for plant regeneration frequency using mature embryos of wheat genotypes 

under study 

SOV  df        Mean squares  

Replication 2    1.25     

Genotypes(A) 14    134.4**     

PEG level(B) 4    2084.4**     

AxB 56    15.8**     

Error 148     6.6         
**,*Significant at 0.01 

 

Mean values of   plant regeneration frequencey (PRF %) are present in (Table 8). Regeneration was 

obtained in all genotypes under the first three PEG concentrations, and in most genotypes under 15% PEG, but 

was completely absent under 20% PEG . 

Table 8. Mean performance of wheat genotypes under study to plant regeneration under drought stress 

conditions 

Genotypes 0  5 10 15 

P1  61.7  50 43.4 33 

P2  53.4  43.4 33 25 

P3  50  28.4 23.4 15 

P4  40  20 4 0 

P5  45  25 22.4 10 

P1×P2 60  48.5 42 33 

P1×P3 55  28.4 34.7 20 

P1×P4 51.7  25 20 7 

P1×P5 50  26.7 21.7 20 

P2×P3 55  42 30 17 

P2×P4 48  35 25 0 

P2×P5 48.03  37 34 15 

P3×P4 45  27 20 0 

P3×P5 50  32 25 0 

P4×P5 42  24 19 5 

LSD 0.05 7.1  7.4 5.6 5.4 

LSD 0.01 10.1  10.3 7.8 7.5 
 

Genotype Giza-168 (p1) possessed higher value for (PRF %) under all PEG concentrations. In contrast, 

Misr-1 (p4) possessed lower values for the same criterion under all PEG concentrations. Fluctuation behavior of 

F1 was observed for almost crosses. Hybrid Giza-168xSids-13 (p1xp2) possessed the higher values of (PRF %) 

under all PEG concentrations. In contrast, hybrid Misr-1 xLine-24 (p4xp5) possessed lower values for  (PRF%) 

under  control, 5% and 10% PEG, while under 15% PEG ,hybrids Sids-13xMisr-1 (p2xp4),Gemmeiza-10xMisr-

1  (p3xp4) and Gemeiza-10xLine-24 (p3xp5) possessed lower values for (PRF%). [38] and [52]  investigated 

that the percentage of callus induction and plant regeneration in tissue culture of wheat were usually affected by 

the explants source, effect of genotype and effect of medium composition. 

Diallel analysis  

Highly significant differences of considerable amount of genotypic variability for all characters under 

study were found (Table 9). In fact, the development of any plant breeding program is dependent upon the 

existence of genetic variation, the efficiency of selection and expression of heterosis and largely dependent 

upon the magnitude of genetic variation present in plant population, [53] and [54]. 
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Table  9. Analysis of variance, t
2
 values, regression coefficient and their test of significant for the studied 

characters. 

SOV       df       M.S of the studied characters 

           CIF CPFW PRF(%) 

Replication   2 860.7** 59.85**  11.7 

Treatment 14 1253.4** 2467.6**  112.2** 

Error 28 162.2 238.6  15.2 

t2  0.0038 0.142  0.006 

 b  0.989 1.12  0.927 

S.E(b)  0.16 0.257  0.26 

H0:b=0  6.18** 4.35**  3.56** 

H1:b=1  0.07 0.46  0.28 

**, Significant at 0.01 

Mean values and gene action of callus induction frequency, callus primary fresh weight-on M2 media- and 

plant regeneration frequencey on control media 

 

    Mean values of (CIF%), (CPFW) -on M2 media- and (PRF%) on control media are present in (Table 

10) . Gemmeiza-10 (p3) , Misr-1(p4)  and Giza-168 (p1) possessed higher values for (CIF%), (CPFW) and 

(PRF%), respectively. In contrast, genotypes, Line-24 (p5) and Misr-1(p4) showed lower values for the studied 

criteria. Fluctuation behavior of F1 was observed for almost crosses. 

Estimation of heterosis over mid and better parent 

     Data presented in (Table 11) showed heterosis values over mid and better parent for the three studied 

characters. Concerning mid-parent heterosis, hybrid Misr-1xLine-24 (p4xp5) possessed the highest heterosis 

effects for callus induction frequencey* and callus primary fresh weight* ,while hybrid Giza-168xLine-24 

(p1xp5) possessed the highest heterosis effects for plant regeneration frequencey** (*and** for positive and 

negative heterosis respectively). Concerning better parent heterosis, hybrid Giza-168xLine-24(p1xp5) possessed 

the highest heterosis effects for callus induction frequencey* and plant regeneration frequencey**, while 

hybrids Sids-13xGemmeiza-10 (p2xp3) possessed the highest heterosis effects for callus primary fresh 

weight**  (*and** for positive and negative heterosis ,respectively). 

Table 10. Mean values of Callus induction frequency (%), Callus fresh weight (mg) under M2 medium 

and Plant regeneration frequency (%) under control medium 

Genotypes  Callus induction 
 frequency % 

Callus fresh  
weight (mg) 

 Plant regeneration 
 frequency % 

P1  50    76.7    61.7      
P2  93.3    103.3    53.3      
P3  100    120    50      
P4  83.3    143.3    40      
P5  33.3    26.7    45      
P1×P2  70    80    60      
P1×P3  80    80    55      
P1×P4  80    86.7    50      
P1×P5  100    56.7    51.7      
P2×P3  81.7    83.3    55      
P2×P4  100    130    48.3      
P2×P5  100    90    48.3      
P3×P4  100    110    45      
P3×P5  100    83.3    50      
P4×P5  100    126.7    41.7      
LSD 0.05  23.2    37.2    7.1      
LSD 0.01  32.95    52.9    10.1      
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Table (11): Heterosis values over mid-parent (MP%) and better parent (BP%) for 10 F1 bread wheat 

hybrids for callus induction frequency,callus primary fresh weight (mg) under M2 medium  and plant 

regeneration frequency under control medium. 

plant regeneration 

frequency % 
Callus primary fresh 

weight (mg) 
Callus induction frequency 

(%) 
Crosses 

(BP%) MP%)) (BP%) MP%)) (BP%) MP%)) 
-2.8 4.4 -22.6 -10.9 -24.97 -2.3 P1xp2 

-10.9** -1.5 -33.3 -18.5 -20 6.7 P1xp3 
-16.2** 1.7 -39.5* -21 -3.96 19.94 P1xp4 

-19** -6.3* -25.7 10.1 43.3 59.95** P1xp5 
2.4 -1.7 -44.1* -25.4 -18.3 -15.5 P2xp3 

-9.4* 3.5 -9.3 5.4 7.2 13.3 P2xp4 
-9.4* -1.7 -12.9 38.5* 7.2 57.97** P2xp5 

-10* 0 -23.2 -16.5 0 9.1 P3xp4 

0 5.3 -41.9* 31.5 0 49.9** P3xp5 
-7.3* -1.9 -11.6 49.1** 20.1 71.5** P4xp5 

±3.18 ±2.75 ±16.7 ±14.47 ±20.34 ±14.38 S.E 

*,**Significant at  0.05 and 0.01,respectively . 

 The estimates of genetic components of variation and their proportions are presented in (Tables 12-13). 

The magnitude and high significance values of D and H1 estimates indicate the importance of both additive and 

dominance of all studied criteria  except (PRF%) which show an additive effect only. However, the relative 

magnitudes of both types of gene action varied from trait to trait (Table13). h2 estimates indicate the 

heterozygous loci in the F1 hybrids. All criteria possessed significantly of heterozygous loci, except callus fresh 

weight. The results showed  the positive F values for callus induction frequencey and callus fresh weight, 

indicating that dominant genes are more frequent than recessive ones among parental genotypes. These results 

are in agreement with those reported by [55] in (Brassica napus) . 

Table 12:Estimates of genetic components of variation in F1 of diallel crosses for the studied callus 

induction frequency, callus fresh weight  under M2 medium and plant regeneration frequency under 

control medium  

Componets Callus induction 
frequency % 

Callus fresh 
weight (mg) 

Plant regeneration 
frequency % 

D±S.E(D) 825.3** ± 70 1929.8** ±9.94 63.5**± 2.6 

F±S.E(F) 744.6*±176.1 1008.7**± 24.8 -5.16± 4.8 

H1±S.E(H1) *±189.71030.5 695.3**± 26.8 2.14± 5.2 

H2±S.E(H2) 115.8±172.8 -122.6*± 24.4 0.36± 4.7 

h
2
±S.E(h

2
) 6506.8**± 116.5 37.3±16.7 -12.8*±3.18 

E±S.E(E) 11.5±28.7 75.6** 4.4 5**±0.8 

*  and ** significant at 0.05 and at 0.01 probability levels respectively ; D, Additive effects; H1, overall 

dominance effect; H2, reflection of the  proportion of genes with positive and negative effects; F, covariance of 

additive and dominance effects; h
2
, dominance effects of all loci in  heterozygous phase and E, environmental 

variance 

 

 Mean degree of dominance (H1/D)
1/2

 indicated the presence of over dominance  for callus induction 

frequency ,while it is partial dominance for callus fresh weight and plant regeneration frequencey (Table 14). 

Estimates of proportion of positive and negative genes (H2/4H1) in parents ranged from 0.028for callus 

induction frequency to 0.044 for callus fresh weight. As this ratio is far from 0.25, hence positive and negative 

alleles are un symmetrically distributed in these characters. By comparing Wr +Vr values for each array with  
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the mean of the common parent, i.e. comparing (Wri +Vri) with Yri we can see the direction of dominance 

Table (14). If the correlation coefficient (r) between them is negative it means that parents containing most 

increasing genes have the lowest values of Wri +Vri and thus contain most dominant genes, and correlation will 

be positive if the case is reversed. Therefore, the results revealed that the direction of dominance was toward 

callus induction frequencey and callus fresh weight as a dominant and plant regeneration frequencey as a 

recessive. 

 High heritability estimates in broad-sense h
2
 (bs) were obtained for the all studied characters indicated 

the little effects of environmental conditions for these traits. On the other hand, narrow-sense heritability was  

also high for the three studied characters suggesting that early generation selection for these characters should 

be effective. 

Table 13: The proportion of genetic components, most dominant and recessive genotypes and heritability 

in broad and narrow sense for studied characters. 

Parameters  CIF % CPFW (mg)      PRF% 

(H1/D)
1/2  1.11    0.6    0.18     

H2 / 4 H1  0.028    0.044    0.042     
Dom/Res 

proportion 
 2.35    2.54    0.63     

r  -0.8    -0.44    0.2     
r

2  0.64    0.19    0.1     
h

2
 (bs) 

h
2
 (ns) 

 0.978 
0.924 

   0.95 
0.917 

   0.875 
0.873 

    

 

Graphical analysis of Wr/Vr graph for studied criteria  

The F1 graphic analysis for the three studied characters are shown in figs (1:3). An inspection of Wr-Vr 

graphs showed that regression line cuts the Wr axis below the point of origin indicating over dominance for 

callus induction frequencey, while it cuts above the point of origin  dominance for callus fresh weight and plant 

regeneration frequencey indicating partial dominance. These observations supported the previous results 

obtained from the estimation of (H1/D)
 1/2

 ratios and confirmed the importance of dominance gene effects in the 

inheritance of these characters. 

   The order of the array points along the regression line showed that genotype Line-24 (P5) had most dominant 

genes for callus induction frequencey and plant regeneration frequencey, while Giza-168(P1) had most 

dominant genes for callus primary fresh weight. Misr-1(P4), Line-24 (p5) and Giza-168(P1)  had most recessive 

genes for callus induction frequencey ,callus primary fresh and plant regeneration frequencey respectively.  
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Table(14):Values of Vr,Wr,Wr + Vrand Yr for callus induction frequency, callus primary fresh weight and plant regeneration 

 frequency in the F1 wheat generation 

 
Genotypes 

 
callus induction frequency callus primary fresh plant regeneration frequency 

Wr Vr Vr+Wr Yr Wr Vr Vr+Wr Yr Wr Vr Vr+Wr Yr 

Giza-168 

(P1) 

240.2 152.2 392.4 50 486.94 129.86 616.8 76.3 35.4 25.9 61.3 61.7 

Sids-13 

(P2) 

0.95 168.7 169.65 93.3 526.05 413.46 939.51 103.3 38.5 24.4 62.9 53.3 

Gemmeiza

-10 (P3) 
12.4 110.4 122.8 100 582.28 337.1 919.38 120 31.5 17.5 49 50 

Misr-1 (P4) 62.6 102.4 165 83.3 1207.9 792.89 2000.8 143.3 39.1 22.8 61.9 40 

Line-24 

(P5) 
828 889.5 1717.5 33.3 841.48 573.89 1415.4 26.7 25.7 12.95 38.65 45 

Total 1144.1

5 

1423.5 2567.7 359.9 3644.6

5 

2247 5891.7 469.6 170.2 103.6 273.75 250 

Mean 228.8 284.7 513.53 71.98 728.93 449.4 1178.4 93.92 34.04 20.7 54.75 50 
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Fig.1:F1 graphic analysis of callus induction frequencey under M2 medium. 

 

Fig.2:F1 graphic analysis of callus primary fresh weight under M2 medium. 

 

Fig. 3:F1 graphic analysis plant regeneration frequencey (%) under control medium. 

Conclusion  

    In conclusion, genotype was one of the main significant factors for successful callus induction 

frequencey from mature embryos of wheat .Callus induction ranged from 47.7 to 100% in different genotypes, 

therefore these genotypes had different response to the PEG concentration, hence callus induction is genotype 

dependent and can be considered as an index for in vitro screening for drought tolerant plants. On the other 

hand, the genotypes with the lowest callus relative growth under drought stress medium could be categorized as 

low-tolerant to drought at the cellular levels. In addition, mean values of drought criteria at different stress 

levels indicated that increasing PEG concentrations up to 10% reduced the in vitro parameters but higher levels 

tend towards stability and growth was almost stopped. The reason for this may be reduction of osmotic potential 

of the environment. Thus, it is obvious that in vitro selection can be used as an effective tool to screen a large 

number of genotypes to water deficit. More investigations such as field and hydroponic conditions studies are 

needed to corroborate this thought. However, it is  suggested to breeders  not generally select for specific traits 

to improve yield under drought principally because drought is unpredictable from year to year and this also 

means that the physiological responses to drought are also complex and unpredictable. It could also concluded 

that MS media supplemented with 2mg/l 2,4D and 300 mg/l casein hydrolysate is optimum to callus induction. 

Screening drought tolerant genotypes in vitro discriminated genotypes Giza-168, Sids-13, and their hybrid as 

the most drought tolerant genotypes, while genotype Misr-1 as the most sensitive to drought.Genotype Line-24 

(P5) had most dominant genes for callus induction frequencey and plant regeneration frequencey, while Giza-

168(P1) had most dominant genes for callus primary fresh weight. Misr-1(P4), Line-24 (p5) and Giza-168(P1) 

had most recessive genes for callus induction frequencey, callus primary fresh and plant regeneration 

frequencey. 
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