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ABSTRACT

Introduction: The tissue culture technique and in vitro propagation have many advantages and potentials compared to the classical methods
of vegetative propagation of plants, the most important of which is the propagation of uniform and pathogen-free plants in a short time and
on a large scale. Choosing an explant at the optimal growth stage plays a key role in the success of tissue culture in vitro. Effective
propagation of plants by tissue culture can help to clone desirable genotypes and be used for commercial propagation of genotypes in the
short term. Callus production through mature embryo culture allows many plants to regenerate effectively in tissue culture conditions.
Selection based on an agronomic trait can be used as a suitable method to predict tissue culture results, which is costly and time-consuming.
Materials and methods: To evaluate agricultural traits, 20 durum wheat genotypes, including 19 advanced lines and the Zardak variety,
were cultivated for two years based on a randomized complete block design with three replications. The response to the mature embryo
culture of 20 durum wheat genotypes was made in the callus induction stage in a completely randomized design with seven replicates and
ten mature embryo samples in each replicate.

Results: The analysis of variance showed a significant difference between the studied genotypes regarding the percentage of callus
induction and the relative speed of callus growth. The combined variance analysis table for agronomic traits measured on 20 durum wheat
genotypes showed a significant difference between the studied and measured traits. The results of path analysis showed that peduncle length,
number of seeds per spike, and number of spikes per plant had the most direct and positive effect, height and peduncle length had the most
negative direct effect, and spike length had the least direct effect on callus induction percentage. Also, peduncle length to height ratio and
spike density showed the most positive direct effect, peduncle length, and grain yield had the most direct and negative effect, and the
number of spikes per plant showed the least direct effect on the relative speed of callus growth. According to the results of canonical
analysis, the plants with more grains per spike have higher callus induction percentages and relative callus growth rates. Nevertheless,
Mantel test results showed no significant correlation between similarity matrices obtained from tissue culture and agricultural data.
Conclusion: These results indicate the genetic control and the possibility of direct screening of genotypes with appropriate tissue culture
traits through these correlated agronomic traits that are easy and quick to select.
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Table 1. Code and name/pedigree of studied Durum wheat genotypes

X o i/l X o i/l
Code” | Name/pedigree | Code Name/pedigree
1 Zardak 11 | Heider/Mt/Ho
2 65-12-3-3 12 | Syrian—-4
3 25-25-1-5 13 | Waha- B53
4 75-5-3-5 14 | Arthar 71/Bcr//ch5
5 409 15 | Stj3/4/stn//Hvi/Somo/ 3/yav/ fg//Roh
6 259 16 | Grdara-2
8 15-15-1-3 17 Lgt3/4/Bcr/3/chl//Gta/ stk
9 240 18 | Aghrass-2
9 37-24-2-3 19 | Quadalete//Erp/mol/3/unk/4/Mrb3/Mnal
10 249 20 | Stj3//Bcr/lks4

bl a 10,501 5l oa il o slacn¥ Yo V) oS b slacais) g dilate o Vo b)) oS b slacosgsse

* Genotypes with codes 1 to 10 are indigenous to the region, and genotypes with codes 11 to 20 are lines received from
ICARDA.
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Figure 1. Placement of mature embryo in MS culture medium
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Figure 2. The stages and method of separating the mature embryo in durum wheat
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Table 2. Variance analysis of traits measured in the callus formation stage of mature embryos of
20 durum wheat genotypes

Sl e 8l EEBREgE s e
Mean square df Source of variation
oS Ll B EL R

Callus induction Relative callus growth rate
21.31" 0.089™ 19 G5
Genotype
1.805 0.018 120 Uad
Error
24.56 3.32 - Sl st Gy pa

Coefficient of variation

£9390 pS G gij Ve 40 (£ly) Olio &S po 435 .V Jour

Table 3. Combined analysis of agricultural traits in 20 durum wheat genotypes

Sl e Sl 4a 0 ot i
Mean square @) Source of
9 40 alasd 9 Aliis dlaad Jsh L ndsh aslin Jsh gl df variation
Al 4 g Sl PO Spike length  Height
Number of Number of Awn Flag leaf
seeds per spikes per length length
spike plant
6.352" 7.418™ 6.669™ 81.147™ 4.004™ 22.162™ 1 Jew
Year
0.047 0.017 0.036 1.825 0.071 0.956 4 (D) LIss
Rep(Year)
284.880™ 2.250™ 8.295™ 47.773" 11.501™ 668.30" 19 s
Genotype
0.076 0.082" 0.133 2.312" 0.046" 2.312" 19 Jhu x aigiy
Genotype*Year
0.081 0.010 0.085 1.201 0.025 0.093 76 Uad
Error

*, **: respectively significant at the 5% and 1% as,0 < 5 0oy gy mhaw 40 o gme o 5 4 e g %
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Yield Thousand Harvest density Peduncle length
kernel index length to
weight height
0.0357™ 2.724™ 1.518™ 13.134™ 0.84504™ 22.680™ 1 Je
Year
0.0009 0.032 0.00011 0.105 0.00002 0.158 4 (D) Llss
Rep(Year)
2.3774™ 67.227™ 0.0066™  1173.195™ 0.00296™ 51.250™ 19 gy
Genotype
0.0218™ 0.482™ 0.00019 0.039 0.00021" 0.147" 19 Jl x gy
Genotype*Year
0.0008 0.061 0.00012 0.074 0.00010 0.062 76 Uad
Error
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Figure 3. Grouping of 20 durum wheat genotypes using Ward cluster analysis based on the

traits studied in tissue culture
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Figure 4. Grouping of 20 durum wheat genotypes using Ward cluster analysis-based

agricultural traits
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Table 4. Correlation coefficients and path analysis of agricultural traits on embryo culture

traits in 20 durum wheat genotypes

ool s Ay sy oodllS Wl s s olaw
Relative callus growth rate Callus induction percentage Traits
peine ot )il rdians il ) eyt 1 i oy
Indirect Direct effect JECTON Indirect Direct JL COON

effect Correlation effect effect  Correlation
coefficient coefficient

-0.078 0.286 0.208 3.088 -2.421 0.655™ elis)|

Height

0.216 -0.189 0.027 -0.065 0.300 0.235 Al Job

Spike length

0.267 -0.079 0.188 0.050 0.447 0.497" w2 Sp Jsb

Flag leaf length

-0.019 -0.106 -0.125 0.470 -0.650 -0.180 Sy, Jsb

Awn length

0.225 0.133 0.358 0.161 0.465 0.626™ Wgr o al sluas

Number of spikes

per plant

0.257 -0.044 0.213 0.617 -0.091 0.526™ als e o3s

Thousand kernel

weight

-0.109 -0.335 -0.444" -0.148 0.618 -0.766™ alcw o ails olass

Number of seeds

per spike

-0.646 0.371 -0.275 -0.590 -0.013 -0.603™ aliw (515

Spike density

0.152 -0.688 -0.536™ -0.291 -0.338 -0.629™ als 8 Shee

Yield

0.217 -0.560 -0.343 -0.909 0.386 -0.523 bl asls

Harvest index

1.243 -0.865 0.379 -2.093 2.662 0.569 JSoly Jobo

Peduncle length

-0.799 1.086 0.287 2.269 -2.207 0.062 elis )l ay JSSly Jobo

Peduncle length to

height

*, **: respectively significant at the 5% and 1%

Q)8 G g oy iy e jo 0 S oS 5 A g %
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Table 5. Canonical correlations and the probability level of their significance

F Jlos! gl F s i laed S oy polie SH (Koo SP pite
Sig F Wilks lambda Eigenvalues Canonical Canonical
correlation variable
0.089 2.113 0.037 10.456 0.955 1
0.592 0.880 0.420 1.383 0.762 2

<l olaw g cdl el Bl SGigls  Sunwod ol o F oo

Table 6. Canonical correlation coefficients of tissue culture traits and agricultural traits

Y osls olas
Canon 2 Traits
P8 syl Sl st ol s P8 sl P8 o labinl ol s
Canonical Standardized Canonical Standardized
Loadings Canonical Loadings Canonical
0.030 -0.679 -1.000 -1.021 oslS <l s s
Callus induction percentage
0.832 1.226 -0.554 0.036 oollS s Ay ey
Relative callus growth rate
-0.258 2.619 -0.702 2.597 elis |
Height
-0.167 -0.572 -0.250 -0.328 aliw Jsb
Spike length
-0.142 -0.526 -0.524 -0.480 oz S sk
Flag leaf length
-0.041 0.410 0.188 0.690 Sty Jsb
Awn length
0.018 -0.202 -0.655 -0.492 S o alw sloss
Number of spikes per plant
-0.127 0.011 -0.554 0.096 als s o3
Thousand kernel weight
-0.032 0.011 0.801 0.647 alw jo «lo olass
Number of seeds per spike
0.096 0.608 0.634 0.028 aliw (515
Spike density
-0.301 -0.806 0.651 0.334 als 8 Shee
Yield
-0.085 -1.246 0.546 -0.434 cslsy gasls
Harvest index
0.103 -3.765 -0.594 -2.877 Jsilay Jsbo
Peduncle length
0.406 3.715 -0.055 2.399 elis )l ay JSSly Jobo

Peduncle length to height
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