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ABSTRACT

Introduction: Using plant tissue culture, including embryo culture, is one of the ways to increase genetic diversity to withstand
environmental stresses, including salinity tolerance in plants.

Materials and methods: In this study, the reaction of 20 different durum wheat (Triticum turgidum var. durum Desf.) genotypes, including
improved lines, native accessions, and two control cultivars, Zardak and Saji, were evaluated to the induction of callus formation and plant
regeneration through mature embryo culture and comparison of callus response to salt stress condition. Murashige and Skoog (MS) medium
was used for the mature embryo culture of durum wheat. For assessment of genotypes to salt stress, growing morphogenic calli were
exposed to different concentrations of NaCl (0, 4, 8, 12, 16 and 20 dSm-1) added to the culture medium. The response of genotypes to in
vitro NaCl stress was analyzed as a 20 x 6 factorial experiment based on a completely randomized design with three replications.
Comparison of genotypes for callus induction from mature embryos was based on callus induction frequency, relative fresh weight growth
of callus (RFWG), relative growth rate (RGR) and callus growth rate. The relative fresh weight growth of callus (RFWG), relative growth
rate (RGR), callus growth rate and necrosis percent of callus were used for salt stress.

Results: The analysis of the correlation coefficients of the investigated traits in the conditions of callus induction showed that the callus
induction percentage has a positive and significant correlation (P<0.01) with the callus growth rate. A positive and significant correlation
(P<0.05) was also observed between the relative callus growth and the relative callus growth rate. Under salinity stress, relative callus
growth showed a positive and significant correlation (P<0.01) with callus relative growth rate and a negative and significant correlation with
callus chlorosis percentage. The results cluster analysis showed that genotypes 65-12-3-3, 75-5-3-5 and Zardak were classified in the same
group of tolerant salt stress genotypes. Based on the results, Zardak variety and accessions 65-12-3-3 and 75-5-3-5 due to high relative
growth rate and relative growth of callus and low chlorosis percentage in the saline environment were identified as tolerant genotypes to
salinity under in vitro conditions. Genotype 25-25-1-5 had the highest response to adult embryo culture. The results showed a significant
variation in the ability to callus induction in the genetic material under salinity stress conditions, which can be used in the durum wheat
breeding program. It could be suggested to evaluate genotypes in field conditions and study the relationships between traits in vitro and in
Vivo.

Conclusion: Selected cells and plants provide a tool to determine the mechanisms involved in salt stress tolerance. The laboratory screening
method for tolerance to salinity stress of plant genotypes can provide a suitable path for developing salinity-tolerant lines in durum wheat.
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25-25-1-5 0.170 ab 0.0052 ab 0.090 ab 64.286 a
75-5-3-5 0.093 abc 0.0042 abc 0.057 abc 21.429 dc
409 0.163 abc -0.0071 abc 0.095 abc 28.654 bc
259 -0.018 abc -0.0013 abc 0.320 bc 28.571 bc
15-15-1-3 0.054 abc 0.0023 abc 0.045 bc 27.143 be
240 -0.035 abc -0.0121 abc 0.088 ab 50.0a
37-24-2-3 -0.004 abc -0.0052 abc 0.040 bc 51.429a
249 -0.226 ¢ -0.0297 ¢ 0.063 abc 45.714 ab
Heider/Mt/Ho 0.031 abc 0.0012 abc 0.060 abc 41.429 ab
Saji 0.063 abc 0.0029 abc 0.052 bc 15.714 cde
Waha- B53 0.163 abc 0.0078 a 0.053 bc 8.571e
Arthar 71/Bcr//ch5 0.0115 abc 0.0039 abc 0.006 ¢ 15.714 cde
Stj3/4/stn//Hvi/Somo 0.131ab 0.0046 ab 0.046 bc 7.143¢
Grdara-2 0.164 abc 0.0074 ab 0.057 bc 12.857 de
Lgt3/4/Bcr/3/ch1//Gt 0.057 abc 0.0020 abc 0.057 bc 12.857 cde
Aghrass-2 -0.117 bc -0.0148 bc 0.031 bc 10.0 de
Quadalete//Erp/mol/3 0.092 abc 0.0029 abc 0.039 bc 14.286 cde
Stj3//Bcr/lks4 0.047 abc 0.0021 abc 0.62 abc 4.286 ¢

W, gl gre AW Jleis] e 50 oS iiee By > b sloSileo g 2 0
Means followed common letters in each column are not significantly different at 1% probability level.
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Table 4. Variance analysis of measured traits on callus from durum wheat mature embryo

under salinity stress

Slas e Sle
Mean squares

GAEN L.
s aolie i Lol ) ualls ool (e 00 . .
Source of variation . ) gl 5 G (Gos ool ) oy po k3
. 290 )
Callus Callus relative ~ Callus relative m h
necrosis (%) Callus growth rate
growth rate growth (b_ased (mm/day)
(based on wet on wet weight)
weight)
. “‘:’ 5 19 5209.337%* 4.413% 4.289%* 0.005%*
enotype
S ﬁ)}‘dt 5 569.89** 4.206** 4 545** 0.004**
alinity
\ .
( AZ_)J)""JQ? 1 2605.003** 16.245** 19.949** 0.014**
inear
Yoax,o 1 2.036ns 4.56** 0.955ns 0.0028**
Y oax,o 1 76.957ns 1.693** 0.892ns 0.003**
Y oaz o 5l Gyl 2 165.454ns 0.225ns 0.927ns 0.0002ns
FEE RS 95 303.897** 1.227%* 1.159%* 0.001%*
Genotype x Salinity
Lol oot
sl S 240 155.131 0.709** 0.05831 0.001
Error
"g/ o e 27.53 16.88 1.8053 0.54
0

"s: non-significant; **: significant at 1% level of probability.
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Table 5. Mean comparison of durum wheat genotypes based on traits from calli of mature

embryo under salinity stress

ool ) S

) u“?‘“s e Al

S (e 0Dy gy

9 s Fasls) G5y ool Gozs ool ) (1) oosllS 55,88
Genotype Gs, Callus relative Callus relative growth  caljys necrosis (%)
Callus growth growth (based on rate (based on wet
rate (mm/day) wet weight) weight)

Zardak -0.184 abc -0.068 bcd -0.005 bcd 29.400 ab
65-12-3-3 -0.341 abcd -0.035 bc -0.003 bc 26.310 a
25-25-1-5 -0.378 de -0.147 egf -0.010 efg 46.670 abc
75-5-3-5 -0.59 dec -0.025 be -0.003 ab 25.800 a
409 -0.027 abcd -0.083 bcde -0.006 bcde 38.780 abc
259 -0.035 bed -0.122 edf -0.009 def 42.220 abc
15-15-1-3 -0.022 abcd -0.071 bed -0.005 bcd 34.110 abc
240 -0.660 dec -0.154 gf -0.011 fg 62.310 cd
37-24-2-3 -0.045 dec -0.146 egf -0.010 efg 48.860 abc
249 -0.010 ab -0.029 ab -0.003 ab 35.330 abc
Heider/Mt/Ho -0.404 bed -0.104 edfc -0.007 cdef 39.500 abc
Saji -0.194 abcd -0.062 bc -0.004 bc 44.260 abc
Waha- B53 -0.370 bcde -0.114 edfc -0.008 cdef 41.420 abc
Arthar 71/Bcr//ch5 -0.260 abcd -0.059 bc -0.004 be 48.320 abc
Stj3/4/stn//Hvi/Somo -0.013 ab -0.052 bc -0.004 bc 55.380 abc
Grdara-2 -0.288 abcd -0.085 bed -0.006 bcde 60.970 cd
Lgt3/4/Bcr/3/chl/IGt - - - -
Aghrass-2 -0.279 abcd -0.088 bcde -0.006 bcde 55.190 abc
Quadalete//Erp/mol/3 -0.065 e -0.208 g -0.015¢ 59.920 bc
Stj3//Bcr/lks4 - - - -

A, gyl g BTN Jleis] mdaw jo S i By b sl oSl (gt 2 50
Means followed common letters in each column are not significantly different at 1% probability level.

Ll 5l pgyee it pB)l o a5 o3L5 £55 (S
iz Zohw )0 w5 o Ay g aD) Sy
Sglie Ulys 45 by o ol sKan ek oadlite (555
@ pae yolie 3955 5l (6 pSol> 5 Cugb, i o lag]
Olme 5B Cod oS sy STz sl Jsho J31
glockle 5 a5 Slogg 09 peizer 5 ol Qi
Sy CoiS lamme )3 5 Wed gow Jsbo sl oL

(Saldarriaga et al., 2020) 5 .5 - ,,8 i )lo

2l oo 0l (gllS (oo 0y Sl S
4 Camd gl 25Sly b5 sl Sy ool
SOld e ol oolatul (gladed oy5)0 Lame )5 (5 50
5 osllS aby Sy Bl 1 558 5 ooy Blise
Sl o151 S @b i 1 ol ugllS (s 0
b wgllS ad) S g (oond 0B Olie iz 0 &S
il alS S8 e o i sl e o5l

o ] 0dgs ujLﬂ-uO ‘nb)‘ O ° u...a:lf U')‘ ..\35) Lol



AR PRl Ll 13 (5558 25 5 uellS sl 4 pg 50 paiS Wb i 2STg

MS s o o Jb i olo 1,8 - JSC&
Figure 1. Placing the mature embryo in the MS medium
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Figure 2. Calluses created from mature embryo culture
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Figure 3. Placement of calli in salt stress environment
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Figure 4. The interaction effect of investigated traits in callus culture and different salinity
levels. (a) Relative callus growth, (b) callus growth rate, (c) relative callus growth rate and (d)

percentage of callus chlorosis
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Table 6. Correlation coefficients between different callus traits obtained from durum wheat
mature embryo culture in the callus induction stage

U (o ol ool oy s (1) wolls= can
Callus relative growth Callus growth rate Callus induction Trait
0.85** S ad, Cae
Callus growth rate
0.044 -0.289 oollS s A,

Callus relative growth
0.499* -0.051 -0.25 oellS e Ay ey

Callus relative growth rate
Ao )8 SO g Jleiol zolaw jo jlo ge o i 4y FHGE
*, **: Significant at 5% and 1% probability levels, respectively.
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Table 7. Correlation coefficients between different callus traits obtained from durum wheat
mature embryo culture under salt stress conditions

Callus relative growth Callus growth rate Callus relative
rate growth
0.310 g5 ol ey
Callus growth rate
0.221 0.773** o85S s A3
Callus relative growth rate
-0.638** -0.313 -0.774** (1) oS 59,05

Callus Necrotic (%)

**: Significant at 1% level of probability.
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Table 7. The results of discriminant analysis for grouping of genotypes based on the measured
traits of the callus obtained from the mature embryos culture under salt stress

a5 5l Jols slaoy 5 oA S sloes S S
Slasgs Predicted groups Total
Groups resulting from cluster
analysis 1 2 3 4 5

1 3 0 0 0 0 3
2 0 4 0 0 0 4
3 0 0 7 0 0 7
4 0 0 0 4 0 4
5 0 0 0 0 2 2
1 100 0 0 0 0 100
2 0 100 0 0 0 100
3 0 0 100 0 0 100
4 0 0 0 100 0 100
5 0 0 0 0 100 100
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Figure 5- Cluster analysis resulting from the analysis of the measured traits of the callus
obtained from mature embryos of durum wheat under salt stress by the UPGMA method
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