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ABSTRACT

Introduction: Wheat is the third most important grain in the world after rice and maize. Proline and fructan are especially important for
cold stress tolerance. Different wheat cultivars produce different levels of fructan and proline in response to cold stress. In this regard, this
research was conducted to identify cold-resistant cultivars by examining the production concentration of fructan and proline during cold
stress.

Materials and methods: In the present study, the amount of osmolites; proline and fructan were investigated in 70 bread wheat genotypes.
For this purpose, cultivars were cultivated in a completely random design with three replications in the greenhouse. Cultivars in the
reproductive stage (Zadox code 48-60) were treated with +8 °C -2 °C temperatures. To apply temperature treatments, the temperature was
gradually decreased by 2 °C every hour from 24 °C to the desired temperature, then the plants were stopped at that temperature level for 2
hours and after applying the temperature treatment, the temperature was increased to 24 °C. Then, after 24 hours, sampling was done.
Proline and fructan concentrations in the leaves of 70 cultivars were measured by Carillo and Gibon (2011) and Jermyn (1956) methods,
respectively.

Results: Analysis of variance showed significant differences among genotypes and temperature levels for proline and fructan content in the
leaves. Also, the interaction effect of cultivar x temperature was significant in the case of both studied traits. The significance of the
interaction effect shows that the reaction of genotypes is not the same from one temperature level to another. In the following, slicing of the
interaction effect was done for the studied traits and based on separate mean comparison results, the highest and lowest values of the traits at
each temperature level were determined. At the temperature levels of +8°C and -2°C, the highest amount of proline was observed in Golden
and Gombad 2 cultivars, respectively, and the lowest amount of proline at the mentioned temperature level was observed in Tirgan and
Shiroudi cultivars, respectively. At the temperature levels of +8°C and -2°C, the highest amount of fructan was observed in Azadi and
Shahpasand cultivars, respectively, and the lowest amount of fructan at the same temperature level was observed in Brat and Dez cultivars,
respectively. Based on the results, no regular changes were observed for the amount of fructan in the 70 cultivars studied.

Conclusion: The results of this research showed the different reactions of wheat cultivars in terms of the studied traits in each of the
temperature levels. This variability can be used in the breeding programs to produce cold-resistant cultivars.
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Table 1. Analysis of variance for proline concentration in leaves of bread wheat cultivars under
different temperature levels

Slape eSlea sl a2

Sources of variations

]
Genotype
Lo

Temperature
X

Genotype X Temperature

(1299
Error

Mean squares df
17.68™ 69
138.63™ 1
15.26™ 69
0.38 280
9.56

) s o p2

Coefficient of Variation(%)

1Y Jlozt mhas jo ls e s

**: Significance at the 1% probability level
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Table 2. Mean Comparison of leaves of wheat cultivars for the proline trait in each of the
temperature levels (ug mi™)

T R 4| I E S 3, —eile a0 =Y - il a0 A o5,

NKs NKs Cultivar NKy NKy Cultivar
4.113 3.943 (Marvdasht) coisg e 8.615 4.444 (Aflak) I
4.293 6.913 (Mehrgan) 15 ,se 6.411 8.775 (Almot) & gall
4.823 6.459 (Meraj) zl 20 5.522 6.809 (Alvand) w4l
8.312 10.090 (Mihan) . 5.664 3.783 (Arg) S ||
5.853 5.201 (Moghan 2) ¥ k. 6.723 8.520 (Arta) |
4.870 9.872 (Morvarid) w /g e 6.742 8.879 (Atrak) s 5l
8.378 4.463 (Nariny b 12.908 3.858 (Azadi) o131
4.199 5.655 (Neishabour) ,sLe. 5.560 8.615 (Azar 2) ¥ 3]
5.532 2.865 (Niknejad) ol 6.534 5.976 (Bahar) .
6.988 6.563 (Ofogh) sl 7.461 9.702 (Baharan) )k,
4.993 8.463 (Ohadi) su> 6.619 5.040 Bam)
5.286 4.861 (Omid) sl 4.435 3.556 (Barat) o,y
7.385 2.298 Parsi) .,y 8.690 4.908 (Barzegar) 5
4.567 6.402 (Pishtaz) jlic., 10.033 3.064 (Bayat) wl,
5.626 5.797 (Rakhshan) lzs, 5.702 5.040 (Roshan) s,
5.163 3.631 (Rasad) oo, 10.506 3.678 (Bezostaya) Lt
4.813 9.390 (Rasoul) Jgs, 9.901 8.359 (Cascogene) y5s5uls
5.258 4.236 (Sabalany o 4.359 6.648 (Chamran) | o>
5.797 6.317 (Sivand) s 6.440 7.612 (Chamran 2) Y | e
5.617 2.913 (Sarang) il 5.740 9.267 (Darya) L,
5.608 3.726 (Setareh) o L 7.811 5.021 (Dez) 50

gLy (Ehsan) ;L.
5.485 4.539 8.586 4.312

(Shahpasand)

8.435 10.288 (Shahryar) L, ;o 11.433 3.253 (Gaspard) sl
8.586 3.603 (Shavoor) ,gsLs 7.792 2.544 (Ghods)  yuas
3.962 4.076 (Shiroudi) g5, 10.969 8.492 (Golestan) .,te.ts
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8.000 4113 (Sirvan) ,ls e 8.624 4.331 (Heydari) 0>
8.965 7.262 (Sepahan) ;lalw 10.118 7.470 (Kalate) 4s)s
4.426 10.960 (Talaeai) N 9.797 9.428 (Karaj 1) Vg5
5.409 1.494 (Tirgan) ;5,5 7.461 3.404 (Karaj 2) Yz,
7.641 3.234 (Torabi)y s 4.388 5.466 (Karaj 3) Yz ,5
5.078 6.449 (Zare) ¢ J; 11.470 5.324 (Kavir) o5
5.674 4.898 (ariny oy ; 5.069 5.400 (Khalily J1=
8.567 7.697 (Zarineh) «, ,; 4.208 3.376 (Mahdavi) ssa4e

(LSD, 0.05) sl Jslos
0.94 1.05 0.94 1.05
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Table 3. Analysis of variance of Fructan concentration in leaves of bread wheat cultivars under
cold stress

T G I (VS
Sles ke ) T
&3l s Sources of variations
Mean squares
df
0.27" 69 R
Genotype
L
0.81™ 1 2
Temperature
Les x g:,,:;yj
013" 69 Genotype
xTemperature
s
0.001 280
Error
(%) &l x5 2
5.37 Coefficient of (%)
Variation

** Significance at the 1%

probability level
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Table 4. Average comparison of wheat cultivars for leaves fructan concentration in each of the
temperature stress levels (ug ml?).

—eile a0 =Y - il ax o +A P S g e W o,

NKs NKy Cultivar NKs NKs Cultivar
0.576 0.756 (Marvdasht) cussg 0.940 0.831 (Aflak) sl
0.439 0.49 (Mehrgan) 5 e 1.305 0.705 (Almot) < gall
0.455 0.646 (Meraj) ¢!, 1.139 0.657 (Alvand) w4l
1.102 0.472 Mihan) ;e 0.94 0.611 (Arg) S )|
1.094 0.563 (Moghan 2) Y ,lee 1.093 0.970 (Arta) i |
0.437 1.398 (Morvarid) w,ls 0.787 0.693 (Atrak) < sl
0.579 0.874 (Nariny -, 1.257 1.513 (Azadi) sol31
0.521 0.675 (Neishabour) ,sLes 1.119 0.938 (Azar 2) ¥ |31
0.92 0.49 (Niknejad) ol5:5.5 0.519 0.716 (Bahar) .
0.656 0.431 (Ofogh) 3! 0.544 0.600 (Baharan) I,
0.619 0.887 (Ohadi) sa>l 0.688 0.751 (Bam)
0.517 0.664 (Omid) ol 0.750 0.355 (Barat) ol
0.808 0.533 (Parsi) .,y 1.074 0.77 (Barzegar) 5
0.990 0.765 (Pishtaz) jlui, 0.827 0.552 (Bayat) by
0.574 0.409 (Rakhshan) 25, 0.486 0.635 (Roshan) .4,
0.773 0.470 (Rasad) ao, 0.820 0.807 (Bezostaya) Lliws
0.722 0.440 (Rasoul) g, 1.102 0.925 (Cascogene) 35518
0.680 0.568 (Sabalan) ;... 1.192 0.849 (Chamran) | ,o>
0.717 0.841 (Sivand) wgw 1.247 0.982 (Chamran 2) Y | e
1.183 0.740 (Sarang) L. 1.323 1.165 (Darya) L,s
0.565 0.658 (Setareh) ol 0.344 0.582 (Dez) 3

KESWWAR (Ehsan) L.>!
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0.638 0.581 (Sirvany :ls e 0.433 0.555 (Heydari) 0>
1.051 0.761 (Sepahan) lal 1.085 0.868 (Kalate) 4s)s°
0.768 0.880 (Talaeai) b 1.229 0.567 (Karaj 1) \g s
0.704 0.636 (Tirgan) .5, 0.571 0.653 (Karaj 2) Ye 5
1.124 0.985 (Torabiy I 0.541 1.175 (Karaj 3) Yz ,5
0.942 0.867 (Zare) ¢,I; 0.493 0.712 (Kavir) 555
0.429 0.387 (Zarin) o, 5 0.718 0.398 (Khalily J 1=
0.738 0.857 (Zarineh) as 5 0.832 0.827 (Mahdavi) (g0
(LSD, 0.05) syt Jslas
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