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Figure 1- Pictures of the apex growth stages of dryland wheat on the first planting date [Sardari (A), Baran (B)], the second
planting date [Sardari (C), Baran (D)] and the third planting date [Sardari (E), Baran) (F)]
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Table 4- Average biochemical traits of wheat cultivars under controlled conditions under stress of different
cold temperatures

)8 il ax0) Les

-15 -10 -5 +4 ™ .
32.74 65.06 79.11 95.07 &5l
30.57 64.19 77.98 100.95 b Chla
25.11 42.12 55.96 85.38 o5, (mmol g™ FW)
23.05 38.48 54.12 92.39 =l LSD5%=9/558
28.95 40.18 7110 87.25 s
28.93 46.01 71.79 92.57 s,

0.75 0.53 0.31 0.26 ol

0.74 0.66 0.31 0.24 b SOD
0.29 0.29 0.19 0.09 J5, (U mg" Protein)
0.24 0.29 0.22 0.12 = LSD 5% 0920
0.48 0.39 0.21 0.13 s

0.38 0.31 0.19 0.13 S,

2431 19.74 16.52 13.87 R

24.99 18.98 15.54 12.83 b 1,0,
30.11 27.41 19.72 12.11 o5, (mmol g FW)
30.47 26.81 21.68 13.19 o s
28.97 24.59 19.17 12.7 s 0

28.04 22.53 17.99 11.94 S,

15.44 13.31 10.22 3.92 R

16.42 14.67 10.81 3.35 b MDA
19.57 17.93 16.46 3.60 S5, (nmol g FW)
20.17 17.83 14.36 3.19 b 1SD 5% 3/185
18.82 17.95 14.03 3.17 s

18.98 18.10 14.70 3.49 s,
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Figure 2 - RWC of wheat cultivars in different tillages in two years of the experiment

Y1 and Y2: the first and second year of the experiment, CT and NT: conventional and conservation tillage,
respectively
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Table 5- analysis of variance of biochemical characteristics of wheat cultivars in different planting dates and different tillages

Slasyo ke R
s o 5hes MDA H:0: SOD Chlb Chla RWC ool e gl
e Obs e s e s e e e
22303747 780™ 10 12.70** 93 9.89" 989* 62360  83268™ 5378" ! A) Jl
655626 2.56 923 0.031 0.21 0.45 0.51 517.6 57 1.73 4 V slla>
29544216™ 786.07" 401" 8.918" 10.80" 78.19™ 98.581 2530 5694" 682.26" 2 B) cuils &b
3898224* 60.6" 7350 2.931" 2.16™ 240 527" 66.37" 2482 23.46™ 2 A*B
217872 0.85 791 0.025 0.18 0.83 0.82 3745 293.7 0.83 8 Y olbs
493736 611.46™ 279* 4.67 16.40™ 123.96" 117.05" 206.17" 3420 0.13" 1 ©) s3,5
135850 159.72m 208 514 0.34" 68.74" 86.32m 6.190 351.5%  142.82% 1 A*C
461260 26.2308 34 0.06" 0.65" 5.86" 1.57m 26.131 172.2m 0.79" 2 B*C
1198684 12.84™ gns 0.020 0.03" 12.08"™ 5.88™ 0.38" 4130 0.68" 2 A*B*C
585909 1.08 29 0.035 0.07 0.93 0.32 30.95 165.2 1.03 12 ¥ o olas
3252393 47517 716 25.95m 19.28" 296.09" 196.46" 3838.7" 12870  836.22% 5 D) (|
1146486" 598.98" 1417 17.40™* 14.68" 88.04" 66.84"" 1028.1* 3787 20097 5 A*D
284657 12.01™ 3550 0.134" 0.250 14.87" 17.53™ 272.04* 536.8" 21.26™ 10 B*D
1459901 20.970 4610 0.763" 0.59" 3.6 1.43m 75.641 255.0m 1.08 5 C*D
1538900 22.050 3280 0.0947s 0.25" 3.36" 2.66" 3473 495.8* 13.35% 10 A*B*D
333866™ 27ms 506" 0.57 0.63" 0.65" 1.21 65.05 226.7 5.50m 5 A*C*D
939440 6.99" 5730 0.162" 0.22% 2.20m 1.39m 48.61 196.6 227 10 B*C*D
249094 12.31% 574 0.22" 0.37" 3.08" 23" 29.40" 185.5m 2.87" 10 A*B*C*D
229173 2.12 430 0.074 0.14 0.83 0.54 98.71 115.3 0.76 120 J5 sles

MS‘/.:)HZOZ s()t;}o.wb AMS‘)Aj.\.») SOD s(b J.Jj/JS)Chlb «(a J.:.Bj)Lf)Chla s(gjfwu" 6‘9..2/.7)RWC I Ebad)d)‘b‘sh.”j%a Eja.wjd )‘QL;MG)‘Q‘SM)J—CMA:);AJ** 3* «1ns
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Table 6- Comparison of RWC, chlorophyll a, and chlorophyll b average traits in different planting dates
in two years of the experiment

Lsd (S p» ol Glgme)RWC

g 95l >l oI5, obb &,10 p
5%=1.04

55.59 56.47 57.26 57.69 62.53 61.84 Jol cesls b "
54.32 54.69 53.13 58.45 66.02 62.45 p9d CuilS gl |
53.24 52.91 50.59 52.33 53.33 54.41 pow CuilS &, >
68.28 68.84 61.59 63.24 71.55 76.52 Jol csls )b L
65.47 66.33 57.96 60.31 76.04 75.00 pgs coblS gl

62.25 63.36 54.65 56.86 71.84 70.80 pow cuilS s F

Lsd 5%=13.19 «(a L3, ,IS)chla

117.9 120.96 131.49 132.57 145.87 148.28 Jol eals 7, L
117.04 117.88 134.42 131.26 164.89 205.4 pgs oblS gl I
108.13 110.37 117.79 112.49 140.33 140.12 pom eilS gl

140.00 108.33 68.50 87.83 132.50 121.00 Jol cesls b m
92.83 97.17 58.67 76.17 122.67 110.50 pgo cls &b

86.33 90.00 50.83 68.00 113.17 101.83 pom Sl )b w7

Lsd 5%=14.33 «(b s ,15)chlb

80.62 72.79 66.8 63.89 95.62 92.61 Jol cesls b e
68.12 61.33 81.08 73.03 83.92 73.84 p9d CuilS ol i
55.12 56.27 78.76 63.64 74.02 83.44 pom Sl F b ’
37.28 43.85 26.59 31.01 58.3 56.71 Jol cesls b L
34.47 41.33 22.96 28.07 54.08 58.67 p9d CuilS ol

31.25 38.37 19.65 24.63 53.15 52.86 pow ceilS s F
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Figure 3- The effect of different tillage on the amount of chlorophyll a and chlorophyll b of wheat cultivars. CT
and NT: conventional and conservation tillage, respectively
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Figure 4- grain yield of different cultivars and different planting dates in two crop years
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Table 7- Comparison of the average RWC traits, chlorophyll a, chlorophyll b and grain yield in different planting
dates in the years of the experiment

oS o5, =l LS obt S0
e ) e ) e ) e ) e ) e )
LSD winter=1.18, LSD spring=1.03 30 gomnd STy g
7.33 4.16 9.65 6.84 1054 7.40  13.10 10.05 1430 1037 1397 10.12 CT D1
7.88 5.24 9.84 7.13 11.61 740 13.84 10.80 1599 1298 13.82 11.11 NT L
68.7 5.90 8.92 5.68 7.57 5.23 11.83  9.83 1523 1285 14.02 11.10 CT D2 Jl
26.8 6.78 8.90 6.86 7.86 6.03 1341 10.08 16.03 13.16 14.16 12.65 NT ?
16.8 4.80 8.82 7.18 8.47 7.36 1190 1096 1033  9.08 10.03 866 CT D3
8.32 5.11 9.74 7.70 9.01 7.13 1269 10.84 10.76  9.77 1270 999 NT
10.30  8.43 10.07  8.20 5.85 5.06 7.01 6.26 1641 14.60 11.75 794 CT
10.39 852 10.00  8.14 5.72 5.00 6.97 6.24 1828 15.09 1257 828 NT bl
9.36 7.81 9.19 7.32 5.49 4.18 6.53 534 17.60 14.67 12.03 805 CT Jl
10.08  8.21 9.28 7.41 4.90 4.27 6.29 5.51 17.65 14.10 12.76 875 NT b2 P9
11.11 6.25 8.25 6.38 431 3.24 5.34 4.48 12.89  9.30 8.11 578 CT
11.41 6.54 8.97 7.10 4.89 3.96 6.20 504 1330 1024 891 564 NT b3
LSD winter=0.61, LSD spring=0.41 55,002 oST,,
3.45 3.10 3.57 2.96 2.95 2.36 2.47 2.10 2.01 1.37 2.34 1.74 CT
2.39 1.78 2.90 2.30 2.32 1.80 2.17 1.80 1.96 1.77 1.77 1.37 NT bl
3.70 3.34 3.70 3.48 2.34 1.73 2.96 2.63 2.56 2.02 2.88 282 CT Do Jl
2.57 1.96 3.49 2.88 2.39 1.84 2.19 1.93 1.84 1.89 2.52 206 NT Jsl
4.47 3.64 4.48 3.59 3.70 3.45 3.74 3.18 2.87 2.82 3.70 345 CT
3.79 3.55 3.69 3.42 3.64 3.18 2.49 1.83 3.48 2.49 243 237 NT b3
2.90 3.15 3.17 3.47 5.61 5.70 4.39 4.56 1.46 2.23 1.51 2.14 CT D1
2.94 2.97 3.26 3.29 5.44 5.40 4.22 4.26 1.83 2.05 1.87 1.96 NT
3.49 3.78 3.81 4.08 5.67 6.49 4.45 5.35 1.56 2.84 1.61 275 CT Jw
3.06 3.27 3.38 3.59 5.53 5.54 4.31 4.40 2.08 2.35 2.13 226 NT b2 Py
3.73 4.07 4.03 4.36 5.76 6.03 4.54 4.89 1.67 3.12 1.72 3.03 CT D3
3.25 3.42 3.57 3.74 5.60 5.64 4.37 4.50 2.22 2.50 2.27 241 NT
LSD winter=1.65, LSD spring=2.26 o541 50 gl
3428 2540 3738 2930 30.66 2420 30.54 2220 27.07 1820 28.68 2090 CT
26.72 2030 30.89 27.60 25.14 17.50 2470 17.50 20.66 12.70 21.58 1530 NT Pl
33.63 2840 3462 2690 2437 1590 3433 2830 23.87 18.00 33.88 2720 CT Do Jl
29.70 2330 33.77 2640 2322 1950 26.44 1940 31.65 2650 23.08 1670 NT Js!
45.15 3840 44.65 3890 377 29.60 3558 28.60 3424 2790 3570 29.70 CT
38.88 30.60 3944 3450 3090 24.60 30.11 2480 3249 2650 2479 20.10 NT b3
22.05 2320 2430 2550 3591 3530 3248 32,60 1829 19.10 1951 20.10 CT
21.21  22.00 2346 2430 31.12 3350 2994 3030 1852 1890 19.48 20.00 NT bl
2525 26770 27.87 29.10 36.84 37.60 33.51 3440 21.84 2280 21.61 2280 CT D2 JL
2228 23.40 2477 25.60 36.00 38.60 3430 3540 20.89 21.00 21.82 22.60 NT Py
2645 28.00 29.03 30.40 4254 4290 3930 3990 2380 2590 2572 2630 CT
24.11 2530 2636 27.70 3922 4090 37.05 37.60 2192 2280 2427 2470 NT b3

bl 65,6515 NT 5 pgmyo 55,555 CT pgs cails 20l D3 wpgo sl b D2 Jgl cesls’ & s D1
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EXTENDED ABSTRACT

Introduction: Conservation agriculture is one of the successful strategies of sustainable agriculture in
the context of climate change, which has provided methods for the production of wheat as a strategic
product based on minimum tillage and remaining crop residues in the fields. Conservation tillage
includes the maintenance of residuals on the soil, which can be achieved through no-tillage or minimum
tillage operations under suitable rotation. It is believed that in Conservation agriculture with residues
mantanance systems, could decrese soil temperature and this may affect crop growth in cold regions.
Materials & Methods: In the years 0f 2018-2019 and 2019-2020 an experiment in Dryland Agricultural
Research Institute of Maragheh in two controlled and field condition was conducted. Under controlled
conditions, six wheat genotypes including Baran, Saradri, Rizhav, Saji, Rascon and Gerdish were
exposed to different cold and frost temperatures (+4, -5, -10 and -15 ° C) and under field conditions,
those genotypes were planted inthree different dates (late September, late october and late November)
in chickpea rotation under conservation tillage (no till) and conventional tillage conditions.

Research findings: Results of controlled conditions showed that Sardari and Baran cultivars are cold
tolerant cultivars due to having the highest amount of chlorophyll and Superoxide dismutase (SOD) and
the lowest content of malondialdehyde (MDA). In contrast, H,O» content in Rizhav and Saji genotypes
at -15 ° C was higher than other genotypes. In conservation tillage conditions, all of the genotypes had
the highest antioxidant enzymes activity and the lowest content of H,O, and MDA. However, Sardari
and Baran were more effective genotypes under cold stress conditions, compared toother genotypes.
According to the results, in cold drylands regions, planting date can affect phenological stages of the
plants in dealing with cold stress in winter and spring, and selection of cold-tolerant genotypes can
improve physiological characteristics of plants especially in conservation agriculture system under cold
stress conditions.
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