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ABSTRACT

Drought stress is one of the most important environmental factors involved in the growth and yield of wheat
reduction and causes many damages by disrupting morphological and physiological processes. On the other
hand, putrescine as a growth stimulant with antioxidant properties in the plants can inhibit the destructive
effects of dehydration stress. For this purpose, a factorial experiment based on a completely randomized
design with three replications was carried out in the greenhouse of the Faculty of Agriculture, University
of Mohaghegh Ardabili. Factors included water deficit stress (control, 85% and 65% of field capacity),
wheat cultivars (Kuhdasht, Zagros, Gonbad and lines 23, 24, 25, 27, 28, 39 and 40) and putrescine (hon-
application, 0.088 and 0.176 g / LY. Putrescine foliar application was performed in the three-leaf stage of
the plant and dehydration stress was applied one day later for one week. Mean comparisons showed that
dehydration stress decreased leaf chlorophyll index, FO, Fm, Fv / Fm, stem length and grain yield (grain
number and grain weight) in some studied genotypes. The combination of 0.088 g / L1 putrescine and
drought stress improved the chlorophyll index (28.16%) and the amount of photosystem two (10.54%)
compared to the control conditions. Also, the dendrogram obtained from cluster analysis placed the studied
genotypes under dehydration stress and putrescine foliar application in three groups. In general, foliar
feeding of 0.088 g / L putrescine is more effective and recommended for the photosynthetic system
improvement and tolerance of wheat plant to dehydration stress. Among the studied genotypes, Koohdasht,
Zagros and Line 27 were more tolerant to dehydration stress due to putrescine-enhanced photosynthetic
system and improved grain yield.
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Table 1. Variance analysis of the effects of water deficit stress and putrescin treatment on chlorophyll
content, minimum and maximum fluorescences and quantum yield in wheat cultivars

Means of square (MS)

SOV Degree of freedom Chlorophyll Fo Fm Fvm

Cultivar 9 332.99" 8453.03™ 257087.82™ 0.01™

water deficit stress 2 57.04™ 415.208" 17847.013™ 0.001"

Putrescin 2 9.527™ 1233.672™ 26204.16™ 0.0001"M

Putrescin x water deficit stress 4 5.252" 409.693" 2685.29" 0.03™
cultivarx water deficit stress 18 8.325™ 323.71" 18277.19™ 0.01™
cultivarx Putrescin 18 5.329" 1106.47" 13894.6™ 0.02™

cultivarx water deficit stress x Putrescin 36 7.834™ 1609.01™ 9976.82"" 0.02™
Error 180 2.98 182.41 3650.5 0.001
Coefficient of Variation (cv) - 8.56 19.11 20.04 4.52

# ns
i

Aoy gy 9 S Jliol mhaw jo o Sme g o e pf oS Sy T
ns, * and **: non significant and significant at 1% and 5%, of probability levels, respectively.
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Table 2. Variance analysis of the effects of water deficit stress and putrescin treatment on yield and some
yeild components in wheat cultivars

Means of square (MS)

Degree of Stem Number of Number of Number of Grain Weight of one
SOV freedom length spikes seeds seeds per spike weight thousand seeds
Cultivar 9 267.131™ 31.076™ 14293.53™ 53.210™ 15.949™ 463.208™
water deficit stress 2 2053.71™ 3.946™ 463236.65" 1903.255™ 231.87™ 542.691™
Putrescin 2 18.946™ 4.99™ 66.68™ 0.675™ 0.168™ 211.713"
Putrescin x water deficit stress 4 16.105™ 4.426" 2207.417™ 9.45™ 1.570™ 79.814™
cultivarx water deficit stress 18 26.331™ 3.680™ 9808.503™ 42.635™ 5717 102.859™
cultivarx Putrescin 18 10.09™ 6.314™ 2205.78™ 9.701™ 1.455™" 133.757"
cultivarx water deficit stress x 36 3.728™ 4.375™ 1636.54™ 6.86™ 1.367" 66.706™
Putrescin
Error 180 0.203 1.007 292.111 1.678 0.343 22172
Coefficient of Variation (cv) - 18.27 11.78 7.50 9.19 8.45 16.32
R s T e e e o 5 T R

ns, * and **: non significant and significant at 1% and 5%, of probability levels, respectively.
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Table 3. Means comparison of the interaction effects of low water stress x putrescin treatment on
chlorophyll index content, minimum and maximum fluorescences and quantum yield of wheat genotypes

Treatments chlorophyll index
combination Control P, xDy P3; xDy P, xD, P, xD, P3; xD, P; xDs P, xDs3 P3 xDs LSD 5%
/ genotypes
line 27 45.000 ® 45.800 44.450 47.700 2 41.950° 45,400 ® 44.600 ® 46.950 2 45,850 2 0.505
Kuhdasht 51.150 < 54717 ® 52.414 % 55.200 ® 51.550 < 54,350 % 54.250 ® 55.750 @ 50.750 ¢ 2.046
Zagros 43,500 ® 40.600 ° 42,950 ¢ 40.850 ™ 43,550 ® 43,650 ® 42750 % 43,350 ¢ 44,1502 2.818
line 24 43,700 ** 45,300 % 42.100 ¢ 44,000 % 45,150 #>* 43.300 46.900 2 43,550 b 43.600 3.192
Gonbad 47.000° 45550 455003  44.650 ** 42.850 ¢ 43.850 46.000 ® 43.300 43.300 2.719
line 28 48.250° 47.250° 46.050 9 50.100 2 46.500 42.400 ¢ 48.250° 47.300 ¢ 46.700 « 0.819
line 40 46.650 2 41.600 %  42.200 % 44.900% 43,300 b 40.600 ¢ 46.300 2 43.400 o 44,050 > 2.072
line 39 48.450 ® 48.450 ® 49.650° 48.050 ® 45,850 47.050 ¢ 48.200 ® 46.750 ¢ 44.500 ° 3.449
line 25 46.550 2 46.050 ® 45,700 ® 45.400 ® 43.350° 44,600 ® 43650  44.850® 46.450 2 3.001
line 23 53.400 ® 51.400 " 54,000 ® 55.350 ° 51.250 49,500 ¢ 53.350 ® 49,950 © 50.150 ¢ 2.796
Minimum fluorescence
line 27 185.67 ¢ 162.67 ® 167.00 * 168.67 12467 ¢ 59.00 ¢ 67.00 ¢ 141.00 ™ 161.67 34.804
Kuhdasht 111.66° 111.71° 70.56 ¢ 40.00¢ 116.66 125.66 ¢ 111.66° 104.66 ™ 109.00 18.735
Zagros 146.00 ® 120.00° 154.66 ? 145.66 ° 156.00 ? 157.00® 145.66 ° 155.66 ? 144.66 * 16.905
line 24 142.66 ™ 156.66 * 135.66 ¢ 149.00 153.00 144.66 ™ 144.66 ™ 143.00 ™ 149.66 11.31
Gonbad 174.00° 176.00® 183.67* 145.67° 194.00° 178.00° 171.00 * 171.67% 169.67 25.868
line 28 138.00 < 153.00° 142.00 b 149.00 142.66 © 146.00 ** 128.00 ¢ 140.00 " 144,00 #* 10.918
line 40 150.00 >© 162.66 * 138.66 156.66 150.66 2  154.00 ®* 143.66 ™ 122.00 ¢ 126.00 ¢ 17.04
line 39 133.67 > 149.67 ° 151.67 # 151.67 2 113.67 ¢ 130.67 *© 116.67 ™ 145.00 2 139.67 24.318
line 25 137.66 2© 138.66 141.00 ® 134.66 ** 131.66 ™ 149.00 2 142.00 143.66 * 123.66 ¢ 14.433
line 23 141.66 * 139.00 ® 136.66 *° 146.66 @ 152.00° 140.00 150.00 * 126.00 ° 153.66 ° 17.03
Maximum fluorescence
line 27 861.00 ® 695.67 641.00 > 745.67 611.67 502.00 ¢ 607.67 ™ 577.67 635.00 119.57
Kuhdasht 418.66 470.01° 412.96 273.00 ¢ 442,00 479.66 2 240.66 ¢ 420.66 386.00 ° 36.575
Zagros 700.67 ? 546.00 ° 697.00 ? 691.00° 691.67 2 705.002 700.67 @ 726.67 ° 686.67 2 91.625
line 24 676.00 ° 750.00 ° 686.00° 775.00° 761.00° 721.67 % 750.00 2 714.67® 713.00 ® 63.971
Gonbad 742.00 855.00 2 788.67 ® 536.67 ¢ 793.00 ® 726.00 638.67 « 706.67 663.00 © 107.77
line 28 589.67 ° 630.67 ° 575.67 ¢ 573.00 589.00 ° 544,67 507.67 ¢ 565.67 506.00 ¢ 40.775
line 40 583.67 ¢ 683.00° 573.67 % 539.67 ° 644.00 ® 606.00 ¢ 629.67 ® 539.00 ¢ 559.00 ™ 89.425
line 39 498.00 ™ 653.67 ° 579.67 ® 544,67 ¢ 450.00 © 506.67 * 515.67 536.00 ¢ 615.67 ® 127.58
line 25 582.00 592.00 ¢ 548.00 584.00 ¢ 557.00 623.67 ¢ 662.67 ° 639.67 ® 492,67 ¢ 80.612
line 23 569.67 ° 636.00%*  631.00°  628.00 *° 725.00 2 632.67 ®  655.00 *° 591.67 676.00 104.46
Quantum yield
line 27 0.784 ¢ 0.764 0.739¢ 0.773 0.807° 0.878° 0.889? 0.755 0.745 % 0.03
Kuhdasht 0.732% 0.766 % 0.840° 0.790 % 0.732%¢ 0.737 % 0.725 0.748 ® 0.715« 0.017
Zagros 0.791° 0.779 b 0.777 0.789 % 0.773¢ 0.776 < 0.791% 0.785 ¢ 0.789 % 0.010
line 24 0.788¢ 0.791 b« 0.802? 0.807? 0.798 3¢ 0.799 ® 0.806 2 0.799 ® 0.789 0.009
Gonbad 0.764° 0.793% 0.767° 0.731¢ 0.755 ¢ 0.754 ¢ 0.730 ¢ 0.757 % 0.744 < 0.016
line 28 0.765 % 0.757 @ 0.752 ¢ 0.738 « 0.731 ¢ 0.746 % 0.746 b 0.766 * 0.715¢ 0.019
line 40 0.741°¢ 0.761 % 0.757 % 0.709 ¢ 0.763 ® 0.744°¢ 0.771%® 0.772® 0.777% 0.015
line 39 0.730 ¢ 0.766 % 0.737% 0.719 ¢ 0.747 ¢ 0.742 ¢ 0.773% 0.725°¢ 0.765 % 0.031
line 25 0.762 b 0.765 b 0.741°¢ 0.769 ™ 0.763 b 0.754 ¢ 0.785% 0.775® 0.751 ¢ 0.014
line 23 0.760 ¢ 0.780 2« 0.783 ¢ 0.763 « 0.790 ® 0.791°2 0.769 P 0.785® 0.771 0.021

D,, D, and Ds: non-stress, drought stress 65% of field capacity and 85% of field capacity, respectively.
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P1, P, and P3: no putrescin application, 0.088 g/L* and 0.178 g/L™ putrescine, respectively.
Means with the same letters in the same column are not significantly different.
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Table 4. Means comparison of the interaction effects of low water stress x putrescin treatment on some
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morphological traits of wheat genotypes

Treatments Stem length (cm)
combination / Control P2 xD1 P3 xD1 P1 xD2 P2 xD2 P3 xD2 P1 xD3 P2 xDs P3 xDs LSD 5%
genotypes
line 27 51.900 © 48.400 ¢ 47.300 ¢ 54.1002 48.000 9 43.8009 53.500 47.900 ¢ 44.500 0.505
Kuhdasht 48.2002 41.935° 38.679°¢ 48.000° 37.700 @ 35.300 ¢ 48.800° 38.300 ¢ 36.100 0.359
Zagros 53.800 2 46.600 © 39.100 © 52.300° 41.6009 39.100 © 53.7002 42.300 ¢ 38.200 f 0.899
line 24 51.200° 39.100 ¢ 35.200 51.700 ® 38.700° 36.600 © 52.1002 37.600 ¢ 35.500 0.729
Gonbad 48.000° 36.100¢ 36.000 ¢ 49.300° 35.700 ¢ 32.400F 46.200 ¢ 33.700 ¢ 30.8009 0.545
line 28 50.300 2 41.300¢ 38.600 f 49.000 ° 38.400 * 36.100 " 48.300 ¢ 39.700 ¢ 36.9009 0.567
line 40 52.700 ° 38.000 ¢ 33.800 50.200 © 37.200° 34.100 54.1002 38.100 ¢ 36.600 © 0.763
line 39 49.500 ° 37.200¢ 34.500 50.600 © 38.500 ¢ 33.0009 51.9002 35.900 ¢ 32.4009 1.166
line 25 45.100 ¢ 37.500 ¢ 33.200 49.200° 35.000 ¢ 33.500 f 50.400 2 37.000 ¢ 33.600 1.041
line 23 47.400° 35.400¢ 32.000f 46.600 ° 33.500° 31.300f 50.8002 38.100 ¢ 31.900 f 1.236
Number of spikes (number)
line 27 16.666 * 14.000° 15.000 16.3332 16.3332 15.333 16.000 2 15.000 ® 16.000 2 1.750
Kuhdasht 16.333 % 15.784 15.431 % 17.000 ? 17.333° 15.666 17.000 2 17.000 2 16.333 1.546
Zagros 15.000 % 16.000 2 15.333 ® 16.000 * 16.000 * 15.333 14.000° 15.333 @ 9.000 ¢ 1.801
line 24 15.000 16.3332 16.3332 14.000° 16.000 2 16.000 2 16.000 2 15.000 14.666 2 1.832
Gonbad 14.000 ¢ 12.333 10.667 ¢ 13.333%¢ 15.000 ® 14,333 abc 16.3332 12.333 16.000 2 2.577
line 28 14.000 © 13.333« 13.000 ¢ 16.000 * 15.000 ° 14.000 © 15.000 12.000 © 16.000 2 0.927
line 40 15.333" 17.3332 16.333 % 16.333 ® 17.000 2 15.000 ° 17.000 2 17.3332 17.000 2 1.549
line 39 15.333 ® 16.333 ® 15.333 ® 16.000 13.333°¢ 16.666 * 16.333 15.000 15.000 ° 1.549
line 25 16.333 ¢ 15.000 b 18.000 2 16.000 2* 14.000 ¢ 17.000 17.333 % 16.000 2° 16.667 2.593
line 23 13.000 11.333°¢ 14.000 ¢ 12.333 % 14.333 ® 14.000 ™ 14.000 14.000 15.3332 1.092
Number of grain (number)
line 27 138.33 109.67 74.00 * 150.50 2 48.50 ¢ 92.50 « 151.502 61.00 %f 35.00 35.871
Kuhdasht 122.00 ® 114.35 % 61.54 % 105.50 ™ 87.50 82.50 « 39.00°¢ 126.50 2 100.00 ** 14.398
Zagros 145.00° 39.00 % 33.00 % 219.502 25.00 ¢f 1750 f 151.50° 58.50 ¢ 40.50 ¢ 14.049
line 24 249.00 ® 104.50 © 69.00 218.00° 75.00 ¢ 35.00¢ 255.502 100.00 © 90.50 ¢ 37.009
Gonbad 173.002 46.50° 46.00° 146.00 2 32.00° 35.00° 158.502 14.00° 26.50° 33.426
line 28 181.50 2 90.50 ¢ 74.50 192,502 90.50 ¢ 59.50¢ 184.002 100.00° 70.00¢ 19.574
line 40 196.50 ° 37.00¢ 2.00¢ 213.50° 70.50°¢ 72.50 ¢ 239.50? 39.50¢9 56.50 « 23.657
line 39 179.00® 76.50 65.50 ° 232.00 73.00 ¢ 69.00 ¢ 201.50 ® 13509 47.00 41.443
line 25 161.50° 69.50 © 7.00¢ 247502 12.00¢ 16.50 ¢ 261.50? 63.50 « 48.50 ¢ 15.096
line 23 155.50 2 8.00 @ 1.50 % 117.00° 3.00 ¢ 9.00°¢ 148.50 2 0.50 % 0.00° 7.508
Grain.spike™
line 27 8.400 7.700 4.800 9.100° 2.967 % 6.033 ¢ 9.467 2 4.167 e 2.133° 2.415
Kuhdasht 7.400° 7.187 %® 3.975¢ 6.200 ¢ 5.033 « 5.366 « 2.300°¢ 7.433° 6.033 ¢ 1.540
Zagros 9.733" 2.400 % 2.200 ¢ 13.700 2 1.566 © 1.133¢ 10.900° 3.833« 4.400 © 1.455
line 24 16.600 2 6.333° 4.133% 16.100 2 4.700 ™ 2.167°¢ 16.1332 6.800 ° 6.300° 3.398
Gonbad 12.3672 3.867 4.933° 11.367 2 2.433 ¢ 2.500 b© 9.600 2 1.300°¢ 1.700 ¢ 3.429
line 28 13.000 2 6.700 © 5733« 12.000 * 6.100 © 4.266 ¢ 12.300 8.333° 4.400 % 1.418
line 40 12.666 2 2.066 ¢ 0.133° 12,9332 4,133 5.066 ° 14.1332 2.3004 3.300 « 1.660
line 39 11.566 ° 4.600 4.166 14.2332 5.400 ¢ 4.200 12.200° 0.866 © 3.133¢ 1.841
line 25 9.800° 4.900 ¢ 4.000 © 15.466 * 1.000 ¢ 0.933¢ 14.966 @ 3.966 « 3.000¢ 1.176
line 23 12.000 2 0.700 ¢ 0.100 % 9.366 ¢ 0.200 % 0.633 % 10.633° 0.033¢ 0.00° 0.648
Grain weigh (g)
line 27 5.0832 3.576 b 2.506 % 4.830 ® 1.780°¢ 3.430% 4.760 2° 2.420 % 1.330°¢ 1.333
Kuhdasht 4.010? 3.848 ® 2.193 ¢ 3.306 ® 2.790 2.730 % 1.160 ¢ 4.0132 2.820« 0.687
Zagros 3.766 © 1.293¢ 1.120 % 5.296° 0.776 ¢f 0.420f 4.316° 1.520¢ 0.690 ©f 0.477
line 24 5.400° 3.380° 1.930 @ 5.990° 2.700 ¢ 1.090¢ 6.120° 3.200° 2.810° 0.856
Gonbad 2.040° 0.590 0.936 ¢ 2.390 ® 0.663 0.906 ° 2.613° 0.350 ¢ 0.550 0.488
line 28 46132 2.913¢ 2.280 % 4.900 % 2.546 € 1.760 1 3.740° 2.726 2.080 °f 0.489
line 40 4526° 1.266 ¢ 0.070¢ 4.720° 1.920°¢ 1.976° 6.1202 1.270°¢ 1.460° 0.759
line 39 5.566 ° 2.033°¢ 1.830 @ 4.220° 1.736 1.180¢ 4.496° 0.403 ¢ 1.116% 0.745
line 25 3.696 ¢ 21734 0.250 f 59432 0.350 0.610f 5.503° 21404 1.620°¢ 0.386
line 23 4.200° 0.310° 0.060 © 3.550° 0.096 ¢ 0.350 ¢ 4.4202 0.020 ¢ 0.000 ¢ 0.399
1000 Grain weigh (g)
line 27 36.633 ¢ 33.033 37.467 ® 31.667 ¢ 35.800 ™ 36.733 % 31.400 ¢ 39.533 38.767 3.610
Kuhdasht 32.800° 33.817° 35.514¢ 31.400° 31.933° 32.966 ° 29.800 31.500 ¢ 28.200 ¢ 5.496
Zagros 26.100 ¢ 32.6002 32.9002 24.133°¢ 31.100 ® 25.800 ¢ 28.500 ¢ 25.800 b¢ 17.300 ¢ 6.122
line 24 21.700 ¢ 32.333° 27.333° 27.567 ¢ 36.0002 32.000° 24.167 ¢ 32.367° 31.667° 3.143
Gonbad 11.733°¢ 23.167 ® 19.933 ¢ 16.200 ¢ 25.2002 25.9332 16.367 ¢ 27.7672 21.567 ® 8.826
line 28 25.300 ¢ 32.133% 31.9332 25.467 ° 28.300 ¢ 30.200 % 20.367 ¢ 27.300 ¢ 30.167 4.591
line 40 23.033 ¢ 35.967 2 17.900 ¢ 22,133 ¢ 27.100 ¢ 27.733 %¢ 25.500 b¢ 32.100 ® 25.900 ¢ 10.217
line 39 31.1332 26.533 ¢ 30.333 % 19.167 % 23.667 ¢ 17.100 ¢ 22.267 30.9332 22.500 4.341
line 25 23.000 ¢ 31.100 b¢ 34.800 ® 24.033 ¢ 30.400 © 37.800° 21.033¢ 33.900 ¢ 33.300 ¢ 4.318
line 23 27.133%® 39.5002 41.5002 30.300 16.100 ¢ 19.433° 29.800 19.500 ° 0.000 © 19.373
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D,, D; and Ds: non-stress, drought stress 65% of field capacity and 85% of field capacity, respectively.

P1, P, and P3: no putrescin application, 0.088 g/L* and 0.178 g/L™ putrescine, respectively.
Means with the same letters in the same column are not significantly different.
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Figure 1. Tree diagram (dendrogram) of wheat genotypes based on studied traits using Ward's method
under drought stress conditions and putrescin foliar application
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