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Models

X1, X2, X3, X4
X1, X2, X3, X4, X1X2, X1X3, X1X4, X2X3, X2X4
X1, X2, X3, X4, X1X2, X1X3, X1X4, X2X3, X2X4, X1X2X3, X1X2X4, X1X3X4, X1X2X4
X1, X2, X3, X4, X1X2, X1X3, X1X4, X2X3, X2X4, X1X2X3, X1X2X4, X1X3X4, X1X2X4, X1X2X3X4
X1, X2, X3, X4, X1X2, X1X3, X1X4, X2X3, X2X4, X1X2X3, X1X2X4, X1X3X4, X1X2X4, X1X2X3X4, X12, X2?,
X32, X42
X1, X2, X3, X4, X12, X22, X32, X4
X1, X2, X3, X4, X1X2, X1X3, X1X4, X2X3, X2X4, X1X2X3, X1X2X4, X1X3X4, X1X2Xa, X1X2X3X4, X13, X2°,
X33, X43
X1, X2, X3, X4, X13, X2%, X33, X4*

X1, X2, X3, X4, X1X2, X1X3, X1X4, X2X3, X2X4, X12, X22, X32, X42

10
11
12
13
14
15

X1, X2, X3, X4, X1X2, X1X3, X1X4, X2X3, X2X4, X13, X253, X35, X43

X1, X2, X3, X4, X1X2X3, X1X2X4, X1X3X4, X1X2X4, X1X2X3X4, X12, X2?, X32, X42

X1, X2, X3, X4, X1X2X3, X1X2X4, X1X3X4, X1X2X4, X1X2X3X4, X13, X23, X33, X43

X1, X2, X3, X4, X1X2X3X4, X12, X22, X32, X4?

X1, X2, X3, X4, X1X2X3X4, X13, X23, X33, X43

X1, X2, X3, X4, X12, X22, X32, X4?, X13, X283, X35, X4®

Xz Xa X1 onds goeas R2 g R? o Lol sloaslivg b il )y gl (sl psito 4l jialS gly>! -F0-F Joox
Dry matter .ol oo rdsp g 5haSTy JsSUE laasTy @byl GUBE sl 5T culled cus e Xa
AFEF Joax ) oojleds Joef codls  sasLs Harvest index g a5gSs s sole s Slas

Model General Dry matter(y:)  Harvest index(y2)
components  desirability(D)

Intercept 5.26439 17.75975 1.19230
X i ) 0.60166
X2 - 1.99907 :
X 17.23564 219.75261 -
X - . .
R? 0.3157 0.4843 0.1641
Adjusted R? 0.2748 0.4535 0.1142
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X3 Xz X1 o pemeas RZ g R2 6 Lol (sla_asLig b ol )b roly (sl ppie aily 2alS gliol -F5-F Jsu
Dry matter .ol oo s g 5lounSly JoSLE lousTyy @b, sKwl GUBL slaes 31 cullad ool s X
AFEF Joax ¥ o,leds Joef codls  asLs Harvest index g a5 Sas sole s Slas

Model General Dry matter(y;)  Harvest index(yz)
components  desirability(D)

Intercept 7.32216 96.52607 -0.10658
X1 - - 3.73697
X2 - - 0.26238
X3 -69.16171 - -15.84477
X4 - - 12.94528

X1 X2 -3.10265 - -0.84272
X1X3 - - -
X1X4 143.24559 1204.04702 -
XoX3 13.62695 81.08301 2.54651
XXy -0.87391 - -2.88586
R2 0.5144 0.6009 0.5135
Adjusted R? 0.444 0.5429 0.4429




X3 Xz X1 o guonas RZ g RZ 6 Lol sloasLivg b ol )by gl sl puiito a3l pals gly>! —FV-F Joux
Dry matter .acsb co sdsp g 5leaSTy JsSUE lacnsTy @byl GUBL slan 35T culled cus e Xa
AFEF Jgax ¥ ool Jowf cadls y (asLa Harvest indeX g a5, Sas oole o ,Shes

Model General Dry matter(y;)  Harvest index(y-)
components  desirability(D)
Intercept -20.86843 -119.38325 -3.34071
X1 214.99928 1377.10348 31.70907
X2 4.02189 25.04576 0.60630
Xs - - -
X4 - - -
X1 X2 -25.97586 -195.09811 -3.26736
X1 X3 -1008.75507 -5457.88283 -164.17682
XXy - -5976.73187 -
XoXs - - -
XoXa - - -
X1 X2X3 127.77341 708.57657 20.60060
X1X2X4 - - -
X1X3X4 1815.91068 - 317.72542
R2 0.6536 0.6767 0.6510
Adjusted R? 0.5831 0.6110 0.5800

X3 Xz X1 oo guonas RZ g RZ 6 Lol sloasLivg b ol )by gl sl puiito a3l pals slym! ~FA-F Joux
Dry matter .ol oo rdsp g 5haST JsSUE lacnsTy @byl GUBL slam 5T culled cus e Xa
AFF-F Joos Fo,leds Joof cotls  sasLs Harvest index g a5 s solo o Slas

Model General Dry matter(y1) Harvest index(y-)
components  desirability(D)
Intercept -21.60313 -124.29826 -3.42456
X1 445.99126 2922.39317 58.07242
X2 4.40100 27.58192 0.64957
Xs - - -
Xa 132.28874 - 21.02691
X1 X2 -69.52546 -486.43613 -8.23772
X1 X3 -2841.83764 -17721 -373.38846
X1 X4 -25.67.81072 -18169 -285.99567
XoX3 - - -
XXy -22.12134 - -
X1XoX3 444.67415 2828.57852 56.76881
X1XoX4 391.84142 3004.41037 -
X1X3X4 16479 106583 1991.22697
X1 XoX3X4 -2530.96500 -16932 -
R2 0.6923 0.7022 0.6710
Adjusted R2 0.6233 0.6355 0.5972
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Model General Dry matter(y:)  Harvest index(y2)
components  desirability(D)
Intercept -18.94073 -150.24928 -1.71767
X1 401.12332 3112.09925 42.78569
X 4.56658 31.39554 0.61272
X3 - - -
Xa - - -
X1 X2 -67.59694 -560.13597 -6.57299
X1 X3 -2085.01027 -14753 -
X1 Xy -2268.35684 -20085 -
Xa2X3 - - .
XoXy -25.76528 -236.75100 -
X1 X2X3 379.25011 2661.90513 44.77305
X1 X2X4 377.58408 3664.11140 -
X1X3X4 12893 98239 -
X1 XoX3X4 -2078.49156 -16598 -
Xu -41.87420 -243.70590 -6.97324
X2z - - -
X33 -277.89145 - -58.17645
Xag - - 66.77144
R? 0.7521 0.7536 0.7500
Adjusted R? 0.6740 0.6761 0.6726

¢ X3 Xo X1 .00y ] R2 9 R2 6)LQT tgl.(zauap'-L.i}g L“):A‘)L.’, ‘C""’l’ Lgl.mﬁ_{&.a wbw.mLf 6‘}?" -0+-¥ Jsdq-
Dry matter .ol co sy g 5lounSly JsSLE lasTy @b ,ysSwl GUBE slaes 31 culled o s X
AFO-F Jsa & o leds Jowf cusls p asLs Harvest index g a5, Sias sole o Shee

Model General Dry matter(y:)  Harvest index(y2)
components  desirability(D)
Intercept 14.14255 58.93123 2.99193
X1 - - 1.84938
X2 - - -0.19768
X3 ; . )
Xa -84.84893 - -17.97276
Xu - - -
X22 - - 0.01450
X33 - - -
Xag - - 52.03069
R2 0.4025 0.5114 0.3267
Adjusted R? 0.3267 0.4494 0.2413




X3 Xz X1 o guomas RZ g RZ 6 Lol sloasLivg b ol )by gl sl puiito a3l pals sly>! -0V-F Joax
Dry matter .acsb co sdsp g 5leaSTy JsSUE lacnsTy @byl GUBL slan 35T culled cus e Xa
AEO-F Jgaz Voo,leds Jow) cadls py (asLa Harvest indeX g a5, Sas oole o ,Shes

Model General Dry matter(yx) Harvest index(y2)
components desirability(D)
Intercept 13.51966 18.24751 6.10101

X1 439.4779 3193.16537 52.70877

X2 6.88472 - 1.14969

X3 - - -

X4 -672.78438 - -184.5917
XXz -61.54012 -456.32184 -7.25782
X1X3 -2043.89411 -11412 -309.15759
XiX4 -2363.88217 -18910 -
XoXs3 - - -
XoX4 -18.62096 -171.87809 -

X1 XoX3 375.35194 2200.71341 56.07740

X1X2X4 359.86956 3164.03731 -

X1X3X4 15253 98512 2028.05516
XiXaX3X4 -2333.50803 -15869 -

Xu -212.18376 -1924.60980 -17.65885

X22 - - -

X3 - - -

Xaa 4847.75395 - 1208.88993

X 122.71110 1234.22484 -
X222 - - -
X333 - - -
Xaaa -9451.36505 - -2345.99138
R2 0.8825 0.8943 0.8376
Adjusted R2 0.8332 0.8499 0.7694

‘ Xs‘XZ ‘Xl o0 C.M R2 9 R2 ‘_g)LeT ‘_ngua:}Li:B L:n).».n‘)l.: ‘G"“’l’ L;Lb),,.i.’;.,o wbuw.a:lf 6‘}-?‘ -OY-¥ de?
Dry matter .ol co sy g 5lounSl s JsSUE losTy @b,ysSwl GUBE slaes 31 culled o s X
AFEF Joam A ojleds Joef cotls  asLls (Harvest index g a5 s sole s Slas

Model General Dry matter(y1) Harvest index(y-)
components desirability(D)
Intercept 11.40193 49.56482 2.32506
X1 - - -
X2 - - -
X3 - 168.92032 -
Xa -47.19120 - -9.17625
X1 - - -
X222 0.00318 - 0.000635
Xasz - - -
Xaas - - -
R2 0.3997 0.5168 0.3154
Adjusted R2 0.3234 0.4555 0.2284




X3 Xz X1 o guonas RZ g RZ 6 Lol sloasLivg b ol )by gl sl puiito a3l pals gly! -O¥-F Joax
Dry matter .ol co rdsp g 5heaST JsSUE lacnsTy @byl GUBL slan 35T cullad cus e Xa
AFFF Jgaz A o)l Jowf cadls y (asLa Harvest indeX g 455, s oole o ,Shes

Model General Dry matter(y1) Harvest index(y2)
components desirability(D)
Intercept 10.86571 108.79356 0.83514
X1 - -208.44274 3.48422
Xz - - -
X3 - - -13.76876
X4 - - -
XXz -4.44719 -19.02385 -1.02153
X1 X3 377.55757 2184.21647 59.82747
X1X4q 159.36266 1578.21301 -
XoXs 15.49157 84.07029 2.97696
XoXy4 - - -2.62489
Xu -52.84679 -305.06291 -8.27232
X2z - - -
Xa3 -425.83491 -2369.21334 -7.74208
Xag - - -
R2 0.6134 0.6534 0.6287
Adjusted R? 0.5267 0.5757 0.5453

Xz Xa X1 onds goeas R2 gR? o Lol sloaslivg b il )y gl (slo s axl ialS gly>! -0F-F Joos
: Dry matter .aiib o s o 5lanST JsSUI loasS Ty &b yeSwl GUBLS slags 3T cudled e say Xa
AFFF Jgaz Ve o)leds Joef codls p sasLs Harvest index g 4550 s sole s Slae

Model General Dry matter(y:)  Harvest index(y-)
components  desirability(D)

Intercept 10.56908 108.85569 0.66644
X i i i
X . .
X3 -77.50598 - -19.01564
X4 - -
X1X2 -3.38659 - -0.88395
X1X3 - -
X1 X4 168.65056 1548.62613 -
XoX3 13.62192 71.10762 2.74252
XoX4 - - -2.70633
X1 - - -
X222 - - -
Xass3 - - -
Xaaa - - -
R2 0.5335 0.6100 0.5614
Adjusted R2 0.4289 0.5226 0.4631




X3 Xz X1 o pmeas RZ g R2 6 Lol (sla_asLig b ol )l enly slo pie azily 2alS gl -00-F Jgor
AFEF Joox V) o,led Jow) cudls py asLa Harvest indeX g a5, s ools o Shes

Model General Dry matter(y;)  Harvest index(y-)
components  desirability(D)
Intercept 4.32939 24.86622 0.90291

X1 18.38854 - 6.21155

Xz - - -

X3 43.63378 304.61086 -

X4 - - -
X1X2X3 30.96833 - 6.61515
X1X2X4 -46.17554 - -11.37705
X1 X3X4 1269.30878 6875.09013 193.89394

Xu -45.04450 -205.10228 -7.87918

X22 - - -

X33 -392.90004 - -73.34668

Xaa - - -

R2 0.5272 0.5772 0.5351

Adjusted R? 0.4405 0.4997 0.4499

Xz Xo X1 .00 Toeas R2 9 R2 d)L‘J d‘bPL’L‘;j La:)...abb ‘G“"L’ ‘_gl.bﬁ.{;n 433[4 Mls 6‘}-‘." -0fr-¥ JB"\?
: Dry matter .aiib o gy 5 5l JoSUE Gl Sl ysSwl UL slaps 5T cudled cus sas Xa
AFF-F Jgoo VY o,leds Jowef cedls py sasLs Harvest index g 455,06 s solo 8 Slas

Model General Dry matter(y:) Harvest index(y2)
components  desirability(D)
Intercept 8.48392 56.34318 1.18665
X1 - -92.07565 3.15277
X2 - - -
Xs - 168.46091 -3.00352
Xa - - -
X1 XoX3 - - 4.41895
XXXy - - -8.38414
X1 X3X4 - - 136.51837
X1 - - -4.24991
X222 - - -
X333 - - -105.13197
Xaas - - -
R2 0.4411 0.5447 0.4445
Adjusted R2 0.3386 0.4612 0.3427
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Model General Dry matter(y:)  Harvest index(y2)
components  desirability(D)
Intercept 14.01634 57.37433 2.99910
X1 - - 1.90957
X2 - - -0.18903
X3 - - -
X4 - - -19.46178
X1 XoX3X4 - 672.87567 -
Xu - -111.54457 -
X2 - - 0.01477
X3 - - -
Xag - - 59.98670
R2 0.4309 0.5749 0.3304
Adjusted R? 0.3386 0.5131 0.2332

Xz KXo X1 .oas ] R2 9 R2 d)LA—‘ 6&PLZ5 Las).,.,ol)b sc...:l.: (_thb).z.i.'Z.a wl.;w..mlf 6‘}-‘." -OA-¥ JB"\?
Dry matter .ol oo s g 5lownSTy JsSUE GlasTyy @lbysSwl GUBL glaes 31 culled o s Xy
AFF-F Jgoo VF o,leds Joef codls py sasLs Harvest index g 4550 s solo 8 Slas

Model General Dry matter(y:)  Harvest index(y2)
components  desirability(D)
Intercept 12.34243 63.26968 2.19561
X1 - -67.93586 1.53191
X2 - - -
X3 - 167.80803 -
X4 - - -9.77167
X1 XoX3X4 - 559.85128 -
X1 - - -
X222 0.00311 - 0.000644
Xazz - - -
Xaaa - - 124.98092
R2 0.4116 0.5543 0.3244
Adjusted R? 0.3262 0.4895 0.2263
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: Dry matter .osb oo ods 5 5wl JsSUE ¢lacsSTy ol sSul GUBL slaps 5T cullsd e s X
AFEF Joam V0 o,leds Jow) culs py (asLa Harvest indeX g a5, s ools o ,Shes

Model General Dry matter(y:)  Harvest index(y2)
components  desirability(D)

Intercept 11.60704 -22.34256 6.50692
X1 61.69793 515.04311 6.58881
X : i :

X . . .
X4 - - -

X1 -175.00069 -1577.19735 -14.40634

X22 - - -

Xas - - -

Xas - - -

X111 136.76198 1247.04681 10.33792

Xoz - - -

Xs33 - - -

Xaaa - - -

R2 0.5976 0.7495 0.4014

Adjusted R2 0.5158 0.6985 0.2796
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Y=13.52+439.48x1+6.88%2-672.78X4-61.54X1X2-2043.89X1X3-2363.88X1Xs-

18.62X2X4+375.35X1X2X3+359.87x1X2X4+15253X1X3X4-2333.51X1X2X3X4-
212.18X124+4847.75x42+122.71X13-9451.36X43
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Abstract

The water is restricted agent for growth and development for crops and development for
crops and drought stress is a main agent of damages to crop in worldwide. Todays,
polyamines including putricine (put), spermidine (spd),and spermine (Spm) are organic
polycations with low molecular weight that protect plants as regulators of physiological
process against stresses. In order to evaluate the effect of spd on growth and some of
characteristics of soybeanunder drought stresswas conducted an experiment with two
stages including germination and seedling growth under experimental condition at Sari
Agricultural Science and Natural Resources University and field experiment on soybean
CV. Caspian in drought stress condition in 2016 and 2017 years in Mazandaran, Joybar.

In germination experiment, treatments were including three level of drought stress (0, -
2, -4 bar), and three level of spemidine (0, 1, 2 mM) with 4 replicatins. For condition
drought stress is used PEG 8000. The results showed that application of spd at rate of 1
mM improved germination properties, significantly, including germination maximum,
germination rate, germination uniformity,times 10, 50, 90% germination, radicle
length,seedling weight and final germination under mild drought stress (-2 bar). High
dose of spermidine couldnot improve the tolerance to intensive stress in evaluated traits
the priming by spd led to increasing of tolerance to stress by improvement germination
properties and increasing of activity of antioxidant enzymes in soybean seedlings. The
field experiment was conducted based on randomized complete block design with three
replication in chapakrood (Joybar, mazandaran province) in 2016 and 2017 years. The
treatments were included four irrigation levels (100, 70, 50 and 30% of
waterrequrement) as main plots and three spd levels (0, 0.5, 1 mM) as sub-plots.
Evaluated parameters were leaf number, pod number per plant, plant height, seed
number per plant, weight of 1000 seeds, dry matter yield per plant, seed yield per plant,
membrane stability index (MSI), relative water content (RWC), electrolyte leakage
(EL), malondealdehyde (MDA), and hydrogen peroxide (H202), photosynthetical
pigments(cholorophyll a, cholorophyll b, and carotenoids), amount protein of leaf,
activity of antioxidant enzymes including CAT, APX, POD, and amount leaf proline
were significant (p<0.05). The results showed with decreasing amount irrigation,
application of spd specially in middle and high stresses (irrigation low 50% water
requirement) could increase plant tolerance to stress with improvement of evealuated
characteristics and increasing of antioxidant enzymes..

Keywords: Antioxidant enzymes, Desirability function, Multiple regression, Proline
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