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Figure 1. The effect of spermidine polyamine on soybean maximum germination under drought
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Table 1. Variance analysis of experimental treatments effects on germination indicators of
soybean seeds under drought stress

JeesS ol soliT as o s
Source of Degree of Dio Dso Doo & alo=>
variation freedom Rso
‘JJM’M‘ 2 112.8%* 60.540%* 74.882%*%  291.19**
Spermidine(S)
Drought(D) S5 2 68.0%* 30.058**  420.721*%*  62.558**
SxD 4 70.4% 34.386**  391.178**  268.27**
Error Us 27 0.174 0.184 6.548 9.494
o o 6.39 2.42 7.41 571

o0 S Jloil mhaw o ls Jixe T
**: significant at 1 % of probability.
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Table 2. Variance analysis of experimental treatments effects on germination indicators of
soybean seeds under drought stress

T I S S TR KAt R VS o I Caseieing
et glie . Seedling . S Germination Germination
L Degree of Seedling length . Final germination . . .
Source of variation freedom (mm) weight (%) uniformity maximum
0
(€3] (day™) (%)
"JM"M‘ 2 97.30%* 7.03%* 546.52%* 248.86%* 369.778**
Spermidine(S)
Drought(D) S5 2 436.85%* 20.29%* 21773.40%* 598.25%%* 17421.40%*
SxD 4 83.89%* 2.415%* 245.77** 515.27** 1187.77**
Error Uas 27 2.932 0.019 2.574 1.852 40.037
(%) CV ol s oo 12.69 5.82 3.46 4.66 12.08

o0 S Jleisl mdan o s e tae
**: significant at 1 % of probability.

it z gk )3 bgw b azalS Sl T colled 1 (ol lol (sl jlowd 5T il yls 4 225 ¥ Jguz
s E I o‘.w-“

Table 3. Variance analysis of experimental treatments effects on antioxidant activity of soybean
seedlings under drought stress

&bl ax o CAT ;Yils SlaST, by eSul SlaST,y OiSep

Degree of (u/mg APX POD Protein

freedom protein.min)  (u/mg protein.min) (u/mg protein.min) (mg/gr.plant)

Source of variation

‘JJM’M‘ 1 32964** 388235%* 15705.7** 19.127**
Spermidine (S)
Drought(D) S5 1 1495%* 5982* 8755%* 60.525%%*
SxD 1 36956** 459985** 55688%** 1.300n.s
Error Uas 8 333.174 573.37 37.925 0.353
(%) CV Ol a5 o po 18.7 6.7 4.69 15.48

Qo ye S ol mhaw jo Iy pxe 5 0 pixe b o5 4 T g IS
and **: non-significant and significant at 1 % of probability, respectively n.s

al
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Figure 2. The effect of spermidin on soybean seedling weight under drought stress

5T 5

Table 4. Mean comparison of interaction effects of drought stress and spermidine polyamine on
germination indicators and antioxidant enzymes activity

. az ady, Jsb v il & alsz SISy
S;;;:l’(;ll . D;-(i;;t Ls}t;;ss Radicle it 4“{; Ow‘w Germination Dio Dso Doo
length(mm) uniformity(/day)
No Spd Control 17.85b 54.15b 41.79a 3.548¢e 18.527a 42.59a
-2 bar 10.18d 55.00b 26.89¢ 12.803b  18.592a 23.94¢
-4 bar 7.51e 55.27b 22.12d 1.527¢ 19.517a 26.40c
1 mM Control 18.72ab 52.97b 29.74b 3.795¢ 18.662a 33.03b
-2 bar 17.52b 58.00b 27.60c 3.670e 17.277a 31.77b
-4 bar 14.10c 64.40a 41.92a 1.770f 9.500b 45.74a
2 mM Control 21.13a 53.27b 40.35a 4.470d 19.562a 45.32a
-2 bar 14.44c¢ 56.47b 22.88d 4.500d 19.140a 34.25b
-4 bar 0.00f 36.37c 9.30e 13.600a  18.500a 24.90c

3,5 gyl gme WS aojo iy il e (o SOl 395] ool g alie gy b Gy slilo sla (uSiles g o 0
Means of each column with same letter(s) are not significantly different at 5% of probability level based on Duncan test.
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Figure 3. The effect of spermidin polyamine on APX activity (U/mg protein.min) in soybean
seedlings under drought stress
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Figure 4. The effect of spermidin on CAT activity (U/mg protein.min) in soybean seedling under
drought stress
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Abstract

In order to evaluate the effect of priming by spermidin polyamine on increasing drought stress at
germination and seedling growth stages of soybean, cv. Caspian, a factorial experiment was conducted
based on completely randomized design with four replications at Sari Agricultural Sciences and
Natural Resources University in 2016. The treatments were three drought stress levels (0, -2 and -4
bar) and three spermidine levels (0, 1 and 2 mM). The results showed that application of spermidine at
the rate of 1 mM improved germination properties including germination maximum, germination rate,
germination uniformity, times to 10, 50 and 90% germination, radicle length, seedling weight and final
germination under mild drought stress (-2 bar). High dose of spermidine could not improve the
tolerance to intensive stress in evaluated traits. Application of 1 mM spermidine led to increased
activity of antioxidant enzymes ascorbat peroxidase, peroxidase, catalase, and amount of soluble
protein in mild drought stress conditions compared to control. It was found no interaction between
spermidine and drought stress for protein concentration. Generally results indicated that the
pretreatment of seeds with spermidine improved tolerance to moderate drought stress through boosting
germination indices and increasing activity of antioxidant enzymes in soybean seedlings.
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