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Figure 1. Effect of drought originated from PEG6000 (A) and Nano zinc oxide (B) on the
germination percentage of soybean seeds.
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Table 1. Analysis of variance for the effect of nano zinc oxide and PEG on germination and
hydrolytic enzymes activity in soybean seed.
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pe i 2 Pl s, ik ;:r;lf:a::n ée?;il;;; el s v;:zlmg érsb
SOV df gol;1  Amylase Protease Lipase percent rate Seedling height weight
Js xPEOC?‘ ok 2 343.17% 510.32% 428.87* 63.46* 0.45%* 6.98" 0.00003"
N;srf(; Z{IIC l)iiile 2 84.42% 94.09% 129.32% 832.04* 5.11% 30.39* 0.00007"
lni%;tfﬂn 4 0.87%* 0.99#* 7.22%* 7.41" 0.008" 12.62 * 0.0001 *
Uas- error 18 0.155 0.21 0.14 15.79 0.015 5.95 0.00003
(/) CV 0.57 0.21 0.64 4.57 1.88 7.76 9.5

s NS
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ns, ** and * indicate non-significant and significant difference at 1 and 5% probability level, respectively.
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Figure 2. Effect of drought originated from PEG6000 (A) and Nano zinc oxide (B) on the germination
rate of soybean seeds
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Figure 6. Comparison of means for interaction of nano zinc oxide and drought stress on protease
activity in soybean seed
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Table 2. Results of analysis of variance for the effects of nano zinc oxide and drought stress on the carbohydrate
reserves mobilization in soybean seeds during germination after different intervals of planting

Pl FESIRY - 55

df 12h 24h 36h 48h 60h 72h 8 h 96h 108h 120h 132h 144h 156h 168h 180h

J?&:W k.')’l"';‘ kSL. 2 2.99&-& 3.01&-&

PEG600 2.80 1.16%* 3.42% 543 2.25% 2.41* 275 478* 555 4.84 2.81 2.62% 2.46
S90% ‘y.lf 0.86* 0.80** 0.36* 0.218* 0.53** 0.61** 0.64** 0.678** 0.49* 0.649* 0.7** 0.5 0.84* 0.32** (.59*
Nano zinc oxide
. “LLMM 0.13#** 0.008™ 0.0037" 0.002™ 0.009™ 0.004 ™ 0.018" 0.002™ 0.007™ 0.012" 0.015™ 0.0098" 0.008" 0.003" 0.002™
interaction
Error U 18 0.010 0.014 0.016 0.01 0.019 0.015 0.067 0.031 0.026 0.047 0.035 0.022 0.021 0.04 0.025
(/) CV 0.64 0.81 0.92 0.75 1.61 1.08 248 191 194 305 29 2.87 3.5 598 8.08

el doy0 G 5 iy Jloiml mhas 50 o Sme g o sire i sl Kl s a4 ™ g *
ns, ** and * indicate no significance, significant difference at 1 and 5% probability level, respectively.
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Table 3. Results of analysis of variance for the effects of nano zinc oxide and drought stress on the protein reserves

mobilization in soybean seeds during germination after different intervals of planting

R (MS) ke o (il
SOV ‘5(;%)“ 12h 24h 36h 48h 60h 72h 84h 96h 108h 120h 132h 144h 156h 168h 180h
o

JsSdlE 2 1.96% 4.87% 5.38* 5.49% 3.91* 7.28%* 5.92% 11.84* 4.37* 5.68* 578 8.67* 4.79* 9.87* 2.68*
PEG600

S 9ydmSlgil
Nano zinc 2 0.73** 0.88** 0.78** 1.01** 0.78** 0.78** 0.91* 1.26* 1.11** 1.36* 0.78* 0.78* 0.9* 0.96** 0.66**
oxide

. JAL‘M’J‘ 4 0.016™ 0.03™ 0.025™ 0.077™ 0.008™ 0.059** 0.014™ 0.047" 0.007™ 0.0059™ 0.017"™ 0.01™ 0.035™ 0.005™0.015™

interaction

Error L 18 0.016 0.018 0.013 0.062 0.8 0.01 0.026 0.047 0.031 0.057 0.077 0.028 0.046 0.051 0.023
/) CV 0.37 0.39 0325 0.68 0.26 0.3 0.48 0.047 0.58 0.89 1.23  0.95 1.56 249 3.11

sl 2oy S 5 s Jloil mhans 50 o e g o pire et slagls Sily cos a4 M g *
ns, ** and * indicate no significance, significant difference at 1 and 5% probability level, respectively
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Table 4. Results of analysis of variance for the effects of nano zinc oxide and drought stress on the
lipid reserves mobilization in soybean seeds during germination after different intervals of planting

SOV 65‘1‘}‘ 12h  24h 36 h 48h 60h 72h 84h 96h 108h 120h 132h 144h 156h 168h 180h
ot sk
JssoE 2 1.13# 2.22*  5.07* 4.58* 8.01** 9.56** 9.21** 8.76** 10.58** 8.02** 7.59** 4.5* 11.52** 2.65* 1.86**
PEG6000
S90S lsil
Nano zinc 2 0.43# 0.32* 0.327** 0.447* 0.38** 0.64** 0.72** 0.51** 0.877** 0.52** 0.89** 0.813** 0.97** 0.9** 0.44**

oxide

. J"Lw""‘ 4 0.012™ 0.003™ 0.008™ 0.007" 0.003" 0.009" 0.014" 0.009" 0.047" 0.008™ 0.1
interaction

Error l.> 18 0.012 0.014 0.012 0.021 0.01 0.027 0.012 0.022 0.032 0.024 0.054

0.006™ 0.004™ 0.0037™ 0.003™

0.049 0.037

0.018 0.035

(HCV 0.603  0.67 0.65 08 0.61 1.08 0.79 108 143 134 229

275  3.19

3.18 651

e 03 Sy 5 gy Jlail s 3 o ine 5 Jfocsine b Sl Sy i 4

=3

9

# ns
)

ns, ** and * indicate no significance, significant difference at 1 and 5% probability level, respectively.
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Table 5. Comparison of means for the simple effects of nano zinc oxide and drought stress on the
carbohydrate reserves mobilization in germinating soybean seeds at different intervals after

planting
(JSsly o) JoSo (ot by G 50 £55) 5395 2emST 556
PEG6000 (MPa) Nano zinc oxide (g lit™")
YA _— aali VD <IN asli obes
-1.4 -0.7 control 1.5 0.75 control
16.1420.65 15.71£0.45 15.54%0.45 15.33£0.29 15.62+0.17 16.44%0.43 12h
14.78+0.48 14.57+0.54 14.2+0.49 13.9620.27 14.47+0.3 15.12+0.26 24 h
13.97+0.5 13.8+0.47 13.57%0.5 13.3120.2 13.64+0.23 14.4%0.19 36h
13.4120.3 13.24+0.32 13.120.33 12.85%0.15 13.34#0.18 13.5540.13 48 h
12.45%0.55 12.18+0.52 11.96%0.56 11.58+0.21 12.2+0.28 12.82+0.23 60 h
11.8+0.68 11.53%0.7 11.27+0.65 10.84+0.25 11.38+0.26 12.37+0.24 72h
10.7120.41 10.44£0.54 10.17+0.49 9.94+0.32 10.44+0.23 10.94+0.4 84 h
9.57+0.63 9.36+0.62 9.030.61 8.61+0.27 9.35£0.3 10.01£0.21 96 h
8.56+0.45 8.32+0.5 8.1+0.53 7.74+0.28 8.4+0.22 8.84+0.22 108 h
7.35+0.64 7.14+0.64 6.28+0.69 6.35+0.31 7.15+0.36 7.81+0.2 120 h
6.72+0.64 6.54+0.7 6.17+0.74 5.73+0.31 6.41+0.33 7.3+0.22 132 h
5.42+0.68 5.2+0.64 4.95+0.61 4.47+0.22 5.15+0.23 5.94+0.26 144 h
4.46+0.49 4.15+0.45 3.85+0.55 3.56+0.35 4.23+0.25 4.67+0.27 156 h
3.5540.46 3.34£0.51 3.17¢0.51 2.76+0.2 3.4840.19 3.8240.3 168 h
2.2140.46 1.9740.45 1.7+0.5 1.4+0.26 2.0540.25 2.43+0.26 180 h

Sloads 08,91 0, lsliwl (las ol yod a1 g 0oy o p o Sileo
Means are presented in percent with standard error.
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Table 6- Comparison of means for the simple effects of nano zinc oxide and drought stress on
the protein reserves mobilization in germinating soybean seeds at different intervals after

planting

(Sl Ke) J5SE st Ly

Gid 50 25 (595 S 556

PEG6000 (MPa) Nano zinc oxide (g lit™")

Ry Y ol VO “IVO sl oles

-14 -0.7 control 1.5 0.75 control
34.75£0.36 34.52+0.46 34.18+0.43 34.02+0.29 34.48+0.28 34.95+0.25 12h
35.06+0.57 34.82+0.62 34.44+0.74 34.07+0.38 34.71+0.31 35.54+0.18 24 h
36.25+0.68 35.92+0.74 35.66+0.62 35.26+0.24 35.78+0.25 36.78+0.32 36h
36.9+0.64 36.48+0.82 36.23+0.67 35.9+0.3 36.31+0.49 37.41x0.31 48 h
36.45+0.53 36.15£0.57 35.86+0.62 35.44+0.31 36.28+0.26 36.74+0.22 60 h
34.83+0.72 34.56£0.74 34.24+0.89 33.56+0.39 34.74+0.15 35.33+0.26 72 h
33.93+0.68 33.67£0.68 33.3+0.78 32.88+0.36 33.52+0.29 34.5+0.27 84 h
32.5+0.95 32.21£1.02 31.75+1.06 31.05+0.39 32.06+0.48 33.34+0.24 96 h
30.66+0.64 30.37£0.63 29.96+0.59 29.67+0.29 30.26+0.35 31.06£0.36 108 h
27.24+0.71 26.83+0.68 26.46+0.74 26.04+0.37 26.86+0.41 27.63+0.4 120 h
22.86+0.72 22.54+0.75 22.27+0.72 21.82+0.29 22.45+0.29 23.41+0.44 132 h
17.940.84 17.560.86 17.31+0.88 16.66+0.34 17.48+0.25 18.62+0.28 144 h
14.060.64 13.72+0.61 13.43+0.72 13.07+0.38 13.62+0.29 14.52+0.33 156 h
9.4+0.91 9.08+0.91 8.74+0.93 8.05+0.3 9.04£0.33 10.13+£0.39 168 h
5.21+0.49 4.95+0.47 4.66%0.5 4.35+0.28 5.04+0.2 5.43+0.32 180 h

Sloaus oo)ji 5, laibiwl glaz ol jor 4 5 wo ) s Lmu,\i;l.w

Means are presented in percent with standard error
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Table 7. Comparison of means for the simple effects of nano zinc oxide and drought stress on the
lipid reserves mobilization in germinating soybean seeds at different intervals after planting

(JSlyKe) S5 oLl Ly

G 5o 05) (535w Tl

PEG6000 (MPa) Nano zinc oxide (g lit™!)

Ry Y ool VIO < VO ool ok

-14 -0.7 control 1.5 0.75 control
18.51+0.31 18.36+0.3 18.07+0.35 17.96+0.26 18.31£0.16 18.67£0.21 12h
17.560.7 17.42+0.65 17.58+0.45 17.32+0.19 17.73£0.2 18.31£0.19 24 h
17.56+0.7 17.42+0.65 17.18+0.61 16.66+0.15 17.34£0.18 18.16£0.23 36 h
17.08+0.61 16.9+0.61 16.64+0.66 16.23+0.25 16.75+£0.25 17.64£0.18 48 h
16.68+0.82 16.52+0.79 16.27+0.85 15.64+0.21 16.33+0.2 17.51£0.19 60 h
15.64+0.88 15.36+0.89 15.11£0.94 14.5+0.26 15.11+0.34 16.51+0.2 72 h
14.96+0.94 14.38+0.83 14.1+0.87 13.440.21 14.13+£0.27 15.42+0.42 84 h
14.14+0.82 13.91+0.86 13.660.9 12.87+0.27 14+0.25 14.84+0.2 96 h
12.96+0.87 12.7+£0.92 12.34+1.05 11.5+0.43 12.734£0.22 13.72+0.28 108 h
11.76+0.8 11.57+0.81 11.28+0.86 10.6+0.27 11.54+0.26 12.48+0.2 120h
10.51+0.76 10.28+0.83 9.88+0.85 9.34+0.36 10.16£0.29 11.17£0.36 132h
8.38+0.64 8.12+0.64 7.78+0.63 7.3+0.35 8.35+0.28 8.64+0.33 144 h
6.36+£0.98 6.08+0.99 5711 4.83+0.33 6.26+0.3 6.07+0.35 156 h
4.6+0.45 4.25+0.49 3.96+0.5 3.7+0.31 4.34+0.28 4.77+0.29 168 h
3.11+£0.42 2.9+0.42 2.66+0.43 2.43+0.26 2.9+0.26 3.34+0.22 180 h

oo 03551 0 lasliwl (slas ol yorr 45 § duoyd o Lo Silio
Means are presented in percent with standard error
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Abstract

To evaluate the effect of drought stress originated from poly ethylene glycol and application of
nano ZnO on the activity of hydrolytic enzymes and soybean seed reserves mobilization a factorial
experiment was conducted based on completely randomized design with three replications at the
University of Mohaghegh Ardabili in 2016. Treatments were drought stress at three levels as 0, -0.7
and -1.4 MPa and nano zinc oxide at the concentrations of 0, 0.75 and 1.5 g lit!. Germination
percentage and rate, seedling length and dry weight, activity of hydrolytic enzymes (alpha-amylase,
protease and lipase) and seed reserves (carbohydrate, protein and lipid) mobilization were measured.
Results showed that nano zinc oxide had the positive effect on germination percentage and rate,
activity of hydrolytic enzymes and mobilization of carbohydrate, lipid and protein reserves. So that
application of 1.5 g lit" of nano ZnO increased the activity of lipase, protease and a-amylase about
11.75, 12.75 and 11.87%, respectively in severe drought stress compared to non-stress condition.
Drought stress also decreased the seed reserves mobilization in addition to reducing the activity of
hydrolytic enzymes. There was a reduction trend in the mobilization of carbohydrates, lipids and
proteins under drought stress with the increasing in imbibition time, while application of nano ZnO
increased the mobilization of seed reserves which is the indicator of growth and production of higher
seedling dry weight. Considering the ameliorative effect of nano ZnO on the damages due to drought
stress and increasing the seed reserves using efficiency, activity of hydrolytic enzymes and
germination percentage it seems that application of nano ZnO in the concentration of 1.5 g lit" will
improve the soybean seed germination under drought conditions.

Keywords: a-Amylase; Lipase; Protease; Seed reserves mobilization

How to cite this article

Sedghi, M. and Tolouie, S. 2018. Effect of nano-zinc oxide and drought stress on the activity of hydrolytic enzymes and
seed reserves mobilization of soybean (Glycine max L.) Cultivar Katul (DPX). Iranian Journal of Seed Science and
Research, 5(3): 1-18. (In Persian)(Journal)

DOLI: 10.22124/ims.2018.2931

COPYRIGHTS

Copyrights for this article are retained by the author(s) with publishing rights granted to the Iranian Journal of Seed
Science and Research

The content of this article is distributed under Iranian Journal of Seed Science and Research open access policy and the
terms and conditions of the Creative Commons Attribution 4.0 International (CC-BY4.0) License. For more
information, please visit http://jms.guilan.ac.ir/

1. Professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili, Ardabil, Iran

2. Assistant Professor, University of Mohaghegh Ardabili, Ardabil, Iran

*Corresponding author's Email: m_sedghi@uma.ac.ir

VY



