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Abstract

Introduction: Soybean (Glycine max L.) is rich in nutrients and has vegetable proteins, dietary fiber,
and minerals such as calcium, and its saturated fat content is also low. Soybean oil is one of the most
important vegetable of the area arable land under cultivation in the world, among oil plants, soybean
is in the first place. Recently, the use of nano-fertilizers in agriculture has expanded a lot in the world.
On the other hand, it seems that the use of zinc nanosulfate or nanosilicon in arid and semi-arid
climates like Iran can reduce the harmful effects of drought stress on plants.

Materials and Methods: Therefore, an experiment was carried out during two crop years in the form
of a split-factorial design in the form of a basic randomized complete block design with 4 replications
in Malekshahi city located in llam province (Iran) in crop years 2019-2020 and 2020-2021. The main
factor included irrigation regimes in three levels without stress (control), irrigation based on 50% of
the agricultural capacity of the field and irrigation based on 75% of the agricultural capacity of the
field. The combination of nano zinc oxide treatments at three levels (zero (control), 0.75 and 1.5
g.L™") and nanosilicon at three levels (zero (control), 0.8 and 1.6 g.L™) in factorial form were placed
in the secondary cards. Processing and classification of the extracted information was done using
Excel software and data analysis was done using SAS version 9 software. Making comparisons with
the Least Significant Difference (LSD) method at the 5% level. In this study, composite analysis
method was used for analysis. To ensure the uniformity of the variances in order to integrate the data,
Bartlett's test was performed, and the results indicated the absence of data and the necessary provision
for integration.

Results and Discussion: The results regarding the mutual effect of drought stress and zinc sulfate
showed that the highest seed yield was obtained in the treatment of no drought stress (100% crop
capacity) and the consumption of 1.5 g.L™ nano zinc sulfate in the amount of 3452.2 kg.ha?. At
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drought stress levels of 75 and 50% of the agricultural capacity, the consumption of zinc sulfate
increased this index. With the use of 1.6 g.L* of nanosilicon, the grain yield was 3253.9 kg.ha, which
was 28% higher than the non-use treatment. Seed oil was used to treat the lack of drought stress, and
consumption of 1.6 grams per liter of nano silicon was obtained in the amount of 58.6%. In the drought
stress of 50% of the agricultural capacity, the use of nitrogen fertilizer and, especially 0.8 grams per
liter of nano silicon increased this index. The results regarding the mutual effect of drought stress and
zinc sulfate showed that the highest water use efficiency was achieved in the treatment of severe
drought stress and the consumption of 1.5 g.L™ nano zinc sulfate in the amount of 1.78 kg.m. The
lowest amount was obtained in the treatment of normal irrigation and no use of zinc sulfate. In the
drought stress levels of 75 and 50% of the agricultural capacity, the consumption of zinc sulfate
increased this index. The results regarding the mutual effect of nano silicon fertilizer and zinc sulfate
showed that highest efficiency of irrigation water consumption was in the treatment of using 1.6 g.L™*
of nano silicon fertilizer. The lowest value was obtained in the treatment of not using nano silicon and
zinc sulfate. With the increase in the use of nano silicon fertilizer, the response to zinc sulfate also
increased.

Conclusion: In general, the results showed that by using nanosilicon and nanozinc oxide in soybeans,
it is possible to effectively increase the grain yield and increase the amount of oil and protein.
Probably, nanosilicon and zinc nanooxide increase the activity of enzymes effective in oil and protein
synthesis in soybean plant. These nanomaterials activate hormonal regulators of plant growth and
improve factors such as better absorption of nutrients and reduced water evaporation, all of which help
increase seed yield and increase the amount of oil and protein in the soybean plant. In summary, the
use of nanosilicon and zinc nanosulfate in soybeans brings a significant improvement in seed yield
and increases the amount of oil and protein of this plant. These results can be used to improve the
production and quality of soybean-based products.
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Table 2- The mean square obtained from the analysis of variance of the effect of experimental factors on the characteristics of
absorption of elements and yield

ICAJUUES g5 119 &ol3T a0 89y cdald 059w edale als 0 ,Shos S 59l 8 ySlos
SOV df Zinc concentration  Nitrogen concentration Seed yield Biologic yield
L
J 1 0.00004"™ 0.005™ 5465.4" 2719224.1™
Year (Y)
1S5 x L
Asxd 6 0.000064 0.006 103546.3 2086921.9
YxRep
oS . - - -
2 0.0011 0.096 12125365 234216404.9
Stress (A)
o x e .
2 0.00001"™ 0.005™ 1252455 ™ 6104906.0
YxA
| & Uas-
ot _;6 12 0.000031 0.005 89256.5 133616.7
Residual a
HeSedew 9l
T 2 0.00062" 1.287" 95149354 ™ 118149755.8™
Nano-silicon (B)
S35 demST 56 . - - -
. 2 0.0014 0.326 9992502.5 32892608.0
Nano Zinc (C)
'55_1“.; 36 x, Jlw
el YBI)B J 2 0.000004"™ 0.008™ 237961.3™ 2717963.0™
X
STl x  Jlw
<% "Yz J 2 0.0000001"™ 0.026" 880341.3" 1690331.1"
X
o G x o
el "AyB - 4 0.00013™ 0.015™ 1019584.2™ 3009533.9™
X
KVOUL 2 IS LRV
oS 4 0.00004" 0.102™ 1166656 ™ 1286326.3"
AxC
9S.,.L._M, 56 x, s x| Jlw
05l S5 J 4 0.000004"™ 0.005™ 76283.4 ™ 695289.8™
YxAxXB
x i x Jl
S5 4 0.0000001™ 0.027™ 185082.4 ™ 592089.6™
YxAxC
S g5l x9Sl o
G ; C“ e 4 0.00024" 0.007™ 2195222 " 2349568.0"
X
S| ‘L’x’g&._l.m 56 x Jlw
159 %S $ %095k 56 4 0.0000001™ 0.024™ 5421.3™ 46501.3™
YxBxC
ST 536y i x 25
G T PR OP e SR 8 0.000101™ 0.042" 88142.4" 206152.0"
AxBxC
doenS T G x - sUx giasx e
535 wemST 93l x (g 5Sks 9ilix % 8 0.0000001™ 0.023" 95426.3™ 648406.0™
YxAxBxC
flesl (s et
o )_6 144 0.00002 0.006 96474.2 388484.4
Residual
CV (%) ol i o o - 6.9 73 7.3 6.3

*** and ": significance at the probability level of 5%, 1% and no significant difference
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Figure 1- Comparison of the average interaction effect of drought stress and nanozinc oxide on seed yield
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Figure 2- Comparison of the average main effect of nanosilicon on seed yield
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Table 3- Comparison of the average triple interaction effect of drought stress, nanosilicon and nanozinc on the absorption of some
elements in soybeans

JLw o ouds dz igrid a9,

S OStbewgl 59y eSTgl gl Jle 50 oad i 059 5 R "
3] o

Drought stress (percentage of ~ Nanosilicon Nano zinc oxide Nitrogen absorbed in first ~ Nitrogen absorbed in  Adsorbed

field capacity) (g.LY (g.LY year (%) second year (%) zinc (%)
0 0.78% 0.78 0.054 &

0 0.75 0.83 ik 0.83 ik 0.068 ¢

15 0.92 " 0.92 % 0.066 &

0 0.98 ©¢ 0.98 ¢¢ 0.060

50 0.8 0.75 0.92 " 0.92 % 0.065
15 113%® 1.13%® 0.067

0 0.93 ¢ 0.93 ¢ 0.060

1.6 0.75 1.025f 1.02 >f 0.063 "«

15 111%® 111 0.072 5"

0 0.79 0.79 0.061 ik

0 0.75 0.84 Mk 0.84 M 0.070 >

15 0.92 " 0.92 0.069 o

0 0.96 " 0.96 " 0.060

75 0.8 0.75 1.00 >f 1.00 >f 0.068 ¢
15 112%® 112%® 0.077 *°

0 1.06 b 1.06 ¢ 0.074 >

1.6 0.75 0.98 ¢¢ 0.98 ¢¢ 0.065

15 1.20% 1.20° 0.077 *¢

0 0.77k 0.77¢% 0.061 'k

0 0.75 0.86 0.86 o* 0.064 91

15 0.95 ¢ 0.95 ¢ 0.071 5"

0 1.055f 1.05°f 0.066 &

100 0.8 0.75 1212 121¢ 0.072 %9
15 1.025f 1.02 >f 0.082¢

0 1.06 b 1.06 b 0.078 %

16 0.75 1.20% 1.20% 0.075 *¢

15 1.09 1.09 ¢ 0.078 %
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Columns with common letters do not have a statistically significant difference by LSD test at the level of 5.
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Figure 3- Comparison of the average interaction effect of drought stress and nanosilicon on biologic yield

-
) S5
a I 0.75 g.L-1 nanozinc
EESE
o I 0 g.L-1 nanozinc
EESE
o I 1.5 g.L-1 nanozinc
< [EESE N
= I 0.75 g.L-1 nanozinc
° EESE
= I 0 g.L-1 nanozinc
S0 S| 5
1.5 g.L-1 nanozinc
o I U G
0.75 g.L-1 nanozinc
- I ]

0 g.L-1 nanozinc
-

10000
8000
6000
4000
2000

(T-eyBx) praIk a1bojorg
ST HE R

100

(=]

5

drought stress (percentage of field capacity)

So3gdam o Shos 1 59) wmnSTeili g (S (15 iliio ST (puRilie A lio -F S

Figure 4- Comparison of the average interaction effect of drought stress and nanozinc oxide on biologic yield
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Table 4- The mean square obtained from the analysis of variance of the effect of experimental factors on the quality traits and
efficiency of water and zinc consumption

Ol s’ @lo eolilazys Al piign weoyd Ao Eg ey Bpae 2Ll $9) S pan o)
sov df Seed protein Seed oil WUE of ZUE
J
1 21.5™ 0.00066" 2.68™ 2719224.1™
Year (Y)
S8 < Jle
6 0.193 0.00011 0.11 2086921.9
YxRep
2 52.62 0.0105 159.2 234216404.9
Stress (A)
oS x Lo - . N
2 4.979™ 0.00084 34.20 6104906.0
YxA
ol &5 slas
i 12 1.921 0.00007 0.05 133616.7
Residual a
Ok ¢l - - - -
. 2 7.928 0.0112 4.02 118149755.8
Nano-silicon (B)
$9) deS1 9l - - o -
. 2 8.532 0.0018 1.04 32892608.0
Nano Zinc (C)
O5elw ¢l x Jlu . . ax
2 3.695 0.00025 0.27™ 2717963.0
YxB
$9y SeSTgilix Jlo ” .
2 0.002"™ 0.0007 0.21™ 1690331.1
YxC
O gl x i - x - -
4 0.939 0.00043 1.99 3009533.9
AxB
S9y ST il x s = . .
4 0.343™ 0.00151 11.00 1286326.3
AxC
ugi..l...w " 53[.? X S x JLM; .
4 0.448™ 0.00017™ 0.32 695289.%
YxAXB
G x e -
4 0.000"™ 0.00004" 0.62 592089.6"™
YxAxC
&3y wmST 9l % 58dns 56 » ” "
4 3.037 0.00008™ 7.70 2349568.0
BxC
(555 ST 5 x 98k 5 x JLs
4 0.010™ 0.00007"™ 0.26"™ 46501.3™
YxBxC
S9y SS9 x9Sl 93U xS .
8 0.056 0.00006™ 0.035"™ 206152.0™
AxBxC
S9y _\.'.....5\ 5313 XQ}S.:.L:.MJ ybxwalﬂ;
8 0.015™ 0.00005™ 0.08™ 648406.0™
YxAxBxC
bl s s
. 144 0.221 0.00007 0.124 388484.4
Residual
- 9.2 8.1 7.7 6.3
CV (%)

Soline @olas pae g oo, Vo, B Jloio! mhaw )5 (gl S NS g **F
*** and ™: significance at the probability level of 5%, 1% and no significant difference
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Table 5- Comparison of the average triple interaction effect of drought stress, nanosilicon and nanozinc on seed protein and ZUE in

soybeans
S S O tlwgil $9) S 1ol Al (5559 5 $9s e 28
Drought stress (percentage of field Nano zinc oxide (g.L"
Ho (b . g I Nanosilicon (g.L?) zinc oxide (g Protein (%) ZUE (kg.kg™h)
capacity) D)

0 7.03¢ 492.8°

0 0.75 8.63 4 168.6 ™

15 7.73 e 105.8™

0 7.7 e 646.4 ¢

50 0.8 0.75 8.07 ** 196.6 "«
15 8.242* 121.8'm

0 7.7 e 667.7<

1.6 0.75 8.06 * 203.19

15 8.24%* 125.7'm

0 7.57 e 626.6 ¢

0 0.75 8.50 *d 210.6 99
15 7.63 e 131.1 Kim

0 8.27 &€ 870.9°

75 0.8 0.75 8.06 *¢ 251.8 fon
15 8.72%d 150.2 Im

0 8.28 #¢ 943.72

1.6 0.75 8.07 &€ 266.6 1

15 8.72%d 165.7 '™

0 7.45 ¢ 7135°¢

0 0.75 7.67 e 231.8 %

15 7.85 < 152.11m

0 8.02 ¢ 948.7 2

100 0.8 0.75 8.65 *d 283.2°
15 9.36 % 177.3

0 9.44 ot 976.2¢°

1.6 0.75 8.94 ¢ 296.1°

15 8.42%* 186.8 ™
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Columns with common letters do not have a statistically significant difference by LSD test at the level of 5.
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