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Abstract

Environmental stresses, especially drought, are one of the most important factors in reducing growth in plant growth and development stages,
especially the germination stage of the plant. As a result, in this study, the effect of silver nanoparticles and humic acid on some
morphological characteristics of quinoa seedlings under drought stress was investigated. The experiment was performed as a factorial
experiment in a completely randomized design with three replications in Physiology Laboratory Department of Production Engineering and
Plant Genetics, Razi University in 2021. The experiment consisted of three levels of silver nanoparticles (0, 10 and 20 mg L' AgNPs), three
levels of humic acid (0, 100 and 300 mg L") and three levels of drought stress (0, -6 and -12 bar). In this study, Titicaca cultivar was used.

According to the results, the interaction between AgNPs and humic acid led to an increase in germination percentage, seed germination rate,
seed vigor length index, seedling length, stem and root of quinoa seedlings. Under drought stress conditions highest amount of seed vigor
length index and seed germination rate were observed in the highest level of AgNPs and humic acid, which indicates the positive effect of
AgNPs and humic acid on germination percentage, germination rate and quinoa seed vigor. According to the obtained results, drought stress
led to a decrease in germination percentage and growth characteristics of quinoa seeds. AgNPs and humic acid had a positive effect on
germination and growth characteristics of quinoa seedlings under drought stress conditions compared to control treatment. Decreased water
uptake by seed under drought stress reduces the physiological and metabolic processes of the seed. Nanoparticles can penetrate the cell wall
and create new pores for water to penetrate the seed coat, thus increasing germination rate. With increasing the concentration of AgNPs and
humic acid, the amount of proline, soluble sugars, total phenol, flavonoids and catalase activity under drought stress increased, indicating the
positive role of AgNPs and humic acid to increase drought tolerance in quinoa. Therefore, the use of humic acid at a concentration of 300 mg
L' along with 20 mg L' AgNPs is recommended to improve germination and seed growth of quinoa under drought stress conditions.
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Table 1- Results of analysis of variance of the effect of different levels of AgNPs, humic acid,
drought stress and the interaction between three factors on germination percentage and
germination characteristics of quinoa seeds
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Table 2-Results of analysis of variance of the effect of different levels of AgNPs, humic acid, drought stress
and the interaction between three factors on some morphological characteristics of quinoa seedlings
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S 2 335.66™ 148.13™ 55.26™ 0.62"" 0.13™ 0.103™ 5630.49™ 617.94™ 2783‘91
AgNPs
Eyw . . . . . . . . .
. X 2 10.59™ 23.99™ 291%™ 0.019™ 0.021™ 0.005™ 177.92" 99.97™ 146.74™
Humic acid
= 2 6.32™ 30.88™ 1.63™ 0.012™ 0.027™ 0.003™ 105.93™ 128.79™ 82.44™
Drought stress
S o 5 Sl 3 56
TR e 8 22 4 2751 11923°  1.02  0.050™  0.055  0.001" 46131 24860  51.24"
AgNPs xHumic acid
S inxe & Syl b
oA = 4 27.43" 73.42™ 1.86™ 0.051™  0.033™  0.003™ 459.50™ 153.25™ 93.93™
AgNPs xDrought stress
S 1% Sn st !
] _‘"‘ s 4 29.33™ 79.31™ 1.99™ 0.054™ 0.035™ 0.003™ 492.44™ 165.48 ™ 100.82"™
Humic acidxDrought stress
St 2% e ot dewlX o 5 3 536
s B )..a eSS 8 20.00™ 88.55™ 3.69™ 0.037™ 0.020™ 0.006™ 335.45™ 92.39™ 185.64™
AgNPs xHumic acidxDrought stress
sl eladl
54 16.46 11.09 242 0.030 0.020 0.004 276.12 92.63 121.76
Error
R
ufzuv'“ﬂ - 14.55 15.86 10.71 14.61 15.84 10.50 14.55 15.86 10.70

Loy g 5 b y3 G e o 53 s me 5 yl3 e b 3 T % IS

ns, * and **: non- significant, significant at the 5% and 1% level of probability, respectively
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Table 3- Comparison of the mean effect of different levels of AgNPs and humic acid on some germination
characteristics of quinoa seeds

G st S Sl 0l Sl Gl e e b el
o A S5 _ S5 Loy . . )
(A 0 8 ) (IjIJ * 'f;u%;) Germination M (”)), ] G ()f) )J. .l Seed vi © lonath
1 umic aci ercentage (% ean germination ermination rate eed vigor lengt

AgNPs (mgL™) (mgL™) P ge (%) time (Day) (seed day ) index (-)

0 59.5¢ 10.09* 0.101¢ 1917.4¢

0 100 60.4b¢ 10.032 0.103b° 1986.4¢

300 64.4b° 9.96 0.103% 2631.9b¢

0 64.8bc 9.65abc 0.107% 3037.7¢

10 100 67.5bc 9.65abc 0.108b° 3410.1°

300 67.5bc 9.27abc 0.1100 3688.5°

0 69.7b 9.20abc 0.114b¢ 3831.7°

20 100 70.6a 8.63bc 0.118° 3891.2°

300 70.2a 8.50c 0.1222 4091.1#

(;Sl;&lul:ng}ajT)M>@QUJ 70 Jh::-\clz»):b)\;@»g}y:&-\m_u.aﬁiJ}Fj)|>@~;})'c.>‘-l r.u.a{u%q,,,@u;%f;,“;

In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests
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Table 4 - Comparison of the mean effect of different levels of AgNPs and humic acid on some morphological
characteristics of quinoa seedlings

o = £ =0 ~
by I = 2 é 2 2 3 ) f§ ) =) —_
35 %92 o= 38 S5 93 TE JE 4FE aF aE
a e N Bh o 2 N g g = = o = - g 2 g
3 o \%E Vv, 3 . N E A g ) = Y = \, £ 3= S E
! g CoE 3 9 3 = v, & 3 = ) 9 = 1 =
3 3% tg bz o¥E %G 1% 1% PE: bR b E
¢ b% 13 1% 4¢€ P2 oFL VI L5 12 4B
wg g 3% b& bz o3% 3% 5 3E 3% %y
Y2ONE wm P owmz owe BE bz bz o3 oF g
T oxE CF o oC2 oo w? o oRg o hvg & P
N 3 a
0 6.84¢ 4.56¢ 2.094 0.294 0.19¢ 0.0904 13.20¢ 14.834 28.04¢
0 100 7.54¢ 4.70¢ 2.444 0.324 0.20¢ 0.1044 13.57¢ 17.324 30.90°¢
300 9.4be 6.46b° 2.674 0.40¢d 0.27b 0.1134 18.67b¢ 18.984 38.58b°
0 10.45b 6.76% 3.40% 0.45b<d 0.29% 0.145¢ 19.55% 24,144 4281
10 100 12.88® 6.78b¢ 3.62bc 0.552b¢ 0.29b° 0.155b¢  19.59b¢  2572bd 52 76
300 13.32% 7.562¢ 4.358be 0.572b¢ 0.32%¢  0,187%c  21.84%c 3091 5455
0 13.82 8.68% 4.932bc 0.59 0.37% 0.211%¢  2509%  34.99%c 5663
20 100 14.90* 9.13% 5.06% 0.642 0.39% 0.218%  26.38%® 35.93%® 61.032

300 16.48° 10.70? 5.79¢ 0.70* 0.45% 0.248* 30.90* 41.09% 67.48*
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In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests
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Table 5- Comparison of the mean effect of different levels of AgNPs and drought stress on some germination
characteristics of quinoa seeds

el o3 oS . s
30 Bl o) Gl e San Jsb e ls

o & D3 5k OL Ko i (1) S5l Loy ) s O
(A e 8k Drought stress Germination Mean .)”.) .
AgNPs (mg L) (bar) percentage (%) germination time Germination rate Seeq vigor length

(Day) (seed day ) index (-)

0 68.00% 9.14pbe 0.1132be 3930.6%
0 -6 66.22:0¢ 9.71° 0.106% 2824.1b«d

-12 57.77¢ 10.34° 0.098° 1864.2¢

0 70.66* 8.76b° 0.118® 4055.2%
10 -6 66.66%¢ 9.52abe 0.108%¢ 3393.8:%¢

-12 61.33% 10.092 0.103%¢ 2090.9¢

0 72.442 8.25¢ 0.125° 4162.3*
20 -6 68.00% 9.460b° 0.108b° 3584 .4tb¢

-12 64.00°° 9.712 0.105% 2580.7¢

(;,g}l; 5|u|:ngij)M>@ ol 7o Jh::-\clz»): 1y olo sme Ot | lis 18 (o9 5 415 Jme D e alie Oy o oles S 5 ,a )
In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests
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Table 6- Comparison of the mean effect of different levels of AgNPs and drought stress on some
morphological characteristics of quinoa seeds

. . Qls 0l

T SOl F 053

Shy3st oA g 5 O0s oS 35 S o Jsb Jsb Jsb
Ky W _

e 0B s = = arady) wopals sl araly, wpalS ol rads)

G e S Y Sk Sk (SA) (S (Fh (F Gk Gk Gaks

AgNPs  Drought Seedling Shoot

fresh fresh Root  Seedling  ghgot Root  Seedling  Shoot Root

-1
(mg L) st];ess weight weight fresh dry d'ry d'ry length length  Length
(bar) (mg) (mg) (mg) (mg) weight  weight (mm) (mm) (mm)

(mg) (mg)
0 14.85° 8.84% 5.032 0.64* 0.37° 0.216 25.54° 35.68°  60.81°
0 -6 10.43bed 6.52 3.31b° 0.44bed 0.27%  0.141%  18.84%®  23.51bc  42.7]b«d
-12 7.374 4.67° 2.31¢ 0.31¢ 0.20° 0.097¢ 13.51° 16.44¢ 30.18¢
0 15.142 9.112 5.30° 0.65* 0.392 0.227* 26.332 37.65*  62.01°
10 -6 11.89%¢ 6.63% 3436  0.51%° 0.28%  0.147°<  19.16®  24.36>° 48.69%¢
-12 7.434 4.85P 2.35¢ 0.32d 0.20° 0.100° 14.01° 16.67¢  30.46¢
0 14.942 9.66 5.45° 0.67° 0.41° 0.2342 27.90° 38.69  64.23°
20 -6 13.87% 8.71° 4.63%® 0.59% 0.37° 0.200®  25.17*  32.90®  56.81%®
-12 9.00¢d 6.35% 2.54¢ 0.38¢ 0.27% 0.110¢ 18.342 18.02¢  36.87¢

(SS1s (glamals dizm O 50 3T) das oo L5 70 JLQ:>\ck..uJ:lJ)\:gz;.ag)N\:é\m.Lipj_.b;};F)Jl_ss'.m@w;'-l r”qm@jﬁ&)kj\f;)ﬁ.)}

In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests
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Table 7- Comparison of the mean effect of different levels of humic acid and drought stress on some

germination characteristics of quinoa seeds

S O Sas 2 (1) 545 s G33) 341 0o oSl St
(e Sk Drought stress ~ Germination percentage Mean germination time ().?J JA_ o
Humic acid (mg L") (bar) (%) (Day) Ge(r;:;ga(;c;n_ lr)a te

0 67.11% 9.07% 0.114*

0 -6 64.00% 9.39b¢ 0.10820¢

-12 60.88¢ 10.73# 0.095¢

0 72.44% 8.76°¢ 0.117*

100 -6 64.88b¢ 9.27b 0.112%
-12 61.33¢ 10.34% .097b¢

0 75.112 8.69° 0.1212

300 -6 65.77% 9.14b¢ 0.114*

-12 63.55% 9.582b¢ 0.1072¢

(SSls (glazals dizm O 50 3T) das oo L2570 Jw\ch.“:l,)\:&ugmwmxegjfwbgmgmt r”qmd}ﬁ&)kj\f;ﬁﬁ.)}

In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests
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Figure 1- Effect of different levels of humic acid on the average daily germination of quinoa seeds
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Figure 2- Effect of different levels of drought stress on the average daily germination of quinoa seeds
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Table 8- Results of analysis of variance the effect of different levels of AgNPs, humic acid, drought stress
and the interaction between three factors on some physiological characteristics of quinoa seedlings

S Sl
S5 g 51T s Means of Square
v . . N YOS 5T e
S.0.V df A 5 s g5 s RSP
Proline Total sugar  Total phenol Flavonoids Catalasc? enzyme
activity
e 3 ;J‘ 5 L' * * *k *u
g 2 0.757 20.846™ 13.288 695.41 190.93
AgNPs
N " o " - -
T 2 0.089 3.040 1.293 47.245 15.037
Humic acid
"o 2 0.015™ 0.301™ 0.166™ 15.091" 3.550"
Drought stress
S gt delX o 35 o3 66
e S 4 0.035" 0.067" 0.276" 1.795° 0.526"
AgNPs xHumic acid
Cin e 3ol
S 4 0.003" 0218 0.005™ 0417 0.067"
NanoAg xDrought stress
T S S 4 0.0003 0.081 0.001 0.127 0.046
humic acidxDrought stress
i pxeSa Ixo &5 )3 6
I S e B S 8 0.0004™ 0.043™ 0.012% 0.1417 0.031"
AgNPs xHumic acidxDrought stress
siabe3T ol
54 0.138 8.281 3.827 236.991 60.983
Error
Ol il s o
S - 9.78 6.890 3219 5.358 6.36
C.V

Ao g ey &S e cla.ﬂ)_s Dl gme g oI5 gme b 5S4y sk g % IS
ns, * and **: non- significant, significant at the 5% and 1% level of probability, respectively
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Table 9 - Comparison of the mean effect of different levels of AgNPs and humic acid on some physiological
properties of quinoa seedlings

> 5N 3. —_
3 ) ‘29 —}9 < o .8
~ ~ PN % v o~ “, 3 3 gE
23, 333~ 1,2 _wsz L, %Iz o, Y4z J e
2\ 50 «5\,\\4\3_1 Ny £ TN 2T 33\\«-&?0 &MEQ G % 8o
L 322 g IEE OPwES MrEE otize Fi2E avwis
o :{: = v, \—’_/L’:v :‘-‘/ z :’:}ﬁv 2 ﬁé 2 Eg 2 :nxgé‘
3 3 : Q A § 8
= = / ‘ - °%
0 0.578" 3.437° 4.051¢ 22.889 94111
0 100 0.608¢ 3.740° 4.204¢ 24.356" 10.30¢
300 0.638" 4.236¢ 4.588¢ 25.894¢ 11.11"
0 0.683¢ 42774 4.985% 28.533" 12.48¢
10 100 0.698¢ 4.514%4 5.00¢ 29.178¢ 12.90f
300 0.711¢ 4.972¢ 5.00¢ 30.187¢ 13.43¢
0 0.807° 5.293% 5.297° 32.833¢ 14.66°
20 100 0.925% 5.579® 5.755% 34.640° 15.61°
300 1.06* 5.801* 6.00* 36.111* 16.50*

(;,g}l; 5|u|:ngij)M>@ ol 7o JL&’-‘CE»&_}J 1y ols sme Ot | lis 18 (o9 5 515 ome D e alie Oy les S 5 a5
In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests
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Table 10 - Comparison of the mean effect of different levels of AgNPs and drought stress on some
physiological characteristics of quinoa seedlings

~ ~ 2

3 5 3 3 .
~ 2 LN % - AV \°% 3 X2
3% .~ 1 & e . wES <% $EF ) oy 2E
N VI 5 25 3 £ o 1 5 2= 33\\,,\4:‘3 %.\\\,,\ g R ‘T\?ﬁia
) L%Dco > < 8 1)‘}0“08 \_,]3\\,,\_31 E).,Qm A O 5o T, S
a3 <E 3= W &S cE @ 3E® Y 33 2 y 252
° Tg' ~ <1 “— E .2 ﬁ é ] =) D@ £ o a o B
~ A AN 2 gy B : 3z

JE A A

2 2 3 =

O

0 0.598t 23.11° 4.206% 3.667° 9.01¢

0 -6 0.606% 24.26% 4271 3.840¢ 10.31°

-12 0.6214 25.068 4.366° 3.904¢ 10.60°¢

0 28.30F 4.920b° 4.374¢ 0.681¢ 12.44b¢

10 -6 29.25¢ 5.032° 4.526% 0.702¢ 13.04°

-12 30.34¢ 5.044° 4.863°¢ 0.710% 13.33%

0 33.95¢ 5.588%® 5.484° 0.885° 15.28®

20 -6 34.40° 5.692% 5.579% 0.936% 15.622

-12 35.222 5.7722 5.610* 0.976* 15.86*
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In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests
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Table 11 - Comparison of the mean effect of different levels of humic acid and drought stress on some
physiological characteristics of quinoa seedlings
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5 o~ [~ S8 S =

= = 3 3 ~ E A . % -

~ = h S 5 & 4 %5 \\i3 o \\i3 23 4 2
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R 3B 52 3 3 2 2 22 2 3 9&
~ £ > 3 3= 2 R 4 Y g~

= = 1) a8 — s 2=

T A >~ £ - © g £ V= g

= 25 2 & 8

0 0.668f 42164 4.676° 27.2334 11.711f

0 -6 0.695°¢ 4.266¢ 4.788b 28.100¢¢ 12.289¢

-12 0.705% 4.473% 4.842° 28.689¢ 12.567¢

0 0.715¢ 4.524¢ 4.898b 28.922°¢ 12.578¢

100 -6 0.747°¢ 4.621% 4.996° 29.344b 13.00¢

-12 0.770% 4.739b¢ 5.071%® 30.344° 13.233¢

0 0.781° 4.931° 5.140% 30.144% 13.356°¢

300 -6 0.802%® 4.989° 5.211*2 30.570% 13.689°

-12 0.832¢ 5.089% 5.270° 31.478* 14.00*
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In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests
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Figure 3- Electron microscopic images of quinoa root. A: Treatment of 20 mg L! Nano-Ag. B: Treatment of

20 mg L' Nano-Ag + -12 drought stress. C: 20 mg L-! Nano-Ag treatment + 300 mg L-! humic acid D:
treatment 20 mg L' Nano-Ag + 300 mg L humic acid + -12 drought stress.
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