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Table 1. Mean squares of variance analysis for germination and growth parameters of seeds in Hashemi
cultivar under priming and drought stress treatments.

Dl gl iz slr ¥ ol sl ey ol Sl aops azasy, b azailasb
Source of sl 5i8lgzas 00 ialgzas 0. Germination Root Shoot
variance DF Tso Too percentage length length

[P w5k ok * P
SR 6 5687 3607 129.1 2.36™ 2.63
Priming

2 34492" 34191 3272" 428" 118.5™
Drought

Sl 521.6" 157.8% 67.98™ 166" 026"
PrimingxDrought
s
42 141.9 495.2 54.76 1.72 0.45
error

Loosls (y09u 5lo gine oaims Lis ™ s ,5 B 5l S Jlexsl mhaw 5 s gime © wao,0 )l S Jleisl mhaw 5o s e *

**Signiﬁcantly different (P<0.01), : significantly different (P<0.05), ™ Not significant.

o5 Bk @, g Sialer Slas p (Sis g ledte T Guilsly 4520 51 ol Slaye 2S5k - Jgua

Table 2. Mean squares of variance analysis for germination and growth parameters of seeds in Shiroodi
cultivar under priming and drought stress treatments.

Sl s aulie EESE slr Y oles slr e ol Salez aoys  azaiy, b azaile sk
Source of sl RSP H PERWRAD ESTH IR Germination Root Shoot
variance DF Tso Too percentage length length
et 6 5008™ 5359" 28.42™ 6.93" 2947
prlmmg

S 2 22448 30560 1314 0.44" 157.1°
drought
e Lo o2 sk *
TR 713.3 747.9™ 69.31™ 1.97™ 1.23
primingxdrought
las
42 95.72 566.5 59.92 1.10 0.59
error

osls (yogm o sime saims Las ™ o0 0 5l S Jleiol grhaw ,o s e © o,V 5l 5ieS Jleisl ghaw o s gne **
“Significantly different (P<0.01), “Significantly different (P<0.05), ™ Not significant.
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Figure 1. Comparison of effect of interaction of seed primings and different drought stresses on time to reach
50% germination (Ts) in the rice seeds of Hashemi and Shiroodi cultivars. Values are means with standard
errors shown by vertical bars (n = 3). Numbers followed by the same letter are not significantly different

(P<0.05).
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Table 3. Comparison of the mean effect of seed priming and different treatments of drought stress on time to
reach 90% germination (Ty), final germination percentage, root and shoot lengths in the rice seeds of

Hashemi and Shiroodi cultivars.

e & Q%) sle ¥ ol sl o arady, Job ails Job
Treatment irlrior - Germination percentage Root length  Shoot length
(Too, h) (cele) (cm) (cm)
Hashemi cultivar ool o8,
Priming L5 i
Control sals 176.8ab 89.44ab 6.59ab 421b
Ascorbat 20ppm b ,sSl 129.3d 86.1ab 6.94ab 4.52b
Hydro priming e, g,0.0 160.1bc 91.7a 7.3ab 4.43b
CaCl, 20ppm gedSs I5 150.4dc 86.6ab 7.66a 5.30a
Nano 20ppm ¥+ &b 184.9a 82.7b 7.00ab 4.16b
Nano 40ppm ¥ 4l 177.8ab 91.6a 7.06ab 4.22b
Nano 80ppm A- 4l 177.8ab 82.2b 6.05b 3.48¢
OB ol il
Osmotic potential (bar)
0 151.6b 95.95a 7.34a 6.49a
-1.48 133.9¢ 92.61a 8.13a 4.71b
-4.98 210.9a 72.85b 5.36b 1.79¢
Shiroodi cultivar gsg s o8,
Priming L5 i
Control sals 180.4a 88.3a 6.11b -
Ascorbat 20ppm &l ,sSu] 150.5bc 87.7a 6.84ab -
Hydro priming e g,040 116.9d 87.7a 7.32a -
CaCl, 20ppm peedSo ,l5 128.6dc 86.6a 7.57a -
Nano 20ppm Y- &b 171.9ab 84.4a 6.18b -
Nano 40ppm ¥t 4l 176.4a 84.4a 5.10c -
Nano 80ppm A- sl 160.3ab 84.4a 7.26a -
GL) ol Jomiliy
Osmotic potential (bar)
0 138.6b 90.4a 6.79a -
-1.48 127.7b 9l.1a 6.55a -
-4.98 198.5a 77.1b 6.54a -

A3l os 0oy 8 Jlaixl e o SOl RIS S g WS pae Kl aline By >
Numbers followed by the same letter are not significantly different based on Duncan Test (P<0.05).
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Table 4. Comparison of mean effect of seed priming in different treatments of drought stress on the shoot of Shiroodi
cultivar.

Ae gl AP Yo gl POUMLINVNLY S OOV JUPIRW QL;)?S...;‘ Sl L
Nano Nano Nano CaCl, Hydro Ascorbat Control Tre; tr"nen t
80ppm 40ppm 20ppm 20ppm priming 20ppm
6.31£0.57bc  5.97+0.27bc  6.88+0.39b 8.58+0.63a 7.44+0.29b 6.32+0.49b 5.83+0.37a 0 il
(L) ol
4.17£0.36c  4.68+£0.50c  4.75£0.18¢ 5.55+0.18b 4.62+0.12¢  6.224+0.39a 4.02+0.31c¢ -1.48 Osmotic
otential
1.45+0.02¢  0.72+0.01d  0.81+0.01d 1.49+0.03¢ 2.18+0.02a 1.69+0.02b 1.24+0.04¢c -4.98 P (bar)

Al o 90 )0 B Jleiml mhans 13 S5l 503T L o cme BB pue Sily aslie By o sl o il glas oazmopylis £
+Values are means with standard errors (n = 3). Numbers followed by the same letter are not significantly

different based on Duncan Test (P<0.05).
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Abstract

The present study sought to compare the effect of seed priming by hydropriming, ascorbate and
calcium chloride (CaCl,) versus different concentrations of silver nanoparticles on two Iranian rice
cultivars (Hashemi and Shiroodi) under drought stress. The experimental design, which was
factorial, was completely randomized. The first factor was control (without primin%), hydro-
priming, 20 mg.L™ calcium chloride, 20 mg.L'1 ascorbates and 20, 40 and 80 mg.L™ of silver
nanoparticles. The second factor was the drought stress, including control, -1.48 and -4.91 bars
created by polyethylene glycol 6000 solutions. In plants without drought stress, the time required to
reach 50% germination (Tsy) reduced to 34 and 54 percent under ascorbate and CaCl, priming in
the Hashemi and Shiroodi cultivars, respectively. In the drought stress condition, ascorbate and
hydropriming pretreatments decreased Tso and the time required to reach 90% germination (To)
more than silver nanoparticles, especially in the Shiroodi cultivar. On the other hand, in
comparison with other pretreatments, CaCl, had an important role in increasing the growth factors
in all of the drought stress treatments. Although 40 mg.L" silver nanoparticles increased the growth
factors to some extent, it seems that higher levels of silver nanoparticles cause stress in seeds and
therefore decrease the seed germination and growth of seedlings. By decreasing reactive oxygen
species, Ascorbate improves the germination and by increasing plasma membrane efficiency,
CaCl, enhances the seedling growth under drought stress.

Keywords: Ascorbate, Hydro-priming, Rice cultivars of Hashemi and Shiroodi, Calcium
chloride, Silver Nanoparticles

Highlights:

1- Silver nanoparticles increased the effect of stress on the seedlings of rice cultivars.
2- Ascorbate and calcium chloride improved the germination and seedlings growth of the rice
cultivars, respectively under drought stress conditions.
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