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Effect of sodium nitroprusside priming on seed germination indices and
seedling biochemical traits in rice (Oryza sativa) under salinity stress
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Extended abstract

Introduction: Salinity is the most significant environmental stress that limits plant productivity by
affecting morphology, physiology, and biochemistry of plants, especially in semi-arid and arid regions.
Salinity disrupts and eventually delays seedling growth by delaying seed germination and reducing the
germination rate. Seed priming stands out as a quick, easy, low-cost, and effective strategy for improving
germination, seedling growth parameters, and overall plant defense against abiotic stresses in many crops. It
is defined as the pre-sowing seed treatment during which seeds are immersed in water or chemical solutions
and are dry until further use. The aim of this study was to assess the effect of priming with sodium
nitroprusside on germination indices and biochemical traits in rice seedlings under salinity stress.

Materials and Methods: This experiment was conducted as a factorial based on a completely
randomized design with three replications at the University of Mohaghegh Ardabili in 2023. Experimental
treatments included four salinity levels (0, 50, 100, and 150 mM) and three levels of sodium nitroprusside (0,
40, and 80 pM).

Results: The results showed that salinity reduced germination and growth indicators including mean daily
germination (MDG), germination coefficient (GC), allometric coefficient (AC), radicle length (RL), pedicel
length (PL) and seedling length (SL), as well as radicle and pedicel fresh and dry weight (RFW, PFW, RDW
and PDW), but seed pretreatment with different levels of sodium nitroprusside, especially the level of 80 uM,
improved these traits. Salinity reduced the seedling moisture percentage (SMP), so that the highest SMP
(70.13%) was observed in the control treatment. The highest daily germination rate (DGR) and
malondialdehyde content (MDA) were observed at a salinity of 150 mM. Priming decreased DGS and MDA,
so that the lowest DGS (0.08) and MDA (0.159 mM g! FW) were obtained in priming with 80 pM sodium
nitroprusside. Also, salinity decreased the activity of the a-amylase enzyme, so the lowest a-amylase activity
(7.93 mg g'' FW seed) was obtained in the control (distilled water) and at a salinity of 150 mM.

Conclusions: The results showed that seed treatment with sodium nitroprusside at 80 pM is the most
effective method to improve rice germination and biochemical traits under salinity stress. It can reduce the
harmful effects of salinity on some traits in rice seedlings and improve seedling growth.

Keywords: a-Amylase, Hydropriming, Malondialdehyde, Seedling moisture percentage, Sodium chloride
Highlights:
1. Seed priming using sodium nitroprusside improved the germination indices of rice seeds under
salinity.
2. Priming with sodium nitroprusside decreased MDA content and increased 0i-amylase activity.

3. The concentration of 80 pM sodium nitroprusside showed a better effect on germination indices and
biochemical characteristics.
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Table 1. Analysis of variance for the effect of sodium nitroprusside and salinity on germination indices in rice seedling

CV (%)

Mean of square ol yo (1Sl
— az0® Jeb - . Sl 39 Sl 39
i galio &sl51 i, T alidsb azalegojy axad Fois o ailn s
D.F i Radicle Seedling Plumule Radicle fresh N L it
o Plumul yop0¢h length fresh weight weight Plumule Radicle dry
e length dry weight  weight
Sodium nitroprusside 2 53.961 2844.527 3677.750 27.376 2088.077 5.714 201.385
(SNP)
Sagt 3 73.927"  1324.592™  2023.890™" 47.541™ 1488.273™ 21.502™ 44.497"
Salinity (S)
S 5 Sl g el ek 6 0.764" 15.787" 22.326" 0.218m™ 83.037" 0.640™ 0.064"
SNPxS
Uas
22 1.183 6.436 8.254 0.577 11.106 0.164 0.395
Error (E)
(32)9) lyeadd o2 8.24 4381 435 6.73 7.65 9.29 5.25
CV (%)
Table 1. Continued asll ) Jgus
Mean of square &le po (3Kl
Mean_ dal_ly Daily germination @ Amylase MDA
germination rate
Nl g 7 mackes - . " -
Sodium nitroprusside 2 2.553 0.00011128 19.730 0.067836
(SNP)
Sagt 3 18.368™ 0.00094452™ 345.887 " 0.04191™
Salinity (S)
S35 5 wlbgng el ke 6 0.365™ 0.000024 10" 5.491™ 0.001306™
SNPxS
s
22 0.306 0.00002010 0.632 0.000965
Error (E)
(30,3) Syl v 2 4.5 5.40 5.44 13.09
CV (%)
Table 1. Continued aalol ) Jogus
o oo Mean of square Olay o (5255l
S gle sol5T azalS Cugb; do o Filer e kgl oo Syl e (il
S.0.V D.F Seedling moisture Germination Allometric Mean germination
"7 percentage coefficient coefficient time
Sodium nitroprusside 2 23.738™ 166119.444 3.903 0.01910290
(SNP)
Sagt 3 66.573™ 377558.333™ 0.029s 0.05922708
Salinity (S)
S5 5 by g el ke 6 21.256™ 27719.444™ 0.069" 0.00292324™
SNPxS
Uas-
22 11.356 1061.869 0.144 0.00051172
Error (E)
(22)9) Syl ey 4.82 6.19 9.60 10.22

leN 5ol d Jliol mhaw jo s g g lo pire i o) A o as
ns, * and ** indicating not significant, and significant at 5 and 1 percent probability levels, respectively.
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Table 2. Mean comparison for the effect of sodium nitroprusside on germination indices in rice

¥ L Sile
2o 039 L L oSk ey o
L - J?J‘ azaile S 59 . ":ﬂ ‘5;),4_“5? s W5Ja) Qo0 RWRVIPN u?‘lLa
2lusg 9 s . T oy Gy &34l c ¢ )
(Y 905,50) - (e ' ;) Allometri s, aly, WU ﬁ; )JJ%‘}“
o g Plumule Plumule () c Mean Dail Seedling (SI5T)
B length fresh  Radicledry  coefficie daily arty. moisture Malondialdehyde
nitroprusside (mm) weight weight (g) nt germinati germination percentage (mM g FW)
(uM) (2) on rate
0 1143°¢ 9.96 ¢ 7.92¢ 3.37¢ 11.73° 0.086 # 68.65 # 0.31¢#
40 12.61° 10.99° 11.87° 3.98° 12.27¢% 0.083% 69.49 ¢ 0.24°
80 15552 12932 16.112 4512 12.64* 0.080° 71.39* 0.16 ¢

ool B0 S Jleisl e jo jle s gl saias LiS gt o 0 Dglaie Gy >
Different letters in each column indicate a significant difference at 1% probability level.

@ﬁ)oo..\.i) asJlao QL&"‘&SS) 6)9~,.wai>l..n Muﬁ Y J,.\q

Table 3. Mean comparison for the effect of Salinity on studied traits in Rice
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