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Avrticle Info ABSTRACT
Avrticle type: Background and objectives: Increasing water and soil salinity and the
Research Full Paper damage caused by it on plant products make it necessary to investigate the

effects of salinity on crops. Studying the physiological traits changes under
stress conditions is a suitable method for identifying the factors that affect
crop tolerance to salinity stress and selecting tolerant cultivars.

Materials and methods: A factorial experiment was conducted based on a
Avrticle history: randomized complete block design with three replications in the research
Received: 2023-12-29  greenhouse of the faculty of Plant Production, Gorgan University of
Accepted: 2023-11-11  Agricultural Sciences and Natural. Experiment factors included the applying
four salinity levels with Hoagland solution (no application of salinity as
control, application of 30, 60, and 80 mM NaCl) and different soybean
cultivars (Hill, LBK, BP, Hog, Deer, Gorgan 3, Sahr, Hobbit, Williams, JK,
and LWK). In this experiment, soybean seeds were inoculated with
Rhizobium japonicum bacteria and planted in pots containing sand. The

Keywords: irrigation was done by distilled water from the planting until the appearance
Na*/K" ratio of the main leaf, and after that, Hoagland's solution (without nitrogen)
Nitrogen continued. Seedlings were harvested after 60 days and Na+ and K+
Proline percentage, Na+/K+ ratio, proline, nitrogen percentage, nitrogen yield, and
Salt Stress total dry weight were measured. Analysis of variance and comparison of the
Soybean means (LSD test) was done by the SAS software (version v9).

Results: The results show that with increasing the salinity, sodium
percentage, Na*/K" ratio, and proline amount increased and total dry weight,
potassium percentage, and nitrogen yield decreased. Deer cultivar with the
highest percentage of nitrogen at the levels of 0, 30, 60, and mM NaCl and
the lowest percentage of nitrogen reduction (28%) have the lowest total dry
weight reduction (54%) from the control treatment to the 80 mM treatment.
Hag cultivar have the lowest increase in sodium percentage and the lowest
percentage decrease in potassium absorption and the lowest Na*/K" ratio
compared to other varieties. LWK, LBK, and Sahar cultivars had the lowest
tolerance to salinity with the highest amount of sodium accumulation, the
highest Na+/K+ ratio, and low production of proline, and dry matter. The
results of correlation coefficients showed that there was the most positive
and significant correlation between total dry weight and potassium
percentage (0.904**) and nitrogen percentage (0.902*%*).
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Conclusion: According to the obtained results, it seems that the tolerant
cultivars deal with salinity stress with mechanisms such as more potassium
absorption and osmotic potential regulation. Among the investigated
cultivars and according to the measured indicators, the Deer cultivar was
recognized as a tolerant cultivar and can be used for cultivation in saline
lands and the Hag cultivar can be used in breeding programs.

Cite this article: Rostami hir, M., Galeshi, S., Soltani, A., Zeinali, E. 2024. Effect of NaCl salinity
stress on accumulation of Na+, K+, N and proline amino acid in soybean cultivars. Crop
Production Journal, 17 (1), 19-38.
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Table 1. Analysis of Variance and mean squares in evaluated traits

Slag o :Sks
S b e Mean of squares
5 e S Sis 0
Natinos g e e T s Sapagle S ot
Na% K% r N% YN Proline  romldry
Na/K weight
S "
s 2 0.0369  0.11089  0.159 0.0158 01776  1.45x10° 0.02051
Block
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ONET a0 017" 0.0477°° 1819 0.1453%  1121%° 447x10°°  2287°
Salinity x Variety
ot sl 4.62x10°
e 86 0.0676  0.0045  0.2450 0.00717 0.6455  4.62x 0.006932
rror
Ol s o
(o)t e 7.07 6.39 3.00 3.84 6.12 2.26 4.92
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il e slame b 5 o pn Koo ys gy Jlatl e s (gola s S S NS 5

*,** and ns are significant at a probability level of 5%, 1% and non-significant, respectively
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Table 2- Comparison of Means of Varietyx Salinity interaction in evaluated traits

2 p Sk s

Cogs pEp (CESHRERW (A 33) ol (St aslo ¢ (Ao y3) &5 %8 u()fﬁ” 6
Salinity (MM)  Variety Na (%) K (%) Proline N (%) pagt o
(mg g-1Fw) g per plant

- 0.431° 5,644 0.001" 3.005™ 750"

LB.K 1.200™ 4.308' 0.00069°" 2.896%% 5.107°

B.P 1.285™ 5.009° 0.00056" 2.690° 7.309°

St 1.801° 6.704° 0.0007° 3.160° 8.509°

s 0.902 6.03% 0.00096° 3.075%c 9.23°

Al Yo 1.091° 5.992° 0.00084° 2.855" 8.580%

Control o 1.458%° 5.604% 0.00063° 2.620" 6.804°

R 1.606™ 6.364 0.00074° 2.865" 8.193"

ey 1,046 6.608 0.00065 2.985° 8.161%*

JK 1,589 ® 5.506° 0.00066" 2.860° 8.670°

LW.K 1,508 5,755 0.00052 3.100” 8.075%

™ 1.060° 3.696™" 0.00113" 2,587 5.508™

LB.K 2.619” 3.223° 0.000823°" 2.71% 3.646'

B.P 2.750° 3.398° 0.000843° 2.29" 4.643°

S 3.302%° 5.507" 0.000853° 2.795° 6.065

S Uy e T s 1.633° 4.568° 0.00107° 2.730% 6.255"

e Yo 3.397%° 4.588° 0.00098° 2.62° 5.571%

30 723 15% 77 2.225¢ 4.318°

. — 3.723 3.615 0.000 225 318

TR 2.559" 4.324°° 0.000873" 2.20° 4,960

ey 2.617% 3.723%¢ 0.000863" 2.53% 4.210°

JK 3.765° 4.475° 0.000793" 24257 4.292¢

LW.K 3.699° 4.408" 0.00069" 2.785° 5,124

™ 2.924° 2.8005" 0.0013" 1.90% 3.209°

LB.K 5.482° 2,169 0.00097° 2.29” 2.0297

B.P 4.116° 2,068 0.00096° 1,815 1.343°

S dp e S 4.279° 4.094° 0.00098° 2,025 2.554d°

" s 4.117° 2,292 0.00121° 2.505" 4.686"

60 Yol 4.185° 2,600 0.00112° 2.445° 3.740°

mM NaCl — 5.529° 2.004% 0.00091° 1.92° 2.463%

TR 4.442% 2.79% 0.0011° 1,635 2.427°

ey 4.441% 2,506 0.001° 1.36° 1,604
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80 — 6.548 ® 0.990° 0.00103° 1.095de 0.608"
mM NaCl cola 6.691% 1.056° 0.00117° 0.95¢ 0.796°
s 5.577° 0.896° 0.00109° 0.845° 0.646"

1K 6.262% 1.250% 0.00119° 1.48 1,559

LW.K 6.676 ® 0.872° 0.00099° 1.090% 0.369g

I el (9l e DM 10 Szl el ) LSD &30 bl cdioan S e G G 53 a5 ol Sl Oyt 8 53
In each column, means with similar letter are not significantly different based on the LSD test at 5% probability
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Table 3. Correlation coefficients of measured traits
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e SV slaclale sy s 4 550 Ll 5 5o
3555 Slp ey b ol bl 5 s e o

gt Gl O 53 (nl 05 Al e J sk S5

ol (5 S5l Slio Kiues ol o -V Jsdr

Traits cles Na K Na/K N Wg YN PRO
Na e 1
K by -0.875” 1

Na/K el 4 b S 0.847™ -0.828" 1

N 0335 -0.824"  0.856" -0.789™ 1

Wg J5 s 055 -0.884"  0.904™ -0.760"  0.8497 1

YN 0357 3,8 des -0.886"  0.9297 -0.742”  0.9027 0.980" 1

PRO ATy 0.543"  -0.701" 0.554™ -0.559™  -0.586"  -0.586" 1

M)JN_QJ@JL@'?!CLM):)!:&MUHQ;MJ‘.&%;@ezeezej.

* ns

ns, * and **: Not significant, significant at 5% and 1% probability levels, respectively.
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Figure 2- Comparison of Means of Varietyx Salinity interaction in total dry weight per plant
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