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Extended abstract

Introduction

The researchers have been forcing to investigate and find an edible alternative high forage quality plant
that has a well-tolerated instinct against adverse environmental conditions. Alhagi, a genus of Fabaceae
is one of the most important halophyte plants in the world, as an industrial forage product used in the
near future, medicinal production and pharmaceutical use. There are many reasonable that Alhagi
plants productivity and satisfactory yield requires good seed germination and seedling establishment.
Generally, germination and seedling establishment is the most decisive stage of Alhagi plants life cycle
to environmental stress. Moderate to severe salinity stress is main abiotic causes of Alhagi plants
productivity loss at the seedling growth stage. High accumulation of Na+ and Cl- ions cause various
negative influences that impact Alhagi production, such as delays in the response of the plant to
environmental conditions, retardation of germination, growth and development, inhibition of enzymatic
activities and accumulation of some compatible osmolyte. In addition, to the salinity stress, the seed
germination, seedling establishment and total dry matter production in Alhagi plants occurs depends
on a seed priming and type of species. However, few research studies have so far investigated the impact
of different seed priming on the total dry matter production as well as some physiological responses in
Alhagi species.

Materials and methods

Two separate experiments was conducted to investigate seed priming (non-priming, hydro priming,
hormonal priming with 50 ppm gibberellin and hydro priming + hormonal priming with 50 ppm
gibberellin) and different salinity levels (urban water source with EC=0.96 dS.m-, 8 and 16 dS.m using
seawater Persian Gulf) on seed germination, dry matter and some physiological response of Alhagi
species (Alhagi maurorum Esfahan ecotype and A. graecorum Khuzestan ecotype). The first experiment
(seed germination) was carried on in the petri dish culture and second experiment (in the pot) at the
field conditions was performed under split factorial experiments were conducted based on a randomized

* Corresponding author: Majid Nabipour; E-Mail: m.nabipour@scu.ac.ir

® © 2024, The Author(s). Published by University of Birjand. This is an open-access article
distributed under the terms of the Creative Commons Attribution License

(https://creativecommons.org/licenses/by/4.0).



mailto:m.nabipour@scu.ac.ir
https://creativecommons.org/licenses/by/4.0
https://escs.birjand.ac.ir/
http://dx.doi.org/10.22077/ESCS.2023.5884.2181

AR ‘_)L._,.M_\lj AY ..\l> a‘sc‘))' f?lc o Ao <5L°u“’“ "

complete block design with four replications in Department of Plant Production and Genetics, Faculty
of Agriculture, Shahid Chamran University (Ahwaz, Iran) during 2020-21. Meanwhile, during research,
after calculating of the leaching fraction, EC of the root environment was controlled three times with an
interval of one month by preparing a saturated extract from the pot bed and only in the third sampling
was performed a leaching in the treatments of 16 dS m-, with a salinity level lower than the studied
treatment (8 ds.m).

Results and discussion

The results showed a significant effect of salinity x priming x species interaction on all studied traits
except for transpiration rate, Na and K content. In the case of transpiration rate, only the effects of
salinity and priming were significant. Mean comparison results showed that the highest amount of seed
germination, total dry matter, net photosynthesis rate, sub-stomata CO2 concentration, photosynthetic
water use efficiency and number of leaves per plant in A. graecorum Khuzestan ecotype under Non-
salinity stress and Hydro priming + Hormonal priming with 50 ppm gibberellin treatment (increased
by 29.1, 1.52, 26.8, 98.7, 15.6 and 38.8 percent respectively compared to the Non-priming and Non-
salinity stress treatment in the A. maurorum Esfahan ecotype). The highest level of mesophilic
conductance was observed in A. graecorum Khuzestan ecotype under Non-priming and 8 dS.m salinity
stress treatment (with an average of 0.492 mmol CO2.m-2.s1).

Conclusion

In this experiment, results showed significant differences in total dry weight, net photosynthesis rate,
transpiration rate, sub-stomata CO, concentration, mesophyll conductance and photosynthetic water
use efficiency between two Alhagi species at different salinity conditions using Persian Gulf water.
Indeed, dry matter and photosynthesis traits in both Alhagi species responded negatively to increasing
salinity levels and increasing of salinity up to, 8 dS m- induce the loss in physiological responses. Among
the priming treatments, the hydro priming + hormonal priming with 50 ppm gibberellin showed a more
favorable condition in the two Alhagi species in terms of the studied traits. Finally, in cultivation and
development of Alhagi species for breeding programs in saline coastal lands and for the restoration of
pastures, according to the results, A. graecorum Khuzestan ecotype under the combined treatment as
hydro priming + hormonal priming with 50 ppm gibberellin, recommended for high production.

Keywords: Halophyte plant, Hormone, Net photosynthesis rate, Priming, Transpiration rate.
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Table 1. Regional and geographical coordinates of the two species of Alhagi collected in Khuzestan and Esfahan
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Table2. Irrigation water quality (with diluting the Persian Gulf) and urban water in the cropping year 2020-21.
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Urban water (0.96) 7.39 5.63 441 7.0 8.9 11.0 8.99 0.04
8 7.58 41.0 5.69 28.6 24.1 57.5 22.3 4.12
16 7.84 95.3 7.19 61.5 57.2 199.8 179.2 30.3

o ool 9 (5594 Tk Cax iy oL (39,) azalS il lojoae ¥ Jeu
Table 3. Seedling establishment time course (day) of each Alhagi plants at each salinity and priming levels.

3y Alhagi maurorum Alhagi graecorum
Salinity (dS mt) A B C D A B C D
Control (0.96) 11 10 12 11 11 8 14 10
8 13 14 17 15 19 10 16 15
16 18 18 22 18 18 15 21 21
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A= Non-priming, B= Hydro priming, C= Hormonal priming with 50 ppm gibberellin and D= Hydro priming + Hormonal

priming with 50 ppm gibberellin.
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Table 4. Electrical conductivity of soil saturated extract (mean+SD) of Alhagi species at salinity and priming levels
during sampling stages.

SIgw Alhagi maurorum Alhagi graecorum
Salinity 10 paigai Jolye
(dS.mY)  Sampling stage

4 April ;o920 11403 1.0£0.2 1.1+0.1 1.3%0.3 13+0.1 1.1+04 1.0+0.2 1.3+0.3
Control 5May cwgms)Vo 1.3£0.2 1.7#0.2 2.1+0.1 1.8+0.4  1.4+03 1.2+05 22+0.2  1.940.2

A B C D A B C D

(0.96) 5 June sla,> V0 26205 26+0.2 3.4+03 29+05 32404 2.7+#0.7 2.8+0.3 2.4+0.5
4 April ;80 8.1+0.8 8.1+0.6 8.3+0.8 8.1+09  8.4+0.5 8.5+0.8 8.1+0.4 8.3+0.7
8 5May  caees)lV0 8.8+1.1 9.1+1.3 10.0+09 9.2#14  8.7+09 9.2+1.0 8.8+0.6 9.1+1.1

5 June slay= V0 94420 9.3+1.1 10.1+1.6 10.7#1.7 9.6+1.4 10.1+1.3 9.8+1.5 9.9£1.6
4 April 3955810 16.5+1.3 16.4+1.2 17.1+1.8 16.9+1.8 16.8+19 16.2+1.9 16.9+1.6 17.3+2.0

16 5May  cuiges)lV0 17.842.0 17.2+15 18.0+2.1 17.4+2.0 17.3+2.4 17.9+25 18.1+22 18.0+2.6
5 June oloy> V0 19.842.2 20.3+1.6 20.5+2.3 20.4+25 21.2+2.8 19.8+2.6 20.1+2.7 20.6+3.0
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A= Non-priming, B= Hydro priming, C= Hormonal priming with 50 ppm gibberellin and D= Hydro priming + Hormonal
priming with 50 ppm gibberellin.
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Table 5- Analysis of variance for the effect of seed priming on germination percentage, total dry weight and some
physiological characteristics of two Alhagi species under salinity stress (using Persian Gulf water).

a0 KW oolo v gow LR 25CO2 ol 30 LRV
SOV L) &IVl s o g8 €3 d 39) Ry
df GP TDW Pn T Ci MC
o IS 16.8 0.11 0.61 0.10 0.45 0.0013
Replication
. g 2 15252.5™ 69.61™ 605.75"  242.68™ 3287.45™ 0.1575™
Salinity (S)
Errora a s 6 24.4 0.09 0.49 8.95 12.49 0.0016
o el 3 1037.8" 18.24™ 81.55™ 29.117 1023.03™ 0.0023m
Priming (P)
, 4 49.5™ 1.03™ 4593~  7.88™ 390.83™ 0.0030"
Species (Sp)
SxP 6 141.9 0.80 3.45 2.64" 79.73 0.0085
g8 x (b . N N N
SxSp 2 118.7 2.18 15.36 0.88™ 38.91 0.0030m
Wg8 x Sowos
P x Sp 3 310.3" 0.78™ 7.59™ 2.86™ 229.15™ 0.0529™
Ag5 x Soomes] X (59
SxPxSp 6 205.0™ 0.30™ 3.14" 0.66" 30.57" 0.0054"
Error total Sk 63 16.9 0.09 1.34 4,72 6.58 0.0020
CV (%) &y gy 8.4 7.7 10.7 10.1 7.5 14.3
Table 5. Continued alol b Jous
az Sl G pae 1) Slgimo g
o b n S slus & slusd G
SOV &9l Sy gid S ol Y olax oS ]
df Pwue NOL NOT Na K
L i 3 0.0003 492.2 48.5 3.31 6.33
Replication
. Ot 2 0.6568™" 406893.0™ 98983.4™ 1397.11™ 1260.02™
Salinity (S)
Error a a s 6 0.0032 1243.1 113.5 2.06 11.91
o Sposl 3 0.0901™ 68982.0"™ 24443.6™ 31.68™ 104.47
Priming (P)
_ 4 0.0529" 11216.9”  46.2™  341.90"  160.55™
Species (Sp)
Sooal g X Sg " " "
SxP 6 0.0099 12329.3 6473.7 4.26" 1477
45; X ‘5)9.‘:’ Kk Kk Kk Kk
SxSp 2 0.0278 12185.7 4247.8 45.49 6.22"
Wg8 x Kooy yy
P x Sp 3 0.0264™ 4430.8™ 996.4" 1.87™ 79.92™
g8 x Sonsyy X (590
SxPxSp 6 0.0083" 7868.5™ 2792.1™ 5.12" 18.87™
Error total JSls 63 0.0031 582.4 370.4 5.86 16.38
CV (%) Ol g g i 11.3 9.1 11.5 12.7 15.3

ns, * and ** not significant and significant at the 0.05 and 0.01 probability levels, respectively.

GP= Germination percentage; TDW= Total dry weight; Pn= Net photosynthesis rate; T= transpiration rate; Ci= Sub-stomata
CO:2 Concentration; MC= Mesophyll conductance; Pwue= Photosynthetic water use efficiency; NOL= Number of leaves per
plant; NOT= Number of thistle per plant; Na= Sodium content and K= Potassium content.
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Table 6. Salinity (using Persian Gulf water) x priming x species interaction effects on mean (xSD) of germination, total
dry weight and some physiological characteristics in Alhagi plants.

Sog Soeos |y aigs Sidlgs duoyo 5 Sisooke i g8 s aijgy SBL1 43 CO2 oyl w0
Salinity ~ Priming Species GP TDW Pn Ci
ds. m? % R L — umol CO,.mol airt--------mmmn---
0.96 59.0+2.73e 4.1+0.58fg 12.3+0.49¢fg 40.6+1.99¢f
8 A 34.0+8.29ij 3.4+0.28hi 7.1+1.03jk 23.6+0.31Imn
16 21.3+4.81k 1.8+0.14kl 4.4+0.591 22.9+4.65mn
0.96 72.4+2.69cd 5.4+0.12c 13.940.74cde 40.9+2.51ef
8 B 40.6+2.30fgh 4.0+0.31g 13.5+0.74def 31.742.06hi
16 Alhagi 22.9+2.95k 3.2+0.25ij 7.0+0.39jk 24.624.7Im
0.96 maurorum 74.1+3.37bcd 4.9+0.53de 12.1+0.41fg 37.8+3.41fg
8 C 55.8+7.13e 2.840.12j 9.8+0.40hi 26.6+3.71jkl
16 38.6+1.62ghi 2.1+0.14k 5.8+0.55kI 24.8+1.34kim
0.96 79.3+3.92b 6.0+0.34b 15.6+1.07b 50.9+4.82c
8 D 60.4+4.06e 4.1+0.07fg 13.5+0.63def 34.6+1.28gh
16 37.9+1.65ghi 3.7+0.22gh 7.3+0.97jk 28.9+0.92ij
0.96 59.8+3.48e 4.840.16e 14.940.53bcd 31.8+1.93hi
8 A 37.6+3.55ghi 3.1+0.07ij 10.0+0.45hi 20.4+1.22n
16 31.545.95j 2.0£0.55k 4.8+3.33I 20.1+0.74n
0.96 69.7+1.42d 6.1+0.39b 16.2+0.44b 54.7+0.73b
8 B 45.3+4.41f 4.5+0.25¢ef 10.8+0.62gh 39.6+0.92¢f
16 Alhagi 34.8+2.92hij 2.9+0.44j 6.6+0.75k 28.9+0.85ij
0.96 graecorum 76.6+6.27bc 5.3%0.26cd 15.7+2.08b 45.8+1.19d
8 C 42.3+3.90fg 2.2+0.05k 11.1+0.36gh 29.6+2.37ij
16 23.4+2.81k 1.5+0.32I 5.9+0.61KI 28.4+1.15ijk
0.96 88.9+2.76a 7.3+0.32a 18.9+2.20a 63.2+1.90a
8 D 45.1+3.47f 4.9+0.08de 15.4+0.73bc 42.3+4.88de
16 24.1+5.24k 3.4+0.27hi 8.6+0.93ij 31.5+2.69hi
LSD (0.05) 5.9 0.42 1.59 3.76
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Sagd Somly &gS dgge culad (gitugtd O Gpas oS Sy olas B olas
Salinity  Priming Species MC Pwue NOL NOT
ds.m? mmol CO,.m2s? pmol COz/mmol H,O Number per plant
0.96 0.304+0.022ghi 0.549+0.032e-h 295.5+32.5f  186.1+11.6fg
8 A 0.301+0.043g-j 0.346+0.068m-p 244142789  208.7+31.1def
16 0.181+0.108n 0.266+0.073q 77.6+14.6kI 143.6+8.3ij
0.96 0.341+0.026d-g 0.575+0.058d-g 326.2+45.1ef  155.4+15.9hi
8 B 0.428+0.043bc 0.638+0.051bcd 303.1+29.0f  187.9+21.0efg
16 Alhagi 0.296+0.080g-k 0.415+0.068j-m 210.3+13.4gh 76.845.2Im
0.96 maurorum  0.323+0.037e-h 0.520+0.062fgh 374.2421.9cd  166.3+7.6ghi
8 C 0.374+0.055cde 0.432+0.035i-1 163.9+18.9i  230.1+22.0bcd
16 0.235+0.034k-n 0.31940.0560pq 111.0+14.8jk  194.9+14.0ef
0.96 0.310+0.048f-i 0.624+0.067h-e 392.9419.0bc  121.5+6.0jk
8 D 0.391+0.028cd 0.596+0.027c-f 304.8+11.1f  230.0+22.9bcd
16 0.253+0.034i-m 0.365+0.048l-0 240.1+18.3¢g 94.1+10.51
0.96 0.47040.029ab 0.642+0.062hcd 356.1+38.1de  192.8+16.1efg
8 A 0.492+0.046a 0.490+0.023hij 193.548.8hi  240.2+15.6hc
16 0.23840.021j-n 0.275+0.063qp 183.9+18.5hi 100.0+9.8kl
0.96 0.296+0.012g-k 0.655+0.061bc 376.1+23.6cd  144.5+12 4ij
8 B 0.273+0.021h-I 0.477+0.048h-k 313.9+30.4f  181.8+56.2fgh
16 Alhagi 0.22940.018Imn 0.337+0.013m-q 113.9+18.4j 90.249.4lm
0.96 graecorum  0.343+0.040d-g 0.678+0.046ab 421.7£35.7b  214.5+12.9cde
8 C 0.377+0.030cde 0.498+0.057ghi 201.5+31.3h 284.2+14.7a
16 0.20940.028mn 0.33140.047n-q 60.7£12.21 151.2+8.3i
0.96 0.30040.044g-j 0.742+0.061a 494.4+28.3a 66.3+3.3m
8 D 0.370+0.064c-f 0.672+0.070abc 350.3+26.3de  255.5+14.1b
16 0.274+0.033h-I 0.409+0.065k-n 236.9+25.2g 91.0+10.0lm
LSD (0.05) 0.063 0.079 35.7 26.3

Soasl 990 =A 35,105 0o b oo mo Sl gdaw 5o (6 )ls e MBI LSD (yg05] olsl 5 g 2 50 S iie By syl sl uSileo

(Plisst 00 Sl 050098) Sl Sl + Smalng )i =D g sl 00 el e 090590 b Svanlyy =C Sl g 00 =B
Means within each column followed by the same letter are not significantly different (P < 0.05). A= Non-priming, B= Hydro
priming, C= Hormonal priming with 50 ppm gibberellin and D= Hydro priming + Hormonal priming with 50 ppm gibberellin.
GP= Germination percentage; TDW= Total dry weight; Pn= Net photosynthesis rate; T= transpiration rate; Ci= Sub-stomata
CO2 Concentration; MC= Mesophyll Conductance; Pwue= Photosynthetic water use efficiency; NOL= Number of leaves per

plant and NOT= Number of thistle per plant.
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Fig. 1. The effect of salinity using Persian Gulf water (a) and seed priming (b) (A= Non-priming, B= Hydro priming, C=
Hormonal priming with 50 ppm gibberellin and D= Hydro priming + Hormonal priming with 50 ppm gibberellin) on
transpiration rate in Alhagi plants. Means within each column followed by the same letter are not significantly different

(P<0.05).
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