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Abstract

This study aimed to investigate the effects of salinity stress on physiological and biochemical
traits and seed yield of the Galega plant, using a randomized complete block design with three
replications in three cultivation environments (greenhouse, outdoor pot, and field) in the 2024
crop year at Urmia University. Salinity stress was applied at three levels: 0.1, 5, and 10 dS/m. The
analysis of variance showed that salinity stress had a significant effect on all studied traits. In
greenhouse conditions, salinity stress at 10 and 5 dS/m led to 45 and 38 percent decreases in
carotenoid content, and 56 and 10 percent decreases in chlorophyll b and potassium, respectively.
Also, the highest ash percentage (8.10 percent) was observed under salinity stress of 10 dS/m. In
outdoor pot conditions, salinity stress of 10 and 5 dS/m also had a significant adverse effect on
physiological traits and reduced grain yield by 29% and 4%, respectively. Under these conditions,
chlorophyll a, chlorophyll b, and potassium content decreased by 32, 24 and 60%, while
carotenoid content increased by 15% at 5 dS/m, but this increased to 19% when salinity stress
increased to 10 dS/m. Under field conditions, salinity stress of 10 and 5 dS/m reduced chlorophyll
a, potassium, and relative leaf water content by (35 and 8%), (48 and 20%) and (21 and 14%),
respectively, compared to conditions without salinity stress. Salinity stress of 10 dS/m decreased
the chlorophyll index by 9% compared to the control. Salinity stress of 5 dS/m increased
carotenoid content by 12% compared to the control, but at 10 dS/m, carotenoid content increased
by 45% compared to the non-salinity stress condition. Salinity stress of 10 and 5 dS/m increased
proline content, sodium percentage, electrolyte leakage, and internal leaf temperature by (68 and
59%), (83 and 56%), (6 and 6%) and (23 and 9%), respectively, in field conditions compared to
the non-salinity stress condition. The results for field conditions also showed that salinity stress
at 10 and 5 dS/m decreased grain yield by 78% and 67%, respectively. Also, cultivation of Galega
under field conditions yielded the highest grain yield (2.98 g/plant), while cultivation in open-air
pots yielded the lowest (2.13 g/plant). Considering these results, it is suggested that farmers use
lower salinity levels (about 5 dS/m) to cultivate Galega to minimize the negative effects of salt
stress. These salinity levels maintain higher chlorophyll and carotenoid levels in the plant, thereby
improving grain yield.
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Introduction

Soil salinity is a major abiotic stressor threatening global food security and sustainable crop production (Munns
& Tester, 2008). It causes osmotic stress, ionic toxicity, and nutritional imbalances. In this context, identifying
tolerant species and optimizing cultivation management are key research priorities. Medicinal plants such as
Galega are promising candidates for cultivation under marginal conditions, as environmental stresses can
stimulate the production of valuable secondary metabolites (Selmar & Kleinwéachter, 2013). Galega is known
for its antidiabetic compounds, such as galegine, and a spectrum of bioactive secondary metabolites with
antioxidant potential (Jung et al., 2006; Karakas et al., 2016). However, its agronomic responses to salinity
stress remain poorly understood. Plant responses to salinity are complex and can be significantly modulated
by the growing environment. Controlled environments, such as greenhouses, offer regulated conditions,
whereas field conditions expose plants to a broader range of interacting stressors (Eslami, 2015; Ramos-Lépez
et al., 2020). This study was designed to address this knowledge gap. The primary objective was to
comprehensively evaluate the physiological, biochemical, and yield responses of Galega to varying salinity
levels across three distinct cultivation systems (greenhouse, outdoor pot, and field). We hypothesized that (1)
salinity stress would severely impair photosynthetic pigments and grain yield while inducing osmotic and ionic
adjustment mechanisms, and (2) the cultivation environment would significantly modulate the intensity of
these responses, with field conditions presenting the most significant challenge due to multi-stress interactions.

Materials and Methods

This study was conducted as a two-factor experiment (salinity and cultivation environment) in a randomized
complete block design with three replications. Salinity treatments included three levels (0.1, 5, and 10 dS/m),
and cultivation environments included a greenhouse (controlled conditions), outdoor pots (imposed root
restriction), and field plots. Salinity stress was applied incrementally after plant establishment, with root zone
salinity managed through periodic leaching. Measured traits included photosynthetic pigments (following
Arnon, 1949; Lichtenthaler, 1987), free proline (Bates et al., 1973), electrolyte leakage, sodium and potassium
ion concentrations, physiological parameters (relative leaf water content, chlorophyll index, leaf temperature),
and grain yield. Soil properties were also analyzed before and after the experiment. Data were analyzed using
analysis of variance in SAS, with mean comparisons performed using Tukey's HSD test at the 5% significance
level.

Results and Discussion

Salinity stress significantly affected all physiological, biochemical, and yield traits of Galega, with severity
dependent on the environment. Under non-saline conditions, field cultivation yielded the best performance at
2.98 g per plant (Ramos-Loépez et al., 2020). However, under salinity stress, the field yield sharply declined
(78% at 10 dS/m). In contrast, outdoor pot culture at moderate salinity (5 dS/m) showed only a 4% vyield
reduction, indicating relative tolerance. The greenhouse was unsuitable for successful production under stress
due to pollination issues. Biochemically, chlorophyll a and b content decreased across all environments, with
the most severe decline observed in the field at the highest salinity level, attributed to destabilization of the
pigment-protein complex, increased chlorophyllase activity, and oxidative damage (Bistgani et al., 2019;
Heidari, 2012). Carotenoid content increased at moderate salinity in both field and pot conditions (Rizwan et
al., 2015) but decreased under severe salinity in the field. Proline accumulation increased as a universal salinity
response, confirming its important role as an osmoprotectant and signaling molecule (Alvarez et al., 2022;
Arteaga et al., 2020). Salinity disrupted ion balance by dramatically increasing sodium and decreasing
potassium (Parihar et al., 2015). Potted plants maintained better K* /Na* balance at moderate salinity.
Electrolyte leakage increased, and relative water content decreased, indicating membrane damage and osmotic
stress. Internal leaf temperature likely increased due to stomatal closure. Overall, the cultivation environment
profoundly influences adaptive responses to salinity.

Conclusion

This research demonstrated that the choice of cultivation method defines the salinity tolerance strategy of
Galega officinalis. For maximum yield under non-saline conditions, open-field cultivation is the best option.
In contrast, when exposed to moderately saline water (~5 dS/m), outdoor pot culture exhibits greater resilience,
maintaining ionic balance and antioxidant activity. If the goal is to enhance secondary medicinal compounds,
applying moderate to severe salinity stress in the field can serve as an effective elicitor. Finally, standard
greenhouse cultivation is not recommended for grain production under salinity stress.
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Figure 1- Ambrothermic curve of region during the stages of plant growth in the field
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Figure 2- Planting Galega in three different growing environments: greenhouse, outdoor pot, and field pot
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Table 2- Some physicochemical properties of the soil at the test site after harvesting

Outdoor pot Field Greenhouse
10 5 0.1 10 5 0.1 10 5 0.1 Salinity
1.06 0.74 041 0.97 0.75 0.40 1.25 0.64 0.39 Na (Meq L?)
63.2 35.6 10.4 49.8 32.2 4 56.6 21.2 5.4 Cl (Meq LY
10.48 6.21 2.34 9.21 4.95 0.66 9.51 6.82 2.54 EC (dS m?)

8.21 7.99 6.94 7.81 7.88 791 7.92 8.21 8.09 pH




\Fo¥ ¢¢)Q{)M&lﬁ§)uacﬁmduauﬂ:f&j()l&

AV

Pl

28 650 4 I (2 londion 9 0 990 3 Gl
Ll ol g8 Jamo

PRTSTE RN R S g P PR A
Ol SIS Lol 3 53 glesd gy 5 $K54 0 58 Sliv
55 Slgme b J35 IS 2 6550 A5 DI STl
R O E (g Sl S Ao
A3l Ol o Klke dwslie (¥ Jsda) 54 ls ne
Oaks Loyl 15 L aes e )5 20y petay o3 0 5Vt (5555
23 (XA 5 F0) Oljaeas 1) A 535,87 (sl somn () 5 A5
Olges cptie (F Jgda) sy [2alS alS Lyl
Soss A5 Ok Ll 53 el doss 5 D f3, IS
SRS DTS- St SCIN T o [ VA CIR
ST el o3 5D SIS Ol e e
F Jgd) 55 g (ools sms 2alS /N e 507 Ol uea
Sosh B Ll s s (LAY ST do s o iy
0 5V Gosdh A5 b odalin e p ey gwd Ve
Goss M5 Oak Ll i b aslas 53 ey eday s
00 5AD) Ol et o Fas |y s o3 5 (s S 5oes
(F Jada) sls 153 68 Lol 5 55 (1 FF 500) 5 €
5 BIE oS S Lol 3 55 ¢ ol b bl
(s y (o5 AllE) il dl o 4 olS llS J51s
il Jos 4l Cugby 5 ol sl 4 5 L U
e 5 S5 55 (5 sl o s 5 A plal s
2oy e V0 Sosh A s b Ks Ole 4
ot ol 93 L K ulg oS s oS w2

Azils dy adl

Olio (g w0 il

S b D s a g5l Gl pledds Dliv
Lichtenthaler 25, L Lus 45,8 (Arnon (1949)
cJls Bates et al. (1973) 5o, L s, «(1987)
2,2- diphenyl-1-) DPPH s, L  glaus| =T
5 (Brand-Williams et al., 1995) (picrylhydrazyl
Seyed Sharifi & Gholinezhad 5, ~S= dp)s
A 8511 (2022)

Gl o8 Loy oty 5 s Ol I gikee e
RV RERR S RF PR ]

Baietal. iy, L oy S oii i S5dp i Sliw
Wikenz & _ps, b S, O (o slse (1996)
Jos AL ey b Jéy IS esLs (Norfolk, (2010)
sbos 5 (015 5528 MINOLTAB02 Jube ¢ sws yoo
A3 6 S o310 o gole iles 1) &5y Sl

VY 55 05T 53 aals ¢ olS Sy 51 oo 1ails 3 Shes
s g oS Celw FA Sode 51 S sl 4 53

ST ks § 4 350
r\:u\*,\ s SAS )‘ﬁ‘rj ‘hwj}' \Aa:\:J:.l;u")A.ifJ
O Jlazml o 55 (S5 0g05T b Sl amlia

S8 Ll 3 55 gl g 5 SK5 g 58 Slhos (5558 35 Cakibea - gla S -F J g
Table 3- Effect of different levels of salinity stress on physiological and biochemical traits under greenhouse conditions

S.0v df  Antioxidant activity =~ Chlorophylla  Chlorophyll b Proline Ash Carotenoids
Block 2 35.02 ™ 512" 0.108 "™ 754.33 ™ 135" 216.01™
Salinity stress 2 130.71 ™ 149" 255" 3621561.33 ™ 0.90" 1120.89 "
Experimental error 4 132.37 1.06 0.079 757.66 0.15 167.73
C.V (%) - 20.56 23.39 12.33 2.25 5.10 22.50

3 gma 8 910 LN Ju::-\cla.ﬂ,;)l;suu el S ans g * O

** *and ns: significant at 1%, 5% and non-significant probability levels, respectively.
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Continuous Table 3
df Relative
SOV Na K Electrolyte Chl_orophyll Internal leaf water
leakage index temperature
content
Block 2 39900.77" 13564668.11" 8.30™ 62.75™ 0.089 " 0.43m™
Salinity stress 2 1018640.11 ™ 1624184.11 " 33.19™ 17.33™ 112 46.20 ™
EXpeerr'r';‘fma' 4 55935.11 377633.94 6.92 12.50 0.62 9.83
C.V %) 15.02 11.50 2.87 10.00 3.60 3.48

N3sima i 30 LY Jloz o 53 3 sime S i 4 S 5%

** * and ns: significant at 1%, 5% and non-significant probability levels, respectively.
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Table 4- Mean comparison of different levels of salinity stress on physiological and biochemical traits under greenhouse conditions

Treatment

g Chlorophyll b Carotenoids Ash Proline Na K
Salinity stress
y (mg/L) (mglkg) (%) (ppm) (mg/kg) (mg/kg)
(ds/m)
0.1 2.79a 79.57 a 7.06a 36.8¢ 945hb 519.9a
5 2.83a 49.63a 791a 82.00b 168.2a 614.0a
10 1.21b 4342 a 8.10a 2459 a 209.5a 469.0 a

NGV NWEREY cla.a,suf,:oy;TwLﬂ\ﬂ)u@qu,‘.l.@&‘meS;:“afeiidl,l;uu\,\,.o,:.uﬁ,gfduai;p
Means in each column followed by similar letter(s) are not significantly different at 5% probability levels using Tukey test.
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Table 5- Effect of different levels of salinity stress on physiological and biochemical traits under outdoor pots conditions
Ash Carotenoids

S.0v df  Antioxidant activity =~ Chlorophylla  Chlorophyll b Proline
Block 2 29.85 ™ 0.29 " 0.028 " 22537.00 ™ 0.17" 27.47 "™
Salinity stress 2 7.48" 1.90 ™ 0.40™ 3268566.33 ™ 0.50" 543.14 ™
Experimental error 4 34.23 0.097 0.0036 359.33 0.64 37.91
C.V (%) - 8.62 7.60 244 1.24 8.21 8.38

s gnn b 570 LY Jlazl o 53 513 gme SN 33 NS 5% O
** *and ns: significant at 1%, 5% and non-significant probability levels, respectively.

o J)J:- 45|
Continuous Table 5
Relative
SOV df Na K Electrolyte ChI_orophyII Internal leaf water Grain yield
leakage index temperature
content
Block 2 253156.00 " 5885534.78 ™ 0.16 " 131.00 ™ 461" 38.13™ 0.046 ™
Salinity stress 2 26245429.00 ™ 10589771.44 " 16.48 " 298.59 " 0.99 ™ 312.29" 0.27™
Eszrr'rrgf”ta' 4 296246.5 1504425.44 152 161.64 5.48 39.85 0.0037
C.V (%) - 12.07 16.39 1.30 22.95 7.74 7.58 2.87

)b‘f:uj:;}/a WA Jb‘&.ﬂ)))‘)&ﬁ;}%‘%}an)*‘*"

** *and ns: significant at 1%, 5% and non-significant probability levels, respectively.
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Table 6- Mean comparison of different levels of salinity stress on physiological and biochemical traits under outdoor pots conditions

Treatment . . Electrolyte  Relative water Grain
o Chlorophylla  Chlorophyll b Carotenoids Proline Na .
Salinity stress - - (my/kg) (opm) (moka)  (my/kg) leakage content yield
m m m m m m

(ds/m) ¢ 9 9 PP 9 9 (%) (%) (g/plant)
0.1 476a 2.88a 73.77 ab 53.60c¢ 146 ¢ 897a 91.86 b 94.39a 2.35a

5 432a 240D 86.67 a 141.00 b 468 b 810 ab 94.11 ab 81.06 ab 2.26a

10 3.22b 2.16¢ 59.77b 2616a 737a 537b 96.54a 74.35b 1.79b

Means in each column followed by similar letter(s) are not significantly different at 5% probability levels using Tukey test.
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Table 7- Effect of different levels of salinity stress on physiological and biochemical traits under field conditions

S.0.v df Antioxidant activity Chlorophyll a Chlorophyll b Proline Ash Carotenoids
Block 2 3.33m™ 0.55"™ 0.17m™ 5098.77 135" 42.90™
Salinity stress 2 6.79™ 1.49™ 0.68™ 492203.44 ™ 08" 1248.93 ™
Experimental error 4 19.60 0.11 0.14 213.11 0.93 16.53
C.V (%) - 5.07 10.00 18.20 1.78 9.97 6.88

)‘:@Aﬁ&j/bn/\ Jw‘de‘ujéj‘éwdw‘%jﬁnSj*c**

** *and ns: significant at 1%, 5% and non-significant probability levels, respectively.

V J sl anls

Continuous Table 7

5.0V df Na K Electrolyte Chl_orophyll Internal leaf Relative water Grain yield
leakage index temperature content
Block 2 22710.33™ 133095.44 ™ 0.24 ™ 17.37™ 151™ 4,78 ™ 0.035™
Salinity stress 2 1061778533 2266735878 5 o7 140.88" 4640 17532 1827
Experimental error 4 72096.17 359845.44 2.65 14.58 0.74 9.53 0.07
C.V (%) - 9.67 6.83 1.71 6.18 3.04 3.48 9.40

3 g 8 510 Y Il c}a.njb Sl gme OVl s 5 ayns g * KF
** *and ns: significant at 1%, 5% and non-significant probability levels, respectively.

o5 Ll 53 glasdig 5 65050 Dlio s (658 A5 ST ke duslis A sl

Table 8- Mean comparison of different levels of salinity stress on physiological and biochemical traits under field conditions

Treatment Internal Relative )
. . . Electrolyte  Chlorophyll rain
Salinity Chlorophylla  Carotenoids  Proline Na . leaf water .
leakage index yield
stress (mg/L) (mg/kg) (ppm) (mg/kg)  (mg/kg) temperature  content
(%) (%) (9/plant)
(ds/m) (0 (%)
0.1 3.88a 66.16 a 37.2c 89.10 ¢ 1136 a 91.39b 60.93 ab 25.05b 95.57 a 58la
5 356a 74.99 a 91.7b  202.00b 906 b 97.13a 68.96 a 27.56 b 90.06 a 1.89b
116.4 589.7
10 2.53b 36.07b 541.40 a 97.40a 55.33b 3276 a 80.47Db 1.25b

PRV NS cb.szu’f}? Qy}TwLw\ﬁJl:@uJ)h;él.\élégmgjﬂan&Lgblsulélb g}:.u,»ﬁaf&u&isp
Means in each column followed by similar letter(s) are not significantly different at 5% probability levels using Tukey test.
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