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Abstract

Introduction: Salinity stress is one of the most important environmental challenges that is increasingly
felt, especially in arid and semi-arid regions of the world. Different plants respond differently to salinity,
and understanding these responses can help improve agricultural practices and increase plant resilience.
Galega (Galega officinalis L.) is an herbaceous perennial plant belonging to the family Lepidaceae. Its
aerial part contains a set of substances that lower blood sugar and this plant is used as an antidiabetic. In
addition to agricultural applications, Galega also has medicinal properties. In traditional medicine, it is
used to treat various diseases including diabetes, digestive problems, and inflammation. Galega, as a
valuable source of protein and fodder, has been considered due to its morphological and functional
characteristics under adverse environmental conditions. This study was conducted to investigate the
responses of the yield and yield components of Galega to salinity stress treatment and different planting
methods.

Materials and methods: This experiment was conducted in a randomized complete block design with
three replications in three cultivation environments (greenhouse, regular pot in the open air and large pot
in the field) in 2023 crop year at Urmia University. Salinity stress was at three levels, 0.1 (control), 5 and
10 dS/m. Various agronomic traits such as grain yield, morphological traits, sodium, potassium and
proline were measured. Statistical analysis of the data was performed using SAS software (version 9.1)
and MATATC and comparison of means was also performed using the LSD test at a 5% error probability
level. For data obtained through counting (number of secondary and main branches), square root
transformation was performed using SPSS software (version 16) and then mean comparison was
performed.

Results: Salinity stress in all three cultivation conditions caused a reduction in plant height, number of
secondary and main branches, biomass, yield, yield components and leaf potassium and an increase in
proline and sodium content compared to the control. In the greenhouse conditions, the plants did not enter
the reproductive stage. The highest plant height (71.66 cm) and weight of 1000 seeds (5.37 g) were
obtained in field at control plants and the lowest plant height (31.64 cm) and weight of 1000 seeds (4.33 g)
were obtained in outdoor pot at the salinity of 10 dS/m. Galga field cultivation produced the highest seed
yield (5.82 g per plant) and outdoor pot cultivation produced the lowest seed yield (2.35 g per plant) in no-
salt conditions.
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Conclusion: The comparison between salinity stress treatments showed that Galga pot cultivation in
outdoor at salinity of 5 and 10 dS/m produced the maximum yield and also due to the superiority of water
consumption efficiency based on seed yield, this cultivation method is recommended for saline conditions.

Keywords: Galega, Pot culture, Salinity, Water use efficiency, Yield components.
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Figure 1- Planting Galega in three different growing environments: greenhouse, outdoor pot, and field pot
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Table 1- Meteorological information for the year 2024 at the location of the experiment

April  May June July August September October November December

(o) slale S50 97 488 9 1.3 0.7 0 3.1 21.6 1
Precipitation (mm)

Groshee) ailals s 70.2 168.6 2175 2723 283 204.9 96.6 41.7 2
Monthly Evaporation (mm)

Slabe 5T Sl g geme 223.7 268.1 287.2 359.8 3418 329.1 230.4 193.2 192.4
Monthly Total Sunshine Hours

(1) s s gby e Kiln 48 44 41 39 31.8 38 50 54 54

Average Relative Humidity (%)
(1 B 5l) alabe les o SKila 12 16 22 26 27.8 23

Average Monthly Temperature (°C)

17 13 7
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Table 2- Some physicochemical properties of the soil at the test site before planting

Zn Fe K P OC  CaCos pH EC PWP  FC Bulk sand silt clay Soil
mg/kg) (mg/kg)  (mg/kg)  (mg/kg) (%) (%) (ds/m) (%) (%) density (%) (%) (%) texture
( (g/em?)
0.76 152 385 1320 145 564 7.84 0.59 13 27 135 335 275 39 Loya?lay
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Table 3- 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 0.41 0.97 0.75 0.40 1.25 0.64 0.39 Na (Meq L)
63.2 35.6 104 49.8 32.2 4 56.6 21.2 5.4 Cl (Meq L™

10.48 6.21 2.34 9.21 4.95 0.66 9.51 6.82 2.54 EC (dSm™)
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Table 4- Variance Analysis and mean comparison, the effect of different levels of salinity stress on some morpho-physiological traits of Galega in greenhouse

conditions
i s PR gl o ala sl ol als sl 5 Shas a1 Asn S ) ) el
S.0.V @3l Sy ks gy hids ks gy LS P s (2 ) s eSHS 2SS 4o S
df -5l Number of Number of main s e 5) Y Proline (K (et 03
) branches branches square : : - (ppm)
(e square root root transformation BIOIiz?(chal (e ’;‘f (vrcgi/kr?t ;( (r;nNg/ik% t
Plant  transformation ( ylam.l) Biomass (@ry weig @ry weig
height gp water use
(cm) efficiency
@m?)
Sk Block 2 83.87™ 0.21"™ 0.038 "™ 60.63 "™ 284.04 ™ 7.54™ 399.00 ™ 13564.68 "™
i Salinity stress 2 10.72 "™ 10.23 " 013" 190.22 " 891.20 " 36215.61  10186.40 ™  16241.84"™
Soss
sl Experimental 4 18.37 0.206 0.0098 15.88 74.45 7.57 559.35 3776.33
, error
AN
> CV (%) 6.61 8.91 6.28 14.70 14.71 2.25 15.02 11.50
Sk
Salinity stress
0.1 64.11a 41.33a 3.33a 29.04 ab 62.85 ab 36.8¢ 945b 5199a
5 67.00a 35.00a 2.33b 3391a 73.39a 82b 168.2 a 614 a
10 63.44 a 9.00 b 2.00b 18.34 b 39.70b 2459 a 209.5a 469 a

R L ) LSD 05051 olal s sls s Cdestl Bl lies S j2iie G S5 sols Bl Ot 55 05 ol Sile ls ime b 570 (T el s 3l s M 55 4 NS

* k%

** *and ns: significant at 1%, 5% and non-significant probability levels, respectively. Means that have at least one letter in common in each column do not have

significant differences based on LSD test at the 5% level.
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Table 5- Variance Analysis and mean comparison, the effect of different levels of salinity stress on some morpho-physiological traits of Galega in ordinary pot in
outdoor
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df Pl_ant Number of Number of main (%) Thousar_ld—seeds (55 (€5 53 8,5)
height branches branches weight

Dry Seed Biological




(cm) square root square root weight of (9) yield yield

transformation transformation seed with (g plant™) (g plant™)
pod
()]
Sab Block 2 24.46 ™ 0.104 ™ 0.018™ 0.16™ 0.096 ™ 0.046 1527 ™
Gosd S Salinity stress 2 95.08" 048" 0.018"™ 024" 035" 027" 67.34"
Shbesl glas Experimental error 4 7.47 0.09 0.018 0.14 0.32 0.0037 6.78
Sleis e CV(%) 7.52 13.22 13.07 14.13 11.97 2.87 9.85
Salinity stress
0.1 4257 a 7.33a 1.33a 2.72a 490a 235a 30.16 a
5 34.76 ab 5.00 a 1.00a 298a 4.94 a 226 a 28.02 ab
10 31.64b 3.66 a 1.00a 241a 4.33a 1.79b 21.10b

* kK

il o 053 0 el 53 LSD g3l (bl s ime Mt BB ks S e OB G sl B D5 8 0 oS ala Sl ls e b 5 10 Y Uil a3l e S (55 4 NS
** *and ns: significant at 1%, 5% and non-significant probability levels, respectively. Means that have at least one letter in common in each column do not have significant
differences based on LSD test at the 5% level.
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Sk ol o) arls Suslib T G LTS o Gyae LTS s 205 o) ek 5 k) el
SHOAY) sl il ) ol <ls s Shee () (2 035 ¢ SobS 033 0SS 2
df ) Productivity (e 09 (Koo p5) Proline Na (mg/kg dry (S
Harvest efg/ort Biomass water Seed yield (ppm) (weight K (mg/kg dry
index (%) use efficiency water use (weight
(%) (gm?) efficiency
(gm) -
Sk Block 2 347™ 511™ 46.02 ™ 0.14 225.37 2531.56 ™ 58855.34 ™
Sash S Salinity stress 2 0.30™ 447" 203.05" 082" 32685.66 26245.29 ™ 105897.71 "
Shabesl glas Experimental error 4 0.65 3.62 20.47 0.010 3.59 2962.46 15044.25
Slis e CV (%) 9.83 18.21 9.86 2.79 1.24 12.07 16.39
Salinity stress
0.1 7.88a 9.08a 52.36 a 4.08a 53.6¢c 146 ¢ 897a
5 8.23a 10.84 a 48.66 ab 3.93a 141b 468 b 810 ab
10 8.52a 1143a 36.63 b 3.11b 261.6a 737a 537b

* kK

il o 053 0 s 53 LSD g1 Lol s sone M B ks S e G G sl B D5t 58 3 oS ala Sl lsime b 5 10 Y el a3l e SV (55 4 NS
** *and ns: significant at 1%, 5% and non-significant probability levels, respectively. Means that have at least one letter in common in each column do not have
significant differences based on LSD test at the 5% level.
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Table 6- Variance Analysis and mean comparison, the effect of different levels of salinity stress on some morphological traits of Galega in large pot in the field
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df Plant height Number of Number of main (%) Thousand- Seed yield (€355 2,5
A -1
(cm) branches branches Dry weight seeds weight (g plant™) Biological
square root square root p (9) -
transformation transformation of seed with yield
ansformatio ansformatio pod (g plant?)
()
S5k Block 2 53.76 ™ 0.031" 0.056 " 0.191"™ 0.009 ™ 0.035"™ 49.11™
Copd S Salinity stress 2 750.44 6.36 " 0.28" 36.40 7 057" 18.27™ 1955.71 7
Sibesl glas Experimental error 4 16.71 0.051 0.028 0.22 0.089 0.07 22.77
Ok CV (%) 7.52 7.12 12.12 12.58 6.07 9.40 10.42
Salinity stress
0.1 71.66 a 23.66 a 3.00a 78la 537a 58la 73.26a
5 50.47 b 6.66 b 1.66 b 1.90 b 4.86 ab 1.89b 41.22b
10 40.72 b 4.66 b 1.33b 1.66b 450b 1.25b 22.80c
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** *and ns: significant at 1%, 5% and non-significant probability levels, respectively. Means that have at least one letter in common in each column do not have



significant differences based on LSD test at the 5% level.
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index (%) : ' dry weight  dry weight
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(\g?itceireﬁ(s:e Seed yield
3 Y water use
@m) efficiency
(@m) _
S Block 2 0.36 ™ 0.57™ 11.81™ 0.008 ™ 50.98 227.10™ 1330.95™
Copd i Salinity stress 2 893" 27307 469.80 ™ 438" 49227  166177.85"  226673.58
bl sl Experimental error 4 0.64 1.68 5.46 0.018 213 720.96 3598.45
s u e CV (%) 13.25 17.08 10.42 9.30 1.78 9.67 6.83
Salinity stress
0.1 797a 10.71a 3591a 2.84a 37.2c 89.1c 1136 a
5 464D 4.69b 20.21b 0.93b 91.7b 202 b 906 b
10 553b 7.40 ab 11.18¢ 0.61b 116.4a 5414 a 589.7¢c

* k%
¢
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** *and ns: significant at 1%, 5% and non-significant probability levels, respectively. Means that have at least one letter in common in each

column do not have significant differences based on LSD test at the 5% level.
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