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Objective: This research was conducted to investigate the effects of salt stress and
different planting methods on the root characteristics and yield of the medicinal plant
Galega (goat's rue). Given that addressing soil salinity requires long-term and costly
planning, identifying and cultivating salt-tolerant plants is of particular importance.
Considering the economic value of Galega and the scarcity of research in this area, this
study examined the morpho-physiological responses of the plant to varying levels of salt
stress and different planting methods. The aim was to foster a better understanding of the
plant's adaptation and to improve its cultivation practices.

Method: This study was conducted in a randomized complete block design with three
replications aimed to investigate the effects of different levels of salinity stress (0.1, 5, and
10 dS/m) on root traits, allometric coefficient, and grain yield of Galega in three cultivation
conditions (greenhouse, outdoor pots, and field) in the 2024 cropping year.

Results: The analysis of variance in greenhouse conditions showed that salinity stress had
a significant effect on root diameter, root dry weight, and leaf dry weight. Specifically,
salinity stress of 10 and 5 dS/m caused a 49 and 16 percent reduction in root diameter, 27
and 8 percent in root dry weight, and 49 and 10 percent in leaf dry weight, respectively,
compared to conditions without salinity stress. In outdoor pots, salinity stress had a
significant effect on stem length, root volume, root diameter, root dry weight, stem dry
weight and grain yield, and significant reductions were observed in these traits, reaching a
maximum of 69% in stem dry weight.

Conclusions: These results indicate the high sensitivity of Galega to salinity stress in all
cultivation conditions and indicate that increased salinity levels can have significant
negative effects on the growth and development of this plant. Therefore, field cultivation
conditions and lower salinity stress levels (below 5 dS/m) were superior for planting
Galega.
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Introduction

Soil salinity is a major abiotic stressor, threatening global agricultural productivity and
food security. Addressing salinity requires long-term strategies, including the identification
and cultivation of salt-tolerant plant species. Galega officinalis (goat's rue) is a perennial
medicinal and forage legume of significant economic value, historically used in traditional
medicine and as the botanical source for the diabetes drug metformin. Despite its importance,
there is a notable research gap regarding its morpho-physiological responses to salinity stress
under different cultivation systems. This study aimed to investigate the impact of varying
salinity levels and planting methods on the root architecture, allometric partitioning, and grain
yield of G. officinalis. The objectives were to (a) quantify the sensitivity of key growth and
yield parameters to salinity, (b) compare plant performance across controlled (greenhouse),
semi-controlled (outdoor pot), and open-field conditions, and (c) identify optimal cultivation
practices for this species in marginal, salt-affected environments. The target audience includes
agronomists, plant physiologists, and stakeholders in medicinal plant cultivation. The research
employs a quantitative, comparative approach grounded in stress physiology to build an
empirical understanding of G. officinalis's adaptability.

Method
The experiment was conducted during the 2023-2024 cropping year at the research farm of

the Faculty of Agriculture, Urmia University, Iran (37°32'N, 45°05'E; 1320 m altitude). A
randomized complete block design (RCBD) with three replications was implemented. The
treatments consisted of three salinity levels (0.1 dS/m as control, 5 dS/m, and 10 dS/m)
applied through irrigation water in three distinct cultivation environments: greenhouse pots,
outdoor pots, and field plots (using large containers). Soil physicochemical properties were
analyzed before planting and after harvest (Tables 2 & 3). G. officinalis seeds were sown, and
salinity stress was applied after seedling establishment (at the 2-4 leaf stage). Irrigation
scheduling was based on daily evapotranspiration data and soil water balance. To prevent salt
accumulation, root zones were periodically leached with fresh water.

Data were collected on morphological traits (stem length, root length, root diameter, root
volume, leaf count), biomass parameters (root, stem, and leaf dry weight), the allometric
coefficient (stem-to-root dry weight ratio), and grain yield per plant. Root volume was
measured via water displacement. Dry weights were determined after oven-drying at 72°C for
48 hours. Statistical analysis was performed using SAS (v9.1) and SPSS (v16) software.
Analysis of variance (ANOVA) was conducted, and mean comparisons were made using
Tukey's test at the 5% probability level. Data from counted parameters were subjected to
square root transformation prior to analysis.
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Results
Salinity stress significantly impaired the growth and yield of G. officinalis across all

cultivation environments, with severity increasing at higher salinity levels (10 dS/m).

Greenhouse: Salinity significantly reduced root diameter, root dry weight, and leaf dry
weight (Table 4). The 10 dS/m treatment caused reductions of 49%, 27%, and 49% in these
traits, respectively, compared to the control (Table 5).

Outdoor Pots: Significant negative effects were observed on stem length, root volume,
root diameter, root dry weight, stem dry weight, allometric coefficient, and grain yield (Table
6). The most severe reduction was in stem dry weight (69% at 10 dS/m). Grain yield
decreased by 29% at the highest salinity level (Table 7).

Field Conditions: Salinity significantly affected all measured traits except root length and
stem-to-root length ratio (Table 8). The most dramatic impact was on grain yield, which
plummeted by 78% and 67% under 10 and 5 dS/m stress, respectively (Table 9). Interestingly,
root volume and root dry weight were highest at 5 dS/m in the field but declined sharply at 10
dS/m.

The results consistently demonstrated that G. officinalis is highly sensitive to salinity, with
the field environment showing the most substantial yield penalties. The allometric coefficient
decreased under salinity, indicating a shift in biomass allocation away from stems and
towards roots at lower stress levels, a strategy that failed at 10 dS/m.

Conclusions
The findings confirm the high susceptibility of G. officinalis to salinity stress, aligning

with known physiological mechanisms where salt disrupts water uptake, causes ionic
imbalance, and induces oxidative stress, leading to inhibited cell expansion and reduced
photosynthetic capacity. The progressive reduction in root diameter, volume, and biomass
under increasing salinity directly compromises the plant's anchor and nutrient/water foraging
efficiency, ultimately cascading into severe yield loss. The differential response across
environments highlights the interaction between abiotic stress and growing conditions; field
plants faced compounded stresses (e.g., fluctuating temperature, light intensity), exacerbating
salinity's negative effects.

The initial increase in some root parameters at 5 dS/m in the field may suggest a transient,
plastic acclimation response, but this was insufficient to sustain reproductive output. The
drastic yield reduction at 5 dS/m (67%) and 10 dS/m (78%) underscores that G. officinalis is a
glycophyte with low salt tolerance. Therefore, its commercial cultivation should be restricted
to soils with salinity levels consistently below 5 dS/m. For cultivation in prone areas, field
conditions with careful irrigation management are preferable to pot systems, provided salinity
is controlled.

This study provides crucial baseline data for breeders and agronomists. The theoretical
implication is a clearer model of stress response in medicinal legumes. Practically, it warns
against cultivating G. officinalis in saline areas without amelioration and directs future
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research towards screening for more tolerant genotypes or developing agronomic practices
(e.g., seed priming, biostimulant application) to enhance its resilience. Future work should
explore the physiological and molecular mechanisms underlying this sensitivity and
investigate integrated soil-water management strategies to enable the sustainable cultivation
of this valuable medicinal species in challenging environments.
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Figure 1. Planting Galega in three different growing environments: greenhouse, outdoor pot, and field pot
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Table 4. Effect of different levels of salinity stress on root characteristics and grain yield under greenhouse conditions
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Table 7. Mean omparison of effects of salinity stress on root characteristics and grain yield of Galega plant
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Table 6. Effect of different levels of salinity stress on root characteristics and grain yield under field conditions
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