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Objective: This study examined the impact of shallow saline groundwater on water
supply and the yield of Moringa oleifera during the 1402—-1403 growing seasons at Razi
University.

Method: This research was conducted in a completely randomized factorial design with
three replications. The treatments applied included groundwater with salinity levels of 1
(water of the study area), 2, 6, and 10 dSm™! at three water table depths of 0.6, 0.8, and
1.1 m.

Results: In both greenhouse and field conditions, groundwater contribution to plant water
use increased as groundwater depth decreased at all salinity levels; the highest dry leaf,
calcium, and iron yields were obtained at 1 dS m™ salinity and 0.6 m depth, while the

lowest were at 10 dS m™' and 1.1 m, whereas nitrogen content showed the opposite trend.

Conclusions: The results indicate that the closer the groundwater is to the soil surface
(shallow groundwater), the easier it is for plants to use this source, allowing them to meet
a greater percentage of their water needs through groundwater. However, in none of the
treatments was the plant's water requirement 100% met through groundwater. The results
obtained in this study also indicate the significant effects of different groundwater depths
and their quality on dry leaf yield, calcium, iron, and nitrogen in the greenhouse and

research field environments.
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Introduction

Rising global population and increasing water demand—especially in arid and semi-arid
regions—have intensified pressure on limited freshwater resources, making the use of saline
water in agriculture increasingly necessary. In Iran, agriculture is the largest water consumer,
and excessive groundwater extraction has led to severe aquifer depletion and declining water
quality. A significant portion of groundwater and surface water used in agriculture is saline,
while large areas of cultivable land are affected by soil salinity. Combined with climate
change, recurrent droughts, inefficient irrigation, and poor water management, these factors
have deepened the country’s water crisis.

Globally, freshwater scarcity is also escalating, with billions lacking access to safe water
and many countries experiencing water stress. Given Iran’s low annual rainfall and high
evaporation rates, improving water productivity and adopting salt- and drought-tolerant crops
are critical for sustainable agriculture and food security.

Moringa oleifera is a multipurpose, nutrient-rich plant whose leaves, flowers, pods, and
seeds have food, medicinal, and oil-producing value. Due to its tolerance to harsh conditions
and high nutritional content, it is considered a promising crop for water-limited and saline
environments. Therefore, this study investigates the performance of Moringa oleifera under
salinity stress caused by shallow saline groundwater, aiming to identify suitable management
strategies to enhance yield and water-use efficiency under such conditions.

Method

This research was designed and implemented as a completely randomized factorial
experiment with three replications in order to ensure adequate precision, reduce experimental
error, and allow for a robust statistical evaluation of treatment effects. The factorial arrangement
enabled the simultaneous investigation of multiple factors and their possible interactions under
controlled conditions. The experimental treatments consisted of two main factors: groundwater
salinity and water table depth. Groundwater salinity was applied at four distinct levels: 1 dS
m', 2dS m’', 6 dS m’, and 10 dS m™'. The 1 dS m™ treatment represented the natural
groundwater quality of the study area and served as the control condition. The higher salinity
levels (2, 6, and 10 dS m™) were selected to represent increasing degrees of salinity stress,
ranging from slight to severe, in order to simulate conditions commonly encountered in arid
and semi-arid regions where groundwater salinization poses a significant limitation to
agricultural productivity. The second experimental factor was water table depth, which was
maintained at three levels: 0.6 m, 0.8 m, and 1.1 m below the soil surface. These depths were
selected to represent shallow, moderate, and relatively deep groundwater conditions,
respectively. The variation in water table depth allowed for the assessment of capillary rise
potential, salt accumulation in the root zone, and the overall influence of groundwater proximity
on soil-plant—water interactions.

By combining the four salinity levels with the three water table depths in a full factorial
arrangement, a total of 12 treatment combinations were established. Each treatment was
replicated three times, resulting in 36 experimental units. The completely randomized allocation
of treatments minimized systematic bias and ensured that any observed differences among
treatments could be attributed to the experimental factors rather than environmental variability.
This experimental design made it possible to evaluate not only the main effects of groundwater
salinity and water table depth independently, but also their interaction effects. In particular, it
enabled the investigation of whether the impact of salinity on the measured variables was
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influenced by groundwater depth, and vice versa. Such an approach provides a comprehensive
understanding of the combined effects of salinity stress and groundwater dynamics, which is
essential for developing sustainable water and soil management strategies in salt-affected
environments.

Results
In greenhouse and field environments with shallow groundwater depth, the percentage of

groundwater contribution to meeting plant water needs increased at all four salinity levels with
decreasing groundwater depth, the results also showed that regarding to dry leaf yield in the
greenhouse and research field environment, the lowest yield was related to treatments with
salinity of 10 dSm™! and groundwater depth of 1.1 m, and the highest yield was related to
treatments with salinity of 1 dSm™? and depth of 0.6 m. Results also showed that the nitrogen
content in leaf extracts in the greenhouse and field environments was the lowest and highest
values related to the salinity and depth treatments (1 dSm™1, 0.6 m) and (10 dSm™1, 1.1 m),
respectively. In general, the results of the study showed that regarding to calcium and iron yield
in the greenhouse and research field environments, the lowest and highest yield in leaf extract
were related to salinity and depth (10 dSm™?, 1.1 m) and (1 dSm™1, 0.6 m), respectively.

Conclusions
The results indicate that the closer the groundwater is to the soil surface (shallow

groundwater), the easier it is for plants to use this source, allowing them to meet a greater
percentage of their water needs through groundwater. However, in none of the treatments was
the plant's water requirement 100% met through groundwater. The results obtained in this study
also indicate the significant effects of different groundwater depths and their quality on dry leaf
yield, calcium, iron, and nitrogen in the greenhouse and research field environments.
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