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The Deficit Irrigation Effect with Salt Water on Yield and Growth Traits
of Spinach Plant (Spinacia Oleraceae L.) in an Arid Climate

Hadi Dehghan™, Mehdi Mokari2, Masoud Mohammadi?, Javad.Ramezani Moghadam?

Abstract

Due to the severe shortage of fresh water in arid and semi-arid regions, farmers are forced to use
deficit-irrigation techniques along with salt water. In order to minimize salinity and water stresses
impacts on the yield and yield components of spinach plant, separately and mutually, a pot experiment
was performed from November 2, 2018 to January 18, 2019. The experiment was performed as
factorial in the form of a completely randomized design with four replications including three
irrigation levels (consisting complete irrigation 100% water requirement =Wi, W>=75% W, and
W5=50% W) and three salinity factors (drinking water S;=0.75, S;=4, S;=8 dS/m) in Kashmar's arid
climate. The results showed that separate salinity and deficit irrigation stress had a significant effect
on the plant traits including the wet weight of aerial part, leaf surface, plant height, stem height, root
length, the dry weight of aerial part and the dry weight of the root, but the mutual effect of salinity
and deficit irrigation on the mentioned traits was not significant. As salinity and deficit irrigation
increased, the morphological properties of the plant decreased; for example, the maximum wet weight
of the plant's aerial part was 147.15 grams in the plant related to WS treatment and its minimum was
38.36 grams in the plant related to W3S; treatment. The results of comparing the average of plant
growth traits showed that there was no significant difference between the treatment of 100% water
requirement with salinities of 0.75 and 4 dS/m, but in the salinity treatment control (0.75 dS/m) there
was a significant difference between various levels of deficit irrigation. In regard to the above results,
it can be said that spinach plant is more sensitive to water stress than salinity stress and applying
water stress to the plant during the growing season should be avoided.

Keywords: Completely Randomized Design, Deficit Irrigation, Kashmar, Minitab, Salinity
Stress, Spinach
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Abstract

Due to the severe shortage of fresh water in arid and semi-arid regions,
farmers are forced to use deficit-irrigation techniques along with salt
water. In order to minimize salinity and water stresses impacts on the
yield and yield components of spinach plant, separately and mutually, a
pot experiment was performed from November 2, 2018 to January 18,
2019. The experiment was performed as factorial in the form of a
completely randomized design with four replications including three
irrigation levels (consisting complete irrigation 100% water requirement
=W1, W2=75% W1, and W3=50% W1) and three salinity factors
(drinking water S1=0.75, S2=4, S3=8 dS/m) in Kashmar's arid climate.
The results showed that separate salinity and deficit irrigation stress had
a significant effect on the plant traits including the wet weight of aerial
part, leaf surface, plant height, stem height, root length, the dry weight of
aerial part and the dry weight of the root, but the mutual effect of salinity
and deficit irrigation on the mentioned traits was not significant. As
salinity and deficit irrigation increased, the morphological properties of
the plant decreased; for example, the maximum wet weight of the plant's
aerial part was 147.15 grams in the plant related to W1S1 treatment and
its minimum was 38.36 grams in the plant related to W3S3 treatment. The
results of comparing the average of plant growth traits showed that there
was no significant difference between the treatment of 100% water
requirement with salinities of 0.75 and 4 dS/m, but in the salinity
treatment control (0.75 dS/m) there was a significant difference between
various levels of deficit irrigation. In regard to the above results, it can be
said that spinach plant is more sensitive to water stress than salinity stress
and applying water stress to the plant during the growing season should
be avoided
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1. Introduction

Among the provinces of Iran, the highest reservoir deficit, with an average value of 1081 million m3/y,
is seen in Khorasan Razavi province where water sources are not in good condition qualitatively, with
a salinity level of about 20 dS/min some areas. In Khorasan Razavi province, one of the critical
forbidden plains is the Kashmar plain,with a reservoir deficit of 36 million m3 and a salinity level of
17.5dS/m in some areas. The use of saline water and the application of deficit irrigation (DI) techniques
seem to be necessarydue to the quantitative and qualitative decline of groundwater sources. Drought
and salinity stresses are two important factors limiting the growth and production of crops worldwide,
and the areas affected by these stresses are on the rise. The spinach plant, Spinaciaoleracea L. (family
Chenopodiaceae), is native to Central Asia and most likely Iran, which is more resistant to salinity than
other vegetables. Although the crop yield is a function of the concentration of solutes in the area of root
growth, soil type, water, and climatic conditions should also be taken into account as the yield depends
on these individual factors. Therefore, this study aimed to determine and compare the separate and
interaction effects of DI and salinity on morphological traits and the yield of spinach in Kashmar
climatic conditions.

2. Materials and Methods

The interaction of salinity stress and DI on the yield and yield components of spinach was investigated
in an experiment in the research greenhouse of Kashmar Higher Education Center, Kashmar city,
Khorasan Razavi province. This factorial study was conducted as a completely randomized statistical
design with two factors of DI at three levels (100, 75, and 50% of irrigation needs, i.e. W1, W2, W3,
respectively) and salinity stress of irrigation water due to dissolution of sodium chloride at three levels
(0.75, 4, and 8 dS/m, i.e. S1, S2, S3, respectively) with four replications in 36 plastic pots (28 cm
diameter and 30 cmheight) containing loamy soil. To determine the weight of the pots in field capacity
(FC), they were saturated, their surface was covered with plastic sheets, and then weighed after 48 h of
drainage. Irrigation was applied at 3-day intervals. In each pot, a seedling of spinach (S.oleracea L.)
cv.Viroflay was planted on November 2, 2018. Aerial and underground organs of the plant were
sampled at the end of the growth period (December 19, 2018). Finally, morphological traits of the
spinach plant, including shoot weight, leaf area, plant height, stem height, root length, shoot dry weight,
and root dry weight, were measured for one plant in each pot.

3. Results

The results of this study indicated that the separate salinity and DI stresses significantly
affected the yield and vegetative traits of spinach. However, the simultaneous effect of
salinity and DI stress had no significant effect, but a decreasing trend was observed in
vegetative traits of the plant under simultaneous salinity and DI stress conditions.
Therefore, low-quality water sources (up to a salinity of 4 dS/m) can be used to irrigate
the spinach plant without a significant reduction in the crop yield with proper
management.

4. Discussion and Conclusion
Moreover, the application of the DI technique is not recommended during the growing

season since most of the spinach vegetative traits, such as shoot weight, leaf area, plant
height, stem height, root length, shoot dry weight, and root dry weight, decreased
significantly by applying DI. Based on the results, DI exerted a greater effect than salinity
stress on the reduced values of vegetative traits in the plant. Given the declined quality
of groundwater sources in the Kashmar region, the proper use and management of saline
water for irrigation can be recommended as a suitable solution, along with further studies
in field conditions.
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