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Table 1- ANOVA for the effect of urea application on spinach under salinity conditions
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Source of @y Mean squares
RO el iaSles o s Gl ol A clile
Df R}e/liz}(ljve Leaf area Water content N concentration  Cl concentration
(N) o359, 11204.9***  34199908*** 13.01854*** 16.3066*** 1.125806***
(S) 59 131.62** 258913** 4,19299*** 0.113316** 41.81137***
N x S 12 21.548 ns 43049 ns 0.408148* 0.008824 ns 0.296066*
a3 40 21.966 48810.7 0.16094 0.02195 0.10165
Oy oy 6.52 4.46 5.80 5.80 10.98
K/Na Ca/Na Mg/Na
(N) (59555 1427.0238*** 21.379*** 2.21455%**
(S) sy9 3 3776.46%** 257.64*** 35.15619***
N x S 12 324.1758*** 3.74435* 0.445853*
las- 40 12.5536 0.9441 0.1634
) 224 22.83 27.03

s B (glol Llod JINS il o cixe do )3 B gV eofV mans )3 o5 Ay s g s e
*, ** *** jndicate statistical significance at p<0.05, p<0.01 and p<0. 001, respectively; ns: indicate non-significant.
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Figure 1- The interaction effect of salinity (S, without salinity, 4.5, 8 and 11.5 ds.m'!) and nitrogen (N, without nitrogen, 75,
150, 225, and 300 mg.kg™* of soil) on spinach shoot relative yield (DMRT, p<0.05)
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Figure 2- The effect of salinity levels (S, without salinity, 4.5, 8 and 11.5 dS.m!) on spinach shoot relative yield (a) and leaf
area (b) (DMRT, p<0.05).
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Figure 3- The interaction effect of salinity (S, without salinity, 4.5, 8 and 11.5 ds.m) xnitrogen (N, without nitrogen, 75, 150,
225, and 300 mg .kg* of soil) on spinach leaf area (DMRT, p<0.05).
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Figure 4- The interaction effect of salinity (S, without salinity, 4.5, 8 and 11.5 ds.m!) xnitrogen (N, without nitrogen, 75, 150,
225, and 300 mg.kg™* of soil) on spinach shoot water content (DMRT, p<0.05).
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Figure 5- The interaction effect of salinity (S, without salinity, 4.5, 8 and 11.5 ds.m™) xnitrogen (N, without nitrogen, 75, 150,
225, and 300 mg.kg! of soil) on spinach shoot total (DMRT, p<0.05).
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Figure 6- The interaction effect of salinity (S, without salinity, 4.5, 8 and 11.5 ds.m™%) xnitrogen (N, without nitrogen, 75, 150,
225, and 300 mg/kg of soil) on spinach shoot Cl concentration (DMRT, p<0.05).
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Figure 7- Relationship between yield and chlorine to nitrogen ratio in spinach shoots
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Table 2- Effect of salinity and nitrogen on shoot K/Na, Ca/Na and Mg/Na ratio
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Mg/Na cos
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#Values followed by the same small or capital letter are not significantly different within rows or columns by Duncan’s multiple
range test (p<0.05).
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Introduction: Salinity is an environmental problem in the world, especially in arid and semi-arid regions.
High amounts of salts like sodium chloride (NaCl) in the soils and water have destructive effects on yield of
plants. The harmful effects of salinity on plant growth are related to the low osmotic potential of the soil solution
(water stress), the nutritional imbalance, the specific ion effect (salt stress), or the combination of these factors.
The relationship between salinity and plant mineral nutrition is complicated. Under salinity stress, occurs the
sodium and chlorine accumulation, resulting in ionic imbalance and the deficiency symptoms of nutrients in
plants. The sodium (Na*) competes with the uptake of potassium (K*), calcium (Ca?*) and magnesium (Mg?*) by
plant, and the chlorine (CI-) with the uptake of nitrates (NO3), phosphates (PO,%) and sulfates (SO4%).

Materials and Methods: In order to evaluate the tolerance of spinach cv. “virofly” to salinity levels in
application with different nitrogen rates, a greenhouse experiment was conducted as completely randomized
design based on factorial arrangement with three replications at Shiraz University Agricultural Faculty.
Treatments include four levels of salinity (without salinity, 1, 2 and 3 gr of sodium chloride per kg of soil,
equivalents to 0.7, 4.5, 8 and 11.5 dS/m in saturated solution extract of soil, respectively), and five levels of
nitrogen (unfertilized, 75, 150, 225 and 300 mg N/kg of soil) as urea source. Nitrogen treatments were applied in
two installments in water soluble (half before planting and another half, 20 days after planting). In order to
prevent sudden stress, saline treatments were applied gradually after complete plant establishment with irrigation
water. The irrigation of the pots was carried out with distilled water and at field capacity. After 56 days of
sowing, in every pot the spinach shoots were discarded near the surface of the soil and the required parameters
were measured.

Results and Discussion: The application of 4.5 and 8 dS/m salinity had no significant effect (<0.05) on the
relative yield and spinach leaf area, but 11.5 dS/m salinity significantly (<0.05) decreased relative yield and
spinach leaf area compared to without salinity level, 4.5 and 8 dS/m. Nitrogen application (75 and 150 mg/kg of
soil) alleviated negative effect of salinity on yield and leaf area. Application of 225 and 300 mg N/kg of soil with
11.5 dS/m salinity significantly decreased the relative yield of spinach. The highest and lowest shoot water
content changes in salinity conditions were observed in no-nitrogen application and 150 mg N/kg application,
respectively, which shows that the application of nitrogen in the medium level controls the water changes in the
spinach plants. In this study, increasing the amount of nitrogen at all levels of salinity, elevated the shoot water
content. The tolerant plant species in the face of environmental stresses maintain the water content of their cells
in the higher levels. Therefore, it can be said that the maintenance of high leaf water content is an important
mechanism for tolerance to salinity, and the cultivars that can hold more water in their leaves under stress
conditions, will have more tolerance to salinity stress. Linear regression (R? = 0.8198) showed that in the salinity
levels of 4.5 to 11.5 dS/m, there is a negative relationship between the yield and the chlorine to nitrogen ratio
(CI/N) of spinach shoots, so that with increasing CI/N, the spinach shoot yield decreased by gradient of -3.077.
Application of nitrogen up to 225 mg/kg of soil gradually reduced the ratio of K/Na, Ca/Na and Mg/Na,
however, the application of 300 mg N/kg of soil had no significant effect on these ratios. The application of
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different levels of salinity gradually reduced the K/Na, Ca/Na and Mg/Na ratio.

Conclusion: The threshold of salinity of spinach cv. “virofly” was about 8 dS/m in our study, this was above
the threshold mentioned (2 dS/m) for spinach in most sources. The application of nitrogen in medium level as
urea can improve the negative effects of salinity in spinach but intensive nitrogen fertilization may increase the
negative effects of salinity on plant yields.

Keywords: Nutrient balance, Salinity tolerance, Spinach, Urea



