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Abstract

In the low soil moisture conditions, which affect the absorption of nutrients (especially nitrogen), it is
necessary to establish a balance between the nitrogen consumption and the soil water availability to plant.
Therefore, determining the optimal level of fertilizer to achieve high plant performance is one of the
important goals of the research. Green squash is cultivated in the Sari region and no research has been done
about the effect of agricultural inputs on this plant. Therefore, in this research, the effect of drought stress
and nitrogen fertilizer on the yield and water use productivity of green squash was studied in 2015 in Sari
city. The experiment was in the form of split plots with complete randomized blocks design in three
replications. The treatments included four irrigation levels of 25, 50, 75 and 100% of the required water as
the main treatment and three levels of zero, 100 and 200 kg/ha of nitrogen fertilizer (urea). The measured
traits included length, width and weight of single fruit, total plant weight, number of leaves, leaf fresh and
dry weights, leaf area, total yield and water use productivity. The results showed that the highest yield, fresh
and dry weights, width and number of leaves, total weight of the plant were related to the combination of
100% water requirement and 200 kg/ha of nitrogen. The highest single fruit weight and fruit width were
observed in the treatment of 75% water requirement and 200 kg/ha of nitrogen. The highest water use
productivity was related to the treatment with 25% water requirement and 200 kg/ha nitrogen. Considering
that a 25% reduction in water consumption resulted in 12% reduction in yield and more than 30% increase in
water use productivity, the 75% water requirement and 200 kg/ha nitrogen can be introduced as the best
treatment in the water-limited conditions.
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Background and Objective: In the water-limited conditions, the root uptake of soil nutrients, especially
nitrogen, decreases. Therefore, it is necessary to establish a suitable balance between the soil water
availability to plant and fertilizer application to avoid excessive nitrogen consumption. Allocating optimal
amounts of irrigation and water to increase the efficiency of water and nitrogen consumption is important for
farmers. The optimum use of irrigation water leads to maximum crop production, achieving maximum profit,
reducing the amount of deep percolation of water, and better farm management in saline conditions
(Mousavi et al., 2013). Although green squash is grown extensively in Mazandaran province, few researches
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have been done regarding the optimization of water and nitrogen fertilizer application for this plant.
Therefore, this research was conducted to study the effect of drought stress and nitrogen on some
physiological characteristics, yield and water use productivity of green squash in Sari region.

Methods: The experiment was in the form of split plots with complete randomized blocks design in three
replications. The treatments included four irrigation levels of 25, 50, 75 and 100% of the required water as
the main treatment and three levels of zero, 100 and 200 kg/ha of nitrogen fertilizer (urea) as secondary
treatment. Irrigation treatment was applied after observing the first fruit; all treatments were fully irrigated
before. Nitrogen fertilizer was applied in three stages, one third at the beginning of the growing season, one
third at the time of flowering and one third at the beginning of fruiting. Finally, plant traits and water use
productivity were measured. The statistical analysis was done using MSTATC-C statistical software and the
means were compared using Duncan's multi-range test at the 5% level of probability.

Results: The analysis of variance showed that the interaction effect of treatments on the growth and
reproductive characteristics of green squash was significant. The vegetative traits such as number of leaves
and leaf weight were the highest in the combination of 100% water requirement and 200 kg/ha of nitrogen
fertilizer. Plant reproductive traits such as yield were also affected by water stress and fertilizer. The highest
yield was obtained in the combination of 100% water requirement and 200 kg/ha of nitrogen fertilizer, and
the lowest value was obtained in the combination of severe water stress and zero nitrogen fertilizer. The
water use productivity increased with an increase in water stress and fertilizer use. The highest water use
productivity (i.e., 21.52 kg/m®) was observed in the combination of 200 kg/ha nitrogen and low irrigation
treatment. The improvement of water use productivity by increasing the nitrogen consumption can be
attributed to the increase in yield, because the water consumption was the same for all fertilizer levels.
Increasing the nitrogen application, by enhancing the net photosynthesis, resulted in an increase in biomass
(Raun and Johnson, 1999).

Conclusions: In the studied area, the interaction of drought stress and nitrogen fertilizer had a significant
effect on all measured traits except for the number and area of leaves. The deficit of water and nitrogen
decreased the yield by reducing the yield components. In the favorable irrigation conditions, the highest yield
was obtained at the highest level of nitrogen fertilizer (i.e., 200 kg/ha). The highest productivity was
obtained in the combinations of 25, 50 and 75% water requirement and maximum nitrogen use. According to
the results of plant traits and water use productivity, the combination of 75% water requirement and
maximum use of nitrogen fertilizer (i.e., 200 kg/ha) can be considered the best treatment in this experiment.
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Table 2. The results of variance analysis of some growth characteristics of green squash under the influence of drought stress and
nitrogen fertilizer
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Number of leaves ~ Leaf fresh weight ~ Leaf dry weight Leaf area Weight of aerial parts e (S.0.V)
(without fruit) (df)
2.58%* 16.9%* 22.1%% 2734ns 0.037** 2 SES
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66** 728.8%* 200.5%* 5066957** 6.88%* 3 S
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- N . a0 S x S oS
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e
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1.4 1.91 1.68 4.3 2.1 - (Dl s 25) CV
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ns, * and ** stand for non-significant and significant effects at the 5 and 1 percents probability levels, respectively.
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Table 3. Means’ comparison of the effect of drought stress based on water requirement on the growth characteristics of green squash
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Weight of aerial parts

i Leaf d ight Leaf
(Number of leaves)  (Leaf fresh weight) ~ (Leaf dry weight)  (Leaf area) (without fruit)

(Water requirement)

per plant g/plant g/plant cm?/plant kg/plant (Aa3) %
32.6% 37.42 19.42 1174.02 2.852 100
31.3b 30.9% 16.9° 997.3b 2.34° 75
27.9¢ 22.9¢ 13.2¢ 766.6° 1.32¢ 50
26.94 16.8¢ 8.64 641.74 0.964 25
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Means followed with at least one similar letter in each column are not significantly different (Duncan, p < 0.05).

e 398 gy S Sny im0 58 b slapSle alin ¥ J g

Table 4. Means’ comparison of the effect of nitrogen fertilizer effect on the growth characteristics of green squash

S sl S et 0 S Si 05 S g (o gme 030) o el O35 i 35S
(Number of (Leaf fresh (Leaf dry Leaf Weight of aerial parts (without (Nitrogen
leaves) weight) weight) (area) fruit) fertilizer)
per plant g/plant g/plant cm?/plant kg/plant kg/ha
28.2¢ 24.1¢ 12.6° 642¢ 1.5¢ 0
29.7° 26.6° 14.1° 767° 1.8° 100
31.22 30.42 16.9° 9972 2.32 200
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Means followed with at least one similar letter in each column are not significantly different (Duncan, p < 0.05).
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Table 5. Means’ comparison of the interaction effect of drought stress and nitrogen fertilizer on the growth characteristics of green squash

Spols Spesbosy Syl S, g G Os) ol la 055 Wls a8 38 sk
(Number of (Leaf fresh (Leqf dry (Leaf area) Weight of aerial. parts (Ni@pgen (Water
leaves) weight) weight) (without fruit) fertilizer) requirements)
per plant g/plant g/plant cm?/plant kg/plant kg/ha %
31.3¢ 33.3¢ 17.4¢ 1077¢ 2.35¢ 0
32.7° 36.6° 18.3° 1171° 2.78° 100 100
33.72 42.22 2242 1276* 3.34° 200
29.7¢ 28.7¢ 15.6° 9334 1.87¢ 0
31.6° 30.44 16.5¢ 9854 2.33¢ 100 75
32.6° 34.7° 18.7° 1074¢ 2.81° 200
26.3¢ 20.7" 11.4¢ 6682 1.068 0
27.7F 22.6¢8 12.7F 777¢ 1.27° 100 50
29.3¢ 25.6" 15.3¢ 855¢ 1.62¢ 200
25.3h 13.7% 5.81 5811 0.73! 0
27.7¢ 16.7) 8.6 6320 0.88" 100 25
28.3¢ 20.21 11.38 7131 1.12f 200
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Means followed with at least one similar letter in each column are not significantly different (Duncan, p < 0.05).
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Table 6. The results of variance analysis of water use productivity and reproductive characteristics of green squash under the
influence of drought stress and nitrogen fertilizer

g_éjwkgjjo}@_g

° J ° 2 ° O3 ° Sl o . . .
,E:» b r(*’ o2 :w 59 (x‘ . 000 3 Slos i g I
Fruit Fruit Fruit Number o : S>30
length) width) weight) of fruits) (Fruit yield) (Water use (df) (8.0.V)
productivity)
‘ <
3.4m 0.34 s 114.5ns 0.083 s 43138 s 0.161 " 2 o
(Replication)
1.2 0.36 472.6™ 38.7% 383090%* 40.4** 3 S S
(Drought stress)
48.5§es;:- 12‘2;# 1 1933§r 548§r 5675577”‘ 232§es;:- 2 4.)3}].‘:.3 5‘}5
(Nitrogen fertilizer)
B # e e EX e MJ}JM;; ;‘)5 X C - U:MJ
0.92 0.36 261.8 1.7 11534252 4.6 6 (Drought stress x
Nitrogen fertilizer)
Lo
3.4 0.13 62.6 0.19 1334374 0.22 16
(error)
12.7 10.8 5.1 5 3.1 - Ccv

el 2233V 50 Jlexsl - shans 3 s fme 5 ls gme b 56 SOl o Sa s 5 % s

Ns, * and ** stand for non-significant and significant effects at the 5 and 1 percents probability levels, respectively.
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Table 7. Means’ comparison of the effects of nitrogen fertilizer on water use productivity and reproductive characteristics of green

squash
Sl s s Shes 2500 2l o0 O35 030 2 ogen J b Wi pe S
(Water use productivity)  (Fruit yield) (Number of fruits)  (Fruit weight) (Fruit width) (Fruit length)  (Nitrogen fertilizer)
kg/m’ kg/ha per plant g cm cm kg/ha
11.2¢ 18280°¢ 6.6¢ 148.9° 2.2b 11.5° 0
15.3b 24540b 9.1b 151.8° 3.7 13.0° 100
20.02 320102 10.82 167.4 4.22 15.52 200
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Means followed with at least one similar letter in each column are not significantly different (Duncan, p < 0.05).
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Table 8. Means’ comparison of the interaction effect of drought stress and nitrogen fertilizer on water use productivity and
reproductive characteristics of green squash

e " 3 Ses o o0 SlaS s O35 e P e b “isfe S sl 5k
(Fruit (Number of (Fruit (Fruit (Fruit (Nitrogen (Water
pgz(/jit:tri\lzlisé ) yield) fruits) weight) width) length) fertilizer) requirements)

kg/m’ kg/ha per plant g cm cm kg/ha %
9.18 23650° 8de 168.9% 2.6d° 12.52b¢ 0
12.1¢ 31420¢ 11.3° 167.8® 3.8abe 12.92b¢ 100 100
15.9¢ 41390° 14.0° 152.4¢ 4.1 16.1° 200
11.9¢ 216101 8.3¢ 147.6¢ 2¢f 10.7¢ 0
14.9¢ 271704 9.7¢ 157.3% 3.5¢ 13.32b¢ 100 75
20.92 36410° 11.7° 178.82 4.2° 15.82 200
21.52 16270! 5.7 144.3¢ 1.5 11.0° 0
15.6¢ 20270 8.0% 144.8< 3.8abe 12.72b¢ 100 50
2142 278404 10.0° 154.7% 4abe 15.3% 200
1.1f 115909 43¢ 134.8¢ 2.84 11.7% 0
18.6° 19290" 7.3¢ 152.9¢ 3.6 13.32b¢ 100 25
21.52 22380¢f 7.7% 168.6% 4.2° 14.8® 200
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Means followed with at least one similar letter in each column are not significantly different (Duncan, p < 0.05).
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Table 9. Means’ omparison of the effect of drought stress on water use productivity and reproductive characteristics of green squash

G ae s g Shas o o Sl o3 U35 o3 P o0 Jsb oL
(Water use productivity)  (Fruityield) (Number of fruits)  (Fruit weight) (Fruit width)  (Fruit length)  (Water requirements)
kg/m? kg/ha per plant g cm cm %
12.4¢ 32150? 11.1° 1632 3.51° 13.82 100
15.9° 28400° 9.9° 1612 3.49° 13.3 75
15.5%® 21460° 7.9¢ 152° 3.220 13.1° 50
17.12 17760¢ 6.4¢ 148 3.132 12.82 25
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Means followed with at least one similar letter in each column are not significantly different (Duncan, p < 0.05).
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