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Abstract: Atwo-factorial experiment of a randomized complete block design with three replications was conducted to determine the effect of
nitrogen and copper fertilizer on growth and yield of squash. The two factors were nitrogen fertilizer in two forms i.e., Urea and Di ammonium
phosphate (DAP) with an application rate of 120 kg ha™ and spraying of copper (Cu 24.5%) with four levels (CO = distilled water; C1=5, C2=10
and C3=15mgI") on plantshoot at (5-15 mg I"). The studied growth component represented by the length of the plant, leaf area and dry weight.
The obtained results showed that the nitrogen fertilizer (urea) significantly increased the plant length, leaf area and dry weight in the first
season, while the total yield significantly increased for both seasons. The spraying of Cu (10 mg I") led to a significant increase in plant length
and dry weight in the first season whilst the leaf area had increased in both seasons. The yield significantly increased as a result of spraying Cu
(5 mg I") in the first season while chlorophyll (SPAD) had increased in the second season. The application of 15mg I" increased the Cu
concentration in each of the soil, leaves and fruits in both seasons. The interaction between nitrogen fertilizer and spraying of copper (10 mg ™)
led to a significantincrease in the leaf area for the first season while the interaction of 15 mg I with DAP fertilizer significantly increased the leaf
area in the second season. Moreover, the interaction between urea fertilizer and spraying of Cu (15 mg I") significantly increased chlorophyll
(SPAD) for both seasons and the total yield had increased in the first season, in addition to increasing the concentration of N and Cu in the soil,

leaves and fruits.
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Squash (Cucurbita pepo L.) is one of the important
Cucurbit family crops and it is highly ranked in economic
importance globally, grown in Iraq in the spring and autumn
seasons. Since the highest economic returns are the goal of
planting crops, which associated with the highest quality, and
the lowest costs. Therefore, determining and understanding
the suitable conditions that affect the soil and the plant
functions are required to achieve economic returns. Due to
the neutral effect of nitrogen fertilizers, it prefers to use in Iraqi
soils. The soils in Iraq recognized by its low total nitrogen
content ranges between 0.031-0.239% (Ali et al 2014). The
chemical sources of nitrogen provide the soil with nitrogen
elements quickly, thereby filling the nitrogen deficiency in the
plant (Kadhum 2011). Besides the nitrogen importance,
micronutrients are as important as macronutrients and
participate in vital metabolic processes in the plants. The
copper element is one of the necessary elements for plant
growth. Itranges in the soils between 6-144 mg kg™, mostly in
the form of crystalline sheets of primary and secondary
minerals (Benni 2014). Copper plays a vital role in many
biological processes inside the plant through its contribution
in the synthesis of the chloroplast. Moreover, it participates in
the biological processes of protein formation in addition to its
role in the photosynthesis process and the chlorophyll
formation; it is also involved in the synthesis of some

enzymes, such as cytochrome oxidase and ascorbic acid
oxidase. Growth and yield improvement have been reported
by Yruela (2009), in a study on the effect of the source of
nitrogen urea and ammonium sulfate on garlic plant, the
study found that the highest yield of garlic was obtained by
adding ammonium sulfate. (Nori et al 2012, Al-Tohafey et al
2009) found that the effect of copper at fourlevels 0, 2.5, 5, 10
mg I on tomato plant the concentration of 5 mg I achieved
the highest rate for both early yield and total yield in addition
to the yield per plant. The objective of this study was to
determine the effect of two nitrogen fertilizer sources and
spray of copper on some soil and Squash plant properties.

MATERIAL AND METHODS

A field experiment was conducted during the two
successive seasons of 2014 and 2015. The soil was
classified as silty clay loam (Typic Torrifluvent), at Abi Gharib
city. Some of the characteristics of the soil before planting are
listed in Table 1. The crop was cultivated by adopting the
raised bed system. Each bed represents treatment. The
treatment dimensions were 3.5 x 3 m width and length
respectively. The distance between the adjacent beds was 1
m separated by channels of 0.75 m width to prevent fertilizer
leakage. The squash seeds were planted immediately after
irrigation, three seeds per pit were used to ensure the
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germination. The distance between the adjacent plants was
0.50 m. The number of plants per plot was 24 plants
distributed on four rows and on both sides of the beds with a
plant density of 15,000 plants per hectare. A two-factorial
experiment of a randomized complete block design with
three replications was conducted. The two factors were
nitrogen fertilizer in two forms i.e., Urea and Di-ammonium
phosphate (DAP) with an application rate of 120 kg ha™ and
spraying copper (copper sulfate fertilizer 24.5% Cu) on plant
shootat (5-15mg "), with four levels (CO = distilled water; C1,
C2 and C3=5,10 and 15 mg I" respectively). Nitrogen
fertilizers were added twice according to the banding method
near the cultivation rows with a distance of 0.20m with two
doses, the first dose was added after an appearance of four
branches while the second dose was added at the beginning
of the flowering stage. The copper sulfate was added as a
foliar spray at three times on the vegetative part, namely 17,
30, 60 days after. Potassium fertilizer was added as
potassium sulfate (46% K20) at a rate of 42 kg K ha™, while
the phosphate fertilizer was added to all experimental plots
with an application rate of 70 kg P ha™ as TSP fertilizer (22%
P), both of the aforementioned fertilizers were added during
soil preparation. All operations related to plant were
performed i.e., thinning the plants after two leaves
appearance, hoeing, manually weeding and pest control by
using chlorpyriphos insecticide for prevention the Cucumber
beetle at 2 ml I'. The irrigation was carried out according to
the plant water requirements, once weekly.

RESULTS AND DISCUSSION

The results listed in Table 2 show that the addition of
different nitrogenous fertilizers had a significant effect on the
traits of the plant length, leaf area and dry weight. Urea
fertilizer significantly superior in all the aforementioned traits
compared to di-ammonium phosphate fertilizer, probably due
to the role of nitrogen in the formation of amino acids
especially tryptophan and methionine which are considered
to be one of the main sources of some plant hormones,
including (oxins and cytokines). Moreover, nitrogen gave a
state of hormonal balance within the plant and increases the
process of cell division and elongation then leads to an
increase in the length of the plant. The nitrogen increases the
rate of plant absorption of nutrients; or creating a state of
balance between processed carbohydrates and nitrogen C/N
Ratio from the soil by reducing soil pH, which increased the
size of the vegetative group. This will lead to an increase in
the leaf area, the number of branches per plant and dry
weight. Hamail (2014) also indicated to some vital stimulants
in the Cucumber plant with the interaction between
ammonium sulfate and calcium nitrate at the level of 50 +

Table 1. Soil physical and chemical properties before planting

Parameter Unit Value
pH 1:1 7.80
EC dsm’ 3.60
O.M. gm kg 9.00
CEC cmol kg 30.30
Bulk density mg m?® 1.32
Cations Ca" mmol L™ 9.85
Mg” 9.58
Na’ 21.65
K’ 0.33
Anions S0,? mmol I 5.31
HCO, 2.61
co,? 15
Cr 12.48
Available N mg kg 84.00
Available P 9.40
Available K 155
Soil separates sand gm kg 166
silt 469
clay 364

Soil texture Silty clay loam

Table 2. Effect of N fertilizer types on growth characteristics
of squash

N fertilizer

Plant length (cm) Leaf area (cm®) Dry weight (t ha™)

First season

Urea 52.95 278.5 2.7
DAP 46.2 218.17 1.99
CD (p=0.05) 1.59 38.56 0.23
Second Season

Urea 57.4 289.33 1.23
DAP 53.62 273.77 1.24
CD (p=0.05) 5.65 42.91 0.12

Table 3. Effect of spray copper on growth characteristics of

squash

Cu (mg 1) Plant length Leaf area (cm®)  Dry weight
(cm) (tha™)

First season
0 48.46 202.17 1.26
5 50.15 258.00 2.10
10 50.23 273.17 3.20
15 49.46 260.00 2.12
CD (p=0.05) 2.25 54.53 0.33
Second season
0 53.48 239.61 1.19
5 65.58 296.16 2.06
10 57.08 319.30 3.82
15 54.91 298.11 1.94
CD (p=0.05) 8.00 60.68 0.72
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50% in addition to a significant effect on the leaf area.

The spraying of different concentrations of copper in the
first season had no significant differences between the plant
length attribute for the sprayed concentrations and control.
The spraying copper significantly increased the leaf area in
both seasons compared to the control treatment. The
concentration of 10 mg I gives a significant increase in dry
weight for both seasons; this can be attributed to the role of
sprayed copper in increasing the accumulation of
carbohydrates for the plant leading to an increase in the dry
weight of the plant. While there were no significant
differences with the spraying of copper on the plant in the
traits of plant length and dry weight compared to the control
treatment. The interaction between urea and spraying of
copper with different concentrations gave a significant
difference in the length of the plant and dry weight traits,
compared to the interaction between the di-ammonium
phosphate and the copper. While there were no significant
differences during the second season. The nitrogen
application from urea fertilizer and bilateral ammonium
phosphate did not significantly affect the total chlorophyll and
plant yield, whereas urea fertilizer was significantly superior
to the bilateral aluminum phosphate fertilizer in the total yield
(Table 5). This might be due to the high nitrogen content in
urea fertilizer 46% and to the role of the important processes
that nitrogen performs in the formation of chlorophyll that
increased the flowering percentage consequently increase
the total yield, these findings accord with (Al-Kilani 2017,
Muhammad et al 2007).

The evidence shows that the spraying copper at different
concentrations did not significantly effect on the total
chlorophyll and total yield (Table 6). Regarding the second
season, it was noted that the concentration of 5 mg I was
significantly increased the total chlorophyll trait. While there
were no significant differences in the plant per yield and total
yield during the second season. The interaction between the
urea fertilizer and copper spraying at the level of 15mg " was
significantly higher in the total chlorophyll trait compared to
other interactions for both seasons, also noted that the
interaction between urea fertilizer and copper spraying with a
concentration of 15 mg L significantly superior in the yield
per plant and the total yield in the first season. Zhu and Qiang
(2012) also found the same results. However, in the second
season, no significant effect was observed between the
different intervention factors. The urea fertilizer for both
seasons significantly superior to di-ammonium phosphate
fertilizer in terms of nitrogen concentrations in leaves, fruits
and soil (Table 8). This probably due to the urea supply the
nitrogen in two forms i.e., ammonium and nitrate higher than
the di-ammonium phosphate fertilizer which provides the

Table 4. Effect of the interaction between N fertilizers and Cu
spraying on growth characteristics of squash

N fertilizer Cu Plant length Leafarea Dry weight
(mg1") (cm) (cm®) (tha”)

First season

Urea 0 51.33 219.76 0.68
5 53.76 282.67 2.78
10 53.96 324.33 4.25
15 52.56 287.33 2.86

DAP 0 454 184.67 0.31
5 45.53 233.33 2.82
10 46.5 222 2.84
15 46.36 232.67 2.85

CD (p=0.05) NS 7712 0.47

Second Season

Urea 0 52.33 228.57 0.03
5 58.23 307.82 1.83
10 62.1 344.34 3.23
15 56.96 276.6 2.9

DAP 0 54.63 309.82 0.27
5 54.93 171.39 1.56
10 52.06 294.27 2.64
15 52.86 319.61 1.4

CD (p=0.05) NS 85.82 0.41

Table 5. Effect of N fertilizer type on the yield trait and total
chlorophyll content of squash

N fertilizer Total chlorophyll Yield per plant  Total yield
(SPAD) ( Kg plant™) (tha™)

First season

Urea 94.86 1.19 8.15

DAP 88.37 1.09 6.25

CD (p=0.05) NS NS 1.87

Second season

Urea 37.78 0.74 10.66

DAP 68.73 0.7 7.65

CD (p=0.05) 9.84 0.2 2.87
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Table 6. Effect of Cu spraying on yield characteristics and
total chlorophyll of squash

Cu (mg 1) Total chlorophyll Yield per plant  Total yield
(SPAD) ( Kg plant™) (tha™)
First season
0 88.92 0.7 6.52
5 94.51 1.24 6.21
10 94.65 1.15 6.74
15 88.39 1.48 7.33
CD (p=0.05) NS 0.5 NS
Second season
0 375 0.6 8.59
5 73.61 0.76 10.96
10 69.16 0.79 11.36
15 68.74 0.73 10.48
CD (p=0.05) 13.92 NS NS

Table 7. Effect of the interaction between N fertilizer type and
spraying of copper on yield and chlorophyll content

of squash
N Cu  Total chlorophyll Yield Total yield
fertilizer (mg 1) (SPAD) (Kgplant”)  (tha")
First season
Urea 0 95.48 0.59 7.48
5 96.21 1.22 7.21
10 86.2 1.27 8.07
15 101.56 1.67 9.85
DAP 0 93.82 0.81 5.57
5 92.81 1.26 6.21
10 91.64 1.02 9.4
15 75.22 1.29 7.81
CD (p=0.05) 25.31 0.7 3.75
Second season
Urea 0 74.26 0.56 7.99
5 74.83 0.92 13.2
10 67.04 0.8 1.4
15 78.98 0.7 10.8
DAP 0 74.97 0.64 8.72
5 72.18 0.61 9.18
10 71.27 0.79 11.33
15 58.1 0.76 10.89
CD (p=0.05) 19.68 NS NS

Table 8. Effect of N fertilizer type in N and Cu concentration in
the leaves, fruits of plant and soll

N fertilizer Leaves Fruits Soil
N (%) Cu(mg N (%) Cu(mg N (%) Cu(mg

Kg") Kg') Kg')
First season
Urea 1.55 45 1.63 1089 64.66 4.76
DAP 148 3685 159 1064 6096 4.73
CD (p=0.05) 0.02 NS 0.02 NS 2.68 NS
Second season
Urea 121 3529 127 8.27 50.66 3.7
DAP 115 2866 1.24 847 4741 363

CD (p=0.05) 0.01 6.42 0.02 NS 1.82 NS

Table 9. Effect of Cu spraying in N and Cu concentration in
leaves and fruits of plantand soil

Fruits Soil

Cu (mg ™) Leaves

N(%) Cu(mg N(%) Cu(mg N(%) Cu(mg
Kg") Kg") Kg")

First season

1.34 2571 149 427 5335 1.16

158 3385 1.63 9.18 60.14 242
10 156 36.07 163 1197 6112 586
15 1.6 46.07 1.71 17.63 62.64 9.55
CD (p=0.05) 0.03 6.68 0.03 1.72 3.79 0.72
Second season
0 1.04 2233 1.16 3.32 415 0.9
5 123 3466 1.26 714 50.66 1.88
10 1.21 33.5 1.27 9.31 5116 4.56
15 124 4083 1.33 13.71 51.83 743
CD (p=0.05) 0.02 5.08 0.03 1.33 2.58 0.56

nitrogen with less amount of urea fertilizer. While there were
no significant differences result of the copper concentrations
in fruits and soil for both seasons.

The spraying of copper significantly increased the
available copper and nitrogen content in leaves, fruits and
soil (Table 9). The concentration of 15 mg I has significantly
increased the content of copper in each of the leaves, fruits
and soil for both seasons, this may be attributed to spraying
operations on the vegetative part of the plant, which led to an
increase in chloroplast and chloroplasts, consequently an
increase in the vital processes. The interaction between
nitrogen from the urea fertilizer source and spraying copper
with a concentration of 15mg |” has a significant increase the
content of nitrogen and copper in the leaves and fruits in
addition to the soil, compare to other interactions of copper
concentrations and the interactions between the nitrogen
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Table 10. Effect of N fertilizer type and Cu spraying in N and Cu concentration in leaves, fruits of plant and soil

N fertilizer Cu (mg 1) Soil Fruits Soil
N (%) Cu (mg Kg") N (%) Cu (mg Kg") N (%) Cu (mg Kg")

First season

Urea 0 1.51 37.28 1.54 5.63 54.43 1.66
5 1.55 46.71 1.58 9.17 64.28 5.86
10 1.55 39 1.62 12.13 63 5.86
15 1.6 57 1.78 19.63 72.14 10.19

DAP 1.17 20.14 1.44 2.92 52.28 0.65
5 1.56 34.71 1.68 9.2 62 25
10 1.56 4714 1.64 11.8 63.24 5.86
15 1.58 45.42 1.64 15.63 65.14 8.91

CD (p=0.05) 0.04 12.52 0.05 243 5.36 1.02

Second season

Urea 1.17 29 1.2 4.37 42.33 1.29
5 1.21 36.32 1.23 713 50 1.82
10 1.23 30.33 1.26 9.43 49 4.56
15 1.26 46.33 1.38 15.26 55.4 8.15

DAP 0 0.91 15.66 1.12 2.27 40.66 0.51
5 1.2 27 1.3 7.16 41.33 1.95
10 1.21 36.66 1.28 9.18 41.02 4.56
15 1.22 35.33 1.27 12.16 40.32 7.01

CD (p=0.05) 0.03 9.58 0.04 1.89 3.65 0.79

source from the di-ammonium phosphate fertilizer for both
seasons respectively (Table 10). It was also observed that
the same interaction above, i.e., the interaction between urea
fertilizer and copper concentration of 15 mg L" had a
significant effect on the content of leaves, fruits and soil of
copper with for both seasons.

CONCLUSION

The most of Iraqi soils are generally calcareous
characterized by low availability of N and Cu content,
therefore, N source and Cu concentration are very important
for zucchini squash production. According to the results of our
study, the spraying of different concentrations of copper did
not give significant differences between the plant length traits
in the first season. Likewise, the evidence showed that the
spraying copper at different concentrations did not
significantly effect on the total chlorophyll and total yield. In
terms of interaction, the interaction between the urea fertilizer
and copper spraying at the level of 15 mg I" has positively
reflected on the total chlorophyll trait compared to other
interactions for both seasons .also noted that the interaction
between urea fertilizer and copper spraying with a
concentration of 15 mg I significantly superior in the yield per

plant and the total yield in the first season. While urea fertilizer
was an obviously superiority in yield and most of the studied
traits, as well as, the copper spraying at levels 5 mg I". The
results of the study may be helpful for the recommendation of
optimum N source and copper spraying level in zucchini
squash production in similar climatic and soil conditions.
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