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Abstract

The present study was carried out at Baqubah Nursery, Directorate of
Agriculture, Diyala Province, Iraq, during the period of March to October 2017, to
investigate the effects of magnetized water with bio and chemical fertilizers on the
butternut squash. A factorial experiment with three replications was conducted and
two factors were investigated; the state of water (magnetized water and non-
magnetized water) and the fertilizer type (chemical fertilizer: urea 100 kg N/
hectare; bio-fertilizers: Azotobacterchroococcum and Azospirillumbrasilense +
chemical fertilizer in 1:1 ratio).

The results revealed that the magnetized water with bio + chemical fertilizers
recorded the highest rate of fruit weight that reached 786.0 ,807.3 and 775.3 g at the
first, second and third harvests, respectively. The effect of the magnetized water was
significant on the rate of fruit yield/plant which reached 3745.0 g at the first harvest,
while bio + chemical fertilizer recorded the highest rate that reached 2419.8 and
1404.3 g at the second and the third harvests, respectively. Magnetized water with
bio + chemical fertilizers showed significant increments in total yield / plant (7822.3
g) and total yield / hectare (31289.3 kg). The treatment with magnetized water and
bio and chemical fertilizer were significant in fruit content of total soluble solid
(TSS %) after 185 days, which reached 13.0 % and 12.2 %, respectively, while bio +
chemical fertilizer was superior in the yield of fructose sugar and fibers which
reached 10.4 and 12.7 % , respectively.

Keywords:Butternutsquash;biofertilizer; Azotobacterchroococcum;Azospirillumbras
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Introduction

Butternut squash Cucurbita moschata is a cultivar of pumpkin that belongs to Cucurbitaceae family
and is consumed in many countries [1]. It is a staple food in the American tropics and is prepared in
many ways [2]. Pumpkin fruit has nutritional and medicinal values due to total content of carotenoids,
besides many minerals such as phosphorus, potassium, iron , magnesium, and selenium , as well as
various vitamins such as C, E, K, pyridoxine (B6), thiamine (B1) and riboflavin (B2). Pumpkin fruit
also contains polysaccharides, pectin, fiber, phenolic acids and flavonoids [3,4,5,6,7]. Irrigation with
magnetized water may minimize surface tension and change water structure, raising dissolvability of
minerals and providing nutrients for plants [8]. Magnetic water has many benefits increasing the
growth of shoot and root systems, rate of germination, number of fruits, development of inflorescence,
and fruiting yield, as well as decreasing the solubility of salts, the amounts of irrigation water,
conductivity, and pH [9]. A study conducted by Sadeghipour and Aghaei [10] reported that irrigation
with magnetized water increased the efficiency of water usage as compared to the normal water [10].
Hozayn and colleagues showed that magnetized water helps in improving quality and yield and saving
irrigation water under the sandy soil [11]. Moreover, it was reported that magnetized water increases
the yield and the content of photosynthetic pigments and biochemical constituents of all tested crops
[12]. The availability of nutrients in balanced and sufficient quantities is necessary for optimum plant
growth[13]. Agriculture that rely on only chemical applications leads to adverse environmental
consequences [14]. Excessive use of chemical fertilizers causes environmental pollution besides
affecting the quality of fruit [15]. The use of bio fertilizers or organic fertilizers could be a proper
option to reduce of the chemical fertilizers. Bio fertilizers are microorganisms which colonize the
rhizosphere and promote plants growth through biological processes such as nitrogen fixation and
solubilization of rock phosphate by converting phosphorus and nitrogen from unavailable to available
forms [16]. The soil loses 25 % of the applied nitrogen fertilizers due to volatilization, leaching and
de-nitrification [17]. Therefore, microorganisms which fix nitrogen are playing an important role in
supplementing nitrogen to the plant [18]. It was reported that the combination between biofertilizers
and chemical fertilizers enhanced the grain yield of crops [19,20,21]. Azotobacter is beneficial
bacteria which is free living, a non-symbiotic and aerobic nitrogen fixing [22] that results in the
secretion of amino acids and vitamins and production of auxins and siderophores[23]. Azotobacter
also produces indole acetic acid, thiamin, gibberellin and riboflavin [24]. Azotobacter includes six
species among which Azotobacter chroococcum is the most commonly in various soils [25].
Azospirillum bacteria colonizes the roots of crops where it makes use of root excretions and fix
atmospheric nitrogen. Azospirillum includes approximately 15 species and the most studied is
Azospirillum brasilense. It is beneficial to plants by causing increase in the mineral uptake, improving
water absorption, increasing the dry matter, enhancing plant growth, and improving the yield [26].
Therefore, the objective of this investigation is to evaluate the effects of magnetized irrigation water
along with bio and chemical fertilizers on the agriculture of Butternut squash Cucurbita moschata.
Materials and methods

The field experiment was conducted at Baqubah Nursery, the Directorate of Agriculture, Diyala,
Irag, during the period of March to October 2017, to study the effect of magnetized irrigation water
with bio and chemical fertilizers on Butternut squash. A factorial experiment design was carried out
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with three replicates of each treatment that involved two factors; the state of water (magnetized water
and non-magnetized water) and the fertilizer type (chemical fertilizer: urea 100 kg N/ hectare; bio-
fertilizers: Azotobacterchroococcum and Azospirillumbrasilense + chemical fertilizer in 1:1 ratio). The
data were analyzed by one way Analysis of Variance (ANOVA) [27]. The bio-fertilizer
(A.chroococcum and A.brasilense) as a commercial product was obtained from the Department of
Agricultural Research, Ministry of Science and Technology. Seeds were originally obtained from the
Dutch seed company under the name Impectafrohandeland and planted, in 1/3/2017, in cork dishes
that contain organic peat moss fertilizer under the conditions of the green house. During this period,
the land was prepared for cultivation through plowing, disking and ridging. Soil samples representing
depth of plowing of 0 -0.15 were taken to record the physical and chemical properties (Table-1).

Table 1-The physical and chemical properties of the soil before planting

Measurements Value Unit of measurement
Clay 328.1 g/ kg soil
Silt 280.1 g/ kg soil
Sand 391.8 g/ kg soil
Texture of soil Mixed clay -
CaCo3 276.13 g/ kg soil
Organic matter 14 %
N 34.89 mg / kg soil
P 8.13 mg / kg soil
K 347.30 mg / kg soil
Ca 17.45 millmole/ liter
Mg 16.05 millmole/ liter
Na 2.36 millmole/ liter
HCO3 7.9 millmole/ liter
Cl 145 millmole/ liter
So, 20.85 millmole/ liter
Co; 0.0 millmole/ liter
Ec 5.93 ds Siemens\'m
PH 7.82 -

The field was divided into plots (each was of 20 m length and 50 cm width). Distance between
plots was 3 m, between plants was 0.8 m and between replicates was 1.5 m. Each replicate contained 5
plants. Seedlings were transferred to the field at the age of 27 days. A suspension of the biofertilizer
was prepared by adding water with a ratio of 1: 1, and then seedling roots were dipped in bio-
fertilization suspension to facilitate adhesion of bacteria on the roots. Superphosphate fertilizers were
applied at the rate of 100 kg P,Os / ha as recommended by the Ministry of Agriculture, with equal
tillage before planting for all treatments. Nitrogen fertilizers in the form of urea fertilizer were added
in three times: the first before planting, the second after the first harvest of the fruit (65 days ) and the
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third after the second harvest (95 days) at a rate of 100 kg nitrogen / ha. for the treatments included
with chemical fertilizers and half of this amount for the treatments included with biofertilizers.
Nitrogen fertilizers were added to each plant by drilling the soil close the plant. A device of water
magnetizing was installed at the beginning of the drip irrigation lines with magnetic flux density of
1500 Gauss (Figure-1). Water was pumped through the drip irrigation system. The following
parameters were considered to assess the effect of each treatment: fruits yield per plant, total yield per
plant, total yield per hectare, rate of fruit weight per replicate, the amount of sugars and fiber in fruits,
and total soluble solid (TSS). In addition, total chlorophyll was measured by Opti-sciences device
(Figure-2) using 20 old leaves and 20 fresh Ie;aves.

Figure 2-Chlorophyll estimation device.

Results

Effects of water state and the fertilizer type on rate of fruit weight/ replicate Analysis of variance in
Table-2 showed that differences in the rate of fruit weight per replicate at the first harvest was non-
significant between magnetized and non-magnetized water, while the bio and chemical fertilizer had
the highest mean performance (764.6 g) with significant differences as compared to the chemical
fertilizer 674.1 g. The treatment of magnetized water with bio and chemical fertilizer showed the
highest rate of fruit weight (786.0 g) during the combined treatment of the state of water and the
fertilizer type.The results demonstrated that the magnetized water had a maximum effect on the rate of
fruit weight at the second harvest (776.5 g) with significant differences from that of the non-
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magnetized water (745.1 g). Also, the treatment with the bio and chemical fertilizers was superior in
rate of fruit weight (803.1 g) from that with the chemical fertilizer (718.5 g), while the combine
between state of water and the fertilizer type was significant. The magnetized water with bio and
chemical fertilizer recorded the highest rate of fruit weight (807.3 g). No significant differences
between magnetized water and non-magnetized water and between bio andchemical fertilizer and
chemical fertilizer in rate of fruit weight at the third harvest (615.3 , 719.5 g and 719.6 , 615.1 g,
respectively). Treatment of non-magnetized water with bio and chemical fertilizer had the highest rate
of fruit weight (775.3 g) during the combined treatment between state of water and the fertilizer type.

Table 2-Effect of water state and the fertilizer type on rate of fruit weight/ replicate (g) after 65, 95
and 185 days.

Rate of fruits weight/replicate(g) (first harvest)after 65 days
A
B
Magnetized water Non magnetized water Rate
Chemical fertilizer 671.6 676.6 674.1
Bio and Chemical fertilizers 786.0 743.3 764.6
Rate 728.8 710.0
CD 0.05 A=25.1,B=25.1,A x B=35.6
Rate of fruits weight /replicate(g) (second harvest)after 95 days
Magnetized water Non magnetized water Rate
Chemical fertilizer 745.6 691.3 718.5
Bio and Chemical fertilizers 807.3 799.0 803.1
Rate 776.5 745.1
CD 0.05 A=27.6,B=27.6,A x B=39.1
Rate of fruits weight/replicate(g) (third harvest)after 185 days
Magnetized water Non magnetized water Rate
Chemical fertilizer 566.6 663.6 615.1
Bio and Chemical fertilizers 664.0 775.3 719.6
Rate 615.3 719.5
CD 0.05 A=54.3, B=54.3, AxB=76.8

Effect of water state and the fertilizer type on rate of fruits yield/plant

The effect of magnetized water was significant on rate of fruits yield/plant at first harvest (3745.09)
compared with non-magnetized water (2685.0g, Table- 3). Also bio and chemical fertilizers treatment
was superior to chemical fertilizer (3568.3, 2861.6g, respectively). Magnetized water with bio
and chemical fertilizers recorded the maximum rate 4026.6g with significant differences in the
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combination between the state of water and the fertilizer type. There were non-significant differences
between magnetized water and non-magnetized water in rate of fruits yield/plant at second and third
harvest. Bio and chemical fertilizers recorded the highest rate (2419.8 and 1404.3 g, respectively) as
compared with the chemical fertilizer (1910.0 and 658.6g, respectively). Additionally, the treatments
of magnetized water with bio and chemical fertilizer ,and non-magnetized water with bio and chemical
fertilizer were recorded the highest at second and third harvest reached2394.6 ,2445.0 g and
1414.3,1394.3 g respectively.

Table 3-Effects of water state and fertilizer type on rate of fruits yield/plant (g)after 65, 95 and 185
days during culturing.

Rate of fruits yield/plant (g) (first harvest)after 65 days
A
B
Magnetized water Non magnetized water Rate
Chemical fertilizer 3463.3 2260.0 2861.6
Bio and Chemical fertilizers 4026.6 3110.0 3568.3
Rate 3745.0 2685.0
CD 0.05 A=273.0,B=273.0,A x B=386.1
Rate of fruits yield/plant (g) (second harvest)after 95 days
Magnetized water Non magnetized water Rate
Chemical fertilizer 1960.3 1859.6 1910.0
Bio and Chemical fertilizers 2394.6 2445.0 2419.8
Rate 2177.5 2152.3
CD 0.05 A=312.3,B=312.3 Ax B=441.7
Rate of fruits yield/plant (g) (third harvest)after 185 days
Magnetized water Non magnetized water Rate
Chemical fertilizer 628.6 688.6 658.6
Bio and Chemical fertilizers 1414.3 1394.3 1404.3
Rate 1021.5 1041.5
CD 0.05 A=58.2, B=58.2, AxB=82.3

Effect of water state and fertilizer type on total yield per plant and per hectare

Results in Table- 4 show that the effect of magnetized water was significant in the rate of total
yield / plant and total yield / hectare (6937.3 g and 27749.3 kg, respectively) compared with non-
magnetized water (5851.5 g and 23406.0 kg respectively). Bio and chemical fertilizers recorded the
highest rate of total yield / plant and total yield / hectare (7403.5 g and 29614.0 kg, respectively) in
comparison with chemical fertilizer (5385.3 g and 21541.3 kg, respectively). The treatment of
magnetized water with bio and chemical fertilizer showed significant increase in total yield / plant
(7822.3 g) and total yield / hectare (31289.3 kg) during the combination between state the of water and
the fertilizer type.
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Table 4-Effects of water state and the fertilizer type on total yield /plant (g) and total yield / hectare
(kg).

Total yield /plant (g)
A
B
Magnetized water Non magnetized water Rate
Chemical fertilizer 6052.3 4718.3 5385.3
Bio and Chemical fertilizers 7822.3 6984.6 7403.5
Rate 6937.3 5851.5
CD 0.05 A=286.0,B=286.0,A x B=404.4
Total yield / hectare (kg)
Magnetized water Non magnetized water Rate
Chemical fertilizer 24209.3 18873.3 21541.3
Bio and Chemical fertilizers 31289.3 27938.6 29614.0
Rate 27749.3 23406.0
CD 0.05 A=1144.0,B= 1144.0,A x B=1617.8

Effects of water state and the fertilizer type on fruit content of total soluble solids (TSS%)

The results of this experiment showed that the effects of magnetized water and bio and chemical
fertilizers in fruit content of TSS% were significant after 65 days, which reached 12.7 % as compared
with non-magnetized water and chemical fertilizer (12.3 %) ( Table- 5). Non-magnetized water with
bio and chemical fertilizers recorded the highest rate in the combination between the state of water
and the fertilizer type (12.9 %) . However, there were no significant differences in fruit content of
TSS% after 95 days between magnetized water and non-magnetized water and between bio and
chemical fertilizer and chemical fertilizer. Non-magnetized water with bio and chemical fertilizers
recorded the highest rate of TSS (13.0 %). magnetized water and bio and chemical fertilizers treatment
showed a significant difference s in fruit content of TSS % after 185 days (13.2 %) as compared with
non-magnetized water and chemical fertilizer (12.4).

Table 5-Effects of water state and the fertilizer type on fruit content from TSS% after 65, 95 and 185
days

Fruit contentfrom TSS% (first harvest)after 65 days
A
B
Magnetized water Non magnetized water Rate
Chemical fertilizer 12.2 124 12.3
Bio and Chemical fertilizers 124 12.9 12.7
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Rate 12.3 12.7
CD 0.05 A=0.2,B=0.2,AxB=0.3
Fruit contentfrom TSS% (second harvest)after 95 days
Magnetized water Non magnetized water Rate
Chemical fertilizer 11.6 124 12.0
Bio and Chemical fertilizers 12.9 13.0 12.9
Rate 12.2 12.7
CD 0.05 A=0.9,B=0.9,AxB=1.3
Fruit contentfrom TSS% (third harvest)after 185 days
Magnetized water Non magnetized water Rate
Chemical fertilizer 12.9 10.3 11.6
Bio and Chemical fertilizers 13.2 11.2 12.2
Rate 13.0 10.8
CD 0.05 A=0.4, B=0.4, AxB=05

Effect of water state and the fertilizer type on total chlorophyll pmol / m? and the content of
fructose sugar%o and fibers % in Butternut squash’s fruits.

Analysis of the data revealed that the magnetized water reduced total chlorophyll 57.7 umol / m* as
compared with non-magnetized water 83.8 pmol / m* (Table- 6). Bio and chemical fertilizers led to
increase total chlorophyll,which reached 754 pmol / m? as compared to the use of chemical
fertilizer (66.1umol /m® ). Non-magnetized water with bio and chemical fertilizers recorded the
highest rate of chlorophyll content (90.0 pumol / m?). No significant differences were observed
between magnetized water and non-magnetized water in content of fructose sugar % and fibers % in
Butternut squash’s fruit, whereas bio and chemical fertilizer was superior in that trait (10.4 and 12.7
%, respectively) as compared to chemical fertilizer. Higher content of fructose sugar ( 11.6%) was
recorded in the combination between bio and chemical fertilizers with magnetized water as compared
to the same fertilizers combination with non-magnetized water (9.6% ). Fibers content didn't seem to
be affected by the water state in the treatment with a combination of both types of fertilizers (bio and
chemo fertilizers; 12.6 vs. 12.8%, respectively).

Table 6-Effects of water state and the fertilizer type on total chlorophyllumol / m?andcontent of
fructose sugar% and fibers %in fruit

The leaves content from total chlorophyllpmol / m?

A

Magnetized water

Non magnetized water

Rate

Chemical fertilizer

54.7

77.6

66.1
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Bio and Chemical fertilizers 60.8 90.0 75.4
Rate 57.7 83.8
CD 0.05 A=2.0,B=2.0,AxB=29

Content of fructose sugar in fruits %

Magnetized water Non magnetized water Rate
Chemical fertilizer 6.8 6.7 6.7
Bio and Chemical fertilizers 11.2 9.6 10.4
Rate 9.0 8.1
CD 0.05 A=11B=1.1AxB=1.6

Content of fibers in fruits %

Magnetized water Non magnetized water Rate
Chemical fertilizer 115 10.3 10.9
Bio and Chemical fertilizers 12.6 12.8 12.7
Rate 12.0 11.6
CD 0.05 A=0.7B=0.7,AxB=1.0

Discussion

The findings of present study indicate that the effect of magnetized water, bio and chemical
fertilizers, and the combination between them were significant on all measured traits. These results are
in agreement with those of Yadollahpour and colleagues [28] who reported that using magnetized
water for irrigation led to increase the squash weight. The quantity and quality of bean plants and also
fresh weight and shoot length of maize were improved by applying magnetized water [29]. The
irrigation with magnetized water led to significant increments in the photosynthetic activity of
carotenoids and chlorophylls in bean plants as compared with normal water [30]. High rates of traits
such as yield/fed., chlorophylls ,TSS ,dry matter %, total sugars, carbohydrates and crude protein %
and the lowest values of nitrate and nitrite were obtained in lettuce plants irrigated with magnetized
water [31]. Irrigation with magnetized water plus the recommended dose of NPK (50%) resulted in
the maximum values of yield, carbohydrates, TSS and chlorophylls in strawberry plants [32]. Another
study showed that magnetized water affected the vegetative growth of tomato by decreasing the time
to maturity, promoting the rate of growth, and increasing yield [33]. The irrigation with magnetic
water was superior to non-magnetic water in enhancement of onion's growth traits. This evidence
collectively suggests that using magnetic water could be a promising technique for agricultural
improvements [34]. It was demonstrated that Azospirillum and Azotobacter bacteria produce adequate
amounts of cytokinins and Auxins (IAA) which accelerates plant growth by increasing the uptake of
nutrients from the soil and increasing length of branches and roots [35,36]. A combination of
Azotobacter chroococcum with Pseudomonas fluorescens was reported to improve broccoli
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growth[37]. Sarhan reported a positive effect of Azotobacter on growth and yield of potato plants [38].
It was revealed that seed inoculation with Azotobacter led to increments of fresh and dry weight of
shoots, vine length and leaves number [39]. A study on summer squash plants showed that
Azotobacter had significant effects on vegetative growth and improved the quantitative and qualitative
traits of fruit yield of summer squash plants. The effects were more pronounced on the number of
leaves, plant height, number of branches, fresh and dry weight of plants, fruit length, fruit diameter,
total chlorophyll, and percentage of TSS [40]. Elwan and colleagues observed that the highest rate of
fruit weight (g/fruit) and fruit yield (ton/fed.) were in squash plants inoculated with the double
mixtures of Azospirillum brasilense and Sarratiam arcescens. Also, the double inoculation of Bacillus
subtilis with Azospirillum brasilense significantly increased the fruit yield as compared with single
inoculation [41]. Meena et al. reported that the combination between Azospirillum and fertilizers
caused highly significant changes in traits of tomato plants such as the number of fruits per plant, fruit
weight, plant yield per plant, yield (ton/ha) and TSS [42]. Application of biofertilizers (Azotobacter
and Azospirillum) with a minimized recommended dose of nitrogen fertilizers is capable of improving
fertility of soil and achieving higher productivity [26]. Interestingly, Azotobacter and Azospirillum
could provide an opportunity to minimize the need for chemical nitrogen fertilizer by 50% [43].
Moreover, the combination between a half dose of both the bacteria Azotobacter and Azospirillum
caused a significant effect on growth and yield of Brassica juncea[44].It was also found that the
Azotobacter chrocooccum ,Azosprillium brasilense and Azosprillium lipoferum led to increase the
yield of Canola (Brassica hapus) by 21.17% more than chemical fertilizers [45].
Conclusion

According to the findings of this study, it can be concluded that the use of magnetized water was
better than non-magnetized water in enhancing the growth traits of Butternut squash. Also, bio-
fertilizers can be proper alternatives to reduce the use of chemical fertilizers, as the application of
Azotobacter chrocooccum and Azosprillium brasilense with half dose of nitrogen fertilizer was
superior on chemical fertilizer alone with full dose. Overall, the results showed that bio fertilizer
application with the magnetized water was effective in improving performance of squash traits.
However, further studies are needed to confirm these results with field research under different agro-
climatic circumstances.
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