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Abstract: 
This study was conducted at the college of Agriculture/ Duhok University during August-November 2009, 
to study the effect of magnetic water treatment and phosphorus fertilizer rates (P0= 0, P1= 90, P2 = 180, 
P3 = 270) kg P2O5 ha-1 and their interactions on some nutrient uptake by summer squash plant in addition 
to their effect on some chemical properties soil at (0-15 and 15-30 cm) depth. Mulla-Ahmed seeds were 
sown in ridges 0.5 m apart. Half of the treatments were irrigated with well water and the other half with 
the same water after magnetization. The results indicated that magnetic water significantly increased dry 
weight of plants and also had significant effect on uptake of nutrients by plant and soil nutrients and they 
were significantly higher at 0-15 cm. An interaction of P3 x MW gave best uptake values by plant for most 
nutrients, higher concentration of calcium, magnesium, total nitrogen and phosphorus in the soil. 
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Introduction: 

he effect of magnetic treatment on 
irrigation water has been studied by 

many investigators; the main effect was an 
increase in the number of crystallization centers 
and the change in the free gas content. Both 
effects improved the quality of irrigation water 
(Bogatin et al., 1999) which resulted in better 
nutrient uptake by plants, Davis and Rawls, 
(1996), and exerted a positive effect on nutrient 
mobility and availability (Hozayn and Abdul 
Qados, 2010).  

In many agricultural soils the recovery of 
applied P by plants in a growing season is very 
low, because in the soil more than 80% of the P 
becomes immobile and unavailable for plant 
uptake due to adsorption and precipitation 
processes in the soil (Holford, 1997). Tisdale et 
al. (1993) reported that using P fertilizers, 
especially superphosphate, as a very common 
method of providing plant P requirement, is not 
very efficient in calcareous and alkaline soils, 
because under such conditions high amounts of 
P are turned into insoluble products and become 
unavailable to the plant, as only 20% of the 
fertilizer is soluble in the first year of use.  

Taha et al., (1980), established that the 
uptake of phosphorus in calcareous soils is very 
low and does not significantly increase by 
raising the amount of phosphate fertilizers. Al-
Kaabi (2006) reported that irrigation with 
magnetic water led to a significant increase in S, 
Zn, Fe, P and N concentrations in leaves, also 
improved all vegetative growth and root 

characteristics of orange plant. Maheshwari and 
Grewal, (2009), found that irrigating celery with 
magnetically treated water significantly 
increased Ca and P concentrations of celery 
shoots. Miraslav and Morse, (1998), also 
mentioned that magnetic water improve the 
effectiveness of phosphorus and the availability 
of nitrogen from the soil layers and increased the 
concentration of dissolved O2 by 10% in 
irrigation water that have a positive effect on 
root respiration and growth. 

Since there are little or no studies about the 
effect of magnetized water on phosphorus 
availability and nutrient uptake by squash plant, 
Therefore this study was selected to investigate 
whether there are any beneficial effects of 
magnetic water on phosphorus availability in 
calcareous soil of Kurdistan Region and also to 
study the response of squash plants to different 
phosphorus rates under magnetic treatments. 

 
Materials and Methods: 

The experiment was conducted at the 
Agricultural College/Dohuk 
University/Kurdistan Region/ Iraq during the 
summer season of 2009, to study the effect of 
magnetized water, phosphorus fertilizer rates 
and their interactions on nutrients uptake by 
summer squash plant in addition to their effect 
on some chemical properties of the soil. 
Composite soil samples were taken randomly 
from the field before planting. The samples were 
air dried and analyzed for some physical and 
chemical characteristics (Table 1). 

T
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Table 1: Some physical and chemical Properties of the soil. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2: Some chemical and physical analysis of water before and after magnetization. 
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Squash (Cucurbitapepo L.) was planted on 
18th August 2009 and harvested on 3rd November 
2009. Spacing was 30 cm between plants, ridges 
dimensions were (4 x 1.5 m). Each ridge 
contained one row, the row contained twelve 
holes, and three seeds were planted per hole, and 
then seedlings were thinned to one plant at early 
seedling stage (2-3 true leaves). Phosphorous 
was applied as superphosphate (46% P2O5) at (0, 
90, 180 and 270) kg P2O5 ha-1 before planting in 
a line parallel to the plants. Nitrogen fertilizer 
was applied uniformly to all treatments as urea 
(46% N) at a rate of 100 kg N ha-1 in two equal 
doses, the first dose was applied at sowing and 
the second at flowering stage. Potassium was 
applied as potassium sulfate (52% K2O) at a rate 
of 100 kg K ha-1 at the flowering stage. Each row 
had its own irrigation line positioned near the 
plants. Half of the treatments were irrigated with 
well water (WW) and the other half with the 
same water after magnetization (magnetized 
water (MW)) through magnetism device 
manufactured by Dubai company of magnetic 
technology with a magnetic field strength 27.4 
mT) (Table 2). Weeds, pests and insects were 
controlled. 

At harvesting stage four plants from each 
ridge were taken, spread to individual parts, 
washed, air dried, oven dried at 65 C° for 72 
hours, weighed and then ground, wet ashed with 
acid mixture and kept for analysis. Soil samples 
were taken between the plants within crop row 
from each ridge at 0-15 and 15-30 cm. Samples 
were air dried, ground and sieved through a 2 
mm sieve and analyzed for chemical analysis. 
The data were analyzed according to factorial 
experiment within randomized complete block 
design (RCBD), and the differences between 
means were achieved according to the Duncan 
multiple range test using SAS 9.0 program. 
 
Results: 

Irrigation with magnetized water resulted a 
significant increase in total dry weight of plant 
(Fig.1 A). These results were in agreement with 
those obtained by Makhmoudov, (1998), O’kiely 
and O’Riodan, (1998). There were also 
significant differences among phosphorus rates, 
both P2 and P3 treatments were significantly 
different (87.89 and 89.88 g plant-1) from P1 and 
the control treatment (82.45 and 70.87 g plant-1) 
respectively. Interactions of P2 and P3 rates with 
magnetic water gave the highest values of total 
dry weight 95.5 and 95.8 g plant-1 respectively 

over other interactions and the control treatment 
(Fig.1 B). 

Irrigating with magnetically treated water 
statistically increased the nitrogen uptake by 
plant leaves by 16.33% compared to the control 
(Fig.1 A). The results were in agreement with Al 
Juboury, (2006). Application of phosphorus 
fertilizer also increased the nitrogen uptake of 
the leaves, the highest increase was recorded 
from P1 (169.09 g plant-1). The interaction 
effects between phosphorus fertilizer and 
magnetic treatment were significant on nitrogen 
uptake by leaves Fig.1 (B). Overall, irrigating 
with magnetically treated water significantly 
increased nitrogen uptake by leaves, P1 and P2 
recorded highest values (184.36 and 181.89 g 
plant-1) respectively. 

Uptake of phosphorus by Plants irrigated 
with magnetically treated water exceeded that of 
well water by 18.5% (Fig1 A).These results were 
in agreement with that of Al-Kaabi (2006). 
Regarding to phosphorus fertilizer rates, P1 gave 
highest value which was significantly different 
from P2, P3 and control.  Concerning the 
interaction treatments of water type and P rates 
(Fig.1 B); there were significant improvements 
in leaf phosphorus uptake compared to control. 
The highest value (26.19 g plant-1) was obtained 
with P1 x MW, which was significantly different 
compared to other interaction treatments and 
control. This indicated that plants of P2 and P3 
with well water treatment had P values as that of 
P0 with magnetic water. Comparing both P0 
treatments of magnetic and well water, 
magnetically treated plants significantly differ 
from well water. The phosphorus supply through 
magnetic treatment may enhance phosphorus 
uptake and create a more favorable soil moisture 
condition which improves phosphorus mobility 
and availability. 

Water type highly improved K, Ca, and Mg 
uptake by plant leaves (Fig.2 A). Phosphorus 
fertilizer rates also increased leaf uptake of K, 
Ca and Mg compared to control. The best 
interaction was achieved with P2 and P3 x MW 
for K, Ca and Mg (Fig.2 B). 

Magnetic treatment significantly improved 
(stems and branches) N, P, K, Ca and Mg uptake 
over control treatment by 19.52%, 22.75%, 
32.43%, 12.50 and 12.00% respectively (Fig.3 
and 4 A). 

Phosphorus fertilizer treatments affected 
nitrogen uptake by (stems and branches), highest 
value among phosphorus levels was detected 
with P3 (24.32 g plant-1), which was 
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significantly differed from both P1 and control 
(19.37 and 19.24) g plant-1 respectively. 
Phosphorus uptake in P3 exceeded P0, P1, and 
P2 by (36.11, 41.66 and 9.72) % respectively, 
and was significantly different compared to 
them. P2 and P3 gave the highest K, Ca and Mg 
uptake by (stems and branches). Regarding the 
interaction treatments (Fig.3 and 4 B), 
combination of magnetic water with highest 
phosphorus rate gave the highest N, P, K, Ca and 
Mg uptake by (stems and branches) relative to 
other interactions.  

The highest nutrients uptake obtained with 
magnetic water could be attributed to the indirect 
effect of magnetic treatment in changing soil 
physical and chemical properties as well as the 
activation of microorganisms which could 
increase the availability and uptake of nutrients 
(Noran et al., 1996). Degassing of magnetic 
water increased its permeability in soil, which 
results in an appreciable increase of irrigation 
efficiency (Bogatin, 1999). The significant 
increase in the rate of water absorption 
accompanied with an increase in total mass of 
plant with increasing the magnetic force  (Reina 
et al. 2001), improved availability, uptake, 
assimilation and mobilization of nutrients within 
plant system and may have contributed in 
improving the productivity with magnetic 
treatment (Maheshwari and Grewal, 2009). 
 
Effect of Water Type, Phosphorus Rates, Soil 
Depth and their Interactions on Some 
Chemical Characteristics of the Soil         

Total nitrogen and soluble K, Ca and Mg 
were significantly higher in the top 0-15 cm soil 
depth, however, higher concentration of 
available P was found at 15-30 cm depth (Table 
3 and 4). Adding phosphorus fertilizer 
stimulated P uptake leaving the 0-15 cm soil 
depth with lower P level at the end of the 
growing season (Silberbush and Lips, 1991). In 
addition, roots are concentrated in the top soil 
which further stimulates the nutrient uptake from 
this layer (Mohammed, 2000). Magnetic 
treatment of irrigation water significantly 
increased the mentioned nutrients in the soil 

compared to control. These results were in 
agreement with (Harari and Lin, 1992), (Noran 
et al., 1996) and (Al-Juthari, 2006). Magnetic 
treatment may accelerate the transfer of 
phosphorus fertilizer into more soluble forms. 
Many researchers reported an increase in mobile 
forms of fertilizer with magnetic treatment 
(Yakovlev et al., 1990) and (Hozayn and Abdul 
Qados, 2010). Increasing P level up to P3 also 
increased all nutrients in the soil.  

Considering the interaction effect between 
soil depth and water type (AxB), MW increased 
N, Ca and Mg in both depths and gave higher 
concentration at 0-15 cm depth for K and at 15-
30 for P. This may be due to possible 
phosphorus movement deeper in the soil of high 
rates of P added to the layer; such movement 
could be attributed to the saturation of the 
application layer with phosphorus which 
therefore facilitates phosphorus movement 
beyond this layer (Mohammed, 2004). 

For (A x C) interaction, P1 at 0-15 cm and P3 
at 15-30 cm gave the highest values for N. P3 at 
0-15 cm recorded  the highest significant K, Ca 
and Mg.  For phosphorus, P1 at 15-30 cm gave 
the highest concentration. The interactive effect 
of water type and P levels (BxC) showed that 
almost MW with P2 and P3 level gave the 
maximum values. The application of P3 level 
under well water treatment gave P concentration 
lower than the control treatment. Most of the 
applied phosphorus probably underwent 
precipitation reactions in the soil and 
accumulated as an unavailable form. Therefore, 
it was reported by Klein, (1999) that P should be 
added at rates high enough to saturate the 
adsorption and precipitation capacity of root 
zone before it being available to plants. With the 
triple interaction (A x B x C), P1x MW at 0-15 
and P3 x MW at 15-30 cm depth gave the 
highest N concentration. Also P3 x MW at 15-30 
cm depth gave the highest P concentration. This 
could be related to reasons mentioned before. 
Maximum values of K, Ca and Mg were found 
with the interaction treatment P3xMW at 0-15 
cm depth. 
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Fig. 1:Effect of water type, phosphorus rates (A) and their interactions (B) on total dry weight, nitrogen and
phosphorus uptake (g plant-1) by summer squash leaves. 
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Fig.2:Effect of water type, phosphorus rates (A) and their interactions (B) on potassium, calcium and 
magnesium uptake (g plant-1) by summer squash leaves. 

 

 

 

a 

b b 
b 

a a 

0.00

20.00

40.00

60.00

80.00

100.00

120.00

140.00

160.00

180.00

M.W. T.W. P0 P1 P2 P3

P
ot

as
si

um
 (

g 
pl

an
t-1

) 

Water type               P rate (kg ha-1) 

(A) 

b 
b 

a a 

c c 

b b 

0.00
20.00
40.00
60.00
80.00

100.00
120.00
140.00
160.00
180.00
200.00

P0 P1 P2 P3

P
ot

as
si

um
 (

g 
pl

an
t-1

) 

P rate (kg ha-1) 

(B) 

M.W.

T.W.

a 
b 

b 

a a a 

0.00

20.00

40.00

60.00

80.00

100.00

120.00

140.00

160.00

M.W. T.W. P0 P1 P2 P3

C
al

ci
um

 (
g 

pl
an

t-1
) 

Water type               P rate (kg ha-1) 

(A) 

e 
a-c a ab 

f 

bc 
de cd 

0.00
20.00
40.00
60.00
80.00

100.00
120.00
140.00
160.00
180.00

P0 P1 P2 P3

C
al

ci
um

 (
g 

pl
an

t-1
) 

P rate (kg ha-1) 

(B) 

M.W.

T.W.

d 
ab a a 

e 

ab 
cd bc 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

P0 P1 P2 P3

M
ag

ne
si

um
 (

g 
pl

an
t-1

) 

P rate (kg ha-1) 

(B) 

M.W.

T.W.

a 
b 

b 

a a a 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

M.W. T.W. P0 P1 P2 P3

M
ag

ne
si

um
 (

g 
pl

an
t-1

) 
  

  

Water type               P rate (kg ha-1) 

(A) 



Journal University of Zakho, Vol. 3(A) , No.2, Pp 250-260, 2015 
 

 256

ISSN: 2410-7549 

 

 

 
 
 
 
 
 
 
 
 
 
 

a 

b b b 
ab 

a 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

M.W. T.W. P0 P1 P2 P3

N
it

og
en

 (
g 

pl
an

t-1
) 

Water type               P rate (kg ha-1) 

(A) 

c c 

b 

a 

c c c c 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

P0 P1 P2 P3

N
it

og
en

 (
g 

pl
an

t-1
) 

P rate (kg ha-1) 

(B) 

M.W.

T.W.

a 

b c c 

b 
a 

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

M.W. T.W. P0 P1 P2 P3

P
ho

sp
ho

ru
s 

(g
 p

la
nt

-1
) 

Water type               P rate (kg ha-1) 

(A) 

cd d 

b 

a 

cd 
d 

c 
cd 

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50
4.00

P0 P1 P2 P3

P
ho

sp
ho

ru
s 

(g
 p

la
nt

-1
) 

P rate (kg ha-1) 

(B) 

M.W.

T.W.

a 

b b b 

a 
a 

0.00
5.00

10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00

M.W. T.W. P0 P1 P2 P3

P
ot

as
si

um
 (

g 
pl

an
t-1

) 

Water type               P rate (kg ha-1) 

(A) 

c c 

b 

a 

c c 
c 

c 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

P0 P1 P2 P3

P
ot

as
si

um
 (

g 
pl

an
t-1

) 

P rate (kg ha-1) 

(B) 

M.W.

T.W.

Fig.3:Effect of water type, phosphorus rates (A) and their interactions (B) on nitrogen, phosphorus and   
potassium    uptake (g plant-1) by (stems and branches) of summer squash. 
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Fig. 4: Effect of water type, phosphorus rates (A) and their interactions (B) on calcium and magnesium uptake (g 
plant-1) by (stems and branches) of summer squash. 
 
 
 
Table 3: Effect of soil depth, water type, phosphorus rates and their interactions on total soil nitrogen in the (g 
kg-1). 
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Table  4: Effect of soil depth, water type, phosphorus rates and their interactions on available phosphorus (A), 
soluble Potassium (B), Calcium (C) and magnesium (D) in the soil (mg kg-1). 
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 ةفي الترب الكلسي النامي لمحصول القرع ةتاثير الماء الممغنط ومستويات الفسفور على امتصاص العناصر الغذائي
  لمحافظة دهوك

  :ةالخلاص
) لدراسة تأثير الماء الممغنط 2009-تشرين الثاني -بآ( ةالفتر  /جامعة دهوك خلالةفي حقل كلية الزراع ةنفذت التجرب

) كغم /هكتار والتداخل بينهما على امتصاص العناصر P3=270, P2=180, P1=90, P0=0ومستويات سماد الفسفور(
ا ةالغذائي  0.5لى مسافة . زرعت بذور(ملا احمد) في مساطب عةالكيميائي ةعلى بعض صفات الترب لمحصول القرع وكذلك تاثيرا
كغم/هكتار لكل المعاملات. رويت نصف المعاملات بمياه بئر والنصف 100ضيف سماد النتروجين والبوتاسيوم بمعدل أمتر. 

للماء الممغنط على الوزن الجاف للنبات كما كان له تاثير معنوي  ةمعنوي ةالاخربمياه بئر بعد مغنطته. اظهرت النتائج وجود زياد
 15- 0خصوصا للعمق  ةفي تراكيز العناصر والايونات الذائبه في الترب ةمعنوي ةرمن قبل النبات وادى الى زيادعلى امتصاص العناص

افضل القيم لامتصاص العناصر من قبل النبات واعلى تراكيز لكل من الكالسيوم  )P3xMW(عطت معاملة التداخل أ سم.
  .ة،المغنيسيوم ،النتروجين الكلي و الفسفور في الترب


