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ABSTRACT: A field experiment was carried out on alluvial clay soil of the Experimental
Farm , Faculty of Agriculture , Minufiya University , Shibin El — Kom , Egypt during two
successive growth winter seasons , i. e. 2011 and 2012 on pea plants

( Pisum sativum L. ), Master — B cv. to evaluate the individual and combined effect of
magnetized irrigation water and mineral nitrogen fertilization levels ( 0 ,50 , 75 and 100 % of
recommended dose which are zero , 100 , 150 and 200 kg ammonium sulphate / fed. ,
respectively ) on soil salinity , available N , P and K , also Pea plants growth , productivity and
its content of N , P and K were determined . The design of the experiment was complete
randomized block with three replicates .

The obtained data show a decrease in soil salinity and increase in its content ( mg kg 7 ) of
available N , P and K in the different layers of the soil irrigated by magnetized water compared
with these found with non-magnetized water . The effect of nifrogen fertilization on the
determined soil properties was varied . There are a significant increases of plant height (¢cm ) ,
number of branches / plant , nhumber of leaves / plant , leaf area ( cm? ) , root length ( cm ) ,
number of pods / plant , number of seeds / pod and pod length ( cm ) as a result irrigation
using magnetized water compared with these parameters values resulted from irrigation using
non-magnetized water . Similar significant increases in these parameters were found with the
increase of added N . In addition , fresh and dry weights ( g/ plant ) of roots , shoots and seeds,
green weight of pods / plant and also both early and ftotal yields ( ton / fed. ) were increased
significantly in the plants irrigated by magnetized water . Similar effect were occurred with
mineral nitrogen fertilization additions . Roots , shoots and seeds contents ( % and mg kg" ) of
N, P and K were obviously augmented with the incremental addition of N specially in the plants
irrigated by magnetized water . Irrigation using magnetized water also enhanced the agronomic
efficiency of mineral nitrogen fertilizer , wherever the high early and total yields of Pea were
obtained by application of 75 % of recommended dose of
N fertilizer . So , under irrigation with magnetized water may be rationalization use of mineral —
N fertilization .

Key words : PEA plants, Magnetized water , Mineral nitrogen fertilizer , Soil properties
and Growth parameters .
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INTRODUCTION use of magnetic in treating water for
In arid and semi — arid regions irrigation , industry and home use ( Hozayn
sustainable agriculture development is and Abdul Qados, 2010) .
influenced ~ to a great extent by water Till 1980 a little were known about how
quality that might be used economically and the magnetic field can stimulate plant growth
effectively  in developing  agriculture or even prevent it . According to the data
programs . The water treated by the obtained from Russia , Australia , Poland ,
magnetic field or pass through a magnetic Turkey , Portugal , England , United States ,
device called magnetized water . The effects China and Japan (Celik et al . , 2008 and
of magnetic fields on running water have Shabrangi and Majd , 2009 ) , decrease of

been observed for years . This technology

’ > soil alkalinity , increase in mobile forms of
was used in many countries , the successful

fertilizers , increase in crop yields and
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earlier vegetation periods can be achieved
by magnetized water treatment . Tai ef al.
(2008 ) observed that on subjecting water to
magnetic field , it leads to modification of its
properties , as it becomes more energetic
and more able to flow which can be
considered as a birth of science called
magneto biology . They also pointed out
that, magnetized water prevents harmful
metals such as , lead and nickel from
uptake by roots and reaching fruits and
roots. Also , increases the percentage of
nutrient elements like phosphorus
potassium and zinc . However , in Egypt the
available studies and application of this
technology in agriculture is very limited .

In addition , Grewal and Maheshwari
(2011 ) showed that treatment of irrigation
water led to a significant increase in shoot
dry weight ( 25 % for snow pea and 20 %
for chick pea ) and contents of N, K, Ca
Mg , S, Na, Zn , Fe and Mn in both
seedling varieties compared with control
seedlings . Likewise , there were significant
increases in shoot dry weight ( 11 % for
snow pea and 4 % for chick pea) . The
results of this study suggest that both
magnetic treatment of irrigation water and
seeds have the potential to improve the
early seedling growth and nutrient contents
of seedling .

Nitrogen is an element required for plant
growth . It is a fertilizer in a balance and
rational way to keep high and stable yield in
important component of proteins , enzymes
and vitamins in plant . It is a central part of
the chlorophyll and essential photosynthetic
molecule . The excessive application of
mineral fertilizers led to increase production
cost . The residual of mineral fertilizers has
seriously affected the quality of agricultural
products people's health and caused
environmental pollution . Therefore a great
interest has been generated to apply
bioorganic and inorganic fertilizers to
establish a good ecoenvironment ( Basak,
2006 ) . Nitrogen fertilizers are economically
an expensive input . In many instances less
than 60 % of the added N is recovered in the
( crop + soil ) with the remainder being lost
by processes such as volatilization ,
leaching , immobilization and denitrification.
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Thus , it is necessary to develop fertilizer
management practices that can reduce
losses and increase the nitrogen use
efficiency ( Yusron and Phillips , 1997 ) .

Pea ( Pisum sativum L. ) is one of the
most important winter vegetable crops as
fresh or frozen green seeds after cooking .
Seeds of pea are considered as a good
source of protein , carbohydrates and
nutrient elements. Therefore , much
attention has been given to improve the
productivity of pea through improving the
vegetative growth of the plant , total green
yield and its quality . EI — Dakkak et al . (
2005 ) evaluated 17 genotypes of pea under
Sohag Governorate conditions , and found
that Master — B cv. was characterized with
69.17 day as a maturity date , plant height
(70.05 cm ) , number of branches per plant
(3.07), pod length (9.77 cm ) , nhumber of
seeds per pod ( 6.45 ) and weight of green
pod vyield per plant (203.1g).

This study was carried to evaluate both
individual and combined effects of
magnetized irrigation water and different
levels of mineral N fertilizer applications on
soil salinity and its content of available N , P
and K and their redistribution through
different soil layers and also on growth
parameters , yield and nutrients content of
Pea plants . Also , magnetized irrigation
water effect on mineral N fertilizer efficiency
and its agronomic efficiency were
determined . Finally , the rationalization use
of mineral — N fertilization is the one
important aim of this study .

MATERIALS AND METHODS

A field experiment was carried out on
alluvial clay soil of the Experimental Farm ,
Faculty of Agriculture , Minufiya University ,
Shibin  El Kom , Egypt during two
successive growth winter seasons , i. e.
2011 and 2012 on pea plants (Pisum
safivum L. ) , Master— B cv. to study the
effect of magnetized irrigation water under
different levels of mineral nitrogen
fertilization on alluvial soil salinity , available
of some macronutrients and soil productivity
of Pea plants . Content of N, P, K and the
agronomic efficiency of mineral nitrogen
fertilizer were also determined All
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agricultural  practices  beginning  from
preparation of soil to planting until
harvesting were carried out as

recommended by Ministry of Agriculture .

Before planting , soli samples of the
experimental soil were taken separately at
soil depth of 0 - 15,15 -30, 30 - 60 and
60 — 90 cm , air — dried , ground , sieved
through a 2 mm sieve , kept and analyzed
for some physical and chemical properties
and its content of available N , P and K
according to the methods described by

Cottenie ef al. (1982 ) ; Page et al. (1982)
and Kim ( 1996 ) . The obtained data were
recorded in Table ( 1 ) . Samples of both
non-magnetized ( Nile River water of Bahr
Shibin El — Kom , Minufiya Governorate )
and magnetized water for the same
resource were taken before irrigation and
analyzed for its chemical composition
according to the methods described by
Cottenie ef al. ( 1982 ) .The obtained data
were recorded in Table (2).

Table (1) : Some physical and chemical properties of the experimental soil.

Soil depth ( cm )
Soil properties Units
0-15 15-30 30-60 60-90
Particles size distribution %
Coarse sand % 2.58 2.50 2.35 210
Fine sand % 23.42 23.00 2210 20.90
Silt % 34.00 34.50 35.00 36.10
Clay % 40.00 40.00 40.55 40.90
Textural grade Clay loam | Clay loam | Clay loam | Clay loam
pH in 1: 2.5 (soil : water) 760 779 778 7 80
susp.
EC in soil paste dsm™ 1.40 1.58 1.75 1.82
Organic mater (OM) % 1.90 1.20 0.90 0.78
Calcium carbonate (CaCO3) % 210 240 2.50 2.55
Cation exchange capacity | .. o1 | 3530 32,50 25 40 22 50
(CEC)
Available N mg kg’ 55.20 43.17 28.50 20.15
Available P mg kg’ 7.25 5.50 420 3.50
Available K mg kg’ 115.20 105.50 88.10 80.70

Table (2) : Chemical composition of the used non-magnetized and magnetized water
(NMW and MW ) as mean values in the two growing seasons .

Water EC Soluble cations ( meq I ) Soluble anions ( meq I'1)
pH dsm - - - - - - -1 SAR
type m Na K Ca Mg Cl HCO3 | S04
NMwW* | 7.22 0.42 1.75 0.60 1.15 0.70 1.42 1.50 1.28 1.82
MwW** [ 7.10 0.43 1.69 0.63 1.20 0.78 1.40 1.48 1.42 1.70

*NMW magnetized water.
**Non-magnetized water
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The design of the experiment was
complete randomized block with three
replicates . The experimental plots were 24
unit and the area of each plot was 12 m?
including four ridges (5 m length x 0.6 m
width ) . Before planting the experimental
plots were divided into two main groups ( 12
plots / main group ) , which treated with one
of irrigation water type ( magnetic and non-
magnetic ) . The sub main plots were treated

with ammonium sulphate ( 21.5 % N ) at
rates of 0 , 50 , 75 and 100 % of
recommended dose ( RD = 200 kg

ammonium sulphate / fed.) . It was added in
two equal doses , after 20 and 30 days of
planting . Also , before planting , at final soil
preparation , all plots were fertilized by
ordinary super phosphate (15.5 % P205)
at rate of 200 kg / fed. + 50 kg / fed. of
agricultural  sulphur + 25 m® / fed. of
compost . Also , all plots were received
potassium fertilizer in the form of potassium
sulphate ( 48 % K20 ) at rate of 100 kg /
fed. in two equal doses before the first and
second irrigations in both two seasons . Pea
( Master — B cv. ) seeds were sown at o™
and 11" of October 2011 and 2012 in the
tow seasons , respectively. A seeding rate
of 50 kg seeds / fed., thus seeds were
planted in hills 10 cm apart on the two sides
of ridges and sown two seeds per hill and
thinning treatment after 19 day from planting

In both two seasons , at flowering stage
(40 — 45 days from planting ) , plant samples
were successively taken randomly from
three replicates of every treatments at single
to determine the following parameters
vegetative growth parameters : plant height
(cm ) , number of leaves / plant , leaf area
(cm? ) , number of branches / plant , root
length ( cm ) also the plant organs( roots ,
shoots and seeds ) were separated and
dried in electric oven at 70°C for 72 hrs then
dry weights were determined in g / plant .
Finally , of N fertilizer , the agronomic
efficiency (g / kg ) and relative change ( %)
of the obtained weights were calculated .
Where : The relative change ( % ) = { (
Parameter value with magnetized water —
Parameter value with non-magnetized
water) / Parameter value with non-
magnetized water } x 100 .
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In both two seasons , at maturity stage of
pods ( after 75 days of planting ) , the
plants were harvested and shoots , roots
and pods were separated to determine the
following parameters : -

1-Yield : number of pods / plant , pod length
( cm ) , number of seeds / pod and
weight of roots , shoots and seeds (g /
plant ) from fresh and dry weight and
total yield (ton / fed.).

2- Yield components: some mineral content
such as N, P and K ( concentration and
uptake ) in both roots , shoots and seeds
were determined using the methods
described by Cottenie ef al. ( 1982 ) and
Page ef al. (1982 ) . The crude protein
was calculated by multiple the
concentration of N ( % ) by 6.25 ( A. O.
A.C.,1985).

After plant harvesting , soil samples of
each plot were taken separately at soil depth
of0-15,15-30, 30 - 60 and 60 — 90 cm
for some chemical analyses , i.e. the content
of total soluble salts and the content of
available N , P and K according to the
methods described by Cottenie ef al. ( 1982)
and Page ef al. (1982) .

All the obtained data from this study were
exposed to proper statistical analysis of
variance ( ANOVA ) by using Minitab
computer program and least significant
difference ( L.S.D ) at 0.05 probability level
according to ( Barbara and Brain , 1994 ) .
Also , Duncan's multiple range was used for
comparing means ( Duncan , 1955) .

RESULTS AND DISCUSSION

The mechanism of the magnetically
treated water activity in the soil is yet
unclear . There is a possibility that the effect
is physical , viz. through a change in the
solvent capacity of water . An increase in
that capacity can be the explanation of the
differences detected while examining the
soluble fraction of the soil , between the
ordinary water and magnetically treated
water . These differences varied between
50 percent to 300 percent ( Harari and Lin ,
1991 ) . There is a conjecture that water
has a direct effect on physiological
processes in the plant cells and it is possible
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that the reactions of the plant are of
secondary importance . The direct influence
is concentrated mainly on the composition
or the mineral structure of the soil ( Bresler ,
1975).

1 - Soil Salinity

The presented data in Table ( 3 ) show
that , soil salinity measured as EC (dS m'1)
after harvesting was decreased at different
soil depths with the treatments under study .
The decreases of soil EC at all depths with
different application rates of N fertilizer in the
plots irrigated by magnetized water were
more higher than that one irrigated by non-
magnetized water . So , all values of relative
changes of EC (RC , EC ) as a percent of
original soil EC values were negative and
were more negative with magnetized water .
Also , the decreases of soil EC with both
magnetized and non-magnetized water were
more clear and showed a high negative
values of RC in the surface layers (0 - 15
cm ) and reduced with the increase of sail
depth . Takatshinko (1997 ) stated that , the
possibility of using magnetized water to
desalinate the soil is accounted for the
enhanced dissolving capacity magnetized
water , which has been registered
repeatedly and who added that , magnetized
water removed 50 to 80 % of soil CI
compared to a removed of 30 % by normal

Table (3): Soil EC (dSm™ )

irrigation water The found effect of
magnetized water on soil desalination were
reported and explained by Hilal and Hillal
(2000 , 2 and b ) ; Amiri and Dadkhah
(2006) and Tai et al. (2008 ) .

Little decrease of soil EC (dS m”’ ) was
induced with the increase of added mineral
N fertilizer ( Table , 3 ) . Such this decrease
was resulted from the little absorbed
amounts of soluble ions ( NO 3, PO4* ,
S04 K" ,cCa™ ... etc ) by the grown
plants . So , the high decrease of soil EC
resulted from N fertilizer application was
found in the surface layer ( root zone ) . In
this respect , Ahmed ( 2005 ) and Gohar
(2011 ) were gained similar results . This
trend may by supported by RC ( % ) values
of EC recorded in Table ( 3) . All values of
RC EC were negative at different soil depth,
but their were more negative at the high
rates of added N specially in the deeper soil
layers . Irrigation using magnetized water at
different rates of added N , resulted in a
more decrease of soil EC . These results
were  attributed to the activation and
enhanced effect of this treatment on plant
growth and its roots intensity and also on the
improve of some physical , chemical and
biological properties ( Aladjadjiyan , 2002
and El — Fakhrani ef al. , 2012) .

and its vertical redistribution and relative change

(RC ) as a percentage (% ) of the original soil value as affected by
magnetized water under different levels of N fertilization ( Mean values of
the two growing seasons 2011 and 2012).

Rate of 124 Non- magnetized water Magnetized water
addedN |
fertilizer % 0-15|15-30|30-60 | 60 -90 Mean 0-15 [ 15-30(30-60|60-90 Mean
( % of o (cm)| (cm) [ (cm) | (cm) (em) | (em) [ (em) | (cm)
RD* ) o
0 dsm’ | 1.40 | 1.59 1.75 1.83 1.64 1.22 1.48 1.68 1.75 1.53
RC(%)| 0.00 | 0633 | 0.00 | 0.550 | 0.296 | -12.86 | -6.33 | -4.00 | -3.85 | -6.76
50 dsm' | 135 | 155 1.72 1.82 1.61 1.13 1.37 1.65 1.75 1.48
RC(%) | -3.57 | -1.90 | -1.71 0.00 | -1.80 | -1929|-1329 | 571 | -3.85 | -10.54
75 dsm' | 1.32 | 153 1.72 1.80 1.59 1.02 1.28 1.60 1.73 1.41
RC(%)|-571| -3.16 | -1.71 | 110 | -292 | -27.14 | -1899 | -857 | -4.95 | -14.91
100 dsm’ | 1.30 | 1.50 1.70 1.75 1.56 0.95 1.20 1.55 1.72 1.36
RC(%) |-714| -5.06 | -286 | -3.85 | -4.73 | -3214 | -24.05 | -11.43 | -5.49 | -18.28
Mean dsm' | 1.34 | 1.54 1.72 1.80 1.60 1.08 1.33 1.62 1.74 1.44
RC(%) |-429| 253 | -1.72 | 110 | -229 | -2286 | -1582 | -7.43 | -4.40 | -12.62

*RD = Recommended dose ( 200 kg ammonium sulphate /fed. ).
RC (% ) = {( EC after harvesting - EC before planting) / EC before planting } x 100 .
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Also , the obtained data in Table ( 3 )
revealed that application of irrigation water
either magnetized or non-magnetized
diminished the EC of the different soil layers,
at varied addition of mineral N fertilizer.
The highest reduction reached to be -7.14 %
and -32.14 % compared to the control in 0 —
15 cm layer received the highest rate of N
fertilization and irrigated with  non-
magnetized and magnetized water
respectively . This may be attributed to the
leaching effect of irrigation water , likewise
enhancing root growth consequently
nutrients absorption and reduction in EC .
The facts which ought to be mentioned
herein is that the linear diminishment in EC
of the different soil layers was occurred with
the incremental addition of N fertilizer (Table
, 3 ) either with or with ought magnetized
water . However the reduction of EC with
magnetized water surpassed that one with
non-magnetized water by more than three
fold generally that refer to the beneficial
effect of applied magnetized water on
reclaiming soil salinity .

2 - Available N, P and K

The presented data in Table ( 4 ) show ,
that soil contents ( mg kg'1 ) of available N ,
P and K through different soil layers were
varied widely from treatment to another . In
all soil depths , irrigation using magnetized
water resulted in a clear increase of soil
content of available N , P and K where the
high increase was found in the top soil layer.
So , the high positive values of RC
calculated as a percent ( % ) of original
soil values of available N and P and K were
found in the surface layer . These values
increased positively with the increase of
added N for available N , but their were
lower positive effect for available P and K .
These findings were resulted from the
enhanced effect of both magnetized water
on dissolving of many soil compounds
specially soil organic matter. Also , these
treatments were associated with the
increase of biological activities in the soil
(Takatshinko , 1997 ; Aladjadjiyan , 2002
and El — Fakhrani ef al. , 2012) .

Individual applications of N fertilizers
resulted in an increase of soil available N
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in all soil layers ( Table , 4 ) . The high
content ( mg kg'1 ) of available N and its
RC was found in the surface layers (0 - 15
cm ) in the experimental plots received 100
% RC of N fertiizer and irrigation with
magnetized water . On the other hand , with
non-magnetized and magnetized irrigation
water , the soil content ( mg kg'1 ) of
available P and K were decreased in the
different soil layers as a result of added N
mineral fertilizer . These decreases were
attributed to the greater amounts of P and K
absorbed by plants specially with high rates
of added N fertilizer . In all treatments
under study , the soil content of available N,
P and K and their relative changes was
decreased with the increase of soil depth .
Maheshwari and Grewal ( 2009 ) and El -
Fakhrani et al. ( 2012 ) obtained similar
results , they recorded that the use of

magnetically treated  irrigation  water
increased soil available N , P and K .
Magnetic treatment of water may be

influencing desorption of P and K from soil
adsorbed P on colloidal complex and thus
increasing its availability to plants and thus
resulting in an improved plant growth and
productivity Also , they argued that
magnetic treatment of water slows down the
movement of minerals probably due to the
effect of acceleration of the crystallizations
and precipitation processes of the solute
minerals .

3-Effect of The Studied
Treatments on Plant Growth

a - Vegetative growth characters.

The presented data in Table ( 5 ) show ,
plant height ( cm ) , number of both leaves
and branches / plant , leaf area ( cm? ) and
root length ( cm ) of Pea plants and their
relative changes ( RC , % ) as affected by
irrigation using magnetized water compared
with non-magnetized water under different
levels of mineral N fertilization All
vegetative growth parameters under study
were increased significantly as a result of
irrigation using magnetized water ( Table ,
6). So , all values of RC ( % ) calculated for
these parameters were positive . This trend
was found in the two grown seasons with
different levels of added N . In general , the
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Table 4
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Table 5
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enhancement of plant growth under
magnetic conditions appears to have been
confirmed by many scientists. Similar finding
were reported by Aladjadjiyan ( 2002) and
Grewal and Maheshwari ( 2011 ) , they
recorded that magnetic field stimulated root
development and led to increase of the
germination , fresh weight and shoot length
of maize plants . Magnetic field beneficial
effects on plants have been discussed for
more than a decade . Also , they detected
that magnetic field have a highly
stimulating effect on cell multiplication |,
growth and development .

The calculated values of RC ( % ) for the
estimated vegetative growth parameters
show wide variations for these parameters
to the studied treatments ( Table , 5) . The
highest values of RC ( 197.71 % ) were
found with number of branches / plant at
second growth season and the lowest
values ( 28.17 % ) were recorded with plant
height at first growth season , under different
application of mineral N . In this respect,
Hozayn and Abdul Qados ( 2010 ) and
Abdul Qados and Hozayn ( 2010 ) obtained
similar results .

In addition , the data in Tables (5 and 6 )
show a significant increases of the
determined vegetative growth parameters as
a result of the added mineral N . The found
increases of the estimated growth
parameters associated N fertilization in the
plants irrigated by magnetized water were
higher than those in the plants irrigated by
non-magnetized water . With magnetized
water , the highest value for the estimated
growth parameters were associated the
treatments of 75 % RD of mineral N , where
the high values with non-magnetized water
were recorded with the plants fertilized by
100 % RD of mineral N . These findings
refer to that , the mineral N fertilizers
efficiency was increased as a result of
irrigation by magnetized water. That may be
attributed to the enhancing effect of
magnetic field on plant growth and
improving soil properties consequently its
content of available nutrients ( Turker et al. ,
2007 and Maheshwari and Grewal , 2009 ) .

b - Pods growth parameters .
The presented data in Tables (6 and 7)
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show the individual and combined effects of
magnetized water and N fertilization on pod
length ( cm ) , number of pods / plant and
number of seeds / pod of Pea . All these
parameters were increased significantly as
a result of irrigation using magnetized water
compared to the non-magnetized one (
Table , 6 ) . This trend was found with
different levels of added N fertilizer in the
two growing seasons . These increases
were varied from parameter to another as
cleared from the calculated values of RC , %
of these parameters . At the same treatment
of N fertilizer , the highest value of RC , i.e.
63.15 % was found with number of pods /
plant and the lowest value 13.04 % was
recorded with pod length . This positive
effect of magnetized water may be due to
the enhanced effect of magnetic field on
plant growth and improving soil properties
specially the content of available nutrients
(Hozayn and Abdul Qados , 2010 ; Abdul
Qados and Hozayn , 2010 and EI -
Fakhrani et al., 2012) .

Regarding to the effect of N fertilizer
on the estimated growth parameters of pods
presented in Tables (6 and 7 ), noted that,
the incremental addition of N with non-
magnetized and magnetized irrigation water
significantly increased the determined pods
growth parameters , in the two growing
seasons Such these increases were
resulted from the enhanced effect of N
fertilization on plant growth which early
recorded from many studies ( Basak , 2006
and Tantawy ef al. , 2011 ) . Except at rate
of 100 % RD of added mineral N fertilization
under irrigation using magnetized water , the
values of RC % for the estimated pods
growth parameters were increased positively
with the increase of added mineral N . The
decrease of pods growth parameters at
rate of 100 % RD of N fertilizer compared
with those associated the treatments of 75
% RD of N fertilizer reveals that , with
magnetized water may be reduced the
added dose of mineral N fertilizer up to 75
% of RD of Pea plant . This also means that
, efficiency of mineral N fertilizers under
irrigation by magnetized water was higher
than that with non- magnetized water .
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Table (6) : Statistical analysis ( LSD at 0.05 level ) of the studied variables of pea as
affected the studied treatments .

The studied il Season (2011) Season (2012)
e studied variables A 5 AB A B AB
Vegetative growth parameters
Plant height 0.0749 | 0.1059 H.S. 0.0442 | 0.0625 H.S.
Number of leaves / plant 0.0551 0.0779 H.S. 0.0463 | 0.0655 H.S.
Leaf area 2.3852 | 3.3731 S. 12799 | 1.8088 S.
Number of branches/ plant 0.0417 | 0.0589 H.S. 0.0395 | 0.0559 H.S.
Root length 0.0497 | 0.0999 H.S. 0.0497 | 0.0703 H.S.
Pods growth parameters
Pod length 14275 | 2.0188 N.S. 0.0605 | 0.0855 H.S.
Number of pods / plant 1.7965 | 2.5407 N.S. 0.0883 | 0.1248 H.S.
Number of seeds / pod 1.7805 | 2.5181 N.S. 0.0496 | 0.0701 H.S.
Fresh weight
Roots 0.0807 | 0.1142 H.S. 0.0466 | 0.0659 H.S.
Shoots 106.21 150.20 N.S. 80.51 113.86 N.S.
Seeds 1.2945 | 1.8307 H.S. 0.8000 | 1.1313 H.S.
Dry weight
Roots 0.0532 | 0.7520 H.S. 0.5260 | 0.0744 H.S.
Shoots 0.4490 | 0.6349 H.S. 0.1165 | 0.1648 H.S.
Seeds 0.6980 | 0.0988 H.S. 0.0411 0.5810 H.S.
Pods vyield
Green weight pods / plant 0.3605 | 0.5098 H.S. 16.063 | 22.760 N.S.
Early yield 0.0237 | 0.0335 H.S. 0.0509 | 0.0720 H.S.
Total yield 0.0438 | 0.0620 H.S. 0.0308 | 0.0435 H.S.
Nitrogen concentration
Roots 0.0229 | 0.0324 H.S. 0.0272 | 0.0385 H.S.
Shoots 0.0331 0.0469 H.S. 0.0229 | 0.0324 H.S.
Seeds 0.0407 | 0.0576 H.S. 0.0365 | 0.0516 H.S.
Phosphorus concentration
Roots 6.6353 | 9.3837 N.S. 0.0140 | 0.0198 H.S.
Shoots 0.0166 | 0.0234 N.S. 0.0147 | 0.0208 H.S.
Seeds 0.0264 | 0.0373 N.S. 0.0142 | 0.0201 H.S.
Potassium concentration
Roots 0.0210 | 0.0297 H.S. 0.0162 | 0.0229 N.S.
Shoots 0.0153 | 0.0216 H.S. 0.0212 | 0.0300 H.S.
Seeds 0.0328 | 0.0404 H.S. 0.0215 | 0.0304 H.S.
Crude protein 0.2544 | 0.3600 H.S. 0.2281 0.3225 H.S.

A = Water treatments , B = Nitrogen fertilizer treatments and AB = Interaction .
H.S. = High significant , N.S. = Non significantand S. = Significant .
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¢ - Fresh and dry weights of plant

origins .

The presented data in Tables (8 and 9)
show that , both fresh and dry weights (g /
plant ) of roots , shoots and seeds of Pea
plants were affected by magnetized water
under different level of mineral N fertilization
. These data show that , there are a
significant increase of fresh and dry
weights of the three origins as a result of
irrigation by magnetized water compared
with those found in the plants irrigated by
non-magnetized water ( Table , 6 ) . These
findings were found in the two growing
seasons under different levels of mineral N
fertilization . Thus , all values of RC %
calculated for both fresh and dry weights of
the three origins were positive in the two
grown seasons under different levels of
added mineral N . From RC values may be
noted that , there are a wide differences
between the fresh and dry weights of Pea
origins as affected by irrigation using
magnetized water , where the high RC
values were recorded with shoots followed
by roots ( fresh and dry weights ) . At the
same treatment of both added mineral N
and magnetized water , RC values of fresh
weight of Pea origins were higher than
those of dry weight . Abdul Qados and
Hozayn ( 2010 ) and Hozayn and Abdul
Qados ( 2010 ) found that , using irrigation
magnetized water induced positive
significant effect on the percent of increase
in seeds , straw and biological yield per
plant of chick pea were 39.64 , 41.03 and
39.85 % , respectively compared with tap

water . Magnetic water treatment could be
used to enhance growth , chemical
constituents and productivity of many

plants ( Selim , 2008 ; Abdul Qados and
Hozayn , 2010 and El — Fakhrani ef al. ,
2012).

Regarding to response of both fresh and
dry weights of Pea origins to mineral N
fertilization , the presented data in Tables (6
, 8 and 9 ) show a significant increase of
fresh and dry weights as affected by raising
the added N with non-magnetized water |,
but with magnetized water the found
increases were achieved up to 75 % RD
of N mineral fertilizer and a slight decrease
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at rate of 100 % RD . The increases of
fresh and dry weights associated N
fertilization were attributed to the beneficial
effect of N fertilizer on plant growth
enzymes activity and biological activity
(Basak , 2006 ) . These results are in
agreement with those obtained by Tantawy
et al. ( 2011 ) . On the other hand , the
decreases of both fresh and dry weights of
Pea plants origins irrigated by magnetized
water at high rate of added N means that |,
irrigation using magnetized water increased
mineral N fertilizer efficiency . So , may be
obtained on maximum fresh and dry weights
of plant origins using only 75 % RD of
mineral N fertilizer . These findings may be
played a major role in the reduction of
environment pollution by different N forms .
These results may be supported by
calculated values of RC ( % ) which
increased positively with the increase of
added N (Tables ,8and 9) .

The weight ( g ) produced from each unit
( kg ) of added N namely agronomic
efficiency ( AE ) and recorded in Tables ( 8
and 9 ) show that , this efficiency in the
different plant origins fresh and dry weights
in the plants irrigated by magnetized water
was higher than that one irrigated by non-
magnetized water . This trend was detected
with different levels of added N in the two
grown seasons These results are in
harmony with the soil content of available N
affected by irrigation using magnetized
water ( 53.75 mg kg'1 ) and also with this
water treatment on improved physical |,
chemical and biological soil properties ( Hilal
and Hillal , 2000 a and b ; Tai ef al. , 2008
and El — Fakhrani ef al. , 2012) .

d - Green pods yield .

Green pods (g / plant) , early pods yield
(ton / fed. ) and total pods yield ( ton / fed. )
and its relative changes of Pea as affected
by irrigation using magnetized water and
added level of mineral N fertilizer recorded
in Table (10) show that , in the two growing
seasons , magnetized water significantly
augmented Pea yield expressed as green
pods weight , early pods yield and total pods
yield ( Table , 6 ) . At the same rate of added
mineral N, these responses were varied
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from parameter to another as cleared from
the values of RC (% ) calculated for these
parameters yield . Selim ( 2008 ) and El —
Fakhrani ef al. (2012) attributed such these
increases to the enhanced effect of
magnetic field on nutrients availability ,
biological activity and improved rhizosphere
area condition .

Increasing level of added mineral
fertilizer in two growing seasons with both
magnetized and non-magnetized water
significantly increased weight of green pods
(g / plant ) , early pods vield ( ton / fed. )
and total pods yield ( ton / fed. ) of Pea
plants These increases in the plants
irrigated by magnetized water were higher
than those irrigated by non-magnetized
water ( Table , 10 ) . Yusron and Phillips
(1997 ) and Tantawy ef al. (2011 ) showed a
positive effect of mineral N fertilizer on
plant growth . The calculated values of RC
(% ) for the three parameters yield were
positive and increased with the increase of
added N , except at rate of 100 % RD of
added N fertilizer which gave RC lower than
that at 75 % RD N fertilizer . The latter
result show the ability reduce of added N to
75 % of its recommended dose (RD) .

In addition , the data in Tables ( 8 and 9)
show the positive effect of magnetic
treatment of irrigation water on agronomic
efficiency ( AE ) of the applied mineral N
fertilizer , where AE values for the three
yield parameters in the plants irrigated by
magnetized water were higher than those in
the plants irrigated by non-magnetized
water.

e - The content of macronutrients .

The recorded data in Tables (11 and 12)
show N, P and K concentration ( % ) and its
relative change ( RC % ) and also their
uptake ( mg / plant ) by Pea plants in 2011
and 2012 seasons as affected by irrigation
using magnetized water under different
application rates of mineral N fertilization .
With different rates of added N, irrigation
using magnetized water significantly
increased both concentration (Table , 6 )
and uptake of N, P and K in roots , shoots
and seeds of Pea in the two grown
seasons . The high concentration of N , P
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and K in the two growing seasons was found
with seeds and the lowest one was found
with roots . On the other hand , the highest
uptake of these three nutrients was found
with shoots followed by that with seeds . So
, all values of RC for N , P and K
concentration were positive . For different
origins of Pea plant the highest values of
RC were recorded with P followed by K
Previous studies reported that magnetic field
led to a positive effect on the number of
flowers and total yield ( Podlesny et al. ,
2005 ), seeds germination percentage and
nutrients uptake ( Esitken and Turan , 2003)
. In addition , application of a magnetic field
to irrigation was shown to increase plant
nutrients content ( EI — Fakhrani ef al. |,
2012 ) . Finally , Grewal and Maheshwari
(2011) showed that magnetic treatment of
irrigation water led to a significant increase
in shoots dry weight ( 25 % for snow pea
and 20 % for chick pea ) and contents of N,
K,Ca,Mg,S,Na,Zn, Fe, and Mn in
both seedling varieties compared with
control seedlings .

Increasing level of added mineral N
fertilizer was associated by increase of N,
P and K concentration ( % ) and uptake ( mg
kg'1 ) by both roots , shoots and seeds of
Pea plants in the two growing seasons with
either of non-magnetized or magnetized
water ( Tables , 11 and 12 ) . The found
increase of N , P and K content in the three
origins at the same level of added N in the

plants irrigated by magnetized water was
higher than those found in the plants
irrigated by non-magnetized water . Also ,

the high concentrations of these three
nutrients were found in the seeds followed
by shoots . On the other hand , the highest
values of N , P and K uptake were found
with shoots and the lowest one was found
with  roots These findings were in
agreement with those obtained by Tantawy
et al. (2011) and El — Fakhrani ef al. (2012).

f - Crude protein content.

The presented data in Table ( 13 ) show
that , seeds content ( % ) of crude protein in
the plants irrigated by magnetized water was
increased significantly compared with that
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Table (13): Seeds of Pea content ( % ) of crude protein and its relative change ( RC, % ) as
affected by magnetized water and mineral nitrogen fertilization in 2011 and

2012 seasons .

Rate of Season (2011) Season (2012)
addg_d N Non- . Non- .
F?&“Z;r magnetized Magj\:z’g?ed Mean (R:/OC) magnetized Mag\;/:;’g?ed Mean (R:,/f)
RD*) water water
0 18.44 21.38 19.91 | 15.94 18.25 21.25 19.75 | 16.44
50 20.00 22.50 21.25 [ 12.50 20.19 22.81 21.50 | 12.98
75 21.88 2450 2319 [ 11.97 21.88 2469 2329 | 12.84
100 23.00 2563 2432 | 1143 23.00 2563 2432 | 11.43
Mean 20.83 23.50 2217 | 12.96 20.83 23.52 2222 | 13.42

*RD = Recommended dose (200 kg ammonium sulphate / fed. ) .

found under irrigation by non-magnetized
water . These findings were found in the
two growing seasons with all levels of
added N fertilizer . Thus , all values of RC
(% ) of crude protein content were positive .
Also , similar positive effect and significant
increase in the seeds content of crude
protein as a result of increase of added
mineral N fertilizer . These findings were in
harmony with the results of seeds content
(% ) of N . These results reveals that ,
irrigation using magnetized water and
fertilization by mineral N individually or in
combination resulted in an improve quality
of Pea seeds by increasing its content of
crude protein .
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Table (13 ) : Seeds of snap bean content ( % ) of crude protein and its relative
change ( RC, % ) as affected by magnetized water and mineral

nitrogen fertilization in 2011 and 2012 seasons .

Rate of
added N Season (2011) Season (2012)
fer(‘flhzer Non- Magnetized RC Non- Magnetized RC
( % of | magnetized ater Mean (%) magnetized ater Mean (%)
RD* ) water W water W
0 18.44 21.38 19.91 15.94 18.25 21.25 19.75 | 16.44




50 20.00 22.50 2125 | 12.50 20.19 2281 21.50 | 12.98
75 21.88 24.50 23.19 | 11.97 21.88 24.69 2329 | 12.84
100 23.00 25.63 2432 | 1143 23.00 25.63 2432 | 1143
Mean 20.83 23.50 2217 | 12.96 20.83 23.52 2222 | 1342

*RD = Recommended dose (200 kg ammonium sulphate / fed. ) .
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