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ABSTRACT 
 
Aims: The growing scarcity and miss use of the available water resources particularly in arid and 
semi-arid regions constitute challenges to water demands for various utilities. One possible 
approach to conserve the scarce resources may be through improving the performance of the 
existing irrigation water using magnetization technology. The main aim of this study was to 
investigate the impact of magnetized and non-magnetized different types of water quality: 
freshwater (FW), magnetic freshwater (MFW), saline water (SW), magnetic saline water (MSW), 
wastewater (WW), and magnetic wastewater (MWW) on the growth and yield production of 
cucumber plant cultivated under greenhouse conditions.  
Study Design: The experiment was designed using a complete randomized design. Six different 
treatments were used and designed (FW, MFW, SW, MSW, WW, and MWW) with four replicates 
per each treatment. 
Place and Duration of Study: The field study was conducted at the experimental farm of Palestine 
Technical University- Kadoorie on February 2019 for a period of four months. 
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Methodology: Cucumber seedlings were cultivated in plastic pots (7 litters). Six different types of 
water quality (FW, MFW, SW, MSW, WW, and MWW) were used for irrigating of cucumber plants. 
Average plant length, average fruit number per plant, average fruit weight per plant, average total 
yield, average plant dry matter, and photosynthetic rate were measured during the growing period. 
Results: Results of this study indicated that the plant irrigated with magnetized freshwater 
produced the highest plant length and fruit number followed by magnetized treated wastewater 
compared to the other treatments. Moreover, the plant irrigated with magnetized treated 
wastewater produced the highest yield, photosynthetic rate and dry matter, followed by magnetized 
fresh water and magnetized saline water treatments. 
Conclusion: It is concluded that, magnetized water for irrigation purposes could be a promising 
technique for agricultural improvements but more investigation is required on different crops. 
 

 
Keywords: Magnetization technology; treated wastewater; saline water; plant growth. 
 

1. INTRODUCTION 
 
Magnetized water is water which has been 
passed through a magnetic field prior to use. 
Magnetization technology of water was adopted 
by several countries such as Russia, United 
States, Britain, Japan, Australia, Germany, 
Turkey, Poland, China and Portugal were 
carried out numerous studies used in the field of 
agriculture, and the researchers found results 
value in various crops [1]. 
 
It was reported that there are some changes 
occurred in the physical and chemical properties 
of the water according to magnetic treatment, 
mainly hydrogen bonding polarity, surface 
tension, conductivity, pH, and solubility of salts, 
and these changes in water properties may be 
capable of affecting the growth of plants [2]. 
Magnetized water penetrates the soil faster and 
deeper, allowing roots to penetrate and grow 
larger. Magnetized water dissolves more 
nutrients into root zone to become available to 
stimulate plant growth. These may be the 
reasons why growth rates are increased. Crop 
yields are big in a shorter period of time, and 
with much less water, fertilizers, and pesticides 
needs. This is the reason why magnetic water 
be used for irrigation. This result in an increased 
crop production and good quality of agricultural 
products coupled with savings in labour and 
money. 
 
Some studies have shown that magnetized 
water used for irrigation can improve plant yield 
and water productivity as well as, enhance water 
use efficiency [3-6]. Magnetic water treatment is 
also a technology used worldwide to overcome 
water salinity problems. In a field experiment, [7] 
concluded that soil wash of salts by magnetized 
water increased by 30-33% than those used with 
normal water. [8] reported that magnetized water 

has the ability to remove the effect of the salts 
accumulated in the soil (50-80%) compared to 
untreated water (30%). [9] found that, the use of 
magnetized saline water to produce sunflower 
has a significant effect in reducing the damage 
caused by saline water at a level of 5.81 dS/m. 
[10] showed that irrigation with magnetized 
saline water increased the production of maize 
crop by 15% compared to irrigation with the 
same water without treatment. 
 
An increase in crop yield, size and sugar content 
of melon grown with magnetized irrigation water 
in South Africa was shown by Lin and Yotvat 
[11]. Statistically significant increases in the yield 
and water productivity of snow peas and celery 
when irrigated with magnetized water, while, no 
significant effect on the yield or productivity of 
peas was reported by Maheshwari and Grewal 
[5]. Harari and Lin [12] showed that the size of 
muskmelons, the number of fruits and their 
sugar content were significantly greater when 
irrigated with magnetized water. Lentils irrigated 
with magnetized water showed a significant 
increase in growth, the stimulation in growth is 
thought to be attributed to an effect of 
magnetized water on the induction of cell 
metabolism and mitosis [1]. Magnetized water 
has been stated to the triple seedling advent of 
wheat [13]. Chickpea plants irrigated with 
magnetized water grew taller and heavier than 
plants irrigated with tap water [1]. Surendran et 
al. [14] reached that there was a beneficial effect 
of using magnetically treated irrigation water on 
growth and yield of crops, water and soil 
properties. The magnetic treatment of irrigation 
water improved the crop growth and yield of cow 
pea by 25.8% and 17.0%, respectively over the 
control experiment. Irrigation with magnetized 
water affected seed germination, root growth, 
seedling growth, chlorophyll content, and the 
growth of the meristematic cells [15]. Some 
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studies have reported the influence of magnetic 
water on seed germination, vegetative growth, 
and the yield of pepper [16], snap bean [17], 
tomato [18], snow pea and chickpea [2,19] 
concluded that the magnetic treatment 
accelerated the growth rate of tomato and the 
stem diameters were bigger comparing with the 
non-magnetized water. Such an effect may be 
due to the change in the characteristics of the 
cell membrane, affected the cell reproduction, 
and the changes in cell metabolism [20]. 
 
The main objective of this research was to 
investigate the impact of magnetized different 
types of water quality: freshwater, saline water, 
and treated wastewater on the growth and yield 
potential of cucumber crop cultivated inside the 
greenhouse. 
 

2. MATERIALS AND METHODS 
 

2.1 Description of the Field Experiment 
  
A field study was conducted at the experimental 
farm of Palestine Technical University-Kadoorie 
located at Tulkarm, Palestine on 17 February 
2019 for a period of four months. The main aim 
of this study was to investigate the impact of 
magnetized and non-magnetized different types 
of water quality: freshwater (FW), magnetic 
freshwater (MFW), saline water (SW), magnetic 
saline water (MSW), wastewater (WW), and 
magnetic wastewater (MWW) on the growth and 
yield production of cucumber plant cultivated 
under greenhouse conditions. Tulkarm area is 
recognized by its moderate climate, with 
average yearly precipitation varies between 530-
630 mm. Cucumber seedlings were cultivated in 
plastic pots (7 litters). The experiment was 
designed using complete randomized design. 
Six different treatments were designed, with four 
replicates per each treatment. Compound 
fertilizers (13:13:13) and (11:8:22) were used 
during different growth stages based on the 
nutrient requirements of cucumber as given in 
Table 1. The different types of water quality 
(freshwater, saline water, and treated 
wastewater) were used and magnetized for 
irrigating of cucumber plants. The six different 
types of treatments are described in Table 2. 
Average plant length, average fruit number per 
plant, average fruit weight per plant,         
average total yield, average plant dry matter, 
and photosynthetic rate were measured during 
the growing period. A portable photosynthesis 
unit (LCi Photosynthesis System) was used to 
monitor leaf net photosynthetic rates; using 

mature leaves that fully exposed to light. The 
measurements were taken in the morning 
between 9:00 and 11:00, when midday heat 
stress was absent. 
 
3. RESULTS AND DISCUSSION 
 

3.1 Growth and Yield Parameters of 
Cucumber 

 
Results of this study indicated that the plant 
irrigated with magnetized freshwater produced 
the highest plant length followed by magnetized 
treated wastewater compared to the other 
treatments as shown in Fig. 1. The plant 
irrigated with magnetized treated wastewater 
produced the highest yield production followed 
by magnetized freshwater and magnetized 
saline water. Yield production was increased 
about 95%, 85%, and 76% under magnetized 
saline water, magnetized treated wastewater, 
and magnetized freshwater compared with non-
magnetized saline water, treated wastewater 
and freshwater application respectively, as 
shown in Fig. 2. The plant irrigated with 
magnetized freshwater produced the highest 
fruit numbers followed by magnetized saline 
water and magnetized treated wastewater 
compared with the other treatments as shown in 
Fig. 3. The magnetized water might have 
resulted in faster activations of enzymes and 
hormones during the growth process which 
probably caused an improvement in the 
mobilization and transportation of nutrients [21]. 
Adeyolanu et al. [22] found a significant 
difference in growth of African eggplant irrigated 
with magnetized domestic treated wastewater in 
terms of plant heights, stem girths and number 
of leaves compared with non-magnetized 
treated wastewater. Al‐Janaby et al. [23] found 
that the highest yield of grain crop of maize 
amounted to 8.57 tons ha‐

1
, while the 4.62 tons 

ha‐1 when used water without magnetization, 
and increased by 85.49% when using 
magnetized water comparing to the water 
without magnetization. Abdel Kareem [24] found 
that the yield production of eggplant, tomato and 
faba beans was 34.05, 77.5, and 6.92 ton ha-1 
for treatments irrigated with magnetized water 
versus 23.23, 50.76, and 4.25 ton ha

-1
 

respectively, for treatment irrigated with non-
magnetized water. Atak et al. [20] explained the 
effect of magnetized water was due to the 
change in the characteristics of the cell 
membrane, which affected cell reproduction, and 
the changes in cell metabolism. Furthermore, 
magnetized water increased nutrient mobility in 
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soil, and uptake of N, P, K and Fe by plants [25]. 
Irrigating plants with magnetized water dissolves 
more nutrients because it lowers the surface 
tension of water. This lets more minerals be 
suspended in solution. Also, this improves the 
pH and causes more minerals and nutrients to 
pass through the cell walls of the roots. 
Statistically, treatments with different letters are 
significantly different. It was indicated that there 
was a significant difference in the yield 
production of plants irrigated with magnetized 
treated wastewater and the other treatments. 
Also there was no significant difference in fruit 
number per plant between all treatments. 
 

3.2 Dry Matter 
 
Results of this study indicated that the plant 
irrigated with magnetized treated wastewater 
produced the highest dry matter of plants 
followed by magnetized freshwater and 
magnetized saline water as shown in Fig. 4. 
Moreover, the dry matter was increased about 
51%, 48%, and 47% under magnetized      
treated wastewater, magnetized saline water, 
and magnetized freshwater irrigation compared 
with non-magnetized treated wastewater, saline 
water, and freshwater, respectively. Statistically, 

there was no significant difference in dry matter 
between all treatments. Al‐Janaby [23] observed 
a significant difference in dry matter of maize 
crop using magnetized water and indicated the 
highest dry weight of the maize crop amounted 
to 12.1 tons ha-1, while reached only 6.52 tons 
ha

-1
 when using water without magnetization, 

which increased up to 85.58% when using 
magnetized water comparing to water without 
magnetization. Ahmed and Abd El-Kader [26] 
showed that plant height, leaf area, leaves 
number, haulm fresh, and dry weights of potato 
plants were significantly increased by application 
of magnetized water as compared with non-
magnetized water. Selim [27] reported that 
irrigation with magnetized water has improved 
plant growth characteristics of tomato and 
pepper in terms of leaves number, leaf area, and 
plant height. Also, [28] found that the application 
of magnetized water improved the growth of 
pepper plants. Midan and Tantawy [29] and [30] 
stated that the vegetative growth characteristics 
of snap beans were improved after irrigation with 
magnetized water. The positive effect of 
magnetized water on plant may be attributed to 
its positive role on nutrients assimilation and 
absorption, and consequently increasing plant 
growth characteristics. 

 

Table 1. Nutrients requirements of cucumber plant during different growth stages 
 

Growth Stages N P2O5 K2O 

Transplanting -14 Days 150 150 150 

14 - 35 Days 250 150 400 

35 - End of crop 425 250 670 
 

 
 

Fig. 1. Plant length of cucumber crop irrigated with different types of magnetized and non-
magnetized (freshwater, saline water, and treated wastewater) 
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Fig. 2. Yield production of cucumber crop irrigated with different types of magnetized and non-

magnetized (freshwater, saline water, and treated wastewater) 

 
3.3 Chlorophyll Content 
 
Chlorophyll content of the cucumber                               
plants was measured several times                                   
during the growing period of the plants                          
using a SPAD meter. It is indicated                                  
that the SPAD values seem the same                                 
for all treatments during the first two months of 
the growing period, and at the last growing 
period the SPAD values of the treatments 
irrigated with magnetized wastewater were 
higher than the other treatments as shown in       
Fig. 5. 

 

3.4 Photosynthetic Rate 
 
Results of this study indicated that the highest 
photosynthetic rate was observed for plant 
irrigated with magnetized treated wastewater, 
followed by magnetized freshwater, and 
magnetized saline water. Moreover, the 
photosynthetic rate was increased about 33%, 
19%, and 5% under magnetized treated 
wastewater, magnetized freshwater, and 
magnetized saline water compared with non-
magnetized treated wastewater, freshwater, and 
saline water, respectively as shown in Fig. 6 
 

 
 

Fig. 3. Fruit number of cucumber crop irrigated with different types of magnetized and non-
magnetized (freshwater, saline water and treated wastewater) 
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Fig. 4. Dry matter of cucumber crop irrigated with different types of magnetized and non-
magnetized (freshwater, saline water and treated wastewater) 

 

 
 

Fig. 5. Chlorophyll content of cucumber crop irrigated with different types of magnetized and 
non-magnetized (fresh water, saline water, and treated wastewater) 

 

 
 

Fig. 6. Photosynthetic rate of cucumber crop irrigated with different types of magnetized and 
non-magnetized (freshwater, saline water and treated wastewater) 
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Table 2. Description of different treatments used in the experiment 

 
Treatments  Description 

FW Fresh Water  

MFW Magnetized Fresh Water 

SW Saline Water  

MSW Magnetized Saline Water 

WW Waste Water  

MWW Magnetized Waste Water 
 

4. CONCLUSION 
  
It is concluded that the magnetized freshwater, 
magnetized saline water, and magnetized 
wastewater played a positive impact in 
improving the growth parameters of cucumber 
plant and increased the yield production 
compared with the plant irrigated with non-
magnetized freshwater, saline water, and 
treated wastewater. The magnetized treated 
wastewater produced the highest yield 
production, dry matter and photosynthetic rate 
compared to the other treatments. Magnetized 
irrigation water could be a promising technique 
for agricultural improvements but more 
investigation is required on different crops.  
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