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Introduction
Water is one of the sources that play an essential role in crop production and, if not properly managed,
creates a severe limitation on drinking water consumption and agriculture. Water scarcity has become
a crisis in recent years. It has challenged rice production in the country, so there is no choice but to
increase productivity and optimize low-quality water. The use of effluent in supplying part or all of the
water and nutrient needs of the crop, in addition to reducing the pressure on available water resources,
also lowers production costs. It also avoids the problems of disposal of natural resources and
environmental issues. Wastewater application can increase the amount of water available to the plant
by changing the physical properties of the soil. Therefore, overall, these factors contribute to the
sustainable use of water and soil resources in agriculture (Nikbakht & Rezaei, 2016). Direct and
unmanaged use of this type of water, referred to as abnormal water, causes soil damage and reduces
crop production in irrigation operations. Due to the importance of water and its scarcity in the country,
proper use of water resources and irrigation water is one of the most critical goals in the agricultural
sector. Therefore, a method that can increase the plant's yield under normal conditions by using a
certain amount of water and the use of irrigation water in such a way that no problems occur for the
plant can be used as a solution. It is essential to manage irrigation water use. In this regard, one of the
approaches used in irrigation operations in recent years to use unusual waters is to pass irrigation water
through a magnetic field. Water is a magnetic magnet that passes through a device with a magnetic
core (Bodnarenko & Gac, 1984). Special measures, including unconventional water, are required to
provide irrigation water for strategic products such as rice, which needs much water. Despite the
beneficial aspects of urban wastewater, using these waters without proper management in agriculture
leads to irreparable damage in a long time. To reduce its effects and the use of wastewater treatment
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systems, the magnetization method is considered. In the present study, the effect of magnetization of
Gorgan urban wastewater effluent on hulls yield, biological yield, harvest index, water use efficiency,
physical efficiency of water, and economic efficiency of water have been investigated.

Methodology

The experiment has been carried out as a two-factor factorial design in entirely randomized blocks
from May to September 2011 in Gorgan University of Agricultural Sciences and Natural Resources.
The factors included irrigation water types, including common water (C) as control and Gorgan urban
wastewater treatment (W), water correction method including magnetism (M), and non-magnetism
(O). The physical and chemical properties of the soil are measured, and the results are presented in
Table (1). Chemical analyzes of water and wastewater were also measured and shown in Table (2).

Table 1- Physical and chemical properties of soil

Texture Clay Silt Sand Ec H Na* Ca* Mg* K*
Clas (%) @sim) P (meg/l)
Clayloam 32 30 38 148 752 083 003 84 161

Table 2- Chemical properties of water and wastewater

COos3 TDS Na* Mg®* Ca®* K*
Water type Ec oH
(meg/l) (mg/lit)  (dS/m) (meg/l)
Common water 0.9 370 0.58 7 09 31 23 0.09
Wastewater 2.5 1415 14 82 12 52 44 045

Two tanks were used to control the water level, one as a stabilizer water table and another to
measure the water used. The data obtained were analyzed using SPSS software, and DUNCAN and T-
Test were performed to compare means.

Results and Discussion

The results showed that in the type of water treatment, the harvest index increased by 25%
compared to common water. Some parameters such as yield, water use efficiency, physical efficiency
of water, and economic efficiency of water in the wastewater treatment increased by 28% compared to
control treatment. Also, the mean comparison of water type and correction method on all measured
parameters indicated that magnetite effluent was superior to the rest of the other treatments. In their
study, Jenkins et al. (1994) concluded that the yield of maize irrigated with effluent was three times
that of maize irrigated with ordinary water. Badiei et al. (2016) stated that wheat's lowest and highest
biological yield were observed in treated wastewater and raw sewage treatment, respectively. The
biological yield in raw wastewater treatment was 49.9% and 103% more than that in the treated water
and wastewater treatment, respectively. Its value in the treated water was about 40.6% more than that
in the treated wastewater treatment. Magnetized water for irrigation increased plant water productivity
by 9% compared to conventional irrigated plants (Khanderoyan, 2011). Maheshwari and Grewal
(2009) report that magnetic water for irrigation increased the water productivity of snow chickpea and
celery plants.

Conclusions

According to the results of this research, it can be said that using the urban wastewater effluent for
irrigation water reduces harvesting of high-quality water resources and reduces the costs of fertilizers
(chemical and organic) in the production of the product. Regarding the use of unconventional water,
environmental effects and the effect of these waters on the quantitative and qualitative properties of
the plant should also be investigated.
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Table 1- Physical and chemical properties of soil

Texture Clas Clay Silt Sand Ec H Na* Ca* Mg* K*
(%) @simy P (meg/l)
Clay loam 32 30 38 1.48 7.52 0.83 0.03 84 161

Sl 3 9T obewd Slhogas - Jau
Table 2- Chemical properties of water and wastewater

+ 2+ 2+ +
Water type COos3 TDS Ec Na® Mg Ca K
(meg/l)  (mg/lit)  (dS/m) pH (meg/l)
Common water 0.9 370 0.58 7 09 31 23 0.09
Wastewater 2.5 1415 14 82 12 52 44 045

Water source

Lvsimeter

Water table staibilizatin tank

Peizometer

Fig.1- Surface Irrigation system
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Table 3- Variance analysis of effect water type and water correction on the yield, harvest index,

water use efficiency and productivity indicators
Sum of Squares

Source of Variance dF Yield of Biological Harvest WUE WP BPD
rough rice yield Index (1+P)
Block 2 1246635.25™ 16399264.08"™  1.58"  0.005" 0.004"™  196852.08"
Water type (A) 1  8350008.33" 5633440.33™ 85.33"™ 0.029° 0.026" 1130374.08"
Water Correction (B) 1 2487941.33™  3621205.33"  40.33° 0.008™ 0.007™  339696.75"™
AxB 1 111361.33"  33090675.0  5.33"™  0.000™ 0.000"™  11718.75"
Error 6 633360.58 3578343.64 3.58 0.003 0.002 107808.53

%Y % 11.83 8.75 20.5 18.25 17.32 12.31
ns, * and **: Nonsignificant and significant at %5 and %1 level of probability respectively.

S asll 9 ST B0 7 (s g sl o Slos (595 p T ZMo! §19 T £5 J1 Sl dwlio € Jgu
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Table 4- Means comparison of effect water type and water correction on the yield, harvest index,
water use efficiency and productivity indicators

Yield of rough rice  Biological yield Harvest Index WUE WP (I+P) " BPD
(Kg/ha) (Kg/ha) (%) (Kg/m?3) (Kg/m®)  (Toman/md)
Common water 4306.33° 274078 15.5P 0.25" 0.24° 1578"
Waste water 5974.67 2 287782 20.83% 0.35¢ 0.34¢ 2191.832
Non-Magnetic 4685.12 28642° 16.33° 0.27° 0.27° 1716.60°2
Magnetic 5595.82 27543% 20.00® 0.32° 0.31° 2053.22

Numbers followed by the same letter are not significantly differentns (P<0.05)
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Fig.2- Comparison of the effect of water type and water correction on yield of rough rice
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Fig.3- Comparison of the effect of water type and water correction on water use efficiency
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