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Investigation of the Using Heavy Metals-Contaminated Water with
Subirrigation in Canola Cultivation
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4, Mehdi Poursaeedi®

Abstract

One of the ways out of the water crisis is to use polluted and non-conventional water. In this
regard, a study was conducted in 2017 and 2018 in the Agricultural and Natural Resources
College, the University of Tehran in the form of a completely randomized factorial design with
four treatments, three replications, and a total of 12 experimental plots in the lysimeter
environment. Experimental treatments included surface irrigation with contaminated water by
heavy metals (SRC), surface irrigation with conventional water or control treatment (SRF),
subirrigation with contaminated water by heavy metals (SBC), and subirrigation with
conventional water (SBF). The texture of the soil inside the lysimeters was sandy loam, its pH
was 7.4, and the heavy metals used were copper, zinc, and lead. The results showed that the
highest copper concentration in SBC treatment was observed at a depth of 75 cm, which was
43% less than the maximum amount in SRC treatment, and 25 cm depth, which was significant
at the level of 5%. Also, there was a difference between the maximum amount of soil zinc on
SRC and SBC treatment of more than 4.2 mg/kg, and in subirrigation, 32% less zinc was
absorbed into the soil, which was significant at the level of 5%. The average amount of copper
uptake by the plant in SRC treatment was 4.97 mg/kg, which was 80% and 70% increase in
copper uptake, respectively, compared to control and SBC treatment, and this difference was
significant at the level of 1%. In general, top-down motion (SRC) is higher than bottom-up
motion (SBC), indicating the use of heavy metal contaminated water in subirrigation.

Keywords: Soil Pollution, Lysimeter, Non-Conventional Water, Rare Elements, Water
Table.
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Esignificant at the level of 1%. In general, top-down
- motion (SRC) is higher than bottom-up motion (SBC),
" indicating the use of heavy metal contaminated water in
' subirrigation.

1. Introduction

With the increase of urban population and the development of various industries, the demand for water
and the production of pollutants, especially heavy metals, is increasing and the share of agricultural water is
decreasing. One of the ways out of the water crisis is to use polluted and non-conventional water. Given that
agriculture is the largest and most consuming of water, efforts to reduce water consumption in this sector
and increase water yield and productivity, the use of polluted water, as well as unconventional water, are
necessary scenarios. Irrigation with effluent adds elements to the soil that can be beneficial to the soil as well
as plant growth, but excessive use of it increases the accumulation of heavy metals in the soil, which is
dangerous for plants. Therefore, it is necessary to perform various tests to minimize the harmful effects.

2. Materials and Methods

In this regard, a study was conducted in 2017 and 2018 in the Agricultural and Natural Resources
College, the University of Tehran in the form of a completely randomized factorial design with four
treatments, three replications, and a total of 12 experimental plots in the lysimeter environment.
Experimental treatments included surface irrigation with contaminated water by heavy metals (SRC),
surface irrigation with conventional water or control treatment (SRF), subirrigation with contaminated
water by heavy metals (SBC), and subirrigation with conventional water (SBF). The texture of the soil
inside the lysimeters was sandy loam, its pH was 7.4, and the heavy metals used were copper, zinc, and
lead. Irrigation amount was calculated based on the average evapotranspiration for the period and soil
requirements. At this stage, the water requirements of the plant under normal conditions were calculated
using the latest version of CROPWAT software (version 8.0) to ensure the necessary. Before the start
of the main test and application of groundwater irrigation treatments, irrigation was performed in all
lysimeters equally and from the soil surface. The concentration of metals used (lead, cadmium, zinc,
and chromium) in agriculture and irrigation was determined based on the values of the instructions of
the Department of Environmental-Iran (DEI), Food and Agriculture Organization (FAO), and the World
Health Organization (WHO).

3. Results

The results showed that the highest copper concentration in SBC treatment was observed at a depth
of 75 cm, which was 43% less than the maximum amount in SRC treatment, and 25 cm depth, which
was significant at the level of 5%. Also, there was a difference between the maximum amount of soil
zinc on SRC and SBC treatment of more than 4.2 mg/kg, and in subirrigation, 32% less zinc was
absorbed into the soil, which was significant at the level of 5%. The average amount of copper uptake
by the plant in SRC treatment was 4.97 mg/kg, which was 80% and 70% increase in copper uptake,
respectively, compared to control and SBC treatment, and this difference was significant at the level of
1%. In general, top-down motion (SRC) is higher than bottom-up motion (SBC), indicating the use of
heavy metal contaminated water in subirrigation. Based on the above and the result of the T-Student
test, it can be said that if water contaminated with copper metal enters the soil through irrigation, it can
be ensured that the copper enters the soil is not absorbed by the plant and if absorbed, the amount is
insignificant and within the control treatment or initial soil concentration. According to the results of
the T-Student statistical test and the above, it can be said that if water contaminated with zinc metal
enters the soil through underground irrigation, it can be assured that the zinc entering the soil is far
away from the roots and is not absorbed.

4. Discussion and Conclusion

This study was conducted with the aim of Investigation of Using Heavy Metals-Contaminated Water
with Subirrigation in Canola Cultivation. The general results showed that by combining the
groundwater irrigation method and using water contaminated with heavy metals and considering how
it moves and accumulates in the soil, these metals accumulate in the lower layers of the soil and do not
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reach the roots of the plants' zone. Also, no traces of copper, zinc, and lead metals were observed in the
drainage obtained from drains related to groundwater treatment with contaminated water. In the case of
soil, it can be said that the movement of copper and zinc metals was such that in the groundwater
irrigation treatment, the roots were out of reach and were not absorbed by the plant. Therefore, the
desired goal, which was the healthy and safe use of heavy metal contamination, was achieved in
underground irrigation.
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