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farmers. Once this ion enters the soil, it is converted to nitrate and easily
leached. Using zeolite is one of the methods to prevent nitrate leaching
has received much attention today; however, determining the exact
amount of nitrate fertilizer when using zeolite is very important.
Performing experiments in a classic way and taking into account the effect
of all factors (factorial design) needs time and cost in performing
experiments. For this reason, old research methods should be replaced by
simple and standard methods such as Taguchi and central composite
design. For this purpose, this study was conducted in a completely
randomized as factorial design. Treatments consisted of zeolite (at three
amount; zero, 2 and 6%) and nitrate application (at three levels; zero, 200
and 400 mg nitrate per kg of soil) with three replications. Taguchi and
central composite designs were considered with 9 and 13 experiments,
respectively. The results of complete factorial method showed that the
amount of zeolite had a significant effect on nitrate leaching; however,
nitrate fertilizer had no effect on nitrate leaching. According to Taguchi
results, both zeolite and nitrate fertilizer were very important on nitrate
leaching reduction from soil. Based on prioritizing the effect in the central
composite design, it was observed that zeolite was the most important
factor in reducing nitrate leaching. Based on the results, the application of
2% zeolite was the beginning of the effect of zeolite on nitrate leaching.
Therefore, it can be expected that in amounts between 2 to 6% zeolite, a
significant reduction in nitrate leaching occurs.
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1.  Introduction

The use of nitrate fertilizer to increase crop yield is a method used by many farmers. Once this ion
enters the soil, it is converted to nitrate and easily leached (Waddell and et al., 2000). The use of zeolite
is one of the methods to prevent nitrate leaching that has received much attention today (Polat and et
al., 2004). Determination appropriate amount of nitrate fertilizer when using zeolite is very important.
Conducting experiments in a classic way and taking into account the effect of all factors (factorial
design) will cause time and money in conducting experiments. For this reason, old research methods
should be replaced by simple and standard methods such as Taguchi and the central composite design.

2. Materials and Methods
Treatments used in this study, the amount of zeolite in three levels (Z0, Z1 and Z2 represent zero, 2 and

6% by weight, respectively), urea fertilizer in three levels (FO, F1 and F2, respectively, indicate the
levels of nitrate fertilizer application Ammonium (zero, 200 and 400 mg / kg soil) were applied in three
replications. The studied soil was prepared for experiment. The zeolite was mixed with the soil at the
desired levels. The soil and fertilizer mixture (wet soil at field capacity) was poured into plastic
containers for each treatment and stored in isolation for one week. After one week, each treatment was
poured into cylinders with a diameter of 100 and a height of 250 mm. Before embedding the soil-
fertilizer mixture (mud created), the bottom of the cylinders was perforated and filter paper was placed.
Also, sand with a diameter of 1 to 5 cm and a height of 3 cm was poured on the bottom of each cylinder.
Distilled water was used to wash the nitrate. The duration of the experiment was considered according
to the collected effluent at the end of each cylinder. Drainage rate of 250 ml for each cylinder was the
end of the experiment.

3. Results
The results of complete factorial method showed that the amount of zeolite had a significant effect on

nitrate leaching. However nitrate fertilizer had no effect on nitrate leaching. According to Taguchi
model, both zeolite factor and nitrate fertilizer amount were effective on nitrate leaching from soil.
Based on prioritizing the effect in the central composite design method, it was observed that zeolite was
the most important factor in reducing nitrate leaching. Based on the results of the three methods used,
the application of 2% zeolite was the beginning of the effect of zeolite on nitrate leaching. Therefore, it
can be expected that in amounts between 2 to 6% zeolite, a significant reduction in nitrate leaching
occurs.

4. Discussion and Conclusion
The analysis of variance showed that the amount of zeolite on nitrate had a significant effect

at the level of 5%. However, nitrogen fertilizer had no effect on the parameter. The
interaction effect of zeolite content and nitrogen fertilizer on nitrate content had a
significant effect at 5% level. With increasing application of zeolite in soil, the amount of
nitrate in the drain decreased. This decrease was significant so that the difference between
Z2 and Z0 treatments became significant. The rate of nitrate reduction in Z2 treatment
compared to Z1 and Z0 treatments was 109 and 118%, respectively. The reason for this
decrease can be attributed to the properties of zeolite. The amount of nitrogen fertilizer
used had no significant effect on effluent nitrate. In F1 treatment, the amount of nitrate in
the effluent was the lowest among other treatments. The amount of nitrate in this
treatment compared to FO and F2 treatments decreased by 72 and 74%, respectively.
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According to Taguchi results, treatment of zeolite at the level of 6% with nitrate fertilizer at
the level of 200 mg had the best results. The worst nitrate leaching conditions were
obtained for treatment without zeolite and consumption of 400 mg / | nitrate fertilizer.
Among the treatments without zeolite, the amount of S / N was more negative with
increasing nitrate fertilizer application. As a result, nitrate leaching increased. No regular
results were observed for the other two zeolite treatments
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Main Effects Plot for SN ratios
Data Means

Mean of SN ratios

Signal-to-noise: Smaller is better
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Interaction Plot for SN ratios
Data Means

SN ratios
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Signal-to-noise: Smaller is better
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Pareto Chart of the Standardized Effects
(response is N, o = 0.05)
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Surface Plotof Nvs F, Z
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Contour Plot of Nvs F, Z
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Evaluation of Full Factorial, Taguchi and Central Composite Design
Methods in Reducing Nitrate Leaching from Soil under Zeolite Treatment

Zeynab Hamid!, Amir Soltani Mohammadi*?, Mohsen Ahmadee®

Abstract

Use of nitrate fertilizer to increase crop yield is a method used by many farmers. Once this ion
enters the soil, it is converted to nitrate and easily leached. Using zeolite is one of the methods to
prevent nitrate leaching has received much attention today; however, determining the exact amount
of nitrate fertilizer when using zeolite is very important. Performing experiments in a classic way
and taking into account the effect of all factors (factorial design) needs time and cost in performing
experiments. For this reason, old research methods should be replaced by simple and standard
methods such as Taguchi and central composite design. For this purpose, this study was conducted
in a completely randomized as factorial design. Treatments consisted of zeolite (at three amount;
zero, 2 and 6%) and nitrate application (at three levels; zero, 200 and 400 mg nitrate per kg of soil)
with three replications. Taguchi and central composite designs were considered with 9 and 13
experiments, respectively. The results of complete factorial method showed that the amount of
zeolite had a significant effect on nitrate leaching; however, nitrate fertilizer had no effect on
nitrate leaching. According to Taguchi results, both zeolite and nitrate fertilizer were very
important on nitrate leaching reduction from soil. Based on prioritizing the effect in the central
composite design, it was observed that zeolite was the most important factor in reducing nitrate
leaching. Based on the results, the application of 2% zeolite was the beginning of the effect of
zeolite on nitrate leaching. Therefore, it can be expected that in amounts between 2 to 6% zeolite, a
significant reduction in nitrate leaching occurs.

Keywords: Zeolite, Statistical plans, Maintenance, Nitrate.
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