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Table 1- Fertilizer application program to the soil

Treatment Fertilization date Sampling time
2022/04/18 Before treatment
First stage of 2022/04/27 Two days after treatment
fertilization (75 kg) 2022/05/04 One week after treatment
2022/05/12 Two weeks after treatment
2022/05/16 Before treatment
Second stage of 2022/05/29 Two days after treatment
fertilization (150 kg) 2022/06/04 One week after treatment
2022/06/14 Two weeks after treatment
2022/06/18 Before treatment
Third stage of 2022/06/25 Two days after treatment
fertilization (150 kg) 2022/07/02 One week after treatment
2022/07/10 Two weeks after treatment
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Table 2- Division of sampling stations along the furrow

First Middle Last
1 5 9
. 2 6 10
Station Number 3 7 11
4 8 12
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Table 3- Physical and chemical characteristics of the studied soil
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Table 4-Analysis variance of the effects of soil depth, fertilization stage and sampling time on nitrate
and ammonium concentration

Mean Squares

Variable f Ammonium Nitrate
Repetition 3 0.001 0.001
Depth (A) 2 88.867"™ 190.385™
Fertilization stage (B) 2 0.624™ 5.943™
Time (C) 3 1.147 8.104™
Furrow length (D) 2 6.124" 12.250m
A*B 4 0.511™ 0.999"
A*C 6 0.877™ 0.615™
B*C 6 0.036** 0.157"
A*D 4 1.045" 2.205"
B*D 4 3.263"™ 0.352"
C*D 6 0.189™ 3.145™
Error 54 0.000 0.002
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Fig. 3- Nitrate changes at three soil profile depths in the first stage of fertilization
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Fig. 4- Nitrate changes at three depths of the soil profile in the second stage of fertilization
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Fig. 5- Nitrate changes at three depths of the soil profile in the third stage of fertilization
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Table 5- Percentage of nitrate changes in three stages of fertilization based on soil depth

Variable 0-30 (cm) 30-60 (cm) 60-90 (cm)

First stage 0 71.15 111.01
Second stage 0 53.83 83.77
Third stage 0 63.34 95.86
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Fig. 6- Nitrate changes at different sampling times by soil depth
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Table 6- Percentage of soil nitrate changes based on sampling time

. Two days One weeks Two week
Sampling Before
time fertilization after after after
fertilization  fertilization  fertilization
Percentage 0 -16.63 35.76 22.15

of changes
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Fig. 7- Nitrate changes at different sampling times by fertilizing stage
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Table 7-Percentage of nitrate changes in three stages of fertilization

Fertilization

stage First stage

Second stage  Third stage

Percentage of

changes 0

4725 -16.98
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Fig. 8- Ammonium changes in three depths of the soil profile in the first stage of fertilization
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Fig. 9- Ammonium changes in three depths of the soil profile in the second stage of fertilization
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Fig. 10- Ammonium changes at three depths of the soil profile in the third stage of fertilization
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Table 8- Percentage of ammonium changes in three stages of fertilization based on soil depth

Variable 0-30 (cm) 30-60 (cm) 60-90(cm)
First stage 0 -53.84 -69.62
Second stage 0 -41.20 -61.31

Third stage 0 -41.20 -48.15
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Table 9- Percentage of ammonium changes based on sampling time
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Fig. 12- Ammonium changes at different sampling times by fertilizing stage
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Table 10- Percentage of ammonium changes in three stages of fertilization

Fertilization stage

First stage Second stage

Third stage

Percentage of changes 0 143.88
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Fig. 13- Nitrate changes along the furrow by depth
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Abstract

This study was conducted to investigate the nitrate and ammonium accumulation in agricultural lands at
the Mirza Koochak-khan sugarcane agro-industrial. A factorial experiment based on a randomized complete
block design (RCBD) was implemented with four replications. The main factor was the furrow length
(beginning, middle, and end), while the sub-factors included soil depth (0-30, 30-60, and 60-90 cm),
fertilization stage (75 kg, 150 kg, 150 kg), and sampling time (before fertilization, two days, one week, and
two weeks after fertilization). Soil samples were analyzed for nitrate and ammonium concentrations. The
results showed that the highest soil nitrate content (17.49 kg/ha) was observed at the 60—-90 cm depth one
week after the second fertilization stage. The peak ammonium content (9.06 kg/ha) was detected at the 0—30
cm depth two weeks after the second fertilization. Across all stages, the second fertilization phase yielded
the highest nitrate and ammonium concentrations. Nitrate levels peaked one week after the second
fertilization (13.81 kg/ha), whereas the lowest recorded value (1.47 kg/ha) occurred before the first
fertilization stage. Ammonium concentrations peaked (5.12 kg/ha) at the 0-30 cm depth, one and two weeks
post-fertilization. Finally, variations in nitrogen and ammonium concentrations along the furrow length
followed a consistent trend across all sampling depths.

Introduction

Understanding nitrate leaching is critical for sustainable agricultural management. Because
nitrate is not adsorbed by soil particles, it is highly susceptible to leaching beyond the plant root
zone, leading to significant reductions in agricultural productivity and economic efficiency.
Furthermore, the migration of nitrite and nitrate into groundwater poses severe risks to human and
livestock health and alters the nutrient balance and ecological functions of surface waters (Allende-
Montalbén et al., 2022). Rathnappriya et al. (2022) evaluated the efficacy of slow-release fertilizers
in balancing crop yield with reduced nitrate leaching, concluding that such fertilizers enhance
yields in both plant and ratoon sugarcane fields. Bai et al. (2020) reported that the most effective
reduction in nitrate leaching was achieved through the optimal combined management of nitrogen
fertilizer and irrigation water, resulting in a 41% decrease in nitrate loss.

Given that nitrogen leaching is influenced by water-fertilizer distribution uniformity, furrow
slope, and injection timing, this study aims to assess the accumulation of nitrate and ammonium
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relative to fertilizer application rates and sampling intervals at various depths in the Mirza
Koochak-khan sugarcane fields.

Methodology

This research was conducted during the 2021-2022 crop year at the Sugarcane Agriculture and
Industry Company, Mirza Koochak-khan, Khuzestan Province (48° 30’ E, 31° 15> N). A
randomized complete block design (RCBD) with four replications was employed. The main factor
was furrow length (three levels), while secondary factors included soil depth (0-30, 30-60, and
60-90 cm), fertilization stage (75 kg, 150 kg, 150 kg), and sampling time (before fertilization, two days,
one week, and two weeks after fertilization).

Soil samples were collected at four longitudinal points (200, 400, 600, and 800 meters from the
water inlet box) before to initial irrigation and fertilization in March 2022. For each of the three
fertilization sessions, soil was sampled at three depths across four temporal intervals (Table 1). To
evaluate longitudinal variations, sampling points were categorized into beginning, middle, and end
segments of the furrow. Nitrate and ammonium concentrations were measured via the Kjeldahl
method using a spectrophotometer at 400 nm. Statistical analyses were performed using Excel and
SAS software.

Table 1- Fertilizer application program to the soil

Treatment Fertilization date Sampling time
2022/04/18 Before treatment
2022/04/27 Two days after
First stage of treatment
fertilization 2022/05/04 One week after
(75 kg) treatment
2022/05/12 Two weeks after
treatment
2022/05/16 Before treatment
2022/05/29 Two days after
Second stage treatment
of fertilization 2022/06/04 One week after
(150 kg) treatment
2022/06/14 Two weeks after
treatment
2022/06/18 Before treatment
2022/06/25 Two days after
Third stage of treatment
fertilization 2022/07/02 One week after
(150 kg) treatment
2022/07/10 Two weeks after
treatment

Results and Discussion
Nitrate concentration

Figures (1) to (3) illustrate average soil nitrate levels. Nitrate leaching increased with depth in
both the first and second fertilization stages. In the first stage, nitrate concentrations at 30-60 cm
and 60-90 cm depths increased by 71.15% and 111.01%, respectively, relative to the 0-30 cm
depth. Similarly, during the second stage, concentrations increased by 53.83% and 83.77% at the
corresponding depths. The third fertilization stage also exhibited peak nitrate accumulation at 60—
90 cm.
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Fig. 1- Nitrate changes at three soil profile depths in the first stage of fertilization
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Fig. 2- Nitrate changes at three depths of the soil profile in the second stage of fertilization
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Fig. 3- Nitrate changes at three depths of the soil profile in the third stage of fertilization

Ammonium concentration

Ammonium levels in the first stage reached 5.55 kg/ha at the 0-30 cm depth two weeks after
fertilization. Concentrations at deeper profiles (30-60 and 60-90 cm) were significantly lower.



This trend aligns with Soroush et al. (2011), who reported that within 8-10 days post-fertilization,
a substantial portion of ammonium from urea hydrolysis is converted to nitrate through

Changes nitrate and ammonium along the furrow

At 0-30 and 30-60 cm depths, nitrate levels were highest in the middle of the furrow.
Conversely, at 60-90 cm, nitrate content was higher at the end of the furrow (77.9 kg/ha) compared
to the beginning (69.10 kg/ha). Ammonium levels remained relatively stable along the furrow
length, displaying uniform distribution patterns.

Conclusions

The study confirms that nitrate concentrations generally increase with depth, whereas
ammonium accumulation is highest in the topsoil (0-30 cm). Peak nitrate and ammonium levels
were recorded one and two weeks post-second fertilization, respectively. The uniform trend of
nitrate distribution along the furrow suggests efficient nutrient transfer dynamics between the soil,
plant, and irrigation water.
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