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' ABSTRACT

An investigation was carried out with an objective to find out the seqasenal variation of nitraie
concentration due to different fertilizer and irvigation application rates for anics cultivation in
sandy regosol. Field experiments were conducted in Batticaloa, during Maha 2004 and Yala
2005, using the 3 nitrogen rates (0, 70 and 140 kg N/ha) together with 3 irvigation rates (7, 14
and 30 mmy). Twwenty seven (27) cylindrical lysimeters were built in ai the experimenial siie and red
onion (Allium cepa; var. Vethalan) was planted in the lysimeters and irvigated using a micro
sprinkler system with a delivery rate of 30 mmhr'. Nitrate-N concentration in the leachate were
determined colorimetrically by the Cadmium reduction method. A field scale mathemaiical model,
LEACIHM-N, was used to simulate the concentration of Nitrate-N in the leachote in hoth ceasons.
The  Nitrate-N concentration during Yala 2005 showed a clear trend and cocevded the siaximum
permissible limit of 10 mg/l which were found 1o be higher than the concentrations observed
during Maha 2004, Peak Nitrate-N concentration occurred 8-14 days joilewing o fertilizer
application in the fertilized treatments in Yala 2005, which could be comparable with the time of
peak concentration during Maha 2004 where the peak was observed 9-13 days afier 1Y top
dressing, Statistical analysis indicated that LEACHM-N simulated the Nitrate-N concentrations
reasonably well in Maha than in Yala.
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Introduction

and adults (Salley, 1992). The most familiar problem
associated with elevated levels of nitrate is
methemoglobinemia, or “blue baby syndrome”.
Many studies in Sri Lanka have reported high
nitrate concentrations in water, which had been
attributed to intensive use of fertilizers on highly
permeable soils (Kuruppuairachehi ef al., 1993).
Therefore an understanding of the movement and
transport of  NO_; and quantifying the
concentration of nitrate beyond the root zone is

Nitrogen loss from the field and the threat of
groundwater contamination increase under
irrigation on sandy soils because the nitrate as a
mobile contaminant is more easily I¢ached through
sandy soils, compounded with ¢xcess water
applications. In addition to this, nitrate leaching
typically occurs when fertilizer application rates
exceed crop nitrogen requirements (Roth and fox,
1990; Jokela, 1992; Guillard et al., 1995). Thus,
minimizing the nitrogen fertilizer losses from the
crop fields is a great concern in view of increasing
fertilizer use cfficiency and reducing groundwater
contamination.

very important to avoid the ground water
contamination.

Mathematical models are usclul tools {or

Higher level of NO," in water is unsale for drinking
as the Nitrate-Nitrogen concentration in drinking
water above Maximum Contaminant Level (MCL)
of 10 mg/l causes serious health threat to infants

integrating these different processes inveived in
N transport in soil and can be used in forecasting
how a system will behave without actually making
measurements in a physical system (Tanji and
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Gupta, 1978). In recent years, development and
application of models to simulate field scale N
transformations and movement in the unsaturated
zone of the soil profile (Dodds et «l., 1998; Ramos
and Carbonell, 1991; Bergstrom and Jarvis, 1991,
Addiscott and Whitmore, 1987).

As the coastal regions of Batticaloa consists of
sandy regosols where intensive cultivation is
being carried out with the application ol excessive
inorganic fertilizer and irrigation, the application
of LEACHM-N would be uscful for predicting the
nitratc contamination in groundwater to represent
the natural system, and to use it in an objectlive
manner to guide both the future research cltorts
and current management practices. Therefore the
objective of this study was to determine the nitrate
nitrogen concentrations in groundwater at sclected
levels of fertilizer and water application rates.

Materials and Mcthods

The ficld experiments were conducted in Maha
2004 and Yula 2005, at Ramakrishna mission, in
Batticaloa. The experimental site is located around
2.5 km on the South of Batticaloa town (latitude
7143’ N, longitude 81142 ). The arca is flatand
low lying with an clevation of 7.8m from mean
sea level.

1. Experimenial design and layout

The tfeatments were arranged in a split plot design
with ‘nine treatments in 3 replicates. The
experimental treatments were 3 nitrogen rates
(referred to as 0, 70 and 140 kg N/ha) together
with 3 irrigation rates (referred to as 7 mm,
14 mm and 30 mm). The irrigation trcatments
were assigned as main plot factor, whereas the
fertilizer treatments were assigned as sub plot
factor.

e Preparation of lysimeters

Twenty seven (27) lysimeters were prepared using
plastic (50 cm diameter and [00em height) barrels.
A sloped concrete base was laid at the bottom of
each lysimeters to facilitate the percolating water
to move towards the cxit hole of outlet pipe. A
Imm wirc mesh was fixed at the inner opening of
the pipe, which was again covered with nylon net
to prevent the soil particles from moving with the

leachate and draining into the collection vessel.
The base of the lysimeters were covered with a3
c¢m layer of crushed granite rock (coarser
particles), followed by which a 2 em layer of chips
(finer particles) before the soil was filled, which
reduced the cffective depth of the lysimeters to
95 cm.

3. Lysimeter installations

The soil was excavated for 1.1 m depth and the
plastic barrels were placed. The soil was packed
into the barrel to original bulk density of 1.6 geny
' The soil surlace of cach lysimeter was kept
levelled. The outlets of cach lysimeter barrels
were extended by buried PVC pipes (1.25 cm
diameter) to the sampling point to collect the
lcachate. The pipes were laid at a slope of
approximately 8-10% to ensure rapid water flow
into sampling points. Water was applied to the
lysimeter and the smooth drainage at the outlet
was confirmed. All the outlets pipes were labeled
to identify the respective lysimeter.

4. Irrigation

Water was delivered using a micro sprinkler
system, pumped from a well adjacent to the
experimental site throughout the cropping scason
with a 30 mmhr-1 delivery rate. Three levels of
irrigation treatments such as 7, 14 and 30 mm were
applicd. According to the irrigation treatments, the
duration of irrigation was manipulated to apply the
required amount ol water.  Trrigation was not
preseribed when there was heavy rain.

S.Planting

Red onion (Allium cepa;, var. Véthalan) was
planted on 12" October, 2004 in Muha and|2th
April, 2005 in yala. The bulbs were soaked in a
fungicide (Homai) before planiting.-

6.Fertilization

The fertilization treatments were 3 nitrogen rales,
referred to as 0, 70 and 140 kg N/ha. Nitrogen
was applied according to the treatments in the form
of (NI1,),SO, (21% N) and urca (46% N).
Nitrogen was applied 3 times during the cropping
scason. Control plots received no N fertilizer,
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T.Experimental design

The treatments were arranged in 3x3 split plot
design in which the irrigation treatments were
assigned as the main plot whercas the nitorgen
application rates were assigned as the sub plots.

8.Collection and analysis of leachate and
irrigation water

Leachate samples from individual outlets were
collected continuously using plastic buckets and
the total volume was measured. Leachate samples
were obtained from 3-4 days intervals for Nitrate-
N analysis by pooling sub-samples of 100m]
collected every day, which represented composite
samples of the leachate that had drained during 3-
4 days. Irrigation water was sampled weekly from
the well during the cropping season.

NitrateE-N in the leachate as well as in the well
water were determined colorimetrically by the
Cadmium Reduction Method (Keeny and Nelson,
1982) using DR/HACH 2010 spectrophotometer,
at the Bastern University, Batticaloa.

9.Input Data to LEACHM-N
Soil data

The LEACHM-N required a variety of input data
for soil physical, hydraulic and chemical
characteristics, soil N transformation constants
weather, environmental and crop management
data of the simulation site. Important soil
propertics in characterizing nitrate leaching were
determined in the laboratory, for which soil was
sampled in 10¢m incremenis up to 50 cm depth
(Table 1).

Table 1. Measured soil properties of sandy regosols

Soil depth Sand % Silt % Clu)_/% Buld densiiy Ks ‘ Porosity Organic

(cm) ) {(g/em3) (cm/i}r) carbon %
0-10 ‘ 97.6 1.1 1.3 1.5 £0.3 ir43 0.08
10-20 98.3 0.4 1.2 1.6 Gi).4 0.40 0.12
20-30 98.8 0.1 I.1 .6 96.7 0.40 0.001
30-40 99.3 0.1 0.6 1.6 89.8 0.38 0.0
40-50 99.4 0.1 0.5 1.6 92.4 0.33 0.0

Crop factor Weather Data

Onion root distribution in cach soil layer was
obtained from direct observation of the roots in
the field. It was observed that about 90% of the
roots were found in the top Sem and the remaining
10% of the roots were distributed within 10 ecm. A
growing onion crop was assumed to be present
throughout the simulation period and with a crop
cover fraction of 0.8 (fraction of land covered by
the crop).

19

Daily potential evapo-transpiration was recorded
using the evaporation pan at the study site, Daily
maximum and minimum air temperatures and
rainfall data were obtained at the nearby Meteoro
logical station in Batticaloa. Daily potential evapo-
transpiration data were summed to calculate a
weekly total potential evapo-transpiration as
reguired by LEACHM-N.
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Other input data
Other input valucs were obtained (rom published sources (Table 2).

Table 2: LEACHM-N input paramecter values used to simulate leaching during the

ficld experiments

Model parameters

Values Reference

Partition cocfficient, L kg
NH,'-N
Nitrate-N

~

v

Molecular diffusion coefficient in water, mm? d-'

‘Synthesis efficience: factor

Humification fraction

C to N ratio

Minimum metric potential for transformation
Mineralization rate constants, d-':

Litter N

Manure N

Humus N

Other constants d-':
Denitrification
Nitrification
Amonia volatilization

Denitrification half saturation constant, mgl."!

Limiting NO_“to NI, ratio in solution for nitrification 8.0

Clothicr ¢f al. (1988)

2.6
0.0
120.0 Hutson and Wagenet (1992)
0.5 Johnson ¢f al. (1987)
0.2 Johnson ¢t al. (1987)
10.0 Stevenson (1982)
-1500.0 Hutson and Wagenet (1992)
Clark (1994)
0.01
0.02
0.00007
0.001 Clark (1994)
0.02
0.6 Hutson and Wagenet (1992)
10.0 Hutson and Wagenet (1992)

Hutson and Wagenet (1992)

10. Simulation of nitrate leaching for the field
experiments

LEACHM-N was excculed for the cropping
season with the simulation period beginning from
October 12" 2004 to November 10" 2004 and
from April 12" 2005 to June 30" 200S. The
simulated concentration of Nitrate-N from
LEACHM-N was compared with the mean of
the 3 replications of measured Nitrate-N for cach
treatment throughout the cropping scason. The
simulated soil profile was cqually divided into 20
horizontal segments and nitrate leaching was
simulated at a depth of 1.0 m having 5 cm segment
thickness. The ypper boundary condition of the

20

simulated system was considered as a flux
controlled surlface boundary during the period of
evaporation and non- ponded infiltration. The
pressure potential of the first node was set to zero.
A lysimeter condition was used in the lower
boundary condition ol the simulated profile given
the absence of water table at the simulated depth.
The profile was assumed to have moisture content
close to field capacity.

11. Calibration of LEACHM-N

Column leaching experiments had been conducted
to calibrate LEACHM-N. Calibration is the
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process of adjusting the model parameters within
an accepted range to minimize the difference
between predicted and observed values. This
method assumes that some of the input parameiers
would apply for the field validation of the model.

Results and Discussion

1. Measured Temporal Changes in NG, -
N Concentrations

-

Nitrate-N concentrations in leachate exhibited a
strong seasonal pattern. The earlier peak of
Nitrate-N in leachate occurred at 30mm of
irrigation in the N fertilized treatments in both
seasons. As expected, Nitrate-N concentrations
in leachates were consistently low (10 mgl”) from
all the treatments in Maha. But the concentrations
were slightly higher than the control during this
period. During the first two weeks of the study,
Nitrate-N in leachates rose for all treatments and
had 2 distinct peaks. The Nitrate-N concentration
from 7mm/140N treatment reached a maximum
of 11.67 mg Nitrate-N/l, while other treatment
concentrations reached values below the MCL of
10 mg Nitrate-N/I during Maha.

The nitrate N concentrations during Yala showed
clear trend and exceeded the maximum permissible
limit of 1 0mg Nitrate-N/I in the fertilized treatments.
All the treatments resulted in 3 peaks, which varied
with respect to the rate of fertilizer application
and the rate of irrigation. At each N fertilizer
ireatment, the peak concentration reduced with
the increase in irrigation rate. These concentrations
during this period were found to be higher than
the concentrations observed during Maha. The
highest concentration of 42.5 mg/l was observed
at 140 kg N/ha of fertilizer application at 7 mi: of
1rr1gat10n Nitrate-N concentrations at ) kg N/ha
at all irrigation rates were below 10 mg Nitrate
NI

The trend in Nitrate-N concentrations clearly
showed the effect of rainfall during Maha. In the
N fertilized treatments maximum peak
concentrations occurred §-16 days after planting.
The N fertilized treatments resulted in an unclear
peak flux of Nitrate-N during the latter part of the
growing season in Yala. This could be due to the
induced volatilization loss of the applied fertilizer

21

as aresult of the increased femperatures (33 13C)
prevailed during May 2005. The control treatments
at all the 3 irrigation levels did not show any clear
peak fluxes and the effect of irrigation on  Nitrate-
N concentration was non-sigaificant (P = 0.679).

The plots received about 368.6mm rainfall and
about 91, 187 ana 273mm of irrigation according
to the irrigation treatments (7 inm, 14 wm and 30
min) during the first 21 dayvs following basal
application in Maha 2004, The Nitrate-N
concentrations increased up to fivst 10 days and
had a mild peak at the 14* day wiier planting in
both of the W fertilized treatments, which were
substantially lower when compared to the peak
concentrations observed doring iafa for the same
treatments. 1his was due to the periad of relatively
high intensity rainfail during 3-20 days after basal
fertilizer application, whicn moved Nitrate-N
rapidly through the lvsimeiers and diluted the
Nitrate-N concentrations as well. Comparativel
little amount of precipitation received during 1he
first 3 days after 1*top dressing { 1% top dressing
was done 3 weeks afler planiing) was accounted
for 83mm and with the absence of wrigation, a
slight increase in the Nitrate-N concentrations of
leachates in all the treatmenis were observed.
Thus the Mitrate-MN coaccutiations incieased iz
decreasing trend in the subsequen: days and did
not result 10 any prominent peaks. This trend in
Nitrate-N concernitrations {oilowed by the 15 top
dressing were unlikely measured
continucusly, due to the interrupiion in sample
collection as a resuit of hign precipitation.

o he

The Nitrate- N concenirations were higher and
became concenirated during Yeda . This ciearly
reflected the cffest of fertilizer application during

this period. Both N fertilized treatments exeoe xed
the MCL hmit of 10 mg/l several times during this
period. The 140 kg N/ha ireatment resulted in
maximum leachate concentrations which were
greater than those observed [or the 70 kg N/ha
treatment at all the 3 irnigation fevels. The 140 kg
N/ha treatment Niirate-N leachate concentrations
reached 42.5mg/l while 70 N only reached a

maximum of 20.4 mg/l at 7min of nrigation.
{?:O 053

However no significant differences
existed among the N concentiations {?;f
from O ireatment at ail theJ irrigal

,.A
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Following basal application, the concentrations
showed an increasing trend up to 13 days and
decreasing during the next 14-21 days after
planting, during which period the concentrations
were in the range of 4.7-9.7 mg Nitrate-N /[ across
all the 3 irrigation levels when the fertilizer
application was 70 kg N/ha in Maha. The same
trend was observed when the fertilizer application
was doubled but the concentraiions were in the
range of 8.6-13.9 mg Nitrate-N /1. The same trend
in coricentration pattern was observed following
1** and 2" topdréssings in Yala. From these
observations it is clearly shown that the maximum
peak concentrations occur in between 9-13 days
after a fertilizer application in the N fertilized
treatments in sandy regosols, which is
comparable with the time of peak during Maha,
where the peak was observed aimost at the 14%
day of planting.

Increased Nitrate-N concentrations Yala, may be
due to very little precipitation received, which
delayed the Nitrate-N movement though the soil
profile. As a result of crop growth in lysimeters
with fertilizers, the leaching loss of water further
reduced. Therefore water percolation as a fraction
of total supply was lower in Yala due to high rates
of evaporation and transpiration (Kendaragama
and Jayakody, 1989). All these factors contributed
to the increased concentrations for Nitrate-N in
the leachates.

2. Mass of nitrate N in the leachate

Nitrate N leaching losses from the lysimeters
amended with different rates of fertilizer and
irrigation were significantly higher (P<0.05) than
from the control treatments. Comparatively higher
amount of nitrate N was leached from the 140 kg
N/ha treatment than the 70 kg N/ha treatment.
The Table 3 shows the amount of nitrate N lost at
different treatment combinations during Maha
2004 and Yala 2005.

Paramasivam et a/. (2002) reported that
mineralized N could affect the distribution patternof
nitrate N in the soil profile and leaching, althoughthe
contribution may vary with time since the
mineralization process is affected by various
factors in the soil environment. Therefore, the
higher leaching losses in Yala 2005 could be
attributed to the addition from the mineralization
process where the conditions were favourable for
the nitrification process. Lower percentage of
losses in Maha 2004 indicates the effect of
denitrification as the water table was closer to the
surface during this period as reported by Astakie
etal.,2001.

Simulation of Nitrate-N leaching using LEACHM-N

LEACHM-N was executed for Maha 2004 from
October-November and for Yala 2005, from April-
June.

Simulated concentrations of Nitrate-N from each
treatment were compared with the mean of the 3
replications of measured Nitrate-N concentrations
in both seasons. Comparison of Measured and
Predicted Nitrate-N concentrations are presented
in Figures 7 and 8. LEACHM-N did not accurately
predict Nitrate-N concentrations in Yala, while it
produced satisfactory predictions in Maha, as
indicated by their significant correlation coefficient
values (Table 4) for most of the treatment
combinations. The test of other statistical
approaches such as slope and intercept of the 1:1
line, and mean differences did not provide non-
significant values, so that the correlation coefficient
(r) and Error percent (Er %) were only considered
in determining the simulation accuracy. The »
values were highly significant except the » values
obtained in 30mm/70N, 7mm/ON and 30mm/0ON
treatment combinations (Table 3). Further the Er%
and Root Mean Square Error (RMSE) values were
also found to be lower for all the treatments, which
indicate better simulation accuracy.
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Table 3. Measured leaching losses

of nitrate N from different treatments

Treatment combination

Percentage losses

Maha 2004 Yala 2005

/mm/0 kg N/ha - -

14mm/0 kg N/ha B -

30mm/0 kg N/ha - -

7mm/70 kg N/ha 43.8 57
14mm/70 kg N/ha 44.7 53.8
30mm/70 kg N/ha 43.8 95.1
Tmm/140 kg N/ha 40.7 5.3
14mm/140 kg N/ha 40.9 30.3
30mm/140 kg N/ha « 41.3 74.8

The RMSE values were found to be higher when
compared to the values obtained in Maha. Even
though there were poor simulation results for
Nitrate-N concentrations in Yala, it produced
Er%<[25]. However, large deviations occurred
in between measured and simulated Nitrate-N

Jemison and Fox (1994) found that LEACHM-N
predicted the Nitrate-N concentrations fairly well
when the rate constants were calibrated for each
year. Therefore calibration of the model for Maha
and Yala separately could have resulted in better
simulations.

concentrations for some of the treatments -

(Figures8g and 8i) and LEACHM-N failed to meet
more of the evaluation criteria for these treatments
(Table 3).

Table 4. Statistical evaluation of simulated NITRATE-N concentrations by LEACHM-N

from different treatments

Treatment combination r Ert% *M, RMSE Slope Intereept
[rrigation  Fertilizer
(mm) — (KgN/ha) Maha 2004
7 0 0.64 -5.90 -0.34 0.83 7.24 -4.01
7 70 0.82* 7.80 2.28* 2.51 0.52%* -0.54
.7 140 0.92%* 9.20 4.60* 4.9 0.48* -l.41*
14 0 0.90* -5.80 -0.30 0.79 12.4* -7.50%
14 70 0.91%* 6.58 1.70* 1.77 0.89* -1.36%
14 140 0.81% 7.80 3.30% 3.74* 0.47* -0.58*
30 0 0.67 -15.10 -0.66* 0.87 4.60 -1.30
30 70 0.44 3.60 0.78 1.18 0.58 0.32
30 140 0.87** 6.20 2.06* 22 0.67* -0.71
Yala 2005
%7 0 0.08 1.50 0.90* 1.7 0.20 1.40
7 70 0.54* 0.74 1.70 5.09 0.54 3.60
7 140 0.09 -0.007 -0.02 12.9 0.08 16.30%
14 0 0.26 -0.50 -0.24 1.1 0.40 1.50
14 70 0.20 1.20 2.10% 3.8 0.20 4.70%
14 140 -0.20 -0.50 -1.02 6.5 -0.20 12.90%
30 0 0.72* 2.80 0.92% 11 0.98 -0.89%
30 70 -0.31 1.54 1.90* 4.11 -0.20 6.00%
30 140 -0.05 1.71 3.20% 5.1 -0.06 6.90*

¥ Significant (P<0.05) differences between predicted and observed data, or si
or intercepts significantly different from 1.0 and 0.0 respectively. ** Highl

23

gnificant correlation coefficient or slope estimates

y significant (P<0.01).
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Conclusions

These concentrations Nitrate-N during Yala were
found to be higher than the concentrations
observed during Maha in the leachates. The
Nitrate-N concentrations were lower than the
MCL limit of 10 mg/l in Maha where as it
exceeded the MCL several times during Yala.
Maximum peak Nitrate-N concentrations
occurred approximately 1-2 weeks (8-14 days)
after a fertilizer application in both seasons.
Statistical analysis indicated that the LEACHM-
N simulated the Nitrate-N concentrations
reasonably well in Maha than in Yala. Based on
the statistical criteria the overall performance of
LEACHM-N was better in simulating Nitrate-N
leaching in sandy regosols.

Recommendations

Frequent small doses of N-fertilizer application are
recommended in sandy regosols during Maha to
avoid high Nitrate-N concentrations in
groundwater due to heavy leaching. It is
recommended to calibrate the model with field data
obtained for a particular year and to use input data
which are site specific, so that the modelling
accuracies could be improved further. It can be
concluded that in extremely sandy soils, leaching
losses of Nitrate-N and groundwater contamination
due to Nitrate-N could be minimized by using
LEACHM-N as a decision making tool.
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