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Nitrogen losses through leachate and its distribution
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Abstract : A column experiment was conducted to elucidate information on the nitrogen losses with clay loam and sandy clay loam
soil collected from the farm of UPASI, Coonoor and UPASI, Valparai respectively with 5 levels of nitrogen viz., 0, 250, 375, 500
and 625 kg ha'' and two different rainfall intensities viz., i: = 40 mm hr'(medium rainfall intensity) and iz = 60 mm hr’ (high
rainfall intensity). The losses of nitrogen fractions through leachate were analyzed for a month period. The results
indicated that the nitrogen application increased the concentration of NH:-N and NOs-N in the leachate collected under both the
soils. The NH«N concentration was high in the leachate collected under sandy clay loam soil (33.99 mg ') whereas NOs>-N
concentration was high in the leachate collected under clay loam soil (17.75 mg F). Between the rainfall intensities, the NOs=N
concentration was high in the leachate collected from clay loam soil under medium rainfall intensity and the reverse trend was observed under
sandy clay loam soil. The distribution of NHs-N and NOs-N was higher in the clay loam soil than sandy clay loam soil. The NHe-N
content increased with increase in the depth of soil column under both the soil. The NOs-N distribution followed the similar trend
under sandy clay loam soil. But in the clay loam soil, the highest NOs-N content was detected at 14-21 cm depth under medium

rainfall intensity.
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Introduction

Success of food grain production and increase in
the yield of plantation crops in developing countries hinge
on the expansion of fertilizer use. Conventional tea
plantations make heavy use of chemical fertilizers and
pesticides. Among the chemical fertilizers, nitrogen fertilizer
plays an important role in a crop such as tea where the
stimulation of vegetative growth is the ulimate aim of the
planter. However, the nitrogen use efficiency is low (13-42 %)
due to losses through volatilization, denitrification through
biological and chemical mechanisms, leaching and runoff
losses due to rain (Ranganathan, 1969). The leaching loss
may be in the form of NHs-N and NO3-N depending upon
the transformation reactions that are taking place in the
soil. Hence there is an imperative need to understand the
nitrogen losses and its impact on environment. Column
experiment was conducted to study the nitrogen losses
through leachate under different nitrogen levels and
rainfall intensities.

Materials and Methods
The soils used for the present experiment were
collected from United Planters Association of Southern
India (UPASI), Coonoor (Attavalli series) and UPASI,
Valparai (Attavalli series) to study the nitrogen losses
through leachate with 5 levels of nitrogen at 0, 250, 375,
500 and 625 kg ha' and two levels of simulated rainfall

intensity at 254 and 382 cc hr'. These soils are classified
under Typic Dystropepts. The basic characteristics of the
soils used in the study are given in Table 1.

Calculation of intensity of water

Cylinder area = T2

r = 4.5cm
Area = 63.585 cm?
Intensity = 4cm hr!

Total volume of water 63.585 x 4 = 254 cc hr

Details of the experiment : A cylindrical column of 40
cm height and 9.0 cm diameter was constructed with PVC
pipes. Bulk density of each soil was estimated and the
quantity of soil required to create the in situ bulk density in
each 15 cm height of PVC pipe was also determined. The
bottom 0-15 cm was filled with 22.5-45 cm depth soil and
the next 15-30 cm was filled with 0-22.5 cm depth soil to
obtain required bulk density value as in field condition. In
total, 2.1 kg of Coonoor soil or 2.2 kg of Valparai soil was
taken in each column to obtain required bulk density. The
bottom of each column was sealed with a netlon and
supported by wire gauge and the column was mounted on
a wooden stand. Provisions were made to collect
leachate from each column.

Soil in each column was saturated with water.
Next day, different levels of nitrogen in the form of urea (0,
0.159, 0.238, 0.318and 0.397 gN per column, calculated
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Table - 1 : Properties of the experimental soil.
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Particulars

Coonoor soil Valparai soil

0-22.5cm 22.5-45 cm 0-22.5 cm 22.5-45 cm

Physical Properties
a. Particle size distribution (g kg'')
Clay
Silt
Fine sand
Coarse sand
Texture
b. Bulk density (Mg m?)
c. Particle density (Mg m3)
d. Pore space (%)
e. Pore space volume (ml)
f. Field capacity (%)
g. Wilting paint (%)
Physico-chemical properties
a. Soil reaction
b. Electrical conductivity (dSm-")
c. Cation exchange capacity [cmol(p*) kg']
Chemical properties
a. Organic carbon (g kg'')
b. Total nitrogen (g kg'')
¢. KMnos -N (mg kg')
d. Ammoniacal nitrogen (mg kg-')
e. Nitrate nitrogen (mg kg'')
f. Ammonium fixing capacity(Cmol kg)

398 362 300 290
160 260 200 230
220 169 165 208
209 191 327 270
cl cl Scl scl
1.08 1.1 1.25 1.18
2.5 2.22 2.28 2.22
56.6 514 45.1 471
10.0 9.5 7.21 8.0
22.4 22.0 20.0 14.4
19.0 17.0 17.0 13.0
4.75 4.85 4.41 4.01
0.51 0.16 0.31 0.05
12.5 11.27 7.55 5.59
30.8 25.9 2413 13.37
3.20 2.10 2.10 1.08
316.0 176.0 192.1 130.3
56.0 28.0 28.0 14.0
420 14.0 28.0 14.0
2.5 2.0 2.0 2.0

Fig. 1 : A view of the column experiment.

based on the weight of the surface 7.5 cm layer of soil
equivalent to 0, 250, 375, 500 and 625 kg N ha') were
applied. Potassium was added at the ratio of 4:3 (N:K) in
all the treatments. Simulated water was added in each
column by means of 500 ml capacity graduated bottle
with an adapter to regulate the flow with its tube
connection to maintain the uniform flow velocity of water.
The view of column experiment is shown in Fig. 1.

The simulated rainfall was scheduled on first day
and then it was given once in three days for the period of
one month. The leachate collected at each phase of the
simulated rainfall (10 times) and the soil samples drawn
at different depths from each column at the end of the
experiment were analyzed for various nitrogen fractions.
Analytical methods adopted for water and soil samples
are given in Table 2. Treatments were replicated twice
and the results were analyzed statistically by FCRD
method (Gomez and Gomez, 1984).

Results and Discussion
NHs-N concentration of leachate : Between the two
forms of leaching losses of nitrogen studied, a higher
proportion of NHs-N loss was observed compared to that
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Table - 2 : Details of analytical methods employed in the soil and water analysis.
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Determination

Methodology

References

Soil analysis
Physical properties
1. Particle size analysis

2. Bulk density, Particle density &  Pore space

3. Moisture retention at 1/3 bar and 15 bar pressure

Physico-chemical properties
1. Soil reaction

2. Electrical conductivity

3. Cation exchange capacity
Chemical properties

1. Organic carbon

2. Total nitrogen
3. Urea nitrogen

International pipette method

Keen Raczkowski brass cup
method

Pressure plate apparatus method

pH meter with glass electrode (1:2.5
soil : water suspension)

'Elico’ conductivity bridge (1:2.5 soil
: water suspension)

Neutral normal ammonium acetate
method

Chromic acid wet digestion method
Macrokjeldahl method
Colorimetric method

Piper (1966)
Piper (1966)

Richards (1965)
Jackson (1973)
Jackson (1973)

Schollenberger and Dreibelbis
(1930)

Walkley and Black (1934)
Piper (1966)
Douglas and Bremner (1970)

4.Ammoniacal and nitrate nitrogen
5. Ammonium fixing capacity

6. KMnO4-N

Water analysis

1. Ammoniacal and nitrate nitrogen

Steam distillation method
Steam distillation method
Alkaline permanganate method

Steam distillation method

Bremner and Keeney (1966)
Silva and Bremner (1966)
Subbiah and Asija (1956)

Bremner and Keeney (1966)
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Fig. 2 : NHs-N concentration of leachate collected from different soils and rainfall Intensities.

of NOa-N. It is possible that the NH.+ was displaced from
the soil colloidal complex by Fe+ and Mn** (Singh and
Singh, 1988).

The concentration of NHs;-N in the leachate
collected under sandy clay loam soil was 26.1 per cent
higher than clay loam soil (Fig. 2). It might be attributed to the
retention of NHs-N due to fixation in clay lattices of clay loam
soil. The NH; fixing capacity in clay loam soil was 20 per cent
higher than sandy clay loam soil. It further confirms the

observation. This result is in accordance with the findings of
Ray et al. (1957).

Generally, leaching loss of nutrients in soil was
directly proportional to the amount of water moving
through the profile (Owens, 1960). It might be the reason
to increase the NHsN concentration at medium rainfall
intensity (Fig. 2). Another reason might be the dilution effect
that reduced the NH-N concentration under high rainfall
intensity. The NH«-N concentration aftained peak in different
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days after fertilizer application based on the urea hydrolysis,
priming effect and nitrification rate.

NHs-N distribution in soil column : The distribution of
NH:-N in the soil column after leachate study showed that
in both the soils, the NH4-N content was higher than NOs-
N. It could be due to the presence of large amount of NH
ions remaining in the soil colloids in exchangeable form
on the colloidal particles than in soil solution. Nitrate ions,
on the other hand, mostly remain in the soil solution,
though some of these might be bound o the positive sites
of the soil colloids (Panda and Chamuah, 2002).
Application of nitrogen altered the quantity of NHs-N
significantly and the maximum NHs-N was observed at
625 kg N ha' treated soil and this increase over control
was 87.8 per cent in clay loam soil and 120.5 per cent in
sandy clay loam soil.
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The data on NH:N further indicated that its
accumulation in clay loam soil was 38 per cent higher
than sandy clay loam soil (Fig. 3). This is due to higher
adsorption capacity and clay content of clay loam soil
than sandy clay loam.

The content of NH4-N at the surface was low and
it increased with increase in depth. The distribution of
NHsN varied from 10.3 to 33.5 per cent over that of
surface in clay loam soil, whereas in sandy clay loam soil
it varied from 40.4 to 80.0 per cent (Fig. 3). The variation
might be due to variation in the texture of soil and the
movement of water (Burns, 1974). According to Obcema
et al. (1984), the downward movement of NHs:-N was
more when compared to both upward and lateral
movements. Between the rainfall intensities NHsN
content distributed at different depths was higher under

# === cl i1
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Fig. 3 : Distribution of NH«-N in ¢l & scl soil column under two rainfall intensities.
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Fig. 4 : NO3-N concentration of leachate under different soils.
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Fig. 5 : NOs-N concentration of leachate collected from different soils and rainfall Intensities.
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Fig. 7 : NO=-N content under different rainfall intensities and soil column.
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Fig. 8 : Distribution of NOs-N under different soil column depth.

high rainfall intensity. It might be due to higher
mineralization.

NOs-N concentration of leachate The nitrate
concentration in the leachate increased with the
application of fertilizer nitrogen and it was in line with the
results of Unlu et al (1999). Generally nutrient
concentration in the leachate under sandy clay loam soil
was higher than clay loam soil. But in this experiment, it
was noticed that NOs-N concentration was 9.6 per cent
higher in clay loam soil than sandy clay loam soil (Fig. 4).
This variation might be due to the following reasons: i)
among the two soils used in the present study, the fine
textured clay loam had initially higher total nitrogen (3.2 g kg™)
than sandy clay loam soil (2.1 g kg"). Usually 5-10 per cent of
the total nitrogen is subjected to mineralization at any given
time (Kessavalou et al. 1996; Black, 1968); ii) priming effect of
added fertilizer nitrogen and relatively low silt content in clay
loam soil when compared to sandy clay loam soil. A strong
negative correlation of silt content and nitrate leaching
has been reported by Mulla and Annandale (1990)
and Kessavalou ef al. (1996). These workers further
pointed out that the NOgs leaching is not limited to
coarse to medium textured soils, but also can occur in
fine textured soil. These workers have also cited the
work of Spalding and Kitchen (1988) to support the
above views.

The NOsx-N concentration in the leachate
collected at medium rainfall intensity was 18.85 mg I! for
clay loam and it was 11.7 per cent higher than that of high
rainfall intensity. The reason attributed for such
observation might be the free movement of water through
soil slab under medium rainfall intensity whereas under

high rainfall intensity sealing and crusting might have
restricted the infiltration (Hubbard ef al,, 1989). In sandy
clay loam soil the reverse trend was observed due to
rapid leaching with high amount of water (Fig. 5).

NOs-N distribution in soil column : The levels of
nitrogen had significant effect on the distribution of NO3-N
in the soil column. The order of increase in concentration
of NOs-N at 625 kg N ha' was 64.8 per cent and 93.9 per
cent over that of control in clay loam and sandy clay loam
soil, respectively. This could be due to higher substrate
(NH4-N) content with increase in the rate of nitrogen
application.

Of the two soils studied, the NOs-N distribution in the
soil column was higher in clay loam soil (100.9 mg kg') than in
sandy clay loam soil (31.7 mg kg) (Fig. 6). It might be due to
richer native soil nitrogen (3.1 g kg') in clay loam soil when
compared to sandy clay loam soil. Secondly, a relatively
higher priming effect of higher organic matter in clay loam soil
might have resulted in higher NOz-N in both the seil column
and in the leachate than the sandy clay loam soil. This trend of
priming effect on NOs; accumulation in soil column and
leaching increased with levels of nitrogen. In the present study
the total NOa-N production in the soil column ranged from 5.6
to 8.6 per cent of the total nitrogen (native nitrogen + added
nitrogen) in the case of clay loam soil, whereas it ranged from
2.510 4.2 per cent in sandy clay loam soil. Hence the present
study estabilishes the influence of initial nitrogen on the NO;
production and the accumulation of added nitrogen fertilizer
when compared to any other factors. Similar result was
observed by Stewart (1970).

Irrigation levels showed significant variation in
NOs-N content. In sandy clay loam soil, the highest
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content was recorded in the soil column under medium
intensity of rainfall and it decreased with increase in
irigation (Fig. 7). This might be due to rapid leaching of
NO:-N with high amount of water with the passage of time.
However such trend was not reflected in clay loam soil (Fig. 7).
It might be due to the sealing and crusting effect that restricted
the infiltration under high rainfall intensity (Hubbard et al,
1989) which might have resulted in less depletion of NOs-N in
clay loam soil under high rainfall intensity.

The accumulation of NOs-N gradually increased
with the depth. The distribution varied from 14.86 per cent
to 31.6 per cent over that of surface in different depths
under clay loam soil. In sandy clay loam soil, it varied
from 35.4 to 101.8 per cent. The bottom layers of the soil
column contained 25.6 to 101.8 per cent while the surface
layers contained only 14.86 to 35.4 per cent indicating the
downward movement of NOz-N due to leaching from the
surface.

In sandy clay loam soil, the highest NOz-N
content (42.86 mg kg') was measured at 21-28 cm
depth after one month period, whereas in clay loam
soil, the highest value was detected at 14-21 cm depth
(112.5 mg kg'") (Fig. 8). The NOs-N leaching potential
in a soil system depends primarily on soil texture,
amount and frequency of precipitation / irrigation and
dynamics of nitrogen transformation. Similar findings
were reported by Smith and Cassel (1991), Rousselle
(1913) and Day (1956).

The reason for the highest NOz-N at 14-21 ¢cm
depth under medium rainfall intensity in clay loam soil
might be due to the insufficiency of added water for
translocation of various forms of soil nitrogen through
leaching and hence there was relatively low depletion
rate. The data obtained from this investigation with
respect to this parameter is in accordance with the
results of Chaudhary and Bhatnagar (1978) and Hunter
et al. (1982). Another reason could be that the ions
passing through larger (macro) pores will reach a
greater depth than those travelling through smaller
pores at the same time (Kolenbrander, 1970).

According to Day (1956) the NOz-N movement is
not due to complete displacement of the soil solution by
leaching, but the gradual dilution out of the top soil, which
is referred to as hydrodynamic dispersion. The distribution
factor (K) is a measure for the vertical dispersion of
soluble substances in the soil profile. It is closely related
with air content in the soil at pF 2.0 (Kolenbrander, 1970).

361

References

Black, C.A. : Soil-plant relationships. Department of Agronomy. lowa
State University, Ames, lowa (1968).

Bremner, JM. and D.R. Keeney : Determination of isotope ratio
analysis of different forms of nitrogen in soils. 3. Exchangeable
ammonium, nitrate and nitrite by extraction distillation methods.
Soil Sci. Soc. Am. Proc., 30, 577-582 (1966).

Burns, I.G. : A model for predicting the redistribution of salts applied to
fallow soils after excess rainfall or evaporation. J. Soil Sci., 25,
1675-1678 (1974).

Chaudhary, T.N. and V.K. Bhatnagar : The leaching of nitrates as
influenced by the rates of irrigation and the timing of fertilizer
application to wheat on a sandy soil. Indian J. Ecol,, 3, 125-131
(1978).

Day, P.R : Dispersion of a moving salt-water boundary advancing
through saturated sand. Trans. Am. Geophys. Union, 37, 595-
601 (1956).

Douglas, L.A. and JM. Bremner : Extraction and colorimetric
determination of urea in soils. Soil Sci. Soc. Am. Proc., 34, 859-
861 (1970).

Gomez, AK. and AA Gomez : Statistical Procedures for Agricultural
Research. John-Wiley and Sons, New York (1984).

Hubbard, R.K., R.G. Williams and M.D. Erdman : Chemical transport
from coastal plain soils under simulated rainfall. I. Surface runoff,
percolation, nitrate and phosphate movement. Trans. ASAE, 32,
1239-1249 (1989).

Hunter, R.B., EM. Romney and A. Wallace : Nitrate distribution in
Mojave desert soils. Soil Sci., 134, 22-30 (1982).

Jackson, M.L. : Soil Chemical Analysis. Prentice Hall of India Private
Limited,

New Delhi (1973).

Kessavalou, A., J.W. Doran, W.L. Powers, T.A. Kettler and J.H. Qian :
Bromide and Nitrogen-15 tracers of nitrate leaching under
irrigated corn in Central Nebraska. J. Environ. Qual., 25, 1008-
1014 (1996).

Kolenbrander, G.J : Calculation of parameters for the evaluation of the
leaching of salts under field conditions illustrated by nitrate. PI.
Soil, 32, 439-453 (1970).

Mulla, D.J. and J.G. Annandale : Assessment of field leaching patterns
for management of N fertilizer application. /n : Field scale water
and solute transfer in soil. (Ed : K. Roth). Berkhauser-Verlag,
Switzerland. pp.55-63 (1990).

Obcema, W.N., S.K. De Datta and F.E. Broadbentzz : Movement and
distribution of fertilizer nitrogen as affected by depth of placement
in wetland rice. Fert. Res., 5, 125-148 (1984).

Owens, L.D : Nitrogen movement and transformation in soils as
evaluated by lysimeter study utilizing Isotopic N. Soil Sci. Soc. Am.
Proc., 24, 372-376 (1960).

Panda, N. and G.C. Chamuah : Soil acidity. /n : Fundamentals of Soil
Science. ISSS, IARI, New Delhi. pp. 281-290 (2002).

Piper, C.S. : Soil and Plant Analysis. Hans. Publishers, Bombay
(1966).

Ranganathan, V. : Efficiency of nitrogenous fertilizers with special
reference to urea. UPAS/ Tea Scientific Department Bulletin. 27,
16-19 (1969).

Ray, HE., JM. Mac Gregor and E.L. Schmidt : Movement of
ammonium nitrate in soils. Soil Sci. Soc. Am. Proc., 21, 309-312
(1957).



362

Richards, L.A. : Diagnosis and improvement of saline and alkali soils.
Agric. Hand book No. 60, USDA (1965).

Rousselle, V. : Le movement de nitrates dans ie. Sol ses
conséquences relatives a lemploi du nitrate de sounde. Ann. Sci.

. Agron, 31,97-115 (1913).

Schollenberger, C.J. and 7.R. Dreibelbis : Analytical methods in base
exchange investigation in soils. Soil Sci., 30, 161-173 (1930).

Siva, JA. and JM. Bremner : Determination and Isotope ratio analysis of
different forms of nitrogen in soils: 5. Fixed ammonium. Soil Sci. Soc. Am.
Proc., 30, 587-594 (1966).

Singh, G.R. and T.A. Singh : Leaching losses and use efficiency of
nitrogen in rice fertilized with urea supergranules. J. Indian Soc.
Soil Sci., 36, 274-279 (1988).

Smith, S.J. and D.K. Cassel : Estimating nitrate leaching soil materials. /1 :
N for ground water quality and farm profitability. (Ed : R.F. Follett).
SSSA. pp.165-188 (1991).

Correspondence to :
Dr. R. Saraswathy

R. Saraswathy and P. Singaram

Spalding, R.F. and L.A. Kitchen : Nitrate in intermediate vandose zone
beneath irrigated crop land. Ground Water Monit. Rev., 7(2), 89-
95 (1988).

Stewart, B.A. : A look at agricultural practices in relation to nitrate
accumulation and nutrient mobility in soils: Accumulation and
losses. Special Publ. 4: 47-59. Soil Sci. Soc. Amer., Madison
(1970).

Subbiah, B.V. and G.L. Asija : A rapid procedure for estimation of
available nitrogen in soils. Curr. Sci., 25, 259-260 (1956).

Unlu, K., G. Ozenirler and C. Yurteri : Nitrogen fertiiizer leaching from cropped
and imigated sandy soil in central Turkey. Evropean J. of Soil Sci, 50,
609-620 (1999).

Walkley, A. and C.A. Black : An estimation of the Degtijareff method
for determining soil organic matter and a proposed modification
of the chromic acid titration method. Soil Sci., 37, 93-101 (1934).

Scientist, CIBA, 75, Santhome High Road, R.A. Puram, Chennai-600 028 (Tamil Nadu), India

E-mail : saraswati_ciba@yahoo.co.in
Tel. : +91-044 - 3113 8243



