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Abstract: Different organic materials possessing antimicrobial properties have the ability to retard nitrification.
Nitrification retarders could be successfully used to improve fertilizer efficiency if the retarders do not increase
ammonia volatilization as well. The main objective of this study was to find whether any locally available
organic materials namely cow dung, seed crush of Syzygium cumini, Lantana camara leaf powder, tea residue
(Camellia sinensis), Azadiracta indica leaf powder and Azadiracta indica seed crush which posses
antimicrobial property could be used as nitrification retarder in Eutrustox soils of Sri Lanka. The effect of these
organic materials on ammonia volatilization losses of applied urea was also studied. The treatments applied
were, urea alone (T ), urea with cow dung (T ), Syzygium cumini seed crush (T ), Lantana camara leaf powder1 2 3

(T ), tea residue (T ), Azadiracta indica leaf powder (T ) and Azadiracta indica seed crush (T ) respectively.4 5 6 7

Organic materials were mixed with fertilizer at the rate of the N added as urea (200 mg/kg). A Completely
Randomized Design with three replicates was adopted. The statistical analysis of results indicate the possibility
of using Lantana camara leaf, Azadiracta indica leaf and Azadiracta indica seed as a means of minimizing
ammonia volatilization and retarding nitrification in Eutrustox soils of Sri lanka.
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INTRODUCTION delay nitrate production and thereby prevents loss of N

The two major ways of nitrogen losses are leaching leaves and seeds of Syzygium cumini have been reported
and surface ammonia volatilization. Leaching losses occur to have antimicrobial properties [5]. Cow dung has been
in soil after conversion of applied nitrogen to nitrate form. used as an antimicrobial substance since ancient time in
When soils are excessively wet, nitrate is very mobile and India and Sri Lanka. The organic materials having
easily moves with water and lost to groundwater. The antimicrobial property may also have the capacity to
volatilization of ammonia and rate of nitrification normally retard nitrification as it is mediated by microbes. Use of
increases with increasing soil pH [1]. Organic matter nitrification inhibitor dicyandiamide with urea
decomposition generally leads to reduced pH because of systematically increased the ammonia volatilization losses
the production of organic acids. Mixing N fertilizer with when surface applied in a sandy loam soil with pH 7.3 [6].
organic matter could help to reduce ammonia volatilization Similar finding of increased ammonia volatilization when
losses due reduced pH during decomposition of organic inorganic nitrogen fertilizer was applied with
matter and increased ammonium sorption due to increased dicyandiamide was reported  by  other  workers  as  well
surface area. Use of nitrification retarders will be helpful [7] possibly due to the increased availability of
in reducing nitrate leaching and consequent groundwater ammonium ions during the period. However, application
pollution. of nitrification inhibitor will be of useful if the inhibitor

 Azadiracta indica cake powder and its alcohol does not increase ammonia volatilization or it reduces
extract have been found to retard nitrification and thereby ammonia volatilization as well. The pH of major type of
reduce nitrate leaching in Rhodustalf and Rhodustox of soil in Jaffna peninsula, Sri Lanka, namely Eutrustox
Sri Lanka [2,3]. Tea residue (Camellia sinensis) when (Calcic red yellow latosols) is higher than 8 which
mixed with nitrogen fertilizer could effectively retard and increases ammonia volatilization losses [8]. On the other

as nitrate by leaching in tea soils [4]. Lantana camara



World J. Agric. Sci., 7 (6): 705-709, 2011

706

hand rate of nitrification and nitrate leaching losses also
high in these soils. Therefore the main objectives of the
study were to find the effects of mixing different organic
materials namely Azadiracta indica leaf, Azadiracta
indica seed crush, tea residue, Lantana camara leaf, cow
dung and Syzygium cumini seed crush with urea on
nitrification and ammonia volatilization losses in
Eutrustox soils of Sri Lanka.

MATERIALS AND METHODS

Soil samples were collected to a depth of 20 cm from
different areas of Thirunelvely in Jaffna, Sri Lanka
belonging to great group Eutrustox (Calcic red yellow
latosols). All samples were air dried and passed through
a 2 mm sieve prior to experiments. Selected important
physical and chemical properties of the soil were
determined (Table 1).

Ammonia Volatilization Experiment: An incubation
experiment was conducted to find the effect of applying
urea with different organic materials namely, Azadiracta
indica leaf, Azadiracta indica seed crush, Lantana
camara leaf, tea residue (Camellia sinensis), cow dung
and Syzygium cumini seed crush on ammonia
volatilization.

250g air-dried soil was placed in 500ml transparent
plastic bottles. Urea was applied in solution to provide
200 mg N/kg soil, with each above organic materials.
There were two replications for each treatment. The
treatments applied were, urea alone (T ), urea with cow1

dung (T ), Syzygium cumini seed crush (T ), Lantana2 3

camara leaf powder (T ), tea residue (T ), Azadiracta4 5

indica leaf powder (T ) and Azadiracta indica seed crush6

(T ) respectively. Soil fertilizer and organic materials were7

thoroughly mixed. Organic materials were added at the
rate of the N content (200 mg/kg).

Cylindrical pieces (2.8 cm diameter and 1.2 cm height)
of polyurethane foam, previously soaked in a solution of
10% phosphoric acid and 4% glycerol and squeezed, were
attached by pins and bound with thread and placed above
the soil. Then the mouth of the bottles was closed. The
bottles were incubated in the dark at room temperature.
Soil moisture was maintained at field capacity (50%)
throughout. Each day the bottles were allowed to open for
30 minutes to provide aeration and then closed again. At
7 day interval, the foam cylinders were removed for
determination of ammonia sorption and replaced with new
ones. They were extracted with three portions of 30 ml
distilled  water,  which  were  combined  and  made  up  to

Table 1: Selected characteristics of soil 

Properties

Texture Sandy clay loam

Sand (%) 91.285

Clay (%)  8.712

Silt (%)  0.003

pH (1:2.5/soil:water) 8.2

CEC 8.1 cm/kg 

Organic matter 0.5844%

Total nitrogen 0.168g/100g

Available nitrogen 11.2 mg/100g 

Available phosphorus 16.5kg/ha

Available potassium 265.4kg/ha

100ml and ammonia were determined by the Indo- phenol
blue method colorimetrically [9]. The design used was
Completely Randomized Design with two replications. The
results were statistically analyzed at 5% probability level
using Least Significant Difference (LSD) test.

Determination of ph: Another set of similar treatments
was conducted to determine the pH of soil treated with
the above treatments.  250g air-dried soil was placed in
500ml transparent plastic bottles. Urea was applied in
solution to provide 200mg N/kg soil, with each above
organic materials. There were two replications for each
treatment. The same treatments were applied. pH was
determined by using pH meter. The reading was taken at
5 days interval. 

Nitrification Experiment: The second incubation
experiment was conducted to know the effect of applying
urea with different organic materials, on ammonium, nitrate
and nitrite content of the soil and to assess the percent of
retardation of nitrification.

250g air dried soil was taken in transparent plastic
bottles. The same treatments as experiment 1 were treated.
There were two replications for each treatment. Fertilizer
was added in solution to provide 200 mg/kg soil N. Soil,
fertilizer and organic materials were thoroughly mixed. The
moisture content was adjusted to field capacity (50%) and
maintained throughout the incubation.

The bottles were kept at room temperature. The
mouths of the bottles were covered with polythene to
reduce moisture loss. Polythene was punched to provide
aeration. 2.5g soil samples were taken at one week interval
after incubation and extracted with 2N KCl and extract was
filtered. Filtrate was analyzed for ammonium by indo-
phenol blue method [9], nitrate [10] and nitrite [11]
colorimetrically. The design used was Completely
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Randomized Design. Nitrification percentage and
percentage reduction in nitrification were calculated using
the following formulas as described earlier [12]. Analysis
of variance tests were performed at 5 % significant level
by using SAS (1990) statistical package. Mean separation
was done using Least Significant Difference (LSD)
method.

RESULTS AND DISCUSSION

Ammonia Volatilization: Figure 1 shows the effect of
different organic matters on ammonia volatilization of
applied urea at 1,2,3 and 4 weeks interval. Ammonia
volatilization reduced with time in all treatments possibly
due to the reduced availability of ammonium in soil due to
nitrification. All organic materials except cow dung (T )2

reduced ammonia volatilization up to second week.
However, Lantena camera leaf powder (T ) did not3

significantly reduce volatilization than control (T ) during1

first week.  Percent reduction of volatilization by organic
materials over control (T , Urea alone) was highest (82%)1

with Azadiracta indica seed crush (T ) followed by7

Azadiracta indica leaf powder (T ) (78%) treatments6

(Table 2).
The effect of different organic matter addition with

urea on pH is shown in Figure 2. At first day the pH of
each treatment was high. But after that, pH decreased with
time. High soil pH, rather than CEC, is the main inherent
characteristic influencing ammonia volatilization from soils

Table 2: Effect of organic matters  on volatilization over control at first week.

Treatments % reduction in Volatilization over T1 (Urea)

T2 -17

T3 10

T4 37

T5 33

T6 77

T7 80

T1- Urea (control); T2- urea+ cow dung; T3 -Urea + Syzygium cumini seed

crush; T4-Urea + Lantana  leaf powder; T5 - Urea+ Camellia sinensis (Tea

residue); T6 - Urea +Azadiracta indica leaf powder; T7- Urea+ 

Azadiracta indica seed crush

[13]. Higher pH of soils treated with cow dung (T ) during2

first week may have contributed to the higher ammonia
loss in the same treatment. When decomposition occurs,
the organic matter produces organic acids which reduce
pH. Reduction in ammonia volatilization by mixing organic
matter with urea could be partially explained by the
reduced pH. The 1  and 5  day pH was higher than 10st th th

and 15  day. This also could have contributed to higherth

ammonia volatilization at the early stage. Ammonium
sorption by organic materials may be another reason for
reduced volatilization in organic materials treated soils. 

Nitrification: Table 3 shows the effect of different organic
matters with urea on nitrate and ammonium content of soil
at different time intervals respectively. The nitrite content
was undetectable. 

Fig. 1: Effect of organic materials on ammonia Volatilization
T1- Urea (control); T2- urea+ cow dung; T3 -Urea + Syzygium cumini seed crush; T4-Urea + Lantana
leaf powder; T5 - Urea+ Camellia sinensis (Tea residue); T6 - Urea + Azadiracta indica leaf powder; T7- Urea+
Azadiracta indica seed crush
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Fig. 2: Effect of treatment on soil pH
T - Urea (control);T - urea+ cow dung;T  -Urea +1 2 3

Syzygium cumini seed crush; T -Urea + Lantana4

leaf powder; T  - Urea+ Camellia sinensis (Tea5

residue); T  - Urea +Azadiracta indica leaf6

powder; T - Urea+ Azadiracta indica seed crush7

Table 3: Effect of treatments on nitrate and ammonium content difference in behavior of soils treated with Camellia
Nitrate N mg/kg soil
---------------------------------------------------------------------------------------
W1 W2 W3 W4 W5 W6 W7

T 115 121 129 140 145 150 1571
b b b b c c c

T 121 131 148 157 162 170 1752
a a a a a a a

T 98 128 131 144 152 153 1613
c a b b b b b

T 73 96 104 122 136 146 1574
d c c c d d d

T 114 122 130 142 146 155 1615
b b b b c b bc

T 55 89 92 102 122 136 1476
e d d e f e e

T 59 85 90 112 131 144 1507
e d d d e d e

Ammonium N mg/kg

T 61 56 47 36 34 31 211
cd d d d c c a

T 56 52 31 29 24 22 152
d e f ef e d b

T 63 49 30 28 23 19 143
c f f f e e b

T 94 76 66 57 52 40 204
b c c c a a a

T 60 50 36 31 29 18 145
e f e e d e b

T 118 83 73 66 54 39 236
a b b a a a a

T 113 97 76 61 47 34 237
a a a b b b a

T1- Urea (control); T2- urea+ cow dung; T3 -Urea + Syzygium cumini seed
crush; T4-Urea + Lantana leaf powder; T5 - Urea+ Tea residue; T6 - Urea
+Azadiracta indica leaf powder; T7- Urea+ Azadiracta indica seed crush w -
week

In all treatments ammonium content was decreased
with time while nitrate content was increased. T4

(urea+Lantana leaf powder),T  (urea+ Azadiracta indica6

leaf powder) and T (urea+ Azadiracta indica seed  crush)7

Table 4: Effect of organic materials on nitrification inhibition

Incubation time(weeks)
----------------------------------------------------------------------------------
1 2 3 4
NR  PI NR  PI NR PI NR  PI

T 65 - 69 - 73  - 80 - 1

T 68  - 72  - 83  - 85 -2

T 61  - 72  - 82  - 84 -3

T 44  33 56  19 61 16 68 144

T 66  - 71 - 78  - 82 -5

T 32  52 52  25 56 24 61 246

T 34  48 47  32 54 26 65 197

T1- Urea (control); T2- urea+ cow dung; T3 -Urea +  Syzygium cumini seed
crush; T4-Urea + Lantana leaf  powder; T5 - Urea+ Tea residue; T6 - Urea
+Azadiracta  indica leaf powder; T7- Urea+ Azadiracta indica seed 
crush NR - Nitrification rate, PI - percent Inhibition

exhibited significantly higher ammonium content and
lower nitrate content in all time intervals compared to
control T . It was reported that waste tea (Camellia1

sinensis) could be effectively used to retard and delay
nitrate production and thereby prevent loss of N as nitrate
by leaching in tea soils [4], however in Eutrustox it did
not have significant effect on nitrification of urea. The

sinensis could be explained by the difference in soil
properties such as soil pH which was less than 6 in tea
soils. Soils treated with cow dung (T2) had lower
ammonium content and higher nitrate content than
control. Syzygium cumini seed crush (T ) significantly3

reduced nitrate content than control only during first
week. Later T  did not have significant effect in reducing3

nitrate content.

Retardation of Nitrification: Rate of nitrification and
percent retardation of nitrification by different organic
matters, with urea in Eutrustox is given in Table 4. Rate of
nitrification increased with time while, percent retardation
of nitrification increased decreased with time in all
treatments. T and T  the Azadiracta indica treatments6 7

with urea showed the higher percent retardation of
nitrification. Azadiracta indica leaf treatment T  recorded6

the highest percent inhibition of nitrification which was 52
% at 1  week. Azadiracta indica seed crush also recordedst

48% retardation of nitrification during 1  week. Lantanast

camara leaf powder exhibited 33% retardation of
nitrification.

Under laboratory conditions, ammonium sulphate
and urea blended with alcohol extract of Azadiracta
indica cake [1, 14] and urea blended with Azadiracta
indica  cake  powder   [15]   and  under   field  conditions,



World J. Agric. Sci., 7 (6): 705-709, 2011

709

Azadiracta indica cake blended urea [16,17] have been 8. Saverimuttu, A.M.T. and S. Kandiah, 1987.
found to retard nitrification. Soil applied Azadiracta Nitrification studies in a garden soil in North Srilanka.
indica cake was found to promote in the long term an Vingnanam-J. Sci., 2: 22-28.
increase of soil N availability, N leaf concentration and 9. Keeney, D.R. and D.W. Nelson, 1982. Ammonium by
plant growth [18]. The exact mechanism of inhibition of colorimetric methods. pp.672- 676.In page,
nitrification by Azadiracta indica materials has not been A.L.(Ed).Methods of soil analysis, Part 2. Chemical
reported. However, active principles of Azadiracta indica, and microbiological properties. Amer. Soc. Agron.
such as azadirachtin and nimbidin are responsible for the Inc. Madison, Wisconson.
nitrification inhibition [19]. 10. Markus, D.K., J.P. McKinnon. and A.F. Buccafuri,

CONCLUSIONS ammonium nitrogen in soils. Soil Science Society of

Results therefore indicate the possibility of using 11. Norwitz, G. and P.N. Keliher, 1984.
Lantana camera leaf, Azadiracta indica leaf and Spectrophotometric determination of nitrite with
Azadiracta indica seed as a means of minimizing ammonia compost reagents containing sulphanilamide,
volatilization and retarding nitrification, in order to sulphaniline acid or 4-nitroaniline as the diazotisable
increase the efficiency of urea and reduce potential nitrate aromatic amine and N-(1-Naphthyl) ethylene diamine
pollution in Eutrustox of Sri Lanka. Further studies as coupling reagent. Analyst, 109: 1281-1286. 
involving micro organisms nitrosomonas and nitrobactor 12. Sahrawat, K.L., 1980. On the criteria of comparing the
is essential to understand the inhibition mechanism of ability of compounds for retardation of nitrification in
these materials. soil. Plant and Soil, 55(3): 487-490.
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