
World Journal of Agricultural Sciences 8 (2): 208-211, 2012
ISSN 1817-3047
© IDOSI Publications, 2012

Corresponding Author: K. Sivasakthy, Department of Agricultural Chemistry, 
Faculty of Agriculture, University of Jaffna, Sri Lanka.

208

Organic Nitrogen Sources and Nitrification Inhibitors on Leaching and
Phyto-Accumulation of Nitrate and Yield of Amaranthus polygamous

K. Sivasakthy and N. Gnanavelrajah

Department of Agricultural Chemistry, Faculty of Agriculture, University of Jaffna, Sri Lanka

Abstract: Nitrate pollution of ground water and nitrate accumulation in edible tissues are main issues due to
heavy doses of nitrogen fertilizer application. A pot experiment with Amaranthus polygamous was carried out
in Calcic red yellow latosols (Eutrustox) of Sri Lanka fertilized with urea, compost and poultry manure with and
without locally available nitrification inhibitors Azadirachta indica leaf powder or Lantana camera leaf powder
to  quantify  NO -leaching loss and NO -accumulation in edible tissues and yield. Treatments were T (urea),3 3 1

T (compost), T  (poultry manure), T  (urea + Azadirachta indica leaf powder), T  (compost + Azadirachta2 3 4 5

indica leaf powder), T (poultry manure + Azadirachta indica leaf powder) and T  (urea + Lantana camera leaf6 7

powder). Completely randomized design was used with three replicates. Analysis of variance and Least
Significant Difference test was performed at 5% significant level. Results indicated that poultry manure and
compost have potential in terms of reducing NO -leaching loss and reduce NO -accumulation risk in edible3 3

tissues, compared to urea. Further, reduction in nitrate leaching losses is also possible through incorporation
of tested nitrification inhibitors with urea, poultry manure and compost. However, yield was not significantly
different in any treatment.
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INTRODUCTION Potential of locally available materials such as

Nitrate pollution of ground water due to excess powder as nitrification inhibitor in Calcic red yellow
nitrogen fertilizer applications is well known. Heavy doses latosols (Eurustox) of Sri Lanka have already been
of  N  fertilizer  usage  by  farmers  and high nitrate in well reported [1, 2]. Moreover, the amount and source applied
water used for irrigation, could also lead to nitrate and the time and method of application govern the effects
accumulation in vegetables. Organic manure usage could of N fertilizers on nitrate accumulation in vegetables [3].
reduce  the  potential nitrate leaching problems because It has been reported that synthetic nitrification inhibitors
of their slow release of nitrogen. Moreover, nitrification could effectively reduce nitrate accumulation in pasture
inhibitors also could be used to reduce nitrification of [4] and vegetables [5] when mixed with nitrogen fertilizers.
applied fertilizers and consequently reduce nitrate Though Azadirachta indica leaf powder and Lantana
pollution. Vegetables and drinking water are the main camera leaf powder have been identified as nitrification
source of dietary nitrate, which is a potential hazard to inhibitors their effect on nitrate accumulation in
human and animal health and researchers agree that vegetables has not been studied.
efforts to lower nitrate levels in vegetables and drinking On this background an experiment was carried out to
water are warranted. study the effect of different sources of nitrogen and their

The  use  of  the nitrification inhibitors may retain N combination with locally available nitrification inhibitors
in the NH  form, that  is  less  susceptible  to  leaching namely Azadirachta indica leaf powder and Lantana4

+

and thus minimizes N loss. Several compounds have camera leaf powder, on yield, leaching of nitrate and
nitrification inhibition property but only a few compounds nitrate content of leafy vegetable Amaranthus
have been adopted in agriculture due to their high cost. polygamous under greenhouse condition.

Azadirachta indica leaf powder and Lantana camera leaf
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MATERIALS AND METHODS The treatments were urea (T ), compost (T ), poultry

Soil Sample Preparation: The soil samples for pot compost + Azadirachta indica leaf powder (T ), poultry
experiment were collected from lands which are not manure + Azadirachta indica leaf powder (T ) and urea +
cultivated. Soil was dug out for the depth of 25cm. All Lantana camera leaf powder (T ). Lantana camera leaf
samples were incorporated and allowed to air dry. powder was not treated with organic manures because it
Composite sample was passed through 2 mm sieve prior was not effective in reducing nitrification with these
to experiments. Important basic physical and chemical organic manures in an earlier study [1]. Triple super
properties were determined (Table 1). phosphate and muriate of potash were also mixed for each

Collection of N sources and Nitrification Inhibitors: applied according to the Department recommendation.
Compost samples were collected from various farmers Pots were arranged on metal net and excess water
field, where crop residues and cattle or goat manures used was applied to collect leachate at 7 days interval. Top
for compost making. Poultry droppings without litter were dressing of urea was applied at 16  day of planting.
collected from broiler farm. Collected droppings were air Nitrate content in collected leachate was determined by
dried and powdered. Total and available nitrogen, colorimetric method [6]. Amaranthus polygamous from
phosphorous and potassium of compost and poultry each pot was harvested once it reached marketable size
manure were analyzed (Table 2). Azadirachta indica and and edible portions were analyzed for nitrate content [7].
Lantana camera leaves were dried in oven at 60°C and
powdered. RESULTS AND DISCUSSION

Experiment: Amaranthus polygamous was seeded in Nitrate Leaching: Figure 1 shows the NO -leaching loss
polythene bags with cross sectional area of 155 cm and from different treatments at 1 , 2  and 3  week interval in2

heights of 20 cm. Bottom of bags were punched and Amaranthus polygamous planted pots. Leaching loss
cloths were placed to prevent soil loss. Soil was filled up from T  (poultry manure) and T  (compost) was
to the height of 15 cm with 1.5 g/cm  bulk density, near to significantly higher than T  (urea) at first week. The3

field condition. Completely Randomized Design was used possible reason may be that available N in organic
with seven treatments and three replicates. sources presents in NH  or NO -form but in amide form in

Table 1: Selected properties of soil used for study

Characters
Texture Sandy clay loam

Sand (%) 73.390
Silt (%) 3.430
Clay (%) 23.180
pH (1:5 / soil: water) 7.400
EC ( S/cm) 133.700
Total N (mg/100g) 64.400
Available N (mg/100g) 8.750
Available P (Kg/ha) 64.750
Available K (Kg/ha) 427.200
CEC (cmol/ Kg of soil) 7.750
Organic matter (%) 0.938

Table 2: NPK content of compost and poultry manure

Compost Poultry manure

Total Nitrogen (%) 0.68 3.71
Available nitrogen (mg/100g) 364 392
Total phosphorous (mg/100g) 151.85 694.13
Total potassium (mg/100g) 1303.02 3553.69

1 2

manure (T ), urea + Azadirachta indica leaf powder (T ),3 4

5

6

7

pot. Organic fertilizers and inorganic fertilizers were

th

3
-

st nd rd

3 2

1

4 3
+

urea, which has to be hydrolyzed and nitrified. However,
at 2  week significantly higher amount of nitrate leachednd

from T (urea) treated pots compared to the pots treated1

with other treatments. Nitrate leaching from nitrification
inhibitors treated pots were significantly less than
relevant untreated pots.

Table 3 presents the cumulative leaching loss of
nitrate under different treatments and the percentage
reduction of leaching loss by inhibitor treatments.
Statistically significant reduction in nitrate leaching loss
was observed between soil treatments with and without
nitrification inhibitors. Among treatments T  (urea)1

recorded maximum nitrate loss followed by T (poultry3

manure) and T  (compost). The least leaching loss was2

recorded from T  (urea + Azadirachta indica leaf powder)4

and T  (compost + Azadirachta indica leaf powder).5

Higher  losses  were  measured  in  treatments  T  (urea),1

T (compost) and T  (poultry manure) compared to T2 3 4

(urea+ Azadirachta indica leaf powder), T  (compost +5

Azadirachta indica leaf powder), T  (poultry manure +6

Azadirachta indica leaf powder) and T (urea + Lantana7

camera   leaf    powder),    due   to   nitrification  inhibition
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Table 3: Nitrate leaching loss for different soil treatments
Treatments NO -leached % loss % reduction3

Urea-T1 11.707 22.523 _a

Compost-T2 6.707 7.416 _c

Poultry manure-T3 8.722 1.768 _b

Urea + AiLP-T4 3.243 6.239 72d

Compost + AiLP-T5 3.255 3.599 51d

Poultry manure + AiLP-T6 4.899 0.993 44d

Urea + LcLP-T7 4.799 9.234 59d

AiLP-Azadiracta indica leaf powder; LcLP-Lantana camera leaf powder. NI-
Nitrification Inhibitor 
Means with similar letters within a column are not statistically different by
the LSD at p = 0.05

Fig. 1: Effect of different treatments on nitrate leaching
T -Urea; T2 Compost; T3-Poultry manure; T4-urea +1 -

Azadirachta indica leaf powder; T -Compost +5

Azadirachta indica leaf powder;
T6-Poultry  manure  + Azadirachta indica leaf powder;
T7-Urea + Lantana camera leaf powder

Fig. 2: Accumulated nitrate-N in Amaranthus
polygamous under different treatments

T -Urea; T -Compost; T -Poultry manure; T -urea +1 2 3 4

Azadirachta indica leaf powder; T -Compost +5

Azadirachta indica leaf powder; T -Poultry manure +6

Azadirachta indica leaf powder; T -Urea + Lantana7

camera leaf powder. Treatments with similar letters are not
significantly different

property of Azadirachta indica and Lantana camera.
This is in agreement with those obtained by Sivasakthy
and Gnanavelrajah [1] and Gnanavelrajah [2], in which
Azadirachta indica and Lantana camera inhibit
nitrification and conserve applied N in NH  form which is4

+

less susceptible to leaching compare to NO . When3
-

compare loss from T  (urea) with T (urea + Azadirachta1 4

indica leaf powder) and T  (urea + Lantana camera leaf7

powder), Azadirachta indica leaf powder effectively
reduced the loss (72% reduction) than Lantana camera
leaf powder (59% reduction).

Nitrate Accumulation: The nitrate accumulation in
Amaranthus polygamous with seven treatments was
studied. Figure 2 shows the nitrate accumulation in crop
with different treatments. Highest (126 mg/Kg) and lowest
(51 mg/Kg) amount of NO -N was recorded in treatments3

-

T (urea) and T  (poultry manure + Azadirachta indica1 6

leaf powder), respectively. Figure 2 clearly shows that
accumulation was higher in urea fertilized plants even with
nitrification inhibitor than compost or poultry manure.
This is probably due to the fact that slowly mineralized
materials provide less available nitrogen leading to lesser
nitrate accumulation.

Addition of Azadirachta indica leaf powder further
reduced the nitrate content of Amaranthus polygamousin
treatments  T   (urea  +  Azadirachta indica leaf powder),4

T  (compost  +  Azadirachta  indica  leaf   powder)  and5

T  (poultry manure + Azadirachta indica leaf powder).6

Nitrate  content  of  Amaranthus  polygamous   in T4

(urea  +  Azadirachta   indica   leaf   powder)  and T7

(urea + Lantana camera leaf powder) was lower than T1

(urea). Fertilization with nitrification inhibitors restricting
the nitrate accumulation in crops has been reported by
Kallio et al. [8] and Ignacio et al. [9]. Analysis of nitrate
in red beets with nitrification inhibitor (nitrapyrin) [7]
found that 0.51 and 0.34 mg/g NO -N for 0 and18 kg/ha3

-

nitrapyrin application, respectively. Under Mediterranean
growing conditions, dicyandiamide can reduce nitrate
accumulation in spinach 18-61% and 3, 4-dimethylpyrazole
phosphate 33-84% without reducing yield or changing
other quality characteristics of crop [9].

Yield of Amaranthus polygamous: The average yield of
Amaranthus among treatments did not differ significantly
(Table 4). Treatment T  (urea + neem leaf powder) gave4

highest yield during harvest compared to all other
treatments. Amaranthus in urea treated pots reached
market size earlier than organic N treated pots. Addition
of   nitrification   inhibitors   slightly increased the yield in



-
3Total  NO - N leached%  loss = X 100%

Total N added

- -
3 3

-
3

NO leached without (NI) - NO leached with NI 
% reduction= X 100%

NO leached without NI
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Table 4: Average Yield of Amaranthus Polygamous in different treatments.
Weight (g)
-----------------------------------

Treatments Fresh Dry
Urea T 47.423 5.8801

Compost T 45.751 5.6732

Poultry manure T 45.346 5.7063

Urea + NLP T 48.962 6.0714

compost + NLP T 46.372 5.7505

poultry manure +NLP T 46.509 5.7676

Urea + LcLP T 47.580 5.9007

NLP-neem leaf powder; LcLP-Lantana camera leaf powder.

T  (urea + neem leaf powder), T  (urea + Lantana camera4 7

leaf powder), T  (compost + neem leaf powder) and T5 6

(poultry manure + neem leaf powder) compared to
respective N sources treatments alone. Though a weak
negative trend was observed between nitrate leaching and
yield the yield difference was not statistically significant.
The leaching was controlled and the maximum observed
leaching was in T  which was only 21%. This may be the1

reason for insignificant difference in yield among
treatments.

CONCLUSIONS

Azadirachta indica leaf  powder  has  the  potential
to reduce leaching of nitrate when treated with urea,
compost and poultry manure. Lantana camera leaf
powder could be used to reduce nitrate leaching of urea.
Fertilization with compost and poultry manure
significantly reduced NO -accumulation in amaranthus3

polygamous compared to urea. Further reduction in nitrate
accumulation in edible tissues is also possible through
incorporation  of  potential  nitrification  inhibitors  such
as Azadirachta indica or Lantana camera leaf powder
with urea, poultry manure and compost. However the
treatments did not have any significan effect on yield of
Amaranthus Polygamous.
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