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Abstract

Rice is a very responsive crop to nitrogen fertilizer, but the efficiency of
the applied N-fertilizer is low. Greenhouse experiment conducted to
evaluate several methods to improve fertilizer efficiency and reduce N-
losses in rice fields. N-15 labelled urea was applied to 10 kg soils in pots,
urea was applied alone, with addition of two urease inhibitors (NBPT and
HQ), with addition of nitrification inhibitor (DCD), or with the combination
of both inhibitors. The fertilizers were applied either broadcast on soil
surface or at depth of 8 cm below the surface. At maturity, plants were
separated into grain and straw, dried and weighted. Soil and plant samples
were analyzed for total N and N-15 excess. Both fertilizer placement and
inhibitor application significantly increased straw and grain yield, as well as
N-uptake. Nitrogen derived from fertilizer (% Ndff) was more than
doubled, when urea was applied deep and in combination with inhibitors.
Plant recovery of N-15 labelled urea ranged from 17% to 75% according to
treatment. Regardless of inhibitors application, plant recovery was increased
from 39% to 65% when urea was applied at depth of 8 cm. Approximately
2/3 of the applied urea (64%) was lost when urea was applied alone. Those
losses were reduced down to 12% with deep placement and inhibitor
application. The two management practices show significant effect on
minimizing N-losses and increasing plant recovery.

Introduction:

Approximately 40% of the world's population depend on rice (Oryza
Stiva L.) as their major caloric source [13]. Rice is unique in that, it is the
only major food crop that is semiaquatic, that grows best in a flooded soil.
This preferred habitat is a major source of difficulty in the maintenance of
nitrogen added as fertilizer. Nitrogen enters a unique system in flooded
soils in which mechanisms of losses vary greatly from those in upland
environment. While losses from N-15 labelled urea applied to upland wheat
was 18% [1] and 17% [3]. Fillery et al.[14] showed losses of 40 to 60% of
N-15 labelled urea or ammonium sulfate broadcast to flood water of rice. In
Egypt, Abdel Monem et al.[4] reported losses of 29 to 62% of N-15
labelled urea applied to rice, according to time of fertilization. They
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reported that, the percentage of nitrogen losses is related to climatic factors
and fertilizer management practices.

Several strategies exist for improving N fertilizer efficiency and
reducing losses. Deep placement of applied fertilizer is the closest to farm-
level acceptance. While surface placement resulted in only 23% as N-15
recovery, 63% recovery was obtained as result to deep placement [20]. Also
Khind and Datta [17] reported increase in N-15 recovery from 50% to 66%
due to deep placement as compared to surface application.

As ammonia volatilization has been highlighted as an important
nitrogen losses mechanism, due to urea hydrolyses in the floodwater,
inhibiting urease enzyme, which hydrolyses urea to ammonium was another
method to reduce losses. Fillery et al.[14] reported the importance of PPD
as urease inhibitor, as it increased total N-15 recovery between 10% and
14% of the N-15 applied. As large amount of N applied can be transformed
to NO3-N during 4-5 weeks. Brandon and Wells [7] reported that
application of nitrification inhibitors would increase N-recovery and reduce
losses. Wilson et al.[23] reported increase of 17% in N-recovered by rice
due to application of Dicyandiamid (DCD) as nitrification inhibitor to urea.

Materials and Methods

Greenhouse experiment was conducted in the Atomic Energy Auth. and
designed as randamized complete block with three replicates in plastic pots
(25 cm diameter, 30 cm height ) each containing 10 kg of air dry soil.This
soil was collected from Shebin El Qanater, Kaliobia Governorate, at a depth
of 15 cm from the surface. The soil had the following properties: pH (1:
2.5), 8.1; EC (1: 5), 1.01 ms/cm at 25°C; clay content 58%, O.M. 0.95%;
total N, 0.0125%. Labelled urea (3 atom % N-15 excess) was applied at rate
of 500 mg/pot alone or in combination with DCD as a nitrification inhibitor;
hydroquinone and NBPT as urease inhibitors in solution either at soil
surface or at a depth of 8 cm below the soil surface. The pots were
transplanted with three 21-day-old seedlings of rice, and kept under
continuous flooding through the growth period. Each pot also was received
a basal application of P and K in the form of superphosphate and potassium
sulphate, respectively. At harvest, the plant parts were separated into grain
and straw and the oven dry weight of each part was recorded. Both plant
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and soil samples were analyzed for total N by the Kjeldahl method [8]. I 5N
was measured by emission spectrometry.

Results and Discussion:

1. Straw and Grain Yield:

Irrespective of the inhibitor, deep application of urea resulted in
significant increase in straw and grain yield (Table 1). As an average, about
25% increase in straw yield and 16% in grain yield is due to deep
placement, as compared to surface application. Flinn et al.[15] showed that,
topdreesings of urea raised the pH levels of the water to values at which NH3
volatilization could have occurred, and in turn would have negative effect
on the dry matter yield. Craswell and Vlek[10] found that placing fertilizer
deep in the soil greatly reduces losses and increases grain yield.

While, Fillery et al [14] reported increase in grain yield, as result of
application of PPD as urease inhibitor with urea, our data presented in table
(1) show significant increase in straw and grain yield when NBPT or HQ was
applied with urea. Contrary to results obtained by Abdel Monem[3] which
show that NBPT has no significant effect on dry matter yield, when applied
with labelled urea to barly, our data (Table 1) revealed that addition of
NBPT resulted in an average increase of 22 and 18% in straw and grain
yield respectively. Inhibition of urease enzyme, and in turn, response as dry
matter increase, is more effective in flooded system than upland crops, due
to high urea hydrolyses in floodwater than in dry land. Also results of
(Table 1) suggest that HQ is less effective as urease inhibitor as reflected on
straw and grain yield. Mulvaney and Bremner[19] explained that, inhibition
of urease activity by HQ was inversely related to clay and silt content and
also to CEC of the soil with that respect HQ will be less effective in our soif
(58% clay).

Studies of Wells et al.[22] indicated that use of DCD delayed
nitrification and tended to result in rice grain yield increase as compared
with urea. Our results presented in table (1) show significant increase in
both straw and grain yield due to DCD application. Brandon and Wells[7]
suggested that, with a preplant N application, a large amount of N can be
transformed to NO3 during four to five weeks interval prior to flooding, and
NO3 is subject to losses. Amberger[6] explained that, DCD interferes with
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the respiration of the Nitrosomonas bacteria, which are responsible for the
first step in nitrifcation.

Table (1): Dry Matter Yield Of Rice As Affected By Fertilization, N-Fertilizer
placement and inhibitors.

TVeatment

Urea
Urea+NBPT
Urea+HQ

Urea+DCD

Urea+NBPT+DCD
Urea+HQ+DCD

Average

Surface

28.0
32.3
30.3

33.8

30.1
29.8

30.7

Straw
Deep

30 7
39.5
35.8

44.4

41.0
39.0

38.4

Average
gram

29.4
35.9
33.1

39.1

35.6
34.4

34.6

Surface
/pot —

27.0
34.6
34.2

34.9

29.7
31.1

31.9

Grain
Deep

34.2
38.0
38.6

41.1

39.3
37.7

38.2

Average

30.6
36.3
36.4

38.0

34.5
34.4

35.1

LSD 5
N-fertilizer
Placement
Fert. x placement

2.2
5.4
1.3

5.3
5.9
4.3

2. N-Uptake by Rice

Nirogen uptake by rice plant as function of fertilizer placement and
inhibitors application is presented in table (2). N-uptake was higher when
N-fertilizer was applied at depth of 8cm as compared with surface
application. An average of 18.5% increase in N-uptake due to deep
placement is shown in data of table (2). Also N-uptake was higher when
urease inhibitors were included with urea. Application of NBPT resulted in
higher N-uptake than H.Q. Similar to findings by Wilson et al.[23], our data
(table 2) show that application of DCD resulted in higher N-uptake by rice.
Possible explanation of increasing N-uptake by rice due to application of
DCD is that, more N accumulated in the soil organic fraction in the presence
of DCD. This accumulation may be related to DCD maintaining more
fertilezer N in NH4 form, which is more readily utilized by microorganisms
[23].
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Table (2): Effect

N
placement

Surface

Deep

Of Fertilizer Placement And

Urea

415

536

Urea
+

NBPT

661

763

Urea
1

HQ

604

718

Urea
+

DCD
r

584

717

Inhibitors On Total N-Uptake By Rice.

Urea
+

NBPT+DCD
ng N/pot

693

792

Urea
+

HQ+DCD

666

768

A verage

604

716

3. Nitorgen Derived from Fertilizer and Soil :

Nitrogen derived from fertilizer (Ndff) parameter provides a sensitive
criterion by which to assess specific fertilizer practices. In our study, it was
used to evaluate two methods for fertilizer placement and urease aud
nitrification inhibitors. Data of table (2) show that deep placement increase
the Ndff values higher than those for surface application, also addition of
inhibitors to urea resulted in an average of 11.5% increase in Ndff than
urea alone, the effectiveness of the urease inhibitors is higher than the
nitrification inhibitor in both methods of placement that, may due to the
important role of urea hydrolysis and in turn ammonia volatilisation as
mechanism of N-losses in the floodwater. Mikkelsen and De Datta[18]
showed that, ammonia volatilisation losses are greatest when an ammonical
N source such as urea is placed into irrigation water. Combination of both
inhibitors yielded higher Ndff for the both fertilizer placement. Results of
table (2) showed that percentage of Ndff was more than doubled when urea
applied deep and in combination with both urease and nitrification
inhibitor. Percentage of Ndfs presented in table (2), ranged from about 80%
to 53% according to fertilizer placement and inhibitors application. Wilson
et al.[23] reported that although fertilizer N is the major pool from which
the rice plant derived its N early in the season, the soil provides the
remaining N needed for the plant. As the soil in our study is rich in organic
nitrogen and organic matter in addition to high clay content, it is expected
to supply rice plant with mineral nitrogen through the mineralization
mechanism. With inhibitor application % Ndfs was decreased to its lower
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value when urea was applied deep and treated with both urease and
nitrification inhibitor.

Table (3): Nitrogen Derived From Fertilizer (Ndff) And Nitrogen Derived From Soil
(Ndfs) By Rice As Affected By Fertilizer, Placement And Inhibitors.

Treatment

Urea
Urea+NBPT
Urea+HQ

Urea+DCD

Urea+NBPT+DCD
Urea+HQ-fDCD

Average

Surface

203
34.0
32.6

27.9

37.0
35.1

31.2

Ndff
Deep

30.8
42.0
38.5

36.0

47.0
46.9

40.2

Average
c

26.2
38.0
35.5

31.9

42.0
41.0

Surface
5 — — —

79.7
66.0
67.4

72.1

63.0
64.9

68.9

Ndfs
Deep

69.2
58.0
61.5

64.0

53.0
53.1

59.8

Average

73.7
62.0
64.5

68.1

58.0
69.0

4. Nitrogen-15 Balance :

Plant recovery of N-15 labelled applied urea showed very wide range
from 16.8% to 74.7%, as shown in Fig. (1). Contrary to data obtained by
[16], where plant recovery ranged from 21% to 31%, our data show much
higher recovery. They explained that high percolation rate in their field trial
probably responsible for low recovery. At the same time Craswell et al.[10]
found plant N-15 recovery ranging from 48 to 75%. When N-15 labelled
urea was applied alone either surface or deep application, Fig. (1) show that
plant recovery was doubled when urea applied deep in the soil. Regardless
the inhibitors application, plant recovery was increased as an average from
39% to 65% when fertilizer placement changed from surface to deep.
Craswell et al.[10] reported that deep placement of fertilizer has proved to
be an effective means of reducing ammonia volatilization. Simultaneously,
deep placement of urea decreases the conversion of ammonium to nitrate
and thereby reduces nitrification losses. Regardless of whether ammonia
volatilization or denitrification is responsible for the poor efficiency of urea

801



in rice, the efficiency of deep placement has been confirmed both in N-15
experiments [5], and in simple source comparison trials [15].

Application of urease inhibitors resulted in increasing the plant
recovery of labelled nitrogen applied as urea (Fig. 1). As it was mentioned
above, as urea hydrolysis and ammonia volatilization is the main mechanism
of nitrogen losses, application of urease inhibitors is expected to increase
plant recovery of applied nitrogen. Byrnes et al.[9] reported that lower
ammonical-N concentrations in floodwater in PPD as urease inhibitor
amended systems reduced NH3 loss and increased N-15 recovery from
labelled urea. Also Fig. (1) shows the importance of DCD as nitrification
inhibitor in increasing plant recovery in both surface and deep application.
Although the rate of increase in plant recovery due to DCD application is
lower than that of NBPT or HQ, combined application of DCD with NBPT
or with HQ resulted in even higher plant recovery. Similar results on the
effect of DCD was obtained by [22] and [23].

The extensive losses of applied N-15 from the soil-plant system (Fig.
1) are the obvious major cause for the poor recoveries of applied N by the
rice crop. The losses from urea varied, as affected by method of application
and application of inhibitors, and ranged from 64% to 12%. The high losses
(64%) is comparable to losses from urea reported by Craswell et al.[12].
Although deep placement of urea resulted in lower losses (58%) as
compared to losses from urea applied at surface (63%) yet it is serious cause
for concern economically and environmentally. High losses of nitrogen
from applied urea as ammonia volatilization would be enhanced by a pH
increase in the water, which usually occurs when CO2 in the water is largely
depleted as a result of photosynthesis [21]. This may explain the
importance of urease inhibitors which have the ability to reduce ammonia
volatilization. Data in Fig. (1) presented that application of HQ or NBPT
reduces N-losses down to 35% for surface application and to 22 and 15%
for deep application. Also DCD applied with urea reduces N-losses and
therefore enables more efficient nitrogen utilization by maintaining more of
the fertilizer N and soil N in the NH^ form. Combination of urease and
nitrification inhibitors proved to be even better practice for minimizing N-
losses (Fig. 1). Losses were down to 12%, as urea applied in addition to
NBPT and DCD from 58%, when it is applied alone.
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Soil BSfpiant J2E2 Losses

D 50 SO SD SO S3

Fertilizer olacement
Fig (1): N-15 balance for labelled urea applied to rice as

affected by fertilizer placement and inhibitors.

The use of N-15 balance technique has clearly identified N loss as a
major problem in rice management. Considerable reduce in N losses would
be obtained by better N-fertilizer management either by deep placement or
by application of modified nitrogen fertilizer.
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