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Abstract

A field experiment was conducted at the Soil Science farm of Bangladesh Agricultural University, Mymensingh during the Aman season of 2011 for
investigating the integrated effect of prilled urea (PU) and urea super granules (USG) with poultry manure (PM) on field water property, growth and yield
of BRRI Dhan 49. There were seven treatments such asT : Control, T,: 56 kg N ha™ as USG; T.: 83.5 kg N ha™ as PU; T: 56 kg N ha' as USG+PM (3.0 t har
'); T,: 83.5 kg N ha™! as PU+PM (3.0 t ha'); T,: 112.5 kg N ha™' as USG; T: 165.0 kg N ha'' as PU. Application of USG in combination with poultry manure
produced NH _*-N slowly and steadily due to deep placement by keeping most of the urea nitrogen in the soil and out of the irrigation water. This resulted
in continuous supply of available N throughout the growth period of rice plant, which ultimately gave the higher yield. Significant variations were found in all
the yield contributing characters except thousand grain weight by different treatments over control. The highest grain yield (5389 kg ha™') and straw yield
(6921 kg ha™') was produced from T, which is statistically similar to T, and T,. The maximum N uptake by grain (64.28 kg ha') and straw (40.91 kg ha™')
were obtained from USG in combination with poultry manure. It also showed the maximum values of apparent N recovery and N use efficiency possibly due
to deep placement of USG and application of poultry manure in rice field. The overall results clearly indicate that application of USG in combination with
poultry manure in rice field increases absorption efficiency and decreases N loss leading to water pollution reduction, efficient uptake and utilization of the

applied N, and rice yield augmentation.

ABBREVIATIONS

BRRI: Bangladesh Rice Research Institute; TSP: Triple Super
Phosphate; MoP: Muriate of Potash; PPM: Parts Per Million; EC:
Electrical Conductivity

INTRODUCTION

Rice is the foremost staple food for the people of Bangladesh.
The total area and production of rice in Bangladesh are about 11.7
million hectares and 31.8 million metric tons, respectively [1].
In Bangladesh, rice is being grown in all three cropping seasons
which are named as Aus, Aman and Boro. Among these three
seasons Aman rice covers the largest area of 5.58 million hectares
with a production of 12.798 million metric tons [1]. Increase in
production per unit area through the judicious application of
fertilizer is the only way to increase food production. BRRI Dhan
49 is a modern variety suitable for cultivation in Aman season
which produces higher yield than many other varieties.

N is the most important key input among the essential
nutrients for rice production for its large requirement and
instability in soil. In most cases, surface broadcasting of prilled

urea (PU) is practised by farmers to meet up the N demand
for rice crop. But by this method of application a large amount
of applied N is being lost through NH, volatilization, leaching,
denitrification and surface runoff [2]. In the wetland rice soils,
rice plants take N mainly as ammonium (NH,*), requiring less
energy to assimilate into amino acids than nitrate [3]. Ammonia
volatilization losses occur in flooded rice soils in moderately to
slightly acid soils, although losses are higher in alkaline soils [4].
The ammonium ion retained in the soil-water system is readily
converted to nitrite, then to nitrate through the nitrification
process. The nitrate ion is subject to lost through denitrification
and leaching. So if the nitrification of ammonium into nitrate
is delayed or reduced, denitrification and leaching loss will be
reduced. Deep placement of N fertilizers into the anaerobic
soil zone is an effective method to reduce volatilization loss
[5]. Denitrification losses can be decreased by deep placement
of urea fertilizer [6,7]. In the zone of USG placement, a high-
localized urea/NH," concentration develop followed by an
increase in soil pH through enzyme-catalysed hydrolysis [8]. The
placement of USG at 8-10 cm depth of soil can save 30% nitrogen
than PU, increases nutrient absorption, improves soil health and
ultimately increases the crop yields [9].

Cite this article: Islam MS, Islam MR, Islam MR (2018) Effects of Prilled Urea and Urea Super Granule with Poultry Manure on Rice Field Water Property,

Growth and Yield of BRRI Dhan 49. Int J Plant Biol Res 6(1): 1080.



@SCﬂ\/ledCentrai

Islam et al. (2018)
Email: msibsri4313@yahoo.com

Organic matter acts as a reservoir for plant nutrients (mainly
N, P and S) and prevents leaching loss of the elements which are
vital for the plant growth. Poultry manure (PM) contains high
amount of secondary and micronutrients in addition to N, P and
K. Integrated use of PM and chemical fertilizers may facilitate
the utilization of nutrients for crop growth and productivity
and replenish the organic matter status in soil. PM is a cheap
source of plant nutrients as there are many poultry farms of
different sizes established all over Bangladesh. Application of
PM in rice cultivation may reduce the environmental pollution
considerably by reducing chemical fertilizer use and increasing
the use of PM. It is true that sustainable production of crops can
be maintained by using only chemical fertilizers and similarly
it is not possible to obtain higher crop yield by using organic
manure alone [10]. Therefore many researches are necessary
to formulate PM, chemical fertilizers and their combination that
will be economically viable, technically effective and feasible
and environmentally sound. Hence, the field experiment was
undertaken to investigate the effects of prilled urea and USG with
poultry manure on rice field water property, growth and yield of
BRRI Dhan 49.

MATERIALS AND METHODS

The field experiment was conducted at the Soil Science farm
of Bangladesh Agricultural University, Mymensingh during the
Aman season of 2011 to investigate the integrated effect of PU
and USG with PM on field water property, growth and yield of
BRRI Dhan 49. The general soil type of the experimental field was
Non-calcareous dark grey floodplain under Sonatala soil series
and Old Brahmaputra Floodplain Agro-ecological zone [11].

Initial soil samples were collected at a depth of 0-15cm from
the surface. The soil samples were analyzed for determining
physical and chemical properties following standard methods.
Particle size of soil was determined by hydrometer method [12]
and the textural class according to the USDA system. Soil pH was
measured by glass electrode method [13] and EC by conductivity
meter. Organic matter was determined by Walkley and Black
method [14], total N by Semi-micro Kjeldahl method [15],available
P by Olsen method [16], available S by spectrophotometer
method [17] and exchangeable K by flame photometer [18]. The
experiment was laid out in randomized complete block design
with three replications. There were seven treatments such as T,:
Control, T,: 56 kg N ha'! as USG; T,: 83.5 kg N ha as PU; T,: 56 kg
N ha™ as USG+PM (3.0 t ha''); T.: 83.5 kg N ha' as PU+PM (3.0 t
ha'); T,: 112.5 kg N ha'as USG; T.: 165.0 kg N ha' as PU. The rice
variety BRRI Dhan 49 was used in the experiment. Seedlings of 35
days age were transplanted on 15 August, 2011 at 20cmx20cm
spacing. Well decomposed poultry manure having 0.7% N
content was incorporated properly in the soils before 6 days of
transplanting. Full dose of TSP, MOP, gypsum and ZnSO, were
applied to the soil during final land preparation @ 15 kg P, 50 kg
K, 15 kg S and 2.5 kg ha! respectively. Prilled urea was applied in
three splits such as at 7, 30 and 45 days after transplanting (DAT)
and urea super granule was applied at 7 DAT. One granule of 0.9
g size was placed for every four hills at 6-8 cm depth in puddled
soil by hand and leveled immediately after placement.

Other cultural operations such as weeding and pesticide
application were done as and when necessary. The rice field

was irrigated to maintain 6 cm of water above the soil surface
for water sample collection and as per necessity of the crop. The
water sample was collected during each top dressing of PU and
deep placement of USG to determine the field water properties
like pH, electrical conductivity (EC) and NH,-N. Sampling was
done before irrigation and two hours after irrigation followed by
next seven days maintaining a specific sapling time of the day.
NH,-N of water samples was determined by titrimetric method
as outlined by [19].

The crop was harvested at proper maturity on 28 November,
2011. Data on yield contributing characters of rice such as plant
height, number of effective tillers hill™?, panicle length, number
of filled grains panicle™® and thousand grain weights were taken.
Grain yield was recorded at 14% moisture basis and straw yield
at sun dry basis. The grain and straw samples were analyzed
for determining total N of plant following H,SO,-H,0, digestion
method as described by [20]. N uptake was calculated multiplying
the N content (%) by the corresponding dry weight divided by
100. Apparent N Recovery (ANR) and N Use Efficiency (NUE)
were calculated by the following two equations:

(a) Apparent N Recovery (kg ha) = (UN, - UN, )/FN

Where, UN is total N uptake (grain and straw) with N
application (kg ha™)

UN,, is the total N uptake without N application (kg ha)
FN is amount of fertilizer N applied (kg ha™).

(b) N Use Efficiency (kg kg™') = GY(GY-GY,,)/FN
Where, GY | is grain yield with N application

GY,, is grain yield without N application

FN is amount of fertilizer N applied (kg ha™).

All the collected data were analyzed following standard
statistical procedure and differences among treatment means
were adjudged by Duncan’s Multiple Range Test [21].

RESULTS AND DISCUSSION
Field water property

From Figure 1 it is shown that the concentration of available
NH,*-N in rice field water started to increase after 2 hours of
prilled urea application and deep placement of urea super
granules, continued up to 2 days and afterwards gradually
decreased. Prilled urea alone or in combination with poultry
manure released higher amount of available NH,*-N than USG and
the concentration sharply changed with the progress of time. The
higher dose of prilled urea produced the higher amount of NH,*-N
subjected to ammonia volatilization. Application of 165.0 kg N
as prilled urea produced the maximum amount of NH,*-N (4.33,
3.87 and 3.95 ppm during 1%, 2" and 3" sampling, respectively)
at 2" day and the minimum amount of NH,*-N at 7™ day.

On the other hand, USG produced NH,*-N slowly and steadily
due to deep placement by keeping most of the urea nitrogen in
the soil, close to plant roots and out of the irrigation water. This
resulted in continuous supply of available nitrogen throughout
the growth period of rice plant, which ultimately gave the higher
yield. Application of USG along with poultry manure produced
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Figure 1 Effect of prilled urea and USG with poultry manure on field water NH,*-N concentration during (1a) 1* sampling, (1b) 2" sampling and

(1c) 3¢ sampling period.

NH,"-N of 0.097, 0.050 and 0.141 ppm at 2" day and 0.096,
0.047 and 0.231 ppm at 7" day during 1%, 2" and 3™ sampling,
respectively. The above results are well correlated with the
findings of [22] that showed deep placement of N fertilizers as
effective method due to reduced volatilization. [23] observed
that ammoniacal-N concentrations in the urea treatment reached
maxima at 3 to 5 days after urea application and then declined
steadily to negligible concentrations in 7 days.

From Figure 2 we see that the water pH sharply increased
after two hours of prilled urea application and decreased with
the passes of time. The pH was more or less constant where USG
was applied. EC of water samples was higher in the first sampling
than that of second and third sampling in all the treatments
(Figure 3, Table 1).

Yield contributing characters

All the yield contributing characters except thousand grain
weight were influenced significantly by different treatments over
control (Table 2).

Plant height

The combined application of 56 kg N ha'as USG and poultry
manure produced the tallest plants (90.8 cm) which was
statistically identical to those produced by the application of
112.5 kg N ha as USG. This result is similar with the findings of
[24]. [25] also reported that deep placement of USG resulted in
the taller plant than prilled urea.

Number of effective tillers hill*

The treatment T, produced the maximum number of effective
tillers hill"* (22.0) which was statistically similar to T, (21.0) but
superior to other treatments. These results are well corroborated
with the findings of [26] who found increased number of effective
tillers hill* with the integrated use of vermi-compost, poultry
manure and nitrogenous fertilizers.

Panicle length

The panicle length ranged from 17.9 cm in T, to 21.2 cm in
T,. All the fertilized treatments produced panicles of statistically
similar length but different from control. These results are in
agreement with [27] who found increased panicle length with
the application of urea, cow dung and Azospirillum, individually
or in combinations.

Number of filled grains panicle™

All the treatments except T, and T, produced statistically
similar number of filled grains panicle™.[28] also found increased
percentage of filled grains with increasing NPK rates and FYM
application.

Thousand grain weight

The thousand grain weight was not influenced significantly
by different treatments. This is well corroborated with the
findings of [29] who found an insignificant response of urea-N
and manures on 1000- grain weight of BRRI Dhan 29.
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Figure 2 Effect of prilled urea and USG with poultry manure on field water pH during (2a) 1% sampling, (2b) 2" sampling and (2c) 3™ sampling
period.
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Table 1: Soil properties of the experimental field.
Constituents Analytical value
Physical characteristics

% Sand (2-0.05 mm) 20.2

% Silt (0.05-0.002 mm) 65.6

% Clay (<0.002 mm) 14.3
Textural class Silt loam
Chemical characteristics

pH (soil:water = 1:2.5) 6.8

EC (ds m?) 0.2
Organic matter (%) 1.8
Total N (%) 0.1
Available P (mg kg?) 9.2
Available S (mg kg) 13.0
Exchangeable K (me100-'g soil) 0.1

Grain and straw yield

Application of prilled urea and USG alone or in combination
with poultry manure showed a positive effect on the grain yield
of BRRI Dhan 49 (Table 2). It was found that the grain yield
ranged from 3849 kg ha to 5389 kg ha’. The application of 56
kg N ha' as USG along with poultry manure gave the highest
grain and straw yield (5389 and 6921 kg ha’, respectively)
which is statistically similar to T, and T,. USG in association with
poultry manure gave better yield than other treatments. This
might be due to optimum release of N from deep placed USG for
prolonged period and adequate release of N and other nutrients
from poultry manure. These results support the findings of [30]
who reported that organic manure application combined with
chemical fertilizers treatments were 65.4%-71.5% higher than
control, and 3.9%-7.8% higher than NPK treatment in yield. [31]
also reported that the application of organic matter and chemical
fertilizer increased grain and straw yields of rice.

N CONTENT, N UPTAKE, APPARENT N RECOVERY
AND N USE EFFICIENCY

Table 3 shows the effects of prilled urea and USG with
poultry manure on nitrogen content, nitrogen uptake, apparent

N recovery and N use efficiency of BRRI Dhan 49. The grain and
straw N content varied significantly due to different treatments.
The highest N content (1.42 and 0.67% in grain and straw,
respectively) was obtained from the application of 56 kg N ha™
as USG along with poultry manure which is statistically similar
with that obtained from 112.5 kg N ha! as USG. Poultry manure
combined with USG showed more pronounced response in
increasing the N content both in grain and straw of BRRI Dhan
49 compared to other treatments. The N content in rice grain
was higher than that of straw. [32] Also reported a significant
increase in N content in rice grain and straw due to manures and
fertilizers application.

Application of prilled urea and USG alone or in combination
with poultry manure showed significant variation in N uptake
both by grain and straw of BRRI Dhan 49. Combined application
of poultry manure with prilled urea or USG helped in better N
uptake by both grain and straw than their sole application.
Furthermore, integration of USG with poultry manure produced
more pronounced responses in N uptake than that of prilled urea
and poultry manure. The maximum N uptake by grain (64.28
kg ha?') and straw (40.91 kg ha') was obtained from USG in
combination with poultry manure. The total N uptake of BRRI
Dhan 49 varied from 43.72 ka ha™ (T,) to 105.2 kg ha' (T,).
Although T,, T, and T, are statistically similar in case of total
N uptake, application of 56 kg N ha'as USG along with poultry
manure (T,) was more economical and environment friendly due
to replacement of some chemical N by poultry manure. These
results are in agreement with the findings of [33] who found
significant increase in N uptake by rice grain and straw with the
application of organic manures and fertilizers.

Apparent N Recovery (ANR) and N Use Efficiency (NUE) of
BRRI Dhan 49 ranged from 16.78% to 79.84% and 4.6 kg ha to
20.0 kg ha', respectively (Table 3). From the data it is evident
that the maximum values of ANR and NUE were obtained with
the application of USG along with poultry manure. The maximum
ANR and NUE of the applied fertilizer could be due to the deep
placement of USG and application of poultry manure in rice
field that resulted in continuous and steady supply of available
N throughout the growth period. The results indicate that
application of USG in combination with poultry manure in rice
field increases absorption efficiency and decreases N loss leading
to efficient uptake and utilization by plants and reduced rate

Table 2: Effect of prilled urea and USG with poultry manure on yield contributing characters of BRRI Dhan 49.

Treatment Plant height | Effective tillers Panicle length | Filled grains 1000- grain Grain yield Straw yield
(cm) hill? (cm) panicle weight (g) (kg ha) (kg ha)

T, 73.9d 19.2¢c 10.3b 81.0c 19.3ab 3849c¢ 4085c

T, 83.8c 19.8¢ 12.2ab 103.2ab 19.7ab 4596b 5215b

T, 82.3c 19.4c 12.1ab 98.6b 19.4ab 4524b 5280b

T, 90.8a 21.6a 13.9a 118.2a 21.2a 5389a 6921a

T, 86.0bc 20.6b 12.9ab 112.7ab 20.4a 5100a 5875ab

T, 89.6ab 21.4a 13.2ab 115.8ab 20.8a 5241a 6502a

T, 84.3c 19.6¢ 12.7ab 102.0ab 19.8ab 4608b 5322b

SE (2) 1.15 0.20 0.36 2.96 0.08 116.89 211.12

T,: Control, T,: 56 kg N ha'as USG, T,:83.5kgNha'asPU, T,:56kgN ha'as USG + PM @ 3.0 tha, T,:83.5kgNha’asPU+PM @ 3.0 tha’, T: 112.5

kg N ha™ as USG and T,: 165.0 kg N ha as PU. Values in column having same letter are not significantly different at 0.05 level of probability by DMRT.
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Table 3: Effect of prilled urea and USG with poultry manure on N content, N uptake, ANR and NUE of BRRI Dhan 49.
. N content (%) N uptake (kg ha') Apparent N
Treatment N applied (kg ha’) Grain Straw | Grain Straw Total l'epclzlvel‘y (%) NUE (kg ke™)
T, 0 0.90e 0.37e  30.33d 13.38d 43.72d - -
T, 56 1.23c 0.50cd | 49.00bc 23.59¢ 72.59bc 51.56 13.34
T, 83.5 1.12d 0.45de  45.26¢ 20.92cd 66.19¢ 26.91 8.08
T, 77 1.42a 0.67a 64.28a 4091a 105.20a 79.84 20
T, 104.5 1.33b 0.56bc | 58.22ab 29.01bc 87.23ab 41.64 11.97
T, 112.5 1.38ab 0.64ab | 62.323a 36.30ab 98.63a 48.81 12.37
T 165 1.16¢cd 0.49cd  48.978bc 22.42cd 71.41bc 16.78 4.6
SE (= - 0.039 0.0403 | 4.85 4.26 8.55 - -
T,: Control, T,: 56 kg N ha as USG, T,: 83.5 kg N ha* as PU, T,: 56 kg N ha™ as USG + PM @ 3.0 tha, T.: 83.5 kg Nha' as PU + PM @ 3.0 tha™, T: 112.5
kg N ha'asUSGand T,: 165.0 kg N ha* as PU. Values in column having same letter are not significantly different at 0.05 level of probability by DMRT.

of N application. Prilled urea showed lower ANR and NUE due
to possibly more release and more loss of the applied N. [34]
also found higher NUE from USG in compared to prilled urea.
[35] concluded that mixed application of mineral and organic
N showed better effects on N use efficiency compared with the
single application of mineral N.

CONCLUSION

Application of USG in combination with poultry manure
produced NH,*-N slowly and steadily. Prilled urea alone or in
combination with poultry manure released higher amount of
available NH, *-N and the water properties (NH,*-N, pH, EC)
sharply changed with the progress of time. The higher dose of
prilled urea produced the higher amount of NH,*-N subjected to
ammonia volatilization. The application of USG in combination
with poultry manure showed maximum values of grain and straw
yield, total N uptake, apparent N recovery and N use efficiency.
The maximum recovery and utilization efficiency of the applied
N could be due to the deep placement of USG and application
of poultry manure in rice field resulting continuous and steady
supply of available N throughout the growth period. The overall
results indicate that application of USG in combination with
poultry manure in rice field increases absorption efficiency
and decreases N loss leading to water pollution reduction,
efficient uptake and utilization of the applied N, and rice yield
augmentation.
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