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ABSTRACT

E

fficient fertilizer management provides increased crop
production. The aim of this paper was to review the ways of
proficient nutrient management for maximum rice production.
The results of several studies showed that the use of leaf color chart,
urea supper granule, and soil plant analysis development for nitrogen
(N) fertilizer management increased N use efficiency. Urea supper
granule produced 17.84% higher yield of rice and saved 32.52% N over
prilled urea. Online fertilizer recommendation system through rice crop
manager and Soil Resource Development Institute system also reduced
fertilizer cost and ensure higher rice yield. The specific nutrient
management model yielded 10% higher grain yield compared to
traditional practice. Balanced fertilization, integrated plant nutrient
management system; and selection of appropriate source, rate, time
and method of nutrient application ensure efficient use of applied
nutrients. Therefore, efficient fertilizer application could be ensured by
using suitable tools like leaf color chart, urea super granule, and rice
crop manager or fertilizer recommendation model; and target yield can
be achieved through adopting proven techniques of individual nutrient.
Key words: Leaf color chart, Nitrogen, Phosphorus, Urea super granule

1. Introduction Inefficient fertilizer use is a key
factor pushing the cost of cultivation and pulling down
the farm profitability. Farmers are interested in
improving the nutrient use efficiency with which they
can simultaneously achieve all system level objectives,
productivity,
profitability,
sustainability,
and
environmental protection. Use efficiency of applied N

is only about 20-30 %, phosphorus (P) and potassium
(K) efficiency ranges from 30-40 % only. Hence, there
is urgent need to increase nutrient use efficiency from
the view point of costs of production. The challenge is
to make such modern farming systems accessible and
affordable to the farmers, who are constantly under
pressure to cut input costs (NAAS, 2005). World’s
more than three billion people depend on rice as their
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staple food (FAO, 2004). Introduction of high yielding
varieties coupled with expansion of irrigation facilities,
and increased use of chemical fertilizers and other
agro-chemicals have brought about spectacular
increases in the yield of rice. About half of the total
increase in food grain era has been attributed to the
use of fertilizers. Therefore, appropriate use of
chemical fertilizers is needed to boost rice production
and mitigate poverty. Worldwide mineral fertilizer
nutrient use is expected to increase annually about
1.7% from 2007/2008 to 2011/2012, which is an
equivalent of about 15 million tons. Among them 69%
will take place in Asia and 19% in America (FAO, 2007).
The yield plateau of rice and adverse environmental
impacts due to imbalance use of chemical fertilizers
illustrate worldwide attention for efficient nutrient
management. With the green revolution, the use of
chemical fertilizer increases several folds and
inefficient use of these fertilizers has resulted in
serious environmental consequences. The most
adverse environmental impacts in field crops is the
depletion of stratospheric ozone due to NO and NO 2
emission. It is known that among the global warming
gasses the contribution of NO2 is 9% of the total and
within this total about 88% comes from agriculture
sector (FAO, 2008). In this regard, the resource poor
countries of the world need a solution to this
predicament. Proper soil management practices and
especially efficient fertilizer application increase crop
yield (Li et al., 2001). The strategy of efficient fertilizer
management program involves precise decision on the
right rate, source, time and place of fertilizer
application (Bruulsema et al., 2009). The objective of
this review paper was to determine the ways of
efficient nutrient management for maximum rice
production.

2. Efficient nutrient management in rice
Islam et al. (2013) conducted an experiment in
farmers’ fields at Bakergonj, Barisal and Kathaltoli,
Potuakhali districts. Omissions of N, P, and K were
compared with added NPK fertilizers in different
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fertility grades and calculated optimum fertilizer dose
using following equations Driessen (1986).
Yield in NPK plots – Yield in N omission plot
N = ---------------------------------------------------------- x 18
N us efficiency
Yield in NPK plots – Yield in P omission plot
P = --------------------------------------------------------- x 2.5
P use efficiency
Yield in NPK – Yield in K omission plot
K = -------------------------------------------------------- x 20
K use efficiency
For Bakergonj, the calculated optimum doses of N
-1
were 34, 69 and 29 kg ha , P were 4.0, 4.0 and 0.0 kg
-1
-1
ha and K were 7.0, 31.0 and 7.0 kg ha for fertility
grade I, II and III, respectively. For Kathaltoli, the
calculated optimum doses of N were 42, 59 and 84 kg
-1
-1
ha , P were 1.0, 2.0 and 5.0 kg ha and K were 2.0,
-1
23.0 and 33.0 kg ha for fertility grade I, II and III,
respectively. It is clear from this study that we are
losing our money by applying more fertilizers (Table
1).

3. Ways of efficient nutrient management
for rice
3.1. Leaf color chart
The leaf color chart (LCC) is used for nitrogen fertilizer
management for rice. Several types of LCCs with
varying shades of color have been developed and
distributed to rice farmers (Witt et al., 2007). The
grain yield of LCC based nutrient management was
comparable to that of improved fertilizer management
(Table 2). Nutrient management produced the lowest
where improved fertilizer management gave the
highest grain yield (Alam et al., 2006). Nitrogen
application increased the grain yield over control
treatment (Figure 1). Yield obtained from 80, 100 kg N
-1
-1
ha and LCC-based N application (60 kg N ha ) were
comparable but each was significantly higher than 60
-1
kg N ha (Rashid and Khan, 2006). Urea super granule
is suggested to put within 7-10 days after
transplanting. Urea super granule (USG) if applied
instead of prilled urea (PU) should be applied at 12-15
days of transplanting.
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Table 1: Effect of fertilizer doses applied in different soil grades on rice yield
Fertility
grade

I
II
III

Fertilizer dose
-1
(kg ha )
N
P
K
88.0
82.4
82.4

NPK

21.6
22.8
20.9

21.6
19.2
9.6

4.29
4.36
2.09

I
82.4
21.5
II
76.4
22.5
III
72.4
20.6
(Source: Islam et al., 2013)

0
4.8
2.4

6.41
6.23
6.23

Grain yield
-1
(t ha )
-N
-P
-K
Location: Bakergonj
3.53 3.34
4.00
2.82 3.49
3.11
1.45 2.63
1.81
Location: Kathaltoli
5.58 6.33
6.42
4.93 5.86
5.30
4.37 4.93
4.93

Calculated optimum dose
-1
(kg ha )
N
P
K
34
69
29

4
4
0

7
31
7

42
59
84

1
2
5

2
23
33

Table 2: Effect of nitrogen management options on yield of transplanted Aman rice
-1

Grain yield (t ha )

Agronomic efficiency
-1
(kg grain kg N applied)
Faridpur
Barisal
15
6
17
12
22
17
19
16
3
4

Treatments
Faridpur
4.3
4.3
4.7
4.8
0.3

i. Farmers’ practice
ii. Recommended N management
iii. LCC based N management
iv. Improved fertilizer management
LSD0.05
(Source: Alam et al., 2006)

Barisal
3.9
4.1
4.6
4.8
0.3

Grain yield (t ha-1 )

6
5
4
3
2
1
0
0N

60 N

80 N

100 N

LCC N

N management techniques
Figure 1: Grain yield under different N level and technique (Rashid and Khan, 2006)
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3.2. Urea super granule
From prilled urea (PU) plant can receive only 25 to 30
% of applied fertilizer (BRRI, 2008). To reduce nitrogen
loss, application of urea super granule (USG) is an
important alternative that increases the efficiency of N
by 20 to 25 % and yield by 15 to 20% (BRRI, 2008).
There are different sizes of USG like 0.9, 1.8 and 2.7g
per ball. For application of USG, plant should be USG
application also saves N fertilizer and increase use
efficiency compared to urea (BRRI, 2004). A number of
16 experiments were conducted in farmer’s field
evaluated. Mean values showed USG produced an
average 17.84% of higher yield of MV rice and saved
an average of 32.52% of N over prilled urea (Table 3).
Analysis revealed that comparatively low amount
(36%) of urea was needed in modern boro rice
production using USG instead of PU (Table 4). Extra
labor was needed in the USG using plots compared to
that of PU user plots, while weeding cost was a bit
lower in USG using plots. Analysis also indicated that
the sample farmers were able to achieve additional
-1
yield of 0.87 t ha by using USG and this yield gain
further resulted to additional benefit. For the resource
poor rice farms, this benefit is considered to be
substantive.

3.3. Soil plant analysis development
Soil Plant Analysis Development (SPAD) of Chlorophyll
Meter is used to check the development and health of
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a range of agricultural products that comprise rice,
wheat, cotton and corn Photo 5. Apart from that,
these decide the quantity of nitrogen fertilizer that
should be provided to the plants, which leads to
greater yields of qualitative plants. Uses of SPAD
meter reading reduced amount of nitrogenous
fertilizer and increased N use efficiency (Table 5). The
use of leaf chlorophyll meter sufficiency induces 30 45 kg less N fertilizer use compared with fixed N
timing treatments (Hussain et al., 2000). Nitrogen
would be applied as close as possible to the time of
peak N demand by rice for efficient utilization.

3.4. Breeding input efficient crop varieties
Development of nitrogen-efficient cultivars could help
decrease fertilizer N inputs and resulting reactive N
losses to air and ground water. The soils of
Bangladesh, particularly the rainfed ecosystems are
deficient in mineral nutrients and crop very often
encountered biotic and abiotic stress. Under lownutrient conditions, increase in nutrient uptake and
utilization efficiency of a cultivar appears to be one of
the means to increase the nitrogen use efficiency. The
local cultivars Motha Khir and Monibandhobi can
-1
-1
produce above 3.5 t ha grain yield with 30 kg N ha
where high yielding BRRI dhan39 gave less than 3 t ha
1
(Figure 2).

3.5. Rice crop manager
Using

the

principals

of

site-specific

Table 3: Application of sources and methods of urea fertilizer and their use efficiency
T. Aman 2006
Boro 2007
Boro 2008
Grain
N use
Grain
N use
Grain
N use
yield
efficiency
yield
efficiency
yield
efficiency
-1
-1
-1
-1
-1
-1
(t ha )
(kg kg )
(t ha )
(kg kg )
(t ha )
(kg kg )
Control
2.80
-2.43
-2.8
-a
USG deep placement
4.51
22.8
5.13
27
6.2
34
b
Prilled urea
4.45
22.0
4.28
14.2
6.2
34
LSD0.05
0.41
0.78
0.2
a
-1
-1
b
-1
Urea Supper Granule 75 kg N ha in T. Aman and 100 kg N ha in Boro season. Prriled urea 75 kg N ha in T.
-1
Aman and 100 kg N ha in Boro season. Applied as 1/3 basal and broadcast 1/3 at active tillering + 1/3 at panicle
initiation stage (Source: BRRI, 2010).
Treatments
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Table 4: Comparative advantages of USG use over PU application
Items
Kaligonj
Kapasia
Kalihati
-1
Urea saved (kg ha )
55
32
25
Additional labor for USG application (no.
10
12
4
-1
ha )
-1
Yield of USG plot (t ha )
6.68
7.58
7.87
Agronomic efficiency of USG
35
38
40
-1
(kg grain kg N applied)
-1
Yield of PU plot (t ha )
6.11
6.91
6.19
Agronomic efficiency of PU
17
19
18
-1
(kg grain kg N applied)
-1
Additional yield from USG plot (t ha )
0.57
0.67
1.68
Money saved from urea
108
133
67
-1
(Tk. ha )
-1
Additional labor cost for USG (Tk. ha )
1727
1997
536
-1
Additional benefit from USG plot (Tk. ha )
8037
8940
20421
USG = Urea super granule, PU = Prilled urea (Source: Shahe Alam et al., 2011)

Gopalpur
129
7.55

All locations
60
8.38

7.40
38

7.39
39

6.85
16

6.52
17

0.55
672

0.87
211

1133
8627

1348
1727

Table 5: Application of SPAD for need based N management in rice cultivar PR106.
N management

N applied (kg
-1
-1
ha year )

Grain
yield
-1
(t ha )
N0 (control)
0
3.85
Recommended splits, N120
120
5.3
N30 at SPAD < 35, N30 at Basal
60
4.45
N30 at SPAD < 35, N30 at Basal
30
4.45
N60 at SPAD < 37.5, N30 at Basal
90
4.45
N30 at SPAD < 37.5, N30 at Basal
90
5.6
SPAD = soil plant analysis development (Source: Singh et al., 2002)
Nutrient management the researchers from the
Bangladesh Rice Research Institute (BRRI) and
International Rice Research Institute (IRRI) developed
an easy-to-use and interactive computer-based
fertilizer management decision tool (Buresh, 2008)
called Rice Crop Manager (RCM). Rice crop manager is
designed to help agricultural extension workers, crop
advisors, and farmers quickly formulate fertilizer
guidelines tailored to a specific rice field based on
responses to questions about rice-growing conditions
in the field. This tool consists of about 10-15 multiple
choice questions that can easily be answered within
15 minutes by an extension worker or farmer. Based
on responses to the questions, a fertilizer guideline
with amounts of fertilizer required by crop growth
stage is provided to enable farmers to apply the right
amount of fertilizer at the right time to their field.

Total
N uptake (kg
-1
ha )
63.5
114.5
83.5
74.5
88.5
97

Agronomic N use
-1
efficiency (kg grain kg N
applied)
12.25
9.85
19.6
11.9
19.1

3.6. Soil resource development institute
(SRDI) fertilizer management online system
Online Fertilizer Recommendation System (OFRS) was
inaugurated in September 2009 by SRDI to provide
quick fertilizer recommendation. SRDI awarded best IT
User in 2010 (BASIS) and Bangabandhu Jatio Krishi
Padak (Bangabandhu National Agriculture Award) in
2013. Step wise calculation of fertilizer doses using
SRDI online fertilizer recommendation system.
Fertilizer effect was statistically significant in
producing grain yield (Table 6). Again, grain yield was
statistically influenced by the interaction of variety
and fertilizer management practices. BRRI dhan29
gave significantly the highest grain yield with RCM
fertilizer management followed by SRDI fertilizer
management. Rice crop manager and SRDI software
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based nutrient management performed better
compared to BRRI recommended fertilizer treatment
and farmers’ practice in terms of grain yield and
fertilize cost (Table 6). Fertilizer cost was statistically

highest for BRRI recommended and farmer’ practice.
The lowest fertilizer cost was involved for RCM and
SRDI model (Table 7).

4.0
3.5

Grain yield (t ha-1)

3.0
2.5
2.0
1.5
1.0
0.5
0.0
Motha khir

Monibandhobi

Chotononakuchi

Sonamurchi

Rupershore

BRRI dhan39 (ck)

Name of varieties

-1

Figure 2: Yield performance of different rice varieties in low input situation (N, P, K = 30, 12, 25 kg ha ) (Source:
Badsha et al., 2008)
Table 6: Effect of fertilizer management practices on grain yield of Boro rice
-1

Treatments
RCM
SRDI
BRRI
FP
LSD0.05 for
Variety (V)
Treatment (T)
V×T
(Source: BRRI, 2013)

BRRI dhan28
6.35
6.24
5.62
4.94

Grain yield (t ha )
BRRI dhan29
BRRI dhan50
6.77
6.15
6.45
6.34
5.67
5.58
4.91
4.36

Average
6.42
6.34
5.62
4.74

0.40
0.35
0.70

Table 7: Fertilizer cost due to different management options during Boro season
Treatments

-1

Cost (Tk. ha )
BRRI dhan29
10.01
11.74
11.83
12.14

BRRI dhan28
BRRI dhan50
Average
RCM
9.59
9.18
9.59
SRDI
10.14
10.39
10.76
BRRI
10.83
11.76
11.47
FP
10.04
11.65
11.28
LSD0.05 for
Variety (V)
NS
Treatment (T)
0.82
V×T
1.43
RCM = Rice Crop Manager based fertilizer management, SRDI= Soil Resource Development Institute recommended
fertilizer management, BRRI = BRRI recommended fertilizer management and FP = Farmers practice fertilizer
management (Source: BRRI, 2013)
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3.7. Fertilizer application using nutrient
management models
Several models are used to determine nutrient doses
from soil test results such as IRRI, BARC, QUEFTS,
SSNM, etc. Soil test methods take into consideration
major factors and processes relevant to the availability
of the particular plant nutrient (Mengel, 1982).

3.8. International Rice Research Institute
(IRRI) model
This model was developed by the International Rice
Research Institute, the Philippines, in 1985, especially
for rice crop. The required dose of nitrogen may be
calculated by the following equation:
Nreq = (40Y - 1000 Sn), where, Nreq = Amount of N
-1
-1
required (kg ha ), Y = Expected yield (t ha ), Sn = Soil
total N (% w/w). Four important assumptions of this
model include : (i) 5% of total N is mineralized per
season; (ii) efficiency of soil and fertilizer N is 50%; (iii)
mass of soil in the top 15 cm of a ha of puddled field is
6
2 × 10 kg; and (iv) 20 kg of N are absorbed per ton of
grain production.
For calculation of phosphorus (P) and potassium (K)
fertilizer doses the required formulae is:
Freq = (Uf - U0) / R, where, Freq = Required fertilizer, Uf =
Nutrient uptake by crop for desired yield, U0 = Nutrient
uptake from unfertilized soil and R is the recovery
efficiency (P = 60% and K= 80%) of applied fertilizer.

J. Appl. Agric. Biotechnol. 2016 1(2): 1−13
Uf = Upper limit of the recommended fertilizer
nutrient for the respective soil test value
interval (STV I) class,
Ci = Units of class intervals used for fertilizer nutrient
recommendation,
Cs = Units of class intervals used for STVI class,
St = Soil test value and
Ls = Lower limit of the soil test value within STVI class.

3.10. Quantitative Evaluation of Fertility for
Tropical Soils (QUEFTS) model
Quantitative Evaluation of Fertility for Tropical Soils
model predicts crop yields from chemical soil
characteristics, as an indicator of soil fertility (Janssen
et al., 1990). Potential N, P, and K supplying capacities
are estimated as:
SN = 0.25 (pH – 3) × 6.8 × organic C × 10
2
SP = ((1 – 0.50 (pH – 6) ) × (0.35 × organic C × 10 × 1.5
(Olsen P)
SK = [ 0.625 (3.4 – 0.4 pH) × 1350 × exch. K × 10] / (2 +
0.9 × org. C)
SN, SP and SK stands for potential supply of N, P and K,
pH is applicable in the range of 4.5 – 7.0, organic C is
-1
expressed as %, Olsen P as mg kg and exchangeable K
-1
in cmolc kg .
Factor 1.5 instead of 0.5 for Olsen P and 1350 instead
of 400 for exchangeable K was modified from Janssen
et al. (1990) to adjust P and K supply for lowland rice
soils. Putting the SN, SP and SK values in the following
equation, fertilizer N, P, and K requirement may be
calculated for an attainable target yield (Yt):

3.9. Bangladesh agriculture research Council
(BARC) model or soil test basis (STB)

N = (Yt × 18 – SN) / 0.40

Bangladesh Agriculture Research Council developed
this model in 2005 according to soil test-based data.
There are 30 agro-ecological zones (AEZ) in
Bangladesh (BARC, 2005). The soil test values are
documented according to AEZ. Farmers can get easily
fertilizer doses according to their target yield:
Freq = Uf - [( Ci / Cs ) - ( St – Ls ) ]
Here, Freq = Fertilizer nutrient required for given soil
test value,

K = (Yt × 20 – SK) / 0.45

P = (Yt × 2.5 – SP) / 0.25

The assumptions of the equation are rice crop absorb
18-20 kg N, 2.5-3 kg P and 19-21 kg K to produce 1
tone of grain and recovery of N, P and K are 40, 25 and
45%, respectively.
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treatments. But, QUEFTS model gave the highest grain
and straw yield in the second year (Table 8).

3.11. Site specific nutrient management
(SSNM) model
Site-specific nutrient management technique is useful
to determine optimum doses of nutrients (Witt et al.,
2007). This SSNM model represents fertilizer dose for
a target yield. SSNM provides a field-specific approach
for dynamically applying nutrients when crop needed.
This can be calculated as:
Freq = [(Yf – Y0) NU] / R
Where, Freq = Required fertilizer, Yf = is the desired
-1
-1
yield (t ha ), Y0 = is the yield (t ha ) obtained from
unfertilized soil, NU = Nutrient uptake to produce 1
tone grain and R is the recovery of applied fertilizer.
This model assumes rice crop absorbs 15 kg of N, 2.6
Kg of P, and 15 kg of K to produce 1 ton of grain.
Recovery of N is 40%, P is 20% and K is 60%,
respectively. In 2002, the highest grain and straw yield
was obtained from the SSNM model used fertilizer

3.12. Balanced fertilization
Major factor responsible for the low and declining
crop response to fertilizers is the continuous mining of
soil without adequate replenishment to a desired
extent (Yadav et al. 1998). Thus, balanced use of all
nutrients is essential because no agronomic
manipulation can produce high efficiency out of an
unbalanced nutrient use. Long-term missing of major
nutrient individually from the complete treatment
(NPKSZn) significantly decreased yield and still
significantly higher than absolute control treatment
(Table 9). Significant yield declines in rice in the
treatments with imbalanced application of N, P and K
fertilizers. When withdrawal of NPKSZn fertilizer from
complete treatment the yield of rice was drastically
decreased (Table 10).

Table 8: Effect of different soil test based fertilizer models on yield of BRRI dhan29.
Treatments

Boro, 2008

Control
BARC model
IRRI model
QUEFTS model
SSNM model
LSD0.05
CV (%)
(Source: BRRI, 2010)

Grain yield
-1
(t ha )
4.87
6.81
6.94
6.66
7.06
0.73
6.2

Boro, 2009
Straw yield
-1
(t ha )
3.72
5.54
6.27
6.70
7.47
1.18
6.2

Grain yield
-1
(t ha )
2.31
5.30
5.73
6.55
6.11
0.71
7.4

Straw yield
-1
(t ha )
2.21
4.61
5.01
5.19
5.11
0.69
8.4

Table 9: Effect of balanced fertilization (NPKSZn) on rice yield during Boro season.
Treatments
NPKSZn
-N
-P
-K
-S
-Zn
Control
LSD0.05
CV (%)
(Source: Shah et al., 2008)

-1

Grain yield (t ha )
5.55
3.60
3.73
3.78
5.04
5.17
2.25
0.39
8.0
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Table 10: Effect of balanced fertilization on yield and N agronomic efficiency
-1
Grain yield (t ha )
Agronomic efficiency,
-1
Crop
(kg grain kg N applied)
Control
N alone
+PK
N alone
+PK
Increase
Rice
(wet
2.74
3.28
3.82
13.5
27.0
13.5
season)
Rice
3.03
3.45
6.27
10.5
81.0
69.5
(summer)
(Source: Prasad, 1996)

3.13. Integrated plant nutrient management
system
The high cost of inorganic fertilizers coupled with
relatively greater losses of fertilizer N leading to
environmental pollution and yield decline. Organic
sources of nutrients alone cannot sustain the crop
yield at higher level to meet the demand of growing
population. There is need to combine the use of
inorganic fertilizers and organic sources of nutrients
viz., manures, green manures, crop residues, bio
fertilizers etc. in a synergistic manner, which is
referred as Integrated Plant Nutrient Supply (IPNS)
System. Integrated nutrient supply system sustains
and improves the physical, chemical and biological
health of soil and enhances the availability of both
applied and native soil nutrients during growing
season of the crops. Study showed that the combined
application of NPK and organic manures (GM or FYM)
and Zn significantly increased the paddy and straw
yields of rice crop. Results also indicate that Zn
application of soil was better than root dipping.
Integrated fertilization had pronounced residual
effects on grain and straw yields of rice. The results
showed that organic manures especially NPK + FYM
had direct and residual effects on both rice yields
(Table 11).

3.14. Selection of source, rate, and time and
method of nutrient application
The nature of fertilizer used and the rate, time and
method of its application influences the recovery of
the added nutrient by crop plants and it varies with
the crop and root type. Fertilizer rates greater than

the optimum level lead to lower utilization efficiency.
Split application of N is superior to basal application. P
is usually applied as basal and in some light textured
soils split application of K is advisable. Method of
applying fertilizers greatly affects their agronomic
efficiency by influencing nutrient losses and their
-1
availability to plant roots. Rice yields of 10 and 6 t ha
can be achieved in the humid tropics during the dry
and wet seasons, respectively. The combined effects
of N application at flowering resulted in a 30-60%
increase in head-rice protein yield in three field
experiments. Thus, when crop management seeks to
achieve yields that approach yield potential levels, late
N fertilizer application provides an option to improve
the quality of rice grain (Table 12).
Study showed that grain yield was significantly
affected by different methods of urea application. In
all of the case except plant height and straw yield USG
-1
@ 75 kg ha gave the highest result. Application of
-1
USG @ 75 kg ha produced 22.03% more yield than
granular urea application at 2 and 3 equal splits. Foliar
spray of urea produced the lowest yield components
and yield in this study (Figure 3). The observed result
proved that the highest N use efficiency was observed
in NPK briquette. And lowest N use efficiency (0.00%)
was recorded from control (Figure 4).

3.15. Crop rotation involving legumes
Nitrogen use efficiency (NUE) for cereals following
legumes is greater than that for cereals following
cereals or fallow. Rice after winged bean grown with
-2
nitrogen at the rate of 4 g N m achieved significantly
higher NUE (30-33%).
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Table 11: Effect of organic and inorganic fertilizers on different parameters of rice crop.
-2

Treatments

Panicles m

Control (no fertilization)
NPK only
NPK + FYM
NPK + GM
NPK + Zn (Soil application)
NPK + FYM + Zn (Soil application)
NPK + GM + Zn (Soil application)
NPK + Zn (Root dipping)
NPK + FYM + Zn (Root dipping)
NPK + GM + Zn (Root dipping)
LSD0.05
(Source: Khan et al., 2007)

Grains
-1
panicle
97.7
110.8
116.8
116.9
116.01
116.2
136.5
112.1
121.9
125.9
10.47

177.3
268.7
279.3
289.3
271.0
301.3
309.3
268.3d
301.3a
307.0
9.109

1000-grain
weight (g)
18.17
19.90
22.33
21.83
20.17
22.83
23.50
20.90
22.83
23.17
3.03

Grain yield (t
-1
ha )
4.70
5.76c
6.64
6.41
6.51
7.26
7.32
6.30
7.24
7.25
0.363

Table 12: Effect of rate and timing of applied nitrogen on rice yield.
-1

N fertilizer treatmenta (kg N ha )
Maximum tillering
Panicle initiation
0
0
0
50
0
63
0
50
50
50
37
37
50
50

Basal
0
100
127
100
50
37
50
LSD0.05
CV (%)
(Source: Perez et al., 1996)

Flowering
0
0
0
40
0
40
40

Grain yield (t
-1
ha )
3.97
7.91
8.78
8.83
8.50
8.23
8.71
0.31
4.0

Total
0
150
190
190
150
150
190

Grain yield (t ha-1)

9.0
7.5
6.0
4.5
3.0
1.5
0.0
T1

T2

T3

T4

T5

T6

Fertilizer treatments

Figure 3: Effect of different methods of urea fertilizer application on the yield of Boro rice
-1
-1
T1 =200 kg ha at two equal splits (½ during final land preparation + ½ at 30 DAT), T2 = 200 kg ha at three equal
-1
splits, 1/3 during final land preparation + 1/3 at 30 DAT + 1/3 at 55 DAT), T3 = Urea super granules @ 50 kg ha , T4
-1
-1
-1
= Urea super granules @ 75 kg ha , T5 = 0.5% foliar spray @ 20 kg ha , T6 = 1% foliar spray @ 40 kg ha . (Source:
Hasanuzzaman et al., 2009)
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70

N use efficiency (%)

60
50
40
30
20
10
0
T0

T1

T2

T3

T4

T5

Fertilizer management treatments

Figure 4: Effect of fertilizer management practices on N uses efficiency (%) of rice
T0 =Control, T1= Total urea, T2= Urea at 2 splits, T3= Urea at 3 splits, T4= Urea super granule (USG) at 10 days after
transplanting, T5= NPK briquette at 10 days after transplanting (Debnath et al., 2013)
This prevailing effect of rice after winged bean is likely
associated with higher biomass and N uptake during
both years. Data from two growing seasons showed
-2
that rice after winged bean at the rate of 4 g m can
produce higher biomass and N accumulation of rice

along with superior NUE which indicated a positive
response for rice production without deteriorating soil
fertility (Tables 13 & 14).

Table 13: Biomass accumulation of rice as affected by N fertilizer and legume residue
-2

N fertilizer
Biomass yield (g m )
-2
(g m )
Rice after bush bean
Rice after winged bean
Rice after fallow
2010
2011
2010
2011
2010
2011
2010
2011
0
0
986.0 c
921.8 c
1154.7 b
1107.5 b
941.4 c
905.5 c
4
0
1058.6 b
993.5 b
1262.2 a
1211.7 a
1065.1 b
993.5 b
8
0
1074.9 ab
1074. 9 a
1283.4 a
1244.3 a
1136.8 a
1042.3 a
12
0
1123.8 a
1084.0 a
1289.9 a
1254.1 a
1127.0 a
1058.6 a
Means of same letters are not significantly different at the 5% level (Rahman et al., 2014)
Table 14: Agronomic efficiency of rice as affected by N fertilizer and legume residues
-1

N fertilizer
Nitrogen use efficiency (g g )
-2
(g m )
Rice after bush bean
Rice after winged bean
Rice after fallow
2010
2011
2010
2011
2010
2011
2010
2011
0
0
0.0 d
0.00 d
0.0 d
0.00 d
0.0 d
0.00 d
4
0
13.0 a
12.5 a
26.9 a
23.6 a
21.2 a
13.8 b
8
0
10.7 b
9.7 b
16.3 b
14.7 b
18.7 b
15.1 a
12
0
7.4 c
6.5 c
12.2 c
12.5 c
15.2 c
11.4 c
Means of same letters are not significantly different at the 5% level (Rahman et al., 2014)

11
Copyright© PMAS-Arid Agriculture University Rawalpindi, Pakistan

http://jaab.uaar.edu.pk

Mamun and Haque 2016
4. Conclusion
Resourceful and environment-friendly rice production
fertilizer application should be based on yield goal.
Balanced and efficient nutrient application could be
achieved through using leaf color chart, urea super
granule, and rice crop manager or fertilizer
recommendation model. Target yield can be achieved
through adopting proven techniques of individual
nutrient
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