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The present study was conducted in 2009/10 to investigate the effect of N and S fertilization on yield, N
uptake, N use efficiency, and grain protein content of the upland NERICA-4 rice variety. The layout of
the experiments was randomized complete block designs with three replications, where in 2009 crop
season, the effect of five N rates (NO = 0, N1 = 36, N2 = 59, N3= 82 and N4 = 105 kg N ha™) without S and
in 2010 crop season, a factorial comblnatlon of the same N rates with three S rates (S0 = 0, S1 = 20 and
S2 = 40 kg S ha) were used in 2.1 x 3 m” plots to determine the response of the crop to N and S on
irrigated Fluvisols. The application of N alone and in combination with S significantly affected (P < 0.05)
the yield, yield components, N uptake, nitrogen use efficiency, and grain protein content of the rice
crop. Nitrogen appllcatlon alone increased the grain and total dry matter yield, average for both years
by 0.7 and 2.5 Mg ha™”, compared to the controls (N0). The application of the same N rates combined
with S further |mproved the grain and total DM yield on average by 0.5 and 1.3 Mg ha’, compared to
those N rates without S. The leaf and grain N concentration, total DM and grain N-yield, and the grain
protein content increased with N applications, but they were significantly enhanced when N was
fertilized with S. Only the apparent N recovery was significant to N applications, but all the N use
efficiency components were significantly affected when N was applied with S. Thus, this work showed
the yield response of the crop could be improved with N and S fertilization with rice producing farmers
benefiting from the application of S-containing N fertilizers to soils deficient in these nutrients.
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INTRODUCTION

Rice (Oryza sativa L.) is an ancient grain. More than half decades, the demand for rice has grown in Africa and is
of the world population depends on rice for its major daily considered as one of the strategic commodity crop for
sources of food energy and protein. The importance of poverty reduction and food security assurance in the
rice in relation to food security and socio-economic is continent (FARA, 2009). Rice is believed to be introduced
thus self-evident (FAO, 2003). Since the past three to Ethiopia in the early 1970s, and today the country is
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emerging as important rice growing in Eastern Africa
(Gebrekidane and Seyoum, 2006). The area under rice
production in Ethiopia is estimated to have increased
from 19,000 ha in 2007 to about 136,000 ha in 2009
(MoARD, 2010). Owing to its recent introduction to the
country, the research and development effort so far
undertaken on rice in Ethiopia is at its infancy. However,
taking into consideration its productivity, varied uses,
existence of vast suitable conditions (swampy, water-
logged, rainfed and irrigable lands) and possibilities of
growing it where other food crops do not perform well
could make rice among the promising alternative crops
available for cultivation in Ethiopia, and contributing
greatly towards ensuring household as well as national
food security of the country.

Nearly all the rice varieties grown until recently in
Ethiopia were the Asian types that have poor adaptation
to upland conditions (MoARD, 2010). However, to meet
the vast potential of the upland environment to grow rice,
the upland rice variety “New Rice for Africa” (NERICA)
has been recently introduced and grown in the different
parts of the country (Zenna et al., 2008). NERICA is
derived from the crossing of the African rice (Oryza.
glaberrima Steud) and the Asian rice (O. sativa L.), and
posses high yielding potential, early vigor, nonshattering
grains, good response to fertilizer applications, short
growth cycle, tolerant to drought, and resistant to pests
and disease (WARDA, 2001) and most suitable in altitude
below 1500 m.a.s.| (Mulugeta et al., 2011).

The Afar region is found in the rift valley of northeast
Ethiopia. The land under the river basin covers a vast
area of alluvial plains, estimated about 360,000 ha, in
which half of it is found in the Afar region. The basin is
formed from frequent flooding and sedimentation of the
Awash River that flows from central highlands. The
livelihood of the local population is based on agro-
pastoral farming system. The region has recently begun
introducing high vyielding upland rice varieties under
irrigated conditions in these alluvial plains, but the yield of
the crop is low averaging about 1.5 Mg ha™, limited
mainly by nutrient availability (NAIA, 2003), such as
nitrogen, sulphur and other nutrients.

Nitrogen is considered as the most yield-limiting
nutrient in irrigated rice production around the world
(Samonte et al.,, 2006). Sulphur is also an important
nutrient for plant growth and its uptake by plants
accounts 9 to 15% of N uptake (Inal et al., 2003).
Deficiency of S has long been recognized as limiting
nutrient for crop production, and rice crops in particular
are reported throughout the world to be affected
increasingly by S-deficiency, as the use of S-free
fertilizers increases (Yasmin et al., 2007). Nitrogen and S
are both involved in plant protein synthesis, a process that
may determines yield of crops. As a result, the requirement
of N by plants increases when N is fertilized with S, as their
metabolism is coupled in the synthesis of S-containing
amino acids, membrane lipids, enzymes and coenzymes
(Anderson, 1990). Consequently, poor use efficiency of N
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by the plant is caused by insufficient S availability to
convert N into biomass production, which in turn may
increase N losses from cultivated soils (Ceccotti, 1996).

Most of the soils of the study area are low in water
holding capacity, soil organic matter (SOM) and sulphur
contents (Yirgalem, 2001; Itanna, 2005). The deficiency
of S in the soils is partly exacerbated by the fact that the
Ethiopian agriculture mainly emphasizes on the use of
high analysis NP fertilizers that contain little S,
continuous monocropping, seldom application of organic
wastes, and the complete removal of crop residues
(Habtegebrial and Singh, 2006). Many reports are
present on the effect of N fertilization to the yield of
upland rice (Oikeh et al., 2008; Shiferaw et al., 2012), but
reports on the effect of S on yield of the same crop and
nitrogen use efficiency (NUE) when applied with N are
seldom available. However, the appropriate rates of
these nutrients required to maximize the yield, quality and
NUE of rice should be known, especially for irrigated
upland conditions. Therefore, this study was conducted to
evaluate the effect of different N and S rates and their
interactions on the yield, yield components, protein
quality and NUE of NERICA-4 rice, when N is added
alone and in combination with S on Fluvisols of the Afar
alluvial plains under irrigated conditions.

MATERIALS AND METHODS
Study area description

The experiment was conducted in 2009 and 2010 crop seasons
(February-May) at the Gewane College of Agriculture of the Afar
Region, Ethiopia (10°01° N and 40°33’ E, 626 m a.s.l). The site is
located in the semi-arid climatic zone with annual maximum and
minimum temperature of 44 and 17°C, respectively. The mean daily
sunshine of the area during the crop season was 10.6 h. The
annual average rainfall of the area is lower than 400 mm and
occurs mainly between mid-duly to mid-September. The rain
season is very windy (aver. 51 km day ), and rains are unreliable,
highly erratic and occur with heavy downpour, making rainfed
agriculture nearly impossible

The main geo-morphological unit of the experimental area is
recognized as a recent alluvial plain, resulting from the flood-
deposits of the Awash River basin. Alluvial deposits dominate in the
irrigated lands and plain range lands, but on the non-irrigated plains
out-washed gravely Arenosols are the dominating soils, whereas
outside the flood plains (drier areas) the soils are dominated by
Leptosols and Regosols (Yirgalem, 2001). The main soil type of the
experimental site was calcareous Fluvisol (FAO/UNESCO, 1994).

Experimental design and treatments

The experiments were laid out in randomized complete block
designs with three replications. In the 2009 crop season, the effect
of five N rates (NO = 0, N1 = 36, N2 = 59, N3 = 82 and N4 = 105 kg
N ha) without S and in 2010 crop season, a factorial combination
of the same five N rates with three rates of S (S0 = 0, S1 = 20 and
S2 =40 kg S ha') were used in 2.1 x 3 m? plots to determine the
response of the NERICA-4 rice variety to N and S. Urea,
ammonium sulphate, were used as N and S sources. Potassium
sulphate was also used as source of S to plots with the treatment
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combinations with S but not N. Urea and ammonium sulphate
fertilizers were applied in three split applications (the first 1/3 at
sowing, the second 1/3 at tillering, and the remaining 1/3 during
panicle initiation) as mentioned in Beyene and Aberra (1998). As
basal treatments, 20 kg P ha™ and 50 kg K ha™ in the form of triple
super phosphate and chloride of potash were applied to all plots
during sowing.

The dry rice seeds were sown by hand at row spacing of 30 cm
and seed rate of 60 kg ha™'. Thinning of the seedlings was carried
out one week after emergence of the rice seedlings to maintain
their spacing at 15 cm within the row. Weeding of the rice plots was
conducted manually by hand three times, at 20, 40 and 60 days
after sowing. The irrigation water required to raise the crop was
pumped from the middle Awash River. Irrigation water schedule
was set initially at 4-day intervals and depth of 26 mm until tillering,
and as 6-day and depth of 52 mm till 15 days before harvest using
the CROPWAT-8 software (FAO, 2001).

Calculation of nitrogen use efficiency components

Nitrogen use efficiency generally accounts for the quantity of N
accumulated in the plant, showing the N uptake efficiency and the
quantity of N utilized in grain production or the N utilization
efficiency of the plant to applied N. The NUE components: Apparent
N recovery efficiency (ANRE), physiological N use efficiency
(PNUE), and agronomic N use efficiency (ANUE) were calculated
as given in Craswell and Godwin (1984), using the expressions:

Apparent recovery efficiency (%) = _N i N, % 100 (1)
N
Physiological efficiency (kg kg"') = G, -G, 2)
N, -N
Cc
G, -G,
Agronomic efficiency (kg kg') = ———— (3)
NA

where, N; and N, refer to the total above ground plant dry matter-N
content (kg ha™) in the fertilized and control (unfertilized) plots, G
and G; refer to grain yield (kg ha') in the fertilized and control plots,
and NA is the amount of fertilizer-N in kg ha' applied. Apparent
recovery efficiency is based on the measurement of nitrogen uptake
by the above-ground plant part and reflects the efficiency of the
crop in obtaining N from fertilizer with the assumption that fertilized
and control crops absorb the same amount of soil N, while the
physiological efficiency measures the efficiency with which the crop
utilizes N in the plant for the synthesis of grain. The agronomic
efficiency, which is the product of apparent recovery and
physiological efficiency, reflects the overall efficiency with which
applied N is used.

Yield and yield components

The grain, straw and total dry matter yields were measured at
maturity by harvesting the three central rows of 2.7 m? area of each
plot and adjusting the grain moisture content to 12%. Number of
panicle per plant, number of grain per panicle, panicle length, stem
length, leaf area and number of tiller per plant were measured
before physiological maturity from 10 plants randomly selected from
each plot. Leaf area index (LAl) was recorded by the length-width
method (Reddy, 2006) during panicle initiation using 0.725
adjustment factor (Tsunoda, 1964).

Soil, plant and water analysis

Composite soil samples from the 0 to 20 cm depths were collected
one month before sowing. Soil samples after drying and sieving
were analyzed for pH (1:2.5 soil: water ratio), and EC. of the
saturated paste extract. Soil bulk density (BD) was measured by the
core method (Blake and Hartage, 1986) and soil organic carbon
(SOC) was analyzed by Walkley and Black method (Nelson and
Sommers, 1982). Total soil N (TN) was determined as total
kjeldahal N (Bremer and Mulvaney, 1982), available-P was
extracted using 0.5 M NaHCO; at pH 8.5 and determined as
mentioned in Olsen and Sommers (1982), and extractable K was
analyzed as given in Knudsen et al. (1982). The KH,PO, soluble
s0il-S was determined by the turbidmetric method (Woomer et al.,
2001).

To assess the effect of N and S fertilization on the N content of
the rice crop, leaf, straw and grain samples were analyzed for total
N. Three top leaves per plant were sampled from ten randomly
picked plants for each plot at panicle initiation. Grain and straw
were sampled from the harvested rice of each plot after separating
the dry matter to grain and straw. The plant leaves, straw and grain
samples were oven dried at 70°C for 48 h, and the dried material
was ground to pass through 1-mm sieve. Total plant N was
analyzed using the kjeldahal method as given in Bremer and
Mulvaney (1982). The grain crude protein content was calculated
by multiplying the percent grain N by the constant factor of 6.25
(AOAC, 1994).

The pH and ECy, of the irrigation water was measured using pH
and EC meters. The HCOs; concentration was determined by
acidimetric titration. The nitrate (NO'3) and ammonium (NH4") ion
concentration in the water was determined as given in Jackson
(2003). The SO,? ion concentration was determined by the
turbidmetric method and the CI ion water content was determined
by the method described in Rhoades (1982). The Na* and K" ion
concentration were determined from their ammonium acetate
extract, using flame photometer. The Ca™ and Mg* ion water
concentration were analyzed by the EDTA titration method follwing
their ammonium acetate extract (Suarez, 2001).

Statistical analysis

Field data was statistically analyzed using the SAS 9.1 statistical
procedure (2003). Analysis of variance (ANOVA) was performed to
evaluate the effect of the main factors N and S fertilizer treatments
and their interaction on yield, yield components, nitrogen use
efficiencies, and N uptake and protein content of the rice plant.
Comparisons among the treatment means were made using
Fisher's LSD test. Yield differences across years were compared
using the match paired t-test. Correlation analysis between yield
and yield components were conducted and the components that
determine most of the grain yield variations were separated using
the stepwise regression analysis. F and t significance level tests
were made at P < 0.05, until and unless stated otherwise.

RESULTS AND DISCUSSION
Properties of the soil and irrigation water

Some of the selected physical and chemical properties of
the surface soil (0 to 20 cm) and the water used for
irrigation are presented in Table 1. The soil was alkaline
in pH, low in SOM content and water-holding capacity
(Table 1). The total N content of the soil was in the low
sufficiency range (< 0.1%) (Tekalign et al., 1991) and the
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Table 1. Some selected physical and chemical properties of the surface soil (0-0.2 m) of the experimental site and irrigation water.

Soil properties

Measured value

Water properties Measured value

pH(1:2.5 soil water suspension) 8.34
Electrical conductivity of soil extract (dSm™) 1.17
Bulk density (g cm™®) 1.14
Organic carbon (%) 1.3

Available-P (mg kg™ 5.4
Available-K (mg kg™ 194
Available-S (mg kg™ 5.7
Total-N (%) 0.09
Particle size analysis

Clay (%) 15

Silt (%) 18

Sand (%) 67

Volumetric water content (m®m®)

Field capacity 0.40
Permanent wilting point 0.18

pH 8.35

Electrical conductivity (dSm™) 0.13
Dissolved ions (mEq |™)

Ca™ 044
Mg* 0.63
Na* 1.84
K* 0.51
NH4* 0.02
NOg 0.02
HCOgs 10.7
cr 2.57
S0, 0.01

Table 2. Effect of N rates on yield and yield components of upland rice for the 2009 season.

Yield (Mg ha'1) No. panicles No. tillers
N rates Grain Straw Tot. DM %Hl Plant” Stem length (cm)
NO 1.72 5.02 6.74 25.5 6.7 4.3 60.2
N1 2.04 5.98 8.02 25.5 8.1 5.0 63.4
N2 2.34 6.29 8.63 27.2 9.0 5.5 66.1
N3 2.51 7.07 9.58 26.2 8.9 5.7 70.8
N4 2.79 7.80 10.59 26.3 9.3 6.0 72.5
LSD 0.12 0.39 0.38 ns 0.34 0.26 0.80
R? 0.98 0.97 0.98 0.41 0.98 0.96 0.99

F test significance level (P < 0.05); HI =harvest index; ns=non significant; NO = 0, N1 = 36, N2 = 59, N3 = 82, N4 = 105 kg N ha™.

available-P was also in the low category (4 to 7 mg kg™
(Olsen et al., 1954). It was also deficient in extractable-S
(0to 7 mg kg™") but high (> 160 mg kg™ in exchangeable-
K (Tisdale et al., 2005).

Irrigation water with a pH value in the range of 6.5 to
8.4, SAR less than 3, and EC, less than 0.7 is
considered suitable for irrigation (Ayers and Westcot,
1985). The irrigation water analysis results for the same
parameters mentioned previously indicate that the quality
of the water used was suitable for irrigation (Table 1)
The irrigation water contained low dissolved inorganic-N
ions (NO; and NH,") and S ions (SO4?) (Pasricha and
Fox, 1993; Beyene and Aberra, 1998). In the present
work the upland rice variety responded well to N and S
fertilization, as the availability of these nutrients in the soil
and water is very low

Yield and yield components

The response of grain, straw, and total above-ground dry

matter yield (DM), and the yield attributes such as
number of panicles and tillers, and stem length of the
upland rice plant to N fertilization for the 2009 crop
season are shown in Table 2. Similarly, the response of
grain, straw and total dry matter yield, and yield attributes
like numbers of grain, panicle and tillers; lengths of
panicle and stem, and leaf area of the same crop to
combined N and S fertilization for the 2010 crop season
are given in Table 3.

All the N rates applied in 2009 crop season,
significantly (P = 0.05) increased the yield and yield
attributes of rice, but the %HI was non-significant to N
fertilization. Similar significant responses to yield and yield
components were also observed at all N and S
application rates and their interactions during the 2010
crop season. The %HI| was nonsignificant to N when the
N was added without S, but responded significantly to N
when fertilized with S (Table 3). The result in Table 2 and
3 shows an increase in straw yield when N was applied
but the relative increase in the grain yield by N
application was low. This either reduced or made little



66 J. Soil Sci. Environ. Manage.

Table 3. Response of yield and yield components of rice to N and S for the 2010 crop season.

i - Grain No. Leaf No. No. .

:\Il(al:; 1S) rates Yield (Mg ha™) P~ (Q grain area panicle tiller Panicle Stem
9 Grain Straw Tot. DM plant”  panicle’  (cm? plant™ Length (cm)
NOSO 1.81 5.30 7.11 25.5 7.9 68.5 7.2 6.9 4.5 17.3 50.7
NOSH1 1.87 6.19 8.06 23.2 8.4 69.3 7.3 7.9 4.8 17.8 51.6
NOS2 1.96 6.33 8.29 23.6 8.8 73.2 8.2 7.9 5.0 17.7 52.0
N1S0 2.02 6.29 8.31 24.3 9.1 72.1 7.5 8.1 5.0 18.1 53.3
N1S1 2.19 6.45 8.64 25.3 9.9 77.9 8.1 8.4 5.9 19.0 55.1
N1S2 2.33 6.77 9.10 25.6 10.5 79.8 9.6 8.7 6.1 20.1 60.1
N2S0 2.32 6.60 8.92 26.0 10.4 79.7 8.6 8.9 5.5 18.7 55.7
N2S1 2.49 7.76 10.25 24.3 11.2 81.0 9.1 9.3 6.1 20.4 56.9
N2S2 2.65 8.02 10.67 24.8 11.9 83.3 13.2 10.2 6.8 21.6 65.0
N3S0 2.51 7.60 10.11 24.8 11.3 83.6 9.5 8.9 5.8 19.4 60.9
N3S1 2.95 8.63 11.58 25.5 13.3 86.8 11.0 9.5 6.5 21.5 60.8
N3S2 3.30 8.74 12.04 27.4 14.9 90.6 14.9 10.9 7.3 22.3 69.9
N4S0 2.84 8.44 11.28 25.2 12.8 91.7 11.9 9.7 6.2 20.2 62.2
N4S1 3.33 9.24 12.57 26.5 15.0 94.7 13.7 10.5 7.0 22.3 65.2
N4S2 4.00 8.86 12.86 31.1 18.0 99.3 17.6 11.3 7.9 23.0 72.8
LSDn 0.07 0.06 0.09 0.42 0.29 0.03 0.05 0.03 0.04 0.06 0.07
LSDs 0.05 0.05 0.07 0.35 0.23 0.02 0.037 0.22 0.029 0.047 0.054
LSDnss 0.11 0.11 0.16 0.79 0.51 0.05 0.08 0.10 0.10 0.10 0.12
R? 0.99 0.99 0.99 0.96 0.99 0.99 0.99 0.99 0.99 0.99 0.99

HI = harvest index; F test significance level (P < 0.05); NO = 0, N1 = 36, N2 = 59, N3 = 82, N4 = 105 kg N ha", S0 =0, $1 =20, S2=40kg S ha™.

difference to the value of the %HI, which is commonly
observed with N fertilization (Aamer et al., 2000;
Habtegebrial and Singh, 2006). However, when N was
applied with S, the grain N utilization efficiency seems to
increase (Table 4), which may have increased the grain
yield relative to the straw yield.

Nitrogen application alone increased the grain and DM
yield of upland rice, average for both crop seasons by
0.70 and 2.5 Mg ha™', compared to the controls (NO). The
application of the same N rates with S further improved
the grain and DM yield on average by 0.5 and 1.3 Mg ha’
', compared to similar N rates without S (N,So x = 1, 2, 3,
and 4). The combined application of N with S increased
on average the grain and straw yield by 0.82 and 2.27 Mg
ha”, respectively, compared to the control (N0S0). The
highest grain yield was obtained when N4 (105 kg ha™)
was combined with S2 (40 kg ha). The above findings
on the effect of N fertilization on yield and yield
components of upland rice variety are similar with the
findings reported on the same crop by Walker et al.
(2008) and Shiferaw et al. (2012). No grain yield
differences across years (t > 0.453) to N fertilization was
observed; however, the rice crop responded lineally to N
applications in both years, indicating the possibility of
furt1her yield improvement at higher N rates (N > 105 kg
ha™).

Response of crop growth and yield to the application of
S has been reported for many crops (Stabursvik and

Heide, 1974; Zhao et al., 1999; Habtegebrial and Singh,
2006), where, an insufficient S supply can affect yield and
quality of crops, caused by the S requirement for protein
and enzyme synthesis (Zhao et al., 1999). Ample N
supply enhances the assimilation of ammonia, increasing
both the protein content and leaf growth of crop plants,
resulting with an increase in net photosynthesis
(Marschner, 1997). Sulphur is also reported to enhance
the photosynthetic assimilation of N in crop plants
(Anderson, 1990; Ahmad and Abdin, 2000). Hence, the
application of N and S fertilizers increases the net
photosynthetic rate in crop plants, which in turn increases
their dry matter and grain yield, as 90% of the plant’s dry
weight is considered to be derived from products formed
during photosynthesis (Peoples et al., 1980).

Supply of N to grain crops is known to favor tillering
(Evans et al., 1975), where, the number of ears per ha
mainly depends on seed density and tillering capacity
(Mengel and Kirkby, 2001). Nitrogen and S supply can
also beneficially influence the initiation of spikelet/ or
floret, which determines the number of grain per spike
and the yield per head during ear development (Ewert
and Honermeier, 1999; Zhao et al., 1999).

Grain weight plant’ was strongly correlated with
number of grains panicle” (r = 0.96), leaf area (r = 0.95),
number of panicles plant’ (r = 0.95), number of tillers
plant’ (r = 0.95), panicle length (r = 0.94), and stem
length (r=0.94). Stepwise regression analysis showed
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Table 4. Effect of N and S applications on leaf and grain N concentration, N-yield and % protein.

Leaf Grain N yield (kg ha'1) Grain protein
Nand Srates =" o> N (%) Grain Total DM (%)
NO0SO0 0.40 1.21 17.7 47 1 7.5
NOSH 1.04 1.21 22.6 53.6 7.6
N0S2 1.08 1.21 23.7 53.2 7.6
N1S0 1.43 1.22 24.7 61.8 7.6
N1S1 1.46 1.23 27.0 67.5 7.7
N1S2 1.52 1.29 30.2 74.3 8.1
N2S0 1.27 1.29 29.8 72.4 8.0
N2S1 1.23 1.39 34.5 90.0 8.7
N2S2 1.59 1.42 37.5 97.9 8.9
N3S0 1.27 1.54 38.7 78.9 9.6
N3S1 1.51 1.74 51.4 115.3 10.9
N3S2 1.70 1.77 58.5 128.6 11.1
N4S0 1.07 1.66 47.2 89.1 10.4
N4S1 1.73 1.78 59.3 132.2 11.1
N4S2 1.86 1.80 721 151.0 11.3
LSDn 0.076 0.014 1.300 1.520 0.089
LSDs 0.06 0.01 1.09 1.18 0.07
LSDn-s 0.11 0.03 2.26 2.66 0.16
R? 0.94 0.99 0.99 0.99 0.99

F test significance level (P < 0.05); NO = 0, N1 = 36, N2 = 59, N3 = 82, N4 = 105 kg N ha',S0=0, 81 =

20,82 =40kg S ha™.

that from among the five yield components that directly
influence the grain weight plant”, the number of grain
panicle” and number of tillers plant ' account most of the
variability in grain weight plant’ (R® = 0.95) with the
regression model: Grain weight plant” = -10.3 + 0.18 (No.
grain panicle’) + 1.14 (No. tillers plant”), which is
consistent with the definition of yield components that
mainly determine the grain yield of crops (Mengel and
Kirkby, 2001).

Nitrogen uptake and protein content

The N concentration in the leaf and grain tissues of the
plant, the grain protein content and the N yield of the rice
crop are shown in Table 4. The N concentration in the
leaf and grain of the rice crop increased significantly (P =
0.05) with increasing N rates. The N concentration of the
leaf and grain of the rice crop were also observed to
increase significantly with S rates, when applied with N,
showing strong positive interactions (P < 0.001). The leaf
and grain N concentration increased on average by 0.9
and 0.2%, while the grain and total dry matter N uptake
increased on average by 17.4 and 28.5 kg ha”' when N
was fertilized alone. On the other hand, the leaf and grain
N concentration further increased when N was fertilized
with S by 0.3 and 0.1%, while the grain and total dry
matter N uptake was increased on average by 11.2 and
31.5kg ha', compared to the application of N without S.

Similarly, the grain protein content increased on average
by 1.4% with N alone, but further increased by 0.8%
when the N was fertilized with S, compared to the
controls. Significant increase in N uptake and protein
content of the rice plant with increasing N rates was
similarly reported by Mandana et al. (2011) and Shiferaw
et al. (2012). Furthermore, many authors reported that
the application of combined N and S was found to
increase substantially the shoot and grain N content of
field crops (Schung et al., 1993; Ahmad and Abdin,
2000). The significant positive interaction between N and
S in this experiment could be due to the metabolic
coupling between N and S assimilations in the synthesis
of S-containing amino acids and proteins, in which the N
assimilation is down-regulated if the assimilation of S
slows down (Anderson, 1990).

Nitrogen use efficiency components

The response of the NUE components to combined N
and S fertilizer treatments are shown in Figures 1 to 3.
The response of ANRE (Figure 3) was significant, while
PNUE (Figure 2) and ANUE (Figure 1) remained
nonsignificant, although ANUE showed an increasing
trend with N rates when N was applied alone.

The ANRE increased at first, reaching the highest at
N2, and then declined at higher N rates, indicating that
lower and higher N application were not useful for the



68 J. Soil Sci. Environ. Manage.

25 - ANUE
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Figure 1. Effect of combined N and S fertilizer treatments on Agronomic NUE (NO = 0, N1 = 36,
N2 =59, N3 =82, N4 =105kg N ha', S0 =0, S1 =20,S2=40kg S ha™).
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Figure 2. Effect of combined N and S fertilizer treatments on physiological NUE (NO = 0, N1 =
36, N2 =59, N3 =82, N4 = 105 kg N ha™', S0 =0, S1 =20, S2 =40kg S ha™).

N recovery. Similar observation was reported by Shiferaw
et al. (2012) and Quanbao et al. (2007). In contrast, all
the NUE components were significantly affected when N
was applied with S. The ANRE and ANUE increased by
41% and 6.6 kg/kg, while the PNUE by 5.2 kg/kg. The
substantial improvement on the NUE components of the
rice crop when N is fertilized with S could be due the
synergistic effect of S on N uptake and utilization that
facilitates the biosynthesis of proteins, a vital process that
determines yield. Therefore, using N-fertilizers containing

S, such as ammonium sulphate [(NH4).SO,4] or other
multinutrient fertilizers with N and S blended in them may
be advantageous to soils, deficient both in N and S

Conclusion
In this experiment the upland rice variety performed

better when N was fertilized with S than when N was
applied alone; hence, the combined application of
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Figure 3. Effect of combined N and S fertilizer treatments on apparent N recovery efficiency
(N0 =0,N1=36,N2=59, N3 =82, N4=105kgN ha', S0 =0, S1=20,S2=40kg S ha").

N with S could be a feasible strategy to improve the yield
and quality of upland rice, in soils containing suboptimal
S and N. The crop responded linearly to the application of
N with the highest yield achieved at the highest N rate
(N4), and was optimized further when N4 was added with
S2, indicating that the yield of the crop can still be
improved at further higher N rates, coupled with S
fertilization. The ANRE and ANUE of rice were
significantly maximized when N was fertilized with S,
which is an advantage to farmers, where the cost of
fertilizers is expensive. Thus, applying N with S can
substantially improve the yield, quality and NUE of upland
rice, benefitting farmers, consumers, as well supporting
the food self-sufficiency of the country.
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