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Abstract: An experiment consisting of a fertilizer rate of 69/23 kg N/P,Os ha™* and seven nitrogen application
times was conducted on Vertisols of Fogera plain during 2016/2007 cropping season. The N application
times were 1/2 at sowing + 1/2 at tillering (control), 1/3 at sowing + 2/3 at tillering, 1/3 at 15 days after
sowing + 2/3 at panicle initiation, 1/3 at 25 days after sowing + 2/3 at panicle initiation, 1/3 at sowing +
1/3 at mid tillering + 1/3 at panicle initiation, 1/3 at 15 days after sowing +1/3 at panicle initiation +1/3 at
heading and 1/3 at 25 days after sowing + 1/3 at panicle initiation +1/3 at heading. RCB Design with three
replications was used. The objective of the experiment was to identify the best time of N fertilizer application
for maximum rice yield in Fogera plain. Results showed significant difference in grain yield in response to
time of N application. The highest mean grain yield (3.5 ton/ha) was recorded when N was applied 1/3 at 25
days after sowing and 2/3 at panicle initiation. The Agronomic Nitrogen Use Efficiency was higher when 1/3
of N was applied at 25 days after sowing + 2/3 at panicle initiation. Therefore, it can be concluded that
nitrogen applied 1/3 at 25 days after sowing plus 2/3 at panicle initiation is the appropriate time for rice
production in Fogera plain.

Keywords: Vertisol, Low land rice, grain yield, Panicle initiation, agronomic NUE.

1. INTRODUCTION

Rice (Oryza sativa L.) is the most important food security crop for about half of the world’s
population (Brohi et al., 1998) and ranks third in area after wheat and maize and second both in
production and productivity after maize worldwide (FAOSTAT, 2012). The total world rice
production has risen steadily from about 200 million tons (1960) to over 678 million tons (2009)
(USDA, 2012). In the 2010/2011 and 2011/2012, the world paddy productions were estimated at
691.3 and 713.8 million tons, respectively. Globally, 158.9 million hectare of rice was harvested
during the 2011/2012 (USDA, 2012). Rice represents 29% of the total output of grain crops
worldwide (Xu et. al., 2003).These yields are compared with the world average of about 3.8 tones/ha;
it is evident that there is a lot of potential to improve rice yields worldwide. Over 90% of the world’s
total rice crop is produced in South and East Asia. In area and production, China is the leading
country in the world (EUCORD, 2012).

Rice is becoming an increasingly popular food in Africa because it is easy to store and cook; it is tasty
and can be used for a large variety of dishes. It is grown in more than 75% of African countries, with
a combined population of close to 800 million people. While it is already the main staple food crop in
ten African countries, per capita consumption in others is rising at such a rapid pace that this figure
will more than double in the coming years (Seck et al., 2012).

Rice production is increasing year after year in Ethiopia. According to the National Rice Research and
Development Strategy of Ethiopia, the trend in the number of rice producing farmers, area allocated
and production showed high increase especially since 2006 (NRRDSE, 2009). Area rose from 6,000
hectares in 2005 to nearly 222,000 hectares in 2010 and paddy production from 15,460 tons to
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887,400 tons, at the same time, the number of rice farmers increased from 18,000 to more than
565,000 (MoARD, 2010).

Rice can produce grain yield as high as 10-18 t ha-' in countries advanced in its cultivation (Yuan,
2002). However, its productivity in Ethiopia in particular (2.31 t ha-* of paddy rice) and in Africa at
large is much below its world average (4.35 t ha-' of paddy rice) due to improper crop management
practices. Fertilizer type, level and time of application are among the prioritized rice production input
constraints set in Ethiopia (MoARD, 2010). Recommendations on different period of nitrogen
fertilizer application were given for various production systems. According to the optimum time of
nitrogen fertilizer application could be affected by several factors like rice variety, total amount of
nitrogen to be applied, soil type, climate and crop rotation(James and Stribbling, 1995; Dobermann
and Fairhurst, 2000).

Concerning the time of application in Fogera area, all the recommended P,Os and half of the
recommended nitrogen should be applied at planting and half of the remaining nitrogen at tillering
stage of the crop (Tilahun et al., 2007). Inadequate fertilizer applied through improper application
technique is one of the factors responsible for low yield of rice (Aamer et al., 2000). Availability of
plant nutrients, particularly nitrogen at various plant growth stages is of crucial importance in rice
production. Increasing the fertilizer use efficiency is very important, particularly in developing
countries where the cost of fertilizer is rather very high and increasing. The judicious use of fertilizers
contributes a lot towards improving the yield and quality of grain (Aamer et al., 2000).

Nitrogen is the most essential nutrient for rice production. Nitrogen contributes about 20% of the rice
yields out of total application of Nitrogen, Phosphorous and Potassium fertilizers. Most of the
nitrogen applied through fertilizer is lost from soil by leaching, volatilization, surface runoff, and de-
nitrification. Leaching loss of N occurs in the form of NO3; and NH, from rice fields and the extent of
loss by NO3z-N is more than 90% (Sahu and Samant, 2006). Application of N fertilizers at higher
doses cause higher leaching loss. Leaching losses can be minimized by split application of
nitrogenous simple fertilizer, application of complex/compound fertilizers in granular form, keeping
the rice field’s alternate wetting and drying, addition of organic matter to soil. Looking to the various
types of losses of nitrogen, the nitrogen use efficiency of rice soil can be increased through right
choice of source, right dose, right time and right method of application of N fertilizers along with
proper water management practices (Sahu and Samant, 2006). However, the right time of split
application of N fertilizer for maximum yield is not studied well in the study area. This research was
therefore conducted to determine the appropriate nitrogen fertilizer application timing for better rice
production in Fogera plain.

2. MATERIALS AND METHODS
2.1.Description of the Study Area

The Field experiment was conducted in Fogera plain, Ethiopia in 2016/17 Cropping season. The
experimental location, is situated at 11°46' to 11°59' latitude North and 37°33” to 37°52’ longitude
East at an altitude of 1815 meters above sea level (masl) (Tilahun et al., 2012). The mean annual
rainfall of the area is 1216mm. Farmers depend on long rainy season (June to September) for crop
production. The dominant soil type on the Fogera plains is black clay soil (ferric Vertisols) (Tilahun et
al., 2012). The experimental soil was clayey in texture with a pH of 6.05.

2.2. Experimental Design and Procedures

Recommended fertilizer rate of 69/23 kg N/P,Os ha'was used in the experiment (Tilahun et al.,
2007). The Nitrogen was applied in seven different splits of nitrogen fertilizer application times. (T1)
1/2 at sowing + 1/2 at tillering representing the control, (T2) 1/3 at sowing + 2/3 at tillering, (T3) 1/3
at 15 days after sowing + 2/3 at panicle initiation, (T4) 1/3 at 25 days after sowing + 2/3 at panicle
initiation, (T5) 1/3 at sowing + 1/3 at mid tillering + 1/3 at panicle initiation, (T6) 1/3 at 15 days
after sowing +1/3 at panicle initiation +1/3 at heading and (T7) 1/3 at 25 days after sowing + 1/3 at
panicle initiation +1/3 at heading. The treatments were arranged in RCBD with three replications.

The gross and net plot sizes were 4 m x 3 m (12 m? and 3 m x 2 m (6 m?), respectively. To control
mixing of treatments, experimental plots were bunded manually. For each treatment equal amount of
phosphorous (23 kg P,Os ha™) was applied during planting uniformly. The N- fertilizer was side
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dressed with 5 cm distance from the plant to reduce the burning effect according to the time of
nitrogen application. Furthermore, during the different growth stages of the crop, all necessary
agronomic practices were carried out equally and properly. Variety X-Jigna was drilled manually at
the seed rate of 80 kg ha™ in rows 20 cm apart. Data on Plant height, total numbers of tillers, number
of effective tillers, panicle length, numbers of filled spikelets per panicle, number of un- filled
spikelet’s per panicle, biomass, straw and grain yield were collected from the net plot. The data were
subjected to analysis using Statistical Analysis System (SAS) Version 9.2 (SAS Inc., 2002).
Agronomic Nitrogen Use Efficiency (ANUE) was calculated as extra kilogram of grain per extra
kilogram of N applied (Mushayi et al., 1999; Hatfield and Prueger, 2004).

3. RESULTS AND DISCUSSION

The result of the analysis of Variance indicated that split application of nitrogen fertilizer at different
times significantly affected rice plant height (p<0.01) (Table 1). The tallest plant height (78.4 cm) was
recorded in T4, with 1/3" of N 25 days after sowing and 2/3™ of N at Panicle initiation followed by
T6 and T7 and which was statistically similar (Table 1). On the other hand, the shortest plant height
(68.8 cm) was obtained from T2, and followed by T5 and T1 (71.3 and 71.7 cm, respectively) and
which were statistically similar (Table 1). The result indicated that split application of nitrogen
fertilizer (T4) was found more effective in increasing plant height than that of the other treatments.
This result was supported by (Reddy et al., 1987; Akanda et al., 1986) where taller plants were
recorded in these treatments. The increase in plant height in response to application of N fertilizer was
probably due to enhanced availability of N which resulted in more leaf area (Mandal et al., 1992) that
in turn enhanced photo assimilates and thereby resulted in more dry matter accumulation (Rupp and
Hubner, 1995).

Highly significant difference in total number of tillers at maturity per row meter length was observed
due to split application of N fertilizer (Table 1). The highest number of total tillers per row meter
length (1962.0 and 1686.0) were produced when nitrogen fertilizer was applied in (T4) two split of
N; 1/3 at 25 days after sowing and 2/3 at panicle initiation and (T6) three splits of N; 1/3 at 15 days
after sowing and 1/3 at panicle initiation and 1/3 at heading, respectively (Table 1). The lowest
number of total tillers (1002.0 and 1020.0) was produced when time of nitrogen fertilizer was
applied in T1 and T2 with split application of Nitrogen 1/2 at sowing and 1/2 at tillering representing
the control and 1/3 at sowing and 2/3 at tillering, respectively and statistically similar (Table 1) . This
result might be due to nitrogen promotes formation of the different organs in the rice plant as well as
other physiological processes. N is the major component for the development of tillers, leaves and
grains and promotes protein and carbohydrate synthesis. This is supported by Vennila et al., (2007)
who reported that productive tillers were effectively increased with fertilizer N application. More
number of tillers per row meter length in experiment might be due to the more availability of nitrogen
that played a vital role in cell division (Rajput et al., 1988). According to Yoshida et al. (1972) as the
amount of nitrogen absorbed by the crop increases, there is an increase in the number of tillers per
square meter.

The effect of split application of N fertilizer on number of effective tillers per meter row length
appeared to be considerable at T4. The highest number of effective tillers 1782.0 and 1506.0 were
recorded from (T4) and (T6), respectively (Table 1). The lowest and statistically similar number of
effective tillers was recorded from T1 and T2 which is (804.0) and (918.0) respectively (Tablel). This
result might be due to nitrogen promotes formation of the different organs in the rice plant as well as
other physiological processes. It is the major component for the development of effective tillers. This
result was in line with (BRRI, 1990), split application of nitrogen has a positive influence on the
production of effective tillers per plant, yield and yield attributes.

Rice panicle length was significantly (P<0.01) responding to time of nitrogen application (Table 2).
Maximum panicle length (17.3 cm) was observed at (T4 ) with spilt application of 1/3™ of N 25 days
after sowing and 2/3" at Panicle initiation. The minimum panicle length of 14.7cm was obtained with
T2; spilt application of 1/3 at sowing + 2/3 at tillering and followed by T1(Table 2). The longer
panicle length due to T4 nitrogen application appeared because of the fact that nitrogen takes part in
panicle formation as well as panicle elongation and for this reason, panicle length increased with the
increase of N fertilization and time of split application of N at panicle initiation stage. The longest
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panicle length at T4 might again be due to sufficient availability of nitrogen at panicle emergence
stage. The result was in line with Kaushal et al., (2010); Bahmanyar & Soodaei Mashaee, (2010); Asif
et al., (2000) who reported that greater panicle length in N application of 1/3 at transplanting+1/3 at
early tillering+ 1/3 at panicle initiation. Vennila et al., (2007) had also reported that panicle length
was effectively increased with fertilizer N application.

Time of nitrogen fertilizer application significantly affected number of filled spikelet's per panicles
(P<0.05) (Table 2). Filed spikelet per panicle was the most importance yield component which affect
rice yield (Fallah, 2012). Maximum filled spikelet per panicle (141.2) was observed in T4; N
application of 1/3 at 25 days after sowing and 2/3 at panicle initiation, while minimum number of
spikelets per panicle (101.8) and (107.8) was observed in T1and T2 respectively (Table 2). This result
is in agreement with Fallah, (2012) and Ehsanullah et al., (2001) who reported that nitrogen promotes
rapid growth and increased spikelet number per each panicle. The findings of Witt et al., (2007)
indicated that N absorbed at sowing, tillering and panicle initiation stage in rice plant ensured a
sufficient number of panicles with increased number of spikelet (flower) per panicle that developed in
to increased grain number per panicle.

Number of unfilled spicklets per panicle was significantly (P<0.05) affected by time of nitrogen
fertilizer application (Table 2). Maximum spicklets sterility (34.7) was observed from T1, 1/2 at
sowing and 1/2 at tillering representing the control. Minimum number of sterile spicklets per panicle
(20.3) was obtained from T4, 1/3 at 25 days after sowing and 2/3 at panicle initiation (Table 2). This
result showed that split application of nitrogen fertilizer at panicle initiation growth stage decreases
number of un- filled spikelet's per panicle as compared to the control treatment. This result is in
agreement with findings of many authors (Mohapatra et al., 1993; Yang et al., 2006).

Time of nitrogen fertilizer application statistically influenced total dry biomass (P<0.001) (Table 2).
The highest total above ground dry biomass (14.1 ton/ha) was recorded at (T4). Moreover, T6 also
gave the highest dry bio mass yield (13.0 ton/ha) as compared to the rest treatments. However, the
lowest above ground dry biomass yield (9.7.and 10.0.ton/ha) were recorded fromT1l and T2,
respectively and statistically similar (Table 2). This could be due to appropriate time of nitrogen
fertilizer application increases vegetative growth of plants as well as number of tillers, plant height,
and panicle length and also increase grain yield. This experiment confirms the observation made by
Dobermann and Fairhurst (2000) that N uptake at mid tillering and panicle initiation stage tends to
increase the biomass of plants’ leaves, stems and panicles. Sathiya and Ramesh, (2009) also reported
that spilt doses of nitrogen to different crop growth stage is more important to produce the dry matter
production, as higher nitrogen to plant leading to its higher uptake and translocation from vegetative
parts. Sallam, (2005) and Abd El-Maksoud, (2008) found splitting nitrogen provided the rice plants
with N throughout the vegetative growth period. This may explain the favorable effect of splitting N
fertilizer on yield attributing traits. These effects led the grain yield and aboveground biomass to be
affected positively by splitting the N fertilizer to 3 or 4 doses.

The rice straw yield was significantly affected by time of nitrogen fertilizer application (P<0.001)
(Table 2). Significantly higher straw yield (10.5 ton /ha) was obtained with from T4, applying 1/3 of
N 25 days after sowing and 2/3 at panicle initiation followed by T6 (9.7 ton/ha). The lowest straw
yields were recorded from T1 (7.09 ton/ha) applying half of the N at planting and the other half at mid
tillering and T2 (7.3 ton/ha) 1/3 at sowing + 2/3 at tillering which were statistically similar with T1
(Table 2). This might be due to the application of nitrogen in splits according to crop requirement
caused not only reduction in loss of nitrogen but also increased the nitrogen absorption, consequently
better utilization of applied nitrogen leads to higher yield attributes and finally resulted in higher grain
and straw yields. Moreover higher leaf area index, number of tillers per row meter length and
significantly more panicle length might have contributed to increase in straw yield. This is in
agreement with Maragatham, et al. (2010) who stated better straw yield could be explained as higher
capability of rice to utilize more N through the expression of better growth by accumulating more
plant dry biomass.

Grain yield of the rice exhibited significant response to time of nitrogen fertilizer application
(P<0.001) (Table 2). The highest grain yield (3.57 ton /ha) was obtained at (T4), applying 1/3™ of N
25 days after sowing and 2/3" at panicle initiation and followed by T6 (3.22 ton./ha), applying 1/3™
of N 15 days after sowing, 1/3 at Panicle initiation and 1/3 at heading (Table 2). The result
indicated that relatively the lowest N was required at earlier stages and highest amount of nitrogen
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should be applied and used by the crop at panicle initiation stage as compared to other nitrogen split
application time treatments so as to produce the maximum number of grains and subsequently higher
grain yield. This could mainly be attributed to the increase in panicles length, total number of filled
grains per panicle and seeds weight. Behera, (1998) also reported findings indicating improvements in
grain yields attributed to increments in yield components. Increases in yield components are
associated with better nutrition, plant growth and increased nutrient uptake (Kumar and Rao, 1992;
Thakur, 1993). The lowest grain yield was recorded at T1 and T2 (2.63 and 2.67 ton./ha) which were
statistically similar (Table 4.3). Reinke et al, (1994) noted that where the grain yield response is
negative, yield reduction is primarily caused by a reduction in the proportion of the number of filled
grains per panicle. The present result is in line with a number of reports (Bacon, 1980; Inthavongra et
al., 1985). The most appropriate time of N application to rice is panicle initiation, which produced
maximum plant height, number of spikelets (grains) per panicle and grain yield. In agreement to the
present finding Marqueses et al. (1988) reported that band application of 1/3 N at 20 days after
seeding + 2/3 N at 5-7 days before panicle initiation gave significantly higher grain yield (8.5 t/ha).
George, (1980) indicated two splits application of nitrogen given at maximum tillering and panicle
initiation stages was found to be giving better grain yield for the rain-fed lowland rice production of
Thailand. Viraktamath, (2006) reported increase in rice grain yield due to the increased yield
attributing characters like panicle number, panicle length, 1000-grain weight and low sterility
percentage.

Low Nitrogen Use Efficiency (NUE) continues to be a problem in wetland rice situation as nitrogen
(N) is subjected to several transformation losses in the rice ecosystem (Hussain et al., 2009). The
optimum use of N can be achieved by matching supply with crop demand (Hussain et al., 2009).
Nitrogen use efficiency of crops can be improved by adopting adequate management practices. Use of
N fertilizers in adequate amount, form, time and methods of application are important management
strategies of this element. The highest agronomic Nitrogen Use Efficiency (51.8) was recorded when
nitrogen was applied 1/3 at 25 days after sowing + 2/3 at panicle initiation stage (T4) of the rice crop
as compared to the other treatments. The lowest ANUE was observed in T1 (38.1) when nitrogen was
applied in split application of half at planting and the other half at tillering representing the control
(Table 3). The specified treatment (T4) gave 51.8% ANUE for the rates of 69 kg/ha N compared to
the control treatment (38.1), where 1/2 of N at planting and the remaining 1/2 of N at tillering.
Application of one-third of N at 25 days after sowing + two third at panicle initiation stage gave 14%
ANUE advantage over the control. James and Stribbling, (1995) reported that split application of
nitrogen increased nitrogen uptake and use efficiency and reduction in nitrogen loss by volatilization,
leaching and de-nitrification which in turn resulted in better growth development and yield.

Tablel. Effects of Time of Nitrogen Fertilizer Application on Vegetative Growth of Rice

Time of Nitrogen Fertilizer applications Mean value of

NTT NET NNET PH
T1 1002.0 ¢ 804.0° 468.0 717"
T2 1020.0 ¢ 918.0° 246.0 68.8 ¢
T3 1536.0 ™ 1332.0 " 528.0 723"
T4 1962.0° 1782.0° 438.0 78.4°
T5 1164.0 1014.0 348.0 71.3"™
T6 1686.0 ™ 1506.0 ™ 444.0 75.4 "
T7 1452.0 > 1296.0 > 384.0 74.4 ™
Significance difference ikl kel NS **
SE+ 231.8 208.5 202.84 2.45
CV (%) 16.5 17.1 50.0 3.34

Means in the column with the same letter are not significant different at 1%, 0.1 and 5% probability level. CV=
Coefficient variance; LSD=Least significant difference; SE=Standard error; NTT=Number of total tillers per
net plot ; NET=Number of effective tillers per net plot ; NNET=Number of non effective tillers per net plot ;
PH=Plant height (cm); T1=1/2 at sowing + 1/2 at tillering ,representing the control T2=1/3 at sowing + 2/3 at
tillering,T3=1/3 at 15 days after sowing + 2/3 at panicle initiation,T4= 1/3 at 25 days after sowing + 2/3 at
panicle initiation, T5= 1/3 at sowing + 1/3 at mid tillering + 1/3 at panicle initiation, T6= 1/3 at 15 days after
sowing +1/3 at panicle initiation +1/3 at heading and T7=1/3 at 25 days after sowing + 1/3 at panicle
initiation +1/3 at heading
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Table2. Effects of Time of Nitrogen Fertilizer Application on Yield and Attributes of Rice

Time Of N Mean Value Of

Fertilizer TBY GY SY PL(Cm) | NFSPP | NUSSP | TSW HI (%)
Application | (T/Ha) (T/Ha) (T/Ha) (G)

T1 9.7°¢ 2.61 7.0¢ 14.8" 101.8° | 34.7° 24.6 27.1
T2 10.0® 261 7.31 14.7° 107.8% | 24.8° 24.6 26.7
T3 10.8% 2.7% 8.1% 15.5%¢ | 1205 | 23.3° 25.6 25.3
T4 14.1° 352 10.5° 17.3° 141.2* |[203° |26.1 25.2
T5 10.6 ¢ 2.7% 7.9% 15, 1pde 116.6" | 25.1° 24.8 25.7
T6 13.0° 3.2° 9.7 16.3 7 130.3% | 22.6° 26.0 24.8
T7 116° 2.8° 8.8 16.2°¢ | 12327 | 24.7° 25.8 24.5
Slg d|ff **k*k **k*k **k*k ** * *%* NS NS
SE+ 0.55 0.10 0.61 0.79 13.04 3.83 1.10 1.85
CV (%) 4.9 3.83 7.4 5.0 10.6 12.6 4.20 7.59

Means in the column with the same letter are not significant different at 1%, 0.1% and 5% probability level.
CV= Coefficient variance; LSD=Least significant difference; SE=Standard error; TBYT /HA=Total above
ground biomass yield ton per hectare; GYT/HA=Grain yield ton per hectare ; SYT/HA=Straw yield ton per
hectare; PL=Panicle length(cm);NFSPP=Number of filled spicklets per panicle; NUSPP=Number of un-filled
spicklets per panicle; TGW=Thousand grain weight in gram and HI%=Harvest Index in percent; T1=1/2 at
sowing + 1/2 at tillering ,representing the control T2=1/3 at sowing + 2/3 at tillering,T3=1/3 at 15 days after
sowing + 2/3 at panicle initiation,T4= 1/3 at 25 days after sowing + 2/3 at panicle initiation, T5= 1/3 at
sowing + 1/3 at mid tillering + 1/3 at panicle initiation, T6= 1/3 at 15 days after sowing +1/3 at panicle
initiation +1/3 at heading and T7=1/3 at 25 days after sowing + 1/3 at panicle initiation +1/3 at heading.

Table3. Effects of Split application of Nitrogen Fertilizer on Agronomic Nitrogen Use Efficiency of Rice

Time of Nitrogen Application ANUE at 69 kg of N
T1=1/2 at sowing + 1/2 at tillering ,(control) 38.1
T2 =1/3 at sowing + 2/3 at tillering, 38.7
T3 =1/3 at 15 days after sowing + 2/3 at panicle initiation 39.5
T4 =1/3 at 25 days after sowing + 2/3 at panicle initiation, 51.8
T5 = 1/3 at sowing + 1/3 at mid tillering + 1/3 at panicle initiation, 39.9
T6 = 1/3 at 15 days after sowing +1/3 at panicle initiation +1/3 at heading 48.7
T7 =1/3 at 25 days after sowing + 1/3 at panicle initiation +1/3 at heading 41.4

4. CONCLUSIONS

Nitrogen is the most important nutrient needed throughout the growth stages of the rice plant, from
seedling up to maturity, for vegetative growth as well as for yield production. Time of nitrogen
application was found to be one of the major rice yield limiting factors in Fogera plain where rice is
grown year after year as mono-cropping. From the findings of the present experiment, it can be
recommended that split application of nitrogen one third at twenty five days after sowing plus two
third at panicle initiation stage of rice crop was found to be the best appropriate time of nitrogen
fertilizer application for rained lowland rice production in Fogera plain. However, to come with
concrete recommendation, this research has to be repeated under similar condition.
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