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Determination of Nitrogen Rate for Optimum Yield, N Uptake and Use
Efficiency of Upland Rice (Oryza sativa L.) Varieties at Gimbo District,
Southwestern Ethiopia

ABSTRACT

A field experiment was conducted at ““Choba™ on-farm, Gimbo district in Kaffa zone,
Southwestern Ethiopia during the 2015 main cropping season to determine optimum rate of N
application and the best variety based on N uptake, N use efficiency, and yield and vyield
components of upland rice. A 4x4 factorial experiment was carried out using split plot design
with three replications. The treatments consisted of four rice varieties as main plot factor and
four N rates considered as the sub-plot factor. The analysis of variance revealed that variety
and N rate were significantly (P < 0.05) different for all parameters studied in the location.
Moreover, the interaction between variety and N rate was significantly (P < 0.05) different
for tiller and panicle numbers, total and filled spikelets per panicle, grain yield, biological
yield, grain harvest index as well as N use efficiency parameters except N concentration in
grain and straw at maturity. The interaction effect showed that highest number of tillers 266.0
and 260.7 per square meter recorded for NERICA-4 and Suparica-1, respectively at 69 kg N
ha™'. NERICA-4 produced the highest number of panicles (227.3) followed by Suparica-1
(220.0) at 69 kg N ha™. Likewise, these two varieties were also produced the highest number
of filled spikelets per panicle at 69 kg N ha™, and gave 114.3 and 111.7 for Suparica-1 and
NERICA-4, respectively. However, all tested varieties produced highest number of total
spikelets per panicle when the N rate exceeds 46 kg N haindicating the higher production of
unfilled spikelets at increased N rate in low yielded varieties. Besides, the highest grain yield
of 4589.00 and 4575.00 kg ha™ was also recorded for both NERICA-4 and Suparica-1,
respectively at 69 kg N ha™*. The application of N fertilizer increased total N concentration
and uptake in grain and straw at maturity, while decreased agronomic (ANUE), physiological
N use efficiency (PNUE) and Apparent N recovery (ANRE %) except Suparica-1. The highest
ANUE, PNUE and ANRE (%) was obtained at the rate of 46 kg N ha™ for Suparica-1land at
23 kg N ha™ for NERICA-4. The correlation analysis was also indicated that positive and
highly significant associations between grain yield with yield components and N uptake at
maturity. Overall, varieties Suparica-1 and NERICA-4 were more efficient in producing grain
yield with the highest ANUE, PNUE, as well as, ANRE as compared to other varieties in the
location. However, based on partial budget analysis the highest Marginal Rate of Return
(MRR) was recorded for Suparica-1 and NERICA-4 at 46 kg N ha™. Therefore, it is possible
to conclude that varieties Suparica-1 and NERICA-4 at 46 kg N ha™ recommended for
cultivation in the study area. However, repeating the experiment over years by increasing the
N levels would help to draw sound recommendations. Hence, future studies should look into
these issues to validate the current results in the location.

Key words: Agronomic N use efficiency; Correlation coefficient; Marginal rate of return
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1. INTRODUCTION

Rice (Oryza sativa L.) is a staple food crop for more than half of the world’s population, most
importantly in developing countries (Seck et al., 2012). It is one of the world’s principal crops
in terms of economic value. More than 90% of the world’s rice is grown and consumed in
Asia where nearly 60% of the world’s people live (GRiSP, 2013). It is the most widely
consumed food for a large part of the world's human population. One fifth of the world’s
population or more than a billion households in Asia, Africa and America depend on rice
systems for their main sources of employment and livelihoods (Seck et al., 2012; Siwar et al.,
2014). Its production is currently extending across at least 114 countries in the world and the
second most produced cereals in the world after maize. The production area in 2014 was
approximately 162 million hectares with 738 million tons of paddy rice in the world with the
average paddy rice yield of 4.5 tons per hectare (FAOSTAT, 2015). China is the largest
producer and consumer of rice, globally (Seck et al., 2012; GRiSP, 2013; FAOSTAT, 2015).
The productivity of the crop elsewhere in major rice producing countries includes: 3.6 t ha™ in
India, 5.1 t ha™ in Indonesia, 5.8 t ha™ in Vietnam, 6.7 t ha™ in China and 9.5 t ha™ in Egypt
(FAOSTAT, 2015).

Rice belongs to the genus Oryza under the family Poaceae. The only two cultivated species of
the genus in the world are the universally cultivated Asian rice (O. sativa) and the West
African rice (O. glaberrima) (Chang, 1976; Linares, 2002). Based on broad historical
evidences, researchers thought that African rice first originated in the upper river delta of
Niger in West Africa (Chang, 1976; Sarla and Swamy, 2005). The Asian cultivated rice is
domesticated in tropical Asia to South of China (Linares, 2002). After wards, the crop is
rapidly distributed to different parts of the world as a staple food crop, especially in the
developing world. Currently, it has also become a priority commodity for food security in
Africa and grown over 75% of the African countries with a total production of 14 million tons

and 16 million metric tons of consumption annually (MoARD, 2010).

Rice was introduced to Ethiopia in the 1970’s and has since been cultivated in small pocket
areas of the country. Ethiopia is situated in the tropical zone with a wide range of altitude

from below sea level to over 3000 meter above sea level, which makes the country have a



diverse agro-climatic condition. The wide adaptability of the crop coupled with the diverse
agro-climatic condition of the country, more suited for the cultivation of different rice
ecosystems in Ethiopia (MoARD, 2010). Currently, due importance is given for rice among
other crops in enhancing its production and productivity, and consequently rice has received
the name Millennium crop because of the expected potential contribution to the food security
of the country (NRRDSE, 2010). At present rice is gaining the same importance, as some of
the most common cereal crops in Ethiopia i.e., wheat and barley in different parts of the
country for both domestic consumption as well as export market for economic development
(Hedge and Hedge, 2013). Despite, the importance of the crop, the national productivity of
rice is 2.8t ha™ (FAOSTAT, 2015) which is far below the productivity of the crop on research
plots, which have reported up to 5.4 t ha™(Tadesse, 2015), and the crop potential in other

major rice producing countries in the world.

Southwestern part of Ethiopia is one of the potential areas for rice production, mainly in
rainfed upland ecology. The crop plays an important role for farmers, as food for home
consumption, and source of income, as it is important crop in the local market. It is consumed
at household level in various ways which includes: injera, dabbo, asambusa, kinche, and
shorba. The production and utilization of upland rice is increasing in the lowland part of
Gimbo district; especially at Gojeb, Arguba, Choba and Shomba areas. Recently, some upland
rice varieties have been released nationally to be grown under rainfed conditions. Bonga
Agricultural Research Center has also been conducting experiments on rice with major
emphasis on selection of adaptive varieties in the area. Accordingly, several released varieties
were evaluated and two varieties i.e., NERICA-4 and Suparica-1 were identified as the most
adapted and recommended for production in Choba areas with yield of 3.8 and 4.1 t ha™,
respectively. However, after few years of production, the productivity of the varieties, have
been declining gradually, which is currently estimated to be less than 1.5 t ha™* (BARC, 2015).
This might be attributed to the use of inappropriate management practices, among which, soil
fertility management, particularly nitrogen is the most important limiting factor. It is mainly
because of the common farmer’s practice of continuous mono-cropping of cereals without
nutrient replenishment might have resulted in the depletion of the essential plant nutrient of
the soil. Besides, ever increasing cost of fertilizer, poor distribution system, low input

purchasing capacity of subsistence farmers, and unavailability at the right time of applications
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are among some of the important factors that limited the use of fertilizers particularly nitrogen
fertilizer. Despite the above mentioned factors, studies on nitrogen fertilizer recommendations
for maximum economic yield and nitrogen use efficiency of these varieties were still limited
in the study area. The rate of nitrogen fertilizer, time of application, seed rate, and sowing
methods are among the major agronomic practices that critically affect rice production in
Ethiopia (Kebebew et al.,2011).

In fact, nitrogen is one of the most yield-limiting nutrient in rice production and its uptake,
use efficiency and yield response is affected by varietal difference, rates of fertilizer
application, soil conditions, and environmental factors (Heluf and Mulugeta, 2006; Rahman et
al., 2007; Fageria and Baligar, 2003). The authors reported significant differences among the
rates of N fertilizer application on the maximum economic yield in different areas. In
addition, different crops and its cultivars at the same site responds differently to fertilizers and
its responses are significantly varied across sites (Morris, 1991). Moreover, many studies have
reported varietal differences in upland rice for grain yield; N uptake and N use efficiency
(Fageria et al., 1995; Fageria and Baligar, 2003; Fageria, 2007). Moreover, soil N is
commonly very low as a result of the loss of applied N fertilizer through leaching,
volatilization, run off and denitrification. Hence, the use of N efficient varieties in
combination with optimum application of N fertilizer may improve rice yield and helps to
balance the loss of applied N. Thus, it is necessary to study the interactive effects of different
varieties of rice with varying rates of N fertilizer on rice yield and yield components.

Therefore, the objectives of the study are:

» To determine the optimum rate of N on the growth, yield and yield components of
upland rice varieties under Gimbo condition

» To determine the best variety based on the performance of yield and yield components
under Gimbo condition

» To determine the interaction effect between variety and level of nitrogen on the yield,
N uptake and use efficiency of upland rice

» To determine the economically optimum rate of N application for maximum grain

yield of the upland rice



2. LITERATURE REVIEW

2.1. Rice Ecosystem

Environmentally, rice is grown under different climatic conditions including the temperate,
sub-tropical and tropical climates. Within climate, the weather shows difference from arid and
semi-arid to humid and sub-humid conditions (Lukas, 2011). However, rice is highly
adaptable and it can be cultivated in diverse ecosystems; irrigated, rainfed, upland and
lowland, mangrove and deep-water ecosystems. Distribution of environments, where rice is
grown is varying among countries. In contrast to Asia, most rice in SSA is grown under
rainfed conditions. In SSA the land under rice cultivation is about ten million hectares, of
which about 40% is located in the upland ecology, 37% in rainfed lowland ecology, 14% in
the irrigated ecology and are contributing about 19%, 48% and 33% of the total rice
production respectively. The remaining 9% is covered by deep water and mangrove rice
(African Rice Center, 2011).

Rice is most commonly grown by the small land holding, subsistence farmers in the
developing regions of the world (IRRI, 1977). Rice is productive in various environmental
conditions, where other crops would be unsuccessful to adapt or grow. Moreover, it is
exceptional food crop that adapt and grow under flooded or submerged conditions in
enormous areas, even in low-lying tropical soils during the rainy season. This is because of
the distinct feature of the crop that possesses aerenchymatic cellular structures in its leaves,
stem and roots, which permit air to diffuse from the leaves to root surfaces providing the
submerged roots with sufficient oxygen for normal respiration and nutrient absorption (De
Datta and Patrick, 1986). However, about half of the rice areas in the world do not have
sufficient water to maintain flooded conditions and rice yield is reduced to some extent by
drought, a period of no rainfall or irrigation (Hanson et al., 1990).

The rice can be grown in different environmental conditions depending on the availability of
water and temperature (African Rice Center, 2011). It is a cold-sensitive plant that originated
from tropical or subtropical zones. When low temperature occurs during the reproductive

stages, it can decrease spikelet fertility (Satake and Hayase, 1970). Temperature is the most
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important factor which affects the rate and ability to photosynthesize effectively. Rice is
more sensitive to nighttime temperature, in which each 1° C increase in nighttime temperature
leads to decline of about 10% in rice yield (Peng et al., 2004). However, the optimum
temperature for the growth and higher yield of rice is between 25 - 35°C and night
temperature ranges from 15 to 20 °C are preferred (Yoshida and Parao, 1976).

Upland rice is grown in rainfed, naturally well drained soils without surface water
accumulation like any other cereals (Fageria, 2001). The term also used as dry land rice,
instead of upland rice, and defined as field grown-rice that is not bunded, and its land
preparation as well as sowing under dry condition depends on rainfall for soil moisture (Huke,
1982). The upland rice has a high degree of drought tolerance and is able to withstand periods

of water stress that occur in rainfed production (Fageria, 2013).

2.2. Overview of Rice Production in Ethiopia

Rice is emerging as one of the most important cereal crop cultivated in different parts of the
country, even though its introduction to Ethiopia is recent. Rice research in the country was
started informally by Koreans through the Tana Beles project, who had been in Ethiopia for
development assistance. They introduced some promising rice varieties in the Western and
Northern parts of the country and conducted research activities in selected parts of the country
(Pawe, Adet, Gode and Gambella) (MoARD, 2010). In fact, there were various rice
production systems and growing ecologies existed within the country. These includes: upland
rice, rainfed lowland rice, and irrigated lowland rice. Besides the above fact, due to the
productivity potential of the crop as compared to the other cereals grown in Ethiopia (teff,
wheat and barley), farmers demand for rice production is showing increase over time
(Kebebew et al., 2011). It plays a very important role for the country’s food security and also
serves as an important source of income for small-holder farmers. Thus, the introduction and
expansion of rice production in suitable agro-ecologies could be an option to achieve food
security and self-sufficiency in the country (RSDEA, 2012). The potential rice growing areas
in Ethiopia are, West central highlands of Amhara Region (Fogera, Gonder Zuria, Dembia,
Takusa and Achefer), North West lowland areas of Amhara and Benshangul Regions (Jawi,

Pawi, Metema and Dangur), Gameblla regional state (Abobo and Etang districts), South and



South West Lowlands of SNNPR (Beralee, Weyito, Omorate, GuraFerda and Menit), Somali
Region (Gode), Southwestern highlands of Oromia Region (llluababora, East and West
Wellega and Jimma Zone) (MoARD, 2009).

Generally, the potential rice producing areas in upland and irrigated ecosystems estimated 30
and 3.7 million hectares (MoARD, 2010; Dawit, 2015), respectively. It is also reported at,
production of rice in Ethiopia is showing rapid increase over time. Thus, the production
increased from six thousand hectares in 2006 to 58 thousand hectares in 2013 with respective
production increase from 11 to 184 thousand tons (Dawit, 2015). The observed increasing
trend could be due to market related factors (high price of rice over other cereals and
increasing demand), suitability of the area, long shelf life, acceptability of rice amongst rural
population (Dawit, 2015).

2.3. Rice Response to Nitrogen Fertilizer

Nitrogen is one of the most essential plant nutrients for crop production and required by plants
for growth and reproduction. It is the constituent of almost all plant structures. It is an
essential component of chlorophyll, enzymes, and proteins (Brady and Weil, 2002; Hofman
and Cleemput, 2004). Rice plant requires large amounts of nitrogen for their growth and
development as well as uptake of other nutrients. The crop consumes approximately 20-25 kg
of nitrogen to produce a ton of grain yield, making nitrogen the single most important rice
nutrient. Of its fundamental importance in crop production and productivity many improved
rice varieties cultivated around the world have been bred to show a marked response to the

application of nitrogenous fertilizers (Morris, 1982).

Nutrient content is related to the photosynthetic activity of leaves, because of the essential
nutrients are directly or indirectly involved in photosynthesis and respiration. For example,
nitrogen is a constituent of proteins, which in turn is constituent of protoplasm, chloroplasts,
and enzymes. It also aids in production and use of carbohydrates. Generally, dry plant
material of rice contains between 1 to 4% N; while leguminous plants contains slightly higher

N contents i.e., around 5%. In green plant material, protein N is by far the largest N fraction.



This is advantageous because many crops are cultivated, essentially to produce plant proteins
(Hofman and Cleemput, 2004). Gueye and Becker (2011) reported varietal difference in rice
in response to the applied rate of nitrogen fertilizer. However, at lower N levels, grain yield
and most of the yield components did not differ significantly. This indicates the need to use
optimum amount of N rate when screening upland rice for various purposes (Fageria et al.,
2010). Moreover, the upland rice genotypes differ significantly in N uptake and utilization

efficiency (Fageria et al., 1995; Fageria, 2007).

2.4. Nitrogen on Rice Growth

Nitrogen is necessary for cell division as well as the growth of plants. Plant height is one of
the plant growth parameter and an important morphological characteristic of a plant that vary
with the genetic makeup of the plant, fertility status of the soil, in which it is grown and the
environmental conditions (Aslam et al., 2015). Nitrogen fertilization increases vigor, enhances
the growth of rice and promotes the activities essential for carbohydrate utilization. One of the
most important functions of nitrogen in rice is promotion of rapid plant growth through
increase in height, tiller number, size of leaves and length of roots (Chatterjee and Maiti,
1985; Morris, 1982). Nitrogen enhances growth and development of rice plant. Application
and uptake of nitrogen fertilizer at vegetative stage helps to synthesize chlorophyll which is
important for photosynthesis; and promotes rapid leaf, stem, and root growth and speeds up
the growth of the plant. Nitrogen fertilization during the reproductive and ripening phases;
promotes the development of panicle, stimulates the absorption of nutrients and assimilation
and increases the protein content of the grains, thereby, improving the quality of the crop
(Morris, 1982). It also has the strongest influence on growth of rice among various essential
plant nutrients (Ahmed et al., 2005). Hence, it is an important component of chlorophyll,
which enhances photosynthesis that is important for increased production of assimilates that
promotes vegetative growth (Luka et al., 2013).

The application of fertilizers is one of the primary methods for improving the availability of
soil nutrients to plants. Fertilization can change rates of plant growth, maturity time, size of
plants parts, and seed capabilities (Mevi-Schitz et al., 2003). However, its growth is reduced



when the demand of rice plant exceeds the rate of nitrogen fertilization (Islam et al., 2009).
Nitrogen deficiency reduces plant height, tillering, leaf area index, leaf area duration, and crop
photosynthetic rate which leads to lower radiation interception, and consequently lower
radiation use efficiency (Fageria, et al., 2003). It also causes stunted plant growth,
development of thin and spindle system, low protein, and high sugar content (thickening of
cells) and formation of chlorosis as a deficiency symptom on older leaves, which may
progress to necrosis under severe condition. Excess nitrogen supply causes higher
photosynthetic activity, vigorous growth, weak stem, dark green color, reduced product
quality, delay in maturity, increase in susceptibility to insect pests and diseases and building
up of nitrate in foliage, which is harmful to animals (Mengel and Kirkby, 1996; Tisdale et.al,
1999; Brady and Weil, 2002). The highest plant height in rice was observed at maximum rate
of N application, while the shortest plant height was obtained from unfertilized control

treatment (Aslam et al., 2015).

2.5. Nitrogen on Yield Components of Rice

Rice needs fertilizer N at different growth stages of the crop for different functions. Increased
nitrogen uptake and utilization by the crop resulted in increased number of tillers per unit area
(Yoshida, 1981). Rice requires nitrogen during the vegetative growth stage to promote growth
and tillering, which determines the number of panicles, which contributes to spikelet
production during the early panicle formation stage. It also contributes to sink size by
decreasing the number of degenerated spikelets and increasing hull size during the late panicle
formation stage. The number of spikelets per unit area is the most variable yield component,
accounting for about 74% of the variation in grain yield in rice (Koutroubas and Ntanos,
2003). Nitrogen contributes to carbohydrate accumulation in culms and leaf sheaths during
the pre-heading stage, and in grain, during the grain-filling stage, as component of
photosynthesis (Mae, 1997).

The realized increase in economic yield due to increased nitrogen fertilizer application was
because of increased number of yield components. There is a tendency for panicle size to
decrease as panicle numbers increases. Larger panicle size, coupled with tall plant height-



predisposes the crop to lodging, especially at high nitrogen levels. Thus, the nitrogen response
of the high panicle number cultivar type is higher than that of the high panicle weight type.
Increased yield can be achieved through heavy nitrogen application combined with dense
planting (De Datta, 1981). Straw yield of a crop is closely related to the vegetative growth
like plant height, tiller numbers, leaf numbers and final stand of the crop (Singh and Verma,
1971).

Significant varietal differences were reported in rice for most of the yield attributes in
response to N fertilizer application (Sokat, 2006; Moro et al., 2015). The application of
nitrogen also increases plant height, panicle number, spikelet number and number of filled
spikelet per panicle (Doberman and Fairhurst, 2000). In addition, it increases the number of
plant population and panicles per square meter, and total number of spikelets, which might be
reflected on overall productivity. Thus positive association was observed among yield related
traits, when the rice variety received increased rate of nitrogen, but further increase have a
negative impact on grain yield (Sikuku et al., 2015), which could be due to the genetic or

environmental differences.

According to Yoseftabar (2013) the maximum number of tillers in rice obtained at 150 kg ha™
rate of nitrogen application, whilst the lowest number at the rate of 50 kg N ha™. On the other
hand, rice varieties were evaluated under different nitrogen levels and found that the
maximum number of tillers per square meter was obtained at the rate of 220 kg ha™ while the
minimum was recorded in the control having no N application (Abou-Khalifa, 2012).
Likewise, Moro et al. (2015) also reported highest total number of tillers per square meter
with increasing the rates of nitrogen fertilizer in rice. The response of nitrogen differs among
rice varieties, thus the variety having the capability of producing higher number of panicles
requires high amount of nitrogen than that of variety with lower panicle number. The varieties
with higher panicle weight are more prone to lodging at higher nitrogen rates, due to the
increment in plant height. The existence of difference among varieties may be due to varying
responses of varieties to nitrogen fertilizer depending on their agronomic traits (Rahman et
al., 2007).



2.6. Nitrogen on Grain Yield of Rice

Nitrogen is one of the essential plant nutrients and is a key input for increasing crop yield
(Kamara et al., 2010). Rice varieties have high response to nitrogen fertilizer application and
they responded differently to the applied N rate (Sokat, 2006). The increased rate of N
application significantly increased grain yield in upland rice varieties up to the rate of 120 kg
N ha(Haque and Haque, 2016). However, the yield response varieties to the applied rate of
fertilizer N was varied due to the difference in soil conditions, agro-ecology and the
management practices to be applied. In contrast, the grain yield of rice was significantly
increased with an increase in the level of N from unfertilized control to 60 kg N ha™*, and then
decreased with further increase (Heluf and Mulugeta, 2006). In contrast, non-significant effect
of N application on grain yield was reported by Mahajan et al. (2010). Rice yield normally
increases, when the amount of nitrogen application is increased. If there is little or no yield
increase in response to increased nitrogen application, there may be some problems involving
variety, soil, or climate (Yoshida, 1981). Plant height, shoot dry matter, panicle number,
panicle length, grain harvest index, N concentration in shoot and grain, and N uptake in shoot

and grain were having significant positive relationship with grain yield (Fageria et al., 2010).

Rice grain yield is a function of panicles per unit area, number of spikelets per panicle,
thousand grain weight, and spikelet sterility or filled spikelets. Therefore, it is very important
to understand the management practices that influence yield components, and consequently
grain yield (Fageria et al., 1997). Grain yield of rice is a combination of different yield
components, such as number of panicles per unit land area, number of spikelets per panicle,
percentage of filled spikelets and grain weight (Yoshida, 1983). The successive increase in N
level significantly increased grain yield of rice varieties in different locations. However, there
is significant effect of locations, cropping seasons, varieties and their interactions on their
performance (Geoffrey et al., 2012).

2.7. Nitrogen on Rice Phenology

The date of heading differs not only within a plant, but also among plants in the same field.

Heading in rice means the exertion (the base panicle is clearly above the flag leaf sheath) of
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panicle. Within a rice plant, some tillers usually head earlier than the main shoot. To complete
the heading process, commonly it takes 10-14 days for all the plants in a field. However, the
date for heading in rice varies among varieties and depending on the nutritional status of the

soil, especially soil nitrogen (Yoshida, 1981).

The response of different varieties varies at different growth stages for different nitrogen
rates. The days required to heading, flowering and maturity significantly increased with the
increase in the amount of nitrogen applied in rice (Haque et al., 2006). Likewise, the same
result was also reported from Tanaka (1995) that, when the rate of nitrogen fertilization
increased in higher amount the date of heading, flowering as well as physiological maturity in

rice is delayed.

2.8. Biological Yield and Harvest Index

The application of nitrogen fertilizer determines the level and time length or duration of dry
matter production in rice after anthesis (Tanaka, 1969). Similarly, the efficiency of dry matter
production depends, mainly on the varietal differences for photosynthetic activity in response
to nitrogen. The characteristics are not only in dry-matter production but also in the
percentage of ripened grains and yields (Murata, 1969). The application of nitrogen also
influenced vegetative growth, in terms of plant height and number of tiller, per hill, which
further resulted in increased straw yield (Rahman et al., 2007). The Increased rate of applied
N increased the dry matter accumulation and straw yield of rice significantly up to 90 and 120
kg N per hectare, respectively; while further increment in N did not significantly increased
both dry matter accumulation and straw yield (Heluf and Mulugeta, 2006). Total dry matter
production was significantly influenced by the application of nitrogen fertilizer (Haque and
Haque, 2016). The rate of nitrogen positively influenced grain yield and straw yield that in
turn increased biological yield (Rahman et al., 2007; Moro et al., 2015).

The application of nitrogen fertilizer increases the grain harvest index in rice. It is one of the
most important characteristics of high yielding genotypes of the crop. Use of nitrogen

fertilizer also improves the grain harvest index, as well as nitrogen harvest index in rice. The
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supply of nitrogen fertilizer improves the grain harvest index, nitrogen harvest index and plant
height which are also positively associated with grain yield (Fageria, 2007). The application
of nitrogen fertilizer, not always increases harvest index in rice. Westcott (1986) reported

decreased grain harvest index with increasing application of nitrogen fertilizer.

2.9. Soil Properties Affecting Nutrient Availability

Soil property is one the factors that affects nutrient availability to plants. It affects the
movement of water in the soil, and then nutrient movement. Availability of soil nutrients is
mostly dependent on soil water content, which further affects nutrient movement in the soil. It
also affects the mobility of water in the soil plant system, and then nutrients. Soil texture is
one of the soil physical properties that determines moisture and nutrient holding capacity of
the soil. According to Moormann and Dudal (1965) soil texture affects moisture status of the
soil more than any other properties, except topography. Soil texture is mainly important in
upland rice fields, because, it can serve as a moisture reservoir (De Datta, 1981). It also
affects the retention of nutrients in the soil (Fageria, 2008). Thus, clay and organic soil holds
more nutrients and water than sandy soils (Mengel and Kirkby, 2001). This affects the
transport of solutes from the soil to root surface, through affecting soil moisture and hydraulic
conductivity (Vetterlein et al., 2007), and have an effect on nutrient absorption.

The characteristics of soils on which upland rice is grown are broad with respect to soil
texture, pH, organic matter content, slope, and soil fertility variations (De Datta, 1981). In
fact, rice can be grown on a wide range of soils from sandy loam to heavy clay soils.
However, the most appropriate soil for rice should have fine fractions of silt and clay, while
difference in yield between different production areas might be due to greater variation in soil
conditions (Shemahonge, 2013). Moreover, soil pH, CEC and SOM affects nutrient
availability in soil (Marschner, 2011). Soil pH plays a very important role in nutrient
availability and uptake of essential nutrients as well as volatilization of certain nutrients
(Kissel and Sonon, 2008). It also accelerates the microbial conversion of ammonium to nitrate
(nitrification) at near neutral pH. However on acid soils with pH of less than 6.0, nitrification
is slow and plants take up N in the form of ammonium. In addition, at higher soil pH level,
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the applied urea fertilizer is subjected to higher losses (McKenzie, 2003). According to
Somado et al. (2008), the optimum soil pH for rice growth in upland condition is 5.5 to 6.5.

The amount of organic matter in the soil tends to increase with the increase in clay content. Its
amount has also a direct and indirect effect on the availability of nutrients for the plant. It
serves as a reservoir of nutrients and water in the soil. Thus, one percent of organic matter in
the soil releases 9.1 to 13.6 kg of nitrogen (Funderburg, 2010). Besides, high concentration of
organic matter in the soil increases the rate of urea hydrolysis (Jones et al., 2007). The cation
exchange capacity of a soil determines the number of positively charged ions that the soil can
hold. This in turn can have significant effect on the fertility management of the soil. In
addition, it also indicates the amount of clay and organic matter present in the soil. The soils
with higher CEC have more clay or organic matter and thus have higher water and nutrient

holding capacity (Ketterings et al., 2007).

2.10. Soil Nitrogen and its Availability to Plants

Nitrogen is the most importantly used macronutrient in plants and the most deficient nutrient
in most cultivated soils of the world. The soil inorganic nitrogen is commonly less than 2% of
the total nitrogen of surface soils and undergoes rapid changes in composition and quantity.
The amount of inorganic nitrogen varies widely among soils, with climate, and weather
conditions (Kopsell and Randle, 2001). Most nitrogen in the soil is tied up in organic matter
and taken up by plants as nitrate (NO3) and ammonium (NH,") ions from inorganic nitrate
and ammonium compounds. These compounds can enter the soil as a result of nitrogen
fixation by soil bacteria, the application of inorganic nitrogen fertilizer, or alteration of
organic matter into ammonium and nitrate compounds. Actually, not all nitrates in the soil are
taken up by crop plants, because it might be found below the root zone in sandy soils or
transformed to nitrogen gas in wet, flooded soils. On the other hand, soil micro-organisms
might supplement their N requirements from the soil’s inorganic pool by reducing the
availability of N pool to plants during decomposition by the process of immobilization.
However, the C:N ratio of the decomposed material is less than that of decomposers the
micro-organisms will liberate excess N as NH,", adding to the soils inorganic N by the
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process of mineralization (Hodge et al., 2000). The determination of total nitrogen in the soil
only indicates the total amount of nitrogen exist in the soil rather than its availability.
Because, much of which is held in organic matter, and might not be immediately available to
plants and it may be mineralized to available forms over times (Hazelton and Murphy, 2007).
Nitrogen taken up during early growth stages accumulates in the vegetative parts of the plant
and utilized for grain formation at later growth stage. A large portion of nitrogen taken up by

crop plants accumulated in leaves and stems (Milkkelson, 1982).

Nitrogen management in the soil is difficult, due to dynamic nature of its cycle in the soil-
plant systems. The main components in the N cycling are the addition, transformation,
utilization, and possible losses of N from soil-plant systems. The addition of N through
inorganic source contributes the major part in the soil. However, it is also added to soil is
through biological fixation, precipitation, gases adsorption and organic manures. The way of
N transformation in soil-plant system includes fixation, mineralization, nitrification, and
immobilization (Fageria and Baligar, 2005). In most environments, the movement of N from the
soil to the plant and from the plant back to the soil through the microbial biomass. It
undergoes many transformations, which are all included in the “nitrogen cycle”. In natural
ecosystems, this cycle is more or less closed, i.e. N inputs are in equilibrium with N losses. In
agricultural ecologies, however, this cycle is disturbed by the export of substantial amounts of
N with harvested products. As a consequence, the use of N fertilizers has been essential to
keep and/or increase the productivity of the soil (Hofman and Van Cleemput, 2004). In the
past fifty years, the increased use of N fertilizer and better management practices were the
major contributors to the increment in global food production (Smil, 2001).

2.11. Nitrogen Uptake and Use Efficiency of Rice

The amount of nutrient uptake is influenced by the type, source, time and rate of fertilizer
application, the availability of nutrient in the soil and plant growth stages (Fagaria, et al.,
2003). It is influenced by soil, climate and cultural practices (IRRI, 1986). The absorption of
most nutrients is generally vigorous during vegetative growth, but is limited by the root
system (Fagaria, et al., 2003). The nutrient uptake rate stretches a peak before heading and

declined afterwards. The rice plant requires adequate amount of N in the soil at the rapid
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growth period especially at tillering for their optimum growth and yield (Takenaga, 1995).
The upland rice varieties were significantly varied in the nutrient uptake and the variation
with different growth stages increased with the age of the plants. Therefore, timing of plant

sampling had an effect on the results of nutrient uptake in crop plants (Musa et al., 2009).

The rice genotypes are varying in nutrient use efficiency in different nitrogen levels may be
due to the presence of genetic variation among varieties (Moll, 1982). The variation in
nutrient use efficiency may be due to utilization efficiency and or the uptake efficiency. The
utilization efficiency is that the genotypes may differ in the effectiveness with which the
nutrients in the plant are consumed to produce yield, and the uptake efficiency implies that the
variation in their effectiveness in absorbing nutrients from the soil (Sattelmacher, et al.,
2007). It can be defined in various ways and by different authors that the maximum economic
yield produced per unit of nutrient applied, absorbed or utilized by the plant to produce grain
and straw (Fageria, et al., 1997; Fageria and Baligar, 2001). The N utilization efficiency is
more important than N uptake efficiency when evaluating the genetic potential among
cultivars for efficient grain production, especially on soils that require high rates of N to
maximize yield (Moll et al., 1982). Utilization efficiency together with economic yield is a
desired characteristic in crop plants. The evaluation of NUE is useful to differentiate plant
species, genotypes and cultivars for their ability to absorb and utilize nutrients for maximum
yields. The NUE is based on the amounts of a particular nutrient applied or present in the soil,
transported to shoot and leaves and the remobilization (Baligar, et al., 2001). Nitrogen use
efficiency is used to indicate the overall efficiency of N and defined as the ratio of economic
yield to the fertilizer N used. The most commonly used nutrient use efficiency measures are:
agronomic efficiency (AE), recovery efficiency (RE), and physiological efficiency (PE),
computed by different methods (Ladha et al., 2005).

Nutrient use efficiency in crop plants can be stated and explained in a number of ways.
However, most of the researches on N fertilization of rice crop in various rice growing area
has focused on calibration of N fertilizer rates, plant N uptake and utilization, and the
magnitude of N loss mechanisms among different sources of N fertilizer, time and methods of
application. It helps to develop best N management practices to obtain high crop yields with
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minimum N losses and costs of production. The nutrient use efficiency in crop plants can also
be expressed in terms of crop biomass or economic yield efficiency per unit of nutrient uptake
or application (Fageria and Baligar, 2003). The increased application of nutrient fertilizers in
crop plant decreased the recovery efficiency of nutrients. Its low efficiency with increased
rate may be related to the loss of the applied nutrients by leaching, volatilization,
denitrification, and soil erosion (Fageria and Baligar, 2005). However, 50% and even more
than 80% recovery efficiency of fertilizer N was reported by different researchers in different
area (FLAR, 2001). The increment of shoot nitrogen uptake increased shoot dry weight up to
flowering stage and it becomes declined at harvest due to the translocation of nitrogen from
vegetative parts to the grain (Chaudhuri, 2015).

2.12. Losses of Nitrogen from Soil

Nitrogen is most dynamic in nature and is a key factor in maintaining higher yield in crop
production and global economic viability of agricultural systems. Since it is the most dynamic
and mobile element, its management in soil is so difficult (Delgado, 2002). It is continuously
recycled through plant and animal waste, residues and soil organic matter. The extent and
mechanism responsible for nitrogen losses depends upon the chemical and physical properties
of a given soil (Provin, and Hossner, 2001). The annual decomposition of organic matter in
the soil is about 1-3%, and it is the basic determinant of N supply. If a fertile soil contains
8000 kg nitrogen per hectare in the organic matter (2%), and this corresponds to 160 kg of N
transformed from organic N into ammonia, which may then be converted into nitrate.
However, only half percent of this may be utilized by crops, and some of which is taken up by
micro-organisms, while the remaining is lost from the soil through various ways (Shand,
2007). The main reasons for N shortage in the soil are high quantity of uptake by crop plants
compared to other macronutrients except K and through leaching, denitrification,
immobilization by micro-organisms, volatilization, soil erosion and surface runoff (Fageria et
al., 2005).

The loss of nitrogen through runoff and erosion may include, nitrate, ammonium, and organic

nitrogen. Likewise, the loss of nitrogen through leaching reduces the amount of nitrogen
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available to crops, which involves the movement of water down ward through in the soil
below the root zone. It, most frequently, occurs with nitrate in areas, where there is high
rainfall and excessive irrigation water as well as in soils with high infiltration capacity.
Therefore, the rates and time of nitrogen application should be related to soil conditions and

crop requirements in order to minimize leaching losses (Provin, and Hossner, 2001).

2.13. Bases for Fertilizer Recommendations

Generally, plants grown on soils with low N test values are usually responsive to fertilizer N
application whereas plants grown on soils with very high soil N test values show only a small
or no response to fertilizer N as the concentration of NO'3-N in the soil is very high (Mengel
and Kirkby, 1987). Hence, the application of N fertilizer depending on the N status of the soil
and the crop N requirement is very important for optimum productivity of rice. The optimum
N rate is governed by yield level, soil properties, organic matter content, cropping system,
disease pressure, water management, weed control, socioeconomic condition of farmers, and

the price of rice (Fagaria, et al., 2003).

Diagnosis of fertilizer requirement is vital to decide the applied fertilizer amount in rice
cultivation, since the rice plant needs nitrogen at all growth stages. Such diagnosis and
determination of crop nutrient requirements are carried out based on soil test and plant tissue
analysis (Sharif et al., 2003). Soil test provides some of the basic information necessary to
make agronomically profitable and environmentally sustainable nutrient recommendations. In
addition, it is an important diagnostic tool for estimating nutrient supplying capacity of soils
for optimum crop production (Rakkar et al., 2015). The results obtained from analyses can
provide information that is important for maximizing nutrient use efficiency and agricultural
productivity. A historical record of soil properties provided by long-term soil testing is useful
for determining the effectiveness of fertilizer management strategies in maintaining soil
fertility and sustainable agricultural productivity. It is also a useful for identifying the causes
of nutrient related plant growth problems (Walworth, 2006). Soils vary in their capacity to
provide nutrients to crops and crops differ in their requirements, therefore, most soils cannot

supply all essential nutrients to crops (Sharif et al., 2003). Many of the nutrients required by
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rice plants sourced from the soil. In most natural conditions the supply of nutrients from the
soil alone is insufficient to meet the nutrient requirements for high rice yields. Hence, the use
of commercial fertilizer is essential to fill the gap between the crop requirement for nutrients
and the supply of nutrient from the soil and available organic inputs (Jata et al., 2011).
Therefore, fertilizer recommendations, should consider, the supply of the nutrient from soil at

the beginning of the experiment or any development work.
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3. MATERIALS AND METHODS

3.1. Description of the Study Site

The experiment was conducted in Gimbo District of Kaffa zone, Southwestern parts of
Ethiopia in the Southern Nations, Nationalities and People’s Region (SNNPR). The specific
experimental site is Choba farmer’s association, located 27.5 km from Gimbo town. The
study area is located at 7° 35” N latitude and 36° 18” E longitudes with the altitude of 1350
masl. The area experiences long rainy season, lasting from March-April to October. The mean
annual rainfall ranges from 1710 to 1892 mm. Over 85% of the total annual rainfall occurs
within eight months of the rainy season, with mean monthly values in the range of 125-250

mm. The mean temperature ranges from 18.1 to 21.4°C. The soil type is characterized under

Vertisols (BOANRD, 2015).
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The soil of the experimental site was analyzed for the physico-chemical properties: texture,
pH, OC, total N, available P, and CEC and the results are presented in Table 1.

Table 1: Physico-chemical properties of experimental soil before sowing

Parameters measured Result Rating Source

(soil properties)

Sand (%) 17.00

Silt (%) 24.00

Clay (%) 59.00

Textural class Clayey

pH 1:2.5 (H,0) 5.6 Moderately acidic ~ Tekalign, 1991
Total N (%) 0.23 Medium Tekalign, 1991
Available P (ppm) 12.50 Medium Roy et al., 2006
Organic carbon (%) 2.83 Medium Tekalign, 1991
Organic matter (%) 4.87 Medium Tekalign, 1991
Catain exchange capacity 39.24 high Roy et al., 2006

3.2. Experimental Design and Treatments

The upland rice consisted of four levels of varieties namely; NERICA-4, Suparica-1, Kokit
and Kellafo-1. NERICA-4 and Suparica-1 were released in 2006 by Pawe Agricultural
Research Center; while Kokit and Kellafo were released in 1999 and 2010 by Adet and Gode
Agricultural Research Centers, respectively. They were high yielding and disease resistant

varieties and well adapted to rainfed upland ecosystems. The varieties namely

The fertilizer treatments consisted of four levels of Nitrogen i.e., 0, 23, 46 and 69kg ha™) in
the form of urea (46% N) were used. Nitrogen was applied in two equal splits; half of
nitrogen was applied immediately after the establishment of seedlings and the remaining half

at panicle initiation stage.

20



3.3. Experimental Procedures

Four levels of variety and four levels of nitrogen fertilizer, with a total of sixteen treatments
were used in the study (Appendix Table 5). The experiment was laid out in split plot design
with three replications. Varieties were set up as the main plot factor; while nitrogen fertilizer
rates were considered as the sub-plot factor. The total experimental area was divided into
three replications (blocks), each of which is further divided into four main plots. Following
the procedure four main plots and replications were randomly assigned the four main plot
treatments (varieties) to the four main plots in each of the three blocks. Then each of the
twelve main plots divided into four subplots and four subplot treatments (Nitrogen rates) were
assigned the four N rates to the four subplots in each of the twelve main plots.

The main plot size of the experiment was 60 m? (15 x 4 m) and the subplot size of the
experimental unit was 12 m? (3 x 4 m) and 6 m? (2 m x 3 m) was used as a net plot size. The
spacing between the blocks (replications) was 1.5 m; whereas plots were spaced 1m apart
from each other. The experimental field was prepared following the standard practices for rice
production before sowing. The field was ploughed, leveled, and rows were prepared 25cm
apart from each other. Sowing was done on June, 2015 by hand drilling the seeds in the rows
at the rate of 60 kg ha ™. The total dose of phosphorus in the form of triple super phosphate
(TSP) (46% P,0s) ha™* was applied at sowing uniformly in all experimental plots. In addition,

all other recommended agronomic practices were applied uniformly in all experimental plots.

3.4. Soil Sampling and Analysis

Representative surface soil samples (0-30 cm) were collected using Auger from 15 spots of
the entire experimental field in a zigzag pattern to form one composite sample for soil fertility
evaluation before sowing. The composite soil samples collected were air-dried, ground and
sieved to pass through a 2 mm sieve in preparation for analysis. The soil was analyzed (twice)
for physico-chemical properties: in JUCAVM soil laboratory for texture, pH, OC, total N,
available P, and CEC.
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Accordingly, soil pH was determined potentiometrically using a glass electrode attached to a
digital pH meter in 1:2.5 soils to water ratio suspension as described by Carter (1993).
Texture of the soil was analyzed by hydrometer method according to the procedure reported
by Bouyoucos (1962). The cation exchange capacity (CEC) was measured after leaching the
ammonium acetate extracted soil samples with 10% NaCl solution and then determining the
amount of ammonium ion in the percolate, as per the procedure outlined by Kjeldahl and
reported as CEC (Hesse, 1972). The soil organic carbon content was determined using wet
digestion method, and percent soil organic matter (OM) was obtained by multiplying percent
soil organic carbon by a factor of 1.72 (Walkley and Black, 1934). The determination of
available P in the soil was done using sodium bicarbonate as extracting solution (Bray and
Kurtz, 1945). The total N was determined using the Kjeldahl digestion and distillation method
(Jackson, 1958).

3.6. Plant Tissue Analysis

The whole above ground plant part; (grain and straw) were collected at physiological maturity
from each experiment unit to determine the nitrogen content in the rice plant, and a total of 48
samples each for grain and straw were prepared for chemical analysis in the animal nutrition
laboratory of Jimma University College of Agriculture and Veterinary Medicine (JUCAVM).
Grain and straw samples were dried in an oven at about 70 °C until it reaches constant weight,
and then ground to pass through a 2 mm sieve. The ground plant materials (grain and straw)

were stored in a small paper bags, separately.

Nitrogen content of the grain and straw were determined using micro-Kjeldahl method
(Dewis and Freintus, 1970; Jackson, 1973). A 0.3 gram grain and straw samples and a 1.1
gram digestion tablet (K,SO4:CuSO4+5H,0: Se = 10:1:0.1) were placed in a digestion tube
and then 5 mL concentration of H,SO, were added to it. The flasks were taken to the
digestion chamber and the block digester was adjusted at 420°C until it becomes color less.
After completion of the digestion process, the tubes were cooled down for 30 minutes. The
digest was moved to a volumetric flask and the volume was raised to 20 ml with distilled
water and 40% NaOH solution. The distilled NH3 was absorbed in HsBOj3 indicator solution
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and titrated with 0.01N HCL. Likewise, a reagent blank was prepared in the same manner.
Finally, the results were expressed as percentages.

3.7. Data Collection and Measurements

The agronomic parameters were determined according to the method of standard evaluation
system for rice (IRRI, 1988; 2013).

3.7.1. Phenological parameters

Days to 50% heading: was recorded by counting the number of days from sowing to the time

when 50% of the panicles begins to exert from the boot.

Days to 85% physiological maturity: days to 85% maturity was recorded as the number of days

starting from the date of sowing to when 85% of the grains on the panicle was fully ripened.

3.7.2. Growth parameters

Plant height: was determined by measuring the length of ten randomly selected sample plants

from the ground level to the tip of the panicle in each plot at physiological maturity.

Panicle length: done by measuring the length of the panicle from the node where the first
panicle branch emerge to the tip of the panicle and determined from an average of ten
randomly selected plants per plot.

3.7.3. Yield and yield components

Number of tillers (both productive and unproductive) per m?: The numbers of tillers were

determined by counting the tillers from an area of 0.5 m x 0.5 m row plants by using quadrant

in each plot.
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Number of panicles per m? The number of panicles was determined by counting the
panicles from an area of 0.5 m x 0.5 m row plants of each plot.

Number of total spikelets per panicle: The number of spikelets was determined by counting
all spikelets (filled and unfilled) from ten randomly selected panicles of ten sample plants in

each plot and averaged.

Number of filled spikelets per panicle: The number of spikelets was determined by counting
only filled spikelets from ten randomly selected panicles of ten sample plants in each plot and
averaged.

Thousand grain weight: was determined by weighing randomly drown 1000 grains of well

developed, whole or undamaged grains using a sensitive balance and adjusted to 14% MC.

Grain yield: grain yield was determined by harvesting the rice crop from the net middle plot
area of 6m? and threshed cleaned and weighed using an electronic balance and then adjusted

to 14% moisture content.

Straw yield: at maturity, the above ground plant parts excluding grains (leaves and stems)

from the net plot area were harvested, sun dried and then measured.

Biological yield: at maturity, the whole plant parts, including grains and straw (leaves and
stems) from the net plot area were harvested, sun dried and then measured.

Grain harvest index (%): was calculated as the ratio of grain yield to biological yield (grain

plus straw) (Fageria et al., 1997).

3.7.4. N uptake and use efficiency parameters

N uptake in grain: The uptake of N in grain was determined by multiplying N content with
grain yield ha™ and divided by 100.
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(N concentration of grain = Grain yield )

Grain N uptake =
100

N uptake in straw: was determined by multiplying N content with straw yield ha” and
divided by 100.

(N concentration of straw * Straw yield )
100

Straw N uptake =

Total N uptake: was obtained by summing up the N uptake by grain and straw (Husan et al.,
2014).

Total N Uptake = Z[N uptak of grain + N uptake of straw]

Nitrogen harvest index: was determined as the ratio of nitrogen uptake in grain to the total
uptake of nitrogen (grain plus straw) (Fageria et al., 2003).

Determination of Agronomic, Physiological and Apparent N Fertilizer Recovery was
computed as per the formula used by Pal (1991); Mengel and Kirkby (1996) and Fageria and
Baligar (2005):

Agronomic N Use Efficiency (ANUE): was defined as the economic production obtained

per unit of nutrient applied. It was calculated as follows:

(GF - GUF]

Agronomic N Use Efficiency =
Na

Physiological N Use Efficiency (PNUE): was defined as the grain yield obtained per unit of

nutrient uptake. It was calculated as:
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(GF B GUF]

Physiological N Use Efficiency =
(UF —U L’F:]

Apparent N Recovery Efficiency (ANRE): the quantity of nutrient uptake per unit of N
applied.

Apparent N Recovery Efficiency =

u.—u
( F UF]]X 100
Na

Where:

G and G, stands for grain yield of the treatment receiving the applied N fertilizer
and the grain yield in control having no N application, respectively. U and Uy stands

for nutrient uptake of the N receiving treatment and unfertilized or control treatment,

respectively. ‘Na’ is stands for the quantity of N applied.
3.8. Statistical Analysis

The collected data were checked for ANOVA assumptions before analysis i.e. the treatment
effects due to environmental must be additive, the experimental errors must all be
independent, normal distribution of the experimental errors and the homogeneity of the
experimental errors. Then the collected data were subjected to factorial analysis of variance
(ANOVA) using General Linear Model (GLM) procedures of SAS version 9.2 (SAS Institute,
2002-2008) to determine the significance of the effect of nitrogen fertilizer levels on the
upland rice varieties. The treatment means of significant treatment effects were compared
using Least Significant Difference (LSD) test at 5% probability level (P < 0.05). Pearson
correlation analysis was carried out using the same software to investigate associations
between grain yield and yield components of rice varieties as well as between grain yield and

nitrogen uptake in the rice plant.
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The ANOVA model for split plot design:

Yﬂl’jz p+ R_i' + A4, + Eu_:' + B, + [AH:]uv + Euv_;‘

Where:
Y wj = is the observation of vI" sub-plot treatment in u™ main plot treatment of | block;
p = is the overall mean
R; = denotes the j" block effect
A, - is the main effect of u™ level of variety
B, - is the main effect of v"" level of fertilizer
(AB),, = is the interaction effect of u™ level of variety and v™" level of fertilizer
€ijand &y = are the error terms, error 1 and error 2, associated with the main plots and
the sub-plots, respectively.

3.9. Partial Budget Analysis

Partial budget analysis was performed for economic analysis of different rates of applied N
fertilizer and carried out using the average grain yield. The yield response of rice varieties to
the applied fertilizer rate was estimated, where price of fertilizer and costs that varied during
cultivation determined the economic feasibility of fertilizer application. The main purpose of
partial budget was to evaluate the differences in cost and benefits among different N rates.
Meanwhile, the yields of all treatments were adjusted downward by 10% to reflect possible
lower yields expected by the farmers due to differences in management factors. The price of
N (ETB 1,421) per quintal, the local wage rate of (ETB 30) per person per day and the
transport cost (ETB 0.3) per kg were considered under variable costs. The farm gate price of
grain was (ETB 6.0) per kg. A gross farm gate benefit was obtained by multiplying adjusted
yield (kg ha™) with farm gate price (ETB kg™); while the marginal rate of return for each N
fertilizer treatment was calculated as change of benefit divided by change of cost and
multiplied by 100 (CYMMYT, 1988). However, economic recommendations were made by
arranging interaction effect of variety and rate of N fertilizer application in order of increasing
costs and then considering MRR between each treatment. However, the decision was made

taking into account both the acceptable minimum rate of return and sensitivity analysis. Thus,
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all treatments were subjected to sensitivity analysis for ability to withstand yield changes. In
this analysis, the marginal rate of return was redone considering 20% yield reduction from
current level. The acceptable minimum rate of return was used by considering 100% returns
to management. The interest rate of the fertilizer in the area was 1.25% per month, and the
period between land preparation and realization of income is seven months. The cost of
capital is 8.75% (1.25% (15%/12) x 7 months). Finally, the treatment with the highest net

benefit and MRR was recommended for further production in the study area.

ANE
ATVC

MRR = =100

Where;
MRR = Marginal rate of return in percentage, ANB = Change in net benefits,
ATVC = Change in total variable cost

28



4. RESULT AND DISCUSSION

4.1. Rice Phenology and Growth

Analysis of variance for two factors split plot design (Table 2) revealed significant difference
(p <0.01) for both of main effects i.e., variety and N rate of fertilizer application for all of the
phenological parameters (days to heading and maturity) and growth parameters (plant height
and panicle length) studied. However, none of the interactions of variety by N rate were
significant for all of the phenological and growth parameters.

Table 2: Mean square values for phenological and growth parameters as affected by variety

and N rates
Parameters Mean squares
Var (3) NR (3) Var*NR(9) CV (%)

Days to heading 416.50** 106.72** 3.37™ 1.69

Days to maturity 171.35** 122.91** 0.45™ 1.44

Plant height (cm) 92.54** 142.02** 5.56™ 2.79

Panicle length (cm) 13.83** 35.65** 0.59™ 4.79

Var = variety; NR = Nitrogen rate; Values put in parenthesis indicates the degree of freedom for
respective source of variation; **, ™ = significant, highly significant and non-significant at LSD (%)

0.05 probability level and CV (%) = coefficient of variation.

4.1.1. Days to heading

There was significant difference among the varieties for days to 50% heading. NERICA-4 and
Kokit were the earliest to head with 87 and 88 days to heading (Table 3). The latest days to
heading was recorded for variety Suparica-1 followed by Kellafo-1, with respective days to
heading of 100 and 94. This difference might have come from genetic variation among the

tested varieties.

Days to heading was also significantly affected by the rate of nitrogen fertilizer applied. The

result showed that days to heading were linearly extended as the applied N fertilizer increased
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(Table 3). The longest days to heading was recorded at the rate of 69 kg ha™, while the
earliest was recorded for unfertilized control (89 days). The observed difference among
varieties for days to heading might be due to the inherent genetic differences among the
varieties. The increase in N rates significantly prolongs the duration of the vegetative period
in plants, which further delays days to heading. This result is in agreement with the results of
Tanaka (1995) and Abou-Khalifa (2012) who reported delayed days to heading at the highest

rate of nitrogen fertilizer application over the control treatment.

4.1.2. Days to physiological maturity

The result showed that the longest days to maturity was recorded for variety kellafo-1 and
Suparica-1, which took 125 and 124 days, respectively (Table 3). NERICA-4 and, Kokit were
the earliest to mature or took shorter days to maturity with 118 days. The observed difference
among varieties for days to maturity might be due to the inherent genetic differences among
the varieties. The result revealed that maturity date showed linear increase with increased rate
of N fertilizer application. Thus, when the rate of N application increased from the control to
the highest rate of 69 kg N ha™ days to maturity extended by seven days. The mean separation
indicated that the longest days to maturity (124 days) was recorded at the rate of 69 kg N ha,
while the earliest (117 days) was recorded on the control treatment. In contrast, Sokat (2005)
reported non-significant influence of increased rate of N on days to maturity among upland
rice varieties, which might be due to the study was conducted under high soil total N
conditions. This result is in agreement with Marschener (1995) and Tsedalu (2011) who
reported that extended days to maturity at highest rate of N fertilizer application. The increase
in N rates significantly delays the duration of the vegetative and reproductive period in plants
(Namvar and Sharifi, 2011) and that prolongs the growth duration and delays maturity by

encouraging excessive vegetative growth (Brady, 1988).

4.1.3. Plant height

The varieties showed significant differences in plant height (Table 3). Suparica-1 and Kellafo-
1 produced the highest plant height of 84.6 cm and 83.1cm, respectively; whereas Kokit
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produced the shortest height of 78.6 cm. The observed difference in height between the
varieties may be due to the inherent genetic difference among tested varieties. This result is in
consistent with the results of Rahman (2003) and Jisan (2014) who observed difference in

plant height among the varieties evaluated in their studies.

The plant height showed increase from 77.9 to 86.0 cm, when the rate of N application
increased from 0 to 69 kg ha™. In fact, nitrogen is primarily responsible for vegetative growth
of plants, which mediates leaf expansion through increase in cell number and enhancing the
availability of assimilates (Sivasankar et al., 1993). The rate of nitrogen fertilizer application
increased the height of upland rice varieties. The increased height in response to increasing
the rate of nitrogen application was likely due to the availability of more nitrogen in the soil,
which may have promoted vegetative growth of the rice plants. This result is in agreement
with the findings of Haque et al. (2012); Rahman et al. (2007); Sikuku et al. (2015) who
reported that, increasing N fertilizer application increases plant height in rice. Several other
authors also reported the same (Sharma, 1973; Fageria, 2007 and Ehsanullah et al., 2012). It
could be due to enhanced rate of nitrogen transport from culms to leaves that may lead to the
production of photosynthate, which enhances the translocation of nutrients to the growing part
of the plant (Singh et al., 2014). This is most likely due to the availability of nitrogen in the
soil, which may have encouraged the vegetative growth of upland rice varieties that promoted
the growth of plants, through increasing the length as well as number of internodes (Gasim,
2001).

4.1.4. Panicle length

The panicle length of the varieties significantly increased with increasing level of nitrogen
(Table 3). The longest panicle length was recorded for varieties NERICA-4, Suparica-1 and
Kellafo with respective panicle length of 19.7, 19.3cm, and 18.8cms, respectively. But Kokit
produced the shortest panicle length of 17.2cm.

The length of panicles was significantly and linearly increased with increasing nitrogen rate
up to 46 kg N ha*, which was statistically similar to 69 kg N ha™. Thus, the increase in the
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rate of N application from the control to the highest rate of 69 kg N ha™ increased the panicle
length by 3.67 cm. This is probably due to better absorption of nitrogen by the rice plant
during panicle growth period and this could be enhanced the length of panicle in rice
(Manzoor et al., 2006). This result is Similar with the result of Yoseftabar (2013) who
reported increment of panicle length with increasing rates of nitrogen fertilization.

Table 3: Mean values of heading, maturity, plant height and panicle length as affected by
variety and N rates

Variety Days to Plant height Panicle length
Heading Maturity (cm) (cm)
(50%) (85%)

NERICA-4 86.8° 117.6° 80.02° 19.65°

Suparica-1 99.6° 123.6° 84.62° 19.33°

Kokit 88.1° 118.1° 78.58° 17.23°

Kellafo-1 94.2° 125.0°% 83.14% 18.83%

LSD (%) 3.31 3.25 3.14 1.64

CV (%) 3.60 2.68 3.86 8.74

Nitrogen rate

0 88.8° 117.0° 77.92¢ 16.58°

23 91.2¢ 120.3° 80.13° 18.18°

46 92.9" 122.6° 82.31° 20.03

69 95.8° 124.4° 85.99% 20.25°

Means 92.2 121.1 81.59 18.76

LSD (%) 1.31 1.47 1.92 0.76

CV (%) 1.69 1.44 2.79 4.79

Means with the same letter are not significantly different at 5% level of significance; ns = non-
significant; LSD (%) = Least significant difference at P < 0.05; CV (%) = Coefficient of variation.

4.2. Yield and Yield Components
Analysis of variance for two factors split plot design (Table 4) revealed significant difference

(p <0.01) for the main effect of variety and N rate of fertilizer application on yield and yield

components traits. Similarly, the interactions of variety with N rate showed significant

32



difference on yield and yield related parameters, except thousand grain weight and straw yield
(p >0.05).

Table 4: Mean square values for yield and yield components as affected by variety and N

rates
Parameters Mean squares
Var (3) NR (3) Var*NR (9) CV (%)

Grain yield 4922149** 18677865** 175484.7* 3.27
Straw yield 771429.91** 4143208.20**  60857.34™ 5.16
Biological yield 5095774.00**  17660295.39** 317326.35** 2.31
Grain harvest index 28.427** 105.45** 15.841** 3.27
Filled spikelets Panicle™ 451.534** 635.98** 25.200** 2.18
Total spikelets Panicle™ 259.069** 1917.12** 33.613** 2.26
Tiller number m? 636.667** 7938.67** 73.111** 1.66
Panicle number m? 1316.750** 3776.31** 106.528** 1.69
1000-grain weight 32.695** 9.06** 0.285™ 1.87

Var = Variety; NR = Nitrogen rate; values put in parenthesis indicates the degree of freedom for
respective source of variation; *, **, ™ = significant, highly significant and non-significant at LSD (%)
0.05 probability level and CV (%) = coefficient of variation

4.2.1. Tiller and panicle numbers per square meter

There was significant increase in the number of tillers in all tested varieties in each successive
rate of fertilizer application up to 69 kg N ha™(Table 5). The comparisons of means indicated
the highest number of tillers (266.0) per square meter was recorded in the treatment
combination on NERICA-4 at 69 kg N ha™ followed by Suparica-1 (260.7) at 69 kg N ha™.
The lowest tiller number was recorded for variety Kokit (182.7) at control treatment.

The increased tiller number with increasing rates of N application might be due to more
availability of nitrogen that favored cellular activities in rice plant and led to increased
number of tillers. The increased N application in rice enhanced the production of tillers due to
more nitrogen supply to plants at active tillering stage (Manzoor et al., 2006). This result is in
line with the findings of Fageria and Baligar (2001); Meenan et al. (2003); Singh et al. (2014)
and Sikuku et al., (2015) who reported the highest number of tillers at maximum rate of N
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fertilizer application over the control treatment. This result is agrees with those of Hossain et
al. (2008); Jisan (2014) and Sikuku et al. (2015) who reported the same.

Table 5: Mean values of number of tillers per m? as affected by variety and N rates

Variety Nitrogen rate (kg ha™)

0 23 46 69 Mean
NERICA-4 206.67' 236.00" 245.33% 266.00° 238.50
Suparica-1 208.00' 237.33% 252.67" 260.67% 239.67
Kokit 182.67 219.33" 245.33% 247.33% 223.67
Kellafo-1 200.00' 228.67° 252.67° 255.33" 234.17
Mean 199.34 230.33 249.00 257.33

LSD (%) =8.19 CV (%) =2.10

Means with the same letter are not significantly different at 5% level of significance; LSD (%) = Least
Significant Difference Test at P < 0.05; CV (%) = Coefficient of variation

Panicle number is one of the yield contributing components in rice production. The number of
panicles per unit area is considered as one of the most important yield components, which
increasing the rice yields (Fageria et al., 2007). The interaction effect of variety and rate of N
application was significantly varied for number of panicles per square meter (Table 6). The
application of nitrogen fertilizer significantly increased number of panicles per square meter
over the control treatment. Interaction of variety and N rate indicated that, highest (227.3)
number of panicles per square meter was recorded for NERICA-4 at the rate of 69 kg N ha™
followed by Suparica-1 (220.0) combined at the same N rate. However, the lowest (174.5)
panicle number was recorded for Kokit at control treatment. NERICA-4 and Suparica-1
performed well under both low and high N rate. Thus, two varieties; NERICA-4 and
Suparica-1 increased number of panicles at the maximum rate of N application (69kg ha™).
On the other hand, Kokit and Kellafo-1 produced their maximum number of panicles at 46kg
N ha, and then decreased with further increase from 46 to 69 kg N ha™. This indicated the
difference in the genetic potential of the varieties in responding to the rate of applied N. The
increased number of panicles per square meter due to increased N rate in rice might be due to
the contribution of adequate supply of nitrogen to the production of branches, which probably
increased panicles. This result is in line with those of Artacho et al. (2009); Mannan et al.
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(2010) and Jisan (2014). As stated by Gebrekidan and Seyoum, (2006), number of panicles
per unit area is the most yield contributing trait, which had a direct effect on grain yield.

Table 6: Mean values of number of panicles per m? as affected by variety and N rates

Variety Nitrogen rate (kg ha™)

0 23 46 69 Mean
NERICA-4 184.00' 208.00° 212.67% 227.33° 208.00
Suparica-1 182.67" 206.67¢ 218.67™ 220.00° 207.00
Kokit 156.67" 188.00f 208.00¢ 189.33°f 185.50
Kellafo-1 174.00g 196.00° 212.67% 206.67° 197.34
Mean 174.35 199.67 213.00 210.83

LSD (%) = 6.76 CV (%) = 2.04

Means with the same letter are not significantly different at 5% level of significance; LSD (%) = Least
Significant Difference Test at P < 0.05; CV (%) = Coefficient of variation

4.2.2. Number of filled, and total spikelets per panicle

The interaction effect of variety and N rate indicated that NERICA-4 and Suparica-1
produced the highest filled spikelets per panicle, due to increased rate of N application up to
69kg N ha*, while Kokit and Kellafo-1 increased the number of filled spikelets per panicle up
to 46kg N ha® (Table 7). The highest number of filled spikelets (114.3) per panicle was
recorded for Suparica-1 at the rate of 69kg N ha™, which was statistically not different with
Suparica-1 at 46 kg N ha-1 and also when NERICA-4 (111.7) received the highest rate of N
(69 kg hal). However, the minimum number of filled spikelets per panicle (80.1) was
produced by variety Kokit at control having no nitrogen application. This result is similar with
the findings of Kandil et al. (2010) highest number of filled spikelets per panicle were
obtained at maximum rate of N application i.e. 69 kg N ha™*; whereas the lowest was obtained
from the control. The observed highest number of filled spikelets per panicle with increased
rate of N might be due to the contribution of adequate nitrogen supply that might have
favored filled spikelet formation, which probably increased the number of filled spikelets with
increasing nitrogen application (Rahman et al., 2007).
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The optimum rate of nitrogen fertilizer that produce the highest number of filled spikelets but
lowest number of unfilled spikelets per panicle, which is the most important trait in
determining the performance of varieties for grain yield (Chaudhuri, 2015). The increase in
filled spikelet at increased rate of N might be due to the increase in chlorophyll content of
leaves, which leads to higher photosynthetic rate and ultimately plenty of photosynthate
available during spikelet development (Kandil et al., 2010).

Table 7: Mean values of number of filled spikelets per panicle as affected by variety and N

rates

Variety Nitrogen rate (kg ha™)

0 23 46 69 Mean
NERICA-4 97.47" 105.97% 109.63" 111.67% 106.19
Suparica-1 95.00°" 102.27° 112.27% 114.30° 105.96
Kokit 80.10' 95.80%" 101.97% 96.13° 93.50
Kellafo-1 91.67" 97.60°™ 103.97° 101.63%" 08.72
Mean 91.06 100.41 106.96 105.93

LSD (%) =4.40 CV (%) = 2.62

Means with the same letter are not significantly different at 5% level of significance; LSD (%) = Least
Significant Difference Test at P < 0.05; CV (%) = Coefficient of variation

The varieties differed for the number of total spikelets produced per panicle in response to the
applied N rate up to 46 kg ha™*. However, when the N rate exceeded 46 kg ha™ all the varieties
produced the highest total number of spikelets per panicle (Table 8). Thus, all tested varieties
produced the highest total number of spikelets per panicle i.e. Suparica-1 (140.6), NERICA-4
(138.0), Kellafo-1 (137.3) and Kokit (136.1) at the rate of 69kg N ha™. On the other hand,
minimum number of spikelets per panicle (95.8) was produced for variety Kokit at the
control. Besides, varieties NERICA-4 and Suparica-1 showed significant difference for total
number of spikelets per panicle over Kokit at 46 kg N ha™. The observed varietal difference
regarding spikelet production might be due to inherent genetic difference among tested
varieties. In addition, higher number of total spikelets per panicle at higher nitrogen rate
might be due to the absorption of higher nitrogen by rice plant that might have enhanced the

formation of higher number of branches per panicle, which leads to the formation of more
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spikelets per panicle (Rahman et al., 2007). This result is in agreement with the results of
Singh and Singh (1993); Nori et al. (2008); Tsedalu, (2011) and Haque and Haque (2016).

Table 8: Mean values of number of total spikelets per panicle as affected by variety and N

rates
Variety Nitrogen rate (kg ha™)
0 23 46 69 Mean

NERICA-4 115.13" 126.30% 130.63™ 138.00° 127.52
Suparica-1 111.00° 120.60°f 131.27" 140.63° 125.88
Kokit 95.77" 113.80°¢ 122.23% 136.13%® 116.98
Kellafo-1 111.00¢ 119.60° 129.30° 137.30° 124.30
Mean 108.23 120.08 128.36 138.02

LSD (%) = 559 CV (%) =2.72

Means with the same letter are not significantly different at 5% level of significance; LSD (%) = Least
Significant Difference Test at P < 0.05; CV (%) = Coefficient of variation

4.2.3. Thousands grain weight

Variety Kokit produced highest (31.3gm) thousand grain weight among others (Table 9).
However, the lowest 1000-grain weight (28.4gm) was recorded on NERICA-4. The other two
varieties; Kellafo-1 and Suparica-1 were produced the same grain weight of 31gm. This result
is consistent with the results of Hasan (2007) and Jisan (2014) who reported differences in
thousand grain weights among rice varieties. The observed differences in thousand grain

weight among varieties might be due to inherent genetic differences among the varieties.

The application rates of N had showed significant difference for thousand grains weight
(Table 9). The highest thousand grain weight (31.6 gm) was recorded at the rate of 69 kg N
ha™, but the value was statistically similar with the weight at the rate of 46kg N ha™ which
was 31.3 gm. However, the lowest grain weight was recorded for control N rate. Similar result
was reported by Jisan (2014). In the contrary, several authors reported non-significant effect
of nitrogen fertilizer on thousand grain weight in rice (Van Hach and Nam; Sokat, 2006;

Mannan et al., 2010; Heluf and Mulugeta, 2014), due to insufficient translocation of
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carbohydrates to individual spikelets, which has also resulted in the competition for growth
and increased number of spikelets per panicle.

Table 9: Mean values of thousand grain weight as affected by variety and N rates

Variety TGW (gm) Nitrogen rate (Kg ha™) TGW (gm)
NERICA-4 28.4¢c 0 29.6¢
Suparica-1 31.3b 23 30.6b
Kokit 32.2a 46 31.3a
Kellafo-1 31.2b 69 31.6a
LSD (%) 0.95** LSD (%) 0.49**
CV (%) 3.08 CV (%) 1.87

Mean 30.78

TGW-= Thousands grain weight (gm); Means with the same letter are not significantly different at 5%
level of significance; ns = non-significant; LSD (%) = Least significant difference at P < 0.05; CV (%)
= Coefficient of variation.

4.2.4. Grain yield

The grain yield of all tested varieties was significantly and inconsistently increased across the
increased rates of nitrogen application. The highest grain yield was produced by varieties
NERICA-4 and Suparica-1 at the maximum rate of N application (69kg ha™*) with grain yield
of 4589.0 and 4575.0kg ha™, respectively. However, Suparica-1 at the rate of 46 kg ha™ gave
statistically the same grain yield with NERICA-4 and Suparica-1 at 69 kg N ha™. Kokit
produced the lowest grain yield of 2307.3kg ha™ at control plot. Furthermore, NERICA4 and
Suparica-1 also surpassed the other two varieties in producing more number of tillers per
square meter and filled spikelets per panicle, which might have direct effect on increased
grain yield. The positive and strong associations between grain yield and yield components in
rice was reported by Yoshida (1981).

NERICA-4 and Suparica-1 showed grain yield response to increased N rate of up to 69kg ha
' while Kokit and Kellafo-1 showed increment in grain yield up to 46kg N ha™, and declined
when the N rate exceeded this rate. The decrease in grain yield with increasing the rate of N

application might be due to the reduction in the number of panicles per square meter and
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filled spikelets per panicle for the varieties. The observed difference among varieties in
response to applied N fertilizer might be due to inherent genetic difference among varieties.
The increased grain yield with increased rate of N application might be due to the favorable
growth with better N uptake resulted in the production of higher tiller number, panicle number
and filled spikelets per panicle. This result is consistent with the results of Jayakumar and
Krishnasamy (2005). The application of nitrogen fertilizer might be associated with the
highest N uptake and accumulation of N in rice, which further leads to the production of
increased number of panicles and filled spikelets per panicle. In addition, there were strong
associations observed between yield components and grain yield. Thus, the increment in yield
components of rice further increased the grain yield of rice (De Datta and Patrick, 1986; Heluf
and Mulugeta, 2006; Fageria, 2007).

The association of yield components with grain yield is positive and strong as they have
significant correlation of r= 0.87** with number of tillers, r= 0.93** with number of panicles,
and r= 0.93** with number of filled spikelets r= 0.82** and total number of spikelets per
panicle (Table 22). Meanwhile, grain yield had significant and positive correlation with grain
N uptake (r=0.99**) as well as total N uptake (r= 0.97**) in the study. This depicts that the
contribution of nitrogen uptake to increased grain yield of rice is paramount important.

Table 10: Mean values of grain yield (kg ha™) as affected by variety and N rates

Variety Nitrogen rate (kg N ha™)

0 23 46 69 Mean
NERICA-4 2664.00" 3567.70° 4249.70° 4589.00° 3767.60
Suparica-1 2554.00" 3301.00°"  4494.70 4575.00° 3731.18
Kokit 2307.30' 2949.70° 3468.00%  3039.00¢ 2941.00
Kellafo-1 2502.00™ 3115.00" 3808.00° 3516.30% 3235.33
Mean 2506.83 3233.35 4005.10 3929.83

LSD (%) = 219.08 CV (%) =3.85

TGW= Thousands grain weight (gm); Means with the same letter are not significantly different at 5% level of
significance; ns = non-significant; LSD (%) = Least significant difference at P < 0.05; CV (%) = Coefficient of
variation.
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4.2.5. Straw yield, biological yield and grain harvest index

The highest straw yield of 5178.80kg ha™, 4922.0 kg ha™ and 4822.2 kg ha™* was recorded for
NERICA-4, Suparica-1, and Kellafo-1. However, the lowest straw yield was recorded for
Kokit (4563.80kg ha™). The difference in straw yield production among varieties could be
due to the tallest height of the plant coupled with greater number of tillers per square meter
contributed the highest straw yield in rice. Thus, association of plant height and tiller number
with straw yield is positive and significant as they have the correlation of r= 0.64** with
number of tillers and r= 0.65** with plant height (Table 22). This result is similar with the
result of Jisan (2014) who reported differences among varieties in producing straw yield.

The nitrogen rate showed significant difference for straw yield in rice. The highest straw yield
of 5614.50kg ha™ was produced at 69kg N ha™; while the lowest (4273.40kg ha™) was
recorded at the control treatment. The increased straw yield with N rate might be due to
enhanced vegetative growth of rice plant that might have resulted in higher straw yield. The
straw yield is increased with the rate of N fertilizer in all the tested varieties. Rahman et al.
(2007) reported that, influence of nitrogen application in vegetative growth in terms of plant
height and number of tillers, which further increased the straw yield. This result is consistent
with the results of Salam (2004); Mannan et al. (2010) and Jisan (2014), who reported

increased straw yield as a result of increased rate of N application in rice.

Table 11: Mean values of straw yield (kg ha™) as affected by variety and N rates

Variety Straw yield Nitrogen rate Straw yield
(Kg ha) (Kg ha) (Kg ha)
NERICA-4 5178.80° 0 4273.40°
Suparica-1 4922.00% 23 4558.40°
Kokit 4563.80" 46 5038.90°
Kellafo-1 4822.18° 69 5614.50°
LSD (%) 383.07** LSD (%) 211.85%*
CV (%) 7.87 CV (%) 5.16
Mean 4871.31

Means with the same letter are not significantly different at 5% level of significance; LSD (%) = Least
Significant Difference Test at P < 0.05; CV (%) = Coefficient of variation.
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The biological yield was significantly affected by the interaction effect of variety and N rate.
The highest biological yield was recorded for NERICA-4 and Suparica-1, at the highest N rate
of (69kg ha™), with respective mean biological yield of 10410.3 kg ha™ and 10218.3 kg ha™
(Table 12). The application of nitrogen fertilizer positively influenced grain, as well as, straw
yield and, which further influenced biological yield in rice (Rahman et al., 2007). The results
showed that, biological yield increased progressively with each successive increment of
nitrogen fertilizer in rice. This result is consistent with the results of Dutta (2002) and Sokat
(2006).

Table 12: Mean values of biological yield (kg ha™) as affected by variety and N rates

Variety Nitrogen rate (kg N ha™)

0 23 46 69 Mean
NERICA-4 7261.70%" 8550.70¢ 9554.70° 10410.30° 8944.35
Suparica-1 705470 791430  9425.30°  10218.30° 8653.15
Kokit 6062.00' 7193.00%" 8380.70% 8383.00% 7504.68
Kellafo-1 6742.70" 7509.00™ 8815.30% 9165.70 8058.18
Mean 6780.28 7791.75 9044.00 9544.33

LSD (%) = 593.54 CV (%) = 4.31

Means with the same letter are not significantly different at 5% level of significance; LSD (%) = Least
Significant Difference Test at P < 0.05; CV (%) = Coefficient of variation

Grain harvest index of all the tested varieties increased with increasing the rate of N
application up to 46 kg N ha™, and further increase to 69kg ha™ had decreased grain harvest
index in upland rice (Table 13). There were variations among rice varieties in grain harvest
index. It could be due to the difference in partitioning of nutrients between panicle and straw
(Yoshida, 1981). As it was indicated below the table (Table 13), Suparica-1 at the rate of 46
kg N ha™ gave the highest grain harvest index of (47.7%) followed by Suparica-1 (44.8%) at
the rate of 69kg N ha™ and NERICA-4 (44.5%) at the rate of 46 kg N ha™. The highest value
of harvest index obtained at 46 kg N ha™ could be due to an increase in grain yield more than
the increase in straw. Whereas, the recorded lower harvest index with the maximum N rate
could be due to the influence of nitrogen application on the vegetative growth in terms of
plant height and number of tillers, which further resulted in increased straw yield more than

the increased grain yield. This result is in agreement with the findings of Moro et al. (2015),

41



who reported the highest grain harvest index at increased rate of nitrogen application up to 90
kg ha™ then decreased when the rate of N increased to 150 kg ha™. Furthermore, the existence
of significant variation among rice genotypes in grain harvest index was also reported by
Tadesse and Moro et al. (2015). On the other hand, Fageria et al. (2007) have reported

improvement in grain harvest index due to application of nitrogen fertilizer in rice.

Table 13: Mean values of grain harvest index (%) as affected by variety and N rates

Variety Nitrogen rate (kg N ha™)

0 23 46 69 Mean
NERICA-4 36.69° 41.72% 44.47° 44.09™ 41.74
Suparica-1 36.20° 42.02% 47.69° 44.81° 42.61
Kokit 38.05° 41.05° 41.54° 36.26° 39.23
Kellafo-1 37.2° 41.53¢ 43.19° 38.36° 40.07
Mean 37.04 41.51 44.22 40.88

LSD (%) =238 CV (%)= 3.50

Means with the same letter are not significantly different at 5% level of significance; LSD (%) = Least
Significant Difference Test at P < 0.05; CV (%) = Coefficient of variation

4.3. N Uptake and Use Efficiency

The analysis of variance revealed variety and N rate significantly (P < 0.01) affected grain
and straw N content, grain and straw and total N uptake, N harvest index, agronomic N use
efficiency, physiological N use efficiency and apparent N recovery efficiency. The N rate X
variety interactions was also significantly different except for grain and straw N content
(Table 14).
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Table 14: Mean square values for N uptake and N use efficiency as affected by variety and N

rates
Parameters Mean squares
Var (3) NR (3) Var*NR (9) CV (%)

Grain N concentration 0.005** 0.014** 0.000™ 1.75
Straw N concentration 0.012** 0.011** 0.002"™ 6.25
Grain N uptake 385.64** 1141.61** 51.803** 3.38
Straw N uptake 80.06** 257.60** 4.954* 4.81
Total N uptake 753.07** 2336.22** 31.26** 2.15
N harvest index 330.12** 2747.88** 66.24** 11.47
ANUE 206.18** 8846.60** 85.62** 7.67
PNUE 461.94** 8449.06** 86.24** 7.92
ANRE 753.07** 2336.22** 31.26** 2.15

Var = variety; NR = Nitrogen rate; ANUE = agronomic N use efficiency; PNUE = physiological N use
efficiency; ANRE = apparent N recovery efficiency; values put in parenthesis indicates the degree of
freedom for respective source of variation; *, **, ™ = significant, highly significant and non-significant
at LSD (%) 0.05 probability level and CV (%) = coefficient of variation

4.3.1. N concentration in grain and straw

All upland varieties were recorded the same amount of N concentration in grain and straw
except Kokit (Table 15). Among tested varieties, NERICA-4 and Suparica-1 were
significantly higher in grain N concentration than Kokit, which was 1.257% and 1.247%, for
NERICA-4 and Suparica-1, respectively. Varieties Kellafo-1, Suparica-1 and Nerica-4
produced significantly the highest concentration of straw N with respective concentration of
0.572 and 0.522 for both NERICA-4 and Suparica-1. The concentration of N in the straw
ranged from 0.498% - 0.572% for Kellafo-1 and Kokit, respectively.

The concentration of N in grain and straw increased with increasing the rate of N application
at maturity (Table 15). However, the concentration of N in grain at 69kg N ha™ was
statistically similar with that of 46kg N ha™. Nitrogen concentration in grain ranged from
1.195 - 1.272%, when the rate of N increased from control to 69kg ha™. Thus, the grain N
concentration was enhanced by 6.4% due to the increased N application of 69kg N ha™ over

control treatment. The application of N fertilizer significantly increased straw N concentration
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in rice. When the rate of N increased from control to 69kg ha™, the increase in straw N
concentration was from 0.510% - 0.584%. The concentration of N was higher in grain than
straw at maturity. Actually it is clearly stated by Yoshida (1981), as the concentration of
nitrogen is higher in straw and low in grains at early growth stage and then it becomes
decreased in straw and increased in grains at maturity. The increased N concentration in grain,
as well as, straw at maturity might be due to the increased N application might have increased
the concentration of N in the soil, and thus probably leads to more uptake of N from the soil.
This result is in agreement with the previous results of Sewnet (2005) and Sokat (2006) who

reported the increased grain and straw N concentration with increasing rate of N application.

Table 15: Mean values of grain and straw N concentration as affected by variety and N rates

Variety Grain N (%) Straw N (%) | Nitrogenrate  Grain N Straw N (%)
(KgNha') (%)
Nerica-4 1.257° 0.552% 0 1.195° 0.510¢
Suparica-1  1.249° 0.552% 23 1.230° 0.541°
Kokit 1.210° 0.498° 46 1.257° 0.541°
Kellafo-1 ~ 1.237% 0.572° 69 1.272 0.584°
LSD (%)  0.029 0.064 Mean 1.238 0.544
CV (%) 2.34 11.76 LSD (%) 0.018 0.029
CV (%) 1.753 6.247

Means with the same letter are not significantly different at 5% level of significance; LSD (%) = Least
significant difference at P < 0.05; CV (%) = Coefficient of variation.

4.3.2. Total N uptake by rice at maturity

The highest grain N uptake was recorded at 46 and 69 kg N ha™. Nitrogen uptake in grain
increased with increasing N application and reached the highest value at high N level i.e., 69
kg ha™ for the two varieties i.e., NERICA-4 and Suparica-1. The grain N uptake for Kokit and
Kellafo-1 was increased with each increment of N application at first, and reached the highest
value at 46 kg N ha™, then decreased dramatically at 69 kg N ha™. The grain N uptake for
suparica-1 at 69 and 46 kg N ha™ was not significantly different. The highest grain N yield of
59.98 kg N ha™ and 59.09 kg N ha™ was recorded on varieties NERICA-4 and Suparica-1,
respectively at 69 kg N ha™. Suparica-1 and NERICA-4 accumulated more N in grain than
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Kellafo-1 and Kokit in response to applied N at maturity. The observed difference in grain N
uptake among varieties might be due to the inherent genetic differences among varieties in
grain and straw yield production per the applied N fertilizer. This result is in agreement with
the findings of Caseman et al. (1996) who reported significant differences among varieties in
nutrient uptake and grain yield production in a given environmental condition. Grain N uptake
increased with increment of N rate up to 69 kg N ha™. This finding is consistent with the
results of Mannan et al. (2010) and Endris and Balcha (2014) who reported increased grain N
uptake with increased rate of N application. Thus, the application of N promoted the

concentration of N in rice plant.

The straw N uptake significantly increased with increasing rate of N application up to the
maximum rate of N application (69 kg ha™) (Table 16). Varieties were also significantly
varied in straw N uptake efficiency in response to applied N rate. The highest straw N uptake
of 36.04 kg N ha™ was recorded for variety Kellafo-1 at the of 69 kg N ha™, which was
statistically similar with NERICA-4 that produced 33.47 kg N ha™ at the rate of 69 kg N ha™.
The increased N uptake in straw might be due to the increased rate of N application that might
have enhanced vegetative growth of the rice plant and production of more tillers, which
further resulted in higher straw yield. This result is in agreement with the results of Mannan et
al. (2010) who reported increased straw N uptake with increased rates of nitrogen fertilization

inrice.

Table 16: Mean values of grain and straw N uptake at maturity as affected by variety and N

rates
Variety Grain N uptake (kg N ha™)
Nitrogen rate (kg N ha™)

0 23 46 69 Mean
NERICA-4 32.34%" 44.43° 53.59° 59.98° 47.59
Suparica-1 30.62" 41.11% 56.68% 59.09% 46.88
Kokit 26.93' 35.37 43.2° 37.36' 35.72
Kellafo-1 30.00" 38.34° 48.04° 44.34° 40.18
Mean 29.97 39.81 50.38 50.20

LSD (%) =3.45 CV (%)=3.38
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Straw N uptake (kg N ha™)

NERICA-4 24.29"" 27.12% 29.73% 33.47® 28.65
Suparica-1 23.099" 25.84°19 28.40° 31.45" 27.2
Kokit 17.50 20.41" 23.55%" 29.88% 22.84
Kellafo-1 22.37" 25.27¢1" 27.26% 36.04° 27.74
Mean 21.81 24.66 27.24 32.71

LSD (%) =3.43 CV (%)=7.75

NHI = Nitrogen harvest index; Means with the same letter are not significantly different at 5% level of
significance; LSD (%) = Least Significant Difference Test at P < 0.05; CV (%) = Coefficient of
variation

Total N uptake showed increase with increasing rate of N fertilizer application in upland rice
at maturity (Table 17). The mean comparison indicated that, highest total N uptake of 93.5kg
N ha™ was recorded for variety NERICA-4 at the rate of 69kg N ha™, which was statistically
at far with Suparica-1 that gave 90.5 kg N ha™* at the same N rate. The observed highest total
N uptake with increased rate of N application in upland rice could be due to the increased
grain and straw yield resulted from the increased vegetative growth and tiller production with
increased N fertilization. This result is in harmony with the finding of Chaudhuri (2015) who
reported increased total N uptake with successively increased rate of N fertilization in rice.
The tested varieties were varied in nutrient uptake in the study. Similarly, Saleque et al.
(2004) reported genetic differences among varieties in the ability to absorb inherent soil N, as

well as, the applied N fertilizer in a given environmental condition.

Table 17: Mean values of total N uptake (kg N ha™) at maturity as affected by variety and N

rates

Variety Nitrogen rate (kg N ha™)

0 23 46 69 Mean
NERICA-4 56.63h 71.55ef 83.32c 93.45a 76.24
Suparica-1 53.72h 66.95fg 85.07bc 90.54ab 74.07
Kokit 44.43i 55.78h 66.76fg 67.24fg 58.55
Kellafo-1 52.37h 63.61g 75.3de 80.38cd 67.92
Mean 51.79 64.47 77.61 82.90

LSD (%) = 5.84 CV (%)= 5.07

Means with the same letter are not significantly different at 5% level of significance; LSD (%) = Least
Significant Difference Test at P < 0.05; CV (%) = Coefficient of variation
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4.3.3. N harvest index

Nitrogen harvest index indicates the level of efficiency of crop plants to use acquired nitrogen
for grain formation (Fageria and Baligar, 2005). The highest N harvest index produced for
both NERICA-4 and Suparica-1 at both rate of 46 kg N ha™ and 69 kg N ha™ (Table 18). The
nitrogen harvest index increased significantly with increased rate of N application up to 46 kg
N ha™, then decreased when the rate increased to 69 kg N ha™ for both varieties Kokit and
Kellafo-1. The variation in N harvest index among the upland rice varieties might be due to
the genetic difference in the utilization of N for grain formation. The higher N harvest index
at the rate of 46 kg N ha™* is might be due to the higher N mobilization from straw to grain at
maturity. The higher N translocation from straw to grain ultimately results in higher grain
yield (Boote et al., 2003).

Table 18: Mean values of N harvest index as affected by variety and N rates

Variety Nitrogen rate (kg N ha™)

0 23 46 69 Mean
NERICA-4 57.11f 62.09° 64.34% 64.17% 61.93
Suparica-1 56.99f 61.41% 66.64° 65.31% 62.59
Kokit 60.64¢e 63.38" 64.79% 55.59" 61.10
Kellafo-1 57.32f 60.28° 63.83 55.20" 59.16
Mean 58.02 61.79 64.9 60.07

LSD (%) = 2.91 CV (%) = 2.92

Means with the same letter are not significantly different at 5% level of significance; LSD (%) = Least
Significant Difference Test at P < 0.05; CV (%) = Coefficient of variation

4.3.4. Agronomic N use efficiency

The interaction of variety with the rate of N application significantly affected agronomic N
efficiency in upland rice. The agronomic N efficiency varied from 10.6 to 42.2 kg grain
yield/kg N applied. The highest agronomic N efficiency of 42.2 and 39.3 kg grain yield per kg
N applied was recorded on Suparica-1 at the rate of 46 kg N ha™ and NERICA-4 at the rate of

23 kg N ha® The existence of significant variation in agronomic N efficiency among rice
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varieties in response to the applied N rate is might be due to the genetic difference among
varieties in producing grain yield per the applied N rate. This result is in agreement with the
results of Ye et al. (2007) who reported significant difference among varieties in agronomic N
use efficiency under different soil conditions. The significant difference among upland rice
varieties in agronomic N use efficiency was also reported by Fageria et al. (2010). In
contrast, Ye et al. (2007) and Tayefe et al. (2011) reported the lowest agronomic N use
efficiency with increased rate of N application in rice. It might be due to the low nutrient

absorption of varieties at maximum N supply.

Table 19: Mean values of agronomic N use efficiency as affected by variety and N rates

Variety Nitrogen rate (kg N ha™)

23 46 69 Mean
NERICA-4 39.29° 34.47° 27.90° 33.89
Suparica-1 32.48™ 42.19% 29.29% 34.65
Kokit 27.93¢ 25.23° 10.60° 21.25
Kellafo-1 26.65° 28.39% 14.70° 23.25
Mean 31.59 32.57 20.62

LSD (%) =4.25 CV (%)=12.05

Means with the same letter are not significantly different at 5% level of significance; LSD (%) = Least
Significant Difference Test at P < 0.05; CV (%) = Coefficient of variation

4.3.5. Physiological N use efficiency

The physiological N use efficiency (PNUE) varied with increasing rate of N application
depending on varietal differences. The highest PNUE was recorded by Suparica-1 (61.9 kg
grain yield per kg N uptake) and NERICA-4 (60.55 kg grain yield per kg N uptake) at the rate
of 46 and 23 kg N ha™, respectively (Table 20). Physiological N use efficiency first increased
as the rate of N increased from 23 to 46 kg N ha™, and then declined at the rate of 69 kg N ha’
! and statistically remained the same with PNUE obtained at the rate of 23 kg ha™ for
Suparica-1. On the other hand, the PNUE was the same at 23 and 46 kg N ha®, and then
declined significantly at 69 kg N ha™ for NERICA-4, Kokit and Kellafo-1. It might be due to

the inherent genetic differences among varieties in N requirement to transform the acquired N
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into grain yield. In consistent to this result Dobermann, (2007) reported the existence of
genotypic difference among rice varieties in physiological N use efficiency. In addition,
Craswell and Godwin (1984) and Sewnet (2005) obtained higher physiological N efficiency

with increased rate of N application in rice.

Table 20: Mean values of physiological N use efficiency as affected by variety and N rates

Variety Nitrogen rate (kg N ha™)

23 46 69 Mean
NERICA-4 60.55 59.39% 52.28¢ 57.41
Suparica-1 56.07° 61.92° 54,89 57.63
Kokit 56.592° 52.20° 31.99° 46.93
Kellafo-1 5454 57.00% 36.21° 49.25
Mean 56.94 57.63 43.84

LSD (%) = 5.36 CV (%) = 8.14

Means with the same letter are not significantly different at 5% level of significance; LSD (%) = Least
Significant Difference Test at P < 0.05; CV (%) = Coefficient of variation

4.3.6. Apparent N recovery efficiency

The Apparent N recovery efficiency (ANRE %) of all varieties increased significantly and
variably with increasing rate of N fertilizer application. Suparica-1 and NERICA-4 showed
the highest ANRE of 68.2% and 64.8% at the rate of 46 and 23 kg N ha™, respectively (Table
21). The ANRE for NERICA-4 decreased significantly as the rate of N increased from 23 to
46 kg N ha™, and then, remained, statistically, the same with N rate of 69 kg N ha™. The
ANRE of Superica-1, on the other hand, increased significantly as the rate of N increased
from 23 to 46 kg N ha, and then, remained, statistically, the same with N rate of 23 kg N ha’
! Interestingly, Kokit and Kellafo-1 showed similar pattern of ANRE in which the ANRE
remained the same for both Kokit and Kellafo-1 at both 23 and 46 kg N ha-1, and then
significantly decreased at 69 kg N ha™ for both varieties. The decrement of ANRE with the
increased rate of N application might be due to inherent genetic differences among the
varieties. However, the observed lowest N recovery efficiency of the tested varieties at

maximum rate of N application (69 kg N ha™) is probably due to losses of N through
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leaching, denitrification. Similarly, the lowest ANRE of rice due to the highest rate of N
application was reported by several authors in their previous findings (Sewnet, 2005 and
Sokat, 2006).

Table 21: Mean values of apparent N recovery efficiency as affected by variety and N rates

Variety Nitrogen rate (kg N ha™)

23 46 69 Mean
NERICA-4 64.84° 58.00" 53.36 58.73
Suparica-1 57.53" 68.17° 53.37" 59.69
Kokit 49.34° 48.54° 33.07° 43.65
Kellafo-1 48.83° 49.84° 40.59¢ 46.42
Mean 55.14 56.14 45.10

LSD (%) = 4.96 CV (%) = 7.63

Means with the same letter are not significantly different at 5% level of significance; LSD (%) = Least
Significant Difference Test at P < 0.05; CV (%) = Coefficient of variation

4.4. Association between Yield and Yield Components of Upland Rice

Pearson’s correlation coefficient analysis was done to show the association between grain
yield and yield components of upland rice varieties (Table 22). The results indicated that
significant and positive correlation were found for grain yield with all yield components i.e.,
with straw yield (r= 0.74), biological yield (r=0.94), grain harvest index (r= 0.83), total
number of spikelets per panicle (r= 0.87), filled spikelets per panicle (r= 0.93), number of
tillers per m? area (r = 0.87), number of panicles per m? (r= 0.93). Furthermore, the
phenological as well as growth parameters were also showed positive and significant
associations with grain yield; viz: days to maturity (r= 0.50), plant height (r= 0.62) and
panicle length (r=0.61).

Similarly, positive and significant association of grain yield was found with plant height and
panicle length. Besides, positive and significant association was found between grain yield
and phonological traits, growth and yield components among themselves and with traits of

interest. Generally, strong and positive association was observed between grain yield and
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yield components and interrelationship of other traits among themselves. This indicated
strong contribution of traits to increased grain yield. This result in agreement with the
investigation of Fageria and Kayvan et al. (2007), Sabesan et al. (2009), Akinwale et al.
(2011), Ranawake (2014) and Tadesse (2015) who reported significant and highly positive
correlation of grain yield with yield components; number of total spikelets per panicle,
number of spikelets per panicle number of tillers, days to heading, total number of tillers, days
to maturity and plant height. In addition to this, different authors reported strong
interrelationship of rice grain yield with yield components, which also indicated the direct

contribution of yield components to the grain yield.
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Table 22: Pearson’s Correlation coefficient between agronomic traits

DTM PHT PL TGW TN PN FSP TSP GYD SYD BYD GHI
DTM  1.00
PHT 0.66**  1.00
PL 0.30* 0.41**  1.00
TGW  0.46** 0.29* 0.36* 1.00
TN 0.63**  0.64**  0.69** 027"  1.00
PN 0.55**  0.58**  0.60** 0.06™  0.93**  1.00
FSP 0.48**  0.56**  0.55** -0.05® 0.85** 0.95** 1.00
TSP 0.60**  0.64**  0.61** 0.16™ 0.93** 0.84**  0.84** 1.00
GYD  0.50** 0.62**  0.61** 0.08™ 0.87** 0.93*  0.93** 0.82** 1.00
SYD 0.45**  0.58**  058** 0.06™ 0.83** 0.75** 0.71** 0.86** 0.74** 1.00
BYD 0.51**  0.65**  0.64** 0.08™  0.92**  0.91**  0.89** 0.89** 0.94** 0.92** 1.00
GHI 0.38* 0.41**  0.42** 0.10® 0.61** 0.75**  0.76** 0.49** 0.83** 0.24™ 0.61** 1.00

GYD=Grain yield; SYD = Straw yield; BYD = Biological yield; HI= Harvest index; TN = Tiller number per m2; PN = Panicle number per m?;, FSP = Number of
filled spikelets per panicle; TSP = Total number of spikelets per panicle; DTH = Days to 50% Heading; DTM = Days to 85% maturity; PHT= Plant height; PL=
Panicle length; TGW = Thousand grain weight; *, **, ™ = non-significant, significantly different at 5% and 1% confidence interval.
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4.5. Associations between Grain Yield and N Uptake of Upland Rice

The grain yield was highly significantly and positively associated with grain N uptake (r= 0.99),
straw N uptake (r= 0.70), total N uptake (r= 0.96) and N harvest index (r= 0.66). This has
clearly indicated that the highest contribution of absorbed nitrogen content in rice plant for the
increment of grain yield in upland rice. This result is in agreement with Fageria et al. (2010)
who obtained highly significant and positive association between grain yield and nitrogen
concentration and uptake in upland rice. In addition to this the relationship between plant N
uptake and yield related traits also indicated positive and significant relationship with total
spikelets per panicle and grain N uptake (r= 0.82), straw N uptake (r= 0.88), and total N
uptake (r= 0.90). The positive and highly significant association was also observed between
grain N uptake and other yield related traits of upland rice; number of filled spikelets per
panicle (r=0.92), total spikelets (r=0.82), tiller number (r=0.88), panicle number (r=0.94), and
biological yield (r= 0.95). Likewise, the straw N uptake also showed positive and significant
association with grain yield (r= 70), biological yield (r= 0.83), tiller number (r= 0.79), panicle
number (r= 0.72), filled spikelets (r= 0.70) and total spikelets (r= 0.88). The result showed
interrelationship between N uptake in grain and increased grain yield. This result is in
agreement with earlier findings of Tadesse (2015) who reported significant and positive
correlation between grain N uptake with biological yield and nitrogen harvest index with
correlation coefficient of r= 0.72 and r= 0.64, respectively. Similarly, the same positive
association of nitrogen harvest index with grain yield was reported previously by Fageria
(2007). The strong association between grain yield and nitrogen uptake indicated the
enhancement of N uptake in grain, and shoot at maturity can improved the upland rice yield.
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Table 23: Pearson’s correlation coefficient between N uptake and agronomic traits

GNU SNU NHI TNU TN PN FSP TSP GYD BYD

GNU 1.00

SNU 0.72** 1.00

NHI  0.65** -0.05" 1.00

TNU 0.97** 0.86** 0.45** 1.00

TN  0.88** 0.79** 0.42** 0.91** 1.00

PN 0.94** 0.72** 0.57** 0.93** 0.93** 1.00

FSP  0.92** 0.70** 0.55** 0.91** 0.85** 0.95** 1.00

TSP 0.82** 0.88** 0.23" 0.90** 0.93** 0.84** 0.84** 1.00

GYD 0.99** 0.70** 0.66** 0.96** 0.87** 0.93** 0.93** 0.82** 1.00

BYD 0.95** 0.83** 0.45** 0.97** 0.92** 0.91** 0.89** 0.89** 0.94** 1.00

GY=Grain yield; SYD = Straw yield; BYD = biological yield; TSP = Total number of spikelets per panicle; FSP
= Number of filled spikelets per panicle; TN = Tiller number per m? PN = Panicle number per m?; GNU = Grain
N uptake; SNU = Straw N uptake; TNU = Total N uptake; ** = significantly different at 1% confidence interval

4.6. Partial Budget Analysis

Partial budget analysis was used in this study to calculate the total costs that vary and the net
benefits for each treatment. The results of the analysis showed that the highest gross farm
gate benefit of birr 24,780.60 ha™ was obtained from NERICA-4 at the rate of 69 kg N ha™
followed by Suparica-1 at the rate of 69 kg N ha™*, which was birr 24,705.00.

The dominated treatments were eliminated from further analysis. The marginal rate of return
is important to compare treatments in view of economic profitability rather than only looking
at the highest biological grain yield, because it may not be attractive, if they require very
much higher cost (CIMMYT, 1988). This helps to remove unprofitable treatments before
recommendation. Based on the results of variety X N rate interactions, the highest marginal
rate of return of 731% was recorded for Suparica-1, followed by 375% by NERICA-4 at the
rate of 46 kg N ha™. In addition, the sensitivity analysis was also made for each treatment.

The variation of returns because of yield reduction under adverse weather conditions for each
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treatment was deliberated for sustainability of the recommendations in the location.
Accordingly, the same varieties at the same N level were showed the highest MRR i.e. 480%
and 267% for Suparica-1 and NERICA-4 at 46 kg N ha™, respectively.

The results showed that the existence of varietal differences among the tested varieties in
response to the applied rate of nitrogen fertilizer. Similar result was reported by Fageria et al.
(2008) and Magsood et al. (2013) who reported maximum paddy yield with higher net
economic benefit at the rate of 46 kg N ha™. The observed difference among varieties might
be due to high photosynthetic rate of the varieties to the applied rate of N fertilizer as
compared to other tested varieties in the study. High yielding varieties have high capacity in
storing more nitrogen, in leaves as well as increasing stomatal conductance to the applied rate
of N fertilizer (Hirasawa et al., 2010).
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Table 24: Partial budget analysis for the variety and N rate on upland rice yield

Variety N Rate Average Adjusted  Gross farm  App. cost for  Fertilizer Total Net Marginal rate
(kgNha') grainyield grainyield gate price fertilizer cost variable cost  benefit of return
(kg ha®) (kg N ha) (ETB ha) (ETB ha) (ETB ha) (ETB ha™) (ETB ha™) (%)
N4 0 2664.0 2397.6 14385.60 0.00 0.00 0.00 14385.60
23 3567.7 3210.9 19265.58 400.00 725.50 1125.50 18140.08 334
46 4249.7 3824.7 22948.38 450.00 1451.00 1901.00 21047.38 375
69 4589.0 4130.1 24780.60 500.00 2176.00 2676.00 22104.60 136
S1 0 2554.0 2298.6 13791.60 0.00 0.00 0.00 13791.60
23 3301.0 2970.9 17825.40 400.00 725.50 1125.50 16699.90 258
46 4494.7 4045.2 24271.38 450.00 1451.00 1901.00 22370.38 731
69 4575.0 41175 24705.00 500.00 2176.00 2676.00 22029.00 D
K 0 2307.3 2076.6 12459.42 0.00 0.00 0.00 12459.42
23 2949.7 2654.7 15928.38 400.00 725.50 1125.50 14802.88 208
46 3468.0 3121.2 18727.20 450.00 1451.00 1901.00 16826.20 261
69 3039.0 2735.1 16410.60 500.00 2176.00 2676.00 13734.60 D
K1 0 2502.0 2251.8 13510.80 0.00 0.00 0.00 13510.80
23 3115.0 2803.5 16821.00 400.00 725.50 1125.50 15695.50 194
46 3808.0 3427.2 20563.20 450.00 1451.00 1969.54 18593.66 343
69 3516.3 3164.7 18988.02 500.00 2176.00 2676.00 16312.02 D

N4 = NERICA-4; S1 = Suparica-1, K = Kokit; K1 = Kellafo-1; N = Nitrogen; App = Application and D = Dominated treatments

56



Table 25: Sensitivity analysis for the variety and N experiment at different yield levels

Variety N Rate Adjusted Decrease in Gross farm gate  Total variable  Net benefit ~ Marginal rate
(kgNha®)  grain yielld adjusted yield (20%) price (ETBha®)  cost (ETBha’)  (ETBha?) of return (%)
(kg N ha™)
NERICA-4 0 2397.6 2397.6 14385.60 0.00 14385.60
23 3210.9 2568.7 15412.46 1125.50 14286.96 D
46 3824.7 3059.8 18358.70 1901.00 16457.70 267
69 4130.1 3304.1 19824.48 2676.00 17148.48 89
Suparica-1 0 2298.6 2298.6 13791.60 0.00 13791.60
23 2970.9 2376.7 14260.32 1125.50 13134.82 D
46 4045.2 3236.2 19417.10 1901.00 17516.10 480
69 41175 3294.0 19764.00 2676.00 17088.00 D
Kokit 0 2076.6 2076.6 12459.42 0.00 12459.42
23 2654.7 2123.8 12742.70 1125.50 11617.20 D
46 3121.2 2497.0 14981.76 1901.00 13080.76 80
69 2735.1 2188.1 13128.48 2676.00 10452.48 D
Kellafo-1 0 2251.8 2251.8 13510.80 0.00 13510.80
23 2803.5 2242.8 13456.80 1125.50 12331.30 D
46 3427.2 2741.8 16450.56 1901.00 14549.56 134
69 3164.7 2531.7 15190.42 2676.00 12514.42 D

N = Nitrogen; D = Dominated treatment

57



5. SUMMARY AND CONCLUSION

Use of appropriate rate of N fertilizer and N efficient variety is an important strategy to boost
rice yield and reduce cost of production in rainfed condition. Growing improved rice varieties
continuously without the need of any fertilizer, particularly nitrogen fertilizer coupled with
poor soil management practices on farmer’s field are some of the major constraints resulting
in low rice yield in Ethiopia. The experiment was conducted at Choba on-farm, in Gimbo
district, during June to November 2015 under rainfed conditions with a view to determine
optimum rate of N application and the best variety based on N uptake, N use efficiency, and
yield and yield components of upland rice under Gimbo condition. The experiment consisted
of four upland rice varieties viz. NERICA-4, Suparica-1, Kokit and Kellafo-1 and four levels
of nitrogen fertilizer viz. 0 (control), 23, 46, 69 kg N ha™. The experiment was laid out in split

plot design in factorial arrangement with three replications.

Results of the experiment showed that variety had significant effect on rice phenological
characters i.e. days to heading and maturity. The latest days to heading was recorded at the the
highest rate of N application, while the control treatment headed earlier. The longest days to
mature were recorded on varieties kellafo-1 and Suparica-1. NERICA-4 and Kokit were
earliest to attain their maturity. Likewise, variety and N rate were significant for growth
parameters i.e. plant height and panicle length. Level of nitrogen had also significant effect on
measured traits. The increased rate of N application had significantly increased days to
heading, maturity, plant height and panicle length in rice. The longest days to heading and

maturity were found at 69kg N ha™, while the lowest at control treatment (no N application).

The interaction between variety and N rate was significantly (P < 0.05) different for tiller and
panicle numbers, total and filled spikelets per panicle, grain yield, biological yield, grain
harvest index, as well as, most of N use efficiency parameters. Accordingly, the highest
number of tillers (266.0) and (260.7) per square meter were recorded on NERICA-4 and
Suparica-1, respectively at 69 kg N ha™*. NERICA-4 produced the highest number of panicles
(227.3), followed by Suparica-1 (220.0) at 69 kg N ha™. Likewise, these two varieties also
produced the highest number of filled spikelets per panicle at 69 kg N ha™, and recorded
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114.3 and 111.7 for Suparica-1 and NERICA-4, respectively. However, all tested varieties
produced the highest number of total spikelets per panicle when the N rate exceeded 46 kg N
ha™, indicating the higher production of unfilled spikelets at increased N rate in low yielded

varieties.

The application of nitrogen fertilizer plays a very important role in rice production;
meanwhile, using fertilizer efficient variety is the most important strategy to improve rice
yield and simultaneously decrease cost of production. The production of grain and biological
yield was significantly varied due to variety X applied rate of N fertilizer interaction in the
study. The highest grain yield (4589.0 and 4575.0kg ha™) and biological yield (10410.3 and
10218.0kg ha™) were recorded for NERICA-4 and Suparica-1, respectively at the rate of 69
kg N ha™. Furthermore, the highest grain harvest index was also recorded for Suparica-1
followed by NERICA-4 at 46 kg N ha™.

Variety X N rate had significantly influenced N uptake and use efficiency in rice at maturity.
The uptake of N in grain increased with increasing rate of N application from 0 kg N ha™ to
69 kg N ha™ at maturity. The comparison of means indicated that the highest grain N, straw N
uptake, as well as, total N uptake was recorded on varieties NERICA-4 and Suparica-1 at
69kg N ha™. However, agronomic N use efficiency (ANUE), physiological nitrogen use
efficiency (PNUE) and apparent N recovery efficiency (ANRE %) showed significant
differences, for the variety X N levels interaction at maturity in upland rice. The application
of N fertilizer significantly increased agronomic (ANUE%), physiological N use efficiency
(PNUE) and Apparent N recovery (ANRE) (%) for Suparica-1 and ANUE and ANRE% for
NERICA-4 up to 46 kg N ha™, but beyond this rate the efficiency of all the parameters
declined. The highest ANUE, PNUE and ANRE (%) was obtained at the rate of 46 kg N ha™
for Suparica-1 and at 23 kg N ha™* for NERICA-4. The ANUE ranged from 10.60 to 42.19 kg
grain yield per kg N applied. Significantly higher ANUE recorded for Suparica-1 at 46 kg N
ha™ and NERICA-4 at 23 kg N ha™. The higher ANUE due to the application of N fertilizer
showed the ability of producing higher grain yield with the applied level of N fertilizer. Thus,
NERICA-4 and Suparica-1 were performed better and produced higher N yield and use
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efficiency as compared to others. The higher uptake of nitrogen in case of NERICA-4 and
Suparica-1 had significant effect on grain yield and yield components.

The increased grain yield with increasing rate of N application might be due to the increased
N uptake, N utilization efficiency and the increased yield components. The observed positive
and strong relationship between grain yield and N uptake showed the contribution of absorbed
N to increased grain yield. In addition, the association between grain yield and yield related
traits indicated positive and significant. The increased grain yield with the increased N uptake
in NERICA-4 and Suparica-1 indicated the transformation of absorbed nitrogen to grain
formation. Generally, before recommending any alternative technology, checking its
economic advantage is beneficial. Thus, comparing treatments with regard to their economic
higher yield rather than considering only the highest biological yield is important strategy for
economic profitability of crop production, as considering only biological yield may not be
attractive if it requires very much higher cost. Suparica-1 and NERICA-4 produced the
highest net benefit and marginal rate of return of 731 and 375% at 46 kg N ha™, respectively.

In addition, the sensitivity analysis was also made for the ability to withstand the variation of
returns under adverse weather conditions. Similarly, the same varieties were also showed the
highest marginal rate of return at the same level of N application. Therefore, growing
Suparica-1 and NERICA-4 at 46 kg N ha™ produced optimum grain yield coupled with the
highest economic benefit in the study area. Therefore, it can be suggested for cultivation by

farmers in the upland ecosystem of Choba.

The experiment was conducted in one season and one location. In addition, variety NERICA-
4 showed significantly higher grain yield and yield components with the increased rate of N
application in the location. So that, it could not be known whether the grain yield for this
variety would decrease or increase, when the rates of N increases further. Therefore, repeating
the experiment over years by increasing N levels would help to draw sound recommendations
in the location. Hence, future studies should take these issues into consideration in order to

validate the current results.
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Appendix Table 1: Mean squares for agronomic traits of upland rice

Mean squares

Parameters Rep (2) Var (3) Var*Rep (6) NR(3) Var*N (9) Error (24) CV (%)
GYD 296111.08 4922149** 286906.08 18677865** 175484.7* 73411.5 3.27
SYD 156227.31 771429.91**  147051.03 4143208.20** 60857.34™ 63215.9 5.16
BYD 547340.25 5095774.00** 241810.25 17660295.39** 317326.35**  36652.44 2.31
GHI 3.52 28.427** 2.60 105.45** 15.841** 1.786 3.27
FSP 13.94 451.534** 13.18 635.98** 25.200** 4.874 2.184
TSP 4.48 259.069** 27.61 1917.12** 33.613** 7.776 2.255
TN 73.00 636.667** 44.67 7938.67** 73.111%* 15.083 1.660
PN 59.08 1316.750** 22.75 3776.31** 106.528** 11.389 1.692
UFSP 3.37 59.180** 2.95 147.22** 15.949** 2.374 8.537
TGW 0.80 32.695** 0.90 9.06** 0.285™ 0.332 1.87
DTH 19.40 416.500** 10.98 106.72** 3.370™ 2.417 1.69
DTM 0.06 171.354** 10.56 122.91** 0.447™ 3.021 1.44
PHT 37.96 92.536** 9.91 142.02** 5.563"™ 5.169 2.79
PL 0.97 13.828** 2.69 35.65** 0.593"™ 0.809 4.79

Rep = replication; N = Nitrogen rate; GY = grain yield; SYD = straw yield; BYD =biological yield; HI = harvest index; TN = tiller number; PN =
panicle number; TSP = total spikelets per panicle; FSP = filled spikelets per panicle; UFSP = unfilled spikelets per panicle; TGW = thousand grain
weight; DTE = days to emergence; DTH (50%) = days to heading; DTM (85%) = days to maturity; PHT = plant height; PL = panicle length and **
highly significant at LSD (%) 0.05 probability level and CV (%) = coefficient of variation
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Appendix Table 2: Mean squares for the N uptake and N use efficiency of rice

Mean squares

Parameters Rep (2) Variety (3) Var*Rep N(3) Var*N (9) Error (24) CV (%)
GN 0.001 0.005** 0.001 0.014** 0.000ns 0.00 1.75

SN 0.001 0.012** 0.004 0.011** 0.002ns 0.00 6.25
GNU 14.98 385.642** 9.69 1141.606** 51.803** 2.074 3.38
SNU 3.29 80.055** 15.038 257.598** 4.954* 1.638 4.81
TNU 31.24 753.072** 46.402 2336.218** 31.255** 2.207 2.15
NHI 9.35 330.123** 8.031 2747.883** 66.241** 5.908 11.47
AEN 8.38 206.178** 15.675 8846.595** 85.623** 9.237 7.67
PEN 8.21 461.938** 6.395 8449.064** 86.243** 9.575 7.92
ANR 31.24 753.072** 46.402 2336.218** 31.255** 2.207 2.15

Rep = replication; N = Nitrogen rate; GN = grain N concentration; SN = straw N concentration; GNU = grain N uptake; SNU = straw N uptake; TNU =
total N uptake; NHI = nitrogen harvest index; ANE = agronomic N efficiency; PNE = physiological N efficiency; ANR = apparent N recovery; UEN =

utilization efficiency of N;

variation

* *% NS _
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Appendix Table 3: Treatment Combinations

Treat. Main-plot factor Sub-plot factor Treat. Main-plot factor Sub-plot factor
Varieties N rates Varieties N rates

1 NERICA-4 0 9 Kokit 0

2 NERICA-4 23 10 Kokit 23

3 NERICA-4 46 11 Kokit 46

4 NERICA-4 69 12 Kokit 69

5 Suparica-1 0 13 Kellafo-1 0

6 Suparica-1 23 14 Kellafo-1 23

7 Suparica-1 46 15 Kellafo-1 46

8 Suparica-1 69 16 Kellafo-1 69

Trt no = treatment number and N rates = nitrogen fertilizer rate (kg N ha™).

Appendix Table 4: Soil rating for laboratory results
pH™ and ratings cec® Av.P® Toc® |om® Total NV | Ratings

(cmol kg™ | Mgkg™ | (%) (%) (%)

<45 Extremely acidic > 40 > 25 - - - Very high
45-5.2 | Strongly acidic 25-40 18 - 25 >3.0 >5.17 >0.25 high
5.3-5.9 | Moderately acidic 12 -25 10 -17 15-3.0 |259-517 |0.12-0.25 | Medium
6.0- 6.6 | Slightly acidic 6-12 5-9 05-15 | 0.86-259 |0.05-0.12 | Low
6.7 -7.3 | Neutral <6.0 <5 <0.50 <0.86 <0.05 Very low
7.4-8.0 | Moderately alkaline
> 8.0 Strongly alkaline

Source: Tekalign (1991) (7, and Roy et al. (2006) ®
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