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Abstract: To elicit information on the optimum spacing and N fertilizer rates for rice production under
rain fed conditions at Abakaliki Agro-ecological zone, field trials were conducted at Ikwo with rice variety
CISADANE as test crop for two years (2007 – 2008). The design of the experiment was a split plot in
a randomized complete block. The treatments were N fertilizer rates (0, 80, and 160 kg N ha-1) and plant
spacing (10 cm x 10 cm, 20 cm x 20 cm and 30 cm x 30 cm). The parameters measured were plant
height, number of tillers and grain yield. Significantly (p<0.05) higher number of tillers and plant height
were obtained when 80 kg N ha-1 was applied compared to the application of 0, and 160 kg N ha-1. Plant
height and number of tillers were significantly (p<0.05) higher when the crops were transplanted at 30
cm x 30 cm spacing than transplanting at 10 cm x 10 cm and 20 cm x 20 cm. Application of 80 kg N
ha-1 gave 0.72 and 0.61 t ha-1 more grain than 0 kg N ha-1. There were no significant differences in grain
yield between the application of 80 kg N ha-1 and 160 kg N ha-1. Rice transplanted at 30 cm x 30 cm
spacing yielded 2.36 and 1.32 t ha-1 significantly (p<0.05) higher grains than those transplanted at 10 cm
x 10 cm and 20 cm x 20 cm. It was concluded that application of 80 kg N ha-1 and transplanting rice
at 30 cm x 30 cm spacing is most suitable for rice production in the study area.
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INTRODUCTION 

Abakaliki Agricultural Zone of Southeast Nigeria
is a major rice producing area in Nigeria. The zone has
the potential for achieving national self sufficiency in
rice production. However, the yield of the improved
varieties is low in the area compared to yield reports
from other countries. Cultural technologies have been
identified as one of the major reasons for the low
yield. Lack of knowledge of proper fertilizer and plant
population density management practices are the most
important factors hampering maximizing yield of rice
in the area. The soils of the area have been subjected
to continuous cultivation over many decades, and they
are showing remarkable declining productivity. The
farmers have been undertaking measures to improve
their crop yields. The farmers have adopted heavy dose
application of nitrogen fertilizers and very high plant
population densities. These practices have yielded
limited improvements in yields and in most cases
decline in yields persisted. Managing nitrogen
fertilization in rice fields can be challenging for

producers. Applying too much N will often reduce rice
yield as much as applying too little N. This is because
of various sources of losses including denitrification
and volatilization. Sall et al. [1] observed that fertilizer
levels accounted for most of the differences between
potential and actual yield at the farm level. On the
other hand however, loss of productivity was noticed
by Numbia and Gajbhiye [2] on acid Halpudalfs with
continuous application of N: P: K fertilizers.

Fertilizer being a costly input, it is important to
investigate its appropriate dosage so that it would be
both economically and adequately efficient to enhance
the production and profitability of the crops to the
framers. The use of rates as high as 200 kg N/ha
without commensurate improvement in crop yields is
common in Abakaliki.

The growth and yield of rice plant is known to be
affected quantitatively and qualitatively by plant
spacing [3]. There have been some contradictions
regarding the adequate spacing for rice crops. For
example, Weewaroth et al. [4] reported that wider
spacing (25 cm x 25 cm) produced significantly higher
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rice grain yield and tillers than planting at closer
spacing (15 cm x 15 cm) in Thailand, whereas
Chandrakar et al. [5] indicated that closer spacing of 15
cm x 10 cm for rice was superior to wider spacing of
30 cm x 10 cm in terms of straw yield, effective tillers
per unit area. The rice farmers of Abakaliki area
mostly use very close spacing, with the intension to
reduce weed density in their rice paddies. This practice
adversely affects the yield of the rice crops.

For maximum yield and efficient utilization of the
land, the optimum plant population and fertilizer rates
must be accurately determined. 

This work therefore was aimed at determining the
adequate N fertilizer rate and plant spacing for
increased rice yields in thr study area.

MATERIALS AND METHODS

Location: The experiment was conducted in the rainy
seasons of 2007 and 2008 (June – October). The site
was a farmers field at Ogidiga – Ikwo, located on
latitude 800 15'E and longitude 60 0'N in the derived
savanna zone of southeast Nigeria. The experimental
area is gently sloped and swampy. The annual
temperature of the area ranged between 24 to 30 0C,
rainfall ranges between 1500 mm to 2000 mm while
the average relative humidity was 80 % during the
rainy season. The rainfall pattern was bimodal with
peaks in July and September. Rainfall started
appreciably in May and ended in October, leaving a
distinct dry season between November and March. The
initial soil chemical properties of the study site are
presented in Table 1.

Treatments: The treatments included three plant
spacing (10 cm x 10 cm, 20 cm x 20 cm and 30 cm
x 30 cm) and three fertilizer rates (0, 80 and 160 kg N
ha-1). The N fertilizer source was urea, while the rice
test crop was CISADINE foundation seed from the
International Institute of Tropical Agriculture (IITA)
Ibadan Nigeria.

Experimental design and field layout: The experiment
was a split plot in Randomized Complete Block Design
(RCBD) and replicated three times. The size of each
treatment unit was 16 m2. The treatment units and
replicates were separated from each other by 0.5 m
alleys.

Treatment allocations and field operations: Land
preparation was done manually using hoes and
machete. The treatment units were bunded to control
water and nutrient movement. The rice seedlings were
raised on a wet nursery and transplanted at 21 days
stage. Fertilizer rates formed the main plots whereas

plant spacing formed the split plots. The N fertilizer
treatments were applied in two split doses. Half the
dose of each treatment was incorporated basally during
land preparation, 4 days before transplanting, whereas
the remaining half was applied by broadcast method at
75 days after transplanting (DAT). Weeding operations
were carried out manually using hoes as the need
arose.

Laboratory methods:Organic carbon was determined
by the wet oxidation method, and a factor of 1.724
was used to convert organic carbon to organic matter
assuming that soil organic matter consist of 58 %
organic carbon. Soil pH was measured in 1:1 soil to
water suspension using a glass electrode pH meter.
Exchangeable cations were extracted using the
ammonium acetate method [6]. Potassium was
determined with a flame photometer, and Ca and Mg
were measured by atomic absorption spectroscopy.
Extractable P was extracted by Bray II extractant and
determined with a spectrophotometer.

Agronomic measurements: Five hills were randomly
selected prior to harvest from each unit for recording
the growth parameters, whereas harvesting was done
from a net plot of 4 m2 in the centre of each unit.
Tiller number was recorded at 75 DAT by counting all
the tillers of the 5 plants and the mean recorded.
Height was measured at dry maturity by measuring the
height of the tallest tiller in each of the five hills with
a metre rule and the average recorded. Harvesting of
the grain was by panicle method. The grains were
threshed, cleaned and the yield converted to t/ha at
14% moisture content.

Data Analysis: The data collected were analyzed and
the mean differences separated by the LSD procedures
of SAS [7].

RESULTS AND DISCUSSION

Soil Chemical Properties: The result of the soil
chemical properties of the experimental area shows that
the fertility is rather low (Table 1). The levels of the
essential nutrient elements fall below the standard
required for optimums crop production. There is low
pH, total N, organic matter and cation exchange
capacity (CEC). These soil chemical properties directly
affect plant production by influencing the soil plant
relations, soil buffer capacity, availability of nutrients
and even some physical conditions. The low level of N
is of great concern because nitrogen is the most
important nutrient element in rice production. The low
level of organic matter may have led to the low CEC,
buffer capacity and nutrient availability and retention in 
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the soil. Organic matter serves as a slow release
reserviour for plant macro nutrients especially N and
also aids in plant micro nutrient nutrition. Also, the
acidic nature of the soil might have adversely affected
the release of the essential nutrient elements in the soil
on one hand, and encouraged the release of the
observed trace elements (Pb, Fe and Al) all of which
impacted negatively on the fertility of the soil. Other
researchers who had reported low fertility status of the
soils of the area of study include Nnabude and
Mgbagwu [8] and Ogbodo and Nnabude [9]. Soils of this
nature require special management technologies in
order to improve the socl productivity.
 
Effect of N Rates on Rice Growth: The effects of N
rates on plant growth parameters are presented in Table
2. Most of the yields contributing characters were
significantly influenced by the fertilizer treatments.
Vegetative characters showed an increasing trend when
the level of N increased. The plant height and number
of tillers increased linearly with the level of N
fertilization, and was lowest without fertilization.
Increasing tiller yield and straw yield per hill due to
increasing fertilizer application was also reported by
Sudhaker et al. [10] and Reddy [11]. Plants showed
significantly higher number of tillering when 80 kg N
ha-1 as urea was applied than where zero fertilizer and
160 kg N ha-1 were applied. The plants that received
80 kg N ha-1 were significantly taller than plants that
received 160 kg N ha-1 and those that received no
fertilizer treatment. The significant improvement in
plant growth parameters with the application of N
fertilizer was as a result of the ability of the applied
fertilizer to raise the fertility status of the soil of the
area. The significant increase in growth with the
application of N particularly indicated the effectiveness
of applied N in improving the growth of rice crop. The
vigorous shoot growth and healthy plants observed in
the plots treated with N fertilizer were necessary for
extraction of other necessary nutrient elements and for
high N uptake efficiency. Singh et al. [12] and Ilajiru et
al. [13] confirmed that N fertilizer ensures sustainability
in fertilizer use efficiency, and that its application not
only enhances crop yields, but that its uptake increases
the extraction of other crucial plant nutrients. This is
very important for crops in the area of study that suffer
environmental stress beyond the farmer’s control. These
included intermittent flooding and drying, nutrient
deficiency, Aluminum toxicity and soil acidity. It was
observed that the rain-fed lowland soils of the area are
characterized by intermittent wetting and drying cycles.
This situation promotes the accumulation of nitrates
through nitrification and subsequent loss of N through
denitrification or leaching.  The situation could be part
of the reasons for the low levels of N and low
productivity of crops in the area.

The decline in tillering observed in the plants
treated with 160 kg N ha-1 was attributed to
development of nutrient imbalances. It is common
knowledge that in cases of NH4+ nutrition, the
competition for the absorption of other cations
increases and this may be harmful for plant growth.
There may also be indirect effects due to changes in
the pH of the soil medium. Most N fertilizers make the
soil acidic because they form nitrates in the soil. If it
leaches down it removes equivalent lime. singh et al.
[12] also reported that very high levels of N fertilizer
application may induce acidity which in turn could
reduce availability of other nutrients. Fe and Al content
rises with increase in N fertilizer, and under increasing
soil acidity. This might have interfered with uptake of
other nutrients by the plants that received very high N
and hampered growth.

Effect of N Rates on Rice Grain Yield: Figure 1
shows the effect of N rates on rice grain yield. The
trend of the rice grain yield followed the pattern of the
growth performance of the crops. Grain yield was
always higher in plots that received fertilizer treatment
than in the plots where fertilizer was not applied.
Application of 80 kg N ha-1 led to 0.72 and 0.61 t ha-1

significantly (p<0.05) higher grain yields in the first
and second years than when fertilizer was not applied.
Also, application of 160 kg N ha-1 produced 0.51 and
0.75 t ha-1 significantly (p<0.05) higher grain yields
than where there was zero fertilizer application in the
first and second years. No significant differences in
grain yields occurred between where 80 kg N ha-1 and
160 kg N ha-1 rates of urea were applied to the rice
crops. The implication is that it is not beneficial to
apply N fertilizer beyond 80 kg N ha-1 to rice crops in
the study area. This result is comparable with the
report of Enwezor et al. [14] which showed that for soils
of the area, rice yield increases for rates above 60 kg
N ha-1 were not significant. The reduction in grain
yield with the application of 160 kg N ha-1 compared
to 80 kg N ha-1 could be due to losses of applied N
through leaching and volatilization. This situation led
to decreased crop carbohydrate status and reduced grain
yield. Normally, it is known that under very high N
fertilization, grain/straw ratio decreases under extreme
N deficiency, but moderate N application increases
grain/straw ratio [15]. On the other hand, the sustained
higher yield obtained at 80 kg N ha-1 was a reflection
of the superior plant growth, particularly the
significantly higher tillering of the plants that received
80 kg N ha-1 fertilizer. It appears therefore that the key
to optimizing N use efficiency in the study area is for
the farmers to apply their N fertilizer at the rate of 80
kg N ha-1 and minimize leaching and gaseous losses,
and have a sustained improved yield.
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Table 1: Some pre-planting chemical properties of the soil of the experimental site
Chemical Properties Values
Organic Matter (mg/g) 2.6
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
pH (H20) 4.6
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total N (%) 0.1
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Available P (mg / kg) 20.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Exchangeable K (C mol / kg) 0.2
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Exchangeable Ca (C mol / kg) 2.1
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Exchangeable Mg (C mol / kg) 1.2
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Exchangeable Na (C mol / kg) 0.2
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cation Exchange Capacity (C mol / kg) 16.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Base Saturation (%) 23.1
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fe (mg / g) 15.9
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Al (mg / g) 27.3

Table 2: Effect of N Rates on Some Crop Growth Attributes
1st Year 2nd Year
--------------------------------------------------------- --------------------------------------------------------------------

N Rates (kg N ha-1) Tillers / plant Plant Height (cm) Tillers / plant Plant Height (cm)
0 14b 46a 13b 75b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
80 20a 48a 21a 81a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
160 14b 45a 24a 81a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (0.05) 2.46 ns 3.23 2.70

Table 3: Effect of Plant Spacing on Some Crop Growth Attributes
1st Year 2nd Year
------------------------------------------------------------ --------------------------------------------------------------------

Plant Spacing Tillers / plant Plant Height (cm) Tillers / plant Plant Height (cm)
10 cm x 10 cm 9c 43.7b 12c 75.4b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 cm x 20 cm 19b 45.0b 20b 81.3a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30 cm x 30 cm 21a 50.5a 26a 80.7a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (0.05) 2.46 5.42 3.23 2.70

Fig. 1: Effect of N Rates on Rice Grain Yield
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Effect of spacing on Rice Growth: Wider spacing
showed superior influence in crop growth attributes
measured, (Table 3). Tillering and plant height
increased linearly with increases in plant spacing. The
wider spacing produced plants with more vigorous
growth and larger plant size which normally increases
photosynthetic efficiency. The wider feeding area
provided by transplanting at 30 cm x 30 cm and 20 cm
x 20 cm provided opportunity for greater root growth,
increased availability of nutrients and greater
accessibility of nutrients to plant. This is because plants
grown with wider spacing have more area of land to
draw the nutrition and compensate for the low nutrient
level of the soil. The plants also were exposed more to
solar radiation which encouraged superior
photosynthetic process. This situation definitely
increased plants uptake of nutrients and growths. The
result agrees with the findings of [4] and Shrivatava et
al. [15] that wider spacing leads to increased rice plant
growth.

Effect of Spacing on Rice Grain Yield: Grain yield
followed the pattern of the rice crop growth trend in
the study. Grain yield increased significantly with every
increase in plant spacing (Figure 2). The rice crops
transplanted at 30 cm x 30 cm produced 2.62 and 1.43
t ha-1 and 2.11 and 1.21 t ha-1  significantly (p<0.05)
higher grain yield in the first and second years than the
ones transplanted at 10 x 10 cm and 20 cm x 20 cm.
The rice transplanted at 20 cm x 20 cm also yielded
1.80 and 0.90 t ha-1 significantly (p<0.05) more grains
than those transplanted at 10 cm x 10 cm in the first
and second years respectively. The result of the pooled
data for the two year study indicated that when rice
was transplanted at 30cm x 30cm, the grain yield
obtained was 2.36 and 1.32 t ha-1 significantly higher
than where it was transplanted at 10 cm x 10 cm and
20 cm x 20 cm, whereas the rice transplanted at 20 cm
x 20 cm yielded 1.04 t ha–1 more grains per hectare
than transplanting at 10 cm x 10 cm. The more

Fig. 2: Effect of Plant Spacing on Rice Grain Yield

vigorous plants, with particularly higher tillering ability
produced more photosynthate than the less vigorous
plants of the closer spacing. This situation led to the
significantly higher grain yield obtained with wider
spaced crops. The case in this study was that the
higher number of tillers, with more vigorous growth
obtained in wider spaced plants was more effective in
mobilizing photosynthate and in grain filling compared
to closely spaced plants. Yoshida [16] showed that grain
filling process involves remobilization from stored
reserves, and also from current photosynthesis. The
plants at wider spacing might also have produced
higher number of productive tillers, which may have
led to superior grain yield. These results corroborates
the report of Romasany and Babu [17] which showed
more productive tillers due to reduced plant density,
and also increased filled grains per panicle with
reduced plant density, and   Balock et al. [18] which
also reported that increased plant spacing considerably

resulted in vigorous plant growth and caused a
significant increase in number of panicles per hill,
grain yield per hill, filled grains per panicle and 1000
grain weight.

Conclusion: The result obtained from this study have
shown that the challenges of N use efficiency and
declining rice yield could be managed by the use of
appropriate N rate and plant spacing. The adoption of
the application of 80 kg N ha-1 as urea and 30 cm x
30 cm plant spacing will ensure a sustained
improvement in rice growth and grain yield at
Abakaliki agricultural area of Ebonyi State, Nigeria.
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