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ABSTRACT
The study was conducted to determine the effects of upland rice and lowland preceding varieties, and 
N fertilization on growth and productivity upland rice grown the same year in two locations in the 
inland valley of Nigeria. The experiment was split plot design with two preceding lowland rice 

-1varieties (Jasmine and Funaabor-2) as main plots and five levels of N (0, 30, 60, 90 and 120 kg N ha ) 
for the succeeding upland rice as split plot treatments with 3 replications. Results showed that upland 
rice grown after FUNAABOR-2 variety gave significant (p < 0.05) number of leaves, chlorophyll 

2content, number of tillers, dry matter, panicle per m , panicle weight and grain yield than Jasmine 
variety was the preceding crop. Rice grown after Funaabor-2 exhibited 54% grain yield increments 
compared to growing Jasmine in Igbogila. The effects of preceding lowland rice varieties on the yield 

-1components and grain yield of upland rice was pronounced more in Alabata (671 kg ha ) than Igbogila 
-1 -1 (1077 kg ha ). Similarly, linear responses to N application from 0-120 kg ha were observed on the 

growth and yield components of rice in both locations. Thus, Cultivation of Funaabor-2 and 
-1increasing the rate of N application from 90 to 120 kg ha  is recommended to boost rice growth and 

yield, increase profitability and to enhance long-term sustainability of the cropping system in inland 
valley.
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INTRODUCTION

Rice (Oryza sativa L.) is an important food 
crop in the world. It is a means of livelihoods to 
millions of people with a tremendous significance 
of alleviating poverty and malnutrition in most 
part of sub-Sahara Africa (SSA) (Basorun 2009). 
It can be refined into rice bran, oil, rice cakes, and 
other foods products. Human consumption 
accounts for around 85 percent of global rice 
production because of rapidly increasing 
population and its ease of preparation (Idris et al. 
2013). In Nigeria, there is significant opportunity 
for the production of rice and can be one of the 
major sources of income for smallholder farmers 
due to the booming demand for rice as a result of 
the rapidly growing population (Idris et al. 2013).. 
Despite, the productivity of rice is still very low in 
Nigeria. This could be attributed to production 

constraints among other factors. Rice grows in 
varied agroecologies including inland valleys. 
Akinbile (2007); Nascente and Kromocardi 
(2017) reported a grain yield in upland rice of 

-1
0.8–3.0 t ha , which is considerably lower than 

-1
those reported for the upland rice of 5–7 t ha  
(Oyekanmi et al. 2008). The sustainable 
production of upland rice could be compromised 
in the long run due to the scarcity and 
inconsistency of rainfall in upland environments. 
Production of upland rice in inland valleys could 
serve as an alternative option in the face of the 
earlier highlighted challenges, especially among 
resource-challenged farmers. However, despite 
this optimism production of upland rice is 
constrained by both abiotic and biotic factors 
(Tanaka et al. 2017). Thus, there exists a paradox 
whereby there are plenty of opportunities, but a 
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scarcity of rice due to very low production of rice 
in Nigeria. This low rice productivity in the 
country is associated with different biophysical 
stresses and management constraints, including 
soil fertilization and application methods.

In developing countries, soil fertility is the 
most important factor that limits crop yields. As a 
result, 50% of the increase in crop yields is due to 
the use of inorganic fertilizers (Baligar et al. 
2001). Rice production in the Nigeria inland 
valleys is constrained by collective effects of 
physical and biotic factors including soil fertility 
depletion, soil acidity, weed infestation, disease 
incidences, drought and use of very low external 
inputs (Tanaka et al. 2017). Among all essential 
elements, nitrogen (N) ranked first in terms of 
quantities and is required in large amounts for 
plant growth (Alva et al. 2006). It is the major 
component of deoxyribonucleic acid (DNA), 
ribonucleic acid (RNA), essential amino acids 
and proteins. Nitrogen is also a central component 
of the chlorophyll molecule, which is essential for 
the photosynthetic process (Alva et al. 2006). 
Among N management practices in Nigeria, 
nitrogen fertilizer rates and time of applications 
could be responsible for increasing the nitrogen 
use efficiency and productivity of rice in inland 
valleys. Nitrogen is easily disappeared from the 
soil surface when there is mismanagement in rice 
fields due to its very mobile nature as compared to 
phosphorus and potassium nutrients (Kumar et al. 
2018). It is lost through various mechanisms 
including volatilization, denitrification, leaching, 
and runoff (Kumar et al. 2018). These losses of N 
should be minimized by synchronizing improved 
nitrogen fertilizer application methods with 
optimum N fertilizer rates for the various growth 
stages of rice. Besides of minimizing the N losses, 
the practice of leaving rice fields in the lowlands 
or inland valleys to fallow or used for late-season 
vegetable cultivation is likely the main reason for 
the current low productivity of rice. The question 
of how to reduce the nitrogen application level 
and improve nitrogen use efficiency as rice plants 
attaining high yield and good quality has become 
an important research focus in these days (Kumar 
et al. 2018). To aid N management, a better 
understanding of the roles of preceding crops and 
application of optimum level of N is needed. 

Presently practiced nitrogen fertilizer rate 
recommendations is claimed to be not suitable to 

rain-fed upland rice while nitrogen losses are not 
minimized (Hergert et al. 2011). Thus, seeking 
appropriate nutrient nourishing mechanisms and 
increasing the productivity through impacts of 
proceeding crops and at its optimum rates is highly 
important for sustaining rain-fed upland rice 
production in the inland valleys. Effects of 
cropping sequences and application of N fertilizer 
rates to rain-fed upland rice production systems in 
inland valleys is not yet tested so far in Nigeria. 
Therefore, the aim of this study was to investigate 
the effects of preceding crops (lowland rice 
varieties) and N fertilizer rates on the productivity 
upland rice in inland valleys of South-western 
Nigeria.

MATERIALS AND METHODS

Description of the study locations
The field trials were conducted on farmers' 

fields in the Alabata and Igbogila in 2012 cropping 
0season in Ogun State, Nigeria. Alabata (7 , 20N, 

0
23E) and Igbogila (7 , 12N, 3E) are potential 
districts for rice production and categorized as 
tropical humid. Both districts is tropical derived 
savanna and is characterized by bimodal rainfall 
pattern with two distinctive seasons (dry and wet). 
The dominant soil type of both districts is kandic 
paleustalf in the Alfisol order of the United States 
Department of Agriculture (USDA) soil 
taxonomy. The study site in Alabata district was 
located at latitude 7º 20' North, longitude 3º 23' 
East at an altitude of 174 m above sea level. The 
mean annual temperature was 27.5°C, and the 
annual rainfall was 783.7mm. The study site in 
Igbogila district was located at latitude 7º 12' 
North, longitude 3º 3' East at an altitude of 85 m 
above sea level. There were no established 
weather station in the study site in Igbogila. 

The soil physical and chemical properties of 
the soil (0–20 cm) were determined using standard 
protocols. The particle size distribution (clay, silt, 
sand) was determined using the hydrometer 
method and soil pH (1:1 soil: water ratio) using 
glass electrode pH meter . The organic carbon 
using Walkley–Black wet oxidation method as 
modified by , available phosphorus using the Bray 
No. 1 method (Bray and Kurtz 1945), total 
nitrogen using Kjeldahl distillation method 
(Bremner and Mulvaney 1982) and exchangeable 
basic cations using ammonium acetate method.
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Table 1 shows the physico-chemical 
properties of the soil at the experimental site 
before the commencement of the trial. The 
textural class of the soil at Alabata was loamy sand 
in texture with 78 g/kg and 84.4 g/kg sand, 7 g/kg 
and 62 g/kg clay and 15 g/kg and 94 g/kg silt 
particle at Alabata and Igbogila. The soil at 
Alabata and Igbogila was moderately acidic with 
pH of 6.06 and 4.64. However, the soil at Alabata 
and Igbogila was very low in organic carbon (1.79 
% and 1.04 %) and thus low in organic matter 

content and total nitrogen (0.7 % and 0.58 %). 
-1 

Exchangeable potassium (1.15 cmol kg 0.54 
-1cmol kg ), available phosphorus (Bray 1 P) of the 

soil was low (1.65 ppm and 6.6 ppm). 
-Exchangeable magnesium was high (8.17cmolkg

1 -1
 and 4.08 cmolkg ) though the exchangeable 

-1
calcium was high at Alabata (9.15 cmol kg ) and 

- 1low at Igbogila (0.43 cmol kg ). The 
exchangeable sodium percentage at Alabata and 

-1 -1Igbogila was also (1.63 cmol kg  1.29 cmol kg ).

Table 1: Pre-planting Physico-Chemical properties of experimental soils

Soil Physico Chemical Properties ALABATA IGBOGILA

Sand 78 g/kg 84.40 g/kg

Clay 7 g/kg 6.20 g/kg

Silt 15 g/kg 9.40 g/kg

pH 6.06 4.64

Mg(Cmol-1) 8.17 4.08

Na(Cmol-1) 1.63 1.29

K(Cmol-1) 1.15 0.54

H+ Al 0.11 0.74

ECEC 20.21 7.08

% Base SAT 99.46 89.55

C % 1.79 1.04 

N % 0.70 0.58 

P(ppm) 26.10 6.60

Cu(ppm) 1.65 1.95

Mn(ppm) 187.50 20.75

Fe(ppm) 845.00 79.00

Zn(ppm) 22.00 3.70 

Experimental treatments and design
The experiments in both locations were a 

year sequential and performed in fixed plots at 
each of the site (one at each location). It was 
designed in split plot with preceding lowland rice 
varieties (Jasmine and FUNAABOR-2) as main 
plot and five levels of N (0, 30, 60, 90 and 120 kg 

-1
N ha ) for the succeeding crop (upland rice var 
NERICA-8) as sub plot treatments with 3 
replications. The preceding rice varieties in the 
respective locations were sown in randomized 
complete block design with 3 replications. Three 
week old seedlings of the two lowland rice 
varieties were transplanted into the main plots at 
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20 cm x 20 cm spacing in July 2012 at both 
locations and the field was irrigated on daily basis 
for 3 weeks. Thereafter, irrigation was suspended 
to supply 400 kg of NPK 20: 10:10 was applied 
across all treatments at three weeks after 
transplanting. Irrigation continued a week after 
fertilizer application until physiological maturity. 
After harvesting, the rice straw was incorporated 
into the soil.

The main plots were divided into 5 sub plots 
2

with an equal size of 80 m  (10 m by 8 m). The 
spacing between plots and blocks were 0.5 m and 
1 m, respectively. Three weeks old-seedlings of 
upland rice (NERICA 8 variety) were transplanted 
in October 2012 in both locations and N fertilizer 
was applied to the upland rice at 3 WAT at the rate 

-1
of 0, 30, 60, 90 and 120 kg N ha . In addition, all 
relevant agronomic practices were undertaken as 
per the local recommendations for rice. 

Data collection
The measured (computed) variables for 

growth, grain yield and yield attributes were 
Chlorophyll content (measured using chlorophyll 
metre: SPAD 502), plant height, number of tillers, 
number of leave, dry matter, number of days to 
50% flowering, panicle length, panicle weight, 

-2panicle m , grains per panicle and grain yield 
number For grain and aboveground biomass 
yields measurements, the entire crop was 

2
harvested from a net plot area of 46 m  (6 m by 8 
m). The number of tillers per each plant was 
counted from 5 plant samples from each plot. 
Plant heights from the ground surface to tip of the 

plant were measured at physiological maturity 
based on 5 plant samples per plot. The whole 
harvest from each plot was subjected to drying and 
weighing for the determination of aboveground 
total biomass yields. The air-dried samples were 
threshed manually, cleaned and weighed for grain 
yield determination. The weighed samples of the 
aboveground biomasses and grains from each plot 

1
were converted to kg ha  for statistical analyses. 

Statistical Analysis
The growth variables, yield and yield 

components data were subjected to analysis of 
variance (ANOVA) using Genstat statistical 
package 12 edition. The differences among the 
means were separated using least significance 
difference at 5% level of probability.

RESULTS AND DISCUSSION

The statistical analysis of variance of the two 
locations indicated that preceding crops (lowland 
rice varieties) and nitrogen (N) fertilization 
significantly influenced the growth variables 
(Tables 2 and 3), yield components and grain yield 
of upland rice (Tables 4 and 5). However, there 
were no significant interaction effects between 
preceding crops and N fertilizer for the variables 
measured or computed except for the number of 
leaves, chlorophyll reading and dry mass in 
Abeokuta (Table 2, and number of grains in 
Igbogila (Table 5). Hence, the main effects of 
preceding crops and N fertilizer have been 
presented below.

Table 2. P values from the analysis of variance for the effects of preceding lowland rice 
varieties and N fertilizer rate on growth variables of upland rice in Alabata.

Effects Plant height 
(cm) 

Number of 
leaves 

Chlorophyll 
reading 

Number of 
tillers 

Dry matter 
(g) 

Preceding rice 
(PR)

 

0.841 0.040 0.150 0.048 0.040 

Nitrogen rate (N) 0.533 0.016 0.004 0.040 0.027 

PR*N 0.435 0.022 0.048 0.107 0.045 

Note: P means probability level at 5%
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Table 3. P values from the analysis of variance for the effects of preceding lowland rice 
varieties and N fertilizer rate on growth variables of upland rice in Igbogila.

Effects Plant height 
cm)

Number of 
leaves

Chlorophyll 
reading

Number of 
tillers

Dry matter 
(g)

Preceding rice (PR) <0.001 0.001 0.142 0.472 0.103 

Nitrogen rate (N) 0.020 0.001 0.006 <0.001 <0.001 

PR*N 0.140 0.544 0.066 0.434 0.258 

 

Note: P means probability level at 5%

Table 4. P values from the analysis of variance for the effects of preceding lowland rice 
varieties and N fertilizer rate on yield and yield components of upland rice in Alabata.

Note: P means probability level at 5%

Effects Number of 
grains per 

panicle 

Panicle 
m-2 

Panicle 
length 
(cm) 

Panicle 
weight (g)

1000-grain 
weight (g) 

Grain 
yield 

(kg ha-1)

Preceding 
rice (PR) 

0.029 0.780 0.191 0.299 0.392 0.946 

Nitrogen 
rate (N) 

0.017 0.029 0.053 0.043 0.416 <.0.001 

PR*N 0.058 0.917 0.907 0.117 0.199 0.954 
 

Table 5. P values from the analysis of variance for the effects of preceding lowland rice v
arieties and N fertilizer rate on yield and yield components of upland rice in Igbogila.

Effects Number of 
grains per 

panicle
 

Panicle m-2 Panicle 
length 
(cm)

 

Panicle 
weight (g) 

1000-grain 
weight (g) 

Grain 
yield 

(kg ha-1)
 

Preceding 
rice (PR) 

0.122 <0.001 0.023 0.026 0.356 <0.001 

Nitrogen 
rate (N) 

0.025 <0.001 0.003 0.013 0.536 <0.001 

PR*N 0.004 0.078 0.080 0.052 0.902 0.464 

 Note: P means probability level at 5%

Effect of preceding crops on growth variables 
and productivity of upland rice
Results indicated that preceding crops 
significantly influenced the growth variables, 
grain yields and yield components of upland rice 
in both locations. Analysis of variance showed 

that upland rice grown after FUNAABOR-2 
variety gave significant (p < 0.05) number of 
leaves, chlorophyll content, number of tillers, dry 
matter and number of grains per panicle 
increments than when Jasmine variety was the 
preceding crop in Abeokuta (Tables 6 and 7). 
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Table 6. Means for the main effect of preceding lowland rice varieties on the growth 
variables of upland rice in Alabata.

Preceding rice 
variety 

Plant 
height 
(cm)

 

Number of 
leaves 

Chlorophyll 
reading 

Number 
of tillers 

Dry 
matter 
(g)

 
Jasmine 83.6 31.6b 46.8 10.1b 32.2b 

FUNAABOR-2 82.4 36.4a 45.1 13.4a 36.3a 

 Note: (1) means with the same letter are not statistically different, (2) values without letters 
indicated insignificant responses.

Table 7. Means for the main effect of preceding lowland rice varieties on the growth 
variables of upland rice in Igbogila.

Preceding rice 
variety 

Plant 
height 
(cm)

 

Number of 
leaves 

Chlorophyll 
reading 

Number 
of tillers 

Dry 
matter 
(g)

 
Jasmine 83.9b 37.1b 37.3 10.6 27.0 

FUNAABOR-2 92.9b 42.1a 39.1 11.2 29.2 

 
Note: (1) means with the same letter are not 
statistically different, (2) values without letters 
indicated insignificant responses.

Similar result was observed in Igbogila with 
very significant (p < 0.001) plant height, number 

2of leaves, panicle per m , panicle weight and grain 
yield increments than when Jasmine variety was 

the preceding crop (Tables 8 and 9). The effects of 
preceding lowland rice varieties on the yield 
components and grain yield of upland rice was 
pronounced more in Alabata than Igbogila (Tables 
8 and 9). The mean grain yields of upland rice 
succeeding FUNAABOR-2 in Igbogila and 

-1
Alabata were 671 and 1077 kg ha  respectively.

Table 8. Means for the main effect of preceding lowland rice varieties on the yield and yield 
components of upland rice in Alabata.                                             

Preceding rice 
variety 

Number of 
grains per 

panicle 

Panicle 
m-2 

Panicle 
length 
(cm) 

Panicle 
weight 

(g) 

1000-
grain 

weight 
(g)

 

Grain 
yield 

(kg ha-1) 

Jasmine 76.3b 20.8 52.5 2.63b 28.0 672 

FUNAABOR-2 105.4a 21.5 51.5 3.13a 28.3 671 
 

Note: (1) means with the same letter are not statistically different, (2) values without letters indicated 
insignificant responses.
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Generally, the superior productivity of the 
upland r ice  fo l lowing cul t iva t ion  of  
FUNAABOR-2 variety compared to when 
Jasmine was the preceding variety indicated the 
vital advantage of cropping sequence with 
FUNAABOR-2. This impact of FUNAABOR-2 
may have been related to the lower penetrometer 
resistance, which was characteristic to deep tap 
roots on soil structure (Amanuel et al. 2000). 
Lower penetrometer resistance indicates 
reduction in soil compaction and bulk density; 
thereby enhances infiltration of rainfall and 
increases moisture retention as opposed to runoff 
in compacted soils. Other factors may have been 
related to reduction of soil N mineralization 
(Przednowek et al. 2004). The N residue left after 
the harvest of FUNAABOR-2 could have 
attributed to the increased yield of the subsequent 
upland rice. Thus, the amount N residue left 
behind in the soil for subsequent crops is 
generally related to the yield that the previous 
crops attained (Przednowek et al. 2004).

Effect of nitrogen fertilizer on growth variables 
and productivity of upland rice

The application of N fertilizer markedly 

influenced the growth variables (Tables 2 and 3), 
yield and yield components (Tables 4 and 5) of 
upland rice in both Alabata and Igbogila. The 
influence of N fertilization on the number of 
leaves, chlorophyll reading number of tillers and 
dry mass of upland rice were significant both for 
the Abeokuat (Table 2) and Igbogila (Table 3). 

The results showed that the number of leaves 
(Figure 1 a and b), SPAD chlorophyll reading 
(Figure 2 a and b), number of tillers (Figure 3 a and 
b) and dry mass (Figure 4 a and b) of the upland 
rice increased with increased rates of N fertilizer 
application for Alabata and Igbogila respectively. 
N fertilization increased the plant height of the 
upland rice in Igbogila, with no effect in the 
Alabata study area (data not shown).The highest 
number of leaves for Alabata (Figure 1a) and 
Igbogila (Figure 1b) sites were recorded for the 

-1application of 120 kg N ha  (44 and 52 
respectively). This study generally showed that N 
fertilization increased the tillering capacities of 
the upland rice compared to unfertilized plots. The 

-1number of tillers plant  increased with increased 
rates of N fertilizer application both locations 
(Figure 3a and b). 

Table 9. Means for the main effect of preceding lowland rice varieties on the yield and yield 
components of upland rice in Igbogila.

Preceding rice 
variety 

Number of 
grains per 

panicle 

Panicle 
m-2 

Panicle 
length 
(cm) 

Panicle 
weight (g) 

1000-grain 
weight (g) 

Grain 
yield 

(kg ha-1) 

Jasmine 72.5 47.7b 20.5b 3.57b 32.9 491b 

FUNAABOR-2 78.5 56.2a 21.9b 3.94a 33.9 1077a 

 Note: (1) means with the same letter are not statistically different, (2) values without letters indicated 
insignificant responses
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Fig. 1: Effect of N fertilizer rates on number of leaves at Alabata (a) and Igbogila (b)

Fig. 2: Effect of N fertilizer rates on SPAD chlorophyll at Alabata (a) and Igbogila (b)

Fig. 3: Effect of N fertilizer rates on number of tillers at Alabata (a) and Igbogila (b)
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N fertilization significantly affected the number of 
2grains per panicle (Figure 5a and b), panicle per m  

(Figure 6a and b), panicle weight (Figure 7a and b) 
in both locations as indicated by significant linear 
responses to increasing N rates. The biggest 
responses were recorded from the highest rate of 

-1
N (120 kg N ha ) in Alabata and Igbogila. 

Generally, N fertilization improved the grain yield 
and yield components for Alabata and Igbogila 
study areas increased as the rate of N fertilizer 

-1increased from 0 to 120 kg N ha . The lowest grain 
-1

yield in Alabata (257 kg ha ) and Igbogila (349 kg 
-1ha ) were recorded from the plots not treated with 

N fertilizer (Figure 8a and b).

Fig. 4: Effect of N fertilizer rates on dry mass at Alabata (a) and Igbogila (b)

Fig. 5: Effect of N fertilizer rates on number of grains per panicle at Alabata (a) and Igbogila (b)
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2Fig. 6: Effect of N fertilizer rates on number of panicles per m  at Igbogila (a) and Alabata (b)

Fig. 7: Effect of N fertilizer rates on panicle weight at Igbogila (a) and Alabata (b)

Fig. 8: Effect of N fertilizer rates on grain yield at Igbogila (a) and Alabata (b)
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The response of upland rice to N 
fertilization and the lack of a significant 
interaction between pre-crop and N rate showed 
that grain and biomass yields increased with 
increased rates of N in both locations irrespective 
of preceding varieties. Accordingly, the 
agronomic optimum rate of N for enhanced 

-1upland rice productivity was 120 kg N ha  for the 
Alabata and Igbogila locations regardless of 
preceding varieties. Several researchers 
(references) also reported similar results of 
increased rice grain yield with increased N 
fertilization rates. Similarly, increased rice 
biomass yields with increased N fertilization rates 
were also reported based on several global studies. 
O'Donovan et al. (2014) also reported higher yield 
potentials owing to application of N fertilizer after 
preceding crops.

Similar to the preceding crops, the effects 
of N fertilizer on the biomass and grain yield of 
upland rice was pronounced more for the Alabata 
than Igbogila sites. Higher incremental responses 
to N fertilization and lower yield for the Alabata 
compared to Igbogila sites could partially be 
attributed to the relatively lower initial N content 
(0.58%) and soil pH (4.64) for the Igbogila than 
the relatively higher initial N (0.7% ) and soil pH 
(6.06) for the Alabata sites. Increased rice panicle 
weight with increased N fertilizer rates was also 
reported in previous studies. Similar to the effect 
of cropping sequence, the mean panicle weight of 
upland rice for the Alabata was somewhat higher 
than the Igbogila sites, which could be attributed 
to the relatively higher initial phosphorous 
concentrations in the soil for the Alabata (26.1 mg 

-1 -1
kg ) site compared to Igbogila (6.6 mg kg ) site, 
and to its consequent positive impact on seed 
formation. This is because phosphorus is a vital 
component of ATP, which is formed during 
photosynthesis. Photosynthesis has phosphorus in 
its structure, and involves in the processes from 
seedling growth through to seed formation and 
maturity (Malhotra et al. 2018). Increase in 
panicle weight with increase in P application was 
reported in previous studies. Owing to its role in 
good root growth (Malhotra et al. 2018), 
phosphorus directly affects the panicle weight 
(Hussain et al. 2006).

The promoted plant tillers in Alabata site 
attributed to the enhanced N availability due to 
increased rates of N. The application N fertilizer 

promotes tillers development as it increases the 
cytokinin content within tiller nodes of the culm 
and further boosts the growth of the tiller 
primordium (Sakakibara et al. 2006). Thus, tiller 
formation depends largely on the N absorbed and 
the carbohydrates produced at the growth stage 
when the tiller primordium grows or upon the 
nutrients stored in the culm. N deficiency results 
in fewer numbers of tillers, which consequently 

2produce a smaller population of panicles m  
(Prystupa et al. 2003; Mitchell et al. 2012). 
Conversely, surplus of surviving tillers due to 
excessive N can lead to a larger population 
resulting in higher competition for limited 
resources (Wang et al. 2009). Adequate supply of 
N rate, therefore, optimizes productive tiller 
density and enhances grain yield. Results further 

2revealed that the number of panicles per m  and 
number of grains per panicle of upland was 
significantly influenced by N fertilization, 
indicating the contribution N for enhanced plant 
growth. The current result was is consistent with 
the reported findings of O'Donovan et al. (2011).

CONCLUSION

The present study demonstrated that 
upland rice sown preceding lowland rice varieties, 
and increased rate of nitrogen fertilizer 
irrespective of preceding varieties, improved 
upland rice yield. As a result of higher yields and 
increased economic benefits, cropping sequences 
of lowland rice-upland rice along with fertilizer 

-1rates of 120 kg N ha  regardless of preceding crops 
can be used as alternate management options to 
sustain rice productivity in inland valleys for the 
trial sites located in Alabata and Igbogila locations 
o f  t h e  S o u t h - w e s t e r n  N i g e r i a .  T h i s  
recommendation can be extended to other regions 
of similar agro-ecologies in the country and other 
parts of the world. The preceding lowland variety, 
particularly FUNAABOR-2 and N fertilizer rates 
have the potential to increase rice production, 
while promoting enhanced economic returns for 
smallholder farmers and sustain the supply of rice 
grain for human and livestock consumption. In the 
current study, the cut-off point for the maximum 
nitrogen fertilizer rates was not reached, while the 
response to nitrogen fertilizer was linear in this 
study. Therefore, further investigation is 
recommended to determine the response curve for 
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nitrogen fertilizer after each preceding crop over long 
periods at representative locations across the major rice 
producing areas in Nigeria.

REFERENCES

Akinbile LA. (2007). Determinants of productivity level 
among rice farmers in Ogun State, Nigeria. In 8th 
African Crop Science Conference Proceedings, 
27–31.

Alva AKS, Paramasivam A, Fares JA, Delgado D, Mattos Jr, 
Sajwan, K. (2006). Nitrogen and irrigation 
management practices to improve nitrogen uptake 
efficiency and minimize leaching losses. Journal of 
Crop Improvement 15 (2):369–420.

Amanuel G, Kefyalew G, Tanner DG, Asefa T, Shambel M, 
(2000). Effect of crop rotation and fertilizer 
application on wheat yield performance across five 
years at two locations in Southeastern Ethiopia. In: 
The Eleventh Regional Wheat Workshop for Eastern, 
Central and Southern Africa. CIMMYT, Addis 
Ababa, Ethiopia, pp. 264–274.

BaligarVC, Fageria NK, He, ZL. (2001). Nutrient use 
efficiency in plants. Communications in Soil Science 
and Plant Analysis. 32(7-8):921–950.

Basorun JO. (2009). Analysis of the relationships of factors 
affecting rice consumption in a targeted region in 
Ekiti-State. Nigeria. Journal of Applied Quantitative 
Methods. 4(2):145–50.

Bray RH, Kurtz LT. (1945). Determination of total, organic, 
and available forms of phosphorus in soils. Soil 
Science, 59(1), 39–46.

Bremner JM, Mulvaney CS. (1982). Nitrogen – Total. In 
Methods of soil analysis. american society of 
agronomy.soil science of america, ed. A. L. Page, R. 
H. Miller, and D. R. Keeney, 595–624, Madison, 
Wisconsin, USA: American Society of Agronomy.

Hergert GW, Ferguson R, Wortmann C, Shapiro C, Shaver 
T. (2011). Enhanced efficiency fertilizers: Will they 
enhance my fertilizer efficiency? In: 2011 Crop 
Production Clinics Proceedings. Pg. 145-148.

Hussain N, Khan AZ, Akbar H. Akhtar S.(2006). Growth 
factors and yield of maize as influenced by 
phosphorus and potash fertilization. Sarhad J. Agric. 
22 (4), 579–583.

Idris A, Rasaki K, Hodefe OJ, Hakeem B. (2013). 
Consumption pattern of Ofada rice among civil 
servants in Abeokuta Metropolis of Ogun State. 
Nigeria. Journal of Biology, Agriculture and 
Healthcare 3(6):106–112.

Kumar V, Jat HS, Sharma PC, Singh B, Gathala MK, Malik 
RK, Kamboj BR, Yadav AK, Ladha JK, Raman, A. 
(2018). Can productivity and profitability be 
enhanced in intensively managed cereal systems 
while reducing the environmental footprint of 
production? Assessing sustainable intensification 
options in the bread basket of India. Agriculture, 
Ecosystems and Environment 252:132–147.

Malhotra H, Vandana X, Sharma S, Pandey R. (2018). 
Phosphorus nutrition: plant growth in response to 
deficiency and excess. In: Hasanuzzaman, M., Fujita, 
M., Oku, H., Nahar, K., Hawrylak-Nowak, B. (Eds.), 
Plant Nutrients and Abiotic Stress Tolerance. 
Springer, Singapore.

Mitchell JH, Chapman SC, Rebetzke GJ, Bonnett DG, Fukai 
S.(2012). Evaluation of a reduced-tillering (tin) gene 
in wheat lines grown across different production 
environments. Crop Pasture Sci. 63 (2), 128–141.

Nascente AS, Kromocardi R. (2017). Genotype selection 
and addition of fertilizer increases grain yield in 
upland rice in Suriname. Acta Amazonica 47 
(3):185–94.

Oyekanmi AA, Okeleye KA, Okonji CJ. (2008). On-farm 
evaluation of rainfed lowland rice varieties at Olokose 
Village, Odeda, Ogun State, Nigeria. Journal of 
Agronomy 7 (2):192–6.

O'Donovan JT, Turkington TK, Edney MJ, Clayton GW, 
McKenzie RH, Juskiw PE, Lafond GP, Grant CA, 
Brandt S, Harker KN, Johnson EN, May WE. (2011). 
Seeding rate, nitrogen rate, and cultivar effects on 
malting barley production. Agron. J. 103, 709–716.

Prystupa P, Slafer GA, Savin R. (2003). Leaf appearance, 
tillering and their coordination in response to N P 
fertilization in barley. Plant Soil 255 (2), 587–594.

Przednowek DWA, Entz MH, Irvine B, Flaten DN, Martens 
JRT. (2004). Rotational yield and apparent N benefits 
of grain legumes in southern Manitoba. Can. J. Plant 
Sci. 84, 1093–1096.

Sakakibara H, Takei K, Hirose N. (2006). Interactions 
between nitrogen and cytokinin in the regulation of 
metabolism and development. Trends Plant Sci. 11, 
440–448.

Tanaka AJ. Johnson K. Senthilkumar C, Akakpo Z, Segda 
LP, Yameogo I, Bassoro DM, Lamare MD, 
Allarangaye Het al. (2017). On-farm rice yield and its 
association with biophysical factors in Sub-Saharan 
Africa. European Journal of Agronomy 85:1–11.

Wang FH, He ZH, Sayre K, Li SD, Si JS, Feng B, Kong LA. 
(2009). Wheat cropping systems and technologies in 
China. Field Crop. Res. 111 (3), 181–188.

Oni O. E et al: Optimal nitrogen fertilization rates for upland rice

An Official Publication of Enugu State University of Science & Technology    ISSN: (Print) 2315-9650   ISSN: (Online) 2502-0524

This work is licenced to the publisher under the Creative Commons Attribution 4.0 International License.     
127


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

