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Summary

Weed interference and poor soil fertility are important factors resulting in the poor 
yield of rice in Nigeria. A 2-year field study was therefore conducted to evaluate the effect 
of different nitrogen fertilization and weeding levels on growth and yield of upland rice in 
a forest savannah transition zone of Nigeria. A split-plot design in three replicates was used 
with three nitrogen fertilization levels (0, 60 and 90 kg ha-1) as the main plot treatments, 
and four weeding levels (zero weeding, one hoe-weeding, two hoe-weedings and weed-free 
check) as the subplot treatments. Nitrogen fertilization levels had no significant effect on 
weed density, biomass and weed control efficacy. However, rice vigour, plant height, number 
of tillers and leaf area index increased significantly with increasing nitrogen fertilization 
levels up to 60 kg ha-1 and grain yield up to 90 kg ha-1. Two hoe-weedings increased weed 
control efficacy similar to the weed-free check better than one hoe-weeding. Rice vigour, tiller 
number, leaf area index and grain yield increased as number of hoe-weeding also increased. 
Weed-free check that included four hoe-weedings was not better than two hoe-weedings 
carried out 3 and 6 weeks after sowing (WAS). The result of this study showed that nitrogen 
fertilization application at 90 kg ha-1 and two hoe-weedings at 3 and 6 WAS would improve 
weed control and productivity of upland rice.
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Introduction
Rice (Oryza sativa L.) is the most important staple food in 

Nigeria accounting for 10.5% of the average caloric intake (Durand-
Morat et al., 2019) and 6% of household expenses (Johnson et al., 
2013). Rice is the most rapidly expanding food commodity both in 
term of consumption and production, and therefore a central crop 
for food security and income generation for farmers in Nigeria 
(Durand-Morat et al., 2019). However, its consumption rate 
exceeds its present level of production, making Nigeria the second 
largest importer of rice after China with an average of 2.4 million 
metric tons a year (Durand-Morat et al., 2019; USDA-ERS, 2019). 
It is largely grown by smallholder farmers in farms usually less 
than a hectare under upland conditions (Takeshima and Bakare, 
2016). This situation has been attributed to the low productivity 
and poor yield obtained from farmers’ field in Nigeria (Johnson 
and Ajibola, 2016). Average rice yield in Nigeria (2.0 t ha-1) is only 
about half of the global average yield (5.4 t ha-1) and far below 
Egypt's 9.5 tha-1 (Durand-Morat et al., 2019).

Weed interference is one of the principal factors responsible 
for the poor yield of rice in Nigeria and other parts of Africa 
(Waddington et al., 2010: Adigun et al., 2017) since at the 
beginning of its vegetation rice is a weak competitor against 
weeds. Moreover, rice is sown at close spacing of 50 cm or 
below, which makes mechanical weed control difficult, resulting 
in high yield losses up to 90% (Adeyemi et al., 2017; Adigun et 
al., 2017). In Africa, yield losses due to weed interference are 
estimated to be at least 2.2 million tons per year, valued at $ 1.5 
billion (Rodenburg and Johnson 2009). Weed control method 
currently employed by smallholder farmers to reduce such losses 
is predominantly manual hoe-weeding. Although hoe-weeding is 
very important when trying to avoid the development of potential 
serious weed problems, labour shortage and its attendant cost is 
a major constraint (Datta et al., 2017; Adigun et al., 2017). On 
the other hand, currently available rice herbicides do not control 
the entire weed spectrum with diverse physiology, morphology 
and time of emergence (Khaliq et al., 2014), and their efficacy is 
further limited under conditions of high rainfall and prolonged 
weed germination period (Mahajan and Timsina, 2011; Daramola 
et al., 2020). Moreover, smallholder farmers lack the technical 
know-how for correct herbicide application. Phytotoxicity and 
environmental problems that might be induced when herbicides 
are wrongly applied have made the use of post-emergence 
herbicides less desirable for smallholder farmers (Labrada, 2003; 
Khaliq et al., 2014).

The adoption and execution of weed management approach 
that would decrease farmers’ reliance on herbicides and 
multiple hoe-weeding have been advocated to adequately 
address the problem posed by weeds in rice production (Maity 
and Mukherjee, 2008; Adigun et al., 2017). Enhancing the 
competitive ability of rice against weeds is an important means 
of achieving that goal. The competitive relationship between 
rice and weeds is highly dependent on many factors including 
the supply and availability of nutrients (Blackshaw et al., 2005; 
Mahajan and Timsina, 2011). Of all nutrients, plant response to 
nitrogen fertilizer is most widely observed (Camara et al., 2003). 
Adequate nitrogen fertilizer application has a potential to produce 
a vigorous rice crop with enhanced competitiveness against 
weeds whereas excessive application could lead to luxuriant weed 

growth (Mahajan and Timsina, 2011). There is, therefore, need 
to systematically integrate this weed management strategy into 
the production practice of smallholder farmers to combat weed 
problem in a sustainable manner within the context of integrated 
weed management. Since manual weed control is a major aspect of 
rice production in Nigeria, the future expansion of area under rice 
cultivation is contingent upon appropriate cultural practices such 
as nitrogen application that would enhance crop competitiveness 
against weeds and consequently reduce weeding burden. Hence, 
the aim of this study was to evaluate the performance of upland 
rice under different nitrogen fertilization and weeding levels.

Materials and Methods
Field experiments were conducted during the cropping 

seasons of 2014 and 2015 at the Research Farm, Federal University 
of Agriculture, Abeokuta (7º15' N; 3º25' E) in the transition zone 
of Nigeria. The soil was a sandy loam Oxic Paleudulf with 6.7 
and 6.9% organic matter, 0.16 and 0.18 cmol kg-1 total nitrogen, 
1.1 and 1.3 cmol kg-1 available phosphorus, 1.3 and 1.5, cmol 
kg-1 potassium, 0.4 and 0.6 cmol kg-1 calcium and 7.12 and 7.23 
cmol kg-1 of magnesium with pH of 6.7 and 6.9 in 2014 and 
2015, respectively in the top 20 cm. The experimental site was 
previously fallow for 1 year after cropping with peanut (Arachis 
hypogea L.) and cowpea (Vigna unguiculata L.) for the previous 
2 years. Meteorological data during the period of crop growth in 
both years are presented in Table 1. The major weed species at 
the site were Euphorbia heterophylla (Linn.), Gomphrena celosioides 
(Mart.), Boerhavia diffusa (Linn.), Chromolaena odorata (L.) R. M. 
King and Robinson, and Digitaria horizontalis (Willd.) before the 
study started. The site was cleared manually and ploughing and 
harrowing were done mechanically at a two-week interval. 

A split-plot design was used with three nitrogen fertilizer 
application levels (0, 60 and 90 kg ha-1) as the main plot treatments, 
and four weeding levels (zero weeding, one hoe-weeding at 3 
weeks after sowing (WAS), two hoe-weedings at 3 and 6 WAS, 
and the weed-free check that included four hoe-weddings at 3, 6, 
9 and 12 WAS) as the subplot treatments in randomized complete 
blocks with three replicates. Each subplot was 13.5 m2 in size. Rice 
seeds (var. NERICA 2) were sown by drilling method at inter-row 
spacing of 50 cm in both years. Nitrogen fertilizer was applied as 
urea in two equal splits by drilling into furrows 10 cm from the 
plants at 3 and 6 WAS in both years. 

Data on weed density and biomass were taken at 9 WAS from 
a 50 cm2 quadrat randomly placed at three spots within each plot. 
Weeds sampled from the quadrat were counted, oven-dried at 
70°C until constant weight, and dry biomass was recorded. Weed 
control efficacy (%) of each treatment was evaluated by visual rating 
at 9 WAS based on a scale of 0 to 100% where 0 represents plots 
fully covered with weeds (no weed control) and 100 represents 
plots with no weed cover (complete weed control) (Hajebi et al., 
2016). Data on rice were collected from 10 tagged plants within 
the net plots at 9 WAS to determine crop vigour score, plant height 
(cm plant-1), number of tillers (number m-1) and leaf area index. 
Crop vigour score was accessed by visual estimate based on scale 
0-10, where 0 represents completely dead plant and 10 represents 
the most vigorous plant (Tunku et al., 2007; Adigun et al., 2017). 
The leaf area index (LAI) was calculated following the formula of 
Watson (1947).
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Table 1. Total rainfall, mean temperature and relative humidity during the period of crop growth in 2014 and 2015

Month
Total rainfall (mm) Mean temperature (° C) Relative humidity (%)

2014 2015 2014 2015 2014 2015

June 53.7 53.7 27.0 26.8 71.0 70.8

July 202.0 202.6 25.5 27.2 76.2 73.0

August 35.2 35.2 24.3 26.2 71.6 70.3

September 135.6 136.0 25.6 26.3 70.0 71.9

October 94.7 94.4 27.0 26.3 67.2 67.2

Total 522 584

Rice was harvested manually and grain yield from each plot 
was recorded at 14% moisture content and expressed in t ha-1. 
During harvesting, 10 hills were selected within the net plot for 
measuring panicle length (cm), panicle weight (g) and number 
of grains per panicle. Data were subjected to analysis of variance 
using GENSTAT (18th edition, Rothamstead Experimental 
Station, Hertfordshire, UK). Replicate effects were considered 
random, while treatment effects were considered fixed. The means 
were separated using 5% least significant difference (LSD ≤0.05). 

Results and Discussion

Weed Species Composition

Twenty weed species were recorded during the period of 
crop growth in 2014 and 2015. The weed species comprised of 
ten broadleaf weeds, eight grasses, and two sedges (Table 2). The 
most dominant weed species averaged across the treatments in 
both years were E. heterophylla, Tridax procumbens (Linn.), G. 
celosioides, Commelina benghalensis (Burn.), and D. horizontalis 
(Table 2). The prevalence of both annual and perennial broadleaved 
weeds and grasses in this study may be a result of high disturbance 
environment that favour them (Menalled et al., 2001). However, 
there were differences in the level of weed infestation between 
the two years. The weed species were generally less abundant in 
2014 than in 2015. Some of the weed species such as Commelina 
benghalensis, Gomphrena celosioides, Boerhavia diffusa, Talinum 
triagulare, Chromolaena odorata and Digitaria horizontalis with 
moderate infestation in 2014 were found with high infestation 
in 2015 (Table 2). The variability in the level of weed infestation 
between two years may be attributed to rainfall differences. The 
rainfall was generally more abundant and evenly distributed in 
2015 than in 2014. It has been reported that rainfall affects weed 
species distribution and their competitiveness within a crop 
community (Shahidul et al., 2011).

Effect of Different Nitrogen Fertilization and Weeding 
Levels on Weed Density and Biomass and Weed Control 
Efficacy

Weed density, biomass as well as weed control did not differ 
significantly between different nitrogen fertilizer levels in both 
years. Average values for weed density, biomass and weed control 
efficacy across the nitrogen fertilizer levels were 18.6, 40.8 and 57.5, 
respectively in 2014 and 23.8, 40.6 and 57.1, respectively in 2015. 

This was probably due to the timing and method of application 
which made the fertilizer available to the rice plants and not to the 
weeds. The two splits of nitrogen application were done in the third 
and sixth weeks of crop growth immediately after weed control by 
hoe-weeding. Hence, the nitrogen applied did not stimulate weed 
growth, but rather enhanced rice growth. The banding method 
of application used in this study decreased fertilizer availability 
to weeds and did not encourage weed growth between the crop 
rows, but placed the fertilizer where the crop could reach it 
quickly as suggested in Fanadzo et al. (2010). Our result supports 
the previous findings of Adigun et al. (2017), who reported that 
nitrogen fertilizer application had no effect on weed growth when 
banding method of application was used in a study conducted in 
the forest savannah transition zone of Nigeria. This absence of a 
response to nitrogen application is somewhat contrary to previous 
report of Mahajan and Timsina (2011) who observed an increase 
in weed density and biomass with increasing nitrogen rates in 
rice using banding method of application in a study conducted 
in India where the main infesting weed species were Echinochloa 
colona, E. crussgali and Digitaria sanguinalis. Such differences in 
the effect of nitrogen application on weed growth in the present 
study may be attributed to differences in infesting weed species. 
Andreason et al. (2006) and Kim et al. (2006) earlier reported 
that weed growth could be increased, unchanged, or reduced with 
increasing nitrogen application, depending on the infesting weed 
species. This indicates that weed response to nitrogen application 
is species dependent. 

Conversely, weed density and biomass and weed control efficacy 
differed significantly between weeding levels in both years (Table 
3). Weed density was the lowest in plots weeded twice, compared 
to plots weeded once or kept weedy. With one hoe-weeding weed 
density was reduced by 41 - 61% and with two hoe-weedings by 
71 -78% in both years, respectively (Table 3). The lowest weed 
biomass was recorded in plots weeded twice, compared to plots 
weeded once or kept weedy. Consequently, weed control efficacy 
increased as the number of hoe-weeding increased. However, 
weed control efficacy obtained in the weed-free check (100%) 
was not significantly better than that of two hoe-weedings (86.5 - 
89.6%) in both years, indicating that efficient weed control in rice 
can be achieved with two hoe-weedings carried out in the third 
and sixth weeks after sowing. Weeds coming later in the growing 
season are less aggressive due to more developed rice canopy and 
therefore lower weeds growth rate.
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Table 2. Weed species and level of infestation during the experiment in 2014 and 2015

Weed species Life cycle
2014 2015

Plants m-2 Level of infestation Plants m-2 Level of infestation

Amaranthus spinosus Linn. Annual broad leaf 20.9 LIa 29.7 MI

Boerhavia diffusa Linn. Perennial broad leaf 25.8 LI 44.5 MI

Commelina benghalensis Burn. Perennial broad leaf 45.6 MI 68.8 HI

Euphorbia heterophylla Linn. Annual broad leaf 57.8 MI 76.8 HI

Gomphrena celosioides Mart. Annual broad leaf 54.5 MI 66.3 HI

Spigelia anthelmia Linn. Annual broad leaf 23.8 LI 33.6 MI

Tridax procumbens Linn. Annual broad leaf 58.9 MI 75.7 HI

Chromolaena odorata (L.) R.M. King and Robinson Perennial broad leaf 36.7 MI 38.9 MI

Talinum triangulare (Jacq.) Willd. Perennial broad leaf 34.7 MI 39.8 MI

Trianthema portulacastrum Linn. Perennial broad leaf 24.4 LI 27.8 LI

Digitaria horizontalis Willd. Annual grass 50.7 MI 77.7 MI

Panicum maximum Jacq. Perennial grass 44.6 MI 46.8 MI

Axonopus compressus (Sw.) P. Beauv Perennial grass 32.5 MI 34.7 MI

Eleusine indica Gaertn. Annual grass 35.7 MI 40.8 MI

Rottboellia cochinchinensis (Lour.) Clayton Annual grass 23.6 LI 25.0 LI

Cynodon dactylon (L.) Gaertn Perennial grass 32.8 MI 40.0 MI

Paspalum scrobiculatum (Linn.) Perennial grass 30.7 MI 33.6 MI

Brachiaria deflexa (Schumach.) C.E. Hubbard Perennial grass 22.7 LI 26.7 LI

Cyperus rotundus Linn. Perennial sedge 30.7 MI 33.3 MI

Cyperus esculentus Linn. Perennial sedge 34.2 MI 35.3 MI

Note: aLI= Low infestation 1-29 plants m-2; MI = Moderate infestation 30-59 plants m-2; HI =High infestation 60-90 plants m-2

Table 3. Effect of weeding levels on weed density, biomass, and weed control efficacy in 2014 and 2015

Weeding levels
Weed density plants (m-2) Weed biomass (g m-2) Weed control efficacy (%)

2014 2015 2014 2015 2014 2015

Zero weeding 46.3a# 50.9a 61.9a 62.6a 0.0d 0.0d

One hoe-weeding 17.8b 29.6b 56.3b 57.2b 42.2c 44.6c

Two hoe-weeding 10.4c 15.2c 41.7c 42.8c 89.6b 86.5b

Weed-free check - - - - 100.0a 100.0a

LSD (P≤0.05) 5.8 7.8  8.1  8.8 19.2  20.1

Note: #Means followed by same letters are not significantly different according to the LSD test (P ≤ 0.05)
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It means that, additional weeding after 6 weeks of crop growth 
is considered superfluous, and may reduce weed species diversity, 
and increase both soil erosion and cost of manual labor, which 
represent the bulk of production cost (Adigun and Lagoke, 2003; 
Ovalle et al., 2007). Our result supports the finding of Ekeleme et 
al. (2009) and Khaliq et al. (2014) who reported that rice was less 
vulnerable to weed competition during its late phases of growth, 
and therefore required weed removal only within the first 6 weeks 
of crop growth for efficient weed control.

Effect of Different Nitrogen Fertilization and Weeding 
Levels on Growth and Yield of Rice

The effect of different nitrogen fertilizer application levels was 
significant for rice vigour score, plant height, number of tillers, 
leaf area index and grain yield, but not for number of grains per 
panicle, panicle length and panicle weight in both years (Table 
4). The application of nitrogen fertilizer at 60 kg ha-1 resulted 
in significant increase in rice vigour, plant height, number of 
tillers and leaf area index compared with zero nitrogen fertilizer 
application in both years. However, an increase in nitrogen 
fertilizer application from 60 to 90 kg ha-1 did not cause any 
significant increase in these growth parameters in both years 
(Table 4). Similarly, rice grain yield increased significantly with 
increased nitrogen fertilizer application levels from 0 to 90 kg 
ha-1 in both years (Table 4). Rice grain yield obtained with 90 
kg nitrogen fertilizer ha-1 was 27 - 50% higher than grain yield 
obtained with 60 kg nitrogen fertilizer ha-1 and obtained with 
zero nitrogen fertilizer application in both years. Similarly, 60 
kg nitrogen fertilizer ha-1 increased rice grain yield by 10 - 13% 
compared with zero nitrogen fertilizer application in both years 
(Table 4). The lowest growth and grain yield obtained with zero 
nitrogen fertilizer application treatment justifies the need of 
nitrogen fertilizer for improved rice growth and yield in tropical 
soils, as earlier reported by Adigun et al. (2017). The improvement 
in vegetative growth observed with nitrogen fertilizer application 
is attributable to the effect of applied nitrogen in chlorophyll 
formation which allows plants to convert solar energy to sugar 
used for growth (Brady and Weil, 2002), thus plants become more 
vigorous, taller, and with more tillers and higher leaf area index as 
a result of production of more photosynthates. The increase in rice 
grain yield with increasing nitrogen fertilizer application up to 90 
kg ha-1 was probably due to better and early canopy formation 
which reduced weed seed germination and weed completion for 
growth resources (Jovicich et al., 2003).

Weeding levels influenced rice growth and yield significantly 
in 2014 and 2015 (Table 4). As expected, all weeding levels 
increased rice growth and yield significantly compared with 
zero weeded plot in both years. The lower growth and yield in 
zero-weeded plots showed that weeds caused significant growth 
and yield reduction in rice as earlier reported by Mahajan and 
Timsina (2011) and Khaliq et al. (2014). Plots hoe-weeded once or 
twice, and weed-free check recorded similar rice plant height and 
panicle length in both years (Table 4). One and two hoe-weedings 
resulted in similar number of rice grains per panicle and panicle 
weight in both years (Table 4). The highest number of grain per 
panicle and panicle weight was recorded in the weed-free check in 
both years (Table 4).
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Rice vigour score, number of tillers, leaf area index and grain 
yield increased as the number of hoe-weeding increased, but the 
weed-free check that included four hoe-weedings was not better 
than two hoe-weeding in increasing these growth parameters and 
rice grain yield in both years (Tables 4). This was probably because 
two hoe-weedings and the weed-free check had similar weed 
control efficacy in both years. This result showed that hoe-weeding 
twice, in the third and the sixth weeks after sowing was adequate 
for optimum grain yield of rice. With the advent of increase cost 
of labor for hoe-weeding, two hoe-weedings will be advantageous 
because of the possibility of reducing cost of weed control. This 
result is in agreement with the report of Adeyemi et al. (2017) who 
reported optimum rice yield with two hoe-weedings in lowland 
rice.

Conclusion
This study demonstrated that effectiveness of nitrogen 

application at 90 kg ha-1 and two hoe-weedings carried out twice 
after sowing for efficient weed control and optimum yield of rice. 
Nitrogen application enhanced early rice growth and provided a 
competitive advantage for the crop against infesting weed species, 
particularly at the later stage of crop growth. The efficacy of two 
hoe-weedings in this study was similar to that of the weed-free 
check that included four hoe-weedings. Farmers can therefore 
reduce labor cost for multiple hoe-weedings with the application 
of nitrogen at 90 kg ha-1 and two hoe-weedings in the third and 
sixth weeks after sowing in rice cultivation. 
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