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Abstract @

Improving soil amendment and reducing weed-crop competition in rice cultivation
could increase production of the crop under upland conditions. A field study was Article History
conducted to verify integrated soil fertility management and weed interference
on NERICA 1 in the Guinea savannah uplands of Ghana to determine their
interactive effects and examine the synergy between organic and inorganic soil
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amendments on yield components and grain yield. Four levels of soil amendment Keywords:
and six weeding regimes laid in Randomized Complete Block Design with four
replications were studied. Results indicated full rate of NPK (60-60-30 kg/ha) Integration soil

combined with hand weeding at 3 and 6WAP maximized most growth and yield Levrt""y.manageme_m;
eed interference;

parameters of NERICA 1 with grain yield of 3000kg/ha. The same treatments NERICA 1:
minimized weed index (WI) followed by weeding once at SWAP when combined Grain yield
with either full dose of NPK or organic manure. The best timing for one hand
weeding as practiced by some farmers was 3WAP to obtain appreciable yield
in rice. Tillering at 50 DAP and productive tillering were maximised by both full
rate of NPK and half doses of NPK and organic manure applications with 250
tillers/m?2 respectively 200 productive tillers/m2. The synergy between inorganic
and organic manure at half doses was exemplified and could be exploited by
farmers for increased crop performance. Full rate of NPK maximised LAl and
straw biomass followed by half doses of manure and NPK fertilizer. Notably twice
weeding at 3 and 6 WAP recorded the highest LAI, tillering and productive tillers,
and reduced straw biomass only by 20% relative to the weed-free control. 1000
seed weight of NERICA 1 was reduced only by weedy control below 25g, even
in the presence of soil amendments. Weed flora was dominated by annuals and
consisted of 55% broadleaves, 25% grasses, 12% shrubs and 6% sedges.
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Introduction

Rice (Oryza sativa L.) is the second most important
cereal crop after wheat based on global consumption
and utilization. As such, the crop is becoming
increasingly essential for food security in a number
of low-income, food deficit countries in sub-Saharan
Africa (SSA)'. For example, rice production in West
Africa rose from 2.4 million metric tons in 1994 to
3.1 million metric tons in 20022,

In spite of the economic importance of the crop,
there is decline in grain yield due to reduced length
of fallow with increased human population, weed
pressure and low soil fertility®. According to* reported
that in SSA, fertilizer is recommended for solving
low soil fertility but high application rates combined
with erratic rainfall leads to loss of essential nutrients
through surface runoff®. Nevertheless, fertilizer
application is a vital component of integrated weed
management and nitrogen fertilizer plays a crucial
role in the competitive balance between weeds and
rice®’. 6reported crop competitiveness might improve
with improved nutrient status, although some weeds
are more efficient in utilizing available nutrients.
Reports of® and ®indicated that, weeds are capable
of assimilating nutrients faster and in relatively higher
amounts than cultivated crops. Consequently, in the
presence of weed pressure, fertilizer application
might enhance weed growth over crop growth. Hence,
management of crop fertilization and timing of weed
control are promising agronomic practices to reduce
weed-crop interference. Studies by'' showed that
judicious and proper use of N and P fertilizers could
markedly increase grain yield and improve rice
quality. However, these responses might depend
on rice cultivar, soil type, the growing season and
water management.' emphasised that integrated
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use of organic manure and chemical fertilizers are
beneficial for sustainable crop production. However,
subsistence farmers find it difficult to produce large
quantities of organic manure required to support
optimum crop production’s.

Rice production in West Africa primarily depends on
rainfall and is associated with high weed interference
as major biological constraint'*. "sreported that, in
China, about 10 million tons of rice is lost annually
due to weed competition and such quantity of rice
is sufficient to feed 56 million people for one year.
As such, weeds constitute major pest to upland rice
production by competing with the crop for nutrients,
water, and light and secretes toxic roots exudates
that could suppress growth and development of
rice’s. "noted weed infestation as second to drought
stress in limiting yield and quality of upland rice,
with weed management as a key element in upland
rice production. In a survey of upland rice ecology,
covering 80% of the total production area in Nigeria,
weeds constituted the most widely reported biological
limitation to the industry®. Untimely management of
weeds could lead to 28- 100% yield loss™. Rice
therefore requires good weed management practices
to enhance its ability to withstand weed interference
to maximise grain yield'®. Small scale rice farmers
practice hand weeding twice at 3 and 6 weeks after
planting (WAP); but for lack of labour, one hand
weeding is common in northern Ghana's. First-hand
information of the superior performance of NERICA 1
to cope with weeds and soil amendment for optimum
yield production is still awaited. The objectives of the
study were to determine the combined effect of soil
amendment and weeding regime, examine whether
the variety could tolerate one weeding regime as
done by some farmers and inspect the synergy
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Fig. 1: Amount of rainfall during the cropping season of 2010.
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between organic and inorganic soil amendments on
yield components and grain yield of NERICA 1.

Materials and Methods

Site Description

The research was conducted at the experimental
field of the Faculty of Agriculture, University for
Development Studies at Nyankpalain the Tolon
district of Northern region, Ghana during the2010
cropping seasons. The mean annual rainfall
distribution of the study site is about 1100mm with
daily temperatures ranging from 24°C to 38.8°C with
the minimum and maximum relative humidities of
52% and 85%,respectively.

Experimental Design and Materials Used

The study was a 4 x 6 factorial experiment which
consisted of four levels of fertilizer and six weeding
regimes totalling 24 treatments in the present study.
The trial was laid in randomized complete block
design with 4 replications. Each plotmeasured 3m x
4m with 2m and 1 m between replications and plots

100 -
20 4
80 4
70 4
60 -
50 4
40 A
30 4
20 4
10 -

Control Full OM

=——1/2 npk +1/2 OM = Full npk

Plant height (cm)

254

respectively. NERICA 1 rice variety was planted and
bunds were created to avoid spill over of runoff water
between experimental units.

Factor A: Four Levels of Organic Manure Plus
Inorganic Fertilizers

1. Zero organic manure and inorganic fertilizer
(control).2.Recommendedrate of organic manure
(5t/hacow dung),3. Half recommended rate organic
manure + half-recommended fertilizer (2.5 t/ha cow
dung + 30-30-15 kg/ha NPK) and 4.Recommended
rate of inorganic fertilizer (60-60-30 kg/ha),

Factor B: Six Levels of Weeding Regimes (W)
W1: Weedy check, W2: Weed-free check, W3:
Weeding at 3 weeks after planting (WAP), W4:
Weeding at 4 WAP, W5: Weeding at 5 WAP andW6:
Weeding at 3 and 6 WAP.

Crop Management
Ploughing and harrowing of the experimental field
was carried out in early July across the slope to
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Fig. 3: Effect of weeding regime on plant height at 6, 9 and 12WAP. Bars represent S.E.D.
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prevent erosion. Planting was done in middle of
July in both years. Five seeds were sown per hill at
a spacing of 20 cm x 20 cm. Cow dung was applied
using broadcasting method and later incorporated
into the soil2 WAP. Basal application was conducted
at 3 WAP using NPK fertilizer and the top dressing
at 6 WAP using ammonia. The weedy check plots
were not weeded throughout the cropping season,
whilst weed-free plots were given season-long hoe
weeding at two weeks interval after planting.

Data collection

Five plants were randomly selected and tagged per
plot to monitor plant height at 3 weeks interval till
harvest. Weed species cover score was sampled with
1m?2 quadrat at three throws per plot and the summed
dominance ratio (SDR) determined as:
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S.D.R= 1/2(f/Xf +d/3/d) x 100%

Where f= frequency of weed species occurrence
and d= density of occurrence, on the scale; 0= plant
species not seen, 1= 1 plant of a specific species/
quadrat, 2= 2-5 plants of a specific species/quadrat;
3= 6-19 plants of a specific species/quadrat, and
4= >20 plants of a specific species/quadrat.

Five plants were tagged and used for leaf area
index (LAI) determination at 42 days after planting
(DAP). Length and width of the first, middle and last
leaves were measured and their averages were
computed as:

LAl = L*W*N*0.72/A

Control Full om

1/2 om 1/2 npk Full npk

Soil amendments

Fig. 4: Leaf Area Index as influenced by soil amendment at 42 DAP. Error bars represent S.E.D.
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Fig. 5: Leaf Area Index as influenced by weeding regime at 42 DAP. Error bars represent S.E.D.
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Where L= length of leaf, W= width of leaf, N=
number of leaves per plant, A= area covered per
plant and 0.72= constant for the determination of
LAl of rice*'.

Visual observation was made to monitor number
of days to 50%flowering of plant stand per plot.
Vegetative tillers at 50DAP and reproductive tillers
(at maturity) were determined using 1m?2 quadrat
with three throws per plot. Fresh weed samples per
1m2 quadrat for three throws per plot were harvested
and fresh weight taken and oven dried at 80°C for 48
hours and re-weighed for biomass. Straw weight was
taken at harvest from net plot area, sun dried and
weighted. The grain yield per net plot was measured
after sun drying and threshing. Grain yield for each
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treatment was compared with weed free plots to
determine effect of weed interference on grain yield
of NERICA 1 as weed index (WI):

WI= (Yield of weed free- Yield of treatment) /
(Yield of weed free) x 100%

Statistical analysis: The data collected were subjected
to statistical analysis using GenStatstatistical
package (11" Edition) for analysis of variance. The
least significant difference at 5% level of probability
was used to separate treatment means. Correlation
coefficient was used to determine the relationship
between grain yield and number of yield components.
Weed Index was used to determine best treatment
for weed control.
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Fig. 6: Tiller count as influenced by soil amendment at 50 DAP. Error bars represent S.E.D.
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Fig. 7: Tiller count as influenced by weeding regime at 50 DAP. Error bars represent S.E.D.
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Results and Discussions

Rainfall

High rainfall with good distribution characterized
the2010 cropping season, with the month of August
recording the highest, above 250 mm (Fig. 1).%
reported that NERICA rice responds well to low
rainfall, with a weekly minimum of 20 mm being
adequate to support grain yield.

Effect of soil Amendment and Weeding Regime
on Plant Height

Soil amendment combined with weeding regime
significantly influenced (P <0.05) most of the traits
measured except for plant height at (3, 6, 9 and 12
WAP). Soil amendment with full rate of NPK fertilizer
(60-60-30 kg/ha) produced the tallest plants followed
by half manure + half NPK (2.5 t/ha +30-30-15
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kg/ha) (Fig. 2).This could be due to the adequate
availability of nutrients, which promoted physiological
development of the crop.

At 6, 9 and 12 WAP, weeding at 3 and 6 WAP
exhibited increased plant height similar to weed
free; but similar result was obtained with weeding
once at BWAP (Fig. 3). This could probably be due
to the early elimination of weeds which might have
resulted in less competition during the cropping
season with consequential increased availability of
nutrients to the plants.

Weed flora

The weed flora was dominated by annuals, mostly
broad leaves followed by grasses and sedges. The
flora consisted of 55.10% broad leaves, 24.49%

o
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Fig. 8: Effective tiller count as influenced by soil amendments at maturity.
Error bars represent S.E.D.
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Fig. 9: Effective tiller count as influenced by weeding regimes at maturity. Bars represent S.E.D.
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grasses, 12% shrubs and 6.12% sedges (Table
1). The most dominant species were; Panicum
maximum, Commelinadiffusa, Setariabarbata,
Andropogongayanus, Oldenlandiaherbaccea,
Ageratiumconyziodes, Ludwigiadecurrens,
Cyperusesculentus, Dactylocteniumaegytium and
Digitariagayana. 1t is well reported that the most
aggressive and yield limiting weed flora are the
grasses and segdes (Akobundu, 1987 and Dzomeku
et al., 2007).

Effect of Soil Amendment and Weeding Regimeon
Leaf Area Index

Full rate of NPK enhanced LAI (P<0.001), followed
by half doses of manure (cow dung) and NPK
fertilizer (Fig. 4).Weeding at 3 and 6 WAP recorded
the highest LAI, followed by weeding once at 3, 4
or BWAP whilst weedy check reduced LAI (Fig. 5).
The high values of leaf area index recorded for full

78

Days to 50% flowering

258

dose of NPK could be attributed to adequate nutrient
availability which might have enhanced chlorophyll
concentration in the leaves for accumulation of
photosynthates. Less weed-crop competition could
have also occurred under weeding regimes of twice
and one weeding than the weedy-check, affording
the crop higher productivity.

Effect of Soil Amendment and Weeding Regimeon
Leaf Area Index

Full rate of NPK enhanced LAI (P<0.001), followed
by half doses of manure (cow dung) and NPK
fertilizer (Fig. 4).Weeding at 3 and 6 WAP recorded
the highest LAI, followed by weeding once at 3, 4
or BWAP whilst weedy check reduced LAI (Fig. 5).
The high values of leaf area index recorded for full
dose of NPK could be attributed to adequate nutrient
availability which might have enhanced chlorophyll
concentration in the leaves for accumulation of
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Fig. 10: Days to 50% flowering as influenced by soil amendments on NERICA 1.
Error bars represent S.E.D.
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photosynthates. Less weed-crop competition could  Effect of Soil Amendment and Weeding Regime
have also occurred under weeding regimes of twice  on Leaf Area Index
and one weeding than the weedy-check, affording  Full rate of NPK enhanced LAl (P<0.001), followed

the crop higher productivity. by half doses of manure (cow dung) and NPK
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Fig. 12: Effect of soil amendments on dry straw weight of NERICA 1. Error bars represent S.E.D.

lannt

WAP 3 WAP 4 WAPS5  WAP3+6

._.
N Y 0O
oo Qo o

S O O o OO

Straw biomass (kg/ha)

Weeding regime
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Fig. 14: Impact of weeding regime on dry weed weight. Error bars represent S.E.D.
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fertilizer (Fig. 4).Weeding at 3 and 6 WAP recorded  dose of NPK could be attributed to adequate nutrient
the highest LAI, followed by weeding once at 3, 4  availability which might have enhanced chlorophyll
or BWAP whilst weedy check reduced LAI (Fig. 5).  concentration in the leaves for accumulation of
The high values of leaf area index recorded for full
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Fig. 15: Effect of weed index on the yield of NERICA 1 as influenced by soil
amendment and weeding regime. Bars represent SED.
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Fig. 16: Grain yield of NERICA 1 as influenced by soil amendment and weeding regime.
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photosynthates. Less weed-crop competition could
have also occurred under weeding regimes of twice
and one weeding than the weedy-check, affording
the crop higher productivity.

Effective Tiller Count

Half doses of organic manure and NPK
supported(P<0.001) increased productive tillering,
similar to full NPK application with 200 effective
tillers/m2 (Fig. 8) whilst weeding at 3 and 6 WAP
was at par with weed free regime with about 210
effective tillers/m? (Fig. 9).These results stress the
need for augmenting soil fertility and at least twice
weeding for NERICA rice to avoid weed competition
for optimum growth and production. The trend of
results was consistent with the earlier report of?
who noted nitrogen fertilizer application increased
yield of NERICA rice through increase tillering.>*also
reported that improved soil fertility could positively
impact on grain yield through enhanced tillering.
Timely weed removal from rice could reduce weed
competition and allelopathic effects as earlier
reported’+16:25,

Days to 50% Flowering

The main effects of soil amendment and weeding
regimes influenced flowering of NERICA 1 (P<0.001),
such that half doses of organic manure and NPK
fertilizer entries flowered earlier than the control
(Fig. 10). Weeding twice at 3+6WAPand once at
5WAP flowerest earliest as the free entry (Fig. 11).
Earliness in flowering could be assigned to presence
of the ideal soil nutrient environment devoid of weed
interference, whilst delayed flowering was expected
in low fertility plots since N stress could delay flowing
of the crop.

Rice Straw Biomass

Soil amendment and weeding regime varied straw
biomass significantly (P<0.001) with maximum
biomass attained with full dose of NPK followed by
half doses of NPK and organic manure (Fig. 12).
Notably twice weeding only reduced the parameter
by 20% relative to the weed-free control (Fig. 13),
making the farmer hand weeding an adequate
practice to promote rice production where labour
is available.

Weed Biomass

Weed biomass was determined by weeding regime
(P<0.001) with twice weeding at 3 and 6WAP and
once at 3WAP and 4 WAP supporting reduced
biomass but higher than the weed-free control
(Fig.14).

Weed Index

Minimum weed index (WI) was noted for full NPK
application combined with weeding at 3 and 6 WAP
(Fig. 15).Arguably, integration of soil fertility with
twice weeding gave the lowest range of WI followed
by once weeding at 3WAP and application of soil
amendment. It is apparent that where farmers weed
only once, early weeding at SWAP could be most
effective for weed management if either organic or
inorganic soil amendments are applied.

GrainYield

Grain yield of NERICA 1 was significantly enhanced
(P=0.002) such that combination of full rate of NPK
and twice weeding at 3 and 6 WAP gave highest
grain yield similar to the weed free plus full NPK,
being 3000kg/ha (Fig.16).It was envisaged that the
best treatments afforded the rice crop adequate
amount of nutrients and reduced weed interference.
The result is in consonance with the findings of 26
and #” who reported higher grain yield from relatively
weed-free condition.

1000 Seed Weight

Rate of fertilizer application by weeding regime
significantly (P<0.05) determined 1000 seed weight
of NERICA 1 with weedy check in combination with
soil amendment drastically reducing the parameter
below 25g (Fig.17). The results could be due to
high weed competition for growth factors such as
nutrients, water, light, space and carbon dioxide,
and allelopathic influence of the weeds on rice, as
reported by'.

Correlation and Regression Analysis
Correlation

Significant positive correlation occurred between
grain weight with plant height at 9 WAP and 12 WAP,
leaf area index, effective tiller count, straw weight
and 1000 grain weight (Table 2). The traits measured
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Table 1.0ccurrence of weed species at experimental units during the 2010 cropping season.

Weed species Control  Full Organic '2Manure Full Life
Manure + ¥2NPK NPK Span
SDR (%)
a. Broadleaves
Acanthospernumhispitum DC. 1.43 0.72 0 0 A
Ageratiumconyziodes Linn. 5.92 1.92 1.83 3.62 A
Amaranthusspinosus Linn. 0 0 0 1.49 A
Aspiliaafricana Pers. 0 0 2.97 0 P
Cleome viscora L. 0 2.16 0.69 1.28 A
Commelinabenghalensis L. 3.77 4.81 1.83 2.34 A/P
Commelinadiffusa Burm.f. 6.41 5.77 3.67 4.05 P
Conyzasumatrensis Retz Walker. 0.94 0.96 1.38 1.49 A
Euphorbia hirta Linn. 0 0 0 1.71 A
Hyptisspicigera Lam. 0.94 1.68 0 1.28 A
Hyptissuaveolens Poit. 1.43 0.72 0.69 0.64 A
Laporteaaestuans Linn. Chew. 0 1.92 0 0 A
Laporteaovalifolia Schum. Chew. 0.94 0.72 0.69 1.49 A/P
Melochiacorchorifolia Linn. 0.94 0 0 0 P
Mitracarpusvillosus Sw. DC. 3.51 4.81 2.28 1.07 A
Oldenlandiacorymbosa Linn. - - - 1.92 A
Oldenlandiaherbaccea Linn. Roxb. 6.79 3.85 71 6.18 A
Phyllanthusamarus Schum&Thonn. 2.15 0.72 5.04 5.76 A
Pteridiumaquilinum Linn. Kuhn. 0 0.72 0 0 A
Schwenkiaamericana L. 0.94 1.92 0.92 1.92 A
Sennaobtusifolia L. 0.94 1.44 2.52 1.28 P
Sesanumalatum Thonning. 0 0 0.69 1.28 A
Sesanumindicum Linn. 0 0 0 1.92 A
Synedrellanodiflora Gaertn. 2.34 2.4 6.62 0.64 A
Tridaxprocumbens Linn. 0 3.37 0 0 A
Vernoniacinera Linn. 0 0 0 0.85 A
Waltheriaindica Linn. 0 0 0 1.28 P
b. Grasses
Andropogongayanus Kunth. 6.79 9.62 4.34 6.39 P
Axonopuscompressus Sw. P. Beauv. 0 0.72 0 0 P
Brachiarialata Schumach. 4.26 1.44 0.69 3.2 P
Cynodondactylon Linn. Pers. 0 0 4.11 0 P
Dactylocteniumaegytium Linn. P. Beauv. 4.68 1.68 1.83 1.49 A/P
Digitariagayana Kunth. 2.79 2.16 4.57 4.48 P
Digitariahorizontalis Willd. 5.69 3.13 4.35 2.35 A
Panicum maximum Jacq. 11.69 11.78 11.42 10.23 P
Paspalumscrobiculatum Linn. 6.15 7.21 3.21 4.26 A
Pennisetumpecidellatum Trin. 0 0 0.69 0 A
Rottboelliaconchinchinensis Lour. Clayton. 0 0 4.35 3.41 A
Setariabarbata Lam. Kunth. 4.71 6.25 5.05 5.33 A
c. Sedges
Cyperusesculentus Linn. 4.22 7.69 2.06 1.71 P
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Cyperusrotundus Linn. 0 0 4.34 2.77 P
Mariscusalternifolius Vahl. 0 1.68 0 0 P
d. Shrubs
Combretumhispidum Laws. 2.34 0 3.2 1.49 A
Icacinatrichantha Oliv. 1.89 0.96 1.6 0 A
Ipomoea involucrata P. Beauv. 0.72 0 1.38 0.85 P
Ludwigiadecurrens Walt. 2.79 2.4 2.06 1.49 A
Sidaacuta Burm.f. 0 0 0 4.26 P
Stachytarphetacayennensis L.C. 1.89 2.64 1.83 2.77 P
Rich. Schau.
1 A= Annual weeds, P = Perennial weeds, A/P = Annual and Perennial weeds.
Table 2: Correlation matrix of significant parameters during experiment
Parameters Height  Height LAl  Tillering- Straw bio- Seed Grain yield
WAP9 WAP12 (cm2) (no/m2) mass (kg/ha) weight(g) (kg/ha)
Height WAP 9 1
Height WAP 12 0.807** 1
LAl(cm2) 0.769**  0.703** 1
Tillering (no/m2) 0.733** 0.646™ 0.717** 1
Strawbiomass (kg/ha) 0.699**  0.715** 0.68** 0.736** 1
Seed 1000(g) 0.47* 0.462* 0.321  0.486™" 0.605** 1
Grain yield (kg/ha) 0.736** 0.691** 0.714** 0.681** 0.787* 0.423* 1

* **significant at (P<0.05%) and (P<0.001) level of probability respectively

could be considered as reliable yield contributing
parameters with, for example, effective tiller count
accounted for 68.1% of grain yield.

Conclusion and Recommendation

Soil fertility and weed management are paramount
issues that require research solution to enhance
crop productivity in the Guinea savannah uplands.
The objectives of the study were to determine the
combined effect of soil amendment and weeding
regime, examine whether the variety could tolerate
one weeding regime as done by some farmers and
inspect the synergy between organic and inorganic
soil amendments on yield components and grain
yield of NERICA 1. Overall results indicate full dose
NPK (60-60-30 kg/ha) in combination with twice
hand weeding at 3 and 6WAP was required for
optimum growth and yield of NERICA 1. Notably,

grain yield of NERICA 1 was significantly enhanced
by combination of full rate of NPK and twice
weeding at 3 and 6 WAP giving 3000kg/ha. Full NPK
application combined with weeding at 3 and 6 WAP
also minimized weed index. Apparently, weeding
once at BWAP combined with either full dose of NPK
or organic manure gave acceptable weed index.
Tilleringat 50 DAP and productive tillering were
maximised by both full rate of NPK and half NPK
plus half organic manure applications with 250 tillers/
m2 respectively 200 productive tillers/m2. Full rate
of NPK maximised LAl and straw biomass followed
by half doses of manure and NPK fertilizer. Results
showed the synergy of inorganic and organic manure
on rice production could be exploited by farmers with
access to organic manure and NPK. The weed flora
was dominated by annuals, mostly broad leaves
followed by grasses and sedges.
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