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A field experiment was conducted in Bench Maji Zone at Guraferda district during the 2020 main cropping season to assess the
effect of row spacing and frequency of weeding on weeds, yield components, and yield of rice and to estimate the economic
feasibility of weed control practices of rice. Factorial combination of three-row spacing (20, 25, and 30 cm) and six weeding
frequencies (one-hand weeding and hoeing at 2, 3, and 4 weeks after emergence, two-hand weeding and hoeing at 2 and 5 weeks
after emergence, and weed-free check and weedy check) were laid out in randomized complete block design with three rep-
lications. Weed control efficiency, days to 50% heading, days to 90% physiological maturity, plant height, and straw yield were
significantly affected by weeding frequencies but not by row spacing. Significantly higher panicle length (24.07 cm), number of
productive tillers (209.08 m™2), number of kernels per panicle (252.22), grain yield (4303.0 kg-ha_l), aboveground dry biomass
(10295.4kg-ha™"), and harvest index (40.79%) were observed under 25 cm row spacing, compared with 20 and 30 cm. Significantly
higher panicle length (25.81 cm), number of productive tillers (257.71 m™?), number of kernels per panicle (172.33), thousand
kernels weight (35.44 g), grain yield (5226.7 kg-ha™"), aboveground dry biomass (11696.3kg-ha™"), and harvest index (44.92%)
were recorded under complete weed-free check plots. However, the highest net return (46,394.87 ETB-ha™") was obtained from the
combination of 25 cm row spacing and two-hand weeding and hoeing at 2 and 5 weeks after emergence, as the cost of maintaining
weed-free plots was much higher. Thus, practicing two-hand weeding and hoeing at 2 and 5 WAE and 25 cm row spacing was
found to be both agronomically and economically feasible for Rice (NERICA-4) production in the Guraferda area.

1. Introduction

Rice (Oryza species) is an annual cereal crop belonging to the
family of Poaceae [1]. In Ethiopia, rice is cultivated in an area
of about 30,600 ha [2]. Further, it has been reported that 4%
of the total cereal crop production in the country is con-
tributed by rice. Despite the abovementioned importance
and coverage of an area, its productivity is very low. The
average national yield of rice is less than 1 ton ha™'. Some of
the factors contributing to the low yield of rice are lack of
high-yielding cultivars, lodging, weed infestation, water
logging, low moisture, and improper spacing and fertility
conditions [3].

Different row spacing significantly affected the number of
fertile tillers and total tillers per square meter. Wider row
spacing reduces the crop’s competitive ability with weeds
because it increases the space available for the weeds between
the rows and decreases the competitive ability of the crop [4].
Some of the commonly used row spacing in different parts of
Africa (Nigeria, Senegal, and Tanzania) is 25-30 cm [5]. It is,
therefore, necessary to determine the optimum plant pop-
ulation [6] per unit area and spacing to obtain a high yield [7].
The maximum benefit with respect to rice yield can be ob-
tained when planting is done with proper spacing [8].

Among cultural weed control methods, hand weeding
and hoeing can reduce weed emergence up to 80%, resulting
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in a 69% increase in wheat yield compared with standard
seed bed preparation [9]. On the other hand, close
planting by reducing row spacing can reduce weed in-
festation when compared with wide row spacing [10].
Narrow row widths reduce the biomass of later emerging
weeds by decreasing the light available for weeds located
below the crop canopy [11]. The growth of weeds decreases
significantly in the order of increasing frequency of weeding.
Weeding twice or thrice suppresses weed growth, increases
the yield of a crop, and maximizes profit in crop production
[12]. Mola and Belachew [13] reported that rice required at
least two early weedings (15 and 30 days after emergence) for
efficient weed management, which led to significantly higher
crop yields.

Agronomic practices like weed management and row
spacing are the most yield-reducing factors in rice pro-
duction. However, there have been limited or no scientific
research efforts that assessed the row spacing and weeding
frequency in rice production in the study area. Thus, proper
row spacing and weed management need to be determined
for optimum rice yield in the study area. Therefore, the
objectives of this study were to assess the effect of row
spacing and frequency of weeding on weeds infestation, yield
components, and yield of rice and to estimate the economic
feasibility of weed control practices of rice in the study area.

2. Material and Methods

2.1. Description of the Study Area. The experiment was
conducted at Mizan-Tepi University research site, Guraferda
district, Kuja Kebele in Bench Maji Zone of Southern Nations,
Nationalities and People’s Regional state, Southwestern
Ethiopia in the 2020 main cropping season. The study of
experimental site is located at 06°44'01.2" N latitude,
35°11'58.6"E longitude, and altitude of 960 m above sea level
(Figure 1). The rainfall pattern of this area was characterized
by bimodal distribution with small rainy season belg
(March-June) and main rainy season meher (July-No-
vember) with annual average rainfall of 1800-1200 mm [14].

2.2. Experimental Materials. The rice variety New Rice for
Africa (NERICA-4) source from Mizan-Tepi University
(MTU) was used for this experiment. NERICA rice va-
rieties have been developed by Africa Rice scientists, and
they are expanding and bringing the rice green revolution
to different countries of Africa including Ethiopia. The
new rice for Africa (NERICA-4) was developed by
crossing Oryza glaberrima Steud and Oryza sativa L. The
key features of the new varieties are the panicle can hold
up to 400 grains compared with the 75-100 grains of its
African parents, with an increase in yield from 1 to
2267.5kg-ha™" which can increase to 4535.9 kg-ha™' with
fertilizer use. It also matures 30-50 days earlier than
traditional varieties, contains 2% more protein than its
parents, and resists pests, tolerates drought, and infertile
soils better than Asian varieties. The adoption and cul-
tivation of new rice varieties are increasing faster than any
other food crop in many African countries [15].
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2.3. Treatments and Experimental Design. There were 18
treatments comprising the combination of three-row
spacing namely 30 cm (S;), 25 cm (S,), and 20 cm (S;) and six
weeding frequencies (W, = one-hand weeding and hoeing at
2 weeks after crop emergence (WAE), W,=one-hand
weeding and hoeing at 3 WAE, W; = one-hand weeding and
hoeing at 4 WAE, W, =two-hand weeding and hoeing at 2
and 5 WAE, W5 =weed-free check, and W4 =weedy check).
The treatments were arranged in a factorial arrangement in a
randomized complete block design (RCBD) with three
replications.

2.4. Experimental Procedure and Management. The experi-
mental field was cultivated by a tractor initially and prepared
by human labor at sowing to create a good seed bed. The
gross plot size was 3.0m x 2.0 m (6 m®) containing 15 rows
for 20 cm, 12 rows for 25 cm, and 10 rows for 30 cm inter-
row spacing. The net plot areas were 3.84 m” for 30 cm, 4 m*
for 25cm, and 4.16 m* for 20 cm row spacing which were
excluding the outer row of each side of the gross plot of each
treatment unit and in each plot, 0.2 m row lengths at the end
of each row were left to be a border to avoid the border effect.
The path between experimental plots and replications was
separated by 0.5 and 1.0m, respectively. The plots were
prepared as per the layout, leveled manually, and the seed
was drilled in furrows manually on July 9, 2020. Each
treatment combination was assigned by a random number
table to experimental units within a block. Hand weeding
and hoeing as per the treatment were done in the assigned
plots at an appropriate time. The weeds in complete weed-
free plots were removed as and when emerged to keep the
plots free from the weeds. Urea and NPS (19% N, 38% P, and
7% S) fertilizers were used as a source of nitrogen, phos-
phorus, and sulfur nutrients, respectively. Finally, the crop
was harvested when the crop reached harvesting maturity on
October 17, 2020.

2.5. Data Collected

2.5.1. Weed Parameters. Weed community: the weed flora
present in the experimental field was recorded from weedy
check plots by placing a quadrat (0.25m x 0.25 m) randomly
at two spots in each plot. Weed dry biomass: while recording
weed density, the biomass was harvested from each quadrate
and the harvested weeds were placed into paper bags sep-
arately. The samples were sun-dried for 3-4 days and
thereafter were placed in an oven at 65°C till their constant
weight and subsequently, the dry weight was measured. The
dry weight was expressed in g m~'. Weed control efficiency
(WCE): it was calculated from weed control treatments in
controlling weeds and using the following formula:

(WDC - WDT)
WDC

where WCE is the weed control efficiency, WDC is the weed
dry matter in weedy check, and WDT is the weed dry matter
in a particular treatment.

WCE = 100, (D
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FIGURE 1: Map showing the experimental site of Guraferda Woreda, Bench Maji, Southwestern Ethiopia.

Weed index (WI): it was measured from a particular
treatment when compared with a weed-free treatment and
expressed as a percentage of yield potential under weed-free
and calculated with the help of the following formula:

WI = ( ) x 100, 2
where WTis the weed index, X is the yield in complete weed-
free, and Y is the yield in a particular treatment.

2.5.2. Crop Parameters. Days to 50% heading (DH): it was
recorded by counting the number of days from the date of
sowing to the time when the ears or panicles were fully
visible or produced head above the sheath of the flag leaf on
50% of the plants from each net plot that was determined by
visual observation. Days to 90% physiological maturity: days
to physiological maturity was recorded by counting the
number of days from the date of sowing to the time when the
grain hardened and the straw turned light yellow and be-
comes dry and brittle in 90% of the plants in a net plot area.
It is also indicated by the senescence of the leaves as well as
the free threshing of seeds from the glumes when pressed

between the thumb and the forefinger. Plant height (cm): the
average height of 10 randomly selected plants from the net
plot area of each plot was measured in centimeters from the
ground or base to the tip of the panicle at maturity and
means were taken. Panicle length (cm): it was measured
from 10 randomly selected plants of the inner rows in
centimeters and the mean length was recorded on each plot
by measured from the node where the first panicle branch
starts to the tip of the panicle at maturity. Number of total
tillers: the average total number of tillers was counted from
1 m row length of two randomly taken from net plot area at
harvesting and converted into m>. Number of productive
tillers: the average number of productive (panicle bearing
tillers) or effective tillers was counted from 1 m row length of
two randomly taken of net plot area at harvesting and
converted into m’. Thousand kernel weight (TKW, g):
thousand grains were counted after threshing at random
from each plot and their weights were measured with
sensitive balance in grams after adjusting the grain moisture
content to 12.5%. Number of kernels per panicles (NKPP): it
was counted from 10 randomly selected plants from the
inner rows of each plot and the mean kernel number was
taken at harvesting. Aboveground dry biomass yield per



hectare (ABY kg-ha™"): total biomass or biological yield was
measured in grams by weighting the sun-dried total
aboveground plant biomass (straw + grain) from the net plot
area of each plot and converted to kilograms per hectare
measured at harvest. Grain yield per hectare (GY kg-ha™):
grain yield was measured by taking the weight of the grains
threshed from the net plot area of each plot and converted to
kilograms per hectare after adjusting the grain moisture
content to 12.5%. Straw yield per hectare (SY kg-ha™"): straw
yield was determined by subtracting grain yield from total
aboveground biomass.

Harvest index (HI, %): it was calculated as the ratio of
grain yield to biological yield and expressed in percentage as
follows:

Grain yield

HI (%) = 100. (3)

Total dry biomass 8

2.5.3. Data Analysis. The data collected and measured pa-
rameters from the experiment at different growth stages
were subjected to statistical analysis as per the experimental
designs for each experiment using SAS (Statistical Analysis
Software) version 9.2 to analyze the data using ANOVA and
GLM procedures. Mean separation of significant treatments
was carried out using the least significant difference (LSD)
test at a 5% level of probability [16].

2.5.4. Partial Budget Analysis. The partial budget analysis as
described by [17] was done to determine the economic
feasibility of the weed management practices. Economic
analysis was done using the prevailing market prices for
inputs at planting and for outputs at the time the crop was
harvested. It was calculated by taking into account the
additional input and labor cost involved and the gross
benefits obtained from weed management practices. The
average yield was adjusted downward by 10% to reflect the
difference between the experimental yield and the yield
farmers could expect from the same weed management
practices and subject to partial budget and economic analysis
was performed following the CIMMYT partial budget
methodology [17]. The field price of rice was calculated as
the sale price minus the costs of harvesting, threshing,
winnowing, bagging, and transportation. The total cost that
varied included the sum of the cost of seed and labor cost
where hand weeding and hoeing are required. The net
benefit was calculated as the difference between the gross
field benefit (ETB-ha™!) and the total costs (ETB-ha™!) that
varied.

3. Results and Discussion
3.1. Weed Parameters

3.1.1. Weed Community. The major weeds in the experi-
mental field were broadleaved, grassy, and sedges. A total of
18 weed species found infesting the experimental fields
belonged to 11 families. In the experimental plots, broad-
leaved weeds predominated over grassy weeds and sedged
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weeds in terms of infestation and kind too. Here the
recorded broadleaved weeds are 11 in number, while grass
weeds are 4, and the recorded sedge was 3. The major weed
species competing vigorously with rice were Ageratum
conyzoides L., Amaranthus hybridus L., Digitaria sanguinalis
L. (Scop.), Eleusine indica L., and Cyperus rotundus L. Plant
families of Poaceae, Asteraceae, and Cyperaceae were the
most common weed families competing vigorously with
rice, followed by Amaranthaceae and Fabaceae (Table 1). The
weed flora present in the experimental field is presented in
Table 1.

In agreement with the result of this study, [13, 18] re-
ported that among the annual and perennial weeds, Cyperus
assimilis, Cyperus esculentus, and Cyperus rotundus of the
family Cyperaceae are terrible weeds and Amaranthus spp.,
Eleusine indica, Commelina benghalensis, Setaria pumila,
Phalaris paradoxa, Xanthium spinosum, and other broad-
leaved and grasses weeds are important in the southwestern
parts of the country. From the same location, [14] reported
that Poaceae, Asteraceae, and Chenopodiaceae were the
major weed families competing vigorously with rice. The
present study is agreed with the results reported by those
authors. The possible reason for more weed species oc-
currence in the experimental field could be related to poor
weed management practices and favorable environmental
factors such as soil type, altitude, and previous crop grown at
the site and more rainfall at the early stage of the crop
growth. In line with this result, [19] reported that altitude,
rainfall, the month of planting, number of weeding, and soil
type were the major environmental and crop management
factors that influenced the number of weeds species
distributions.

3.1.2. Weed Dry Weight. Weed dry weight was reduced by
closer row spacing. The minimum weed dry weight
(79.12 g'm™?) was recorded under 20 cm row spacing, while
the maximum weed dry weight (194.8 g-m™>) was observed
in wider (30 cm) row spacing. This result implies that weed
dry weight decreased significantly as the inter-row spacing
decreased from 30 to 20 cm. On the other hand, weeding
frequencies had a significant effect on weed dry weight at
crop harvest. The minimum weed dry weight was observed
in weed-free check (negligible) which was statistically in
parity with two-hand weeding and hoeing at 2 and 5 WAE
(19.40g-m™). While the maximum weed dry weight
(542g:m™?) was recorded under weedy check (control),
which was significantly higher dry weight than all other
weeding frequencies.

Weed dry weight at crop harvest was significantly
influenced by the interactions of row spacing and weeding
frequencies. The minimum weed dry weight (6.73 g-m°)
was recorded under the treatment combinations of 20 cm
row spacing with two-hand weeding and hoeing at 2 and 5
WAE. However, it did not differ significantly with the
combinations of weed-free check with three-row spacing,
two-hand weeding and hoeing at 2 and 5 WAE with 25 and
30cm row spacing, 20cm row spacing with one-hand
weeding and hoeing at 2, 3, and 4 WAE, and 25cm row
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TABLE 1: Weed community recorded in a rice field at the experimental site in 2020 main cropping season.

Weed species Family Life form (category)
Ageratum conyzoides L. Asteraceae Annual (broadleaved weed)
Amaranthus hybridus L. Amaranthaceae Annual (broadleaved weed)
Amaranthus spinosus L. Amaranthaceae Annual (broadleaved weed)
Amaranthus viridis Hook. F. Amaranthaceae Annual (broadleaved weed)
Bidens pilosa L. Asteraceae Annual (broadleaved weed)
Cassia mimosoides L. Fabaceae Annual (broadleaved weed)
Centrosema pubescens benth. Fabaceae Perennial (broadleaved weed)
Chromolaena odorata L. R.M. king & H. Rob Asteraceae Perennial (broadleaved weed)
Commelina benghalensis L. Commelinaceae Annual (broadleaved weed)
Cynodon dactylon (L.) pers. Poaceae Perennial (grassy weed)
Cyperus eragrostis lam. Cyperaceae Perennial (sedge)
Cyperus haspan L. Cyperaceae Perennial (sedge)
Cyperus rotundus L. Cyperaceae Perennial (sedge)
Digitaria sanguinalis L. (scop.) Poaceae Annual (grassy weed)
Echinochloa colona (L.) link. Poaceae Annual (grassy weed)
Eleusine indica (L.) gaertner. Poaceae Annual (grassy weed)
Euphorbia geniculata Ortega Euphorbiaceae Annual (broadleaved weed)
Physalis minima L. Solanaceae Annual (broadleaved weed)

spacing with one-hand weeding and hoeing at 3 and 4 WAE
(Table 2). While the maximum weed dry weight
(774.33 gWAEmfZ) was observed under the treatment
combinations of 30 cm row spacing with weedy check which
was significantly higher than all the interactions of row
spacing and weeding frequencies (Table 2). Weeds in weedy
check plots with three-row spacing accumulated higher dry
weight than the other all row spacing interaction with
weeding frequencies and also there were significant differ-
ences within weedy checks.

The lower weed dry matter weight recorded under
narrower row spacing with weeding frequencies was might
be due to lower weed densities (Table 2) and the higher
competitive effect of the crop which can suppress weed
infestation. The present result is directly supported by the
findings of [20] who reported that due to lesser space for
weed development, better crop competition for development
resources, crop growth, early space covering, and light in-
terception might have effectively controlled the weeds. A
similar result was also noticed by [21]. At the early crop
growth stage, hand weeding and hoeing controlled the
emerged weeds, and those weeds which would emerge later
might have failed to accumulate sufficient dry matter due to
the competition offered by well-grown crop plants. Further,
the weed seeds under depleted soil seed bank that might have
been brought to the upper soil layer by hand weeding and
hoeing, though germinated and emerged later, were in their
initial growth stage and thus accumulated less dry weight.

On the other hand, the higher weed dry weight observed
in weedy check under wider row spacing might be due to
higher weed density that provided an opportunity for the
weeds to compete vigorously for nutrients, space, light,
water, and carbon dioxide resulting in higher biomass pro-
duction. Similar findings to the present study were reported by
[22] who reported that the treatment combinations of weedy
check with the widest spacing (30 cm x 20 cm) produced the
highest weed dry biomass weight (40.2gWAE m™?) than the
narrower spacing (20 cm x 10 cm).

3.1.3. Weed Control Efficiency. There were no significant
differences in row spacing for weed control efficiencies
(Table 3). Weed control efficiency was significantly influ-
enced by weeding frequencies. The highest weed control
efficiency was observed under weed-free check (100%),
which was statistically at par with two-hand weeding and
hoeing at 2 and 5 WAE (96.7%), whereas the minimum weed
control efficiency (negligible) was observed in weedy check
plots (Table 3). The weed control efficiency observed due to
the response of one-hand weeding and hoeing at 2, 3, and 4
WAE was statistically similar to each other. This result further
elucidates that weed-free plots and two-hand weedings and
hoeing at 2 and 5 WAE were more effective in reducing weed
density and dry biomass weights of weeds as compared with the
weedy check and had greater weed control efficiency over one-
hand weeding and hoeing (Table 3).

3.1.4. Weed Index. Weed index measures the effectiveness of
a particular treatment compared with a weed-free check and
is expressed as a percentage of grain yield under a weed-free
check thus higher weed index means greater loss of yield due
to weeds. Weed index was significantly influenced by row
spacing. The lowest weed index (21.24%) was observed
under 20 cm row spacing, while the maximum weed index
(28.99%) was observed in 30 cm row spacing (Table 3). This
result indicates that the weed index increased with the increase
in row spacing from 20 to 30cm. This finding is in close
agreement with the study of [21] who reported that weed index
increased with the increase in row spacing from 15 to 20 cm
and the decline at 25 cm row spacing of bread wheat.
Weeding frequency also had a significant effect on weed
index. The lowest weed index was observed in weed-free
check (negligible) followed by two-hand weeding and
hoeing at 2 and 5 WAE (9.19%). However, the weed index
recorded under two-hand weeding and hoeing at 2 and 5
WAE was statistically at par with a plot treated by one-hand
weeding and hoeing at 3 WAE. While the highest weed index
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TaBLE 2: Interaction effects of row spacing and weeding frequencies of rice on weed dry weight at harvest (g-m™2) at Kuja in 2020 main
cropping season.

. . Row spacing (RS)
Weeding frequencies (WF)

30 cm 25cm 20 cm
One-hand weeding and hoeing at 2 WAE 136.27¢ 80.674<" 50.978"
One-hand weeding and hoeing at 3 WAE 124.97% 74.004¢feh 41.17'"
One-hand weeding and hoeing at 4 WAE 101674 66.33°8M 34,1718
Two-hand weeding and hoeing at 2 and 5 WAE 31.578" 19.908" 6.73"

Weed-free check 0.00 0.00 0.00'

Weedy check 774.33% 510.00° 341.67¢
LSD (0.05) WEXRS =69.06

CV (%)=31.29

CV = coeflicient of variation; LSD = least significant difference; WAE = weeks after crop emergence; means in columns and rows followed by the same letter(s)

are not significantly different at a 5% level of significance.

TaBLE 3: Main effect of row spacing and weeding frequencies of rice on weed control efficiency (%) and weed index (%) at Kuja in 2020 main

cropping season.

Treatments Weed control efficiency Weed index
Row spacing
30cm 74.77% 28.99°
25cm 75.33° 23.31%
20cm 76.89" 21.24°
LSD (0.05) NS 5.94
Weeding frequencies
One-hand weeding and hoeing at 2 WAE 83.67° 22.98"
One-hand weeding and hoeing at 3 WAE 85.84" 16.66°
One-hand weeding and hoeing at 4 WAE 87.75" 27.52°
Two-hand weeding and hoeing at 2 and 5 WAE 96.70" 9.19¢
Weed-free check 100.00* 0.00°
Weedy check 0.00° 70.72%
LSD (0.05) 6.60 8.40
CV (%) 9.10 35.75

CV = coefficient of variation; LSD = least significant difference; WAE = weeks after crop emergence; means in columns of the same parameter followed by the

same letter(s) are not significantly different at a 5% level of significance.

(70.72%) was recorded under weedy check plots, which
indicates a 70.72% yield loss in unweeded check plots
(Table 3). Such yield losses due to weed competition were
also reported by [14]. This result is in agreement with the
finding of [23] who reported that the lowest weed index was
observed in weed-free checks followed by two-hand weeding
(4.45%) and the highest was obtained in weedy checks
(71.79%). Like higher weed control efficiency achieved under
a particular treatment, the weed index decrease showed that
higher weed index correlated with poor weed control. It was
observed that the highest grain yield was recorded due to a
lower weed index in the corresponding treatment and vice
versa. This result is in conformity with [24].

3.2. Crop Parameters

3.21. Days to 50% Heading. Days to 50% heading had
significantly influenced by weeding frequencies. The highest
days to 50% heading were recorded under weedy check (no
weeding) and the lowest days to 50% heading was observed
in weed-free check plots. The result indicates that weed-free
check significantly attained earlier producing head or
panicles followed by two-hand weeding and hoeing at 2 and

5 WAE. However, days to heading did not significantly vary
between the treatments of one-hand weeding and hoeing
done at 2 and 3 WAE (Table 4). In weedy check, the shading
of crop plants by weeds might have reduced sunlight in-
terception thus prolonging the vegetative growth and
resulting in delayed days to producing head. This indicates
that heading was delayed due to weed infestation throughout
the crop growth over other treatments. In line with this
result, [25] identified that the plants in unweeded plots took
the highest time to reach 50% flowering.

3.2.2. Days to 90% Physiological Maturity. Maturity period
of rice has direct relationship with days to 50% heading.
Factors that retard days to heading may also retard time of
maturity. Like that of days to heading, significantly longer
days to 90% physiological maturity were recorded under
weedy check plots. While significantly shorter days to 90%
physiological maturity was observed in weed-free check
plots, which was statistically at par with plots treated by two-
hand weeding and hoeing at 2 and 5 WAE (Table 4).
Generally, as the weeding frequency decreased, the days to
physiological maturity tended to be prolonged. The days to
maturity for two-hand weeding and hoeing at 2 and 5 WAE
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TABLE 4: Main effect of row spacing and weeding frequencies on
phenological and growth parameters of rice at Kuja in 2020 main
cropping season.

Treatment DH DPM
Row spacing
30cm 61.25* 88.83%
25cm 61.10° 88.83%
20 cm 61.08* 88.78%

LSD (0.05) NS NS

Weeding frequencies
One-hand weeding and hoeing at 2 WAE
One-hand weeding and hoeing at 3 WAE 61.00° 89.00"
One-hand weeding and hoeing at 4 WAE 62.00" 89.00°
Two-hand weeding and hoeing at 2 and 5 WAE 60.17¢ 87.89°
Weed-free check 59.00° 87.00°
Weedy check 63.70" 91.00*

LSD (0.05) 0.83 1.07
CV (%) 142 126

CV =coefficient ~of variation; LSD=least significant difference;
WAE =weeks after crop emergence; DH=days to 50% heading;
DPM=days to 90% physiological maturity; PH=plant height (cm);
PL = panicle length (cm); means in columns of the same parameter followed
by the same letter(s) are not significantly different at 5% level of significance.

61.00° 89.00°

and completely weeded plots were significantly earlier than
the other weeding frequencies. This implies that the number
of days to physiological maturity was significantly delayed
due to weed infestation throughout the crop growth over
other treatments. In line with this result, [26] reported that
the days required to attain physiological maturity increased
as the duration of weed interference was prolonged. In a
weedy check, the shading of crop plants by the weed canopy
might have reduced sunlight radiation, thus prolonging the
vegetative growth and resulting in delayed days to physio-
logical maturity. This in turn might have reduced vegetative
growth and delayed the transition to the reproductive period
and physiological maturity of rice. This result is in harmony
with the findings of [14] who exhibited that the plants in
unweeded plots took the highest time to reach 90% physi-
ological maturity in upland rice. Similarly, [27] reported that
with an increase in the dry weight of Parthenium, the du-
ration required by the common bean plants to reach
physiological maturity was prolonged.

3.2.3. Number of Total Tillers. The significantly higher
number of total tillers (249.74 m™2) and lower number of
total tillers (200.19 m™2) were recorded under row spacing of
20 and 30 cm, respectively (Table 5). This result shows that
the number of total tillers per meter square area decreased
significantly with the increase in row spacing from 20 to
30 cm. This finding is in agreement with the study of [28]
who found that narrow spacing produced a greater number
of tillers per meter square area as compared with wider
spacing. The higher total tillers per unit area recorded under
20cm row spacing might be due to reduced intra-plant
competition as higher as the same seed rate was used which
was further enhanced due to lack of weed competition as the
plots were kept completely weed-free. Similarly, [29] also
showed an increase in tillers and panicle density by

decreasing row spacing. Likewise, [30] reported that under
narrow row spacing (11.25cm apart rows), although the
number of tillers per unit area was more yet the number of
tillers per plant was definitely less due to the dilution effect
and limited space available for a rice plant to thrive than
wider row spacing. Previous studies of [31] also support our
result regarding total tillers and productive tillers of direct-
seeded rice.

Weeding frequencies also had a significant effect on the
number of total tillers. The analyzed result showed that the
highest number of total tillers per meter square area
(272 m™?) was recorded under weed-free check a plot which
was statistically in parity with those of two-hand weeding
and hoeing at 2 and 5 WAE. While significantly, the lowest
number of total tillers per meter square area (151.17 m2)
was obtained in weedy check plots (Table 5). A similar result
was reported by [21] who reported that a lower number of
tillers under weedy checks was due to the unavailability of
more space for better light interception, reduced nutrients,
and moisture availability for the crop due to the presence of
weeds.

3.2.4. Number of Productive Tillers. The highest average
number of productive tillers (226.82 m™?) per meter square
area was observed in-row spacing of 20 cm. While signifi-
cantly the lowest mean number of productive tillers
(182.85m™2) per meter square area was recorded under row
spacing of 30 cm. However, the number of productive tillers
obtained from 20 cm row spacing was statistically at par with
that observed in 25 cm row spacing (Table 5).

Mekonnen [32] reported that 20 cm row spacing produced
significantly more effective tillers as compared with 25 and
30 cm row spacing. The number of effective tillers per unit area
is one of the limiting factors of grain yield [33]. The greater
tiller numbers at the narrow row spacing were likely due to
more uniform spatial distribution and less in-row plant-to-
plant competition compared with the wider row spacing [34].
Increased light capture by a canopy has been reported in wheat
with narrow row spacing configurations [35].

The highest number of productive tillers per meter
square area (257.71m °) was recorded under weed-free
check, which was statistically in parity with the plots treated
by two-hand weeding and hoeing at 2 and 5 WAE. Whereas
significantly the lowest number of productive tillers per
meter square area (107.61 m~>) was observed in weedy check
plots (Table 5). A similar finding was reported by [21] who
reported that the highest number of productive tillers per
unit area from the weeded plot is due to a higher number of
the total tiller and low densities of weeds. The result is also in
agreement with the findings of [10] who reported a sig-
nificant reduction in weed population and weed dry weight
in closer (15cm) and bidirectional sowing than wider
spacing (22.5cm) in wheat that enhanced higher total and
productive tiller per unit area.

3.2.5. Number of Kernels Per Panicle. The numbers of
kernels per panicle were significantly affected by different
row spacing. The maximum average number of kernels per
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TaBLE 5: Main effect of row spacing and weeding frequencies on yield components of rice at Kuja in 2020 main cropping season.

Treatment PT KPP TKW
Row spacing
30 cm 200.19° 182.85" 129.28° 33.83°
25cm 224.68" 209.08* 152.22° 31.56"
20 cm 249.74° 226.82° 143.28 29.33°
LSD (0.05) 20.19 20.13 10.84 1.58
Weeding frequencies
One-hand weeding and hoeing at 2 WAE 230.74> 21493 140.00° 31.56"
One-hand weeding and hoeing at 3 WAE 236.46" 225.54" 153.33% 33.20%
One-hand weeding and hoeing at 4 WAE 212.82¢ 195.00° 129.33¢ 31.44°
Two-hand weeding and hoeing at 2 and 5 WAE 246.01°° 236.72% 163.67°° 33.33%
Weed-free check 272.00% 257.71% 172.33% 35.44°
Weedy check 151174 107.61¢ 90.89° 24.44°
LSD (0.05) 28.56 28.47 15.33 2.24
CV (%) 13.26 14.41 11.30 7.39

CV = coefficient of variation; LSD = least significant difference; WAE = weeks after crop emergence; TT =number of total tillers (no. m~2); PT =number of
productive tillers (no. m™2); KPP = number of kernels per panicle; TKW = thousand kernel weights (g); means in columns of the same parameter followed by

the same letter(s) are not significantly different at 5% level of significance.

panicle (152.22) was recorded under 25cm row spacing.
While the minimum kernels number (129.28) was obtained
in 30 cm row spacing. However, it was statistically in parity
with the number of kernels per panicle obtained in response
to the row spacing of 25 and 20 cm (Table 5). The observed
difference indicates that the variation in the number of
kernels due to row spacing was not consistent; there is an
increase in the number of kernels due to an increase from 20
to 25cm, but a decrease in the number of kernels as row
spacing increased from 25 to 30 cm. This result is in line with
the finding of [36] who reported that the highest number of
grains per panicle (123) was obtained from the optimum
spacing of 25cm x 10cm than wider spacing (30 %10 cm;
118) and narrower spacing (15 x 10 cm; 107). Also, the result
is in close agreement with the study of [22] who stated that
optimum spacing (25 cm x 15 cm) gave the highest number
of total grains per panicle (112.40) which was statistically
similar to 30 cm x20cm spacing (112.2) but superior to
20 cm x 10 cm spacing (107.4).

The highest mean number of kernels per panicle (172.33)
was recorded under weed-free plots which did not vary
significantly with the plots treated by two-hand weeding and
hoeing at 2 and 5 WAE. While the lowest number of kernels
per panicle (90.89) was observed in weedy check plots
(Table 5). Similar results were reported by [13, 21, 37] who
stated that the removal of weeds from the crop at a time
could boost the yield components and yield.

In line with this result, [38, 39] who reported that the
unweeded plot had a lower number of grains per panicle
compared with the weeded plot in rice. Similar findings are
also reported by [40] who stated that numbers of grains per
spike were significantly reduced with the increased weed
infestation and significantly increased with the weed-free
period in wheat crop.

3.2.6. Thousand Kernel Weight. The highest thousand kernel
weight (33.83g) was recorded under 30cm row spacing,
whereas the lowest (29.33g) was observed in 20 cm row

spacing (Table 5). The highest thousand weight which was
recorded under 30 cm row spacing might be due to the
availability of more space for better light interception, more
nutrients available, and moisture for crop or grain devel-
opment, as compared with narrow row spacing. This result is
in agreement with the findings of [41] who reported that
wider row spacing (22.5cm) produced more 1000-grain
weight (40.16 g) as compared with narrow row spacing of
11.25 cm (38.81 g). Similarly, [42] concluded that increased
grain weight at wider row space.

On the other hand, thousand kernel weights had sig-
nificantly influenced by weeding frequencies. The highest
thousand kernel weights (35.44g) were recorded under
weed-free plots which were statistically in parity with two-
hand weeding and hoeing at 2 and 5 WAE and one-hand
weeding and hoeing at 2 WAE. Meanwhile, significantly the
lowest (24.44 g) thousand kernel weights were observed in
weedy check plots (Table 5). This might be due to the un-
availability of more space for better light interception, nu-
trient availability, and moisture for crop or grain
development. This was due to the high infestation of the
weed population which had not been disturbed till crop
harvest. In agreement with these findings, [26, 43] who
reported that thousand seed weights increased with the
increasing length of weed-free conditions and decreased
with the increasing length of weedy conditions.

3.2.7. Aboveground Dry Biomass Yield. Biomass yield rep-
resents the overall growth performance of the plant as well as
the crop and is considered to be the essential yield parameter
to get useful information about the overall growth of the
crop. It is highly inclined by crop nutrition and planting
distance. Row spacing had a prominent effect on the biomass
yield of rice. The highest biomass yield (10295.4 kg-ha™) was
observed in 25cm row spacing, while the lowest biomass
yield (9486.1kgha™') was recorded under 30cm row
spacing. However, the biomass yield recorded under 25 cm
row spacing was statistically at par with the biomass yield
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obtained under 20 cm row spacing (Table 6). The higher
biomass yield recorded under 20 and 25cm row spacing
might be due to the fact that optimum plant spacing ensures
the plant grows properly with its aerial and underground
parts by utilizing more solar radiation and nutrients. This
finding is in line with the study of [22] who reported that
optimum spacing (25 cm x 15cm) produced significantly the
highest biomass yield than the widest spacing (30 cm x 20 cm)
and closest spacing (20 cm x 10 cm) of rice. In close agreement
with the present result, [32, 41] reported that more biomass
yield was produced under narrow spacing than wider spacing.

Weeding frequency also had a significant effect on
aboveground dry biomass yield. The highest aboveground
dry biomass yield (11,696.3kg-ha™") was recorded under
weed-free check which was statistically similar to the plots
treated by two-hand weeding and hoeing at 2 and 5 WAE.
While the lowest aboveground dry biomass yield
(6,024.1kg-ha™") was observed in weedy check plots (Ta-
ble 6). The increased aboveground dry biomass under weed-
free treatments could be due to the crop plants utilizing the
resources more efficiently which resulted in higher tiller
numbers per unit area (Table 6). The present result is in
agreement with the findings of [44] who reported that the
increased dry matter weight of the crop was highly governed
by the length of the weed-free period. On the other hand,
significantly the lowest aboveground dry biomass yield was
obtained under weedy check plots. This might be due to
severe competition for growth resources resulting in lower
availability of nutrients for the crop thus causing a reduction
in the number of tillers thereby low straw yield. Similar to
the present result, [14] reported that prolonged weed
competition resulted in reduced biomass accumulation and
lesser panicle length per plant and thousand seed weight
which ultimately translated into lower grain yield.

3.2.8. Grain Yield. The grain yield of rice had significantly
influenced by different row spacing. The highest grain yield
(4303.0kg-ha™") was recorded under 25c¢m row spacing,
while the lowest grain yield (3563.0 kg-ha™") was observed in
30 cm row spacing (Table 6). This result indicates that op-
timum row spacing of 25 cm gave significantly higher grain
yield than closer row spacing of 20cm and wider row
spacing of 30 cm. The reasons for higher grain yield recorded
under 25 cm row spacing might be due to fewer crop-weed
competition that ensured sufficient supply of plant nutrients
for rice plant growth and low intra-crop competition for
nutrients, radiation, and better photosynthates translocation
to grains which resulted in higher grain yield.

The highest grain yield recorded under 25cm row
spacing also might be due to the highest number of kernels
panicle™’ (152.22) and the highest number of productive
tillers m~> (Table 5). This finding is in agreement with the
study of [36] who stated that the optimum spacing of
25cmx 10cm gave the highest grain yield (2176kg ha™")
than the wider spacing of 30 cm x 10 cm and closer spacing
of 15cm x 10 cm of rice. In contrast to this result, [32] who
stated that narrow row spacing (20cm) gave significantly
higher grain yield than wider (30 cm). The lowest grain yield

(3563.0 kg-ha_l) was observed under wider (30cm) row
spacing, thus reducing grain yield per unit area. [45] re-
ported that improper spacing reduced yield up to 20-30%.
On the other hand, weeding frequencies significantly
influenced the grain yield of rice. The highest grain yield
(5226.7 kg-hafl) was recorded under weed-free check, fol-
lowed by that of two-hand weeding and hoeing at 2 and 5
WAE (4743.4kg'ha”; Table 6). However, the grain yield
recorded under two-hand weeding and hoeing at 2 and 5
WAE was statistically at par with the plots treated by one-
hand weeding and hoeing at 3 WAE. While significantly the
lowest grain yield (1535.3kg-ha™") was observed in weedy
check plots. The present result is in line with the findings of
[23] who reported that the highest grain yield (7696 kg-ha™)
was obtained in weed-free check, followed by two-hand
weeding (7353 kg-ha™") in rice plants. The higher grain yield
obtained under weed-free check treatments might be due to
lower weed competition, thus utilizing the available re-
sources to its maximum benefit resulting in improvement of
yield attributes like increasing numbers of productive tillers
per unit area, panicles length, the number of grains per
panicle, 1000-grain weight, and then finally grain yield with
better weed control efficiency and lower weed indices.
Significantly the lowest yield was observed under weedy
check plots than all the other treatments. This was probably
due to the result of severe weed competition by uncontrolled
weed growth, which resulted in a significantly low number of
productive tillers per unit area, grains per panicle, and 1000-
grain weight as compared with other treatments. Similar
findings to the present study were reported by [5, 14, 21].

3.2.9. Straw Yield. Row spacing had no significant effect on
straw yield. But numerically, the narrowest row spacing
(20 cm) produced the highest straw yield (6186.8 kg-ha™') and
the lowest straw yield was produced by the widest row spacing
(30 cm; 5923.1 kg~ha71; Table 6). On the other hand, the straw
yield of rice was significantly influenced by weeding fre-
quencies. The highest straw yield (6493.7 kg-ha™') was ob-
served under two-hand weeding and hoeing at 2 and 5 WAE
which was statistically at par with the other treatments except
for weedy check plots. While significantly the lowest straw
yield (4488.8 kg-ha™") was recorded under weedy check plots
(Table 6). Higher weed infestation not only reduced the grain
yield but also hampered the plant growth and tillering ca-
pacity and ultimately reduced straw yield and also biological
yield in weedy check plots. This finding is in line with the
study of [22] who reported that the highest straw yield
(4.80t-ha™') was obtained from the two-hand weeding
treatment and significantly the lowest straw yield
(4.20tha™) was observed from the unweeded treatment.
Similarly, [38] reported that weed-free conditions produced
the highest straw yield (6.55tha™") and the lowest straw
yield (5.62 t-ha™') was obtained from the no weeding regime.
Similar observations were found by [39, 46].

3.2.10. Harvest Index. The ability of a cultivar to convert the
dry matter into economic yield is indicated by its harvest
index. The higher the harvest index value, the greater the
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TABLE 6: Main effect of row spacing and weeding frequencies on yield and yield components of rice at Kuja in 2020 main cropping season.

Treatment AGDB GY SY HI
Row spacing
30 cm 9486.1° 3563.0° 5923.1° 36.09°
25cm 10295.4* 4303.0° 5992.4° 40.79*
20 cm 10164.8° 3978.0 6186.8 38.03"
LSD (0.05) 676.56 304.78 NS 1.71
Weeding frequencies
One-hand weeding and hoeing at 2 WAE 10187.0° 4026.4° 6160.6 39.37%¢
One-hand weeding and hoeing at 3 WAE 10601.9 43553 6246.5" 40,95
One-hand weeding and hoeing at 4 WAE 10146.3 3801.0¢ 6345.3" 37.19¢
Two-hand weeding and hoeing at 2 and 5 WAE 11237.0°° 4743 .4° 6493.7% 42.18°
Weed-free check 11696.3* 5226.7% 6469.6° 44,92
Weedy check 6024.1¢ 1535.3° 4488.8° 25.2°
LSD (0.05) 956.81 431.03 625 2.42
CV (%) 10.01 11.40 10.81 6.60

CV = coefficient of variation; LSD = least significant difference; WAE = weeks after crop emergence; AGDB = aboveground dry biomass of rice (kg ha™');
GY =grain yield (kg-ha™'); SY = straw yield (kg-ha™"); HI = harvest index (%). Means in columns of the same parameter followed by the same letter(s) are not

significantly different at a 5% level of significance.

physiological potential of the crop for converting dry matter
to grain yield. On the other hand, it reflects the division of
photosynthates between the grains and the vegetative plant
parts and improvements in the harvest index emphasize the
importance of carbon allocation in grain production. Row
spacing had a significant effect on the harvest index. The
highest harvest index (40.79%) was observed under the row
spacing of 25 cm which was significantly different from the
other two spacings. While the lowest harvest index (36.09%)
was observed in the row spacing of 30 cm (Table 6). This
result is in line with the finding of [22] who stated that
significantly the highest harvest index was observed in
optimum spacing (25cm x 15cm) and the lowest harvest
index was observed in narrower spacing (20 cm x 10 cm).
Similar results were reported by [47] who found that the
highest harvest index was observed under 25 cm row spacing
in rice crops, but statistically at par with 20 cm row spacing.
Likewise, [47] reported that a higher harvest index was
reported in 25 cm row spacing, but statistically similar with
20 cm row spacing in wheat crop.

The harvest index was also significantly influenced by
weeding frequencies. Significantly the lowest harvest index
(25.2%) was recorded under weedy check plots. While the
highest harvest index (44.92%) was observed in weed-free
checks which were significantly different from the other
weeding frequencies (Table 6). Hoque et al. [48] reported
that harvest index was highest in the weed-free crop but it
was identical with that in one-hand weeding, two-hand
handing and three-hand weeding where the lowest was
produced in the crop not weeded at all. In line with this
finding, [21] reported the variation in harvest index was

most probably due to variation in the number of total tillers,
number of grains per spike, 1000-grain weight, and grain
yield of wheat. The significantly lower harvest index ob-
tained under the weedy check might be due to severe weed
competition with the crop for the growth factors, which
restricted the growth and development of the crop in weedy
check plots. The lowest harvest index recorded under weedy
check plots was reported by [14, 22, 26].

3.2.11. Partial Budget Analysis. An economic analysis re-
sult using the partial budget procedure [17] was done due
to grain yield being significantly influenced by row
spacing and weeding frequency. The result in Table 7 of
this study showed that the weed-free check had a much
higher total variable cost due to a much greater labor
requirement for frequent manual weeding. The highest
gross benefit was obtained with weed-free checks. The
highest gross incomes in these treatments than in the
other treatments were due to their higher yield. The lowest
(11,880.00 ETB-ha™) gross return was recorded under the
combined treatments of 30 cm row spacing with weedy
check plots. The highest net benefits accrued to two-hand
weeding and hoeing at 2 and 5 WAE. The highest net
benefit from the aforementioned treatment could be at-
tributed to a high yield, at a moderate cost. Furthermore,
the low net benefit was attributed to low yield due to weed
competition. From the economic point of view, it was
obvious that the combined use of 25 cm row spacing and
two-hand weeding and hoeing at 2 and 5 WAE was more
profitable than the rest of the treatments.
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TaBLE 7: Partial budget analysis to estimate net benefit for weed management practices of rice in 2020 main cropping season.
Row spacing Weeding Average yield Adjusted yield Gross benefit Total variable cost ~ Net benefit
(cm) frequency (kg-ha™") (kgha™") (ETB-ha™) (ETB-ha™) (ETB-ha™)

W1 3690.00 3321.00 36531.00 1897.40 34633.60
W2 3876.00 3488.40 38372.37 1897.40 36474.97
30 W3 3086.67 2778.00 30558.03 1897.40 28660.63
W4 4508.70 4057.83 44636.16 3097.40 41538.76
W5 5016.67 4515.00 49665.03 10297.40 39367.63
Wé6 1200.00 1080.00 11880.00 697.40 11182.60
W1 4433.26 3989.94 43889.31 1963.14 41926.17
W2 4696.60 4226.94 46496.34 1963.14 44533.20
25 W3 4372.93 3935.63 43291.97 1963.14 41328.83
W4 5005.86 4505.27 49558.01 3163.14 46394.87
W5 5616.66 5054.99 55604.93 10363.14 45241.79
W6 1692.70 1523.43 16757.73 763.14 15994.59
W1 3955.92 3560.33 39163.64 2148.00 37015.64
w2 4493.32 4043.99 44483.84 2148.00 42335.84
20 W3 3943.32 3548.99 39038.87 2148.00 36890.87
W4 4715.55 4244.00 46683.98 3348.00 43335.98
W5 5046.65 4541.99 49961.84 10548.00 39413.84
W6 1713.29 1541.96 16961.54 948.00 16013.54

ETB = Ethiopian birr; and seed rates of 60, 48.3, and 43 kg-ha™" were used for 20, 25, and 30 cm row spacing, respectively; cost of seed for planting = 15.80
ETB-kg™'; field price of rice grain=11.00 ETBkg™’; cost of hand weeding and hoeing at 2 WAE 72 persons, 35 DAE 48 persons @birr 50 per person;
WAE =weeks after crop emergence; W = weeding frequency; W1, W2, and W3, are weeding by hand weeding and hoeing at 2, 3, and 4 WAE, respectively;
W4 =weeding by two-hand weeding and hoeing at 2 and 5 WAE, W5 =weed-free check, and W6 =weedy check.

4. Conclusion

The treatment under 25cm row spacing recorded signifi-
cantly the highest panicle length, number of productive tillers,
number of kernels per panicle, grain yield, aboveground dry
biomass, and harvest index. While significantly higher panicle
length, number of productive tillers, number of kernels per
panicle, thousand kernels weight, grain yield, aboveground
dry biomass, and harvest index were recorded under com-
plete weed-free check plots. Based on partial budget analysis,
the highest net return (46,394.87 ETB-ha™') was obtained
from the combination of 25cm row spacing and two-hand
weeding and hoeing at 2 and 5 WAE of upland rainfed rice
production. Thus, it can be concluded that the combined use
of 25 cm row spacing and weeding by two-hand weeding and
hoeing at 2 and 5 WAE seems agronomically and econom-
ically profitable for rice variety NERICA-4 production and
can be recommended tentatively for the study area [49, 50].
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