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Abstract

This study explores the effectiveness of various herbicides in enhancing upland rice production in the Fogera Plain of Ethiopia, a
region recognized for its agricultural potential yet challenged by significant weed infestations. Despite a notable increase in both
cultivated area and total rice output, the productivity in Ethiopia remains below the global average, primarily due to the adverse
effects of weeds. To address this issue, a trial was conducted using a randomized complete block design (RCBD) during the 2023
rainy season, evaluating the impacts of Keeper herbicide, Pallas 45 OD, and manual weeding on key growth parameters,
including grain yield, dry weight of weed biomass, panicle length, and spikelet count. The results indicated that the treatment
involving two rounds of manual weeding achieved the highest grain yield of 3337.72 kg ha!, significantly surpassing the
unsprayed control yield of 763.69 kg ha™!. The Keeper herbicide yielded 2625.00 kg ha'!, while the Pallas 45 OD herbicide
resulted in a lower yield of 1686.40 kg ha'!, demonstrating their effectiveness in managing weed competition, although with
reduced yields compared to manual weeding. Furthermore, the economic analysis revealed that the Keeper herbicide treatment
generated a greater net benefit compared to manual weeding, affirming its practicality as a viable alternative for weed
management. This research highlights the necessity for integrated weed management strategies in Ethiopia’s rice production
systems, emphasizing the potential of combining herbicides with traditional practices to mitigate the challenges posed by weeds
and enhance agricultural productivity.
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1. Introduction

Rice stands as the second-most essential crop globally,
following wheat, making it a staple for billions of people [1].
Within in Africa, rice holds a significant position, ranking
fifth in terms of harvested land area and fourth in production
volume (2). In sub-Saharan Africa, 39% of production eco-
systems are suitable for upland rice production [2]. In Ethio-
pia, rice has been designated a "millennium crop," reflecting
its increasing importance in the country's agricultural land-

scape [3]. Over recent years, rice production in Ethiopia has
surged from a mere 10,000 tons cultivated on 5,400 hectares
to an impressive 189,649 tons across 62,551 hectares,
achieving a national average yield of 3 tons per hectare [4].
Despite this remarkable increase in both production volume
and harvested area of 94.7% and 91.4%, respectively. The
productivity of rice in Ethiopia remains considerably below
the global average yield of 4.54 tons per hectare [5].
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The primary factor contributing to this productivity gap is
the severe weed infestation that plagues rice fields across the
nation. Weeds pose a significant challenge, being the major
yield-limiting constraint in rice production, with studies in-
dicating an alarming average yield loss of up to 90% due to
weed competition [6]. In sub-Saharan Africa, the toll is stag-
gering; weeds account for a loss of approximately 2.2 million
tons of milled rice annually [2]. The repercussions of these
weed infestations extend beyond mere yield reductions. They
also escalate the cost of cultivation, diminish input efficiency,
hinder agricultural operations, compromise the quality of the
harvested crop, and serve as alternate hosts for a variety of
insect pests and diseases. The extent of losses attributed to
weeds can vary significantly from one region to another, as
the nature, severity, and intensity of weed pressures are in-
fluenced by ecological factors, hydrology, land topography,
planting methods, and overall management practices.

In the Fogera Plain, small-scale rice farmers typically rely
on hand weeding as their primary weed management strategy.
While effective at a small scale, this method is not viable for
large-scale rice production, where labor costs for weed man-
agement can represent up to 44.56% of total production ex-
penses [7]. Moreover, hand weeding is a time-consuming
practice that can detract from other essential farming activities.
Recent studies have highlighted the potential of herbicides as
aviable alternative for managing weed infestations effectively.
For instance, research indicates that herbicides can signifi-
cantly mitigate weed competition and enhance crop yields [8].

Applying Keeper herbicide at a rate of 1 L/ha in the upland
rice production ecosystem effectively controlled grass and
broadleaf weeds, providing a 62.8% grain yield advantage
over the weedy check and a non-significant grain yield with
two times hand weeding [9]. However, the effectiveness of the
herbicide varies from location to location due to differences in
weed species and environmental conditions [10]. Hence,
confirming the efficacy of Keeper herbicide in Fogera condi-
tions is fundamental before demonstrating the chemical.

2. Material and Methods

2.1. Description of the Study Area

The trial was conducted at a single location, the Fogera
National Rice Research and Training Center, situated in the
Fogera Plain of Ethiopia (Figure 1), which is characterized by
its unique agroecological conditions suitable for rice produc-
tion. The study in the Fogera area is located between latitudes
11°54.4N and 11°57N and longitudes 37°41.4'E and
37°42.5'E, at an elevation ranging from 1787 to 1812 meters
above sea level. The site experiences minimum and maximum
temperatures of 12.75°C and 27.37°C, respectively, and re-
ceives an average annual rainfall of 1219 mm. The soil at the
experimental site was identified as heavy clay, with a pH
range of 5.87 to 6.63, indicating that it is slightly acidic.
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Figure 1. Map of study area.
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2.2. Experimental Design and Treatments

The trials were conducted during the 2023 rainy season,
employing a randomized complete block design (RCBD) with
three replications to account for variability in environmental
conditions. Each plot measured 12 m? (3 m x 4 m), with 0.5 m
pathways between plots and 1 m between replications to
minimize cross-contamination and facilitate management
activities. The spacing between rows was 20 cm. The new
variety for Africa, NERICA-4, was used, with a seed rate of
120 kg/ha. Additionally, 300 kg of UREA and 230 kg of NPS
fertilizer were applied.

The study incorporated five distinct treatments the first
treatment utilized Keeper herbicide (Cyhalofop-butyl and
Fluroxypyr-meptyl EC 414), applied at the 2-4 leaf stage with
one liter per hectare by mixing with 400 liters of water. The
second treatment involved Pallas 45 OD (Pyroxasulfone),
applied post-emergence against grass weeds 30 to 35 days
after the emergence of annual broadleaf weeds, targeting peak

WCE

__ Dry weight of weeds in untreated control-Dry weight of weeds in the weed control treatment

weed vulnerability. The third treatment employed manual
weeding, with two rounds of hand weeding conducted during
critical stages of rice growth particularly 25 days after sowing
and 48 days after sowing, allowing precise weed removal
without disturbing the rice plants. Finally, the fourth treatment
was an unsprayed control, where no herbicide or manual
intervention was applied, serving as a baseline to assess the
effectiveness of the other treatments.

2.3. Data Collection

A 100 cm x 100 cm quadrat was used for weed sampling at
the crop's harvesting stage, randomly placed in two locations
within each plot. Weeds were harvested at ground level,
identified by species, counted, and recorded. The collected
species were cleaned, dried at 70°C for 72 hours, and weighed
using a sensitive analytical balance. This process provided
essential data for calculating Weed Control Efficiency (WCE)
using a specific formula.

X 100

Dry weight of weeds in untreated control

Apart from weed parameters, several plant growth pa-
rameters were measured at different stages of rice devel-
opment. Plant height was recorded from the base to the tip of
the upper leaves of the main stem at maturity stages,
providing insights into the growth response of rice to the
treatments. Panicle length was measured from the base to the
tip of the panicle of ten randomly selected plants per plot just
before harvesting, while the number of spikelets per panicle
was counted from ten plants at the harvesting stage to
evaluate productivity metrics. Finally, the grain yield for
each plot was measured at harvest and expressed in kilo-
grams per hectare (kg/ha).

2.4. Economic Analysis

An economic analysis evaluates the cost-effectiveness of
various treatments [11]. The amount of commercial herbicide
needed per hectare was assessed, allowing for the estimation
of costs based on market prices. Labor costs for manual and
herbicide application were estimated at 300 birr for a single
person, which was then converted to a per-hectare basis to
reflect the actual cost of weed control for one hectare of rice
field. Additionally, the average market price for rice during
the study period was recorded at 32 birr per kilogram.

2.5. Statistical Analysis

All collected data were analyzed using the R statistical
software package. Analysis of variance (ANOVA) was per-
formed, and significant differences were assessed using the
LSD test at a 5% significance level.
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3. Results and Discussion

3.1. Effect of Treatments on Grain Yield

The analysis of rice grain yield, as presented in Table 1,
reveals significance differences among various weed man-
agement practices. The weeded-twice treatment yielded the
highest grain yield (3337.72 kg ha-1), representing a re-
markable 4.37-fold increase compared to the unsprayed con-
trol (763.69 kg ha-1), and this finding aligns with the results
of previous studies [12]. In contrast, the Keeper herbicide
treatment produced 2625.00 kg ha-1, marking a 3.44-fold
increase, while the Pallas 45 OD herbicide yielded 1686.40 kg
ha-1, showing a 2.21-fold increase over the unsprayed control,
this finding was similar with the findings of Choudhary and
Dixit [13], herbicide sprayed treatments have been low rice
grain yield than two times hand weeding and high rice grain
yield than the unsprayed control.

3.2. Effect of Treatments on Dry Weight Weeds
Biomass

The result indicated in Table 1 showed that dry-weight
weed biomass across different treatments had a significant
difference. The weeded twice treatment yielded the lowest
dry-weight weed biomass at 282.89 kg ha-1, resulting in a
remarkable 13-fold decrease compared to the unsprayed con-
trol, which had the highest biomass at 3680.32 kg ha-1. This
finding aligns with the results reported by Abdullah et al. [14].
The Keeper herbicide treatment produced a biomass of 958.45
kg ha-1, accounting for a 3.84-fold decrease relative to the
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unsprayed control, while the Pallas 45 OD herbicide showed a
2.33-fold decrease with a biomass of 1574.56 kg ha'..

3.3. Effect of Treatments on Panicle Length and
Spikelets/Panicle

The findings presented in Table 1 clearly illustrate that
there exists a statistically significant variation in panicle
length among the various treatments applied. The weeded
twice treatment achieved a panicle length of 14.88 cm, while

the Keeper herbicide treatment recorded the longest panicle at
16.27 cm. However, despite the latter's longer panicle, it
yielded less grain, suggesting that other factors contribute to
yield beyond just panicle length. The number of spikelets per
panicle also varied significantly. The weeded twice treatment
yielded 73.27 spikelets per panicle, whereas the Keeper
herbicide treatment achieved 81.47 spikelets per panicle,
indicating its effectiveness in enhancing spikelet develop-
ment.

Table 1. Mean separation of plant height, dry weight weed biomass, number of spikelets/panicle, panicle length, and grain yield of rice in the

2023 main season.

Treatments Yield (kg/ ha) DWWB (kg/ha)
Twice weeded 3337.722 282.894

Keeper 2625.00% 958.45¢

Pallas 45 OD 1686.40% 1574.56°
Unsprayed 763.70¢ 3680.322

LSD 1216.48 586.05

Mean 2103.20 1624.06

CV (%) 30.72 19.20

PH (cm) PL (cm) NSPP
65.27* 14.88* 73.27°
65.932 16.27% 81.47°
65.00* 15312 75.532
67.332 15.812 73.00°
6.99 221 17.08
65.88 15.57 75.82
5.64 7.50 11.97

DWWB= Dry weight weed biomass, PH= Plant height, PL= Panicle length, NSSP= Number of spikelets/panicle.
CV (%)= coefficient of variation, LSD= List significant difference at 5% means with the same latter is not significance difference.

3.4. Effect of Treatments on the Percent of Weed
Control Efficiency

The results of weed control efficiency, illustrated in Figure
2, indicate significant differences among the various treat-
ments when compared to the Unsprayed Control. The Weeded
Twice treatment was the most effective, achieving 90.5%
efficiency with a fold increase of 1.50, showing the strong

impact of manual weeding on reducing weed pressure this
finding correlated with [12]. The Keeper Herbicide treatment
followed with 85.2% efficiency and a fold increase of 1.42,
indicating its effectiveness but suggesting it is less robust than
manual methods. Lastly, the Pallas 45 OD Herbicide yielded
the lowest effectiveness at 75.8% efficiency and a fold in-
crease of 1.26, showing it provides less effective weed control
relative to the other treatments.
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Figure 2. Weed control efficiency of treatments.
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3.5. Economic Analysis

The result presented in Table 2 indicates that the Keeper
herbicide treatment generated a significantly higher net benefit
compared to manual weeding treatments. This finding supports
the conclusion that Keeper herbicide serves as an effective al-

ternative for weed management, offering both a higher net
cost-benefit and greater economic value than manual weeding.
These results align with previous research, which demonstrates
that herbicide applications can yield substantially higher net
benefits compared to manual weeding [15, 16].

Table 2. Cost-effectiveness of weed management treatments.

Treatments Herbicides cost Labor cost for spraying/ Total cost Gross income Net Benefit
(Birr/ha) weeding (Birr/ha) (Birr/ha) (Birr/ha) (Birr/ha)
Twice weeded 0.00 30,000 30,000 106,806.4 76,806.4
Keeper 2500 1,200 3,700 84,000 80,300
Pallas 450D 4000 1,200 5,200 53,964.8 48,764.8
Unsprayed 0 0 0 24,438 24,438

4. Conclusion

This study highlights the vital role of effective weed man-
agement in improving upland rice production in Ethiopia's
Fogera Plain. By evaluating herbicides like Keeper and Pallas
45 OD alongside manual weeding, we found that integrating
herbicides can boost grain yields and address weed issues.
While manual weeding yields the best results, Keeper offers a
practical alternative with notable benefits. Weed competition
significantly reduces rice productivity in Ethiopia, empha-
sizing the need for integrated weed management strategies
that combine chemical and manual approaches. The economic
analysis supports the use of herbicides, especially Keeper, as a
cost-effective option for smallholder farmers facing labor and
production cost challenges.

Abbreviations

RCBD Randemized Complete Block Design
LSD List Significance Difference
NERICA-4 The New Variety for Africa

ANOVA Analysis of Variance
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