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In order to identify the effect of herbicidal weed control practices on yield components and yield of wheat, the study was
conducted at Kocha kebele in Chena district of Kaffa zone, Southwestern Ethiopia. 2,4-D amine salt (0.5kg ha™%, 1 kg ha™!, and
1.5kgha™') supplemented with one hand weeding 30 days after chemical application, clodinafop-propargyl 6% + fluroxypyr 12%
(0.5kgha™", 0.75kgha™, and 1kgha™) supplemented with one hand weeding 30 days after chemical application, pyroxsulam
(0.4kgha™, 0.5kgha™", and 0.6 kgha™") supplemented with one hand weeding 30 days after chemical application, 2,4-D amine
saltat 1 kgha™, clodinafop-propargyl 6% + fluroxypyr 12% at 0.75 kg ha™", pyroxsulam at 0.5 kg ha™', two hand weeding 30 and 45
days after crop emergence, weed-free check, and weedy check (unweeded) were the weed control treatments. Fifteen treatments
were used for the trial and arranged in a randomized complete block design with three replications. The treatments had a
significant effect on weed community, dry matter of weeds, parameters on weed control, phenology and growth parameters, and
yield components and yield of wheat. The minimum total weed dry biomass was recorded in plots treated with clodinafop-
propargyl 6% + fluroxypyr 12% at 1 kgha™' + one hand weeding at crop harvest. The highest weed control efficiency (93.30%) and
herbicide efficiency index (27.06%) and the lowest weed index (14.18%) were recorded with the application of clodinafop-
propargyl 6% + fluroxypyr 12% at 1kgha™' + one hand weeding. Higher number of grains per spike (57.9), 1000-grain weight
(39.4gha™"), grain yield (3635.6kg ha™), biological yield (9004 kghafl), and harvest index (40.23%) were recorded with the
application of clodinafop-propargyl 6% + fluroxypyr 12% at 1 kgha ™" + one hand weeding 30 days after chemical application, next
to weed-free check. Managing weeds with the application of clodinafop-propargyl 6% + fluroxypyr 12% at 1 kgha™' + one hand
weeding contributed maximum (50,745.2 ETB) net benefit. The application of clodinafop-propargyl 6% + fluroxypyr 12%
at1.0kgha " plus one hand weeding can be recommended to acquire high grain yield of wheat and high economic return in the
study site.

1. Introduction

Wheat is one of the most important food crops with regard
to the area and volume of production since it is ranked the
3™ place succeeding to Zea mays and Eragrostis tef in
percentage of production. Wheat production in Ethiopia is
estimated on 1.7 million hectares and with more than 4.54
million tons; the country is the largest wheat producer in
sub-Saharan Africa [1]. However, in Ethiopia, the intro-
duction of wheat productivity has increased and wheat areas

covered by the improved varieties are about 70% [2]; the
average national productivity is up to 2.68tha™" [1] in
contrast to the research field yields of wheat over 6 t ha™! [3].
This shows the presence of the existing gap between po-
tential yield and yield at farmers’ level. In Southwestern
Ethiopia, wheat is the third major crop following maize and
root crops and ranks the second in cereals next to maize as
regarding production. In this region, about 127,211 hectares
of land is covered by wheat with a productivity of
3,287,591 qt, and the most contributors of production of
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wheat in the region are Haddiya (1,028,947 qt), Siltie
(666,143 qt), Kambata-Tambaro (352,937 qt), Kaffa
(135,734 qt), and Gamo-Gofa (105,510 qt) zones with a total
average production of 27.75qtha”, 28.51qtha”’,
27.00qtha™", 19.00qtha™", and 15.16 qtha™", respectively
[1].

The low average productivity which is below potential
yield is because of the frequent abiotic and biotic stresses that
are prevailing during critical growth stages of the crop [2].
Among the most prevailing biotic stresses, weed incidence is
the primary bottleneck in crop production in general and
wheat production in particular in Ethiopia, especially during
the rainy season. Weeds are tough to control than some
other pests due to the fact they are stationary, and com-
petition usually does no longer end result from just one
species. Useful species generally cannot be used to control or
restrict weed populations [4]. The heavy rainfall encourages
rapid and sufficient increase of weeds, and consequently, all
agricultural crops are intently infested with weeds in
Southwest Ethiopia [5]. Farmers within the country are
aware of weed hassle in their fields; however, often they
cannot cope up with heavy weed infestation in the course of
the peak period of agricultural activities. Subsequently, most
of their fields are weeded late or left unweeded; this is be-
cause of manual labor shortage [5]. Bekele et al. [6] stated
that such unproductive weed control must be taken into
consideration as the principal component for low common
yield of wheat resulting in an average annual yield lack of
35%.

Effective weed management practices are the most im-
portant practice to meet this challenge. The determination
may vary along with ontogeny of the weed, infestation level,
environmental condition, and management objectives.
Chemical, physical (manual and mechanical), and integrated
weed management methods are among the weed manage-
ment practices used in many cropping systems in Ethiopia.
Uses of herbicides are the most important weed manage-
ment method [7]. In the middle of manual weed manage-
ment strategies, hand weeding and hoeing can lessen weed
emergence as much as 80%, ensuring in a 69% increase in
wheat yield [8]. A shift in the weed population toward a
difficult to control species will occur when one control
method is used continuously. Integrated weed management
relies on the management activities that have proved to be
suitable for long-term weed control by amalgamating the use
of physical, crop husbandry, biological, and chemical means
based on ecological approaches [9] that will prevent weed
prolific seed production and germination, promote weed
seed bank depletion, and minimize weeds’ competitive
ability with the crop. The authors of [10] stated that these
practices are an important constituent of the crop pro-
duction activity.

For sustainable weed control program, adopting hand
weeding and herbicide application techniques may be an
effective and economic weed control strategy. However, for
wheat production, there were no confined studies that
assessed the herbicide utility and hand weeding in the study
areas. Therefore, the current study was instigated to assess
the effect of herbicidal and hand weeding control practices
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on weed infestations, yield attributes, and yield of wheat at
Kocha kebele in Chena district of Kaffa zone.

2. Materials and Methods

2.1. Description of the Experimental Site. The field experi-
ment was conducted at Kocha kebele in Chena Woreda
during 2020 main (meher) crop growing season (August to
November), which is geographically located between 7° up
to 7°45'N latitude and 35°69' up to 36°06'E longitude. The
experimental site is located in Chena Woreda, Kaffa Zone,
Southwestern Ethiopia. It is about 510 km away from Addis
Ababa [11].

The mean monthly temperature ranges from 14°C to
28°C. The altitude of Woreda ranges from 1000 to 3000
meter above sea level. Woreda receives rainfall year round
almost. The experimental site is mainly distinguished with
the average annual maximum and minimum rainfall of
1889 mm and 1379 mm, respectively [11]. This area was
selected for the study because it is one of the areas for wheat
production among southwestern wheat-producing areas.
The selected experimental site was Kocha and is found in
Chena district. The dominant crops grown around the ex-
perimental sites include wheat, tef, barley, faba bean, and
“enset” [11].

2.2. Planting Materials. Since it is well adapted in the
agroecology of the study area, bread wheat variety Shorima
(ETBW 5483) was used as a test crop for this experiment.
The variety was released in the year 2011 by Kulumsa Ag-
ricultural Research Centre [12]. This variety was selected
based on its adaptability to agroecological zone of the area,
productivity, and resistant for disease (Table 1).

2.3. Treatments and Experimental Design. The treatments
that were considered in the study include the following:

T1=0.5kgha™" 2,4-D amine salt +one hand weeding
(HW)

T2=1.0kgha ' 2,4-D amine salt + one HW
T3=1.5kgha™" 2,4-D amine salt + one HW
T4=0.4kgha™' pyroxsulam + one HW
T5=0.5kgha™" pyroxsulam + one HW
T6=0.6kgha™' pyroxsulam + one HW

T7=0.5kgha™" clodinafop-propargyl 6% + fluroxypyr
12% +one HW

T8=0.75kgha" clodinafop-propargyl 6% + fluroxypyr
12% +one HW

T9=1kgha™
12% + one HW

T10=1kgha™" 2,4-D amine salt

T11=0.75kg ha™'
6% + fluroxypyr 12%

clodinafop-propargyl 6% + fluroxypyr

clodinafop-propargyl

T12=0.5kg ha™' pyroxsulam
T13 =two HW 30 and 45 days after emergence
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TaBLE 1: Description of bread wheat variety which was used for experiment.

Yield ton ha™

Name of variety On §
n farm

Release year

On station

Releasing centre Maturity days Altitude (masl)

Shorima 2011 2.3-44 4.8-6.0

KARC 125-150 1900-2600

Source: [12], Crop Variety Register (1995-2013). KARC, Kulumsa Agriculture Research Centre, Ethiopian Institute of Agricultural Research Centre.

T14 = weed-free check
T15 =weedy check (unweeded)

Randomized complete block design (RCBD) with three
replications was used to conduct the experiment and fifteen
treatments with a total number of 45 plots. The experimental
plots received treatments which were assigned randomly.
1.50 meter was the spacing between blocks, and plots were
arranged 1.0 m apart. The size of each plot was 1.6 m x 3 m
(4.8 m?) having eight rows with a 20 cm row-to-row spacing.
One external row from both sides of each plot and 0.5m
from row length of each side were considered as border
making with each net plot size of 2.40 m* (1.2 m x 2 m). The
length of total experimental area was 60 m, and the width of
that was 9.3 m with a total area of 558 m* (60 m x 9.3 m).

2.4. Data Collection. After 30 days of chemical application
and about 15 days earlier than the harvesting time, the weed
population counting was conducted. The weeds were cate-
gorized as broadleaved, grasses, and sedge. The population
count was taken with the help of 0.25m x0.25m quadrat
thrown randomly at two locations in each plot and was
changed into per m?. The aboveground biomass of weeds
was additionally harvested from each quadrat at the time of
recording weed population. One by one, the harvested weeds
have been placed into paper baggage. The harvested weeds
were exposed for solar radiation for three days and then
placed in an oven at 65°C temperature. Lastly, the dry
biomasses of the weeds in each experimental plot were
measured.

2.4.1. Phenology and Growth 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. Days
to 90% physiological maturity (DPM): it was recorded by
including the number of days from the date of sowing to the
time when the grain hardened and becomes dry and brittle
in 90% of the plants in a net plot area. Plant height (cm):
from the net plot area, average height of ten randomly se-
lected plants of each plot was measured in centimeters from
the ground or base to the tip of the panicle at maturity.

2.4.2. Yield Attributes and Yields of Wheat. The average total
number and productive tillers were counted from 1.0m
length of two randomly taken samples in each net plot area
at harvesting and converted to meter square (m™2). The
number of grains per spike was taken randomly from 20
spikes from each plot. Thousand grains were counted after

threshing at random from each plot, and their weight was
measured with a sensitive balance in gram. Grain yield (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%. Aboveground dry biomass (kg
ha™): total biomass or biological yield was measured in
gram 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.
Harvest index was determined as the grain yield to
aboveground dry biomass and expressed as percentage.

2.4.3. Parameters for Weed Management. WCE (weed
control efficiency): it is the magnitude of weed reduction due
to weed control treatments and is calculated by

_ (WDC-WDT)
-~ WDC

WCE 100, (1)
where WCE denotes weed control efficiency, WDC denotes
weed dry matter in weedy check, and WDT denotes weed dry
matter in a particular treatment.

WI (weed index): it is the magnitude of yield reduction
due to the presence of weeds in comparison with weed-free
check and is calculated as

X-Y

WI =< ) x 100, )
where WI denotes weed index, X represents yield in com-
plete weed free, and Y represents yield in a particular
treatment.

HEI (herbicide efficiency index): it is herbicide (Table 2)
treatments” weed killing potential and the herbicides” impact
on the test crop and is calculated as described by [13] as

YT -YC
HEl = ————
C

X-Y
x100WI=(==)x 100, ()
where YT denotes yield from treatment, YC denotes yield
from control, WDT denotes weed dry matter in treatment,
and WDC denotes weed dry matter in control.

2.5. Partial Budget Analysis. The financial feasibility of weed
control strategies was calculated by taking into account the
additional input costs (total variable costs) involved and the
field gross benefit obtained from different weed control
treatments. The variable value also includes the labor cost
involved for harvesting, threshing, transportation, and
winnowing. The actual yield was adjusted downwards to 10%
of experimental yield to represent the farmer’s yield. The
prevailing local market price (17.80 ETB/kg) at the harvest of
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TaBLE 2: Explanation of postemergence herbicides used with their respective names.

Common Trade Chemical

2,4-D amine salt 86% SL 860 sus(;;zlsierc)l liquid 2,4-D [2,4-di-chloro-phenoxy-acetic acid]

Clodinafop-propargyl Top Harvest Dual ~ 4-Amino-3,5-dichloro-6-fluoro-2-pyridyloxy acetic acid prop-2-ynyl (2R)-2-[4-

6% + fluroxypyr 12% 180 SC (5-chloro-3-fluoro-pyridin-2-yl) oxy-phenoxy] propionate

Pyroxsulam (OD) Pallas 45 OD

N-(5,7-Di-methoxy [1,2,4]triazolo [1,5-a]-pyrimidin-2-yl)-2-methoxy-4-

(trifluoromethyl) pyridine-3-sulfonamide

wheat was taken to determine gross returns. The net returns
were calculated by subtracting the cost of treatment from the
gross returns: RNR=GR-VC, where RNR=relative net
returns, GR =gross returns, and VC =variable cost, as de-
fined by [14], which were used on the yield consequences.

2.6. Statistical Data Analysis. From each experimental
treatment, data were collected and were subjected to the
analysis of variance using SAS (Statistical Analysis Software)
version 9.2 [15]. Mean separation of significant treatments
was carried out using the least significant difference (LSD)
test at 5% level of probability [16].

3. Results and Discussion
3.1. Weed Parameters

3.1.1. Weed Community. Broadleaved, grassy, and sedge
weeds infested the experimental field (Table 3). As observed
in the experimental sites, grass weed community was found
to be higher with the application of 2,4-D postemergence
herbicide as it failed to control grass weeds. Among
broadleaved weeds, Galinsoga parviflora Cav. and Ageratum
houstonianum Mill. were found to be maximum, and among
grassy weeds, Setaria viridis was most abundantly found, but
Cyperus difformis L. was the only Cyperus spp. that was
found in the experimental field. Except the perennial weed
Cynodon dactylon L., all the weed community life form was
annual (Table 3).

3.1.2. Weed Dry Weight. Weed dry weight at 60 DAE: the
data exhibited that the mean minimum dry weight of
broadleaved weed (6.26 gm™?) was attained with the ap-
plication of clodinafop-propargyl 6% + fluroxypyr 12% at
1.0 kg ha™" which is statistically different from all of the other
treatments (Table 4). This might be due to consequence of
activeness of the herbicide to its effective weed controlling
ability to have a minimum weed density which ultimately
results in lower dry weight of broadleaved weeds to be
recorded. In addition, lower weed dry biomass of broad-
leaved weeds at 60 days after crop emergence was obtained
with the use of 2,4-D amine salt at 1.5kgha™" and pyrox-
sulam with the rate of 0.6kgha™" and two hand weeding 30
and 45 days after crop emergence with no statistical vari-
ation observed among them. Perusal of the ANOVA also
exhibited that there was significant reduction in dry weight
of weeds over lower doses in all herbicide applied treat-
ments. Generally, as the rate of herbicides increased, the

density of broadleaved weeds decreased in all herbicide
treatments resulting in observable reduction in dry biomass.
On the other hand, maximum dry weight of broadleaved
weed (82.53 gm?) was noted in weedy check treatments.
The reason is that, in unweeded treatments, weeds existed in
higher density and provided an opportunity to compete
more with crop plants for available resources and accu-
mulated the maximum nutrients, resulting in higher dry
biomass production. This investigation was in accordance
with the result of [17] that stated maximum weed dry
biomass in weedy check in groundnut production.

The result revealed that, at 60 days after crop emergence,
there was higher decrease in grass weed dry weight with the
use of clodinafop-propargyl 6% + fluroxypyr 12% and
pyroxsulam among their rates as well as hand weeding. This
may be in line for that as the rate of herbicide increases,
density of weed decreases, ultimately resulting in note-
worthy lessening in aboveground dry biomass of weeds. The
minimum grass weed dry weight (2.12 gm™?) was registered
with the usage of clodinafop-propargyl 6% + fluroxypyr 12%
at 1kgha™' followed by the application of pyroxsulam at
0.6 kgha™" without significant difference between them. In
contrast to this, analysis of data exhibited that the maximum
dry weight of grass weed (45.76 gm ™) was recorded with the
use of 2,4-D amine salt at 0.5 kgha™".

Similar to that of the density, lowest dry weight of sedge
(3.89 gm?) was recorded in two hand weeding 30 and 45
days after crop emergence, while the maximum dry weight
of sedge (38.83 gm ™) was obtained with the treatment of
clodinafop-propargyl 6% + fluroxypyr 12% at 1kgha™'. The
reason is that due to the better control of both grassy and
broadleaved weed that reduce weed-weed competition and
availability of more space, ion of nutrients, molecule of
water, and quantum of light and improved use of available
resources by weeds. Therefore late germinating weeds were
not suppressed under these less competition, resulting in
higher dry weight of sedge.

The impact of different weed control practices on the
total weed dry matter weight revealed highly major variance
(p 0.01) at 60 days after emergence of the crop. At 60 days
after the emergence of the crop, the lowest total weed dry
weight (18.90 gm ™) was registered in two hand weeding 30
and 45 days after emergence that comes after with the
application of clodinafop-propargyl 6% + fluroxypyr 12% at
1kgha 'with statistical variation among them. This mini-
mum total weed dry biomass in plots treated with two hand
weeding is plausible that removing all weed population by
manual weeding resulting in minimum weed density, and
weeds that emerged after second hand weeding were short in
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TaBLE 3: Weed community recorded in wheat field at the experimental sites in 2020 main cropping season.

Family Weed species

Acanthaceae Dyschoriste depressa Nees

Asteraceae Ageratum houstonianum mill., Bidens pilosa L., Emilia sonchifolia L., Galinsoga parviflora cav.

Chenopodiaceae Chenopodium album L.

Commelinaceae Commelina benghalensis L.

Cyperaceae Cyperus difformis L.

p Avena fatua L., Avena ludoviciana L., Brachiaria reptans Gard. and Hubb., Cynodon dactylon L., Digitaria abyssinica L.,
oaceae S R S : .

Digitaria sanguinalis L., Eleusine indica L., Lolium temulentum L., Setaria viridis L.
Caryophyllaceae Spergula arvensis L.
Rubiaceae Galium aparine L.

TaBLE 4: Effect of weed control practices on weed dry biomass weight (m™2) in 2020 main cropping season.

. 60 days after crop emergence At harvest
Weed management practices
Broadleaf Grass Sedge  Total Broadleaf Grass Sedge Total
0.5kgha™" 2,4-D amine salt + one HW 57.98"  33.38" 36.37°¢ 127.73°  69.12°  14.66° 16.05° 99.83
1kgha™' 2,4-D amine salt + one HW 49.45°  3326° 3805 121.55° 32.44% 18.49° 16.06° 66.96°
1.5kgha™! 2,4-D amine salt + one HW 10197 3213" 33.88° 762° 16.67% 17.85° 10.51% 45.03'
0.4kgha™ pyroxsulam + one HW 2333%  11.24° 3529°% 69.86" 32.01%  6.01° 2395% 61.978"
0.5kgha™" pyroxsulam + one HW 1647°  4.58% 37.55° 586%  19.73"  412% 1275% 36.6
0.6kgha™" pyroxsulam + one HW 11.49° 212" 3883% 5167 14298 4% 1367 31.89F
,1 . . 0, 0,

?{'i’\l;g ha™" clodinafop-propargyl 6% + fluroxypyr 12% +one ) 300 15 4c 34 7760 27450 6320 216 5537

—1 i _ 0 0 .
%Zf,kgha clodinafop-propargyl 6% + fluroxypyr 12% +one 15 et 5790 3gg1ac 5o a7 13638 473% 12.93% 30,94

-1 i _ 0 0 .

g;%ha clodinafop-propargyl 6% + fluroxypyr 12% +one  )os ol 3599b¢ 4514 1198 4328 1237% 28.59%
1kgha™' 2,4-D amine salt 45765 32.1% 3569°° 113.55%  77.39% 11211 49.39" 238.88"
0.75kgha™" clodinafop-propargyl 6% + fluroxypyr 12% 15.47°  4.34% 36.43> 56.25g}_‘ 9547° 3673 61.85° 194.05°
0.5kgha™" pyroxsulam 1292 524 3592°° 5409" 649  31.41% 39.15° 135.47¢
Two HW 30 and 45 days after emergence 111t 3.9%0 389" 189  33.87¢ 2944 4859° 111.89°
Weed-free check o" 08 08 o' ot 08 o" o'
Weedy check (unweeded) 82.53%  29.43% 37.44°™ 149.4° 261.87° 10544 59.68* 426.98°
LSD (5%) 378 192 237 435 5.08 454 287 798
CV (%) 1196 1037 847  7.66 926 1231 946  4.57

Same letters indicate means not significantly different at 5% level of significance. CV, coefficient of variation; LSD, least significant difference; HW, hand

weeding.

growth and have less biomass accumulation at 60 days after
crop emergence in case of low total dry weight of weeds. The
result was in line with the result of Wajeeh et al. [18] who
indicated that although manual weed control methods
(pulling weeds by hand) are tedious and weather dependent,
it is the most effective and safest method.

Furthermore, perusal of the ANOVA indicated that
there was high decrease in total weed dry weight due to
herbicide application over their lower doses after 30 days of
their application as negative influence on physiology of
susceptible weeds increases due to herbicide rate increment.
The result showed that the mean minimum total dry biomass
of weed (45.14 gm_z), next to two hand weeding 30 and 45
days after the emergence of the crop, was recorded with the
application of clodinafop-propargyl 6% + fluroxypyr 12% at
1.0kgha™" which was statistically different from all other
herbicide-treated plots.

Overall comparison of herbicide treatments indicated
that there was higher decline of total weed dry biomass
with the use of pyroxsulam and clodinafop-propargyl

6% + fluroxypyr 12% than 2,4-D amine salt 30 days after
their application. This important loss of total weed dry
biomass weight may possibly be due to effectiveness of
these herbicides to lower both grassy and broadleaved
weeds’ total dry weight compared with 2,4-D amine salt.
The current result is in line with the outcome of Singh et al.
[19] who stated that pyroxsulam is a broad-spectrum
herbicide which controls grassy as well as broadleaved
weeds in wheat. In contrast to this, the highest total weed
dry biomass weight (149.4 gm™) was recorded in weedy
check treatments and it was considerably different from
other treatments in this experiment. Relatively more weed
dry biomass weight in weedy check may perhaps be due to
the presence of weed density as well as more competition of
weeds with crop for the same ion nutrients, volume of
space, quantum of light, and molecules of water resulting
in higher biomass production. The result was harmonized
with the study of Sareta et al. [20] who described that the
highest dry weed mass was noted in weedy check
treatment.



Weed dry weight at harvest: at this stage, lowest weed dry
biomass weight of broadleaved weed (11.9 gm ™) was verified
with  the  application  of  clodinafop-propargyl
6% + fluroxypyr 12% at 1kgha ' +one hand weeding fol-
lowed by the usage of pyroxsulam at 0.5kgha™ and
pyroxsulam at 0.6kgha™' + one hand weeding which were
supplemented with one hand weeding with no statistical
difference between them (Table 4). The application of clo-
dinafop-propargyl 6% + fluroxypyr 12% at 0.5kgha™" and
2,4-D amine salt at 1.0kgha™"' supplemented with one and
two hand weeding 30 and 45 days after crop emergence was
statistically in parity regarding broadleaved weed dry weight
at harvest. The analyzed data also exhibited that there was
substantial decrease in broadleaved weed dry matter weight
in all herbicide-treated plots with one hand weeding sup-
plementation, but no statistical difference was observed with
usage of pyroxsulam at 0.5 and 0.6kgha™' combined with
one hand weeding. Moreover, in the integrated treatments,
lower broadleaved weed dry weight was recorded as com-
pared to their sole application in both herbicides used. These
may perhaps be due to control of weeds by herbicide ap-
plication and removing latter emerged and tolerant weeds
through hand weeding resulting in minimum weed density
and later growing weeds (after hand weeding) accumulated
less biomass production, ultimately resulting minimum
weed dry biomass weight. The outcome was in accordance
with the finding of Raize et al. [21] who informed proper use
of postemergence herbicides or other weeding techniques,
especially hand weeding at tillering stage drops the weed dry
weight as matched with herbicides used alone or weedy
check treatments.

On the other hand, maximum broadleaved weed dry
biomass weight (261.87 gm?) was recorded in weedy check
treatments and it was considerably better than other weed
control practices. This greater weed dry weight may well be
due to better weed density per meter square, high growth,
and maximum dry matter accumulation resulting maximum
weed dry weight at harvest. The current effect was in ac-
cordance with the inquiry of [22] which described that the
weeds sprouted first with the crop have got an advantage to
accumulate more dry matter.

Similar to dry weight of broadleaved weed, the lower
grass weed dry weight was documented with integrated
approach than sole application. This possibly will be due to
removal of weeds at the initial time by herbicide usage and
latter weeds through hand weeding resulting in minimum
weed density and later growing weeds accumulated less dry
biomass weight, ultimately resulting minimum outcome.
The effect was in line with the verdict of Mekonnen et al. [23]
who identified that, at 55 days after emergence, weeds ac-
cumulated appreciably the lowest dry weight in plots treated
with 1 kgha™" of metolachlor and pendimethalin with one
hand weeding supplementation which may possibly be due
to the integrated effect of herbicides and hand weeding
practices in cowpea.

Furthermore, the statistical analysis of the variance
exhibited that minimum grass weed dry biomass was ob-
served from clodinafop-propargyl 6% + fluroxypyr 12% at
0.75 and 1 kgha™" and pyroxsulam at 0.5 and 0.6 kgha™', in

International Journal of Agronomy

combination with one hand weeding 30 days after chemical
application, which was statistically equal. Although statis-
tically equal, application of clodinafop-propargyl
6% + fluroxypyr 12% and pyroxsulam supplemented with
one hand weeding showed reduction on dry weight of grass
over their lower rates.

Rather, maximum grass weed dry weight (112.11 gm™?)
was noted down with the application of 2,4-D at 1.0kgha™
which was statistically different from all other treatments
including weedy check at harvest. This maximum dry weight
over other treatments might be due to the usage of 2,4-D
amine salt that only controls broadleaved weeds in case
having higher density which have maximum dry weight, in
comparison with that of weedy check. This might be due to
controlling broadleaved weeds by 2,4-D herbicide, provided
an opportunity to grassy weeds to obtain available resources
in larger amount due to reduction in competition, ultimately
resulting in maximum dry weight accumulation.

The data inquiry of the variance showed that the min-
imum weight of sedge biomass (10.51 gm™>) was recorded
with the usage of 2,4-D at 1.5kgha™' + one hand weeding
followed by the application of pyroxsulam at 0.6kgha ',
clodinafop-propargyl 6% + fluroxypyr 12% at 0.75kgha™",
and pyroxsulam at 0.5kgha”', in combination with one
hand weeding with no statistical difference (Table 4).
However, the maximum dry weight of sedge (61.85 gm™?)
was recorded with the application of clodinafop-propargyl
6% + fluroxypyr 12% at 0.75kgha™' keeping an eye on with
weedy check plots with statistical in parity.

The data pertaining to total weed dry matter weight were
considerably obstructed by different experimental treat-
ments at harvest. The result revealed that the lowest total
weed dry matter weight (28.59 gm ™) was obtained with the
application of clodinafop-propargyl 6% + fluroxypyr 12% at
1kgha™" + one hand weeding followed by the application of
pyroxsulam at 0.5kgha™' and pyroxsulam at 0.6kgha™,
supplemented with one hand weeding with statistical in
parity. Moreover, the data with respect to total weed dry
matter weight indicated that there was significant reduction
with application of pyroxsulam and clodinafop-propargyl
6% + fluroxypyr 12% as compared to 2,4-D amine salt with
each respective dose. It is inevitable that control of both grass
and broadleaved weeds by these two chemicals reduces weed
density resulting in lower dry biomass. The end result of the
study was in line with the finding of Igbal [24] who con-
firmed that the weed dry biomass reduced based on spec-
trum of action of herbicides used.

Perusal of ANOVA indicated that there was substantial
decrease in total weed dry biomass weight with the use of
herbicides in amalgamation with one hand weeding 30 days
after chemical application as associated to their sole use. This
might be due to management of weeds that emerged to-
gether with crops by herbicide application initially and
removal of latter weeds through hand weeding resulting in
minimum weed density and also later growing weeds ac-
cumulated less dry weight, ultimately resulting in minimum
dry weight. The study was in harmony with the finding of
Pisal and Sagarka [25] who said application of pre-emer-
gence herbicide called pendimethalin at 0.9 kgha™ +one
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hand weeding at 40 days after sowing evidenced higher to
the remaining of the treatments by resulting in minimum
weed dry weight and higher weed control efficiency in wheat.
However, maximum total dry biomass of weeds
(426.98 gm’z) at harvest was recorded in unweeded plots
and it was significantly different from other treatments. This
greater outcome might be due to weed density per meter
square and more competition for the same ion nutrients,
space, quantum of light, and molecule of water resulting in
higher weed biomass production. This result is in agreement
with the study of Mandal et al. [26] who reported that
maximum weed biomass was found from control (no
weeding) in wheat.

3.1.3. Parameters for Weed Control. Weed control efficiency:
the highest weed control efficiency (93.30%) was recorded
with  the  application  of  clodinafop-propargyl
6% + fluroxypyr 12% at 1kgha ' +one hand weeding fol-
lowing the weed-free treatment (Table 5). The application of
herbicides supplemented with one hand weeding as com-
pared to their sole application was also recorded to have
greater weed control efficiency. This may possibly be due to
effective weed control with the application of herbicides at
early growth stage and removing both tolerant and late
emerging weeds by hand weeding which resulted in low
weed counts and finally reduced the total dry weight of
weeds at harvest. A similar result was obtained by the au-
thors of [27] who resolved that the use of pendimethalin at
1.0kgha™" + one hand weeding extraordinarily reduced the
weed dry biomass which caused increase in weed control
efficiency in wheat.

In addition, greater efficiency of weed control was
verified in treatments of pyroxsulam and clodinafop-
propargyl 6% + fluroxypyr 12% than 2,4-D amine salt with
each respective dose. This is because use of herbicides
controls both grass and broadleaf weeds. This outcome is in
agreement with the analysis of Raghavaiah and Zeki [28]
who indicated that weed control efficiency was higher with
the usage of isoproturon (broad-spectrum herbicide) at
1.50kgha™" in wheat.

Weed index: the result discovered that weed index be-
came statistically the uppermost (68.59%) in weedy plots
than the rest of all treated plots. This may possibly be due to
the maximum weed density recorded in unweeded plots so
that there is highest competition for the same quantum of
sunlight, moisture, and ion nutrients and less free space
available for growth, bringing reduction in yield attributes
which resulted in the highest decrease in yield due to in-
cidence of weeds in contrast with weed-free checks (Table 5).
The investigation was nearly in accordance with the finding
of Raghavaiah and Zeki [28] who stated that 72% of wheat
yield reduction was noted due to uncontrolled weed growth
throughout the crop growth period. On the other hand,
significantly, the lowest weed index (14.18%) was noted with
the application of clodinafop-propargyl 6% + fluroxypyr
12% at lkgha '+ one hand weeding among the weed
management practices which was statistically similar with
two hand weeding 30 and 45 days after crop emergence,

application of clodinafop-propargyl 6% + fluroxypyr 12% at
0.75kgha™" + one hand weeding, application of pyroxsulam
at 0.5kgha™" +one hand weeding, and application pyrox-
sulam at 0.6kgha ' + one hand weeding.

Furthermore, statistical evaluation of the variance
exhibited that within the integrated application of chemicals
with one hand weeding, lower weed index was recorded as
compared to their sole application and unweeded plots. This
could be due to the application of herbicides for control of
early emerged weeds, and late emerged weeds was controlled
through hand weeding, which reduces weed competition
among crops bringing higher grain yield, ultimately
resulting low weed index. This current investigation was in
agreement with the outcome of Kumar et al. [29] who in-
dicated that a logical aggregate of several weed control
methods is likely to prove the most actual method to get
effective control of composite weed flora.

Herbicide efficiency index: numerical inquiry of the data
showed that the highest herbicide efficiency index (27.06%)
was verified in plots treated with clodinafop-propargyl
6% + fluroxypyr 12% at 1kgha™' +one hand weeding fol-
lowed by the application of clodinafop-propargyl
6% + fluroxypyr 12% at 0.75kgha”’, pyroxsulam at
0.5kgha™", and pyroxsulam at 0.6kgha™' supplemented
with one hand weeding with no statistical difference ob-
served in between (Table 5). The analyzed data indicated
that, as the rate increases, herbicide efficiency index in-
creases. This might be because as herbicide rate increases,
weed control efficiency increases so that there is reduction in
weed density and dry biomass accumulation at harvest to
obtain considerable yield, ultimately resulting in higher
herbicide efficiency index. The result was in accordance with
the finding of Mirza et al. [30] who revealed that the her-
bicide efficiency index was increased when the rates of
herbicides increased due to better efficiency of weed control
and lower weed index.

3.2. Crop

3.2.1. Phenology and Growth. Days to 50% heading: the
longest time (65.33 days) until 50% heading, next to weed-
free check (65.67 days), was observed with the application of
clodinafop-propargyl 6% + fluroxypyr 12% at 1 kgha™' + one
hand weeding followed by two hand weeding 30 and 45 days
after crop emergence, but not statistically different (Table 6).
This may perhaps be due to actual control of weeds by these
treatments that reduced density of weeds so that weed
competition for available resources become less which
allowed more period for a crop to stay in vegetative growth,
ultimately resulting in longer period to reach 50% heading.
This result is in line with the finding of Sunday and Ekea [31]
who identified that the synergic influences of fertilizers in
stimulation of cell division enhancement, cell growth pro-
motion, and vegetative growth were prolonged for rea-
sonably longer period owing to ample supplies of
macronutrients and possibly other micronutrients in rice.
In contrast to this, statistical analysis of the variance
indicated that the shortest time (62.00 days) required for
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TasLE 5: Effect of weed control treatments on parameters for weed control in 2020 main cropping season.
Treatments WCE (%) WI (%) HEI (%)
0.5kgha™! 2,4-D amine salt + one HW 76.60¢ 48.8" 2.78°%
1kgha™' 2,4-D amine salt + one HW 84.30° 40.79><¢ 6.00°°%
1.5kgha™! 2,4-D amine salt + one HW 89.43¢ 31.05% 11.64°
0.4kgha™! pyroxsulam + one HW 85.50" 35.114% 7.73%
0.5kgha™" pyroxsulam + one HW 91.40° 16.56" 20.09"
0.6kgha™" pyroxsulam + one HW 92.53" 23.25¢ 20.35°
0.5kgha™" clodinafop-propargyl 6% + fluroxypyr 12% +one HW 87.00° 36.61° 8.38"
0.75kgha™" clodinafop-propargyl 6% + fluroxypyr 12% +one HW 92.75" 17.69" 23.22°
1kgha ' clodinafop-propargyl 6% + fluroxypyr 12% +one HW 93.30° 14.18" 27.06"
1kgha™ 2,4-D amine salt 44,03" 51.63 0.98%
0.75kgha™" clodinafop-propargyl 6% + fluroxypyr 12% 54.53 32.574¢ 2.58°
0.5kgha™ pyroxsulam 68.20' 32.45% 3.67°%
Two HW 30 and 45 days after emergence 73.80" 16.28" -
Weed-free check 100* - -
Weedy check (unweeded) - 68.59% -
LSD (5%) 1.46 12.68 6.99
CV (%) 1.16 24.44 14.23

Approach observed by using the identical letter is not notably one of a kind at 5% level of significance. CV, coefficient of variation; LSD, least significance
difference; HW, hand weeding; W1, weed index; HEI, herbicide efficiency index; WCE, weed control efficiency.

50% heading was observed in weed check plots. This earlier
time that is required for 50% heading might be because plots
with highest weed density had continuous antagonism for
the same ion of nutrients, molecule of water, air, and volume
of space so that plants in condition where resource limitation
exists grow faster to compensate this limitation and com-
plete its 50% heading at earlier time.

Days to 90% maturity: the inquiry of result showed that
the application of different weed management practices
significantly affects days of 90% physiological maturity of the
crop. The result indicated that the delayed maturity (109.00
days) was observed at weed-free plot followed by two hand
weeding at 30 and 45 days after emergence and use of
clodinafop-propargyl 6% + fluroxypyr 12% at 1 kgha™" + one
hand weeding, respectively, nonetheless they are statistically
similar (Table 6). This delayed maturity of a crop might be
due to that effective control of the weeds by these treatments
and also fewer struggle for moisture, quantum of light, and
ion of nutrients and more free space owing to better utili-
zation of resources as a consequence of less weed antago-
nism so that crops stay more in vegetative growth which
ultimately resulted into significant increase of 90% physi-
ological maturity. The result was in contradiction with the
analysis of Sunday and Ekea [31] who quantified that giving
plots with herbicides and complementing with hand
weeding at intervals helped to reduce the number of days to
maturity. On the other hand, statistical analysis of the data
indicated that the earliest time to reach physiological ma-
turity (101 days) of a crop was found at weedy plots. This can
be due to that uncontrolled weed growth led to considerable
increment in completion for available resources so that
resource limitation exists and plants grow faster to com-
pensate this resource limitation and complete its physio-
logical maturity at earlier time.

Plant height: the data inquiry revealed that different
weed control practices had a substantial influence on plant
height. Plants attained maximum height (88.37 cm) in weedy

check plots which was statistically similar with the use of 2,4-
D amine salt at 1.0kgha™ and clodinafop-propargyl
6% + fluroxypyr 12% at 0.5kgha™' +one hand weeding
(Table 6). This substantial increase in plant height might be
due to the antagonism for quantum of light and volume of
space among weeds and enforced the plant growing more.
The investigation remained in accordance with the afore-
mentioned verdicts of Muhammad et al. [32] who quantified
that the highest plant height (98.30 cm) was acquired from
weedy check, despite the minimum plant height (81.6 cm)
was achieved from weed-free check with no substantial
change among two hand weeding 30 and 45 DAE and 2,4-D
amine salt at 1.5kgha™" + one hand weeding.

3.2.2. Yield Components and Yield. Total number and
productive tillers (m™?): influence of treatments on total
number of tillers per m~* showed that next to weed-free
cheek which registered with 386.3 m~2, the highest total tiller
number (358 m™2) was verified at two hand weeding 30 and
45 days after crop emergence followed by the application of
clodinafop-propargyl 6% + fluroxypyr 12% at 1 kgha™" + one
hand weeding (349.3 m™?) without statistical difference
(Table 7). This might be due to the early removal of weeds by
hand weeding that results in less competition for the same
quantum of light, moisture, and ion of nutrients and more
free space available for growth of tillers which helped in
increasing the number of tillers per plant. The effect was in
arrangement with the outcome of Ologbon and Yusuf [8]
who stated that two hand weeding gave better efficiency for
weed control when compared to the rest of the weed control
treatments so as to help in providing sufficient space for
tillers’ emergence. As indicated by analysis of variance,
integration of chemical with hand weeding also bears higher
number of tillers than their sole application. On the other
hand, the lowest of total number of tillers (248.7 m ) was
obtained in plots treated with 2,4-D amine salt at 1kgha™
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TaBLE 6: Effect of treatments on phenology and growth of wheat in 2020 main cropping season.

Treatments

Days to 50% heading Days to 90% maturity Plant height (cm)

0.5kg ha™! 2,4-D amine salt+ one HW

1.0kg ha™! 2,4-D amine salt + one HW

1.5kgha™" 2,4-D amine salt + one HW

0.4kgha™' pyroxsulam +one HW

0.5kgha™" pyroxsulam + one HW

0.6kgha™' pyroxsulam +one HW

0.5kgha™" clodinafop-propargyl 6% + fluroxypyr 12% +one HW
0.75kgha™" clodinafop-propargyl 6% + fluroxypyr 12% +one HW
1.0kgha™" clodinafop-propargyl 6% + fluroxypyr 12% +one HW
1.0kg ha™! 2,4-D amine salt

0.75kgha™" clodinafop-propargyl 6% + fluroxypyr 12%
0.5kgha™" pyroxsulam

Two HW 30 and 45 days after emergence

Weed-free check

Weedy check (unweeded)

LSD (5%)

CV (%)

62.67% 103.67¢ 85.13b<d
63.00%f 104.00% 83.634¢
64.00%° 105.67°d 82.87¢
63.00%f 104.004¢ 83.70%
64.33%¢ 106.33%¢ 84.87°¢
63.33<F 105.33%4¢ 83.70%
63.33<F 104.00% 86.57%5¢
64.33%° 106.67°¢ 85.2074
65.33% 107.00%%¢ 83.634¢
63.67°F 103.67¢ 86.87°°
64.67%4 106.67°¢ 85.3704
63.00%t 105.33%4¢ 85.01¢
65.00% 107.33% 82.47¢
65.67° 109.00° 81.60"
62.00° 101.67° 88.37%
1.74 1.75 1.83
1.63 1.09 1.31

Same letter: not significantly different. CV, coefficient of variation; LSD, least significant difference; HW, hand weeding.

TaBLE 7: Effect of treatments on yield component of wheat in 2020 main cropping season.

Total no. of tillers

Treatments

Productive tillers No. of grains  1000-grain weight

(m™) (m™) spike™’ ()
0.5kgha™ 2,4-D amine salt + one HW 262.0" 227.0' 38.77" 34.27"
1kgha™ 2,4-D amine salt + one HW 283.0%" 265.0"" 39.87" 34.32"
1.5kgha™ 2,4-D amine salt + one HW 317.0%% 282.0 47.83% 37.11¢
0.4kgha™ pyroxsulam + one HW 271.08" 247.7M 4219" 35.328"
0.5kgha™! pyroxsulam + one HW 336.0"¢ 311.0° 54.73° 38.06°%¢
0.6kgha™" pyroxsulam + one HW 331.7° 296.0F 50.77° 37.28%
-1 : _ 0 . .

(1)'250 /kf }:;e gs&lmaf"p propargyl 6% + fluroxypyr 284.7%" 250,38 42.11" 34,888

0

—-1 . _ 0

?'270/5 ligo}i HC\}\‘,)dmafOp propargyl 6%+ fluroxypyr 343.7% 301.3%% 51.83% 38.31°¢

(]

R ) .

i ;% }iaonglﬁc\l/‘;‘af‘)p propargyl 6% +fluroxypyr 349.3 320.7> 57.90° 39.40°

(]
1kgha™' 2,4-D amine salt 248.7' 222.0' 36.33" 33.14'

-1 . _ 0

(1)2702 kgha™ clodinafop-propargyl 6% + fluroxypyr 294.0°%8 267.0%h 44270 35.75¢
0.5kgha™" pyroxsulam 304.7%f 269.7°1 47.278 35.968
Two HW 30 and 45 days after emergence 358.0° 333.7° 56.93% 38.98™
Weed-free check 386.3" 367.3" 61.40° 41.92b_C
Weedy check (unweeded) 172.7 149 31.60" 31.90/
LSD (5%) 31.89 31.97 2.99 115
CV (%) 6.30 6.98 3.80 1.88

Means followed by the same letter are not significantly different at 5% level of significance. CV, coefficient of variation; LSD, least significant difference; HW,

hand weeding.

than other treatments except weedy check. This lower
quantity of tillers may probably be due to higher density of
weeds causing unavailability of greater area, decreased
nutrients, and moisture unavailability for the crop. The
result is in keeping with the finding of Naveed et al. [33] who
indicated that weeds are naturally robust competitor; they
compete with crops for space, nutrient, moisture, light, and
carbon dioxides and may lessen the yield components of the
crop.

Influence of different weed management practices on
productive tillers was extremely noteworthy. Similar to the

number of total tillers, the highest number of productive
tillers (333.7 m™2), next to weed-free check (367.3 m™2), was
recorded from two hand weeding 30 and 45 days after crop
emergence which is statistically at par with the use of
pyroxsulam at the rate of 0.6kgha " +one hand weeding
and clodinafop-propargyl 6% + fluroxypyr 12% at
0.75kgha "' +one hand weeding (Table 7). This higher
number of productive tillers in two hand weeding 30 and 45
DAE over herbicide treatments and weedy check plots might
be due to reducing soil compaction at earlier stage and
creating good soil condition for better aeration resulting in
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more total and productive tillers’ emergence. In addition to
this, the higher tillers’ number in hand weeding is due to
early removal of weeds by hand which is the greatest op-
erative way to prevent weeds that are resistant as well as
tolerant to herbicides and therefore from becoming a serious
problem as compared to herbicide control. The result was in
accordance with the investigation of Ijaz et al. [34] who
perceived that nutrient availability to the crop was due to
better weed control which ultimately increased tillers that
can bear spikes.

Grains spike: perusal of the analysis of variance
exhibited that the treatment difference with respect to grain
number spike™' was found to be pointedly dissimilar. From
the experiment, it was obtained that higher grain number
spike™" (57.9) with the application of clodinafop-propargyl
6% + fluroxypyr 12% at 1kgha™' + one hand weeding was
statistically equal to two hand weeding 30 and 45 DAE, next
to weed-free treatments which registered statistically the
highest grains spike™' (61.4). Significantly, this higher
number of grains spike ' may well be due to effective weed
management methods that reduce weed density and dry
matter with low weed infestation which resulted in lower
weed competition for the same molecule of water and
quantum of light and more absorption of ion of nutrients
from soil due to less antagonism that helped the crop to gain
more flowers resulting in higher number of grains in the
absence of competition from weeds. The investigation was in
agreement with the effort of Hassan et al. [35] who reported
that the increase in grain number spike™' may perhaps be
recognized due to good weed control and obliteration of
weed crop competition for the same ion of nutrients,
molecule of water, and quantum of light as well as better use
of available resources by the crop.

Minimum of grain number spike™' (31.6) was obtained
in unweeded plots followed by the application of 2,4-D
amine salt at lkgha™' and 2,4-D amine salt at
0.5kgha™' + one hand weeding with 36.33 grains spike 'and
38.7 grains spike ', respectively. This might be due to that
increasing density of weeds increases competition for
available resources so that nutrient in the sink decreases
resulting in abortion of flowers and finally to have minimum
of grain number spike . The finding was in line with the
effect of Zand et al. [36] who stated that grain number
spike™" was considerably declined with the increase in weed
severity and pointedly improved with the increasing dura-
tion of weed-free period.

Weight of thousand grains (g): the data concerning with
1000-grain weight specified that there was substantial var-
iance among different control treatments. 1000-grain weight
under weed-free treatments was different from all other
treatments that registered with the highest weight (41.92 g)
(Table 7). Plants grown under weed-free condition were free
from weed competition and exploited obtainable resources
to their concentrated needs to gain higher seed weight. This
higher 1000-grain weight under weed-free condition also
might be due to no competition for nitrogen resulting in
enough uptake during seed filling which plays an important
role in maintaining green leaf area and thus assimilates
supply to the growing seeds resulting in higher seed weight.
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The outcome was in harmony with the result of Khalid et al.
[37] who reported that the more and vigorous the leaves
under weed free situations, the more assimilation has been
stored in the grain to have grains weight.

Significantly heavier 1000-grain weight was recorded
from the application of clodinafop-propargyl 6% + flurox-
ypyr 12% at 1 kgha ' + one hand weeding, plots treated with
two hand weeding 30 and 45 DAE, and the usage of
pyroxsulam at 0.5kgha™' +one hand weeding with no
statistical difference (Table 7). The superior 1000-grain
weight with these integrated treatments was due to weeding
at appropriate time by means of herbicide, and augmenting
with hand weeding could provide encouraging location for
the crop which provided ample opportunity for the crop to
exploit available resources that leads to better grain filling,
ultimately resulting in more 1000-grain weight.

In contrast to this, lowest 1000-grain weight (31.9 g) was
obtained from unweeded plots followed by the expenditure
of 2,4 D amine salt at 1kgha™' and 2,4 D amine salt at
0.5kgha™" +one hand weeding with no dissimilarity be-
tween these two treatments (Table 7). The lowest 1000-grain
weight under weedy check is due to more weeds that cause
much nutrient depletion from the soil and the more com-
petition with crop plants for limitation of resources causes
less mobility of nutrients to the crop plants resulting in
lowered grain weight to be obtained.

Grain yield (kgha™"): statistical analysis of the variance
exhibits that the mean wheat grain yield was suggestively
inclined by different weed management treatments. Statis-
tical analysis of the variance directed that the lay over wheat
yield of 4,219.4kgha™" was recorded in weed-free check
which was statistically different from the remaining treat-
ments (Table 8). This significant increase in wheat grain yield
under weed-free condition is plausible that crop plants are
free from weed severity and thus used accessible resources to
its supreme advantage to have a good stand that preferred
intensification in yield attributes such as productive number
of tillers, grains number spike ', and 1000-grain weight
resulting in increased wheat grain yield. The result was in
accordance with the finding of [29, 38] which indicated that,
from weed-free treatment, maximum grain yield of wheat
was recorded.

Moreover, greater grain yield was obtained from the use
of clodinafop-propargyl 6% + fluroxypyr 12% at 1.0 kgha™"
+ one hand weeding, two hand weeding 30 and 45 DAE,
pyroxsulam at 0.5kgha™" + one hand weeding, clodinafop-
propargyl 6% + fluroxypyr 12% at 1kgha™' + one hand
weeding, and pyroxsulam at 0.6 kgha ' + one hand weeding
with  3635.6kgha™', 3547.1kgha™', 3494.5kgha™’,
3443.5kgha™", and 3225.3kgha™", but no statistical varia-
tion was observed between them (Table 8). The inquiry of
difference also indicated that superior wheat grain yield was
obtained from herbicides if applied and supplemented with
one hand weeding as compared to their sole application. The
reason behind is the efficient management of weeds during
initial time by herbicide application, and control of weeds
later through hand weeding increases length of weed-free
period to provide favorable location for the crop which
eventually leads to better wheat grain yield. The current
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TaBLE 8: Effect of weed control treatments on yield component and yield of wheat in 2020 main cropping season.

Treatments

Grain yield (kg ha™) Biological yield (kg ha™!) Harvest index (%)

0.5kg ha™! 2,4-D amine salt+ one HW

1kg ha™! 2,4-D amine salt + one HW

1.5kgha™" 2,4-D amine salt + one HW

0.4kgha™' pyroxsulam +one HW

0.5kgha™" pyroxsulam + one HW

0.6kgha™' pyroxsulam +one HW

0.5kgha™" clodinafop-propargyl 6% + fluroxypyr 12% +one HW
0.75kgha™" clodinafop-propargyl 6% + fluroxypyr 12% +one HW
1kgha ' clodinafop-propargyl 6% + fluroxypyr 12% +one HW
1kg ha™! 2,4-D amine salt

0.75kgha™" clodinafop-propargyl 6% + fluroxypyr 12%
0.5kgha™" pyroxsulam

Two HW 30 and 45 DAE

Weed-free check

Weedy check (unweeded)

LSD (5%)

CV (%)

2132.1% 6230.4 34.11M
2490.2°' 7274.1% 34.24M
2929.0°4¢ 7785.2°4 37.56%F
2725.4% 7539.0¢ 36.10
34945 8867.4% 39.39%¢
322535 8402.0° 38.34°4¢
2650.7°¢ 7449.94 35.56%"
344355 8859.75¢ 38.82°<d
3635.6° 9004.0° 40.32%
2041.28 6051.7° 33.68
2822.0% 7641.6¢ 36.86°8
2828.3% 7612.54 37.13°8
3547.1° 8885.45¢ 39.89%b¢
4252.8° 10223.0° 41.57%
1327.4" 4524.8% 29.23)
567.16 1217.5 1.68
11.69 9.38 2.73

Same letter: means are not significantly different. CV, coefficient of variation; LSD, least significant difference; HW, hand weeding; DAE, days after crop

emergence.

enquiry was in agreement with the study of Ansari et al. [39]
who described that considerably advanced grain yield was
acquired with amalgamation of manual and chemical weed
control methods in wheat. In contrast to this, because of the
maximum infestation of weeds, the lowest grain yield
(1,327.4kg ha™') was attained from weedy check. The reason
is that the more the weeds, the more the nutrient depletion
from the soil and the more their competition with crop plants
that conspicuously concentrated the nutrient movement to-
wards the grains which finally affected the grain development
potential of the plant that resulted lower yield.

Aboveground dry biomass yield (kg Ha™'): among weed
management practices, statistically (P <0.01) the highest
aboveground dry biomass yield (10,223kgha™) was
recorded in weed-free treatment (Table 8). This highest
aboveground dry biomass in weed-free treatment might be
because crop plants utilized the resources efficiently that
resulted in better vegetative growth of the plant, specially leaf
for efficient photosynthesis for enhanced overall develop-
ment of the crop plants. The result was in accordance with
the finding of Ishaya et al. [40] who stated that the increased
length of weed-free period decreases dry matter weight of
weed.

Furthermore, ANOVA indicated that the greatest bio-
logical yield was attained with the use of herbicides ac-
companied with hand weeding than their sole application
(Table 8). This is because weeding at appropriate time by
herbicide and complementing with hand weeding could
provide favorable environment for the crop providing a
plenty chance to utilize available resources which ultimately
leads to better biological yield. It is also plausible that good
conquest of weed growth by hand weeding and chemical
application leads to low competition by weeds for the same
volume of space, quantum of light, and ion of nutrients by
which the crop could utilize resources efficiently.

However, on the other hand, the lowest biological yield
(4,524.8kgha™") was achieved from weed check plots

associated to all other treatments. This lowest biological yield
might be due to severe weed antagonism with the crop for
growth and development factors, which might have con-
strained the improvement of the crop resulting in minimum
dry matter accumulation in crop for lower yield. The finding
was in agreement with the investigation of Pisal and Sagarka
[25] who directed that considerably lowermost grain and
straw yields were recorded in unweeded control in wheat.

Harvest index (%): the uppermost harvest index
(40.32%), next to weed-free check (41.57%), was recorded
with  the  application  of  clodinafop-propargyl
6% + fluroxypyr 12% at 1.0kgha ' +one hand weeding
followed by two hand weeding 30 and 45 DAE, but no
substantial dissimilarity was detected between them (Ta-
ble 8). The noteworthy growth in harvest index might be
qualified to destruction of weed growth resulting in more
accessibility of plant nutrients and space to wheat crop
which favored utilization of photosynthetic assimilates for
better wheat yield formation. This also may perhaps be due
to that operational weed control could provide available
nutrients for a proper growth of crop at flowering stage to
increase the number of grain spike™' and supply of more
assimilates to the grain for more grain weight maintenance
to have much yield, ultimately resulting in achieving higher
possible harvest index. In the weedy check treatments, the
mean minimum harvest index (29.23%) that was signifi-
cantly varied from all weed management practices was
obtained. This lower harvest index may well be due to simple
weed antagonism with the crop for available resources,
which constrained the growth and development of the crop,
leading to reduction in yield component and yield of the
crop resulting in lowest harvest index in weedy check plots.
In addition, soil moisture deficits due to weed competition
persuades abortion of flowers and fruits, and the effect on
yield may be more harmful than the consequence on bio-
mass production. This current inquiry is in arrangement
with the study of Raghavaiah and Zeki [28] who quantified
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TaBLE 9: Effect of treatments on economic return in wheat in 2020 main cropping season.

Treatments Total cost Grain yield Adjusted yield Gross benefit ~ Net benefit
(ETBha™") (kgha™) (kgha™) (ETBha™") (ETBha™")

0.5kg ha™' 2,4-D amine salt + one HW 4901.6 21321 1918.9 34156.2 29254.6

1kg ha™! 2,4-D amine salt+one HW 5472.1 2490.2 2241.2 39893.0 34420.9

1.5kgha ' 2,4-D amine salt + one HW 6148.7 2929.0 2636.1 46922.5 40773.8

0.5kgha™" clodinafop-propargyl

6% + fluroxypyr 12% + one HW 5811.2 2725.4 2452.9 43660.9 37849.7

0.75kgha™ clodinafop-propargyl

6% + fluroxypyr 12% + one HW 6936.9 3494.5 3145.1 55982.0 49045.1

lkgha™' clodinafop-propargyl

6% + fluroxypyr 12% + one HW 6698.1 3225.3 2902.8 51669.3 44971.2

0.4kgha™" pyroxsulam +one HW 5963.0 2650.7 2385.6 42464.2 36501.2

0.5kgha™" pyroxsulam + one HW 7124.8 3443.5 3099.2 55164.9 48040.1

0.6kgha™' pyroxsulam +one HW 7497.1 3635.6 3272.0 58242.3 50745.2

1kg ha™' 2,4-D amine salt 3042.2 2041.2 1837.1 32700.0 29657.8

~1 .

0.75kgha ~ clodinafop-propargyl 42131 2822.0 2539.8 45208.4 40995.3

6% + fluroxypyr 12%

0.5kg ha™! pyroxsulam 4476.4 2828.3 2545.5 45309.4 40833.0

Two HW 30 and 45 days after emergence 8260.9 3547.1 3192.4 56824.5 48563.6

Weed-free check 19088.1 4252.8 3827.5 68129.9 49041.8

Weedy check (unweeded) 1744.3 1327.4 1194.7 21264.9 19520.6

Cost of pyroxsulam, 1200 ETB/kg; cost of clodinafop-propargyl 6% + fluroxypyr 12%, 460 ETB/kg; for spraying, 160 ETB/ha; cost of hand weeding for one
time, 46 persons at ETB 40/person; cost of postharvest activities, 135 ETB/100 kg; costs for packaging materials, packaging, and transportation, 11 ETB/100 kg;

sale price of wheat, 17.80 ETB/kg. HW, hand weeding.

that the uppermost harvest index was recorded with the
application of 2,4-D at 2.0kgha ' accompanied with hand
weeding, while the lowermost harvest index was recorded
from weedy check plots.

3.3. Partial Budget Analysis. The result of economic inquiry
showed that the uppermost total variable cost
(8,260.9 ETBha™") was recorded from two hand weeding 30
and 45 DAE next to weed-free check treatment which was
registered with 19,088.1 ETB ha™' (Table 9). On the other
hand, highest net benefit (50,745.2 ETB ha™') was obtained
with the use of pyroxsulam at 0.6 kg ha™'+ one hand weeding
followed by the application of clodinafop-propargyl
6% + fluroxypyr 12% at 0.75 kgha '+ one hand weeding and
weed-free check plots of 49,0451 ETBha™' and
49041.8 ETBha™', respectively. The maximum net benefit
with the application of integrated weed management is
because efficient management of weeds using chemical
control with one hand weeding complemented provides
upper grain yield and gross benefits with lower cost of
construction, ultimately resulting in maximum net benefit.
This analysis is in agreement with the study of Sureshkumar
and Durairaj [41] who reported that chemical usage gives the
most actual, economical, and practical method of weed
control when supplemented with hand weeding.

4. Conclusions

The current research finding indicated that 93.3% highest
weed control efficiency and 27.06% herbicide efficiency
index were recorded with the application of clodinafop-
propargyl 6% + fluroxypyr 12% at 1.0 kgha™" supplemented
with one hand weeding. Higher grain number spike " (57.9),

1000-grain weight (39.4g), grain yield (3,635.6kgha™),
aboveground biomass yield (9,004kgha™"), and harvest
index (40.32%) were recorded from the application of clo-
dinafop-propargyl 6% + fluroxypyr 12% at 1.0kgha™" ac-
companied with one hand weeding. Finally, the outcome of
the study perceptibly specified that handling weeds with the
usage of clodinafop-propargyl 6% + fluroxypyr 12% at
1.0 kgha™" accompanied with one hand weeding is identified

to be the most profitable practice in the study area.
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