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Abstract: Background: Corn marigold (Glebionis segetum) is a serious
weed of cereal and pulse crops in many parts of Ethiopia. However, there
is a lack of information on its management in wheat fields in the country.
Objective: The current work was designed with the objectives of evaluating
integrated management of the weed and determining the most economical
integrated weed management options in wheat fields.

Methods: The field experiments were conducted in naturally corn
marigold infested fields in the Cheliya and Woliso districts of Western
and Southwestern Ethiopia, respectively, during 2020 to 2021 cropping
seasons using a randomized complete block design with three replications.
The treatments were 1) Halauxifen-methyl 100 g kg'! + Florasulam
100 g kg' + hand weeding, 2) Pyroxsulam 45 g L™ + hand weeding, 3)
Flurasulam 75 g L™ + Flumetsulam 100 g L + hand weeding, 4) twice hand
weeding 5) weed free, and 6) weedy check.

Results: Different corn marigold management practices resulted in different
responses to all measured for the crop and weed parameters. Application of
Halauxifen-methyl 100 g kg™ + Florasulam 100 g kg™ at a rate of 50 g ha™
supplemented with a single hand weeding and Pyroxsulam 45 g L sprayed
at a rate of 0.50 L ha™ supplemented with a single hand weeding increased
grain yield by 87 and 74%, respectively, as compared to the weedy check.
The marginal revenue and benefit-cost ratio obtained from the marketing of
goods for the application of Halauxifen-methyl 100 g kg™ + Florasulam 100
g kg™ with a single supplementary hand weeding of corn marigold increased
by about 149% and 165%, respectively, as compared to the weedy check.

Conclusions: The present study revealed the role of integrated
management of corn marigold in improving wheat production and
productivity. Future research should be directed towards scaling up and

expanding these technologies among growers.
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1. Introduction

With an annual global production of 772.6 million tons, bread wheat is a staple
food for more than 35% of the world’s population (Nigus et al., 2022). The largest
producers of wheat worldwide are China, India, and Russia, whereas South Africa and
Ethiopia are the largest producers in sub-Saharan Africa (Paulsen et al., 2012). After
tef and maize, wheat ranks third in importance among cereal crops in Ethiopia with a
share of 17% of the country’s total grain production (Gizaw, Assegid, 2021).

However, in Ethiopia annual production of wheat is approximately 5.8 million
tons, with a mean productivity of 3 tons per hectare (Silva et al., 2021; CSA 2021),
which is significantly lower than the crop’s attainable yield of up to 5 tons per hectare
(Zegeye et al., 2020). Wheat production and productivity are affected by complex and
interactive effects of biotic and abiotic factors and socio-economic challenges, notably
in the smallholder farming systems (Krupnik et al., 2021).

Weeds are one of the most critical biotic factors affecting wheat production and
productivity. They infest wheat fields and have the potential to reduce yield and crop
quality. Corn marigold (Glebionis segetum (L.) Fourr.) is one of the alien weed species
causing threats to crop production in many countries in the world. The genus name
of the weed (Chrysanthemum) was originally derived from the Greek words chrusos,
“gold,” and anthemon, “flower” (golden flower), but was later altered to Glebionis
(Nougarede, 2019).

Corn marigold is native to Eastern Mediterranean and North Africa (Nougarede,
2019) and later introduced and spread to many countries including Ethiopia (Shashitu
et al,, 2018). It was introduced into Ethiopia with contaminated grain food aid during
famine of 1985 (Shashitu, 2019). Since then, it has spread from infected areas to
uninfected areas by animal dung, flooding, crop seed, birds and farm machineries
(Shashitu, 2019). It is a noxious weed whose management is difficult due to its prolific
seed production, rapid growth and spreading ability, adaptation to a wide range of
nutrient and environmental conditions, and strong competitiveness with crops.
It has complex root system which is not easily uprooted and cutting aggravates its
infestation. It is known for its many branches and golden flowers (Figure 2A-B).
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Corn marigold is a serious weed species on barley and
wheat crops in Dabat (Assefa, 2019), Debark districts
(Asres, Das, 2011) in Amhara regional state and in Cheliya
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and Woliso Districts (Shashitu, 2019) in Oromia regional
state in Ethiopia. It is becoming a serious weed in crop
production and causes yield and seed quality reduction in
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Figure 1 - Graphical representation of corn marigold management control

Figure 2 - Corn marigold with its A) many branches B) golden flowers

Adv Weed Sci. 2023;41:e020230008

https://doi.org/10.51694/AdvWeedSci/2023;41:00013




Advances in Weed Science

crops in highland parts of the country. The weed has been
reported to cause 56% yield losses in wheat in Ethiopia if
appropriate management measures are not implemented
(Shashitu et al., 2018).

In the aforementioned areas, the weed was observed to
be spreading fast and invading crop lands at an alarming
rate. It is the most important weed species having
negative impacts on crop production followed by Snowdina
polstachiya, Raphanus rafanistrum, and Gizotia scabra at
Cheliya and Woliso (Shashitu, 2019). It infests faba bean,
field pea, wheat, and wheat fields in Cheliya and Woliso
districts in Oromia regional state in Ethiopia (Figure 3A-D).

Cultural and chemical control methods are the
commonly used weed management methods in wheat
fields to reduce the negative impact of corn marigold.
Family labor is insufficient during the main cropping
season for timely and adequate management of corn
marigold in wheat fields due to overlapping operations
with other crops. Hand-weeding wheat fields is time-
consuming and usually done late in the season, after the
weeds have reduced crop plant growth. Hand-weeding is
especially difficult because of the heavy rainfall during the
main cropping season, which prevents going into the field
and conducting field activities.

In wheat, the herbicides Aminopyralid + Florasulam
at 30 g ha™ and Pyroxsulam 45g L™ at 0.5 liters ha™ were
recommended for corn marigold (Shashitu et al., 2018).
However, wheat growers complained that application of the

Corn Marigold Weed Management in Wheat Fields

herbicides alone unlikely offer a long-lasting solution to the
serious problem of this weed in wheat fields.

Therefore, this study was conducted with the
objectives of developing effective integrated management
of corn marigold, determining the grain yield benefit,
and determining the most economical integrated weed
management options in wheat production in the selected
sites of the West and Southwest Shewa Zones of Ethiopia.

2. Materials and Methods
21 Studyarea

The study was conducted at Cheliya and Woliso districts
in Oromia regional state in farmers’ fields during June
to December cropping seasons of 2020 and 2021. One
naturally corn marigold infested field per district was
selected (Table 1 and Figure 4).

2.2 Treatments, experimental design and crop husbandry

The experiment was arranged in randomized complete
block design with three replications. The experimental
treatments included 1) Halauxifen-methyl 100 g kg* +
Florasulam 100 gkg™ + hand weeding, 2) Pyroxsulam 45 gL*
+ hand weeding, 3) Flurasulam 75 g L* + Flumetsulam
100 g L + hand weeding, 5) twice hand weeding (farmers
practice) 5) weed free, and 6) weedy check (Table 2). The
experimental plot size was 4 m x 5 m. Spacing 1.5 m between

Figure 3 - Pictures of corn marigold in A) Field pea, B) Faba bean; C) Wheat, D) Tef
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Table 1 - Description of the study area

Zone District Specific place Altitude Latitude Longitude
West Shewa Cheliya Chobi Tulu 2488 9.03049 3745348
Southwest Shewa Woliso Adami Gotu 2304 862010 38.02782
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Figure 4 - Map of Ethiopia showing regions, zones and districts at which the experiments were conducted

blocks and 1 m between plots were used. Bread wheat
‘Wane’ Varity at 150 kg ha' was drilled in rows of 25 cm
apart. Diammonium phosphate (DAP) and urea fertilizers
were applied at rates of 200 and 150 kg ha™, respectively.
DAP was applied at sowing time, whereas urea was applied
in two applications with half at sowing time and half at
the tillering stage of the crops. The recommended rates of
herbicides were applied 30 Days after seed sowing (DAS)
and the supplementary hand weeding were conducted
60 DAS as a components of integrated weed management
(Table 2). For all herbicide treatments, a uniform water
volume of 200 L ha™ was used to make spray solusion.

2.3 Data collected

Corn marigold parameters such as the number of corn
marigolds before and after treatment, biomass and visual

Adv Weed Sci. 2023;41:e020230008

scoring were recorded. Weed control efficacy was calculated
using the formula indicated below (Equation 1). Bread
wheat parameters such as total number of tillers, number
of productive tillers, plant height, spike length, number of
seeds per spike, biomass and grain yield were recorded, and
harvest index were calculated. The number of corn marigold
were counted at 30 and 60 DAS using 1 m* 1 m quadrat
three times per plot. Visual scoring was undertaken using
1-5 scale scoring system at 15 and 30 days after herbicide
application (Taye et al., 2007). Where 1 = no herbicide
symptoms on weeds, 2 = reduced weed growth and density,
3 = proper reduction in growth and population, 4 = effective
weed destruction, 5 = complete weed eradication. Corn
marigold biomass (kg/plot) at crop physiological maturity
from the whole plot area was recorded and weed control
efficacy was calculated using the following formula
(Mahesh, Singh, 2019):

https://doi.org/10.51694/AdvWeedSci/2023;41:00013
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Table 2 - Detail descriptions of experimental treatments

Trade name Chemical name Rate A'ppllcatlon Waterrate Handweeding  Application time (DAS)
time (DAS)
Pallas 45 OD Pyroxsulam 45 g L 0.5Lha 30 200 L ha™ One time 60
Halauxifen-methyl 100 g kg™ + § § .
M 1 1
Quelex™ 200 WG Florasulam 100 g kg™ 50gha 30 200 L ha One time 60
Flurasulam 75 g L'+ 4 < .
Derby 175 SC Flumetsulam 100 g L 80 mlha 30 200 L ha One time 60
- - - - - Two times 30and 60
- - - - - Weed free As weed emerged
_ ; _ ) ) G. segetum Other weeds weeded two
unweeded times at 30and 60

NB: DAS=Days after seed sowing

Weed control efficiency (WCE) = (%) *100... (Eqn. 1)

Where, WDC and WDT are weed dry weight (gm™) in the
control and in any specific treatment, respectively.

Wheat plant height was measured from the ground
level to the tip of ten randomly selected plants per
plot at physiological maturity. Grain yield (kg ha™) was
measured by harvesting the crop from the whole plot
area. At physiological maturity, the shoot biomass of 10
plants selected randomly from the destructive rows was
weighed after oven drying the harvested produce till a
constant weight. Finally, harvest index was calculated
from the plants harvested for shoot biomass and grain
yield at physiological maturity. It was calculated by
dividing grain yield by the total shoot dry biomass yield
(Daietal., 2016).

Seed yield
Shoot dry biomass

Harvest index (%) = ( ) *100... (Eqn. 2)

In West and Southwest Shewa Zones where corn marigold
is a major challenge for wheat production, relative yield loss,
actual yield loss and potential yield loss of wheat crop were
calculated. Wheat average yield loss due to corn marigold
data were obtained from West and Southwest Shewa Zones.
Yield data on twice hand weeding (farmers’ practice), weedy
check and weed free were used for the study. Following
formulas were used for calculation of yield losses:

Relative crop yield loss due to weed was calculated as follows:

M) *100... (Eqn. 3)

Relative yield loss (%) = (

Where, MY = the maximum yield obtained in one of the
study treatments, YT = yield from particular treatment

Actual yield loss due to Corn marigold = (%) *100... (Eqn. 4)
v
Potential yield loss due to Corn marigold = (%)* 100... (Eqn. 5)
y

https://doi.org/10.51694/AdvWeedSci/2023;41:00013

Where, CFy = crop yield in corn marigold free plots,
FPy = crop yield in farmers’ practice, and CCy = crop yield in
corn marigold un-weeded check plot.

Data on inputs and their costs were collected for
each evaluated weed control option, including the costs
of procuring herbicides and planting materials, labor
expenses for land preparation, tillage and herbicide
application, hand weeding, and wheat harvesting. The
cost of Pyroxsulam 45 g L* (2974-birr L), Halauxifen-
methyl 100 g kg™ + Florasulam 100 g kg* (10913-birr kg™),
and Flurasulam 75 g L* + Flumetsulam 100 g L' (8400-
birr kg™) were obtained from the prevailing local market
(53.37 Ethiopian Birr = $1 United State during study).
The shopping unit value of the knapsack sprayer was
1,200 birr as information gathered from Addis Ababa
(central market), Ethiopia. Around West and Southwest
Shewa zones, the labor cost man™ day’ ranged from
50-150 birr. In addition, data on the market price of wheat
per kilogram were collected at each site. The current market
price (as of January 2023) was obtained from farmers who
sell wheat in local markets and district extension workers
to compute benefit cost ratio.

2.4 Data analysis

The collected data were subjected to analysis of variance
using SAS computer software version 9.4. Means were
separated using LSD procedure at the 95% confidence level.

2.5 Cost-benefit analysis

The cost-benefit analysis for the proposed management
practices, which included herbicidal
(manual weeding) strategies, was determined using the
(International Maize and Wheat Improvement Center,
1988) method. During the cost-benefit analysis, the
total input cost of production, gross revenue, marginal
revenue (MR) and benefit-cost ratio (BCR) were all taken
into account. The total input cost (additional expenses
for weed and trial management) was calculated by adding
all costs (variable + fixed input costs) incurred during the

and cultural

Adv Weed Sci. 2023;41:e020230008
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study. Tillage and fertilizer costs, as well as planting and
harvesting wages, were considered fixed production costs.
While the knapsack sprayer, herbicides, and manpower for
pesticide spraying and manual weeding were considered
variable production costs.

The gross revenue was calculated by multiplying
commercialized price and grain yield (Daramola et al.,
2019). The MR was computed as subtracting the total
variable costs from the gross revenue (Daramola et al.,
2019). In addition, the benefit cost ratio was computed as
the proportion of MR (numerator) and total variable cost
(denominator) (Daramola et al., 2019).

3. Results and Discussion

The analyses of variance showed significant differences
among the tested management options on both the weed
and crop parameters. Except for crop plant height, which
was not significant, all other management options showed

Dechassa N, Hundessa N, Bedada S, Bekele G, Duguma M

significant differences among themselves (Tables 3 and 4).
Different corn marigold management options exhibited
different responses for different bread wheat parameters
such as spike length, number of seeds per spike, thousand
seed weight, grain yield, and harvest index.

31 Weed dry weight

Significant variation in corn marigold dry weight
existed among the management options (Table 3). The
application of Halauxifen-methyl 100 g kg* + Florasulam
100 g kg supplemented with one hand weeding decreased
the weed dry weight by about 44-fold, followed by the
application of Pyroxsulam 45 g L™ supplemented with
one hand weeding, which decreased the weed dry weight
by about 35-fold as compared to the weedy check. In
the weed-free plots, no weed dry weight was recorded.
Farm family labor is insufficient for timely and adequate
management of corn marigold in wheat fields, as it needs

Table 3 - Effect weed management practices on corn marigold dry weight and weed control efficiency (WCE) in bread wheat

fields at Woliso and Cheliya during 2020 and 2021.

Treatments Dry weight (kg ha™) WCE (%)
Pyroxsulam 45g L + one hand weeding 275.00% 97.22°
Halauxifen-methyl 100g kg™ + Florasulam 100g kg™ + one hand weeding 220.83¢ 9778
Flurasulam 75g L'+ Flumetsulam 100g L + one hand weeding 1808.33° 8147°
Two hand weeding 708.33%¢ 92.87°
Weed free 0.00¢ 100.00°
Weedy check 9945.832 0.00¢
Mean 2159.72 78.22
LSD (0.05) 44737 2.82
CV (%) 25.38 442

Means followed by the same letter(s) within a column are not significantly different from each other at 5%.

Table 4 - Effect of weed management practices on crop plant height, tiller number, effective tillers per plant, spike length,

seeds per spike, biomass yield, grain yield and harvest index at Waliso and Cheliya during 2020 and 2021.

Treatments PH  TNT  ENT  SL SPS BM GY HI
Pyroxsulam 45g L + one hand weeding 73333 449ab 423ab 695b 47.5b 7225.00a-c 3735953 5268a
?gg;ﬁg?ﬁ:fg?}%';g&gg;g puest 7588a 491a  466a 7253 4969ab 7750008  400430a  54.50a
Efgahsa“riad”\llgggi#: Fumetsuleam100g L™+ 7533, 279 265b  588c  4333c  7254717ab  282378b  3919b
Two hand weeding 75255 195c  185c  599c 4083d 677083bc  262735bc  39.09b
Weed free 76.48a 5353 5.08a 745a 50.75a 7787.50a 4024.283a 53833
Weedy check 7393a 125  119d 4884 3083e 647917  214307c  3540b
Mean 752 340 323 64 4382 721N 322645 4578
LSD (0.05) 331 046 044 044 24 77204 50724 628
cv (%) 54 1850 1458 841 671 1312 19.26 168

PH=plant height (cm), TNT=tillers per plant, ENT= effective tillers per plant, SL=spike length (cm), SPS=seeds per spike, BM=biomass yield (kg ha™),
GY=grain yield (kg ha’), TSW=thousand seed weight (g), HI=harvest index, Means followed by the same letter(s) within a column is not significantly different

from each other at 5%.

Adv Weed Sci. 2023;41:e020230008
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removal as it emerges (Nagassa et al., 2022). Hand-
weeding wheat fields is time-consuming and usually done
late in the season, after the weeds have reduced crop plant
growth. It is especially difficult because of the heavy rain
during the main cropping season (Nagassa et al., 2022). As
asolution alot of herbicides were registered and affordable
and farmers have been practicing the use of herbicides
in Ethiopia for the management of weeds in wheat
field. However, the use of any single weed management
practice alone is ineffective. Therefore, integration of
broad leaf killer herbicides and hand weeding is the
most economically feasible, and socially acceptable corn
marigold weed in wheat fields.

3.2 Weed Control Efficiency

The effects of weed management strategies on weed
control efficiency were significantly different (Table 3).
Continual removal of corn marigold as it emerged
in the field by hand weeding resulted in eradication,
whereas effective destruction of the weed is possible
by applying Halauxifen-methyl 100 g kg* + Florasulam
100 g kg* supplemented with one hand weeding followed
by application of Pyroxsulam 45 g L supplemented with
one hand weeding. However, frequent hand-weeding of
corn marigold in wheat fields is one of the most difficult
tasks faced by farmers, especially during the main cropping
season. It requires 4 times weed removals per season to
make the field weed-free.

3.3 Yield and yield attributes

The effect of weed management practices on number
of tillers per plant, number of effective tillers per plant,
spike length, number of seeds per spike, biomass yield,
grain yield, thousand seed weight, and harvest index were
significantly different, whereas no significant differences
among all management practices on the crop height were
found (Table 4). However, in all wheat crop yield and yield
attributes, no significant differences between weed-free,
Halauxifen-methyl 100 g kg™ + Florasulam 100g kg™* spray
supplemented with one hand weeding, and Pyroxsulam
45 g L™ spray supplemented with one hand weeding were
detected (Table 4). The weed-free plots increased the

Corn Marigold Weed Management in Wheat Fields

tillering capacity of the crop by about 3.28-fold, followed by
Halauxifen-methyl 100 g kg™ + Florasulam 100 g kg™ spray
supplemented with one hand weeding and Pyroxsulam
45 g L* spray supplemented with one hand weeding,
with increased tillering capacities of about 2.93-fold and
2.60-fold, respectively, as compared to the weedy check.

Weed-free plots, Halauxifen-methyl 100 g kg' +
Florasulam 100 g kg spray supplemented with one hand
weeding and Pyroxsulam 45 g L™ spray supplemented with
one hand weeding increased spike length and number of
seeds per spike by 0.53, 0.49, and 0.42-fold and 0.65,
0.61, and 0.54-fold, respectively, when compared to the
weedy check plots. Similarly, weed-free by continuous
weed removal, Halauxifen-methyl 100 g kg + Florasulam
100 g kg spray supplemented with one-hand weeding and
Pyroxsulam 45 g L* spray supplemented with one-hand
weeding increased grain yield and harvest index by 0.88,
0.87, 0.74, and 0.52, 0.54, and 0.49-fold, respectively,
when compared to weedy check plots.

3.4 Effect of corn marigold weed on yield loss in wheat

Whenrelativeyieldlossduetocornmarigoldmanagement
practices was compared, the application of Halauxifen-
methyl 100 g kg™ + Florasulam 100 g kg™ at 50 g ha™ with
one supplementary hand weeding produced the lowest
yield loss (0.5% of the maximum yield), while the highest
yield was obtained from the corn marigold free plots. Beside
these management options, the lowest yield loss due to corn
marigold (7.16% of the maximum yield) was recorded from
the application of Pyroxsulam 45 g L™ at 0.50 L ha™ with
one additional hand weeding, whereas the highest yield loss
(46.75%) was recorded in the weedy check plots (Table 5).
Potential and actual wheat yield losses due to corn
marigold were calculated and presented in table 6. The
potential wheat yield loss due to corn marigold ranged from
40.3-50.3% whereas the actual wheat yield loss due to the
weed ranged from 31.7-45.7% based on the weed density
per area (Table 6).

3.5 Cost-benefit analysis

For the integrated use of herbicide application and
supplementary hand weeding for the corn marigold

Table 5 - Effect of corn marigold on wheat yield under different weed management practices.

Weed management practices

Relative yield loss (%)

Application of Pyroxsulam 45g L' supplemented with one hand weeding

Application of Halauxifen-methyl 100g kg™ + Florasulam 100g kg' supplemented with one hand weeding

Application of Flurasulam 75g L'+ Flumetsulam 100g L'supplemented with one hand weeding

Two hand weeding
Weed free
Weedy check

716
0.50
29.83
3471
0.00
46.75

https://doi.org/10.51694/AdvWeedSci/2023;41:00013
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management, the MR and BCR were computed for  Comparing the management practices, the most prominent
treatment combinations. The cost-benefit analysis showed MR (96000- and 87680-birr ha™) and BCR (2.94 and 2.61)
that significant variation in MR and BCR were observed = were calculated from application of Halauxifen-methyl
among the evaluated experimental treatments (Table 7). 100 g kg™ + Florasulam 100 g kg with supplementary one

Table 6 - Potential yield loss and actual yield loss due to corn marigold at West and Southwest Shewa zones in Ethiopia

West Shewa 5029 4568
Southwest Shewa 4330 3166
Mean 4675 3471

Table 7 - Economic feasibility analysis for corn marigold management through the integration of herbicide application
and hand weeding at the two locations, Western and Southwestern Shewa Zones in Ethiopia, during the 2021 and
2021 cropping season.

l;llithaesréilizer 4 4062 4062 4062 4062 4062 4062 4062

;’ligﬁaf;m"zer 40 3632 3632 3632 3632 3632 3632 3632

Seed purchase 56 8363 8363 8363 8363 8363 8363 8363
Inputcost  Puroxsulam4SgLT - 5g7, g7 1487

purchase

Halauxifen-methyl

100g kg™ + Florasulam 10913 54565 54565

100g kg™ purchase

g

1st oxen plough 400 2000 2000 2000 1600 2000 2000 2000

2nd oxen plough 400 1600 1600 1600 1600 1600 1600 1600

3rd oxen plough 400 1600 1600 1600 1600 1600 1600 1600

4th oxen plough 400 1600 1600 1600 3000 1600 1600 1600
Labor cost  Planting 250 3000 3000 3000 3000 3000 3000 3000
of operation  Herpicide application 250 500 500 500 500

1st Hand weeding 100 2400 2400

2nd hand weeding 100 800 800 800 800 800 800

3rd hand weeding 100 600 600

4th hand weeding 100 600 600
Eg‘;’egt Harvesting 250 5000 5000 5000 5000 5000 5000 5000
Total variable cost (TVC) 33644 32703 33829 31657 35257 30857
v A. wheat price 32000 32000 32000 32000 32000 32000 32000

B. tons of wheat harvested per Ha 374 4.00 282 263 402 2714
Gross Revenue (GR) 119680 128000 90240 84160 128640 68480
Marginal Revenue (MR) = GR - TVC 87680 96000 58240 52160 96640 36480
Benefit-cost ratio (BCR) = (MR/TVC) 2.61 294 172 1.65 274 118

NB: The cost, gross revenue, marginal revenue was in Ethiopian birr. The wheat market price was estimated as of January 2023.

Adv Weed Sci. 2023;41:e020230008 https://doi.org/10.51694/AdvWeedSci/2023;41:00013
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hand weeding and Pyroxsulam 45 g L™ + one hand weeding,
respectively. Conversely, the lowest MR (36480- and 52160-
birr ha?) and BCR (1.18 and 1.65) were computed from the
weedy check and two hand weeding, respectively.

The MR obtained from the marketing of goods for
each integrated management treatment of corn marigold
increased by about 34-149% as compared to corn marigold
weedy check. In addition, the BCR obtained for each
integrated management treatment of the weed increased
from 43 to 165% as compared to the weedy check plot
(Table 7). Cost-benefit analysis indicated that integration
of Halauxifen-methyl 100 g kg* + Florasulam 100 g kg*
with once supplementary hand weeding exhibited the
top most MR (96000 Birr ha™) and BCR (2.94), followed
by the integration of Pyroxsulam 45 g L' with once-
supplementary hand weeding corresponding to a MR of
87680-birr ha™ and BCR of 2.61. Overall, integrated use
of broad leaf killer herbicides with supplementary hand
weeding provides a better MR and BCR than single weed
management practices (Table 7).

4. Conclusions

Corn marigold is one of the alien weed species that has
infested agricultural crops in many parts of Ethiopia since its
introduction.Itisaproblematicweed thatisdifficulttomanage
due to its prolific seed production, fast growth and spread,
adaptation to a wide range of environmental conditions, and
competitiveness with crops. Integrated effects of herbicide
application and hand weeding significantly lowered the weed
infestation in the study locations. The current study revealed
that application of Pyroxsulam 45 g L™ at a rate of 0.50 L
ha™ supplemented with one-hand weeding and Halauxifen-
methyl 100 g kg™ + Florasulam 100 g kg* at a rate of 50 gha™
supplemented with one hand weeding controlled the weed
and increased wheat grain yield.
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The MR obtained from the marketing of goods for
each integrated management treatment of corn marigold
increased by about 34-149% as compared to the weedy
check. Similarly, BCR from the selling of the grain for each
integrated management treatment of the weed increased
from 43 to 165%. Inconclusion integrated management
of corn marigold by integrating broad spectrum and/or
broad-leaf herbicides supplemented with one hand weeding
improved wheat production and productivity by controlling
the weed. Forthcoming studies should focus on scaling up
and popularizing these technologies in corn marigold weed-
infested wheat fields in Ethiopia.

Authors' contributions

GB and MD: data collection and curation. ND and NH:
data analysis. ND and NH: data interpretation. ND, NH,
and SB: funding acquisition and resources. ND, NH, and SB:
project administration. ND: supervision. ND: writing the
original draft of the manuscript. ND, NH, and SB: writing,
review and editing. All authors read and agreed to the
published version of the manuscript.

Funding

This research received no external funding.

Acknowledgements

We would like to express our gratitude to Ethiopian
Institute of Agricultural Research (EIAR) for financially
sponsoring the research. A special appreciation also goes to
Ambo Agricultural Research Centre (AmARC) for providing
logistical help during the research periods. We also thank
our colleagues at AmARC, particularly Mr. Tadele Gudeta,
for his valuable technical assistance during the project.

Asres B, Das T. Diversity and integrated management of weeds in high-
land wheat of Northern Ethiopia. Plant Prot Quart. 2011;26(1):8-16.

Assefa S. Weed flora survey in field crops of Northwestern Ethiopia.
Af J Agric Res. 2019;14(16):749-58. Available from: https://doi.org.
br/10.5897/AJAR2019.13947

Dai J. Bean B, Brown B, Bruening W, Edwards J, Flowers M et al. Harvest
index and straw yield of five classes of wheat. Biom Bioen. 2016;85:223-
7. Available from: https://doi.org/10:1016/j.biombioce.2015:12.023

Daramola OS, Adeyemi OR, Adigun JA, Adejuyigbe CO. Econom-
ics of row spacing and integrated weed management in soybean
(Glycine max L). J Agric Sci. 2019;64(3):265-78. Available from:
https://doi.org/10.2298/JAS1903265D

Gizaw W, Assegid D. Trend of cereal crops production area and pro-
ductivity, in Ethiopia. J Cer Qils. 2021;12(1):9-17. Avialable from:
https://doi.org/10.5897/JC02020.0206

https://doi.org/10.51694/AdvWeedSci/2023;41:00013

International Maize and Wheat Improvement Center - CMMYT. From
agronomic data to farmer recommendations: an economics train-
ing manual. Mexico DF: International Maize and Wheat Improvement
Center; 1988.

Krupnik TJ, Timsina J, Devkota KP, Tripathi BP, Karki TB, Urfels A et al. Ag-
ronomic, socio-economic, and environmental challenges and opportuni-
ties in Nepal's cereal-based farming systems. Adv Agron. 2021;170:155-
287. Available from: https://doi.org/10.1016/bs.agron.2021.06.004

Mahesh K, Singh CJ. Comparative study on weed control effica-
cy of different pre-and post-emergence herbicides in Kharif maize.
Indian J Weed Sci. 2019;51(1):32-5. Available from: https://doi.
org/10.5958/0974-8164.2019.00007.8

Nagassa D, Niguse H, Takele N. A manual for integrated weed man-
agement in wheat. Addis Ababa: Ethiopian Institute of Agricultural Re-
search; 2022.

Adv Weed Sci. 2023;41:e020230008

9


https://www.sciencedirect.com/science/article/pii/S2405844021027626#tbl6
https://www.sciencedirect.com/science/article/pii/S2405844021027626#tbl6

10

Advances in Weed Science

Nigus M, Shimelis H, Mathew |, Abady S. Wheat production in the high-
lands of Eastern Ethiopia: opportunities, challenges and coping strat-
egies of rust diseases. Acta Agric Scand. 2022;72(1):563-75. Available
from: https://doi.org/10.1080/09064710.2021.2022186

Nougarede A. Chrysanthemum segetum: En. Corn chrysanthemum, Corn
marigold; Fr. Chrysanthéme des moissons, jaunet; Ge. Feldmargerite. In Ha-
levy AH, editor. Handbook of flowering. Boca Raton: CRC; 2018. p. 196-227.

Paulsen J, Chew A, Derksen-Schrock K, Anderson L, Gugerty K. Wheat:
global analysis. EPAR Brief No.198. July 27, 2012.

Shashitu B, Nigusie H, Gectachewu B, Tesfaye A, Tadele G. Herbicidal
control of chrysanthemum segetum in wheat field at Cheliya district.
In: Bekele B, Negewo T, Bedada S, Ayana G, Ayalew G, Yesuf M, editors.
Results of plant protection research. Addis Ababa: Ethiopian Institute
of Agricultural Research; 2018. p. 231-8.

Adv Weed Sci. 2023;41:e020230008

Dechassa N, Hundessa N, Bedada S, Bekele G, Duguma M

Shashitu B. Study of phenology of Chrysanthemum segetum L. and
its impact on crop productivity in Cheliya district, Ethiopia. J Biol Ag-
ric Health. 2019;9(2):25-30. Available from: https://doi.org/10.7176/
JBAH/S-2-04

Silva V, Reidsma P, Baudron F, Jaleta M, Tesfaye K, Van lItter-
sum K. Wheat yield gaps across smallholder farming systems
in Ethiopia. Agron Sust Develop. 2021,41(1):1-16. Available from:
https://doi.org/10.1007/s13593-020-00654-z

Taye T, Rezene F, Yirefu F. Invasive alien weed species in Ethiopia:
Biology, distribution and importance, and available control measures. J
Review Weed Sci. 2007;10:33-9.

Zegeye F, Alamirew B, Tolossa D. Analysis of wheat yield gap and vari-
ability in Ethiopia. Int J Agric Econ. 2020;5(4):89-98.

https://doi.org/10.51694/AdvWeedSci/2023;41:00013



