Efficacy of Pilot 36% WDG herbicide against wheat (Triticum aestivum L.) weeds in Bonke Chencha and Kamba, SNNPRs

Abstract 
The verification study was worked out at Bonke, Chencha, and Kamba in SNNPRs during 2021 to evaluate the efficacy of the herbicide Pilot 36% WDG (candidate ) relative to other promising standard herbicides (Musket Power OD 460) for the control of annual, biennial, and perennial weed species in wheat for registration purpose in Ethiopia. The study comprised three treatments and was laid in a randomized complete block design with three replications. Results showed that Pilot 36% WDG application revealed noticeably lessened mean weed population numbers (19.0) compared with Musket Power OD 460 30-days after application across locations. Pilot 36% WDG’s sprayed plots exhibited acceptable measures on mean general weed control (88.89%) and individual weed species control (93.59%) compared with Musket Power OD 460 28-days after application in the three locations. Highest mean weed control efficiency (83.54%), lowest mean dry biomass weight (0.17 kg m-2) and relatively highest grain yield (4379.32 kg ha-1) were noted from plots sprayed with Pilot 36% WDG compared with others across locations. Additionally, weed flora shift assessment indicated that after 60-days once the perennial weed species were controlled, the flora on the plots treated with Pilot 36% WDG have changed into annual weed species. Overall, the result obtained from this study Pilot 36% WDG was found highly effective, and therefore, it is recommended for registration for the control of sedge, grass, and broadleaf weeds in wheat production.
Keywords: General weed control, Grain yield, Herbicides, Individual weed species control, Weed flora shift, Weed population, Wheat
Introduction
More than one-third of the world's population uses wheat (Triticum spp.) as a staple diet, making it the most popular cereal grain (FAO et al., 2018; USDA, 2018). After Tef, wheat is one of Ethiopia's most significant cereal crops in terms of production and distribution (CSA, 2018). Despite the availability of wheat cultivars with great yield potential, the country's average wheat yield is extremely low for a number of factors, including biotic, abiotic, socioeconomic, and global crop management (Zegeye et al., 2001; Eshetu and Bedada, 2020). Weeds are the primary biotic factor that negatively impacts wheat output. If it is not properly managed during a crucial time, they have numerous detrimental consequences on the crop (Halford et al., 2001; Kavaliauskaite and Bobinas, 2006). According to reports, weed competition has reduced wheat output by 62.5% (Unger, 1984), 36.4% (Rezene, 1985), 35-37% (Stroud, 1989), 10-40% (Genene and Habtamu, 2001), 10-25% (Akubundu, 1987), and up to 70% in some wheat-growing areas (Tanner and Giref, 1991). 
Cultural, mechanical, chemical, and integrated weed management (IWM) are some of the weed control techniques used in wheat production (Ashton and Macona, 1991). The appropriate method for managing weeds in wheat is herbicidal weed control (Ashiq et al., 2007; Noor et al., 2007, Ashrafi et al., 2009).
When compared to the dry weight of weeds in untreated plots, the application of herbicides considerably reduced the dry weight of weeds. Additionally, applying herbicides on grassy and broad leaves enhanced yield components and grain yield (Bibi et al., 2008; Ashrafi et al., 2009). Numerous pesticides are approved for the management of weeds in wheat. However, persistent use of currently approved herbicides resulted in inadequate control, altered weed flora, and weed biotypes that were resistant to herbicides. This calls for the introduction of more novel herbicide alternatives with distinct mechanisms of action. In light of the aforementioned context, the Ministry of Agriculture, via Southern Agricultural Research Institute, has assigned Arba Minch Agricultural Research Center to evaluate the new herbicide's effectiveness against wheat weeds during the main cropping season in 2021. Therefore, the objective of the verification trial was to evaluate the efficacy of the herbicide Pilot 36% WDG (new) relative to other promising standard herbicides (Musket Power OD 460) for the control of annual, biennial, and perennial weed species in wheat for registration purpose in SNNPRs.
Material and Methods
Overview of experimental site
Verification trials were carried out in Bonke, Chencha and Kamba districts, SNNPRs, during the 2021 main cropping seasons. The three districts are among the major wheat-growing areas and purposively selected based on the production potentials of wheat. The sites are found at an elevation of 2527 m (Chano), 3003m (Chencha) and 2465m (Kamba) meters above sea level. Bonke, Chencha and Kamba are characterized by a bimodal rainfall pattern where the short rainy season from March to May and the main rainy season from July to November. Thus, the areas receives an average annual rainfall and temperature during the growing season were 1201 mm and 15.3 °C, 1170 mm and 15.50 °C and 991 mm and 16.8 OC for Bonke, Chencha, and Kamba, respectively.
Treatments, design of experiment and trial management
Pilot 36% WDG at the rate of 240 g/ha with 160 L dilution water (Candidate herbicide), Musket Power OD 460 at the rate of 1 L ha-1 with 200 L water (Standard check), and a weedy check had used. Trials were carried out on well-prepared seedbeds established for wheat growing in the three locations.  The total width and length of the layout had designed at 35 x 33 m with a unit plot size of 10 x 10 m, respectively. Plots were spaced each other by 1.5 m, and blocks were separated by a safeguard path of 2.5 m to prevent drifts or cross-contamination. The experiment has laid out in a randomized complete block design with three replications. A total of three treatments, including control, were included during the study. For the candidate herbicide, the use of the rate of herbicide per hectare and amount of water for mixing of herbicide had performed as suggested by the manufacturer. Spraying was performed 25 days after planting using a manual knapsack sprayer calibrated to deliver 500 - 700 L of water ha-1. Only a one-time application was practiced per location. Fertilization and regular monitoring were executed to all plots uniformly as per the recommendations suggested by MoA and EATA (2018) for the two locations.
Weed parameters assessment
Weed species found at each plot were recorded both before and after herbicide application for the weed population. Weed species were collected 14, 28, and 60 days after herbicide application. Weed species recording and identification were made from three places diagonally within the plots using 1.0 m x 1.0 m quadrats. The weed species found within the sample quadrats were identified and assorted into their respective groups. Weed species identification had made following a weed identification book illustrated and organized by Stroud and Parker (1989) and Botanical herbarium collected and preserved by the Arba Minch crop protection clinic. General weed control score was assessed every two weeks following a 1 to 9 rating scale where 1 = no control (plots completely covered by weeds) and 9 = 100% control (plots were 100% free of any weed growth). Similarly, individual weed control score was assessed every two weeks following a 1 to 9 rating scale where 1 = no control (no death of weed) and 9 = 100% control (complete death of weed). Herbicidal effects on individual weed species and general weed control were determined visually within the plots. These parameters were recorded from the same quadrats as visual observations on weed growth reduction, foliar chlorosis, wilting, and stand reduction. The weed population and weed flora shifts were also recorded at 30 and 60 days after herbicide application, respectively. The effect of herbicides on weed population was also determined from 1 m x 1 m quadrat at three places within the plots and counting of actively growing weeds within the quadrat. Similarly, herbicidal effects on weed flora were determined by placing 1 m x 1 m quadrat at three places within the plots, and weeds within the quadrat were counted. The weed flora was converted to percent to determine weed species cover on the plots.
Weed dry biomass was determined 30 days after herbicide application taking from 1 m x 1 m quadrant within the plots, and all weed species within the quadrats were harvested at ground level. The samples were sun-dried for five to six days and subsequently were put into an oven at 70 °C until a constant reading was maintained to measure dry biomass. The dry biomass weight was expressed in kg m-2. During weed parameters assessment, visual assessment score on crop phytotoxicity (1 to 5 scales) and weed density (m-2) were recorded at 60 days after herbicide application. Weed control efficiency data have been calculated with the following procedures as designed by Das (2008). 

Likewise, grain yield of wheat was determined from each plot. Grain yield for each treatment were recorded from the central rows of each plot by avoiding the border rows so as to preventing their effects, and then converted to yield in terms of kg ha-1. Moisture content of 13% was recorded in the grain yield of the harvested wheat during the experiment.
[bookmark: _Toc390306714]Data analysis
Weed count before and after herbicide application, general weed control and individual weed control were summarized following the procedures as suggested by Akobundu (1987) and Das (2008). While, data on weed dry biomass, weed control efficiency and grain yield of wheat were subjected to analysis of variance to determine the treatment effects. The treatment means were separated following Fishers protected least significance difference (LSD) test at 5% probability level (Gomez and Gomez, 1984). The data analyses were conducted using the general linear model procedure of the SAS software version 9.2 (SAS, 2009). 
Results and Discussion
Weed species 
Table 1 shows the common weed species identified across locales, as well as their taxonomic descriptions. Weed species are primarily consisting of 25 kinds. Out of 25 weed species, 14 were annuals and 11 were perennials. Weed species include herbs, grasses, siege, and shrubs. The leading weed species families were Poaceae and Asteraceae. Weed flora in the investigational plots included Cyperus rotundus, Brachiaria eruciformis, Drymaria cordata, Trifolium rueppellianum, Guizotia scabra, Galinsoga parviflora, Bidens pilosa, Amaranthus graecizans, Xanthium strumarium, Digitaria ternate, Setaria pumila, Eragrostis cilianensis, Echinochloa colonum, and Digitaria horizontalis. The detected weed species posed significant social, environmental, and economic risks to the farming communities in the research locations.
The majority of the weed species identified in the current study were consistent with Froud-Williams (2002), who reported that the weed species were composed of a wide range of annual, biennial, and perennial weeds, including broad-leaved, grasses, and sedges, and were major crop production bottlenecks for farming communities in field crop production. Furthermore, these weeds compete for all growth requirements, including nutrients and soil moisture, and pose a threat to wheat production systems.
Table 1. Major common weed species identified and their taxonomical characteristics in wheat field in Bonke, Chencha and Kamba districts, SNNPRs, during the 2021 main cropping season 
	Family name
	Scientific name
	Common name
	Classification 
	Life form
	Category 
	Life cycle

	Poaceae
	Brachiaria eruciformis
	Signal grass 
	Monocot 
	Herb 
	Grass 
	Annual 

	Poaceae
	Setaria pumila
	Yellow foxtail
	Monocot 
	Herb 
	Grass 
	Perennial

	Polygonaceae
	Rumex abyssinica
	Spinach rhubarb
	Dicot 
	Herb 
	Broad leaf
	Perennial

	Caryophyllaceae
	Drymaria cordata
	Whitesnow
	Dicot
	Herb
	Broad leaf
	Perennial

	Asteraceae
	Xanthium strumarium
	Cocklebur 
	Dicot
	Herb 
	Broad leaf
	Annual  

	Asteraceae
	Galinsoga parviflora
	Gallant soldier
	Dicot 
	Herb 
	Broad leaf
	Annual 

	Asteraceae
	Bidens pilosa
	Black jack
	Dicot 
	Herb 
	Broad leaf
	Annual

	Plantaginaceae
	Plantago major
	Common plantain
	Dicot 
	Herb 
	Broad leaf
	Perennial

	Poaceae
	Avena fatua
	Wild oat 
	Monocot
	Grass 
	Grass  
	Annual 

	Cyperaceae
	Cyperus rotundus
	Nut sedge
	Monocot
	Sedge
	Sedge
	Perennial

	Poaceae 
	Echinochloa colonum
	Jungle rice
	Monocot 
	Grass
	Grass 
	Annual  

	Poaceae
	Digitaria ternate
	Finger-grass
	Monocot 
	Grass
	Grass 
	Perennial 

	Plantaginaceae
	Plantago lanceolata
	Buckhorn plantain
	Dicot 
	Herb 
	Broad leaf
	Perennial

	Asteraceae
	Sonchus asper
	Prickly sowthistle
	Dicot 
	Herb 
	Broad leaf
	Annual

	Amaranthaceae
	Amaranthus graecizans
	Mediterranean amaranth
	Dicot 
	Herb 
	Broad leaf
	Annual 

	Poaceae
	Phalaris paradox
	Awned canary-grass
	Monocot 
	Grass
	Grass 
	Perennial 

	Poaceae
	Digitaria horizontalis
	Crabgrass
	Monocot 
	Grass
	Grass 
	Perennial 

	Poaceae 
	Setaria verticillata
	Hooked bristlegrass
	Monocot
	Grass
	Grass
	Annual

	Poaceae
	Paspalum scrobiculatum
	Crown grass 
	Monocot
	Grass
	Grass
	Perennial 

	Poaceae
	Cenchrus ciliaris
	Buffel grass 
	Monocot 
	Grass
	Grass 
	Annual  

	Oxalidaceae
	Oxalis latifolia
	Woodsorrel
	Dicot 
	Herb 
	Broad leaf
	Annual  

	Asteraceae
	Guizotia scabra
	-
	Dicot 
	Herb 
	Broad leaf
	Perennial

	Fabaceae
	Trifolium rueppellianum
	Rueppell's clover
	Dicot 
	Herb 
	Broad leaf
	Annual  

	Cleomaceae
	Gynandropsis gynandra
	Spiderwisp 
	Dicot 
	Herb 
	Broad leaf
	Annual  

	Polygonaceae
	Oxygonum sinuatum
	Sinuate 
	Dicot 
	Shrub 
	Broad leaf
	Perennial

	Unidentified 
	Unidentified
	Unidentified
	Dicot 
	Herb 
	Broad leaf
	Annual  



Herbicide effects on weed population, general weed control and individual weed control 
Pilot 36% WDG and Musket Power OD 460 had significant (P < 0.001) effects on weed population, general weed control, and particular weed species control (Tables 2, 3, and 4). Pilot 36% WDG had lower weed population counts than Musket Power OD 460 after 30 days of application in all areas. However, the weed population numbers recorded from Musket Power OD 460 30 days after application remain satisfactory under field conditions. The results showed that Chencha had a greater weed population than Bonke and Kamba. Because of the large number of weed species compositions, these variables may have an impact on the efficiency of herbicides during the growing season (Table 2). Overall, the minimum weed population number observed with Pilot 36% WDG has satisfactorily controlled the noxious wheat annual and perennial weeds across all weed categories when compared to Musket Power OD 460 across the locations. Pilot 36% WDG and Musket Power OD 460, on the other hand, provided satisfactory results in terms of general weed and individual weed species control, despite the fact that Pilot 36% WDG achieved higher general weed and individual weed species control across all areas during the trial. Crosswise assessment results showed that both Pilot 36% WDG and Musket Power OD 460 offered outstanding control against general weeds (Table 3) as well as individual weed species (Table 4).Pilot 36% WDG and Musket Power OD 460 gave complete control most of the annual broadleaf weeds within 7 to 10 days after application, and better control were also observed on perennial weeds, within 14 to 28 days after application (Table 4). Among the annual and perennial weeds, Sonchus asper, Amaranthus graecizans, Galinsoga parviflora, Bidens pilosa, Avena fatua, and Brachiaria eruciformis were required a relatively shorter time of two weeks to attain complete control under crosswise assessments (Table 4). Most of perennial weeds were completely controlled between 21 to 28 days after the herbicide application in the three locations. This could be due to the perennial sedge, grass, and broad leaves have an extensive root system where the herbicide requires adequate time for complete translocation throughout the plant system for its deleterious herbicidal action. 
Bonke, Chencha and Kamba differed in weed species composition with various life styles and cycles. Perennial grass was the major weed species at Chencha, but broadleaf weed species were common in Bonke's and Kamba's study areas. Crosswise comparisons revealed that Pilot 36% WDG and Musket Power OD 460 had comparable total weed population reduction, general weed control, and specific weed species control on annual and perennial sedge, grass, and perennial weed species (Tables 2, 3, and 4).This could be explained by Pilot 36% WDG might be prepared with major responsible active ingredients during product formulations, which was competent with the old one, Musket Power OD 460. Overall, no crop phytotoxicity had observed on wheat stands during the study in all locations.
Table 2. Effect of Pilot 36% WDG and Musket Power OD 460 on weed population at 30 days after herbicide application in Bonke, Chencha and Kamba districts, SNNPRs, during the 2021 main cropping season
	Treatments
	Bonke
	Chencha
	Kamba

	
	Weed pop. before application
	Weed population 30 DAA
	Weed pop. before application
	Weed population 30 DAA
	Weed pop. before application
	Weed population 30 DAA

	Pilot 36% WDG
	420
	18
	461
	16
	400
	23

	Musket Power OD 460
	455
	22
	444
	16
	381
	27

	Weedy check
	389
	501
	402
	563
	370
	488


* DAA = Days after application
Table 3. Effect of Pilot 36% WDG and Musket Power OD 460 on general weed control score and percent weed control at 14 and 28 days after herbicide application in Bonke, Chencha and Kamba districts, SNNPRs, during the 2021 main cropping season
	Treatment 
	Bonke
	Chencha
	Kamba 

	Herbicide 
	Days after application
	Score
	% weed control
	Score
	% weed control
	Score
	% weed control

	Pilot 36% WDG
	14
	6
	66.67
	7
	77.78
	8
	88.98

	
	28
	8
	88.89
	8
	88.89
	8
	88.89

	Musket Power OD 460
	14
	6
	66.67
	7
	77.78
	7
	77.78

	
	28
	8
	88.89
	8
	88.89
	8
	88.89

	Weedy check
	14
	0
	0.00
	0
	0.00
	0
	0.00

	
	28
	0
	0.00
	0
	0.00
	0
	0.00
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Table 4. Efficacy of Pilot 36% WDG and Musket Power OD 460 on individual weed species control at 14 and 28 days after herbicide application in Bonke, Chencha and Kamba districts, SNNPRs, during the 2021 main cropping season
	Weed species 
	Bonke
	Chencha

	
	Pilot 36% WDG
	Musket Power OD 460
	Pilot 36% WDG
	Musket Power OD 460

	
	14 days after application
	28 days after application
	14 days after application
	28 days after application
	14 days after application
	28 days after application
	14 days after application
	28 days after application

	
	Score 
	% control
	Score 
	% control
	Score 
	% control
	Score 
	% control
	Score 
	% control
	Score 
	% control
	Score 
	% control
	Score 
	% control

	Plantago major
	5
	55.56
	7
	77.78
	5
	55.56
	7
	77.78
	4
	44.44
	7
	77.78
	7
	77.78
	9
	100

	Plantago lanceolata
	7
	77.78
	8
	88.89
	7
	77.78
	9
	100
	4
	44.44
	9
	100
	6
	66.67
	7
	77.78

	Sonchus asper
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100

	Amaranthus graecizans
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100

	Phalaris paradox
	6
	66.67
	9
	100
	5
	55.56
	8
	88.89
	8
	88.89
	9
	100
	6
	66.67
	8
	88.89

	Oxalis latifolia
	8
	88.89
	9
	100
	8
	88.89
	9
	100
	8
	88.89
	9
	100
	8
	88.89
	9
	100

	Guizotia scabra
	8
	88.89
	9
	100
	9
	100
	9
	100
	6
	66.67
	9
	100
	8
	88.89
	9
	100

	Trifolium rueppellianum
	8
	88.89
	9
	100
	6
	66.67
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100

	Gynandropsis gynandra
	8
	88.89
	9
	100
	7
	77.78
	8
	88.89
	9
	100
	9
	100
	9
	100
	9
	100

	Oxygonum sinuatum
	8
	88.89
	9
	100
	9
	100
	9
	100
	8
	88.89
	9
	100
	7
	77.78
	8
	88.89

	Rumex abyssinica
	7
	77.78
	9
	100
	6
	66.67
	9
	100
	8
	88.89
	8
	88.89
	5
	55.56
	9
	100

	Drymaria cordata
	8
	88.89
	9
	100
	9
	100
	9
	100
	8
	88.89
	9
	100
	9
	100
	9
	100

	Xanthium strumarium
	7
	77.78
	9
	100
	6
	66.67
	8
	88.89
	8
	88.89
	8
	88.89
	5
	55.56
	7
	77.78

	Galinsoga parviflora
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100

	Bidens pilosa
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100

	Avena fatua
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100
	8
	88.89
	9
	100

	Cyperus rotundus
	6
	66.67
	7
	77.78
	5
	55.56
	8
	88.89
	7
	77.78
	8
	88.89
	6
	66.67
	7
	77.78

	Echinochloa colonum
	4
	44.44
	7
	77.78
	5
	55.56
	7
	77.78
	5
	55.56
	6
	66.67
	4
	44.44
	6
	66.67

	Digitaria ternate
	9
	100
	9
	100
	9
	100
	9
	100
	8
	88.89
	9
	100
	8
	88.89
	9
	100

	Digitaria horizontalis
	5
	55.56
	7
	77.78
	6
	66.67
	7
	77.78
	6
	66.67
	7
	77.78
	5
	55.56
	6
	66.67

	Setaria verticillata
	6
	66.67
	8
	88.89
	5
	55.56
	6
	66.67
	6
	66.67
	8
	88.89
	4
	44.44
	6
	66.67

	Paspalum scrobiculatum
	5
	55.56
	6
	66.67
	5
	55.56
	6
	66.67
	4
	44.44
	6
	66.67
	4
	44.44
	7
	77.78

	Cenchrus ciliaris
	6
	66.67
	8
	88.89
	5
	55.56
	7
	77.78
	6
	66.67
	8
	88.89
	7
	77.78
	8
	88.89

	Brachiaria eruciformis
	9
	100
	9
	100
	8
	88.89
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100

	Setaria pumila
	5
	55.56
	8
	88.89
	4
	44.44
	6
	66.67
	6
	66.67
	7
	77.78
	9
	100
	9
	100

	Unidentified
	8
	88.89
	9
	100
	9
	100
	9
	100
	9
	100
	9
	100
	8
	88.89
	9
	100

	Mean 
	7.23
	80.34
	8.42
	93.59
	7.04
	78.21
	8.19
	91.03
	7.35
	81.62
	8.35
	92.74
	7.19
	79.91
	8.23
	91.45






Table 4. Continued…
	Weed species 
	Kamaba 

	
	Pilot 36% WDG
	Musket Power OD 460

	
	14 days after application
	28 days after application
	14 days after application
	28 days after application

	
	Score 
	% control
	Score 
	% control
	Score 
	% control
	Score 
	% control

	Plantago major
	7
	77.78
	8
	88.89
	8
	88.89
	9
	100

	Plantago lanceolata
	7
	77.78
	8
	88.89
	8
	88.89
	9
	100

	Sonchus asper
	9
	100
	9
	100
	8
	88.89
	9
	100

	Amaranthus graecizans
	9
	100
	9
	100
	9
	100
	9
	100

	Phalaris paradox
	7
	77.78
	9
	100
	7
	77.78
	8
	88.89

	Oxalis latifolia
	9
	100
	9
	100
	9
	100
	9
	100

	Guizotia scabra
	9
	100
	9
	100
	9
	100
	9
	100

	Trifolium rueppellianum
	8
	88.89
	9
	100
	7
	77.78
	9
	100

	Gynandropsis gynandra
	8
	88.89
	9
	100
	8
	88.89
	9
	100

	Oxygonum sinuatum
	8
	88.89
	9
	100
	9
	100
	9
	100

	Rumex abyssinica
	6
	66.67
	8
	88.89
	7
	77.78
	8
	88.89

	Drymaria cordata
	7
	77.78
	9
	100
	7
	77.78
	8
	88.89

	Xanthium strumarium
	7
	77.78
	9
	100
	6
	66.67
	8
	88.89

	Galinsoga parviflora
	9
	100
	9
	100
	9
	100
	9
	100

	Bidens pilosa
	9
	100
	9
	100
	9
	100
	9
	100

	Avena fatua
	9
	100
	9
	100
	7
	77.78
	9
	100

	Cyperus rotundus
	4
	44.44
	7
	77.78
	5
	55.56
	7
	77.78

	Echinochloa colonum
	5
	55.56
	7
	77.78
	5
	55.56
	7
	77.78

	Digitaria ternate
	8
	88.89
	9
	100
	8
	88.89
	9
	100

	Digitaria horizontalis
	5
	55.56
	7
	77.78
	6
	66.67
	7
	77.78

	Setaria verticillata
	7
	77.78
	8
	88.89
	6
	66.67
	6
	66.67

	Paspalum scrobiculatum
	5
	55.56
	7
	77.78
	4
	44.44
	7
	77.78

	Cenchrus ciliaris
	5
	55.56
	9
	100
	4
	44.44
	9
	100

	Brachiaria eruciformis
	8
	88.89
	9
	100
	8
	88.89
	9
	100

	Setaria pumila
	6
	66.67
	8
	88.89
	6
	66.67
	7
	77.78

	Unidentified
	8
	88.89
	9
	100
	9
	100
	9
	100

	Mean 
	7.27
	80.77
	8.5
	94.44
	7.23
	80.34
	8.35
	92.74



Herbicide effect on weed dry biomass weight, weed control efficiency and grain yield 
Pilot 36% WDG with Musket Power OD 460 had substantial (p < 0.0001) effects on wheat dry biomass weight, weed control efficacy, and grain yield across three locations. Table 5 shows the results of the analysis of variance for weed dry biomass weight, control efficiency, and grain yield across locations. Pilot 36% WDG dramatically reduced weed dry biomass weight when compared to Musket Power OD 460 and weedy control at Chencha, followed by Kamba and Bonke. However, statistically similar results for Pilot 36% WDG and Musket Power OD 460 were observed on weed dry biomass weight across the locations. Likewise, Pilot 36% WDG and Musket Power OD 460 caused a significant reduction in weed infestation and showed efficient control as compared to the weedy check (Table 5). Maximum weed control efficiency was recorded from Pilot 36% WDG sprayed plots as compared to the weedy check in the three locations. However, the value obtained from Pilot 36% WDG was no statistically different from Musket Power OD 460 on weed control efficiency at Chencha and Kamba, while significantly different result was observed between the two herbicides at Bonke (Table 5). The two herbicides significantly reduced dry biomass and increased weed control efficiency and suggesting the Pilot 36% WDG as it is highly effective against weed species of all life forms and cycles in wheat field in the three locations. 
Furthermore, grain yield was significantly affected by the use of Pilot 36% WDG and Musket Power OD 460 application in all locations (Table 5). Maximum grain yield was noticed on Pilot 36% WDG sprayed plots while minimum grain yield was recorded from the unsprayed control plots. However, the grain yield recorded from Musket Power OD 460 sprayed plots was statistically similar with Pilot 36% WDG under crosswise assessments (Table 5). Based on evidences obtained from this investigations, it is possible to conclude that Pilot 36% WDG played an important role in increasing grain yield, which could be ascribed by the favorable effects of Pilot 36% WDG on weed population suppression and increasing grain yield of wheat. 
Table 5. Efficacy of Pilot 36% WDG and Musket Power OD 460 on dry biomass weight, control efficiency on weed management and grain yield of wheat in Bonke, Chencha and Kamba districts, SNNPRs, during the 2021 main cropping season 
	Treatment
	Bonke
	Chencha
	Kamba 

	
	DBW 
(Kg m-2)
	WCE (%)
	GY (kg/ha)
	DBW 
(Kg m-2)
	WCE (%)
	GY (kg/ha)
	DBW 
(Kg m-2)
	WCE (%)
	GY (kg/ha

	Pilot 36% WDG
	0.22b
	81.26a
	5230.03a
	0.16b
	82.65a
	2677.89a
	0.12b
	86.72a
	5230.03a

	Musket Power OD 460
	0.28b
	75.61b
	4899.53a
	0.16b
	81.92a
	2586.99a
	0.14b
	84.90a
	4899.53a

	Weedy check
	1.17a
	0.00c
	1470.95b
	0.90a
	0.00b
	684.78b
	1.05a
	0.00b
	1988.54b

	Mean 
	0.56
	52.29
	3866.84
	0.41
	54.86
	1983.22
	0.43
	57.21
	4039.37

	P-value 
	< 0.0001
	< 0.0001
	0.0001
	< 0.0001
	< 0.0001
	0.0001
	< 0.0001
	< 0.001
	0.0001

	LSD (5%)
	0.05
	3.68
	1041.19
	0.07
	7.40
	1202.78
	0.08
	1.68
	1041.19

	CV (%)
	5.87
	7.48
	16.06
	8.32
	7.37
	31.51
	4.01
	8.44
	21.74


Means followed by the same letters within each column are not significantly different. DBW = Dry biomass weight in kg m-1; WCE = Weed control efficiency in %; GY = grain yield measured in kg/ha; CV = Coefficient of variation (%); and LSD = Least significant difference at p < 0.05 probability level.
Weed flora shift
Weed flora shift was evaluated 60 days after Pilot 36% WDG and Musket Power OD 460 applications. Table 6 shows how the effects of Pilot 36% WDG and Musket Power OD 460 on weed flora shift 60 days after treatment varied by location. The results showed that after 30 days of application of Pilot 36% WDG and Musket Power OD 460, the study plots were radically transformed into bare land, with nil or few weeds observed in the three locations. After 60 days of Pilot 36% WDG and Musket Power OD 460 application, the perennial weed species in the plots were controlled, and the flora was altered to annual weed species, which now dominate the plots. This situation was notably noticeable on the Pilot 36% WDG sprayed plots. Pilot 36% WDG sprayed plots still bare land was observed. But some annual weed species with minimum weed population number are observed on the plots sprayed with Musket Power OD 460. The dominate successor weed species were Xanthium strumarium, Galinsoga parviflora, Bidens pilosa, Avena fatua, Sonchus asper, Amaranthus graecizans, Trifolium rueppellianum, and Unidentified weed species. Akobundu (1987) and Ayeni (1991) reported that these successor weed species are abundant in the seed bank by the time the dense weed cover is removed and once the dense weed cover removed they get sum light reach to the ground and this may favorable the germination and growth of these weeds. Once these weeds emerge and grow up, the weed species can be controlled easily by other cultural methods or using low rates of contact or systemic herbicides. The advantage of flora change into soft annual weeds can be seen in terms of the time taken for weeding and these soft annual broad leaf weeds require less time for weeding. 


Table 6. Mean effects of Pilot 36% WDG and Musket Power OD 460 on weed shift 60 days after herbicide application across the locations in SNNPRs
	Treatments 
	Weed cover (%)
	Remark 

	 Pilot 36% WDG
	Before herbicide application
	Annual 
	80.77
	All weed species types, siege, grass and broad leaf

	
	
	Perennial 
	19.23
	

	
	After 60 days herbicide application
	Annual 
	1.88
	

	
	
	Perennial 
	0.0
	

	Musket Power OD 460
	Before herbicide application
	Annual 
	70.01
	All weed species types, siege, grass and broad leaf

	
	
	Perennial 
	29.99
	

	
	After 60 days herbicide application
	Annual 
	13.64
	Annual broad leaf

	
	
	Perennial 
	2.50
	

	Weedy check
	Before herbicide application
	Annual 
	73.12
	All weed species types, siege, grass and broad leaf

	
	
	Perennial 
	26.88
	

	
	After 60 days herbicide application
	Annual 
	60.36
	

	
	
	Perennial 
	39.64
	



Conclusions
The results of this verification trial showed that the usage of herbicides had a significant impact on the assessed weed evaluation criteria across all locations. In all three locations, piloting 36% WDG at a rate of 240 g/ha with 160 L provided outstanding control of annual and perennial sedge, grass, and broadleaf wheat weeds. In terms of overall weed control across the areas, the conventional check (Musket Power OD 460) and the novel herbicide (Pilot 36% WDG) differed significantly. Results obtained from the studied parameters were consistent across the location that is the performance of the two herbicides is similar and did not affect by locations. Most annual and biennial broad leaves were controlled within 7 to 10 days after herbicide application, while the perennial weeds were completely controlled between 21 and 28 days after herbicide application. Xanthium strumarium, Galinsoga parviflora, Bidens pilosa, Avena fatua, Sonchus asper, Amaranthus graecizans, Trifolium rueppellianum, and unidentified weed species are the dominant successor weed species in wheat fields. Generally, results showed that the newly tested herbicide, Pilot 36% WDG at the rate of 240 g/ha with 160 L water is highly effective against most sedge, grass, and broadleaf weeds of wheat. Therefore, Pilot 36% WDG at the rate of 240 g/ha with 160 L water was found highly effective and therefore it is recommended for registration for the control of sedge, grass, and broadleaf weeds in wheat production. 
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