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Abstract 
Maize (Zea mays L.) is a major food crop and serves as a staple food for human consumption, a cash crop for currency, feed for livestock, and as raw material for many industrial uses in Africa and Ethiopia as well, and is the most important grain covering wider acres than other grains in sub-Saharan Africa. However, despite its nutritional and economic values, most maize growers still obtain very low yields due to a combination of biotic and abiotic constraints. The study aimed to evaluate the efficacy of the herbicide Dalak 347 EC relative to other promising standard herbicides, Calistone 55 SC, for the control of annual, biennial, and perennial weed species in maize. The study was conducted at Arba Minch and Mihirab Abaya in SNNPRs in 2021 to evaluate the efficacy of the herbicide Dalak 347 EC relative to other promising standard herbicides, Calistone 55 SC, for the control of annual, biennial, and perennial weed species in maize. In this study, three treatments were comprised and arranged in a randomised complete block design with three replications. The herbicide Dalak 347 EC showed a conspicuously lower mean number of weed population (13.33) compared with Calistone 55 SC after 30 days of application in the two locations. Dalak 347 EC’s sprayed plots demonstrated satisfactory measures on mean general weed control (88.89%) and individual weed species control (95.33%) compared with Calistone 55 SC after 28 days of application in both locations. The highest mean weed control efficiency (94.34%), lowest mean dry biomass weight (0.15 kg m-2), and comparatively maximum mean grain yield (2658.11 kg ha-1) were noted from Dalak 347 EC sprayed plots compared with others in both locations. Furthermore, weed flora shift valuation signposted that after 70 days, once the perennial weeds were controlled, the flora on Dalak 347 EC-sprayed plots had transformed into annual weed species. Overall, the evidence obtained from Dalak 347 EC was encountered as highly effective, and therefore, it is recommended for registration for the control of sedge, grass, and broadleaf weeds in maize production. These findings provide a promising herbicide option to improve maize productivity and manage weeds in Southern Ethiopia. 
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Introduction
Maize (Zea mays L.) “is one of the most important and widely grown cereal crops in the world after wheat and rice, and consumed crop in the world” (FAOSTAT, 2017). “The crop is a major food crop and served as a staple food for human consumption, a cash crop for currency, feed for livestock, and as raw material for many industrial uses in Africa and Ethiopia as well, and the most important grain covering wider acres than other grains in sub-Saharan Africa” (Smale et al., 2011; Hay, 2015; Central statistics agency, 2017). However, despite its nutritional and economic values, most maize growers still obtain very low yields due to a combination of biotic and abiotic constraints. In this regard, the national average productivity is only 3.43 t ha-1, which is far below the world's average yield (5.6 t ha-1) (CSA, 2015; FAOSTAT, 2015). “Low maize yield is attributed to a combination of quite a lot of constraints. The major constraints of maize production in Ethiopia include both biotic (weeds, plant pathogens, insect pests, rodents, wild animals) and abiotic factors (drought, hailstorm, flood, nutrient deficiency, soil type, topographic features)” (Ransom et al., 1993; MoANR). “Amongst the biotic stress, weeds cause significant effects on the yield of maize and play the greatest role in the production systems” (MoANR and EATA, 2018). The lessening in crop yields has a direct relationship with weed competition. Parker and Freyer (1975) and Froud-Williams (2002) “also reported that on a global basis, weeds are considered responsible for 5% in commercial, 10% in semi-commercial, and 20 % in subsistence agriculture in the reduction of crop yields. Maize yield loss due to weed interference was estimated to be 40% of the total production in Ethiopia” (Starkey and Simalenga, 2000; MoANR and EATA, 2018). To realise the yield potential of corn, weed management becomes indispensable. Moreover, “there is a problem if not carefully managed in time, could lead to catastrophic results, which could threaten global food security and the livelihoods of billions of people across the globe. This problem is the increasing resistance of weeds to herbicides used in weed management strategies. The ‘Green Revolution’ has become too expensive for biodiversity and is actually putting food production at risk, threatening the very existence mankind has tried to protect for all these years” (Ofosu et al., 2023). 
To reduce maize-weed competition in the study areas, the majority of farmers heavily depend on manual slashing and digging out of the weeds, which may encourage the multiplication and spread of potential stoloniferous and rhizomatous noxious weeds. Under such conditions, the use of systemic herbicides for controlling deep-seated rhizomes, bulbs, and tubers of the perennial weeds is critical.  “The most effective and extensively used method of weed management is manual weeding, although it is labour-intensive. Timely weeding is most important to minimise yield losses, and therefore, under such circumstances, the only effective tool is left to control weeds through the use of chemicals” (Sairam et al., 2023). When noxious perennial weeds are constituted in the fields, it would be difficult to manage them by a cultural method, except for the application of selective systemic herbicides. It is time-consuming to finish the whole field within a given time. Therefore, to expand the availability of post-emergence herbicides in the country and to broaden the options to the farming communities, the new herbicides or different formulations of the existing herbicides with the same active ingredient may continue to be introduced by the pesticide companies. To this, the efficacy of these herbicides on the main weed species of the intended crop should be regularly tested and verified before introducing them to the production systems. “Evidence suggests that post-emergence application of Sulfosulfuron 75% WG @ 25 g a.i./ha + Metsulfuron 5% WG @ 2 g a.i./ha (Sulf + Met) emerged as an improved chemical weed management technology against the mixed weed flora of wheat in the North-western Himalayas” (Choudhary et al., 2021). Based on the aforesaid background, Arba Minch Agricultural Research Centre has been designated by the Ministry of Agriculture through Southern Agricultural Research Institute to test the efficacy of the new herbicide, Dalak 347 EC, against maize weeds during the 2021 main cropping season. Therefore, the objective of the verification trial was to evaluate the efficacy of the herbicide Dalak 347 EC relative to other promising standard herbicides, Calistone 55 SC, for the control of annual, biennial, and perennial weed species in maize for registration purposes. 
Material and Methods
The study sites
Verification was implemented at Arba Minch (Chano mile sub-station and Chano Dorga kebele) and Mihirab Abaya (Fura kebele) districts in SNNPRs during the 2021 main cropping season. The sites are characterised by a bimodal rainfall pattern in the region where the short rainy season falls in March and April, and the main rainy season (August and November). Arba Minch and Mihirab Abaya districts received a total annual rainfall and average temperatures during the 2021 main cropping season were 770 mm and 27.34 °C, and 680 mm and 29.11 °C, respectively. 
Treatments, design of experiment, and trial management
Herbicides include Dalak 347 EC at the rate of 1 L/ha with 160 L water (Candidate herbicide) and Calistone 55 SC at the rate of 1 L/ha with 200 L water (Standard check). The study was carried out on well-prepared seedbeds established for maize growth in the three locations.  The total width and length of the layout were contrived with 35 x 33 m with a unit plot size of 10 x 10 m, respectively. Plots were spaced from 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 study was laid out in a randomised complete block design with three replications. Totally three treatments, including a candidate, standard check, and control, were conducted during the study. For both herbicides, the use of herbicide rate per hectare and amount of water for dilution was performed as suggested by the manufacturer’s recommendations. Spraying was performed 35 (Arba Minch) 40 (Mihirab Abaya) days after sowing using a manual knapsack sprayer calibrated to deliver 500 - 700 L of water ha-1. Only a one-time application was practised per location. Nutrient management and regular monitoring were performed to all plots as per the recommendations suggested by MoANR and EATA (2018) for the three locations.
Weed parameters assessment
Each plot was subjected to weed species recorded both before and after herbicide application to determine the weed population starting from 14 days after herbicide application. Recording and identification of weed species were achieved 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: sedge, grass, and broad leaves. Weed species identification had been made following a weed identification book illustrated and organised by Stroud and Parker (1989), and the 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 from 1 m x 1 m quadrats within the plots; the two 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 35 and 70 days after herbicide application, respectively. The effect of herbicides on weed population was also determined from a 1 m x 1 m quadrat at three places within the plots, and counting actively growing weeds within the quadrat. Similarly, herbicidal effects on weed flora were determined by placing a 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 a percentage to determine weed species cover on the plots.
Weed dry biomass was determined 30 days after herbicide application, taking from a 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 scores 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). 

Moreover, maize grain yield was determined from each plot. Grain yield for each treatment was recorded from the central rows of each plot by avoiding the border rows to prevent their effects and then converted to yield in terms of kg ha-1. The moisture content of 12% 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. Data were summarised using the procedures as suggested by Akobundu (1987) and Das (2008). On the other hand, weed dry biomass, weed control efficiency, and grain yield data were subjected to analysis of variance to determine the treatment effects. Fishers protected least significance difference (LSD) test at 5% probability level was used to determine to mean separation of the treatments considered (Gomez and Gomez, 1984). Data analyses were achieved using the general linear model procedure of the SAS software version 9.2 (SAS, 2009). 
Results and Discussions
3.1. Weed species 
Table 1 exhibited the topmost common weed species identified and taxonomically characterised during the study period. A total of 30 weed species were identified, including unidentified species. Among these species, about 19 were annuals and 10 were perennial types. Unidentified weed species are composed of both broadleaf and grasses with different life cycles (annual and perennial types). The weed species are comprised of herbs with 16, grasses with five, siege two, and shrubs two. Asteraceae with eight species, and followed by Poaceae, with seven species, were the dominant weed species families in the study. Commonly occurring weed species include Xanthium strumarium, Galinsoga parviflora, Bidens pilosa, Euphorbia heterophylla, Digitaria ternata, Cynodon nlemfuensis, Cyperus rotundus, Parthenium hysterophorus, Brachiaria eruciformis, Guizotia scabra, Amaranthus graecizans, Acalypha crenata, and Dinerba retroflexa repeatedly occurred weed flora in all study locations. However, Cyperus rotundus, Digitaria ternata, Brachiaria eruciformis, Xanthium strumarium, Galinsoga parviflora, and Bidens pilosa were the most abundant and commonly occurring weed species among the other weed species in the three locations. These weed species are among the foremost social, environmental, and economic threats to maize growers in the study areas. Most of the weed species identified in the present study were in line with Starkey and Simalenga (2000) and Froud-Williams (2002) who reported that the weed species were composed of a wide range of annual, biennial, and perennial with comprised of broad-leaved, grasses and sedges weeds and major crop production bottlenecks for the farming communities in field crop production. 
Table 1. The topmost common weed species identified and their taxonomical characteristics in a maize field in Arba Minch and Mihirab Abaya districts, southern Ethiopia, during the 2021 main cropping season 
	Family name
	Scientific name
	Common name
	Classification 
	Life form
	Category 
	Life cycle

	Asteraceae
	Xanthium strumarium
	Cocklebur 
	Dicot
	Herb 
	Broadleaf
	Annual  

	Asteraceae
	Galinsoga parviflora
	Gallant soldier
	Dicot 
	Herb 
	Broadleaf
	Annual 

	Asteraceae
	Bidens pilosa
	Black jack
	Dicot 
	Herb 
	Broadleaf
	Annual

	Poaceae
	Cynodon nlemfuensis
	Runner grass
	Monocot
	Grass 
	Grass  
	Perennial 

	Cyperaceae
	Cyperus rotundus
	Nut sedge
	Monocot
	Siege
	Sedge
	Perennial

	Cyperaceae
	Cyperus esculentus
	Yellow Nut-grass
	Monocot
	Siege
	Siege 
	Perennial 

	Amaranthaceae
	Amaranthus graecizans
	Mediterranean amaranth
	Dicot 
	Herb 
	Broadleaf
	Annual 

	Amaranthaceae
	Alternanthera pungens 
	Thorn-Thorn
	Dicot 	
	Herb 
	Broadleaf
	Perennial 

	Commelinaceae 
	Commelina benghalensis
	Wandering Jew
	Dicot
	Herb 
	Broadleaf
	Perennial

	Commelinaceae
	Commelina latifolia
	Asiatic dayflower
	Dicot
	Herb 
	Broadleaf
	Perennial

	Euphorbiaceae
	Acalypha crenata
	Copperleaf 
	Dicot 
	Shrub
	Broadleaf
	Annual 

	Euphorbiaceae
	Euphorbia heterophylla
	Milk weed
	Dicot
	Herb
	Broadleaf
	Annual 

	Euphorbiaceae
	Euphorbia hirta
	Hairy Spurge
	Dicot
	Herb 
	Broadleaf
	Annual  

	Poaceae 
	Eragrostis cilianensis
	Stink grass
	Monocot 
	Grass
	Grass 
	Annual  

	Poaceae
	Digitaria ternate
	Finger-grass
	Monocot 
	Grass
	Grass 
	Perennial 

	Poaceae
	Digitaria abyssinica
	Blue couch grass
	Monocot 
	Grass
	Grass 
	Annual  

	Poaceae 
	Rottboellia cochinchinensis
	Itch grass 
	Monocot
	Siege
	Grass
	Annual

	Poaceae
	Echinochloa colonum
	Grass 
	Monocot 
	Grass
	Grass 
	Annual  

	Poaceae
	Brachiaria eruciformis
	Signal grass 
	Monocot 
	Herb 
	Broadleaf
	Annual 

	Asteraceae
	Ageratum conyzoides 
	Goatweed
	Dicot 
	Herb
	Annual 
	Annual 

	Asteraceae
	Tagetes minuta
	Khaki-weed
	Dicot 
	Herb 
	Broadleaf
	Annual 

	Asteraceae
	Launaea cornuta
	Wild lettuce
	Dicot 
	Herb 
	Broadleaf
	Annual 

	Asteraceae
	Parthenium hysterophorus
	Parthenium
	Dicot 
	Herb 
	Broadleaf
	Annual  

	Asteraceae
	Tagetes minuta
	African marigold
	Dicot 
	Herb
	Broadleaf
	Perennial

	Tiliaceae
	Corchorus olitorius
	Jew's mallow
	Dicot 
	Shrub 
	Broadleaf
	Annual 

	Portulacaceae 
	Portulaca oleracea
	Common purslane
	Dicot 
	Herb 
	Broadleaf
	Annual 

	Lamiaceae
	Ocimum sanctum
	Holy basil
	Dicot 
	Herb 
	Broadleaf
	Perennial 

	Solanaceae
	Datura stramonium
	Jimson weed 
	Dicot 
	Herb 
	Broadleaf
	Annual 

	Zygophyllaceae 
	Tribulus terrestris
	Puncture vine
	Dicot
	Herb 
	Broadleaf
	Annual 

	Unidentified 
	Unidentified
	Unidentified
	Dicot / Monocot
	All types
	All types
	-



Efficacy of Dalak 347 EC on weed population 
The results obtained from the efficacy of the two herbicides, Dalak 347 EC and Calistone 55 SC, on weed population dynamics are portrayed in Table 2. Among the three locations, the lower number of weed population was recorded from Dalak 347 EC-sprayed plots as compared to Calistone 55 SC and unsprayed control plots on 30 days after application at Chano Mile and Fura kebeles. But, the same number of weed populations are recorded from Dalak 347 EC and Calistone 55 SC on 30 days after application at Chano Dorga. However, the number of weed population recorded from Calistone 55 SC on 30 days after the application is still acceptable under field conditions in the three locations. Comparing the three locations, a relatively higher number of weed populations/densities were observed at Chano Mile (sub-station) than at the remaining locations. This spectacle might upset the efficacy of the herbicides during the growing period. The lower weed population number recorded from Dalak 347 EC satisfactorily controlled the noxious annual and perennial weeds under all weed categories as compared to Calistone 55 SC (Table 2). 
Table 2. Effect of Dalak 347 EC and Calistone 55 SC on weed population at 30 days after herbicide application in Arba Minch (Chano Mile and Chano Dorga) and Mihirab Abaya (Fura), SNNPRs, during the 2021 main cropping season
	Treatments
	Chano Mile (sub-station)
	Chano Dorga
	Fura

	
	Weed pop. before application
	Weed population 35 DAA
	Weed pop. before application
	Weed population 35 DAA
	Weed pop. before application
	Weed population 35 DAA

	Dalak 347 EC  
	386
	21
	270
	8
	285
	11

	Calistone 55 SC
	353
	26
	241
	8
	251
	15

	Weedy check
	370
	414
	223
	293
	240
	391



Efficacy of Dalak 347 EC on general weed control and individual weed control 
The efficacy of Dalak 347 EC and Calistone 55 SC on general weed and individual weed species control is shown in Tables 3 and 4, respectively. Observations made on the sprayed plots indicated that the two herbicides first showed bleaching of the weed species (especially sieges and grasses) and then killed during the growing period in the three study locations. In this regard, direct killing was observed on all broadleaves and some grasses (Digitaria ternata and Digitaria abyssinica) species during the growing period across the locations. In both 14 and 28 days after application, results showed that Dalak 347 EC and Calistone 55 SC gave acceptable results on general weed control, especially at Chano Dogrga and Fura kebeles. A 100% general weed control was observed on plots sprayed with Dalak 347 EC on 28 days after application at Chano Dogrga and Fura kebeles. Similar results on plots sprayed with Calistone 55 SC were observed on 28 days after application at Chano Dorga kebele. Comparatively lower results recorded from the two herbicides might be the high abundance/dominancy/density of weeds in the study plots at Chano Mile during the growing period (Table 3). Overall, the result showed that the new herbicide, Dalak 347 EC, gave excellent control against the perennial sedge, grass, and broadleaf weeds. 
Table 3. Effect of Dalak 347 EC on general weed control score and per cent weed control at 14 and 28 days after herbicide application in Arba Minch (Chano Mile and Chano Dorga) and Mihirab Abaya (Fura), SNNPRs, during the 2021 main cropping season
	Treatment 
	Chano Mile (sub-station)
	Chano Dorga
	Fura

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

	Dalak 347 EC
	14
	6
	66.67
	8
	88.89
	7
	77.78

	
	28
	7
	77.78
	9
	100
	8
	88.89

	Calistone 55 SC
	14
	6
	66.67
	7
	77.78
	7
	77.78

	
	28
	7
	77.78
	9
	100
	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



On the other hand, individual weed species control is significantly affected by both Dalak 347 EC and Calistone 55 SC and provides excellent control for all annual and perennial sedge, grass, and broadleaf weeds in the three locations (Table 4). Both Dalak 347 EC and Calistone 55 SC provide complete control of most of the annual broadleaf and some grasses (Digitaria abyssinica) weeds within 7 to 10 days after application in the three locations. In addition, better individual weed control was observed on some perennial weeds within 14 to 28 days after application in the three locations. In this regard, the highest (100% on 28 days after application at Chano Dorga kebeles) individual weed species control might result from the lowest dominancy and abundance of weed species and sparsely populated in the investigational plots, which helped the high suppressions of the sprayed herbicides in the three locations. The reverse, comparatively lower individual weed species control, was true for Chano Mile in the investigational plots. Among the annual and perennial weeds, only Digitaria ternata and Tagetes minuta required a relatively shorter time of two weeks to attain complete control in all locations. The perennial weeds were completely controlled between 21 to 35 days after the herbicide application in the three locations. This could be due to the perennial sedge, grass, and broadleaves having an extensive root system, where the herbicide requires adequate time for complete translocation throughout the plant system for its deleterious herbicidal action. 
Chano Mile, Chano Dorga, and Fura kebeles are diverse in weed species composition with various life forms and cycles. At Chano Mile, the dominant and abundant weed species were annual and perennial grasses, whereas the broadleaf weed species were characteristic features of Chano Dorga and Fura kebeles. Overall, Dalak 347 EC showed that the overall reduction of weed population, general weed control, and individual weed species control on an annual and perennial sedge, grass, and perennial weed species was higher than Calistone 55 SC (Table 2, 3 and 4). This could be explained by Dalak 347 EC, which might be prepared with major responsible active ingredients than the old one, Calistone 55 SC, during product formulations. Overall, no crop phytotoxicity was observed on maize stands during the study in all locations.
Table 4. Effect of Dalak 347 EC on individual weed species control at 14 and 28 days after herbicide application in Arba Minch (Chano Mile and Chano Dorga) and Mihirab Abaya (Fura), SNNPRs, during the 2021 main cropping season
	Weed species 
	Chano Mile

	
	Dalak 347 EC
	Calistone 55 SC

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

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

	Xanthium strumarium
	5
	55.56
	9
	100.00
	6
	66.67
	9
	100.00

	Galinsoga parviflora
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00

	Bidens pilosa
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00

	Cynodon nlemfuensis
	4
	44.44
	6
	66.67
	4
	44.44
	5
	55.56

	Cyperus rotundus
	4
	44.44
	6
	66.67
	4
	44.44
	5
	55.56

	Cyperus esculentus
	4
	44.44
	6
	66.67
	4
	44.44
	5
	55.56

	Amaranthus graecizans
	7
	77.78
	9
	100.00
	6
	66.67
	6
	66.67

	Alternanthera pungens 
	7
	77.78
	9
	100.00
	6
	66.67
	7
	77.78

	Commelina benghalensis
	9
	100.00
	9
	100.00
	7
	77.78
	9
	100.00

	Commelina latifolia
	9
	100.00
	9
	100.00
	7
	77.78
	9
	100.00

	Acalypha crenata
	7
	77.78
	9
	100.00
	6
	66.67
	8
	88.89

	Euphorbia heterophylla
	7
	77.78
	9
	100.00
	7
	77.78
	8
	88.89

	Euphorbia hirta
	7
	77.78
	9
	100.00
	7
	77.78
	8
	88.89

	Eragrostis cilianensis
	5
	55.56
	7
	77.78
	4
	44.44
	6
	66.67

	Digitaria ternate
	7
	77.78
	9
	100.00
	7
	77.78
	9
	100.00

	Digitaria abyssinica
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00

	Rottboellia cochinchinensis
	4
	44.44
	6
	66.67
	4
	44.44
	5
	55.56

	Echinochloa colonum
	4
	44.44
	6
	66.67
	4
	44.44
	5
	55.56

	Brachiaria eruciformis
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00

	Ageratum conyzoides 
	6
	66.67
	9
	100.00
	5
	55.56
	9
	100.00

	Tagetes minuta
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00

	Launaea cornuta
	8
	88.89
	9
	100.00
	9
	100.00
	9
	100.00

	Portulaca oleracea
	8
	88.89
	9
	100.00
	9
	100.00
	9
	100.00

	Mean 
	6.83
	75.85
	8.26
	91.79
	6.57
	72.95
	7.65
	85.02
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Table 4. Continued…
	Weed species 
	Chano Dorga
	Fura

	
	Dalak 347 EC
	Calistone 55 SC
	Dalak 347 EC
	Calistone 55 SC

	
	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

	Xanthium strumarium
	7
	77.78
	9
	100.00
	6
	66.67
	9
	100.00
	6
	66.67
	9
	100.00
	6
	66.67
	9
	100.00

	Galinsoga parviflora
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00

	Bidens pilosa
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00

	Cynodon nlemfuensis
	6
	66.67
	9
	100.00
	5
	55.56
	9
	100.00
	5
	55.56
	6
	66.67
	5
	55.56
	6
	66.67

	Cyperus rotundus
	6
	66.67
	9
	100.00
	5
	55.56
	9
	100.00
	5
	55.56
	7
	77.78
	5
	55.56
	6
	66.67

	Cyperus esculentus
	6
	66.67
	9
	100.00
	6
	66.67
	9
	100.00
	6
	66.67
	7
	77.78
	5
	55.56
	6
	66.67

	Amaranthus graecizans
	8
	88.89
	9
	100.00
	8
	88.89
	9
	100.00
	7
	77.78
	9
	100.00
	7
	77.78
	9
	100.00

	Alternanthera pungens 
	8
	88.89
	9
	100.00
	8
	88.89
	9
	100.00
	8
	88.89
	9
	100.00
	8
	88.89
	9
	100.00

	Commelina benghalensis
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00

	Commelina latifolia
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00

	Acalypha crenata
	7
	77.78
	9
	100.00
	7
	77.78
	9
	100.00
	6
	66.67
	9
	100.00
	6
	66.67
	9
	100.00

	Euphorbia heterophylla
	7
	77.78
	9
	100.00
	7
	77.78
	9
	100.00
	7
	77.78
	9
	100.00
	6
	66.67
	9
	100.00

	Euphorbia hirta
	7
	77.78
	9
	100.00
	7
	77.78
	9
	100.00
	7
	77.78
	9
	100.00
	6
	66.67
	9
	100.00

	Eragrostis cilianensis
	7
	77.78
	9
	100.00
	7
	77.78
	9
	100.00
	6
	66.67
	7
	77.78
	6
	66.67
	7
	77.78

	Digitaria ternate
	7
	77.78
	9
	100.00
	7
	77.78
	9
	100.00
	7
	77.78
	9
	100.00
	6
	66.67
	9
	100.00

	Digitaria abyssinica
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00

	Rottboellia cochinchinensis
	6
	66.67
	9
	100.00
	7
	77.78
	9
	100.00
	6
	66.67
	7
	77.78
	6
	66.67
	7
	77.78

	Echinochloa colonum
	6
	66.67
	9
	100.00
	5
	55.56
	9
	100.00
	7
	77.78
	8
	88.89
	6
	66.67
	7
	77.78

	Brachiaria eruciformis
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00

	Ageratum conyzoides 
	8
	88.89
	9
	100.00
	8
	88.89
	9
	100.00
	7
	77.78
	9
	100.00
	8
	88.89
	9
	100.00

	Tagetes minuta
	9
	100.00
	9
	100.00
	7
	77.78
	9
	100.00
	7
	77.78
	9
	100.00
	7
	77.78
	9
	100.00

	Launaea cornuta
	8
	88.89
	9
	100.00
	8
	88.89
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00
	9
	100.00

	Portulaca oleracea
	8
	88.89
	9
	100.00
	8
	88.89
	9
	100.00
	8
	88.89
	9
	100.00
	8
	88.89
	9
	100.00

	Mean 
	7.61
	84.54
	9.00
	100.00
	7.39
	82.13
	9.00
	100.00
	7.30
	81.16
	8.48
	94.20
	7.13
	79.23
	8.35
	92.75



Efficacy of Dalak 347 EC on weed dry biomass weight, control efficiency, and grain yield 
Significant (P < 0.01) variation between sprayed and unsprayed plots for dry biomass weight, weed control efficiency, and grain yield was observed due to Dalak 347 EC and Calistone 55 SC application across the locations (Table 5). At Chano Mile, the lowest dry biomass weight of weed was recorded from plots sprayed with Dalak 347 EC than Calistone 55 SC and unsprayed control plots. However, the dry biomass weight of weed recorded from Dalak 347 EC and Calistone 55 SC applications was not statistically different from each other, even if the two herbicides showed the lowest dry biomass weight of weed at Chano Dorga and Fura kebeles. Overall results showed that the tested herbicides (Dalak 347 EC and Calistone 55 SC) significantly reduced the weed dry biomass weight as compared to the weedy check across the locations (Table 5). Likewise, the highest weed control efficiency was recorded from Dalak 347 EC-sprayed plots as compared to the weedy check in the three locations. However, the weed control efficiency observed on Dalak 347 EC was not statistically different from Calistone 55 SC in the three locations (Table 5). 
The crosswise assessment showed that Dalak 347 EC significantly reduced dry biomass and increased weed control efficiency and suggesting it is highly effective against annual and perennial weed species of all life forms and cycles in the maize field. On the other hand, the grain yield of maize was considerably affected by the use of Dalak 347 EC and Calistone 55 SC application in all locations (Table 5). The highest grain yield was recorded from Dalak 347 EC-sprayed plots, while the lowest grain yield was noticed from the unsprayed control plots in all locations. However, the grain yield noted from Calistone 55 SC sprayed plots was statistically similar to plots sprayed with Dalak 347 EC in the three locations (Table 5). The pieces of evidence obtained from this study displayed, it is possible to understand that Dalak 347 EC played an important role in increasing maize grain yield, which could be ascribed to the favourable effects of Dalak 347 EC on weed population suppression and increasing grain yield of maize. 
Table 5. Efficacy of Dalak 347 EC and Calistone 55 SC on dry biomass weight, control efficiency and grain yield of maize in Arba Minch (Chano Mile and Chano Dorga) and Mihirab Abaya (Fura), SNNPRs, during the 2021 main cropping season
	Treatment
	Chano Mile
	Chano Dorga
	Fura

	
	DBW (Kg/m2)
	WCE (%)
	GY (kg/ha)
	DBW (Kg m-2)
	WCE (%)
	GY (kg/ha
	DBW (Kg m-2)
	WCE (%)
	GY (kg/ha

	Dalak 347 EC  
	0.28c
	91.95a
	3111.56a
	0.07b
	95.57a
	2316.60a
	0.11b
	95.49a
	2546.18a

	Calistone 55 SC
	0.37b
	89.37a
	2844.91a
	0.07b
	95.57a
	2292.34a
	0.19b
	92.21a
	2388.68a

	Weedy check
	3.48a
	0.00b
	1300.65b
	1.58a
	0.00b
	600.22b
	2.44a
	0.00b
	744.85b

	Mean 
	1.38
	60.44
	2419.04
	0.57
	63.71
	1736.93
	0.91
	62.57
	1893.24

	P-value 
	<0.01
	<0.001
	<0.0001
	<0.0001
	<0.001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	LSD (5%)
	1.06
	16.77
	1421.94
	1.08
	9.76
	1008.09
	1.21
	12.71
	1208.36

	CV (%)
	3.88
	40.44
	18.27
	4.22
	33.49
	20.13
	5.88
	38.14
	24.11


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 assessed 70 days after herbicide application. The effect of Dalak 347 EC and Calistone 55 SC on weed flora shift 70 days after herbicide application in the three locations is portrayed in Table 6. Dalak 347 EC and Calistone 55 SC applications have resulted in no or little weeds in the study plots after 40-day applications. After 70 days, once all the annual broadleaves and perennial weed species were controlled, the experimental plots' flora had changed into annual siege and grasses, and these weed species dominated the plots. The plots sprayed with Dalak 347 EC, up to 70 days, showed few weed species with low dominancy and abundance were observed, especially in Chano Mile than in Chano Dorga and Fura kebeles. Comparatively, bare land or no/little weed species were observed 75 days after applications. But some annual broadleaves, siege, and grass weed species with too minimum weed population number are observed on the plots sprayed with Calistone 55 SC. The dominant successor weed species were Ageratum conyzoides, Amaranthus graecizans, Xanthium strumarium, Parthenium hysterophorus, Launaea cornuta, Bidens pilosa, Acalypha crenata, Corchorus olitorius, Commelina benghalensis, Galinsoga parviflora, Digitaria ternata, and Digitaria abyssinica. Previous research reports showed that these weed species are abundant in the seed bank by the time the dense weed cover is removed, and once the dense weed cover is removed, they get sunlight reaching the ground, and this might be favourable for the germination and growth of the weeds (Akobundu, 1987). However, once these weeds emerge and grow up the weed species can be controlled easily by other cultural methods or using low rates and frequency of contact or systemic herbicides. The advantage of flora changing into soft annual weeds can be seen in terms of the time taken for weeding, and these soft annual broadleaf weeds require less time for weeding. Also, the annual broadleaf weeds are less competitive as compared to the noxious perennial weeds that can lead to the complete death of the stands of maize.
Table 6. Mean effects (the two locations) of Dalak 347 EC on weed shift 70 days after herbicide application across the locations in southern Ethiopia
	Treatments 
	Weed cover (%)
	Remark 

	 Dalak 347 EC  

	Before herbicide application
	Annual 
	74.15
	All weed species types, sedge, grass, and broadleaf

	
	
	Perennial 
	25.85
	

	
	After 70 days of herbicide application
	Annual 
	2.56
	Annual broadleaf

	
	
	Perennial 
	1.74
	

	Calistone 55 SC
	Before herbicide application
	Annual 
	72.22
	All weed species types, sedge, grass, and broadleaf

	
	
	Perennial 
	27.28
	

	
	After 70 days of herbicide application
	Annual 
	5.11
	Annual broadleaf

	
	
	Perennial 
	2.09
	

	Weedy check
	Before herbicide application
	Annual 
	62.33
	All weed species types, sedge, grass, and broadleaf

	
	
	Perennial 
	37.67
	

	
	After 70 days of herbicide application
	Annual 
	8.58
	

	
	
	Perennial 
	91.42
	



Conclusions
Results obtained from this study showed that the use of herbicides had pronounced effects on the study parameters, the number of weed populations, general weed and individual weed species control, dry biomass weight, weed control efficiency, and grain yield across the locations. Dalak 347 EC at the rate of 1 L ha-1 provided excellent control advantages over the annual and perennial sedge, grass, and broadleaf weeds in the maize field. A significant departure was noticed between Dalak 347 EC and Calistone 55 SC in terms of overall weed control across the locations. The results obtained from the studied parameters were consistent across the locations; the performance of the two herbicides was similar and was not affected by locations, except for weed dominance and abundances. Most annual and broadleaves were controlled within 7 to 10 days after herbicide application, while the perennial weeds were completely controlled between 21 and 35 days after herbicide application. Among the annual and perennial weeds, only Digitaria ternata and Digitaria abyssinica required a relatively shorter time of two weeks to attain complete control. Dalak 347 EC and Calistone 55 SC after controlling the weeds, the weed species shifted the flora into some broadleaves, annual sedges and grasses, which can be easily controlled by cultural practices like hand roguing out. Ageratum conyzoides, Amaranthus graecizans, Xanthium strumarium, Parthenium hysterophorus, Launaea cornuta, Bidens pilosa, Acalypha crenata, Corchorus olitorius, Commelina benghalensis, Galinsoga parviflora, Digitaria ternata, and Digitaria abyssinica are the dominant successor weed species in the study fields. Generally, results showed that Dalak 347 EC at the rate of 1 L ha-1 with 160 L diluting water was highly effective against most siege, grass and broadleaf weeds of maize. Hence, Dalak 347 EC at the rate of 1 L ha-1 with 160 L diluting water was found highly effective and, therefore, it is recommended for registration for the control of sedge, grass, and broadleaf weeds in maize production. 
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