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			Abstract | A trial was undertaken to ascertain the efficacy of lactofen keeping its full and minimized application rates on Rhynchosia capitata (Roth.) DC in green gram alone and in tank mixed addition of adjuvant (alkyl ether sulfate) at Research Area, University of Sargodha during spring 2015. The studies consisted of seven herbicide treatments, viz. lactofen complete dose (180 g a.i. ha-1) alone, lactofen complete dose + adjuvant, lactofen 80% dose alone, lactofen 80% dose + adjuvant, lactofen 60% dose alone, lactofen 60% dose + adjuvant and a control (no herbicide). It was found that lactofen full dose with and without adjuvant attained significantly the lowest R. capitata dry weight and highest seed yield of green gram. However, these treatments remained statistically at par with lactofen 80% and lactofen 60% doses with adjuvant regarding these parameters. Keeping in view the R. capitata weed control efficiency along with green gram yield enhancement, it was concluded that lactofen dose can be reduced up to 20-40% by the addition of adjuvant (alkyl ether sulfate) for management of R. capitata in green gram crop. 
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			Introduction

			Among all the legumes, green gram [Vigna radiata (L.) Wilczek] being a short duration and drought tolerant crop can easily be adjusted in each cropping system (Naeem et al., 1999). It is ranked 3rd most important pulse after chickpea and pigeon pea in Pakistan and grown both under irrigated and rain fed conditions. The total area of Pakistan under green gram cultivation is 186.7 thousand hectares and 132.7 thousand tons of total seed production with an average seed yield of 774.7 kg ha-1 (GoP, 2020). The national production of pulses including green gram in Pakistan is quite less than total requirement (Ullah et al., 2020). The major hindrances in achieving higher yield of green gram include inappropriate sowing methods, sub-optimal fertilizer application, sowing on marginal land area, and severe weed infestation. 

			The poor weed control is the main reason of low seed yield of green gram in Pakistan. Yield losses vary from 65 to 79% due to weeds infestation in green gram (Dungarwal et al., 2003) depending upon the density, type and competition duration of weeds, time of sowing and methods of sowing, techniques of fertilizer application, availability of water and growing conditions (Mansoor et al., 2004; Arshad et al., 2008). Weeds are responsible for reduction of crop yield, crop quality and nutrient status of the soil. Important weeds of green gram are Trianthema portulacastrum, Sorghum halepense, Cyperus rotundus, Digera arvensis, Cynodon dactylon and Echinochloa colona. Rhynchosia capitata (Roth) DC is a new problematic weed of green gram from family Fabaceae and largely scattered in most part of the world. It is an annual weed of summer season that has invaded the crops in the Southern Punjab of Pakistan and has become a threatening weed flora (Ali et al., 2011). It is a jointing prostrate plant having number of branches that spread around the whole rootstock. After a month of seed germination, flowering starts and the plant has elliptical shaped two-seeded pods (Sharma et al., 1978). This weed prevails from May to October and thrives best in average rainfall of 650 mm over diurnal temperature range of 29 to 39°C and 21 to 29°C, respectively (Ali et al., 2011). 

			There are various categories of weed control methods including cultural and physical methods, chemical and biological methods. The herbicidal weed control is most suitable due to its promising results and the highest feasibility. Herbicides efficiently decrease the density of weed plants in crops in a relatively shorter period of time (Radosevich et al., 2007). However, use of herbicides involves risks as these may be hazardous to the crop, environment and health. This is especially true when using a new herbicide against a new weed without keeping in view its dose. Similar is the case with R. capitata, very little is known about the chemical control of this weed in green gram. Therefore, there is an urge for developing an effective control of R. capitata in green gram. Herbicide application rate should be reduced to level at which it can show the lowest phytotoxic effect on crop and environment. The use of adjuvant may be a viable option in this regard. An adjuvant is any substance that is mixed with herbicide to enhance its effectiveness (Hess and Foy, 2000). In some circumstances, efficiency of herbicide in terms of its toxicity against targeted species with little or no destructive effect on nearby plants i.e. selectivity may be increased by the use of adjuvants (Hess and Foy, 2000).

			Lactofen herbicide belongs to chemical class di-phenyl ether that targets protoporphyrinogen oxidase (PPO), an enzyme of the porphyrin biosynthetic pathway within the chloroplast (Matringe et al., 1989). The suppression of PPO caused the gathering of protoporphyrin IX, a substrate of PPO at the outer of the chloroplast (Lehnen et al., 1990) followed by its photo-oxidation and subsequent lipid peroxidation, specifically on all membranes of cells ultimately cell death (Hess, 2000). Alkyl ether sulphate is an ionic adjuvant that has been widely tested with various herbicides. However, its performance with lactofen for controlling R. capitata in green gram still needs to be assessed. A study was consequently planned to estimate the activity of lactofen at full and minimized doses on R. capitata in green gram with addition and without addition of alkyl ether sulphate as adjuvant.

			Materials and Methods

			A trial was executed to assess the activity of lactofen at its recommended and minimized application rate against Rhynchosia capitata (Roth.) DC in green gram (Vigna radiata L.) alone and in tank mixed combination of adjuvant (alkyl ether sulfate) at Research Area, College of Agriculture, University of Sargodha during the spring 2015. 

			Plant material and growth conditions

			Mature pods from more than 500 plants of R. capitata were collected from green gram crop fields in district Layyah of Southern Punjab, Pakistan (30o57ʹ N, 70o56ʹ E). Seeds were removed from the pods, separated from inert matter, organized for uniform size and then stored for 4 to 5 months at room temperature before using for sowing in experiment. Germination of R. capitata may be delayed due to its hard seed coat. To enable the germination, the seeds were rubbed on wood sand paper (No. 80) from the opposite surface of embryo till cotyledon exposure. Ten seeds each of green gram (var. AZRI-2006) and R. capitata were sown in pots (24 cm diameter) filled with sandy loam soil at proper moisture level on March 25, 2015. One week after emergence, green gram and R. capitata seedlings were thinned to 5 plants per pot. Irrigations were applied frequently in equal quantity to each pot according to crop requirement till physiological maturity.

			Experimentation

			Six herbicide treatments, viz. lactofen recommended application rate (at 180 g a.i. ha-1) alone, lactofen 60% (at 108 g a.i. ha-1) and 80% (at 144 g a.i. ha-1) of recommended rate, lactofen recommended rate with adjuvant (alkyl ether sulphate), and lactofen 60% and 80% of recommended rate with adjuvant were applied as foliar spray at 2-4 leaf stage (10 days of emergence) of R. capitata. For herbicides spray, a Knapsack hand sprayer at 207 KPa pressure having T-Jet nozzle was used. A control with no herbicide spray was kept for comparison. Pots were arranged in completely randomized design (CRD) with four replications. 

			Data collection and statistical analysis

			The data concerning various weed growth parameters such as weed density per pot (after 21 days of herbicide treatment), weed fresh weight and dry weight at harvest, weed control efficiency and herbicide efficiency index; and mung bean growth and yield parameter such as plant height, number of pod bearing branches per plant, seeds per pod, 1000-seed weight, seed yield, biological yield, and harvest index (%) were recorded using their standard procedures. Based on the weed dry weight reduction from control, weed control efficiency was calculated using the formula as described by Gupta (1998): 
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			Where, 

			W1 = Dry matter of weeds in control pots; W2 = Dry matter of weeds in treated pots.

			Herbicide efficiency index of each treatment was calculated by using the formula given by Walia (2003) as follow:
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			Where;

			YT= Green gram seed yields of treated plots; YC= Green gram seed yields of control plots; DMT= weed dry matter in treatment plots; DMC= weed dry matter in control plots.

			For statistical analysis of experimental data, the analysis of variance technique as suggested by Fisher (Steel et al., 1997) was employed and for means’ comparison, Tukey’s honestly significant difference (HSD) test was used keeping in view 5% probability level.

			Results and Discussion

			Weed growth

			Data regarding R. capitata weed density, fresh and dry weights are presented in Table 1 which revealed that treatment of lactofen herbicide caused significant reduction in these parameters compared with weedy check. Lactofen full application rate along with adjuvant produced maximum phytotoxic effect in R. capitata as this treatment showed the lowest density (3 plants pot-1) and dry weight (3.18 g pot-1) of this weed as recorded 21 days after treatment and at crop harvest, respectively. However, this treatment was statistically at par with lactofen full application rate without alkyl ether sulfate and lactofen 80% dose along with alkyl ether sulfate regarding these parameters. 

			Table 1: Density and growth parameters of R. capitata weed as influenced by different lactofen herbicide treatments.

			
				
					
					
					
					
				
				
					
							
							Treatments

						
							
							R. capitata growth parameters

						
					

					
							
							Weed density pot-1 21 days after treatment

						
							
							Fresh weight (g pot-1) at harvest

						
							
							dry weight (g pot-1) at harvest

						
					

					
							
							Control (no herbicide spray)

						
							
							5.00 a

						
							
							47.8 a

						
							
							9.81 a

						
					

					
							
							Lactofen at 180 g a.i. ha-1 

							(complete dose)

						
							
							3.25 c

						
							
							24.4 c

						
							
							3.31 d

						
					

					
							
							Lactofen 80% dose

						
							
							4.50 ab

						
							
							31.7 b

						
							
							4.87 bc

						
					

					
							
							Lactofen 60% dose

						
							
							4.75 a

						
							
							33.4 b

						
							
							5.37 b

						
					

					
							
							Lactofen complete dose + alkyl ether sulphate 

						
							
							3.00 c

						
							
							20.4 d

						
							
							3.18 d

						
					

					
							
							Lactofen 80% dose + alkyl ether sulphate

						
							
							3.50 bc

						
							
							23.5 cd

						
							
							3.81 cd

						
					

					
							
							Lactofen 60% dose + alkyl ether sulphate

						
							
							4.75 a

						
							
							31.6 b

						
							
							5.00 bc

						
					

					
							
							HSD

						
							
							1.03

						
							
							3.77

						
							
							1.285

						
					

				
			

			Figures sharing same letter(s) in a column do not differ significantly at 5% probability. HSD: Tukey’s honestly significant difference.

			The decrease in R. capitata weed density and biomass to various degrees by different lactofen herbicide treatments was attributed to their phytotoxic action against this weed. Our findings are in line with those of Windley et al. (1999) who noted that herbicides not only reduced the density of Trianthema portulacastrum and Macroptilium lathyroides, but also increased green gram yield. Tanveer et al. (2003) concluded that weed fresh weight was expressively reduced by the herbicide application. These consequences are also similar with the results of Javaid (2012) who reported that with the spray of Bromoxynil + MCPA, 100% control of Emex spinosa was observed. Alkyl ether sulfate usually enhanced the efficiency of tribenuron-methyl with reduced rate when applied at vegetative stages. Our results are similar with the findings of Javaid et al. (2012) who demonstrated that adjuvants along with reduction in doses of carfentrazone-ethyl and fluroxypyr + MCPA herbicides also improved the efficacy of herbicides that resulted in 100% mortality and reduced biomass of E. spinosa.

			Comparison of weed control efficiency and herbicide efficiency index of different lactofen herbicide treatments has been depicted in Figures 1 and 2, respectively. An overlook of data given in Figures 1 and 2 indicated that the highest weed control efficiency (65%) and herbicide efficiency index (2.6) were shown by the lactofen full dose along with alkyl ether sulfate adjuvant. Whereas lactofen full dose without adjuvant and lactofen 80% dose with adjuvant remained at second and third position in this regard. The R. capitata dry weight variation recorded due to the application of different lactofen herbicide doses alone and in combination with adjuvant was probably due to their differential phyto-inhibitory action against this weed. These results are in accordance with results of Ali et al. (2003) who reported that low dry weight was recorded from the pots that are treated with herbicide as compared to weedy check pots. Similar findings were also documented by Everman et al. (2007) and Richardson et al. (2007) who reported that in cotton crop by the herbicide application, the dry weight of T. portulacastrum was reduced significantly. 

			Crop growth and seed yield

			Data related to growth, yield and yield components as affected by different lactofen herbicide treatments are presented in Table 2. A perusal of data indicated that all herbicide treatments gave significant increase in plant height of green gram in comparison with control treatment receiving no herbicide spray. Among herbicide treatments, the highest plant height (43 cm) of green gram was noted with lactofen full dose along with alkyl ether sulfate as adjuvant. However, this treatment remained statistically at par with lactofen full dose and lactofen 80% dose alone and with adjuvant regarding plant height of green gram. The increase in plant height of green gram by herbicide treatments could be the result of better vegetative growth of the crop due to better R. capitata control that otherwise might utilize environmental resources at the expense of poor crop growth.
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			Figure 1: Weed control efficiency of lactofen as affected by alkyl ether sulphate adjuvant.
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			Figure 2: Herbicide efficiency index of lactofen as affected by alkyl ether sulphate adjuvant.

			Table 2: Growth and yield of green gram as influenced by different lactofen herbicide treatments.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							Plant height (cm)

						
							
							Pods per plant

						
							
							Seeds pod-1

						
							
							1000-seed weight (g)

						
							
							Biological Yield (kg ha-1)

						
							
							Seed Yield

							(kg ha-1)

						
							
							Harvest index (%)

						
					

					
							
							Control (no herbicide spray)

						
							
							31.5 d

						
							
							12.4 ab

						
							
							7.06 bc

						
							
							21.8 c

						
							
							2414.7 d

						
							
							481.3 d

						
							
							19.9 ab

						
					

					
							
							Lactofen at 180 g a.i. ha-1 (complete dose)

						
							
							40.8 abc

						
							
							13.7 ab

						
							
							9.12 ab

						
							
							29.7 ab

						
							
							4366.4 a

						
							
							848.7 a

						
							
							19.4 b

						
					

					
							
							Lactofen 80% dose

						
							
							41.0 abc

						
							
							12.2 b

						
							
							8.50 abc

						
							
							26.5 b

						
							
							3881.6 b

						
							
							769.3 bc

						
							
							19.8 ab

						
					

					
							
							Lactofen 60% dose

						
							
							39.0 c

						
							
							12.0 b

						
							
							6.50 c

						
							
							25.4 bc

						
							
							3411.4 c

						
							
							728.9 c

						
							
							21.3 a

						
					

					
							
							Lactofen complete dose + alkyl ether sulphate 

						
							
							43.0 a

						
							
							14.2 a

						
							
							9.44 a

						
							
							32.6 a

						
							
							4240.5 a

						
							
							844.2 a

						
							
							19.9 ab

						
					

					
							
							Lactofen 80% dose + alkyl ether sulphate

						
							
							41.8 ab

						
							
							13.2 ab

						
							
							8.50 abc

						
							
							29.5 ab

						
							
							4361.3 a

						
							
							837.8 ab

						
							
							19.2 b

						
					

					
							
							Lactofen 60% dose + alkyl ether sulphate

						
							
							39.9 bc

						
							
							12.0 b

						
							
							7.25 bc

						
							
							25.9 bc

						
							
							3603.2 c

						
							
							790.3 abc

						
							
							21.5 a

						
					

					
							
							HSD

						
							
							2.48

						
							
							1.83

						
							
							2.1

						
							
							4.51

						
							
							227.3

						
							
							71.3

						
							
							1.91

						
					

				
			

			Figures sharing same letter(s) in a column do not differ significantly at 5% probability. HSD: Tukey’s honestly significant difference.

			All herbicide treatments could not cause significant increase in number of pods per plant and harvest index of green gram compared with non-treated control. However, significant enhancement from control was observed in seeds per pod (9.44) of green gram only by applying lactofen full dose along with alkyl ether sulfate adjuvant. Regarding 1000-seed weight of green gram, lactofen full dose along with adjuvant performed the best by attaining the highest 1000-seed weight (32.6 g). However, this treatment remained statistically similar to lactofen full dose without adjuvant and lactofen 80% dose with adjuvant regarding this yield component. The improvement in the number and weight of green gram seeds in plants harvested from pots treated with herbicide was probably due to reduced competitive stress by R. capitata during reproductive growth phase of green gram that resulted in its better seed production and seed development (Borras et al., 2004). Singh et al. (1996) showed 40% reduction in number of seeds pods-1 of green gram due to the crop-weed competitions. The enhancement in 1000-grain weight of wheat in herbicide treated plots as a consequence of reduced weed infestation was also mentioned by Cheema and Akther (2005). Singh et al. (1996) calculated a reduction of up to 44% in 1000-seed weight of green gram due to presence of weeds.

			The biological and seed yields, the resultants of all the underlying growth and yield components showed significant increase by applying all lactofen herbicide treatments in comparison with control. However, significantly the highest biological yield (43664.4 kg ha-1) of green gram was achieved with lactofen full dose alone that did not differ significantly from lactofen full dose along with adjuvant and lactofen 80% dose with adjuvant. It seem to be due to effective weed control in these treatments that minimized R. capitata competition stress in green gram thereby enhancing its plant height and number of pods compared to that observed with control pots. These plant traits participated in increased biological yield of green gram. These consequences are in accordance with the observations of Chattha et al. (2007) who reported that by the applications of herbicides, biomass of green gram was enhanced as compared to the control pots or weedy check.

			Seed yield is the final goal of producers and most imperative parameter which depends upon yield contributing traits i.e. number of pods plant-1, 1000-seed weight and seeds pod-1. The best performance in terms of seed yield of green gram was shown by lactofen full dose alone, lactofen full dose with adjuvant, and lactofen 80% and 60% doses with adjuvant by producing 848.7, 844.2, 837.8 and 790.3 kg ha-1 seed yields of green gram. The increment in seed yield of green gram by these herbicide treatments seems to be due to increase in number of seeds per pod and 1000-seed weight in these treatments. Our results are in line with the findings of Cheema et al. (2000) and Chattha et al. (2007). Windley et al. (1999) found increased green gram seed yield in herbicide treated plots on account of better T. portulacastrum and Macroptilium lathyroides weeds control. Weed-crop competitions were reduced by the herbicides applications resultantly increasing the crop yield. Mitra and Bhattacharya (2005) also documented that the application of butachlor resulted in higher green gram biomass, yield components, seed yield. 

			Conclusions and Recommendations

			Lactofen dose can be reduced up to 20-40% by the addition of alkyl ether sulphate as adjuvant for the cost-effective and eco-friendly management of R. capitata in V. radiata crop.
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Abstract | A trial was undertaken to ascertain the efficacy of lactofen keeping its full and minimized
application rates on Rhynchosia capitata (Roth.) DC in green gram alone and in tank mixed addition of
adjuvant (alkyl ether sulfate) at Research Area, University of Sargodha during spring 2015. The studies
consisted of seven herbicide treatments, viz. lactofen complete dose (180 g a.i. ha™) alone, lactofen complete
dose + adjuvant, lactofen 80% dose alone, lactofen 80% dose + adjuvant, lactofen 60% dose alone,lactofen 60%
dose + adjuvant and a control (no herbicide). It was found that lactofen full dose with and without adjuvant
attained significantly the lowest R. capitata dry weight and highest seed yield of green gram. However, these
treatments remained statistically at par with lactofen 80% and lactofen 60% doses with adjuvant regarding
these parameters. Keeping in view the R. capitata weed control efficiency along with green gram yield
enhancement, it was concluded that lactofen dose can be reduced up to 20-40% by the addition of adjuvant
(alkyl ether sulfate) for management of R. capitata in green gram crop.
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Introduction

mong all the legumes, green gram [Vigna

radiata (L.) Wilczek] being a short duration and
drought tolerant crop can easily be adjusted in each
cropping system (Nacem ez a/., 1999). It is ranked 3™
most important pulse after chickpea and pigeon pea
in Pakistan and grown both under irrigated and rain
ted conditions. The total area of Pakistan under green
gram cultivation is 186.7 thousand hectares and
132.7 thousand tons of total seed production with an
average seed yield of 774.7 kg ha* (GoP, 2020). The
national production of pulses including green gram in
Pakistan is quite less than total requirement (Ullah ¢7

al., 2020). The major hindrances in achieving higher
yield of green gram include inappropriate sowing
methods, sub-optimal fertilizer application, sowing
on marginal land area, and severe weed infestation.

'The poor weed control is the main reason of low seed
yield of green gram in Pakistan. Yield losses vary
from 65 to 79% due to weeds infestation in green
gram (Dungarwal ez o/, 2003) depending upon the
density, type and competition duration of weeds,
time of sowing and methods of sowing, techniques of
tertilizer application, availability of water and growing
conditions (Mansoor e al.,2004; Arshad ez al.,2008).
Weeds are responsible for reduction of crop yield,
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