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			Abstract | To research out an efficient chemical remedy of broad-leaved weeds in winter wheat at Pothwar Region of Pakistan, a study was performed during 2016-17 at University Research Farm Chakwal Road Rawalpindi. Four herbicides were used as once and twice application, i.e., Buctril Super (Bromoxinil 30% with MCPA 30% w/v), Ally Max (Metsulfuron Methyl 14.3% w/w with Tribenuron Methyl 14.3% w/w), Starane M (Fluroxypyre 10% with MCPA 40% w/w) and Clean wave (Aminopyralid 1% with Fluroxypyre14% w/w) at recommended doses. A weedy check and a weed free plot were also kept for comparison. Results showed that in comparison to control plot (weedy check), there was 73.41% increase in the grain yield of wheat where double spray of Ally Max was done and it was followed by 58.28%, 54.78%, 51.28% and 36.59% where double spray of clean wave, Buctril Super, Starane Mand single hand weeding were applied respectively. Similarly, there was 70.1% decrease in the seed bank of weeds where Starane M was sprayed twice as compared with control plot which was followed by 69.17%, 69%, 61.39% and 45.18% decrease where Ally Max twice, Buctril Super twice, clean wave twice and once hand weeding were applied respectively. So, resultantly, it is concluded that twice application of all tested herbicides gave best results for controlling flora and weeds seed bank of prevailing weeds which significantly increased the wheat yield. So, twice application of Starane M, Ally Max, Buctril Super and Clean Wave herbicides is recommended to improve the productivity of wheat along with efficient control of weed seed bank and weed flora in wheat under rain-fed conditions of Pothwar Region of Pakistan.
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			Introduction

			Rainfed agriculture has a big role in the economy of Pakistan. Here, agriculture is mainly dependent on rainfall. This area is consisted upon 17% of total area cultivated of the Country (Adnan et al., 2009). Wheat (Triticum aestivum L.) is regarded as one of the staple foods of the large population of Pakistan. Due to this reason, farmers and researchers give supreme importance to wheat crop in Pakistan (Jabran et al., 2011). Universally, wheat ranked second major crop as food grain in terms of area wise, production wise and consumption wise for dietary purposes after maize (Chachar et al., 2009). Wheat as sole crop is cultivated on 17% of the total land of the world and it meets 35% of total food demand. So, being the major staple food of millions of people, there is dire need to increase its production for food security (Shamsi et al., 2006; Hayat and Ali, 2010). It has 10.0% share in agricultural value addition and 2.1% in Pakistan’s GDP. The largest area of Pakistan’s land was covered by wheat crop in past. There was 9180 thousand hectares wheat sowing area in 2014-15 while it was 9199 thousand hectares in 2013-14 in Pakistan (Anonymous, 2015). 

			Several approaches are used to control weeds in wheat field, such as cultural, chemical and mechanical. But the current weed control strategy is the use of herbicides round the globe (Soufizadeh et al., 2006; Mobeen et al., 2015; Qamar et al., 2015). To control weeds, chemical method is considered to be the best suitable way and herbicides prove to be a potential enhancer the productivity of crop through better control of weeds (Santos, 2009). The infestation of weeds not only resulted in less yield but also reduce the quality. It increases the harvesting, threshing and cleaning cost. Besides various agricultural practices, chemical control of weeds is proved best for enhancing wheat production and productivity (Kaur et al., 2018). But extreme and unwise use of herbicides may result in crop damage, animal and human health issues, water and soil contamination and weeds resistance against herbicides (Farooq et al., 2011). Weeds management can be taken out by both chemical and the non-chemical methods. But herbicides use has turned out to be a major tool to enhance the yield in wheat crop. Hand weeding becomes difficult because of the similarity in the physical appearance of wheat seedlings and weeds plants. However, mechanical control of weeds consumes more labor, energy, and time which in turn cause soil erosion (Monthomery, 2007). Weeds seed bank demonstrate composition, diversity, and density of weed communities. Weeds were suppressed in plots where chemical herbicides and hand weeding were applied. Chemical herbicides greatly influenced the composition of weeds in wheat crop but total density of seed decrease in both treated and untreated plots. Whereas composition of seed bank and species density were affected by herbicides (Gao et al., 2020). Weeds can also be controlled by using the extracts of plants like transgenic crop plants, breeding, mutation, sorghum stem, and other biomaterials to reduce the poisonous effect of weeds (Anwar et al., 2016; Jaffar et al., 2016). Cheema and Akhtar (2005) described that mixture of broad and narrow leaf herbicides had performed better against weeds than using separate spray of narrow and broad leaf weeds controlling herbicides in wheat. According to the thumb rule, if weed biomass and density will be less, then competition between crop and weed plants will be less. Moreover, use of herbicides and tillage practices will decrease the weeds infestation by 50 to 80% (Chhokar and Malik, 2002). So, there is need to enhance the yield and quality of wheat crop. The profitable return of the crop depends upon the best herbicide choice, its recommended dose of application and proper time (Fayad et al., 1998). Soil seed bank composition is also influenced by using herbicides. Most research experiments have shown that the absence of herbicides has resulted into increased weed seed bank (Hyvönen and Salonen, 2002). Weed seed bank size and composition also leads to the method of farming, herbicide use, time of cultivation and crop pattern (Roberts, 1981). Considering all factors mentioned above, the aims of this research were to find out the best chemical remedy of the broad-leaved weeds to improve yield of rainfed wheat. 

			Materials and Methods 

			Experimental location

			The experiment was laid out at University Research Farm Chakwal Road Rawalpindi, PMAS-Arid Agriculture University, Rawalpindi Pakistan at latitude 33.1167o N and longitude 73.0112 with altitude of 1715 feet (523 m) from sea level. The experiment was laid out during the winter season of 2016-17 using RCBD by replicating three times. Following herbicides were estimated under rain-fed conditions for controlling broad-leaved weeds.

			Treatments

			
				
					
					
				
				
					
							
							T1

						
							
							Control (Weedy Check)

						
					

					
							
							T2

						
							
							Hand Weeding

						
					

					
							
							T3

						
							
							Buctril Super 60% EC (Bromoxinil 30% + MCPA 30% w/v) applied @ 741 ml ha-1

						
					

					
							
							T4

						
							
							Ally Max 28.6% SG (Metsulfuron Methyl (14.3% w/w) + Tribenuron Methyl 14.3% w/w) applied @ 34.58 g ha-1

						
					

					
							
							T5

						
							
							Starane-M 50% EC (Fluroxypyre 10% + MCPA 40% w/w) applied @741 ml ha-1

						
					

					
							
							T6

						
							
							Clean Wave 15% EO (Aminopyralid 1% + Fluroxypyre14% w/w) applied @790.4 ml ha-1

						
					

					
							
							T7

						
							
							Buctril Super (Twice)

						
					

					
							
							T8

						
							
							Ally Max (Twice)

						
					

					
							
							T9

						
							
							Starane-M (Twice)

						
					

					
							
							T10

						
							
							Clean Wave (Twice)

						
					

				
			

			The wheat variety AUR-10 was sown on October 25, 2016. The seed was obtained from Department of Plant Breeding and Genetics, PMAS-Arid Agriculture University, Rawalpindi Pakistan. The seed was used @ 120 kg/ha. The distance among the rows of crop was maintained at 22.5 cm. The individual plot size was 4 m x 18 m. Replications were separated from each other by 2 m distance and adjacent plots were separated by 1m. Weed seed bank was determined by collecting the soil samples from the experimental site before and after the conductance of experiment in “W” shape, and then a composite sample was prepared from each plot. Nitrogen (N) was applied @ 90 kg/ha in two splits as per recommendation. First split was applied at the sowing time and 2nd at anthesis stage. (P) Phosphorus and Potash (K)was mixed into the soil during sowing @ 60:60 kg/ha respectively. DAP fertilizer was applied to fulfill the requirement of Phosphorus and Urea for Nitrogen. Weather data was collected from nearby weather observatory to correlate it with the results. All the agronomic and cultural operations were carried out as per recommendations during the whole study period.

			Data collection

			Data were collected on composition of soil weed seed bank and soil weed seed bank density by following procedures adopted by (Kroschel, 2002; Elsaforiet al., 2011; Hussain, 2013; Ali et al., 2016; Hussain et al., 2017) and for weeds flora density, weeds dry biomass, weeds control efficiency and weeds Index by (Gupta et. al., 1998; Ali et al., 2016; Ali et al., 2017). For wheat crop data were collected on plant height, biological yield, 1000 grain weight, grain yield, and harvest Index (Beadle, 1987) by following standard protocols.

			Statistical analysis

			The analysis of variance (ANOVA) technique was used to analyze the data of all parameters under study. STATISTIX 8.1 Computerized software was used to analyze the data. Least significant Difference (LSD) test was used for comparing the means of treatments (Steel et al., 1997).

			Results and Discussion

			Weather Data (Temperature and Rainfall)

			Data related to cumulative rainfall (blue bars) and daily temperature (Solid red line) during the period of experimentation are shown in Figure 1. Solid line represents that mean daily temperature of 26 °C was recorded at the stage of germination but decrease occurred gradually afterwards. The average temperature during week 14 to 18 was between 12 °C to 15 °C. Later on, in coming days temperature started increasing and it went up to 30 °C. Rainfall was very low during the whole cropping season and it was recorded worst dry spell of weather. Maximum rainfall of 9 mm, 5mm and 4mm occurred during week 25th, 28th, and 30th of the experimental period. This shows that most of rainfall occurred during reproductive stage of the crop. However, most of the weeks were observed with no rainfall during experimental period.

			[image: ]

			Figure 1: Temperature and rainfall data during experimental period.

			Weed seed bank species composition found at experimental place

			The total of 8 species of weeds belonging to 8 various families were found in soil weed seed bank under the area of experiment (University Research Farm, Chakwal Road, Rawalpindi). List of species along with English name, local name and families are showed in the Table 1. 

			Total weed seed bank (m-2) before sowing and after harvesting of wheat 

			The soil weed seed bank is associated with total reserves of seeds that are viable to germinate in favorable conditions and it is dispersed in the soil or above the soil surface (Singh et al., 2012). The data regarding total soil weed seed bank before sowing and after harvesting of wheat is showed in Table 2. The data presented that there was no significant (P≥0.05) difference found in total soil weed seed bank before sowing of wheat. Maximum seed number (58156 m-2) was obtained where hand weeding was to be performed, whereas the lowest number of seeds (36816 m-2) was recorded in plot where Ally max (twice) was to be applied. The non-significant difference may be due to the reason that there was not any treatment applied before the sowing of wheat and the seed was almost uniformly distributed all over the experimental field. 

			Table 1: Soil weed seed bank composition found in studied area. 

			
				
					
					
					
					
					
				
				
					
							
							Botanical Name

						
							
							English Name

						
							
							Local Name

						
							
							Family

						
							
							Fruit/ Seed Description

						
					

					
							
							Anagallis arvensis

						
							
							Blue pimpernel

						
							
							Billi booti

						
							
							Primulaceae

						
							
							Capsule with dark brown angular seeds

						
					

					
							
							Chenopodium album

						
							
							Lambsquarter

						
							
							Bathu

						
							
							Chenopodiaceae

						
							
							Compond achene with black seeds

						
					

					
							
							Melilotusindica

						
							
							Yellow sweet clover

						
							
							Senji

						
							
							Fabaceae

						
							
							Single seeded pod with orange brown seeds

						
					

					
							
							Asphodelustenuifolius

						
							
							Jungle onion

						
							
							Piazi, Bhokat

						
							
							Liliaceae

						
							
							Capsules with black trigonous seeds

						
					

					
							
							Convolvulus arvensis

						
							
							Field bindweed

						
							
							Lehli

						
							
							Convolvulaceae

						
							
							Capsule with brownish black seeds

						
					

					
							
							Euphorbia helioscopia

						
							
							Sun spurge

						
							
							Chatridhodak

						
							
							Euphorbiaceae

						
							
							Capsule (Cocci) with black seed

						
					

					
							
							Carthamusoxyacantha

						
							
							Wild safflower

						
							
							Pohli

						
							
							Asteraceae

						
							
							Achene with shining grey color seeds

						
					

					
							
							Fumaria indica

						
							
							Fumitory

						
							
							Shahtra, Papra

						
							
							Fumariaceae

						
							
							Nut type seeds

						
					

				
			

			Table 2: Total soil weed seed bank (m-2) before sowing and after harvesting of wheat.

			
				
					
					
					
				
				
					
							
							Treatments

						
							
							Total Soil Weed Seed Bank Before Sowing(m-2)

						
							
							Total Soil Weed Seed Bank After Harvesting(m-2)

						
					

					
							
							Control (T1)

						
							
							38624 NS

						
							
							62186 a **

						
					

					
							
							Hand weeding (T2)

						
							
							58156

						
							
							34090 bc

						
					

					
							
							Buctril super (T3) Once

						
							
							52316

						
							
							39022 b

						
					

					
							
							Allymax (T4) Once

						
							
							44656

						
							
							35560 bc

						
					

					
							
							Starane M (T5) Once

						
							
							51508

						
							
							37224 b

						
					

					
							
							Clean wave (T6) Once

						
							
							38548

						
							
							41560 b

						
					

					
							
							Buctril super (T7) Twice

						
							
							37870

						
							
							18960 d

						
					

					
							
							Allymax (T8) Twice

						
							
							36816

						
							
							19168 d

						
					

					
							
							Starane M (T9) Twice

						
							
							39806

						
							
							18552 d

						
					

					
							
							Clean wave (T10) Twice

						
							
							38680

						
							
							24008 cd

						
					

					
							
							LSD Value

						
							
							19316

						
							
							11965

						
					

				
			

			Whereas the effect of different herbicides was found significant on total soil weed seed bank after harvesting of wheat. Maximum weeds seeds (62186 m-2) were recorded under control treatment plot, which was significantly (P≤0.05) greater than all other herbicidal treatments. It was followed by clean wave (once), Buctril super (once), Starane M (once) and Ally max (once) having the seed densities of (41560/m2), (39022/m2), (37224/m2) and (35560/m2) respectively, but they were statistically parallel with each other. The minimum seed number (18552/m2) was extracted from Starane M (twice) plot which was followed by (18960/m2), (19168/m2) and (24008/m2) number of seeds where Buctril super (twice), Ally max (twice) and clean wave (twice) were applied. The reason behind best control of seed bank in these treatments may be that more than one episode of herbicidal spray might have not only suppressed the single flush of weeds, but they also controlled lateral flushes along with preventing their reproduction and seeds setting. These outcomes are in line with the results of Ball (1992) who reported that herbicidal treatments significantly reduced the seed bank density of certain weeds species, while some species were resistant towards herbicides. These results are also matched with Norsworthy (2008) and Prabhu et al. (2015) who find out that some herbicides executed well against weed and prevent the formation of seed bank.

			Total density (m-2) of weeds flora before and after application of herbicides

			Density of plants represents to the overall population of a community under study area. Density of weeds per unit area is the main parameter to search out the effect of treatments on growth of weeds and crop plants because weeds are the competitors of crop plants for water, nutrients, light and other resources. The data about total weeds density before application of herbicides is presented in Table 3. Chenopodium album, Anagalis arvensis, convolvulus arvensis, Euphorbia helioscopia, Cirsium arvense, Asphodelustenuifolius, Fumaria indica and Rumexdentatus were the dominant species under study area. There was no prominent (P ≥ 0.05) difference between the total densities of weeds in all the experimental plots before application of herbicides. These non-significant results may be due to the reason that there was not any treatment applied at this stage. The data showed that maximum weeds (105.33 m-2) were present in control plot and the minimum weeds (77.33 m-2) were found under the plot where two times application of Ally max herbicide was to be applied. The outcomes were maintained by the results of Abbas et al. (2009) who stated that there was no significant difference between the densities of weeds before application of herbicides in the experimental plots.

			The statistical data revealed that there was substantial (P≤0.05) influence of herbicides on weed density after application of herbicides. The data related to weeds density after application of herbicides is showed in Table 3. Twenty-five days after application of 1st treatment of herbicides, it was observed that weeds were increased by 18.36 % in control plot, whereas they were controlled up to 94.81% under hand weeded plots. Data revealed that best density of weeds (5/m2) was noted in plot where hand weeding was performed after application of 1stepisode of herbicides. Whereas the lowest density of weeds (27.33/m2) was noted in plot where single application of Starane M was applied which was followed by the plots where Ally max (twice to be applied) and clean wave (once) was applied having densities of (27.67/m2) and (30.67/m2) respectively. Whereas the greater density of weeds (124.67/m2) was noted in Control plot where no herbicidal treatment was applied. 

			Table 3: Weeds density (m-2) before and after application of herbicides.

			
				
					
					
					
					
				
				
					
							
							Treatments

						
							
							WDBFS

						
							
							WDAFS

						
							
							WDASS

						
					

					
							
							Control (T1)

						
							
							105.33 NS

						
							
							124.67 a ** 

						
							
							128.67 a **

						
					

					
							
							Hand weeding (T2)

						
							
							96.33

						
							
							5.00 e 

						
							
							7.00 f

						
					

					
							
							Buctril super (T3) Once

						
							
							81.67

						
							
							65.67 b

						
							
							70.00 b

						
					

					
							
							Allymax (T4) Once

						
							
							86.67

						
							
							30.67 d

						
							
							33.00 cd

						
					

					
							
							Starane M (T5) Once

						
							
							84.00

						
							
							27.33 d

						
							
							29.33 de

						
					

					
							
							Clean wave (T6) Once

						
							
							84.00

						
							
							48.00 bcd

						
							
							50.00 c

						
					

					
							
							Buctril super (T7) Twice

						
							
							77.67

						
							
							54.00 bc

						
							
							29.00 de

						
					

					
							
							Allymax (T8) Twice

						
							
							77.33

						
							
							27.67 d

						
							
							14.67 ef

						
					

					
							
							Starane M (T9) Twice

						
							
							81.00

						
							
							35.00 cd

						
							
							12.33 ef

						
					

					
							
							Clean wave (T10) Twice

						
							
							88.00

						
							
							46.67 bcd

						
							
							15.00 ef

						
					

				
			

			Where, WDBFS= Weed density before first spray; WDAFS= Weed density after first spray; WDASS= Weed density after second spray

			Similarly, weed densities were also significantly affected by the 2nd application of herbicides. Weeds were further suppressed in the plots where double application of herbicides was performed having density of (29 m-2), (15 m-2), (14.67 m-2) and (12.33 m-2) in twice application of Buctril super, clean wave, Ally max and Starane M respectively. Moreover, an increased weed density of (128.67 m-2) was noted in control plot after 2nd application of herbicides. The data mentioned in Table 3 also revealed that statistically the plots of twice application of Ally max, Buctrilsuper, Starane M and Clean wave have non-significant differences with one another. Similar results were described by the Salahuddin et al. (2016) and Abbas et al. (2009a) who stated that there were significant results found for suppressing weed densities by using chemical herbicides. Khalil et al. (2013) also confirmed our findings, who stated that greater density of weeds was noted in control plot in their herbicidal wheat experiment.

			Total dry weight (g m-2) of weeds before and after application of herbicides

			Dry weight of weeds represents the weight of plants after the removal of all water contents in it. It represents the total weed biomass in the given area. The statistical examination of data showed that there was no significant (P≥0.05) difference in dry weight of weeds before application of herbicides. The data about the weeds dry weight is displayed in Table 4. Maximum weeds dry weight biomass (73 g m-2) was found in plot where single application of Starane M was to be applied before application of herbicides. The lowest weeds dry weight (56.33 g/m2) was noted in Buctril super plot which was followed by Control plot having dry weight of (68.33 g/m2) where no treatment was to be applied. The non-significant differences in the weeds dry weight in the above-mentioned plots before herbicides application may be due to the reason that all the plots were equally infested by the weed before application of herbicides and the same kind of weeds were present in all the plots. One more reason of similarity may be due to the uniform distribution of soil weed seed bank. 

			The statistical analysis of data showed that there was significant (P≤0.05) impact of herbicides on dry weight of weeds after 1st application. The data related to dry weight of weeds after spray is shown in Table 4. After application of 1stspray, it was found that dry weight of weeds was increased up to 31.71 % in control plot, whereas they were decreased up to 87.30 % in hand weeded plots. The dry biomass of herbicidal treated plots was at par with each other and there was little variation found in the dry weight of weeds after application of herbicides. This little variability may be due to the reason that all herbicides performed a likely good for controlling dry weight of weeds. The best treatment against the control of weeds dry biomass was hand weeding having (8.00 g/m2) weeds dry biomass; whereas, in single time herbicidal treated plots, minimum weeds dry weight (33.33 g /m2) was noted in the plot where Buctril super was applied. Whereas greater weeds dry weight (90 g /m2) was noted in plot where no weed control treatment was applied (check plot) followed by Starane M (once), Starane M (twice) and Clean Wave (once) having dry weight of (45.33g/m2), (39g/m2) and (35.33g/m2) respectively. 

			Table 4: Weeds Dry Weight (gm-2) before and after application of herbicides.

			
				
					
					
					
					
				
				
					
							
							TREATMENTS

						
							
							WDWBFS

						
							
							WDWAFS

						
							
							WDWASS

						
					

					
							
							Control (T1)

						
							
							68.33 NS

						
							
							90.00 a **

						
							
							93.33 a **

						
					

					
							
							Hand weeding (T2)

						
							
							63.00

						
							
							8.00 c

						
							
							12.00 c

						
					

					
							
							Buctril super (T3) Once

						
							
							56.33

						
							
							33.33 b

						
							
							34.33 b

						
					

					
							
							Allymax (T4) Once

						
							
							63.00

						
							
							35.00 b

						
							
							31.00 b

						
					

					
							
							Starane M (T5) Once

						
							
							73.00

						
							
							45.33 b

						
							
							38.67 b

						
					

					
							
							Clean wave (T6) Once

						
							
							63.33

						
							
							35.33 b

						
							
							37.67 b

						
					

					
							
							Buctril super (T7) Twice

						
							
							63.50

						
							
							34.00 b

						
							
							14.67 c

						
					

					
							
							Allymax (T8) Twice

						
							
							69.20

						
							
							34.00 b

						
							
							10.67 c

						
					

					
							
							Starane M (T9) Twice

						
							
							69.23

						
							
							39.00 b

						
							
							18.33 c

						
					

					
							
							Clean wave (T10) Twice

						
							
							59.67

						
							
							33.67 b

						
							
							20.33 c

						
					

				
			

			Where, WDWBFS= Weed dry weight before first spray; WDWAFS= Weed dry weight after first spray; WDWASS= Weed dry weight after second spray.

			Table 5: Weed control efficiency (%) and weed index as affected by different treatments.

			
				
					
					
					
					
				
				
					
							
							Treatments

						
							
							WCEAFS %

						
							
							WCEASS %

						
							
							WEED INDEX

						
					

					
							
							Control (T1)

						
							
							0.00 c **

						
							
							0.00 d**

						
							
							0.27 a **

						
					

					
							
							Hand weeding (T2)

						
							
							90.47 a

						
							
							86.97 a

						
							
							0.00 cd

						
					

					
							
							Buctril super (T3) Once

						
							
							60.88 b

						
							
							62.82 c

						
							
							0.073bc

						
					

					
							
							Allymax (T4) Once

						
							
							59.85 b

						
							
							66.21 c

						
							
							0.00 cd

						
					

					
							
							Starane M (T5) Once

						
							
							49.75 b

						
							
							57.61 c

						
							
							0.173 ab

						
					

					
							
							Clean wave (T6) Once

						
							
							59.3 b 

						
							
							58.58 c

						
							
							0.073bc

						
					

					
							
							Buctril super (T7) Twice

						
							
							59.15 b

						
							
							83.83 ab

						
							
							-0.13 e

						
					

					
							
							Allymax (T8) Twice

						
							
							59.82 b

						
							
							88.40 a

						
							
							-0.27 f

						
					

					
							
							Starane M (T9) Twice

						
							
							55.71 b

						
							
							79.85 ab

						
							
							-0.11 de

						
					

					
							
							Clean wave (T10) Twice

						
							
							62.02 b

						
							
							77.94 b

						
							
							-0.16 e

						
					

				
			

			Where, WCEAFS= Weed control efficiency after first spray; WCEASS= Weed control efficiency after second spray

			Similarly, minimum dry weight of weeds (10.67 g/m2) was found in Ally max twice plot after 2nd spray of herbicide, which was followed by Buctril supertwice, Starane M twice and clean wave twice plots having (14.67 g/m2), (18.33 g/m2) and (20.33 g/m2) weeds dry weight respectively. Whereas maximum dry weight of weeds (93.33 g/m2) was found in control plot after 2nd application of herbicides spray. Statistically the dry weight of control plot and hand weeded plot were significantly different from one another and all other herbicidal treated plots, whereas the dry weights of all herbicidal treated plots were at par with each other and hand weeded plot after twice application of herbicides. Choudhary et al. (2016) also predicted similar results that by using different chemical herbicides weeds dry weight was significantly reduced.

			Weeds control efficiency (%) as affected by different herbicides

			Efficiency means how effectively different herbicides performed to control weeds. The different herbicides showed significant effect (p≤0.05) on weeds control efficiency. The data regarding weeds control efficiency after first spray is displayed in Table 5. The data displayed that the uppermost weed control efficiency (90.47 %) was occurred in plot where hand weeding was performed. The minimum control efficiency of weeds (0.00%) was measured in plot where no treatment (control) was applied. Whereas, in herbicidal treated plots the greater control efficiency of weeds (62.02%) was found in Clean Wave twice followed by Buctril Super once and Ally Max once plot having control efficiency of, (60.88%) (59.85%) and (59.3%) respectively after single spray. 

			Similarly, weeds were further controlled in plots where double application of herbicides was performed. The data regarding weed control efficiency after 2nd application of herbicides is presented in Table 3. Greater control efficacy of weeds (88.40%) was determined in Ally Max twice plot which was followed by (86.97%) where hand weeding was performed. They were followed by (83.83%), (79.85%) and (77.94%) in plots where Buctril super, Starane M and Clean wave were applied by two times. As for as the comparison of herbicidal treated plots with hand weeded plot is concerned, it was determined that double application of Ally max proved to be 1.43% more effective than hand weeded plot and Buctril Super twice performed 3.14% less efficiently than hand weeded plot. Similarly, Starane Mtwice and Clean wave twice were 7.12 % and 9.03 % less efficient than hand weeded plot. The higher efficiency of hand weeding may be due to the reason that manually all kind of weeds were removed effectively by direct manual physical examination of noxious as well as invasive weeds. Pandey et al. (2001) also confirmed our findings that use of herbicides provides better control of weeds than control plot.

			Weeds index as affected by different herbicides

			All the herbicidal treatments depicted a significant (P≤0.05) influence on weed index. Weeds index is actually reflection of loss in yield of field crop by the reason of weed. The data related to weed index is demonstrated in Table 5. The maximum weed index (.26) was observed in the control plot which was followed by plots where single application of Starane M, Clean Wave and Buctril Super were applied having weed index of (.1733), (.0733) and (.0733) respectively. The lowest index weed (0.00) was noted in hand weeded plot. But similar result was found in case of Ally Max once having weed index of (0.00). Whereas, in case of double sprayed herbicidal plots, weeds index was further reduced to (-.273), (-.156), (-.133) and (-.106) in Ally max twice, Clean wavetwice, Buctril supertwice and Starane Mtwice, respectively. Data mentioned in Table 4 also verified that statistically plots of Hand weeded, Buctril super once, Ally maxonce, and Clean waveonce have non-significant differences with one another, moreover, Control plot and Starane M once were also statistically at par with each other. Whereas the plots of single spray and double spray were significantly different from one another.

			As for as the comparison of different treatments with hand weeded plot is concerned, it was noted that 26.67 % yield was decreased in the control plot through weeds as compared to hand weeded weed free plot. Whereas, (17.33 %), (7.33 %) and (7.33 %) less yield was recorded due to weeds in the plots where single spray of Starane M, Buctril Super and Clean Wave were applied, respectively as compared to hand weeded weed free plot; whereas there was no difference found between the grain yields of hand weeded and Ally max once applied plot. Similarly, 27.30% yield was enhanced where double spray of Ally Max was done as compared to hand weeded plot which demands the hormonal study about Ally Max and the reason behind the maximum grain yield in Ally Max due to the reason of its best control against weeds and it is also doubted that there may be a growth hormone in this herbicide which also enhanced the development and growth of crop plant which ultimately increased yield of crop. The hormonal study of this herbicide is suggested to know the actual reason behind its dual activity. Our results are similar with Shah et al. (2018) who also described that Ally max herbicide have minimum weed index because where Ally Max was applied the crop growth was significantly higher. The similar findings were described by Dadri (2003) who stated that growth and yield parameters of crop are adversely affected by the competition between crop plants and weeds which starts from the germination of crop up to harvesting of crop. 

			Wheat Related Parameters

			Plant height (cm) as affected by different treatments: Plant height is a combined expression of both genetic and environmental factors. The data about plant height has been shown in Table 6. It is understandable from the data that plant height was not significantly affected by different treatments. The greater height of plant (69.58 cm) was found in Clean wave (twice) plot and it was followed by the treatments where Buctril super (twice), Clean wave (once), Buctril super (once), Ally max (twice), Starane M (once), Hand weeding (once), Starane M (twice), and Ally max (once) was applied having plant height of (68.26 cm), (65.30 cm), (65.30 cm), (55.24 cm), (50.15 cm), (48.91 cm), (48.69 cm), and (47.69 cm) respectively. Whereas minimum plant height (42.97 cm) was attained from control plot. These findings are in consonance with results of Shah et al. (1989) and Sarwar (1994) who researched out that enhancement in growth parameters is highly related with herbicidal treatments and inheritance.

			1000-Kernel weight (g) as affected by different treatments: The data about weight of 1000-Kernel is displayed in Table 6. The data displayed non-significant difference among all the treatments. Maximum 1000-kernel weight (57.15 g) was recorded in plot where Buctril super (twice) was applied followed by (54.77 g), (54.50 g), (54.30 g), (54.27 g), (53.93 g), (53.87 g), (53.58 g), and (53.18) where Ally max (once), Strane M (twice), Buctril Super (once), Ally max (twice), Hand weeding, Starane M (once), Control and Clean wave (twice) were applied; whereas, minimum 1000-kernel weight (53.05 g) was obtained from the plot where clean wave (once) was sprayed. The non-significant results of 1000 grain weight may be due to minor effects of herbicides on weight of wheat grain under rainfed conditions (Asad et al., 2017; Hameed et al., 2019).

			Grain yield (t ha-1) of wheat crop as affected by different treatments: Grain yield represents the major economical yield of a crop. The statistical data with respect to grain yield is depicted in Table 6. The data exposed that there was significant (P≤0.05) herbicides effect on grain yield of crop plants. The highest grain yield (3.1425 t/ha1) was obtained in plot in which Ally max (twice) was applied which was followed by clean wave (twice), Buctril super (twice), and Starane M (twice) having grain yield of (2.8683 t/ha), (2.8050 t/ha), and (2.7415 t/ha) respectively. Similarly, in case 

			Table 6: Wheat parameters as affected by different treatments. 
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							Control (T1)

						
							
							42.97 NS

						
							
							53.58 NS

						
							
							1.81 e **

						
							
							0

						
							
							5.39 d **

						
							
							33.60 bcd *

						
					

					
							
							Hand weeding (T2)

						
							
							48.91

						
							
							53.93

						
							
							2.48 c

						
							
							+ 36.59

						
							
							7.14 c

						
							
							34.78 bc

						
					

					
							
							Buctril super (T3) Once

						
							
							65.30

						
							
							54.30

						
							
							2.30 cd

						
							
							+ 26.85

						
							
							5.72 d

						
							
							40.67 a

						
					

					
							
							Allymax (T4) Once

						
							
							47.69
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							2.48 c
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							34.31 bcd
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							50.15
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							2.04 de

						
							
							+ 12.61
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							53.05

						
							
							2.30 cd
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							5.95 d
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							69.58

						
							
							53.18

						
							
							2.87 b

						
							
							+ 58.28

						
							
							8.98 b

						
							
							31.94 cd

						
					

				
			

			of single time sprayed herbicidal plots maximum grain yield was observed in Ally max (once) having yield of (2.4722 t/ha) which was followed by Clean wave (once), Buctril super (once) and Starane M (once) having grain yields of (2.302 t/ha), (2.2987 t/ha) and (2.0407 t/ha) respectively. Hand weeded plot showed higher grain yield of (2.4752 t/ha) as compared with all the single time treated plots. But it was also noticed that hand weeded plot performed less efficient than all the herbicidal plots treated twice. The data also showed that lowest grain yield (1.8122 t/ha) was taken in control plot which was reserved as weedy check where no treatment was applied. 

			While comparing with control plot the data depicted that (36.59%) grain yield was increased in hand weeded plot as compared to control plot. Whereas it was (36.42%), (27.03%), (26.85%) and (12.61%) higher in plots where Ally Max (once), Clean Wave (once), Buctril super (once) and Starane M (once) were sprayed as compared to control plot. But, in case of herbicidal plots which were treated twice showed more yield of grains than hand weeded plots. It was noted that there was (73.41 %) more yield of grains in Ally max (twice) plot as compared with control plot which was followed by clean wave (twice), Buctril Super (twice), and Starane M (twice) having more yield of grains (58.28 %), (54.78 %), and (51.28 %) respectively. Similar findings were reported by Bibi et al. (2008); Hassan et al. (2003) and Tunio et al. (2004), who researched out that herbicide treatment had significantly affected the yield of grains.

			Biological yield (t ha-1) of wheat crop as affected by different treatments: Biological yield of a crop is defined as the total biomass or dry matter accumulation of plants per unit area. Farmers are interested in both biological and grain yields as the dry biomass residue after grain separation of many crops may be used as haylage for animals. The statistical data regarding biological yield is presented in Table 6. The data displayed that there was a significant (P≤0.05) impact of herbicides on biological yield of crop. The higher biological yield (10.968 t/ha) was found in plot that was treated twice by Ally max herbicidal spray, which was followed by the plots where Buctril Super, Clean Wave and Starane M was sprayed twice having biological yields of (9.023 t/ha), (8.981 t/ha) and (8.607 t/ha) respectively. Whereas the lowest biological yield (5.385 t/ha) was obtained from control plot. The biological yields of (7.211 t/ha), (7.136 t/ha), (5.947 t/ha), (5.721 t/ha) and (5.665 t/ha) were recorded from the plots that were treated once with Ally max, Hand weeding, clean wave, Buctril super and Starane M Respectively. The data also confirmed that Hand weeding plot and Ally max plot (once)were statistically non-significant from one another. Whereas, Control plot, Buctril super, Starane M and Clean wave that were treated once were also non-significantly different from each other. As for as the comparison of herbicide treatments with Hand weeded plot is concerned, it was noted that Hand weeded plot performed best among all the single time treated plots, but herbicidal plots that were treated twice proved better than hand weeding. Because manual pulling and hoeing of weeds from the area cleared equally all kind of grassy and broad-leaved weeds, but it may have also caused some damage to crop plants. The similar findings were discovered by Ashrafi et al. (2009) who confirmed that herbicides significantly increased biological yield as compared with control Plot. 

			Harvesting index of wheat crop as affected by different treatments: Harvesting index is the ratio of grain yield verses total biomass produced by the wheat crop. The statistical data with reference to harvest index is showed in Table 6. The data depicted that there was significant (P≤0.05) effect of herbicide treatments on harvesting index of wheat crop. The data revealed that maximum harvest index (40.67) was obtained in the plot where Buctril Super (once) was sprayed which was followed by clean wave (once), Starane M (once), Hand weeding and Ally max (once) plot having the harvesting index of (38.72), (35.96), (34.77) and (34.30) respectively. But in case of plots, which were treated twice with herbicides, showed lower harvesting index than other plots. It was noted that Ally max (twice) showed harvesting index of (28.69) which was followed by Buctril super (twice), Starane M (twice) and Clean Wave (twice) having harvest index of (31.11), (31.92) and (31.94) respectively. The harvesting index of (33.60) was found in Control plot where no treatment was applied. It is obvious from the data that harvesting index of control treatment was higher than twice application of herbicides but lower than single application of herbicides. The reason behind higher harvest index under single application and lower harvest index found under twice application of herbicidal plots may be that wheat crop growth was higher under twice application and ultimately the crop plants gained higher plant biomass/biological yields compared to grain biomass/grain yield which reduced the harvest index under twice application of herbicides. Lower harvest index of control plot was also reported by Hossain et al. (2009) who, applied herbicides only once. These findings were also in agreement with Hassan et al. (2001) who researched that higher harvesting index was noted in herbicidal treated plots and minimum harvesting index was noted in control plot. 

			Conclusions and Recommendations

			Double spray of Ally Max increased the grain yield by 73.41%, whereas double spray ofClean wave, Buctril Super, Starane Mand once hand weeding produced 58.28%, 54.78%, 51.28% and 36.59% higher grain yield than control respectively. Similarly, double spray of Starane M reduced 70.1% broad leaved weeds seed bank as compared to control, whereas double spray of Ally Max, Buctril Super, Clean wave and once hand weeding reduced soil weed seed bank by 69.17%, 69%, 61.39% and 45.18% respectively. Thus, this research concluded that twice application of herbicides performed best in rain-fed areas to control the seed bank and flora of broad-leaved weeds of winter wheat which ultimately increased the yield of wheat crop significantly. So, resultantly, keeping in view the types of prevailing weeds, twice application of all studied herbicides in this research is recommended to improve the productivity of wheat along with efficient control of weed flora and weeds seed bank in wheat under rainfed conditions of Pothwar Region of Pakistan.
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Abstract | To research out an efficient chemical remedy of broad-leaved weeds in winter wheat at Pothwar
Region of Pakistan, a study was performed during 2016-17 at University Research Farm Chakwal Road
Rawalpindi. Four herbicides were used as once and twice application, i.e., Buctril Super (Bromoxinil 30% with
MCPA 30% w/v), Ally Max (Metsulfuron Methyl 14.3% w/w with Tribenuron Methyl 14.3% w/w), Starane
M (Fluroxypyre 10% with MCPA 40% w/w) and Clean wave (Aminopyralid 1% with Fluroxypyre14% w/w)
at recommended doses. A weedy check and a weed free plot were also kept for comparison. Results showed
that in comparison to control plot (weedy check), there was 73.41% increase in the grain yield of wheat where
double spray of Ally Max was done and it was followed by 58.28%, 54.78%, 51.28% and 36.59% where double
spray of clean wave, Buctril Super, Starane Mand single hand weeding were applied respectively. Similarly, there
was 70.1% decrease in the seed bank of weeds where Starane M was sprayed twice as compared with control
plot which was followed by 69.17%, 69%, 61.39% and 45.18% decrease where Ally Max twice, Buctril Super
twice, clean wave twice and once hand weeding were applied respectively. So, resultantly, it is concluded that
twice application of all tested herbicides gave best results for controlling flora and weeds seed bank of prevailing
weeds which significantly increased the wheat yield. So, twice application of Starane M, Ally Max, Buctril
Super and Clean Wave herbicides is recommended to improve the productivity of wheat along with efficient
control of weed seed bank and weed flora in wheat under rain-fed conditions of Pothwar Region of Pakistan.
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Introduction preme importance to wheat crop in Pakistan (Jabran
et al.,, 2011). Universally, wheat ranked second major
crop as food grain in terms of area wise, production
wise and consumption wise for dietary purposes after

ainfed agriculture has a big role in the economy
t Pakistan. Here, agriculture is mainly depend-

ent on rainfall. This area is consisted upon 17% of to-
tal area cultivated of the Country (Adnan ez /., 2009).
Wheat (7riticum aestivum L.) is regarded as one of
the staple foods of the large population of Pakistan.
Due to this reason, farmers and researchers give su-

maize (Chachar ¢ 4/, 2009). Wheat as sole crop is
cultivated on 17% of the total land of the world and it
meets 35% of total food demand. So, being the major
staple food of millions of people, there is dire need
to increase its production for food security (Shamsi
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