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			Abstract | Chilli is an important agricultural crop, cultivated all over the world. It has high nutritional value and mostly used as a spice in the food. Nutrients are applied to the crop plants in different farms to improve its production and nutritional value. This experiment was conducted at Agriculture Research Institute (ARI) Tarnab, Peshawar during summer 2016. Two factors i.e. Chilli varieties (Magma and High fly) and humic acid levels (0, 25, 50, 75 and 100 g L-1) were applied in the field during experiment. The results of the experiment showed that High fly variety took minimum days to produce flowering (33 days), maximum numbers of leaves plant-1 (208.93), plant height (42.27 cm), stem diameter (1.60 cm), number of fruit plant-1 (52.53), yield plant-1 (184.61 g) and total yield (3.69 t ha-1), while maximum fruit weight (3.65 g), fruit volume (9.47 cm3) and fruit diameter (12.0 mm) were noted in variety Magma. In case of humic acid levels, maximum number of leaves plant-1 (243.67), branches plant-1 (5.50), plant height (47.33 cm), stem diameter (1.83 cm), number of fruit plant-1 (57.50), yield plant-1 (204.50 g) and total yield (3.93 t ha-1) were recorded in 50 g humic acid L-1 as a foliar spray. Whereas early flowering (33 days), fruit weight (3.81 g), fruit diameter (13.82 mm), fruit volume (11.33 cm3) were found in plants treated with 100 g humic acid L-1. It can be concluded that aerial application of humic acid at 50 g L-1 and variety High fly variety  give best results under the climatic conditions of Peshawar.
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			Introduction

			 

			Chilli, botanically known as Capsicum annuum L. is a key agricultural crop. It is an important vegetable crop having high nutritional value.  It is a very good source of natural colors and anti-oxidant combinations important for human health (Howard et al., 2000). The most important and common specie s of capsicum is pepper which is cultivated throughout the world among domesticated species of capsicums. There are different species of pepper with respect to size and shape in the world (mild and hot), which ranges from chilli peppers to bell peppers. Worldwide, C. annuum is vastly  cultured and economically significant species which contains both sweetened and spicy fruits in different size and shapes (Bosland, 1992). Chilli originated at America, many important chilli pepper cultivars were spread all over the world, After Columbian Exchange which is used in both food and medicine. The world chilli production in 2004 reached go 1.7 million hectares (FAO, 2008). It is a small variety of capsicum available in various colors such as yellow, orange, green, black and red. They have a straight, woody stem and single, star-shaped, white flower in the axils of the leaves. The flowers are followed by juiceless berries or pods. World’s largest producer of chilli is China. Which produce about 50 % Chilli of the world and covered about 33% of the world area of production of chilli (FAO, 2005). Chilli is cultivated on 652.5 thousand hectares area in Pakistan with a production of 139.9 thousand tons. The Sindh province had shown a very high production of chilli and had produce of 1238.8 thousand tons production. While Punjab, Khyber Pakthunkhwa and Balochistan produced 9.4, 6.2 and 0.5 thousand tons chilli respectively (ASP, 2014-2015). In Pakistan, dehydrated chilli peppers are grown on an area of 66 thousand hectares with 130 thousand tons of production. In Pakistan, yield per hectare is 1.96 tones as compared to 6.25 tons in other dry chilli pepper growing countries like china (FAO, 2007).

			 

			Humic acid is recognized as dark gold of agriculture. It is a major constituent of Humic materials contributed the main essential elements of peat, coal and soil. It is extremely soluble in water and simply absorbed up by a plant as related to fertilizer because it has frequent vigorous locations which mark it soluble in water. There is a rising attention in the use of Humic acid as organic manures or soil tonic. El-Ghamry et al. (2009) showed that the use of humic constituents as foliar use increase growth and mineral content as well as reduce the injury of chocolate spot and rust infections of Faba bean. Humic ingredients comprise three types of  organic acid; humin, humic acid and fulvic acid. They have been well-defined in humic science in harmony with their solubility features (IHSS, 2004). Humic acid has three types of effect (Physical, Chemical, and Biological) on soil and plants, Physical Effect; enhance water holding capability, Increase ventilation of soil, improve soil workability, assistances in drought resistance, make soil further friable or crumbly, reduce soil corrosion. Chemical effect; chelates nutrients for endorsement by plants, holds high ion-exchange ability and rises buffering traits of soils. Increase nitrogen levels the in soil and biological effect, hastens plant cell division and stimulates growth, increase germination of seed and viability (Shiva et al., 2015). Humic substances encourage plant growth by the integration of major and minor elements, activator and inhibitor of several enzymes, changes in membrane penetrability, important for protein synthesis and increase of biomass production (Mackowiak et al., 2001). Humic acid deficiency is a significant nutritional problem in soils worldwide; therefore, improving the humic acid nutritional status to plants could greatly improve the production of vegetable crops like chilli (Aktafi et al., 2006). Keeping in view that the above review about the importance of Chilli and humic acid, the present research study was conducted to identify the optimum dose of Humic Acid on quantitative attributes to chilli production and to evaluate the growth and yield of chilli varieties.

			 

			Materials and Methods

			 

			A field experiment on the “Effect of foliar application of Humic acid on development and yield of chilli (Capsicum annuum L.) Varieties” was conducted at Agriculture Research Institute (ARI) Tarnab Peshawar during 2016. The research was laid out in Randomized Complete Block Design (RCBD) with three replicates having two factors, factor A was two varieties of chilli i.e., Magma and High fly. Factor B was five different levels of Humic acid i.e., 0, 25, 50, 75, 100 g L-1. The seedlings of both varieties were provided by ARI Tarnab, Peshawar vegetable section. The plot was prepared by using cultivator and rotavator. The plot was leveled and divided in three blocks. The seedlings were planted with row to row distance 60 cm and plant to plant distance 50 cm. In each replication, there were 10 treatments. Total of 300 numbers of seedlings were used in the experiment. The total area of each replication was 42 m2 having 2.5 m2 plot size, whereas the total experimental area was 126 m2. The recommended dose of NPK was applied as a basal dose at the rate of 30:60:30 kg ha-1 just before the sowing. The Source of NPK was Urea, Diammonium Phosphate and murate of Potash. The Humic Acid was applied by foliar method on chilli plants, at 0, 25, 50, 75 and 100 g dissolved in one liter volume of water. All other cultural practices were applied uniformly in the field. The following parameters were recorded. Plant Height (cm), Six plants were randomly selected from individual plots and their plant tallness was measured with the help of measuring tape from top of the soil to the tip of the plant and then average was calculated for further statistical analysis. Number of leaves plant-1 was calculated randomly in the selected plants in each treatment and each replication of the experiment and their average was calculated for further analysis. For the number of branches plant-1, six sample plants were designated in every treatment per replication and their numbers of branches were calculated and then their average was considered for further statistical analysis. Similarly, for Days to flowering, six plants were randomly selected and their days were calculated from the date of transplanting to the 50% plants flowered in each replication and their average was considered for further analysis. For fruit weight six randomly samples were selected in each treatment and 10 fruits were randomly selected and weight was calculated by using a digital scale. Vernier caliper was used to determine the fruit diameter of chilli. For this purpose, 10 randomly fruits were collected from every treatment of the experiment and their fruit diameters were measured and the average was considered for further statistical analysis. For the number of fruits plant-1, six random plants were chosen in each treatment of the experiment and fruits were calculated. Thereafter average was calculated for further statistical analysis. Stem diameter was recorded by using Vernier caliper. Six sample plants were designated in each treatment of the trial and their stem diameter was calculated in the lower, middle and upper portion of the stem and the average was calculated. After that their average was considered for further analysis. Fruit volume was measured by means of water displacement method. For this purpose, a beaker was taken and put 100ml of water in it, and it was considered as initial reading. Thereafter a chilli fruit was dipped in that beaker. The level of water was rose up and the reading was recorded as final reading. The volume of each fruit was determined with following formula. This process was repeated for all fruits which was selected randomly and then their average was calculated.
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			Yield plant-1 was measured with the help of digital scale. For this purpose, all the fruits were assumed from six randomly selected samples in each treatment of the experiment and their weight was measured and then their average was considered for supplementary analysis. To determine the Total Yield (tons ha-1), All the fruits were harvested from the experimental unit and their weight was measured with the help of a digital scale. This process was repeated for all experimental units and converted into tons ha-1 by using the following formula.
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			Statistical analysis

			For statistical analysis statistix software 8.1 was used. Furthermore, LSD test was performed for mean comparison (Steel et al., 1997).

			 

			Results and Discussion

			 

			Number of leaves plant-1

			Leaf is the important organ of the plant which is the main source of food for the plant as the photosynthesis occurred in it. The variety high fly produce maximum number of leaves plant-1 (208.93) as compared with variety Magma (184.67) (Table 1). In terms of humic acid concentration maximum number of leaves plant-1 (243.67) was found in those plants treated with 50 g L-1 humic acid while minimum number of leaves plant-1 (129.50) was found in control plot (Table 1). Significant variation was observed among chilli varieties in number of leaves plant-1. This variation might be due to genetic reasons. Mehraj et al. (2014) also recorded a significant variation in chilli varieties. Humic acid levels also showed a significant variation in number of leaves plant-1. It is due to the capability of humic acid to stimulate the hormonal activities in plants and also increase plant growth, plant height, uptake of nutrients and tolerance to stresses (Serenella et al., 2002). The same finding was noted by Dursun et al. (2002) in tomato and eggplant treated with various humic acid concentrations.

			 

			Number of branches plant-1

			Results showed that number of branches plant-1 was significantly affected by humic acid levels. While, chilli varieties and interaction of treatments was non-significant. In case of humic acid, maximum number of branches plant-1 (5.50) were recorded in plants treated with 50 g L-1 humic acid as foliar spray followed by 4.50 branches which were recorded in 25g L-1 humic acid. Humic acid treatments i.e. 25 g L-1, 75 g L-1 and 100 g L-1 were statistically similar. However, minimum number of branches plant-1 (3.0) was noted in Control (Table 2). Humic acid levels also affected number of branches plant-1 significantly. Humic acid is very important for root and shoot growth of the plant. It increases the uptake of nutrients in vegetables crop (Cimrin and Yilmaz, 2005). Studies showed that the foliar application of humic acid increase vegetative growth of the plant. Brownell et al. (1987) reported that foliar application of humic acid significantly increased number of branches palnt-1 in tomato. It has been reported that the application of humic acid increased the soil fertility and enhanced the availability of nutrients (Yildirim, 2007). The results are similar with the findings of Dod et al. (1989) who reported that humic acid can significantly affect number of branches plant-1. The similar results were also reported by Fathima and Denesh (2013).

			 

			[image: 2611.png] 

			Figure 1: Present the effect of humic acid concentrations and chilli varieties on fruit weight (g).
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			Figure 2:  Present the effect of humic acid concentrations and chilli varieties on fruit volume (cm3).

			 

			Plant height (cm)

			Mean data shows that plant height was significantly affected by chilli varieties and humic acid levels, while the interaction was found non-significant. In case of varieties, maximum plant height (42.27 cm) was observed in variety High fly while minimum plant height (41.20 cm) was noted in variety Magma (Table 1). Furthermore, In case of humic acid levels, maximum plant height (47.33 cm) was recorded in plants treated with 50 g L-1 humic acid as foliar spray followed by 75 g L-1 of humic acid (42.67 cm). However, minimum plant height (38.17 cm) was noted in control (Table 2). The variation in plant height among chilli varieties may be due to genetic reasons. The similar finding was noted by Ganefianti et al. (2017) who reported that significant variation was recorded in plant height by different chilli genotypes. In case of humic acid a significant difference was observed in plant height. Humic acid is a type of fertilizers which contain several elements due to which soil fertility increase. It also increases the availability of nutrients in the soil. As a result, growth and yield of the plants, especially, vegetables crops increased and it also reduce the damages caused by stresses (Doran et al., 2003). It has been reported that nitrogen use efficiency increased with the application of humic acid which enhanced plant shoot and root growth (Adani et al., 1998). Our results are similar with the finding of Fathima and Denesh (2013) who reported that humic acid levels significantly affect plant height of chilli. Yildirim (2007) has also similar findings in tomato crop.

			 

			Stem diameter (cm)

			Results regarding stem diameter showed that, it is significantly affected by chilli varieties and humic acid levels, whereas the interaction of the treatments was found non-significant. In varieties, Variety High fly have maximum stem diameter (1.60 cm) as compared to variety Magma (1.47 cm) (Table 1). In terms of humic acid levels 50 g L-1 foliar application produced maximum stem diameter (1.83 cm) which was statistically similar with 75 g L-1 humic acid level which produce (1.77 cm) stem diameter. While, minimum stem diameter (1.08 cm) was observed in control plots (Table 1). The variation in stem diameter among chilli varieties is may be genetic combination. Chowdhury et al. (2015) reported that different stem diameter produced by chilli varieties in similar environmental condition was might be due to genetic makeup of the varieties. In terms of humic acid levels, there was a significant variation in humic acid levels regarding stem diameter. The physical, chemical and biological properties of the soil were increased with the application of humic acid. As a result of which the plant growth also improved (Nardi et al., 2005). Trevisan et al. (2009) reported that humic acid substances are the major source of soil fertility and soil properties due to which all the growth and yield components of the plant increased. Studies concluded that there is a direct relationship between nutrients uptake such as N, P, S and micro nutrients such as Fe, Zn, Cu, and Mn with the application of humic acid (Chen et al., 2001). 

			 

			Days to flowering

			Results show that there is a significant effect by chilli varieties and humic acid levels on days to flowering (Table 1), while interaction was non-significant. In terms of varieties, high fly variety produced early flowering (33.07 days) as compared to Magma variety (35.87 days) which produced late flowering. In case of humic acid, the early flowering (33.33 days) was observed in 

			Table 1: Present data regarding number of leaves, number of branches, plant height, stem diameter, days to flowering, number of fruits, fruit diameter, yield per plant and total yield as affected by Humic acid concentrations.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							Cultivar
							No. of Leaves
							No. of branches
							Plant height cm
							
							Stem 

							diameter

						
							days to flowering
							
							No. of 

							fruit

						
							
							fruit 

							diameter

						
							Yield per plant
							total yield
					

					
							
							Magma

						
							
							184.67 b

						
							
							4.27

						
							
							41.20 b

						
							
							1.47 b

						
							
							35.87 a

						
							
							47.40 b

						
							
							12.00 a

						
							
							173.34 b

						
							
							3.56 b

						
					

					
							
							High fly

						
							
							208.93 a

						
							
							4.47

						
							
							42.27 a

						
							
							1.60 a

						
							
							33.07 b

						
							
							52.53 a

						
							
							11.53 b

						
							
							184.61 a

						
							
							3.69 a

						
					

					
							
							LSD 5%

						
							
							14.18

						
							
							ns

						
							
							0.84

						
							
							0.06

						
							
							0.77

						
							
							1.05

						
							
							0.27

						
							
							4.6

						
							
							0.026

						
					

				
			

			

			 

			Table 2: Present data regarding number of leaves, number of branches, plant height, stem diameter, days to flowering, number of fruits, fruit diameter, yield per plant and total yield as affected by Chili cultivars.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							Humic Acid
							No. of Leaves
							No. of branches
							Plant height cm
							Stem diameter
							days to flowering
							No. of fruit
							fruit diameter
							Yield per plant
							total yield
					

					
							
							Control

						
							
							169.50 d

						
							
							3.00 c

						
							
							38.17 e

						
							
							1.08 c

						
							
							37.33 a

						
							
							40.50 d

						
							
							9.18 d

						
							
							158.80 c

						
							
							3.30 e

						
					

					
							
							25

						
							
							195.17 c

						
							
							4.50 b

						
							
							39.50 d

						
							
							1.45 b

						
							
							34.67 b

						
							
							48.83 c

						
							
							10.12 c

						
							
							177.17 b

						
							
							3.54 d

						
					

					
							
							50

						
							
							243.67 a

						
							
							5.50 a

						
							
							47.33 a

						
							
							1.83 a

						
							
							33.50 bc

						
							
							57.50 a

						
							
							13.53 a

						
							
							204.50 a

						
							
							3.93 a

						
					

					
							
							75

						
							
							195.00 c

						
							
							4.33 b

						
							
							42.67 b

						
							
							1.77 a

						
							
							33.50 bc

						
							
							55.00 b

						
							
							12.18 b

						
							
							197.76 a

						
							
							3.71 b

						
					

					
							
							100

						
							
							220.67 b

						
							
							4.50 b

						
							
							41.00 c

						
							
							1.53 b

						
							
							33.33 c

						
							
							48.00 c

						
							
							13.82 a

						
							
							181.67 b

						
							
							3.62 c

						
					

					
							
							LSD 5%

						
							
							22.42

						
							
							0.8

						
							
							1.33

						
							
							0.1

						
							
							1.23

						
							
							1.66

						
							
							0.43

						
							
							7.28

						
							
							0.025

						
					

				
			

			

			 

			plots which were treated with 100 g L-1 of humic acid. Maximum days to flowering (37.33 days) were noted in Control plots (Table 2). Variation among chilli varieties may be due to genetic makeup.

			 

			Genetic estimation of Days to flowering for hot pepers was 45%  (Fitriani et al., 2013). Syukur et al. (2010) proposed that early flowering is a good character in chilli genetic breeding. It has been confirmed by Tesfaw et al. (2013) that every chilli variety needs specific days to flowering. Humic acid levels significantly affected days to flowering of chilli. Humic acid is a substance which can affect plants in two ways such as directly and indirectly. In direct way it improves chlorophyll content, fasten the respiration of plants and also improve the response of hormonal growth which lead early flowering of plants. The indirect effect is improving all the properties of the soil which also increase the plant performance (Salt et al., 2001). Our results are similar with the results of Fathima and Denesh (2013) whos reported that the days to flowering of chilli was significantly affected by humic acid levels.

			 

			Numbers of fruit plant-1

			The mean data revealed that number of fruit plant-1 was significantly affected by chilli variety and humic acid levels and the interaction was non-significant. maximum number of fruit plant-1 (52.53) was recorded in variety High fly while the variety Magma produce less number of fruit plant-1 (47.40)  (Table 1). In case of humic acid, maximum number of fruit plant-1 (57.50) was recorded in plots treated with 50 g L-1 foliar application of humic acid, while the minimum number of fruit plant-1 (40.50) was recorded in Control (Table 2). The variation was observed among chilli varieties in numbers of fruit plant-1 and this variation might be due to genetic reasons. The variation in growth characteristic under similar situations might be due to genetic factors (Kishan and Suryanarayan, 2004). Obidiebube et al. (2012) reported that there is a significant variation among chilli varieties in number of fruits plant-1. With the application of humic acid levels, number of fruits plant-1 was significantly increased. It has been reported by Karakurt et al. (2009) that plant growth, quality and yield attributes was increased with the foliar application of humic acid levels. It has reported that the chlorophyll content of plant especially chlorophyll b was increased with the application of humic acid as a result the number of fruit plant-1 increased (Fernandez et al., 1996). The similar results were observed by Padem and Ocal (1999) who concluded that different concentration of humic acid application results a significant variation in number of fruits plant-1. Our findings are also same with the finding of Fathima and Denesh (2013) who observed that the number of leaves plant-1 was affected on the application of humic acid.

			 

			Fruit weight (g)

			Chilli is cultivated for its fruit, so its quality and quantity is very important. The mean data revealed that there is a significant effect of chilli varieties and humic acid levels on fruit weight, while the interaction of these treatments was also observed significant. In case of interaction, the maximum fruit weight (4.03 g) was noted in variety Magma which was treated with 100 g L-1 foliar spray of humic acid while the minimum fruit weight (3.19 g) was recorded in variety Magma sown in control plots. In case of varieties, Magma variety gave heavy fruits (3.65 g) as compared to variety High fly (3.51 g). In terms of humic acid levels maximum fruit weight (3.81 g) was recorded in plants which were treated with 100 g L-1 humic acid as foliar spray while minimum fruit weight (3.30 g) was recorded in Control plots. The different fruit weight was observed in chilli varieties (Figure 1). Studies showed that the variation among chilli varieties in fruit weight was due to genetic reasons. Fitriani et al. (2013) concluded that there are 86.1 % chances of variation in fruit weight among chilli varieties and these variations was due to genetic makeup. The difference in fruit weight of chilli varieties was also observed by Obidiebube et al. (2012). The significant variation was recorded in humic acid levels in fruit weight. Studies showed that the plant cell metabolism was increased with the application of humic acid and as a result the yield of the plant increased (Turkmen et al., 2004). Kasperbauer (1987) concluded that humic acid can enhanced plant growth, plant canopy due to which plant can intercept light in a good way and as a result fruit weight of plant increased and thus increased yield of the plant. In another experiment Albayrak and Camas (2005) reported that the application of humic acid significantly affect the reproductive growth and yield of the plant. The same results were observed by Celik et al. (2008) in corn and oat and Karakurat et al. (2009) in pepper.

			 

			Fruit diameter (mm)

			Mean data revealed that fruit diameter of chilli significantly affected by varieties and humic acid levels. However, the interaction of treatments was found non-significant. In varieties, Magma produced fruits having maximum (12.0 mm) diameter as compared to variety High fly (11.53 mm) (Table 1). In terms of humic acid levels maximum fruit diameter (13.82 mm) was produced in plots treated with 100 g L-1 of humic acid as foliar spray, while minimum fruit diameter (9.18 mm) was observed in Control (Table 2). The variation among chilli varieties was observed. This variation might be due to genetic makeup of the variety. Widyawati et al. (2014) reported that fruit diameter characters had very heritability estimate. They also added that the differences in fruit diameter of chilli were a genetic controlled character not an environmental controlled. It has reported that there has an about 90.6 % chance of variation in fruit diameter among pepper varieties (Fitriani et al., 2013). Our results are similar with the finding of Wahyudi (2012) who concluded that there is a significant variation in fruit diameter among chilli hybrids. The foliar application of humic acid significantly affected fruit diameter. The application of humic acid significantly increased the rate of photosynthesis, root development and plant nutrients content of the plant and thus increased the fruit weight and diameter Liu et al. (1996). Yildrim (2007) concluded that the addition of humic acid significantly increased the fruit diameter of tomato. In another study it has been noted that the humic acid increased fruit diameter up to 16-17 % as compared to control (Vasilenko, 2002). Similar results were noted by Mehraj  et al. (2014) who reported that humic acid significantly affected the fruit diameter of pepper.

			 

			Fruit volume (cm3)

			The mean data shows that fruit volume of chilli was significantly affected by varieties and humic acid levels, the interaction of their treatments was also found significant. In terms of interaction, the maximum fruit volume (11.47 cm3) was noted in variety High fly treated with 100 ml application of humic acid as a foliar spray while the minimum fruit volume (6.20 cm3) was recorded in variety Magma sown in Control plots. In varieties, the maximum fruit volume (9.47 cm3) Figure 2 was recorded in variety Magma while the minimum fruit volume (8.92 cm3) was noted on variety High fly. In case of humic acid the maximum fruit volume (11.33 cm3) was observed in 100 g L-1 application of humic acid and minimum (6.62 cm3) fruit volume was noted in Control. The significant difference was observed among chilli varieties in fruit volume and these variations might be due to genetic combination of the variety. In a research study Alfian et al. (2014) studied that fruit volume has a high heritability trait and it has been reported that this factor controlled by genetic factors as compared to other factors. Our results are similar with the results of Ganefianti et al. (2017) who concluded that different chilli varieties produced a significant variation in fruit volume. Humic acid application significantly improved the fruit volume of chilli. Humic role is to increase the health of soil, plant nutrients uptake, and mineral availability as a result of which plant produce fruit having maximum weight, diameter and volume (Mauromicale et al., 2011). Humic acid fertilizers stimulate plant enzymes, improve soil fertility and increase fruit yield by enhancing yield attributes (Mohamed et al., 2009). Asri et al. (2015) also noted that the fruit volume of tomato was significantly affected by humic acid.

			 

			Yield plant-1 (g)

			The mean data shows that there was a significant variation among chilli varieties and humic acid levels regarding yield plant-1. However, the interaction was found non-significant. In varieties, the variety High fly gave maximum (184.61 g) yield plant-1 as compared to variety Magma (173.34 g) (Table 1). In humic acid, the maximum yield plant-1 (204.50 g) was recorded in 50 g L-1 humic acid, while the minimum yield plant-1 (133.80 g) was produced in Control (Table 2). Chilli varieties show significant variations in yield plant-1 and these variations were presumably due to genetic variations. Mathai et al. (2001) noted that 282 to 334 g weight of fruit plant-1 in chilli varieties. The variation yield plant-1 in different chilli varieties was due to genetic reasons and big varietal differences (Rajput et al., 1999). Our results was similar with the finding of Sujiprihati et al. (2007) who reported that yield plant-1 was different in different chilli varieties. The foliar application of humic acid has significantly affected yield plant-1. It has been studied that the foliar application of humic acid significantly increased number of fruit branch-1, fruit set and number of fruit plant-1. As a result of this plant yield was increased (Zhang and Erwin, 2004). The positive impact of humic acid on plant productivity was due to harmonic activities of humic acid such that improving cell respiration, photosynthesis, formation of protein and activation of several enzymes (Zhang et al., 2003). The similar finding was reported by Delfine et al. (2005) in wheat, Adani et al. (1998) in tomato and Fathima and Denesh (2013) in chilli who concluded that the foliar application of humic acid increased the yield of plant.

			 

			Total yield (kg ha-1)

			A significant increase in yield per plant is recorded; as a result total yield was also significantly affected by chilli varieties and humic acid levels, while the interaction of the treatments was found non-significant. In chilli varieties, the variety High fly produce maximum yield (3.69 t ha-1), as compared to variety Magma (3.56 t ha-1) Table 1. In terms of humic acid, the maximum yield (3.93 t ha-1) was recorded in those plots which were treated with the foliar spray of 50 g L-1 humic acid level. However the minimum yield (3.31 t ha-1) of chilli was noted in Control (Table 2). Significantly variation was observed among chilli varieties in total yield. This variation was due to genetic and some other reasons. Genefianti et al. (2008) reported that total yield of the crop was directly proportional to number of fruits plant-1. Fitrini et al. (2013) concluded that total yield of different chilli varieties was controlled by environmental conditions greater than genetic attributes. Total yield of chilli were significantly affected by humic acid levels. Humic acid increase the physiological process of plant. The application of humic acid also increases the micro and macro nutrients availability to plants and thus improves proteins, vitamins and plant growth regulators such as auxine, cytokinines and absasic acid contents of the plant (Yildrim, 2007). In another study Rehman et al. (2007) reported that the application of humic acid significantly increased the tomato yield. Like that Martin and Senn (1997) also noted that the yield of tomato increased with the application of humic acid. Zaky et al. (2006) concluded that the leaf area, number of shoots palnt-1, fruit weight, yield plant-1 and total yield of bean plants increased with the application of humic acid. Our results are similar with the finding of Fathima and Denesh (2013) who also noted that the total yield of chilli was increased with the foliar application of humic acid.

			 

			Conclusions and Recommendations

			 

			From the overall results of the experiment, it is concluded that high fly variety perform better under the climatic conditions of Peshawar. Similarly, foliar application of Humic acid at the rate of 50 gL-1 give best results. The application of 50 gL-1 Humic acid to high fly cultivar for the commercial production should be recommended for the climatic conditions of Peshawar valley. 
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Abstract | Chilli is an important agricultural crop, cultivated all over the world. It has high nutritional
value and mostly used as a spice in the food. Nutrients are applied to the crop plants in different farms
to improve its production and nutritional value. This experiment was conducted at Agriculture Research
Institute (ARI) Tarnab, Peshawar during summer 2016. Two factors i.e. Chilli varieties (Magma and High
fly) and humic acid levels (0, 25, 50, 75 and 100 g L!) were applied in the field during experiment. The
results of the experiment showed that High fly variety took minimum days to produce flowering (33 days),
maximum numbers of leaves plant™ (208.93), plant height (42.27 cm), stem diameter (1.60 cm), number of
fruit plant™ (52.53), yield plant™ (184.61 g) and total yield (3.69 t ha'!), while maximum fruit weight (3.65
g), fruit volume (9.47 cm®) and fruit diameter (12.0 mm) were noted in variety Magma. In case of humic acid
levels, maximum number of leaves plant™ (243.67), branches plant™ (5.50), plant height (47.33 cm), stem
diameter (1.83 cm), number of fruit plant™ (57.50), yield plant™ (204.50 g) and total yield (3.93 t ha™) were
recorded in 50 g humic acid L™ as a foliar spray. Whereas early flowering (33 days), fruit weight (3.81 g), fruit
diameter (13.82 mm), fruit volume (11.33 cm?) were found in plants treated with 100 g humic acid L. It can
be concluded that aerial application of humic acid at 50 g L! and variety High fly variety give best results
under the climatic conditions of Peshawar.
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Introduction

hilli, botanically known as Capsicum annuum

L. is a key agricultural crop. It is an important
vegetable crop having high nutritional value. It is a
very good source of natural colors and anti-oxidant
combinations important for human health (Howard
et al,, 2000). The most important and common
specie s of capsicum is pepper which is cultivated
throughout the world among domesticated species
of capsicums. There are different species of pepper
with respect to size and shape in the world (mild and

hot), which ranges from chilli peppers to bell peppers.
Worldwide, C. annuum is vastly cultured and
economically significant species which contains
both sweetened and spicy fruits in different size
and shapes (Bosland, 1992). Chilli originated at
America, many important chilli pepper cultivars were
spread all over the world, After Columbian Exchange
which is used in both food and medicine. The world
chilli production in 2004 reached go 1.7 million
hectares (FAO, 2008). It is a small variety of
capsicum available in various colors such as yellow,
orange, green, black and red. They have a straight,
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