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			Abstract | This experiment was performed in Ornamental Nursery at the Department of Horticulture, The University of Agriculture Peshawar during 2016. The experiment was laid out on Randomized Complete Block Design (RCBD) with split plot arrangement and replicated three times. Seedlings of Zinnia cultivars (Dahlia, Candy Cane, and Dream land) were tested against five different levels of humic acid (0, 2.5, 5, 7.5, and 10 kg ha-1). Experimental data was collected on days to flowering, plant height (cm), number of leaves plant-1, leaf area (cm2), number of branches plant-1, number of flower plant-1, diameter of flower (cm), fresh flower weigh (g), flower stalk length (cm) and flower vase life. The above mentioned parameters are highly influenced by most of humic acid levels. The increment value were shown on humic acid at the rate of 10 kg ha -1 for days to flowering (21.2 days), plant height (85.0 cm), number of leaves plant-1 (183.7), leaf area (56.7 cm2), number of branches plant-1 (15.9), number of flower plant-1 (18.4), flower diameter (9.8 cm), fresh flower weight (12.9 g), flower stalk length (16.9 cm) and flower vase life (7.0 days), while among different cultivars, “Dahlia” showed minimum days to flowering (23.9), maximum plant height (96.3 cm), flower weight (14.7 g), flower diameter (9.6 cm) and leaf area (62.1 cm2). Cultivar Candy Cane showed maximum number of leaves plant-1 (190), number of branches plant-1 (14.6), flower stalk length (17.1 cm), and flower vase life (6.1 days), whereas number of flower plant-1 (16) was found maximum in cultivar “Dream land”. The cultivar and humic acid interaction was not significant in all parameters. Zinnia Cv. Dahlia and Candy Cane both adapted to the agro-climatic conditions of Peshawar. Humic acid level at the rate of 10 kg ha-1 showed better results upon application to Zinnia and hence it is suggested for best production.
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			Introduction

			Zinnia (Zinnia elegans) belongs to the family Asteraceae. It is a summer annual cut flower and getting popular due to its several colorful blooms. It is originated from Central America and Mexico. “Blue Point” and “Oklahoma” are the most grown zinnia cultivars are considered the colorfully blooms and better performance (Dole, 1999). Zinnia is annual and perennial plants and its flowers display uniform colors, bright, strong stems with long vase life and disease resistant plants. Zinnia is the most familiar species and a plant of hot and warm climate. Conventionally, taller cultivars of Zinnia are used in beds and borders, for cut flowers but the dwarf cultivars in window planters, and containers (Jana and Pal, 1991). Zinnia is propagated through seeds and seeds are directly sown in pots, and then transplanted in to field. Zinnia required 23-27o C for germination in five to seven days. When seedlings at about 3-6 weeks old are transplants in field or beds (Schoellhorn et al., 2004). Humic acid is a systematic binding bio-stimulant that affects plant growth and development and enhance yield (Nardi et al., 2004). Humic acid improve the organic, chemicals and physicals property of soil (Varanimi et al., 1995; Keeling et al., 2003; Mikkelson, 2005). Humic acid plays an important role in controlling soil borne diseases as well as improving of soil health, mineral, nutrients uptake by plants (Mouromical et al., 2011). Humic acid help in plant nutrition, soil fertilities and the attractive connections with plants nutrient such as calcium (Ca), manganese (Mn), magnesium (Mg), copper (Cu), zinc (Zn) and iron (Fe) and also decreases their poisonousness, increases uptake rate by plant roots and prevents leaching (Pettit, 2004). The main objective of the present study was to study the response of different zinnia cultivars to various levels of humic acid in terms of growth and other characteristics.

			Materials and Methods

			This experiment was performed at Ornamental Nursery at the Department of Horticulture, The University of Agriculture Peshawar, Khyber Pakhtunkhwa, Pakistan during 2016. Modulated trays were used for nursery rising. Which was kept in green house until germination of seeds occurred. The soil media was incorporated with peat moss, coconut husk and leaf mold to improve germination. After sowing the seeds were constantly watered by sprinkler irrigation. When the seedlings reached six to seven leaves stage, it was transplanted to the experimental field. Thus, the experiment was laid out on Randomized Complete Block Design (RCBD) with split plot arrangement and replicated three times. The experimental unit was 3.51 m2 having three rows of zinnia with 30 and 50 cm plant to plant and row to row distance respectively. Humic acid at various levels was assigned to main plot, while cultivars (Dahlia, Candy Cane and Dream Land) were maintained in sub plots. Humic acid levels were applied to the soil after transplantation of zinnia. According to the weight, Ho 0. H1 2.5, H2 5, H3 7.5 and H4 10 kg ha-1 humic acid was converted into powder form, dissolved in water separately and were kept into gallons and applied by soil irrigation to the plants. All other agronomic practices were kept uniform for all treatments which included weeding, hoeing, fertilization and irrigation.

			Studied variables

			Various morphological traits were studied during the experiment. Days to flowering was counted from the date of transplantation to first flower the number of days were recorded for each treatment and then mean was calculated. Similarly, for plant height, shoot was measured randomly in each treatment with measuring tape and then mean was obtained. In case of number of leaves, all leaves were counted on plants randomly selected in each replication. Leaf area was recorded by using leaf area meter. Number of branches were counted in randomly selected five plants from each replication and then average was determined. For number of flowers total flowers were counted on randomly selected plants in each replication. Flower diameter was measured in randomly selected flowers from each with vernier caliper on two opposite sides of flower. For weight of flowers, digital balance was used and their average was calculated. Flowers were randomly selected. To measure the length of flower stalk, measuring tape was used and then mean was calculated. For Flower vase life determination, randomly selected flowers cut with long stalk and then placed in bottles contain normal tape water. Data was collected until wilting of petals occurred.

			Statistical analysis 

			For statistical analysis Statistix 8.1 software was used, while for mean comparison LSD test was used with 5% alpha value (Steel et al., 1997).

			Results and Discussion

			Days to flowering

			Mean values in Table 1 for humic acid levels and cultivars revealed highly significant differences, however the interaction was non-significant. The mean data of early ﬂowering (21 days) was observed for the emergence of flowers by the use of 10 kg ha-1 humic acid. While later ﬂowering was occurred in control plots (32 days). Earliest flowering days among the cultivar was observed in dream land cultivar which was (23 days) and later flowering (28 days) was observed in cultivar candy cane. Data revealed that days to flowering decreased significantly with increase in concentration of humic acid. It might be due to the fact that light synthesis, chlorophyll content and rapid growth of plant as a result of high nutrients uptake favored by humic acid application. Lilium plant leads to earlier flowering treated with humic acid as compared with untreated plants as reported by Memon and Khetran (2014). 

			Table 1: Days to flowering, plant height (cm), number of leaves plant-L, leaf area (cm2) and number of branches plant-L as affected by various levels of humic acid and zinnia cultivars.
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			Table 2: Number of flowers plant-I, flower diameter (cm), flower fresh weight (g), flower stalk length (cm) and flower vase life as affected by various levels of humic acid and zinnia cultivars.
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			Plant height (cm)

			The results in Table 1 regarding plant height (cm) showed that humic acid levels inﬂuenced zinnia cultivars significantly while their interaction was observed non-significant. The table of mean values showed that largest plants (85cm) were recorded when the application of humic acid was applied at 10 kg h-1, followed by 7.5 kg ha-1 humic acid (79.1 cm), although shorter plants were observed in untreated plots (71.4 cm). Similarly, significant variation in plant height was noticed regarding zinnia cultivars, cultivar dahlia showed maximum plant height (96.7 cm) and lowest plant height was noticed in cultivar dream land (45.1 cm). Plant heights are clearly affected by the application of humic acid. It may be due to extra uptake of nitrogen, sulfur and phosphorus. Which increased plant growth. The availability of both micro and macro nutrients are enhanced due humic acid application. The mitotic activity of apical meristem is positively influenced by higher uptake of calcium and consequently produced higher plants height (Ahmadian et al., 2011). Mostly plant height of zinnia increased due to humic acid which leads to increased humidity, storage media and better absorption of nutrients from the soil (Memon et al., 2014). The present consequences are in accordance with Mohammadipour et al., (2012) who observed maximum plant height of marigold when 2000 mg L-1 humic acid was applied as compared to control.

			Number of leaves plant-1

			Results in Table 1 regarding number of leaves plant-I showed that humic acid levels inﬂuenced growth of zinnia cultivars significantly. However, non-significant interaction effects were observed for humic acid and cultivars. Analysis of data indicated that maximum (183.7) number of leaves plant-I was noticed in plots where humic acid at rate of 10 kg ha-1 was applied followed by 7.5 kg ha and lower (150.0) leaves plant-I was resulted in control plot. As concerned cultivar, more leaves plant-1 was noted in cultivar candy cane (190.2), followed by cultivar dahlia (162.6) and less number of leaves plant-1 were obtained in cultivar dream land (149). By the soil application of humic acid resulted significant increase in number of leaves plant-1. It might be due to the positive effects of humic acid on nutrients uptake, which increase rate of photosynthesis and ultimately number of leaves increased. Humic acid acts like plant growth regulator to maximize chlorophyll content and as a result improve the vegetative growth. High concentrations of humic acid (2000 mg L-1) have a positive effect on number of leaves per plant especially in marigold in comparison to untreated plants (Kamari et al., 2010). Our results are also resembled with (Khodakhah et al., 2014) who stated that humic acid have positive effect on number of leaves plant-1 of tuberose with increase doses from 0 to 1000 ppm. Gladiolus plants which receive 7000 ml humic acid increase number of leaves plant-1 as compared to control (Ahmad et al., 2013).

			Leaf area (cm2)

			Data regarding leaf area is presented in Table 1. Which show significant effect of humic acid on Dhalia cultivar. However, non-significant interactive effects were observed for humic acid and cultivars. Mean table for leaf area expressed that highest leaf area (56.7 cm2) treated with 10 kg ha-1 humic acid, at par with 7.5 kg ha-1 and humic acid (54.2 cm2). However, minimum leaf area (46.7 cm2) was noted in untreated plants. Data regarding to cultivars, the highest leaf area was observed in cultivar dahlia (62.1cm2), followed by cultivar dream land (48.4) and minimum leaf area was observed in cultivar Candy cane (46.7 cm2). The present observations showed that leaf area was increasing with a slight change in the concentration of humic acid. It may be attributed to humic acid availability for longer periods imposing direct effect on photosynthetic activities. Gladiolus plants produce greater leaf area with the application of 7000 ml ha-1 while in control they were found lowest leaf area (Ahmad et al., 2013). Humic acid concentrations significantly increased leaf area (Fan et al., 2014). Further they stated that humic acid increased the rate of photosynthesis, as a result high biomass accumulation occur which enhanced the growth of leaf (Baldotto and Lilian, 2013). Humic acid increased the leaf area as compared to the control treatment (El-Khateeb et al., 2011). The maximum leaf area was due to photosynthetic pigments contents with increased humic acid concentration and the production of carotenoids initiated which guard chlorophyll from oxidative damage ensuing in increase in sufficient cell in leaves, chloroplast per cell and gradually leaf area, the current results are in agreement with (Yildirim, 2007), who’s reported that leaf area increased with increasing in humic acid concentration.

			Number of branches plant-1

			Mean data for Number of Branches Plant-1 of various Zinnia cultivars under humic acid application was found significant, which is shown in Table 1. However, the interaction was not significant. Maximum branches plant-1 (15.9) were observed when 10 kg ha-1 humic acid was applied, followed by 7.5 kg ha-1humic acid (13.4), however lower number of branches were observed in control treatment with a mean value of (10.3) which is statically similar with 2.5 kg ha-1 level. Among cultivars candy cane has maximum branches plant-1 with a mean value of (14.6) followed by cultivar dahlia (12.6) and minimum number of branches plant-1 were observed in cultivar dream land (10.9). A positive correlation was observed among humic acid application and number of branches. This may be due to maximum absorption of nutrients from the soil as result of humic acid activity, which eventually increased the number of shoot tremendously. Similar findings were also observed by Bryan (1976), who reported that Humic acid effect on number of branches indicted that treatment of 2000 mg/l resulted 14.30 branches in comparison to control (5.84 branches). Memon et al. (2014) also found similar result, which were achieved by the application of 4g/2m2 humic acid. They also found positive association of number of braches per plant with yield. These finding justify the findings of (Mohammadipour et al., 2012), who conform our results that humic acid 2000mg L-1 significantly increased the number of branches in plant.

			Number of flowers plant-1

			Number of flowers per plant of Zinnia cultivars was significantly affected by humic acid application. However, interactive effects are non-significant. The mean values revealed that application of humic acid at the rate of 10 kg ha-1 produced maximum (18.4) number of flower plant-1 which is statistically at par with 7.5 kg ha-1 humic acid (15.4) while least number of flowers plant-1 were noted in untreated plots (10.9). Number of flowers plant-1 was significantly varied among cultivar and cultivar dream land has more (16) number of flowers per plants which is followed by cultivar dahlia (14.2), the minimum flowers cultivar candy cane plants with a mean value of (12.8). Flower production of zinnia is directly proportional to number of flowers plant-1. Flowers increased with increasing levels of humic acid. It is due to positive effect on absorption of nutrients from the soil which finally increased number of flowers per plant. Similarly, Memon et al. (2014) explored that zinnia gave 15.77 % maximum flowers when used high dose of humic acid (4 g/2m2) over that zinnia plant which were not treated. Humic acid also enhanced efficiency of the soil, minimizes the utilization of other fertilizers sources to be added to the soil (Mohamadineia et al., 2012). It influences the dry biomass of plant and assists absorption of plant nutrients (Shahmaleki et al., 2010). Humic acid applied @ 2000 mg L-1 resulted six times more flowers per plant in comparison to control. Results obtained are further justified by Tina et al. (2015) that observed the influence of foliar spray of humic acid on growth and production of marigold and further mentioned that the more and less quantity of fresh flower yield were achieved when 500 mg L-1 humic acid was applied. An increase has also been observed in gerbera flowers with a proportionate increased in number by the application of 500 mg L-1 of humic acid (Nikbakht et al., 2008). Furthermore, Baldotto and Baldotto (2013) reported that numbers of flowers were significantly increased in ornamental sunflower with the soil application of humic acid.

			Flower stalk length (cm)	

			Data regarding flower stalks length is shown in Table 2 which indicated that humic acid levels significantly affect flower stalks length of Zinnia cultivars, however interactive effect was non-significant. When humic acid was applied at the rate of 10 kg ha-1 boosted the flower stalk length up to 16.9 cm followed by 7.5 kg ha-1 levels of humic acid, whereas minimum flower stalk length (13.2 cm) was observed in control plot. Among the cultivars, maximum flower stalk length was recorded in cultivar candy cane (17.1 cm), followed by cultivar dahlia (15.8 cm). While minimum flower stalk was observed in cultivar dream land (11.5 cm).

			Humic acid improve nutrient uptake and improve root growth by making the soil favorable for root penetration. It leads to increase photosynthetic rate resulting high amount of energy production. This energy is used for growth purposes, so due to high amount of food present for synthesis of valuable compounds results in increased growth. It ultimately increased stalk growth like other growth parameters. Humic acid can increase the uptake of nutrients which enhanced the photosynthesis and leaf growth, this lead to enhance the growth rate which improves stalk length (Atiyeh et al., 2002). Humic acid has an essential role in flower stalk length even if provided in small amount in ornamental plants (Ahmad et al., 2013). Furthermore, they stated that flower stalk length improves with the application of humic acid because it plays important role in cell elongation as well as cell expansion. The current research findings are also supported by Khodakhah et al. (2014) who recorded increased flower stalk length while increasing humic acid concentrations to 1000 ppm as compared to control.

			Flower vase life

			Regarding flower vase life mean data is shown in Table 2 which indicated that humic acid levels and different cultivars significantly affect flower vase life, however interaction effects were non-significant. The results manifested that highest flower vase life (7 days) was obtained when humic acid was applied 10 kg ha-1, similarly (6.1 days) were observed in treatment 7.5 kg ha-1 humic acid whereas least number of ﬂower vase life (4.7 days) was noted in control plots. Among the zinnia cultivars, maximum vase life was resulted in cultivar candy cane (6.1 days) that is statically at par with cultivar dahlia (5.6 days), whereas minimum flower vase life was recorded in cultivar dream land (5.1 days). Reduction in ethylene synthesis occurs due the application of humic acid which may be the cause of longer vas life. Increased in humic acid concentration prolong vase life of zinnia cut flower. These results resemble with those reported by Yazdani et al. (2014), who noted that flower shelf life was improved with humic acid and tested Gerbera flowers against the humic acid and reported that it reduces the ethylene production which contribute in increasing the shelf life of flower after harvesting, whereas the quality of ethylene has basic role in extending shelf life of flower. Vase life increased up to 15 days with effect of 50 ml/l humic acid level in various Gerbera cultivars in cut flowers specially (Khenizy et al., 2013; Ali et al., 2008). Kumar et al. (2003) achieve same objective and stated that humic acid can do activity similar to auxin and improve the soil physical properties such as water holding capacity and nutrient use efficiency which may be important factor for well floral growth and also extending the shelf life of harvested flower (Kulikova et al., 2010; Evans and Li, 2010; Rajiv and Misra, 2000). Ali et al. (2014) also reported that humic acid treatment increases vase life of tulips by delaying the senescence process of the flowers. Application of humic acid has a remarkable effect on tuberose flower, while improving their vase life of flower (Khodakhah et al., 2014). Among the treatments, humic acid at @1500 ppm has prominent effect in comparison with rest of the treatments.

			Conclusions and Recommendations

			From the results of the experiment, it can be concluded that application of humic acid @ 10 kg ha-1 significantly affected most of the parameters such as days to flowering, plant height, number of leaves plant-1, leaf area, number of branches plant-1, number of flower plant-1, flower diameter, fresh flower weight, flower stalk length, and vase life, as compared to results found in untreated plots. Cultivars “Dahlia and Candy Cane” reacted well to humic acid levels. So, humic acid @ 10 kg ha-1 is recommended for best performance of Dahlia and Candy Cane cultivars of Zinnia under climatic conditions of Peshawar. 

			Novelty Statement

			The Zinnia Cv. Dahlia and Candy Cane both adapted to the agro-climatic conditions of Peshawar. The novelty of this research is the results of the Dahlia plants which have better effect especially on the size of the flowers for best production.
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Response of Zinnia Cultivars to Different Levels of Humic Acid

Imran Ullah Khan*, Noor Ul Amin, Sayyed Hamad Ahmad Shah, Maqsood Khan, Shehzad Ahmad and
Syed Aizaz Ali Shah

Department of Horticulture, The University of Agriculture Peshawar, Khyber Pakhtunkhwa, Pakistan.

Abstract | This experiment was performed in Ornamental Nursery at the Department of Horticulture, The
University of Agriculture Peshawar during 2016. The experiment was laid out on Randomized Complete
Block Design (RCBD) with split plot arrangement and replicated three times. Seedlings of Zinnia cultivars
(Dahlia, Candy Cane, and Dream land) were tested against five different levels of humic acid (0, 2.5, 5, 7.5,
and 10 kg ha™). Experimental data was collected on days to flowering, plant height (cm), number of leaves
plant™?, leaf area (cm?), number of branches plant™, number of flower plant”, diameter of flower (cm), fresh
flower weigh (g), flower stalk length (cm) and flower vase life. The above mentioned parameters are highly
influenced by most of humic acid levels. The increment value were shown on humic acid at the rate of 10 kg
ha ** for days to flowering (21.2 days), plant height (85.0 cm), number of leaves plant™ (183.7), leat area (56.7
cm?), number of branches plant™ (15.9), number of flower plant™ (18.4), flower diameter (9.8 cm), fresh flower
weight (12.9 g), flower stalk length (16.9 cm) and flower vase life (7.0 days), while among different cultivars,
“Dahlia” showed minimum days to flowering (23.9), maximum plant height (96.3 cm), flower weight (14.7 g),
flower diameter (9.6 cm) and leaf area (62.1 cm?). Cultivar Candy Cane showed maximum number of leaves
plant™ (190), number of branches plant™ (14.6), flower stalk length (17.1 cm), and flower vase life (6.1 days),
whereas number of flower plant™ (16) was found maximum in cultivar “Dream land”. The cultivar and humic
acid interaction was not significant in all parameters. Zinnia Cv. Dahlia and Candy Cane both adapted to the
agro-climatic conditions of Peshawar. Humic acid level at the rate of 10 kg ha™! showed better results upon
application to Zinnia and hence it is suggested for best production.
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Introduction

innia (Zinnia elegans) belongs to the family

Asteraceae. It is a summer annual cut flower and
getting popular due to its several colorful blooms.
It is originated from Central America and Mexico.
“Blue Point” and “Oklahoma” are the most grown
zinnia cultivars are considered the colorfully blooms
and better performance (Dole, 1999). Zinnia is
annual and perennial plants and its flowers display

uniform colors, bright, strong stems with long
vase life and disease resistant plants. Zinnia is the
most familiar species and a plant of hot and warm
climate. Conventionally, taller cultivars of Zinnia
are used in beds and borders, for cut flowers but the
dwarf cultivars in window planters, and containers
(Jana and Pal, 1991). Zinnia is propagated through
seeds and seeds are directly sown in pots, and then
transplanted in to field. Zinnia required 23-27°C for
germination in five to seven days. When seedlings at
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