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			Abstract | Potassium is a macro nutrients that play a key role in development and growth of plants. Therefore, the present study was planned to test the effects of potassium on Gladiolus by different treatment methods, and to find out which method is more promising. The corms of Gladiolus hybrid cv. yellow stone was used for plantation. Experiment was carried out in complete randomized design (CRD) with four replications and three fertilizer treatments (control, 2g/pot with side dressing, 2g/pot with foliar spray). Results revealed that foliar spray of potassium enhanced most of parameters i.e. length of stalk, fresh weight of stalk, dry weight of stalk, number of florets per plant, diameter of stalk, fresh and dry weight of leaves, number of leaves significantly at P<0.01 more than side dressing. Although side dressing of potassium also increased the plant growth to some extent more than control, however, number of cormels per plant was decreased. Therefore, it can be concluded that application of potassium by foliar spray is more effective in increasing the growth and flowering of Gladiolus than side dressing.
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			Introduction

			Gladiolus (Gladiolus grandiflorus) is a cormous, perennial and flowering plants belongs to family Iridaceae. It grows from rounded and symmetrical corms. Their stems are generally un-branched, producing longitudinally grooved and narrow leaves that are covered by a sheath. The inflorescences bear either one or many flowers. The spikes of flowers are large, one-sided and bisexual. The petals and sepals are almost similar in appearance are called as tepals. A tube like structure is formed at the base by union of these tepals. The flowers have different colors ranging from red to orange or creamy to white or purple to reddish/pink with white markings. Due to consumption of flowers in religious, industrial and social activities, growers put high values to diverse floral plants and thus floriculture has arose as a cash business (Riaz et al., 2007). In order to earn more economic return and to flourish the business growers started growing non-conventional plants i.e. cut flowers. Recently this credit of investments with high return has improved awareness in the people to live in sound and healthy environment. The desire of decoration of flowers in restaurants and hotels has flourished this business also (Ahmad et al., 2008). In Pakistan, in top selling cut flowers, Gladiolus (Gladiolus grandiflorus L.) comes after rose (Riaz et al., 2007). Among cut flowers gladioli are considered elite as it has superb vase life with various shapes and hues (Bose et al., 2003). It lies at the top due to its beauty, glamour keeping quality, various colors, shades and shapes, hence it is called as “Queen of Bulb”. The ecological and weather conditions of Punjab, Pakistan are favorable for the good production of gladiolus. In the local market although many varieties are available, but special characteristics required by the global markets are still lacking. For the improvement in the quality and yield of flowers there is always need to develop new varieties with promising characters.

			Quality of flowers, production of corms as well as growth are directly affected by fertilizers. Appropriate amount of fertilizers with balanced quantities produce maximum number of flowers in gladiolus. Macronutrients contribute a lot in the growth and yield of plants as they play a vital role in physiology of them. The deficiencies of these nutrients affected adversely the yield of crops in different areas. The main causes of nutrient deficiency are reduced availability and use of farmyard manure, loss of top soil by erosion, intensive cropping and liming of soil (Fragaria et al., 2002). Among the most chief macronutrients, potassium is very vital as it affects the growth and physiology of gladiolus. Most of soils are deficient in potassium after phosphorus and nitrogen (Salisbury and Ross, 1992). In light sandy soils potassium can be easily leached down as it is more mobile than phosphorus but less than nitrates. According to Hartmann et al. (1981) the soils having very low potassium can fix it in the soils to make it available to plants but this is not fixed permanently as the reactions is reversible. In fertilization of gladiolus potassium is the key nutrient. Several authors suggested that potassium is required in higher rates than phosphorus and nitrogen (Wilfret, 1980; Zubair et al., 2006; Zorb et al., 2014). In higher plants potassium is major macronutrient as it is crucial for photosynthesis, protein synthesis and enzyme activation (Michail et al, 2004). In gladiolus it significantly affected the opening of first floret and days for emergence of spike (Butt, 2005). Deficiency of potassium cause yellowing of younger and older leaves and interveinal chlorosis. Its deficiency also decreased count of buds, delayed flowering as well as reduced flower stem (Wilfret, 1980). Reduced potassium availability also produced weak roots and stems that are easily attacked by disease causal agents. Due to these factors plants can be easily lodged (bent to ground) either by rain or by wind (Salisbury and Ross, 1992). Due to importance of potassium in the physiology of plants, this study was designed to check the effect of K on gladiolus growth either by side-dressing and foliar spray.

			Materials and Methods

			An experiment was performed in the garden of Department of Horticulture, Bahauddin Zakariya University, Multan. Gladiolus hybrid cv. Yellow stone was used. Pots (30cm in diameter) were filled with 3kg of soil, consisted of clay (60%), farmyard manure (10%) and leaf-manure (30%). Experiment was performed in complete randomized design (CRD) with four replications and three fertilizer treatments. The corms of gladiolus with size of 7-8cm in circumference were planted in pots on October 2019.

			The treatments used in this experiment are: (I) T1, control; (ii) T2, side dressing (2g/pot); and (iii) T3, foliar spray (2g/pot).

			Application was started one month after planting the corms and then 2nd and 3rd applications at three week interval throughout the growing season. The recommended doses of nitrogen and phosphorous were applied for soil amendment of all the three treatments. Other agricultural practices i.e. watering and weeding were carried out for all plants whenever it was required.

			Data recorded

			Following parameters were recorded during the experiment:

			Length of stalk (cm)

			Length of stalk was measured from bottom to top with scale in all samples collected from each experimental unit and their average was calculated.

			Number of leaves per plant

			Number of leaves was counted in all samples and their average was calculated and this process was repeated for all remaining treatments.

			Fresh weight of stalk (g)

			Fresh weight of stalk was measured by using weight balance and their average was calculated. 

			Dry weight of stalk (g)

			Dry weight of stalk was measured by using weight balance and their average was calculated. 

			Diameter of stalk (mm)

			The diameter of stalk was measured by using Vernier calipers. The diameter of stalk was measured from its mid and their average was calculated.

			Number of flowers per stalk

			Number of flowers per stalk was counted and their average was calculated. 

			Number of corms per plant

			It was seen visually that there was any out growth formed on corm planted and their average was calculated. 

			Fresh weight of leaves (g)

			Leaves were separated from stalk and then weight was measured by using weight balance and their average was calculated.

			Dry weight of leaves (g)

			Leaves were dried in oven for 48 h and then weight was measured by using weight balance and their average was calculated.
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			Figure 1: Length of flower stalk in gladiolus after different methods of K applications.

			Results and Discussion

			Length of stalk (cm)

			Length of stalk was significantly affected by K treatments in overall analysis of variance. Application of 2g K foliar with recommended doses of nitrogen and phosphorous gave the tallest length of stalk. However, insignificant differences were recorded between plants treated as side-dressing and controls (Fig. 1). In cut flowers the foliar application of potassium may have caused better accumulation of assimilates that produced sturdier, stronger and taller stalks (Arvinter et al., 2015).

			Number of leaves per plant

			Number of leaves per plant was significantly influenced by treatments of K combined with recommended doses of N and P at P<0.01. Figure 2 showed that as compared to control, side-dressing of K improved the number of leaves. Foliar spray was more effective and significantly enhanced the leaves number as compared to untreated plants. The foliar application with higher doses of K and with NP enhanced the vegetative growth of the plants by increasing the number of leaves (Sarwar et al., 2013). More leaves production is related to increase meristematic activity, caused by potassium (Verma and Verma, 2007). The balance quantity of nutrients improves the growth of plant as well as vigor due to protein accumulation; therefore, more leaves are produced by the plants (Shah et al., 2014).
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			Figure 2: Number of leaves in gladiolus after different methods of K applications.

			Fresh and dry weight of leaves- plant-1 (g)

			Fresh weight of leaves of Gladiolus was significantly affected by K applications (Table 1). Data illustrated in Figure 3 clearly showed that the Treatment-3 fertilizing the plants with foliar spray combined with recommended doses of N and P resulted in the highest fresh weight of leaves.

			In dry weight of leaves, plants fertilized with foliar spray of K showed highest significant values as compared to soil dressing. Therefore, ANOVA detected significant differences between different treatments of K. Side dressing treatment showed stimulatory effect on dry weight of leaves as compared to untreated controls (Fig. 3). This stimulation in leaves fresh and dry weights by application of potassium was also reported in peanut by Ali and Mowafy (2003), Bauhinia variegata by Mazher et al. (2007) and mung bean by

			Table 1: Analysis of variance (ANOVA) for length of stalk, number of leaves, fresh weight of stalk, dry weight of stalk, diameter of stalk, number of flowers per stalk, number of corms, fresh weight of leaves and dry weight of leavesin Gladiolus cv. yellow stone under potassium treatments.
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			* = Significant (P<0.05); ** = highly significant (P<0.01); F values are given.

			Thalooth et al. (2006). They described that K promoted the growth parameters i.e. dry weight of leaves and number of leaves. The stimulation in leaf parameters in gladiolus upon application of K could be due to enhancement in various characters i.e. more number of leaves per plant, N metabolism and photosynthetic activity provided more photosynthates to leaves. Thalooth et al. (2006) stated that foliar application of potassium resulted in higher weight, larger and greater number of leaves. These stimulatory effects could be due to the effect of K on enzyme activity, biological activities, on photosynthetic pigments and metabolism that subsequently promote plant’s vegetative growth (Michail et al., 2004).
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			Figure 3: Fresh (A) and dry (B) weight of leaves in gladiolus after different methods of K applications.

			Fresh weight of stalk (g)

			Potassium had a significant effect on fresh weight of stalk (Table 1). The maximum fresh stalk weight was observed in plants receiving 2g/pot by foliar spray-1, followed by plants obtained 2g/pot of potassium by side dressing (Fig. 4). Minimum fresh stalk weight was observed in control plants. The increase in fresh weight of stalk by potassium is due to the fact that potassium helps in protein synthesis that subsequently causes division of cells in flowers and stalk. Reproductive parts are also influenced by uptake of phosphorus which is enhanced by potassium. The outcome of our results are supported by effect of potassium, when adequate potassium was added in the nutrient medium of chrysanthemum, it produced maximum weight of reproductive parts. Similar results were described by Naggar (2009) that foliar spray containing 20% potassium enhanced the fresh weight of reproductive parts i.e. flower and stalk. The rate of 300 and 400 ppm of potassium significantly increased the fresh weight of stalk. In marigold, application of potassium improved the fresh weight of stalk.
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			Figure 4: Fresh weight of stalk in gladiolus after different methods of K applications.

			Dry weight of stalk (g)

			ANOVA had detected significant differences in dry weight of stalk under potassium treatments (Table 1). The foliar spray of potassium had increased dry weight of stalk to highest level than the plants treated by potassium in side dressing method and untreated plants. Side dressing application of potassium also increased the dry weight of stalk as compared to controls (Fig. 5). The increase in dry weight of stalk by foliar application of potassium may be due to affirmative role of K in development of more stalks that in turn increased the dry weight of stalk (Zubair, 2011). The K increased the photosynthetic activity largely which in turn supplied more photosynthates and accumulation of these assimilates resulted in more growth of stalk in cut flowers (Arvinter et al., 2015).
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			Figure 5: Dry weight of stalk in gladiolus after different methods of K applications.
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			Figure 6: Diameter of stalk in gladiolus after different methods of K applications.

			Diameter of stalk (mm)

			Diameter of stalk in Gladiolus was significantly affected by K treatments at P<0.00 (Table 1). Side dressing promoted diameter of stalk compared to control and reached to maximum level by foliar spray of K (Fig. 6). These results are parallel to conclusions of Mukesh et al. (2001) who described that foliar spray of K increased the floret diameter in Gladiolus. It was also observed that K along with N and P had stimulatory effects on floral characters in Dahlia (Younis et al., 2006). K with P also promoted floral diameter to maximum level in Gladiolus (Mohsin et al., 2015). This enhancement in floret diameter by foliar spray of K may be due to constructive role of K in development of floret (Zubair, 2011). Application of K had noteworthy effect on diameter of floret because macronutrients have vigorous role in development and growth of plant. Their catalytic and stimulatory effects had influence on different metabolic and physiological processes that significantly enhanced diameter of florets (Jat et al., 2007). This enhancement was chiefly due to the increase in number of leaves that could increase the manufacture of photosynthates required to increase reproductive growth (Sidhu and Arora, 1989).
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			Figure 7: Number of flowers per stalk in gladiolus after different methods of K applications.

			Number of florets-spike-1

			Highly significant (P<0.01) variations were observed by analysis of variance in treatments. Highest numbers of florets were observed upon foliar application of K, although side dressing also enhanced number of florets as compared to control, but it came after foliar spray (Fig. 7). These results are in accordance with the results of Bhattacharjee (2001), Sharma et al. (2003), Naggar and Rahalia (2005) and Lehri et al. (2011). They stated that the maximum number of florets per spike and large flowers were obtained with application of P and K and rising levels of each element tended to improve the flower spike quality and corm growth. In xylem stream of plants, transport of nutrients and water were influenced by potassium that enhanced their transport (Bajwa and Rehman, 2005). Higher levels of potassium compensate the detrimental effects of high nitrogen. Low levels of potassium reduced the production of flowers (Joiner and Gruis, 1961). Similarly in marigold number of flowers was increased by potassium fertilization (Pal and Ghosh 2010). Butt (2005) and Younis et al. (2006) observed that K and P had synergetic effect on number of flowers in dahlias.

			Number of cormels-plant-1

			The statically highest number of cormels per plant was found in controls with no application of K and with recommended doses of N and P and minimum cormels were observed in fertilizing the plants with K foliar spray and K as soil dressing (Fig. 8). It was also observed that no prominent differences in number of cormels per plants were observed when potassium was applied either as soil dressing or foliar spray. These results are in contradiction with Barman et al. (1998) who stated that K had much more pronounced effects on size and weight of cormels. However present results are supported by findings of Arora and Khanna (2003) and Lehri et al. (2011).
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			Figure 8: Number of cormels per plant in gladiolus after different methods of K applications.

			Conclusions and Recommendations

			In general, it can be concluded that the application of potassium can remarkably influence the growth and yield related indices of Gladiolus vigorously in various ways. This study concluded that the number of leaves per plant, fresh and dry weight of leaves, number of florets per plant, fresh and dry weight of stalk, length and diameter of stalk were significantly affected by foliar application of potassium at the rate of 2g per pot than side dressing and control treatments, therefore, the foliar application of potassium was best method to get maximum flowering production in gladiolus.

			Novelty Statement

			Potassium application is very crucial for the yield of cut flowers. If it is not applied by proper method then it can be wasted. Therefore in this study we compared two methods of potassium application and found that foliar spray is much more appropriate method to get better yield of gladiolus.
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Introduction

ladiolus (Gladiolus grandiflorus) is a cormous,

perennial and flowering plants belongs to family
Iridaceae. It grows from rounded and symmetrical
corms. Their stems are generally un-branched,
producing longitudinally grooved and narrow leaves
that are covered by a sheath. The inflorescences bear
either one or many flowers. The spikes of flowers are
large, one-sided and bisexual. The petals and sepals
are almost similar in appearance are called as tepals.
A tube like structure is formed at the base by union
of these tepals. The flowers have different colors
ranging from red to orange or creamy to white or

purple to reddish/pink with white markings. Due
to consumption of flowers in religious, industrial
and social activities, growers put high values to
diverse floral plants and thus floriculture has arose as
a cash business (Riaz ez a/., 2007). In order to earn
more economic return and to flourish the business
growers started growing non-conventional plants i.e.
cut flowers. Recently this credit of investments with
high return has improved awareness in the people to
live in sound and healthy environment. The desire of
decoration of flowers in restaurants and hotels has
flourished this business also (Ahmad ez a/, 2008).
In Pakistan, in top selling cut flowers, Gladiolus
(Gladiolus grandiflorus L..) comes after rose (Riaz er
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