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Abstract 

The experimental farm is situated about 13 Km away from Solan, Himachal Pradesh, India at 30o5230 

North latitude and 77o1130 East longitude. The elevation of the farm is 1260 m above mean sea level 

which falls under the mid hill zone of Himachal Pradesh. The design applied for statistical analysis was 

Split Plot Design having two factors with three levels of planting density viz., 100, 120 and 140 

cormels/m2 and foliar application of nitrogen (500 ppm) at 0, 3, 5 and 7 days interval respectively. 

Combined use of these two factors resulted in significant increase of foliar NPK and chlorophyll content 

of the gladiolus plant under study. Planting density of 100 cormels/m2 planting density in combination 

with foliar application of nitrogen (500 ppm) at 3 days interval showed highest foliar NPK content. 
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Introduction 

Gladiolus is one of the most popular ornamental bulbous plants grown in many parts of the 

world for its bewitching flowers. Gladiolus flowers have a good vase life and withstand 

transporting very well. They are extensively used in flower arrangements, making of bouquets 

and for indoor decorations (Arora et al., 2002) [2]. Optimum plant density is an important factor 

for high plant growth and yield in gladiolus. Inter and intra row spacing and balanced supply 

of nutrient are important for obtaining higher flower quality and quantity. Wider spacing 

promotes the plant growth, flowering and corm development. The requirement of fertilizers for 

gladiolus, like other crops has vital role in growth, quality of flowers, corms and cormels 

production. Nutrient status of the plants can be a pointer to the response of plant to the 

fertilization and internal content of the nutrients determine the fertilizer requirements. Plant 

analysis has been found to be a useful diagnostic tool to work out the amount of fertilizers to 

be applied (Chouhan et al., 2014) [4]. Nitrogen applied as fertilizer is the main sources used to 

meet the N requirements of plant growth (Konnerup and Brix, 2010) [12]. When used properly, 

at the correct application rates and at the right time, N contributes to optimal growth. Foliar 

application of nutrients is gaining more importance in fertilization of various field and 

floricultural crops, in many countries. The advantages of foliar fertilizers were more obvious 

under growing conditions restricting the absorption of nutrients from the soil, as reported by 

Hamdi (1979) [8] and Verma et al. (2000) [17].  

 

Experimental methodology 

The experiment was conducted during 2014-15 and 2015-16 to study the influence of different 

planting density and foliar application of nitrogen on nutritional plant status of gladiolus cv. 

Solan Mangla at the Experimental Farm, Department of Floriculture and Landscape 

Architecture, Dr YS Parmar University of Horticulture & Forestry, Nauni, Solan, Himachal 

Pradesh. The cv. ‘Solan Mangla’ released from Department of Floriculture and Landscape 

Architecture is a hybrid progeny of Interpid x White Dream bearing 16-17 florets/spike with 

bright red coloured florets. A basal dose of fertilizers comprising of 30 g N/m2, 20 g P/m2, 20 

g P/m2 in the form of Urea, Single Super Phosphate (SSP) and Muriate of Potash (MOP) along 

with well rotten Farm Yard Manure (FYM) at 10 Kg/m2 were applied at the time of land 

preparation. Half of the dose of nitrogen was applied before planting and remaining half at the 

time of three leaf stage of the crop. Two factors i.e. planting density and foliar spray were 

studied in the experiment. Uniform sized cormels of 0.75- 1.5 cm of Solan Mangla was taken 
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for planting on 15th March (summer) and 15th July (rainy) for 

two years at different planting density viz., 100 cormels/m2, 

120 cormels/m2 and 140 cormels/m2. Cormel to cormel 

distance was kept constant at 5 cm in all the planting densities 

whereas, row to row spacing was kept 20 cm, 15 cm and 12 

cm for 100 cormels/m2, 120 cormels/m2 and 140 cormels/m2 

respectively. Foliar application of N (500 ppm) in the form of 

urea (1086 mg urea/litre) was started after fourty five days of 

planting at 3, 5 and 7 days interval respectively up to 90 days 

of planting. Total number of sprays was 15 at 3 days interval, 

9 and 6 at 5 and 7 days respectively. Spraying was done upto 

the level of droplet formation. The experiment was laid out in 

split-plot design replicated thrice and total treatment 

combination was 12 where foliar spray were kept as a main- 

plot and planting density as sub-plot. The data recorded on 

various parameters were subjected to analysis of variance 

(ANOVA) at five per cent level of significance (Gomez and 

Gomez, 1984) [7].  

 

Estimation of total NPK content of leaves 

Leaf sample from the experimental plants were collected at 

the time of initial initiation of spike. 1 g leaf sample was 

digested in conc. H2SO4 by addition of digestion mixture. 

The leaves were washed under tap water followed by 0.1 N 

HCl and finally with distilled water as suggested by Chapman 

(1964) [3]. Samples were then dried by spreading on a blotting 

paper and thereafter on hot air oven at 68OC for 48 hours. 

The dried samples were grounded in mortar and pestle into 

fine powder form and stored in paper bags for estimation of 

various nutrients elements. After digestion, nitrogen was 

determined by Micro Kjeldahl method (Jackson, 1973) [10].  

 

Estimation of phosphorus and potassium  

1 g leaf sample was digested in diacid mixture prepared by 

mixing nitric acid and perchloric acid (4:1) as suggested by 

Piper (1966) [14]. Potassium in the extract was determined 

flame photometrically and phosphorus by Vanado-molybdate 

yellow method (Jackson, 1973) [10].  

 

Estimation of chlorophyll content of leaves  

Fresh leaves of gladiolus were collected and weighed 1gm of 

each treatment. The leaves were dipped in 80% acetone in a 

test tube and kept overnight. The optical density were 

recorded next day at two wavelengths i.e. A663 and A645 

(Withem et al., 1971) [18]. Total chlorophyll in mg/g of tissue 

was calculated by formula,  

 

mg total chlorophyll /g tissue = 20.0 (A645)+8.02 

(A663)×V/W×100 

 

Where, 

A= optical density 

V= final volume of 80% acetone chlorophyll extract (10ml) 

W= fresh weight in gm of tissue extract (1gm)  

 

Results and Discussion  

Npk content of leaves (%) 

During summer season, highest level of foliar N content 

(2.43%), foliar P content (0.24%) and foliar K content 

(2.37%) was observed in plots where cormels were planted at 

a density of 100 cormels/m2. Lowest foliar N content 

(2.31%), foliar P content (0.18%) and foliar K content 

(2.30%) was noted at the highest density of 140 cormels/m2. 

The foliar application of N (500 ppm) at 3, 5 and 7 days 

interval increased the foliar NPK content against control with 

maximum foliar N (2.52%) and foliar K content (2.42%) 

recorded at 15 numbers of foliar spray of N at 3 days interval 

respectively. Similar trends were observed when cormels 

were planted in the rainy season. Maximum foliar N content 

(2.29%), foliar P content (0.21%), foliar K content (2.30%) 

was recorded with the planting density of 100 cormels/m2 as 

against the minimum foliar NPK content (2.18%, 0.15% and 

2.24%) noted at a planting density of 140 cormels/m2. The 

lowest planting density recorded highest foliar NPK content 

due to higher plant spaces thereby having less competition for 

nutrient resulting into better nutrient uptake by plants. Similar 

results were reported by Misra et al. (2000) [13] and Khalaj et 

al. (2012) [11] in tuberose. Nitrogen (500 ppm) sprayed at 3 

days interval recorded maximum foliar N content (2.34%) and 

foliar K content (2.35%). Minimum NPK leaf content was 

observed in control where no foliar spray of nitrogen was 

given in both the season under study. Application of urea did 

not influence the phosphorus content of gladiolus leaves 

significantly during both the seasons. 

 
Table 1: Nitrogen and Phosphorus content of leaves as influenced by planting density and foliar sprays of N on gladiolus cv. Solan Mangla 

(Pooled data of two years 2014- 15 and 2015-16). 
 

 Planting density 

 (cormels/m2) 

 

Number of foliar sprays 

Foliar N (%) Foliar P (%) 

March (pooled) July (pooled) March (pooled) July (pooled) 

100 120 140 Mean 100 120 140 Mean 100 120 140 Mean 100 120 140 Mean 

No spray (control) 

 
2.21 2.18 2.11 2.17 2.16 2.10 2.01 2.09 0.24 0.24 0.19 0.22 0.21 0.18 0.16 0.18 

15 at 3 days interval 

 
2.59 2.52 2.45 2.52 2.39 2.34 2.29 2.34 0.26 0.23 0.19 0.23 0.23 0.21 0.18 0.21 

9 at 5 days interval 

 
2.49 2.44 2.36 2.43 2.34 2.27 2.24 2.28 0.24 0.20 0.18 0.21 0.22 0.18 0.15 0.18 

6 at 7 days interval 

 
2.41 2.37 2.31 2.36 2.27 2.23 2.18 2.23 0.21 0.19 0.15 0.18 0.19 0.15 0.12 0.15 

Mean 

 
2.43 2.38 2.31 2.37 2.29 2.24 2.18 2.24 0.24 0.22 0.18 0.21 0.21 0.18 0.15 0.18 

Planting density (P) 

Foliar spray (F) 

P  F 

0.02 

0.03 

NS 

0.03 

0.04 

NS 

0.01 

NS 

NS 

0.03 

NS 

NS 
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Table 2: Potassium and total chlorophyll content of leaves of gladiolus cv. Solan Mangla as influenced by planting density and foliar sprays of 

N (Pooled data of two years 2014- 15 and 2015-16). 
 

 Planting density 

 (cormels/m2) 

 

Number of foliar sprays 

Foliar K (%) total chlorophyll content (mg/g) 

March (pooled) July (pooled) March (pooled) July (pooled) 

100 120 140 Mean 100 120 140 Mean 100 120 140 Mean 100 120 140 Mean 

No spray (control) 

 
2.23 2.19 2.16 2.19 2.19 2.15 2.14 2.16 1.29 1.26 1.23 1.26 1.25 1.23 1.21 1.23 

15 at 3 days interval 

 
2.45 2.41 2.39 2.42 2.37 2.35 2.32 2.35 1.50 1.48 1.46 1.48 1.43 1.40 1.36 1.40 

9 at 5 days interval 

 
2.42 2.37 2.33 2.37 2.33 2.29 2.27 2.30 1.47 1.44 1.40 1.44 1.39 1.36 1.33 1.36 

6 at 7 days interval 

 
2.38 2.36 2.31 2.35 2.30 2.27 2.21 2.26 1.44 1.42 1.36 1.41 1.36 1.33 1.30 1.33 

Mean 

 
2.37 2.33 2.30 2.33 2.30 2.27 2.24 2.27 1.43 1.40 1.36 1.40 1.36 1.33 1.30 1.33 

Planting density (P) 

Foliar spray (F) 

P  F 

0.01 

0.02 

NS 

0.01 

0.03 

NS 

0.01 

0.02 

NS 

0.02 

0.02 

NS 

 

Interaction between planting density and foliar application of 

nitrogen on foliar NPK content of leaves shows a non 

significant effect. These findings are similar to the findings of 

Singh et al. (2002) [2] and Singh et al. (2010) [15] in gladiolus. 

The increase in NPK content of leaves with the highest 

number of nitrogen application is due to the high nitrogen 

availability and so better uptake of it by plants. Nitrogen is 

highly mobile element in the plant tissues, its efficient 

translocation under abundant moisture and nutrient supply 

from roots to leaves could have added to its enhanced 

accumulation in the leaves. Khalaj et al. (2012) [11] also 

reported similar results where the N content of leaves 

increased with the increasing N levels and the lowest plant 

density in tuberose.  

 

Total chlorophyll content of leaves (mg/g) 

The pooled data analysis revealed a significant effect with 

maximum chlorophyll content of leaves (1.43 mg/g) recorded 

at planting density of 100 cormels/m2 and a minimum (1.36 

mg/g) at 140 cormels/m2 planting density. The foliar spray of 

nitrogen at 3 days interval (1.48 mg/g) proved significantly 

superior than 5 (1.44 mg/g) and 7 (1.41 mg/g) days interval 

respectively during both the seasons against control (1.26 

mg/g). Similarly in rainy season total chlorophyll content of 

leaves was recorded maximum (1.36 mg/g) at a planting 

density of 100 cormels/m2. Whereas, the total chlorophyll 

content of leaves was recorded minimum (1.30 mg/g) at a 

planting density of 140 cormels/m2. With regards the effect of 

foliar spray of nitrogen, total chlorophyll content of leaves 

was highest (1.40 mg/g) with nitrogen sprayed at 3 days 

interval. However, it was noted minimum (1.23 mg/g) in 

control. Interaction of the two factors on total chlorophyll 

content of leaves exhibited a non significant effect. The 

lowest density resulted in more chlorophyll content of leaves 

during both the seasons. Similar results has been reported by 

Ahirwar et al. (2012) [1] where the widely spaced plants 

resulted in more chlorophyll content of leaves of marigold cv. 

‘Pusa Narangi Gainda’. There was a progressive increase in 

total chlorophyll contents during both the years for both the 

seasons with the increasing frequencies of foliar application 

of nitrogen. The improvement in the chlorophyll content as a 

result of foliar nutrition could be attributed to the mode of 

action of macro elements in enhancing the photosynthetic 

activity and enzymes of carbohydrates transformation. Similar 

results were reported by Hassan et al. (1985) [9], Eraki et al. 

(1993) [6] on rose plants, Verma et al. (2000) [17] on carnation 

plants, El-Naggar (2005) [5] on gladiolus plant.  
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