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A B S T R A C T 
Application of gypsum is vital for corm development in gladiolus as it acts as source of calcium and soil loosening 
factor. Hence, a field experiment on gladiolus was conducted in Randomized Block Design with three replications in 
Department of Horticulture, Annamalai University, during 2019 to maximize the yield and quality of spikes and corms. 
The gladiolus cv. Sarala was tested with ten treatments comprised different combinations of recommended dose of 
fertilizers (NPK @ 120:150:150 kg ha-1), Gypsum at three levels (100 kg ha-1, 200 kg ha-1, and 300 kg ha1), and foliar 
application of FeSO4, MnSO4, ZnSO4 and H3BO3 @5% each at single spray (at 30 Days) and double spray (at 30 and 45 
Days). The growth, flowering, and corm yield parameters were periodically assessed. The results revealed that 
application of gypsum and micronutrients significantly increased the vegetative growth, flowering, spike yield, and 
corm yield. Among the ten treatments, application of NPK @ 120:150:150 kg ha-1 + Gypsum 300 kg ha-1 + foliar 
application of micronutrients at 30 and 45 DAP was found most effective with highest plant height, leaf area, spike 
length, floret diameter, spike yield, corm yield, corm weight, number of daughter corms per plant and weight of 
daughter corms. 
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Floriculture has become a profitable venture as the 

value of flower crops are enhanced due to raising demand for 

social and industrial use. Gladiolus occupies eighth position in 

the world among cut flowers in global trade. Gladiolus is the 

second most important cut flower which is propagated by its 

underground storage organ i.e., Corms. Corms of gladiolus are 

rich in stored food which is sufficient to sustain for its growth 

in initial few days. As the cost of planting material accounts 

for 50 percent of its production economics, the successful 

cultivation of gladiolus is not only depending on its 

marketable spike yield but also on the corm yield and quality. 

Nutrient management is of prime importance to obtain good 

quality flowers and corms. Development of corms and 

cormels require fertile and loose soil. Gypsum a Calcium 

sulfate dehydrated (CaSO4, 2H2O) mineral form of the 

evaporate family [1] is an excellent source of sulfur for plant 

nutrition and improving crop yield and it acts as source of 

calcium and soil loosening factor. Gypsum can enhance water 

movement into the soil and allow the crop to have deeper 

rooting those results in better nutrient absorption. Gypsum 

effectively changes the structure and fertility of heavy clay 

soils. Gypsum is also sodic by removing sodium from the soil 

and replacing it with calcium. Gypsum would also improve 

drainage, decrease acidity and eliminate soil salts [2]. 

Beneficial effect of gypsum in enhancing flowering and 

underground storage organs has been recorded in flower crops 

like Polianthes tuberose [3]. 

Micronutrients play a vital role in the growth and 

development of plants, due to their stimulatory and catalytic 

effects on metabolic processes and ultimately on flower yield 

[4] and quality [5]. To determinate the commercial value on 

corm production parameters, the micronutrients contribute 

most important role on various metabolism and synthesis 

process in plants. The deficiencies of micronutrients create 

different abnormalities like chlorosis, rosetting and scorching 

etc. [6]. Being involved in the physiology of plants, 

micronutrients well contribute to the growth and yield of the 

plants [7]. Though the micronutrients are present in soil, their 

availability to plants is restricted when soil salinity and soil 

pH are at high levels [8]. Foliar application of nutrients is 

useful to meet the plant’s specific needs for one or more micro 

or macro nutrients especially trace minerals and enable to 

correct deficiencies, strengthen weak or damaged crops, speed 

growth, and grow better [9]. The yield and quality of flowers 

and corms can be improved by integrating all kinds of nutrient 

management practices which include the judicious and 

combined use of gypsum with inorganic fertilizers and 

micronutrients. Though, cormels require fairly good amount 

of fertilizers due to their small size, the micronutrients are 

needed in large quantity. Hence, there is a need to develop 

sustainable nutrient management package by considering the 

beneficial effects of major nutrients through inorganic 

fertilizers, gypsum and foliar application of micro nutrients. 



Therefore, the present study has been carried out to study the 

effect of gypsum and foliar application of micronutrients on 

spike and corm yield maximization in gladiolus (G. 

grandiflorus L.) cv. Sarala under coastal region of Tamil 

Nadu. 

 

MATERIALS AND METHODS 

 

The experiment was carried out in Floriculture yard, 

Department of Horticulture, Annamalai University, Tamil 

Nadu during the year 2019. The experiment was conducted in 

randomized block design with three replications. Corms of 

Sarala were collected from commercial floriculture units in 

Kalimpong. These corms were planted in ridges and furrows 

made at a spacing of 45 cm x 15 cm in a plot size of 2m x 2m 

dimension. The soil of the experiment site is sandy-clayey 

loam having the pH range of 7.5 – 7.8. During land 

preparation, 25 t/ha of vermicompost was applied to the soil. 

Standard package of practices were adopted throughout the 

experiment to grow a healthy crop. Ten treatment 

combinations comprised of different combinations of 

recommended dose of fertilizers (RDF-NPK @ 120:150:150 

kg ha-1), Gypsum (100 kg ha-1, 200 kg ha-1, and 300 kg ha1), 

and foliar application of FeSO4, MnSO4, ZnSO4 and H3BO3 @ 

5% each at single spray at 30 days after planting (DAP) and 

double spray at 30 and 45DAP were applied. The treatments 

include T1- RDF (control), T2- RDF + Gypsum 100 kg ha-1, 

T3- RDF + Gypsum 200 kg ha-1, T4- RDF + Gypsum 300 kg 

ha-1, T5- RDF + Gypsum 100 kg ha-1  + Foliar application of 

micronutrients at 30 DAP, T6- RDF + Gypsum 200 kg ha-1  + 

Foliar application of micronutrients at 30 DAP, T7- RDF + 

Gypsum 300 kg ha-1 + Foliar application of micronutrients at 

30 DAP, T8- RDF + Gypsum 100 kg ha-1  + Foliar application 

of micronutrients at 30 and 45 DAP, T9- RDF + Gypsum 200 

kg ha-1  + Foliar application of micronutrients at 30 and 

45DAP, and T10- RDF + Gypsum 300 kg ha-1  + Foliar 

application of micronutrients at 30 and 45 DAP. 

For treatments with recommended dose (NPK @ 

120:150:150 kg/ha) of inorganic fertilizers, entire P and K 

were applied as basal and 50% of N was given as basal and 

remaining was given as two split doses, one at three leaf stage 

and second at bud stage. For foliar application of 

micronutrients, FeSO4, H3BO3, ZnSO4. 7H2O and MnSO4 

were dissolved in water at 0.5% concentration each and 

sprayed during at 3rd and 6th leaf stage (30 and 45 DAP 

respectively) as per treatment schedule. Observations on 

various morphological parameters including plant height, 

number of leaves per plant, leaf length, leaf width, days to 

spike emergence, spike length, number of florets per spike, 

flower length, flower diameter, diameter of corm and number 

of cormels were recorded periodically. The data were 

analyzed as per the procedure given by the [10]. Mean and 

critical difference for each character was computed to derive 

meaningful conclusion. 

 

RESULTS AND DISCUSSION 

 

Growth characters 

 

Results revealed that the growth characters were 

significantly varied due to the application gypsum and foliar 

nutrients (Table 1). Application of RDF (NPK @ 120:150:150 

kg ha-1) + gypsum 300 kg ha-1 + foliar spray of FeSO4, 

MnSO4, ZnSO4 and H3BO3 (0.5% each) on 30DAP and 

45DAP has resulted significantly higher growth when 

compared to all other treatments. 

 

Table 1 Effect of gypsum and foliar application of micronutrients on growth parameters of gladiolus (G. grandiflorus L.) cv. 

Sarala 

Treatments Plant height 
Leaf length 

(cm) 

Leaf area 

(cm2) 

DMP 

(g/plant) 

Days taken for 

spike emergence 

T1- RDF (control) 104.71 66.11 119.32 33.66 76.53 

T2- RDF + Gypsum 100 kg ha-1   105.20 68.62 119.66 36.52 73.96 

T3- RDF + Gypsum 200 kg ha-1   108.46 70.75 123.36 37.65 73.23 

T4- RDF + Gypsum 300 kg ha-1   109.42 71.93 124.40 38.67 72.38 

T5- RDF + Gypsum 100 kg ha-1 + Foliar application of 

micronutrients at 30 DAP 
110.39 73.13 125.44 39.70 71.53 

T6- RDF + Gypsum 200 kg ha-1 + Foliar application of 

micronutrients at 30 DAP 
111.33 74.30 126.47 40.71 70.69 

T7- RDF + Gypsum 300 kg ha-1 + Foliar application of 

micronutrients at 30 DAP 
112.30 75.50 127.51 41.74 69.84 

T8- RDF + Gypsum 100 kg ha-1 + Foliar application of 

micronutrients at 30 & 45 DAP 
112.31 75.51 127.52 41.75 69.83 

T9- RDF + Gypsum 200 kg ha-1 + Foliar application of 

micronutrients at 30 and 45DAP 
113.25 76.68 128.54 42.75 69.01 

T10- RDF + Gypsum 300 kg ha-1 + Foliar application of 

micronutrients at 30 and 45 DAP 
114.20 77.85 129.56 43.76 68.17 

SED 0.42 0.52 0.45 0.45 0.37 

CD (p=0.05) 0.94 1.16 1.01 1.00 0.83 
 
RDF-NPK@120:150:150 kg/ha 
Foliar application-FeSO4, MnSO4 and ZnSO4 and H3BO3 @ 0.5% each 

 

The highest plant height (114.2 cm), leaf length (77.85 

cm), leaf area (129.56 cm2) and DMP (43.76 g plant-1) were 

observed in T10 (RDF + Gypsum 300 kg ha-1 + foliar 

application of FeSO4, MnSO4, ZnSO4 H3BO3 at 30th and 45th 

DAP) was followed by the T9 (RDF + Gypsum 200 kg ha-1 + 

foliar application of FeSO4, MnSO4, ZnSO4 H3BO3 at 30th and 

45th DAP). The treatments T8 and T7 were on par with each 

other in all the growth parameters. The control treatment T1 

(RDF- NPK @ 120:150:150 kg ha-1) has recorded the least 

growth parameters viz. plant height (104.71 cm), leaf length 
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(66.11 cm), leaf area (119.32cm2) and DMP (33.66 g plant-1). 

Application of inorganic nutrients with micronutrients might 

have attributed to the translocation of nutrients from soil and 

enhanced supply of macro and micronutrients during entire 

growing season and microbial decomposition. Thereby, it 

might have favoured for stimulation of all growth parameters 

[11-14]. Foliar spray of micronutrients, containing Zn, B, Fe 

and Mn, also significantly increased growth characters of 

gladiolus [4-5]. Application of Gypsum has favoured all the 

growth parameter of gladiolus. The effect was linear in trend 

with the increasing dose of Gypsum. The positive effects of 

gypsum in plants might be due to its ability to change the 

structure and fertility of clay soils [15]. 

The spike emergence is an indicator for the plant to 

attain its maximum growth. The earliest spike emergence on 

68.17 days was observed in treatment T10 (RDF + Gypsum 

300 kg ha-1+ foliar application of FeSO4, MnSO4, ZnSO4 

H3BO3 at 30th and 45th DAP) was followed by T9 (69.01) (RDF 

+ Gypsum 200 kg ha-1 + foliar application of FeSO4, MnSO4, 

ZnSO4 H3BO3 at 30th and 45th DAP). The spike emergence 

was significantly late in control treatment T1 (76.53 days). The 

early emergence of spike observed in these treatments might 

be attributed to the fact the accumulation of photosynthates 

are more and faster in these treatments due to increased 

nutrient up take and its cascading effects on physiological 

processes that augment growth rate. 

 

Flowering and spike yield characters 

The flowering and spike yield parameters were 

significantly influenced by the treatments when compared to 

control (Table 2). The maximum spike length of 99.75 cm was 

observed in T10 (RDF + Gypsum 300 kg ha-1 + foliar 

application of FeSO4, MnSO4, ZnSO4 H3BO3 at 30th and 45th 

DAP) was followed by T9 (RDF + Gypsum 200 kg ha-1 + foliar 

application of FeSO4, MnSO4, ZnSO4 H3BO3 at 30th and 45th 

DAP) (98.75cm). The least spike length of 89.75cm was 

recorded in control. The maximum spike weight of 106.38 g 

was observed in treatment T10 was followed by T9 (105.42g). 

Application of higher level of micro nutrients along with 

gypsum might have resulted availability of more micro and 

macro nutrients needed for growth and regulatory processes 

leading to production of maximum spike length, more number 

of florets per spike that contribute to increased spike weight 

[16]. 

 

Table 2 Effect of gypsum and foliar application of micronutrients on flowering and spike yield of gladiolus (G. grandiflorus 

L.) cv. Sarala 

Treatments 
Spike length 

(cm) 

Spike weight 

(g) 

Rachis length 

(cm) 

Floret diameter 

(cm) 

Days taken for 

first floret open 

Spike yield 

per plant 

Marketable 

spikes per plant 

T1 89.75 96.76 59.32 3.21 89.11 0.41 0.31 

T2  90.89 97.54 61.55 5.55 86.97 0.65 0.58 

T3  93.70 100.56 63.45 5.72 85.27 0.67 0.60 

T4  94.71 101.53 64.51 6.36 84.28 0.74 0.68 

T5 95.73 102.51 65.58 7.01 83.29 0.81 0.75 

T6 96.73 103.47 66.62 7.64 82.32 0.88 0.83 

T7 97.75 104.46 67.69 8.29 81.33 0.95 0.90 

T8 97.76 104.47 67.70 8.30 81.32 0.95 0.90 

T9 98.75 105.42 68.73 8.93 80.35 1.01 0.98 

T10 99.75 106.38 69.78 9.56 79.38 1.08 1.05 

SED 0.44 0.43 0.46 0.28 0.43 0.03 0.03 

CD (p=0.05) 0.99 0.95 1.04 0.63 0.96 0.07 0.07 
 
RDF-NPK@120:150:150 kg/ha 
Foliar application-FeSO4, MnSO4 and ZnSO4 and H3BO3 @ 0.5% each 

 

The highest length of rachis was observed in treatment 

combination of T10 (RDF + Gypsum 300 kg ha-1 + foliar 

application of FeSO4, MnSO4, ZnSO4 H3BO3 at 30th and 45th 

DAP) (69.78 cm) was followed by T9 (68.73 cm). The least 

rachis length of 59.3cm was recorded in control treatment T1. 

The increased number of florets per spike in these treatments 

might have contributed for the attributed to elongation of 

spike growth as well as rachis length. Increase in rachis length 

might have enabled the plants to produce more photosynthates 

which was subsequently supplied to spike for their 

development. This may also be due to increased availability of 

all essential micronutrients in easily available form [17]. The 

first floret opening observed in treatment T10 (79.38 days) was 

significantly earliest and it was followed by the treatments T9 

(80.35 days) as this treatment includes RDF + Gypsum 200 kg 

ha-1 + foliar application of FeSO4, MnSO4, ZnSO4 H3BO3 at 

30th and 45th DAP. The first floret open was significantly late 

in control treatment T1 (89.11 days). Early flowering observed 

in these treatments might be attributed to the faster 

translocation of phytohormones to the shoots that lead to early 

flower initiation [18-19]. The maximum diameter of floret 

observed in treatment T10 (9.56 cm) was followed by T9 (8.93 

cm). Micronutrients like Fe, Zn, Mn and Cu play a vital role in 

the growth and development of gladiolus plants because of 

their stimulatory and catalytic effects on flower characters and 

metabolic processes [20-22]. 

The highest of 1.08 spikes per plant was observed in 

treatment T10 (RDF + Gypsum 200 kg ha-1 + foliar application 

of FeSO4, MnSO4, ZnSO4 H3BO3 at 30th and 45th DAP) 

followed by T9 (RDF + Gypsum 200 kg ha-1 + foliar 

application of FeSO4, MnSO4, ZnSO4 H3BO3 at 30th and 45th 

DAP) with 1.01 spikes per plant. The least number of 

0.41spike per plant was recorded in control treatment T1. 

Addition of gypsum along with foliar application of 

micronutrients recorded significantly maximum yield of 

gladiolus spikes with superior quality. This might be due to 

increased availability of photosynthates as a result of 

enhanced growth rate of vegetative plant parts. Further higher 

amount of photosynthates available might have directly 

utilized for initiation of more floral sinks and have increased 

the yield of better-quality spikes in respect of length of spike, 

rachis length, and their turgidity [23]. The maximum of 1.05 

marketable spikes per plant was observed in treatment 

combination of T10. The least of 0.31 marketable spikes per 
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plant recorded in control treatment T1. Application of gypsum 

at higher level might have improved the flower parameters 

such as spike length, rachis length and also dry matter 

production. The beneficial effects of Gypsum might be due to 

its ability to remove sodium from soil and replace it with 

calcium. It can also improve drainage, decreases acidity and 

eliminate the soil salts [24]. 

 

Corm characters 

The treatments that consist of recommended dose of 

fertilizers (RDF) with gypsum application and foliar spray of 

micro nutrients performed better when compared to control 

with only RDF. The highest corm diameter (5.3cm), number 

of corms per plant (2.14) and corm weight (27.32g) were 

recorded in T10 (RDF + Gypsum 200 kg ha-1 + foliar 

application of FeSO4, MnSO4, ZnSO4 H3BO3 at 30th and 45th 

DAP) followed by T9. The least corm diameter (2 cm), 

number of corms per plant (0.66), and corm weight (20.76g) 

were recorded in control treatment T1 (RDF). The maximum 

number of daughter corms per plant (20.41) and weight of 

daughter corms (21.62g) were recorded in T10. The least 

number of daughter corms per plant (11.1) and weight of 

daughter corms (12.17g) were recorded in control treatment 

[25-30]. Increased corm weight and corm yield may be due to 

better availability of phosphorous, which is required 

particularly for corm growth. Better cormels production might 

be due to added gypsum in soil that would have increased the 

solubility of nutrients and made them available for intake by 

plants. The increase in corms weight and number of cormels 

might be due to the augmented photosynthetic productivity in 

best treatments that compelled the plants to apportion more 

carbohydrate towards sink and to increase sink source in the 

form of corms and cormels. The foliar micronutrients might 

have enabled speedy translocation of carbohydrates and 

soluble nitrogen compounds from leaves to corms [31]. The 

role of zinc in translocation of constituents from one part to 

other part and maximizing corm yield might be due to its 

catalytic role in the activation of enzymes needed for nitrogen 

assimilation and synthesis of protein [32-33]. Apart from the 

soil loosening effect caused by Gypsum, it might have 

attributed to the beneficial effects of potassium by increasing 

the protein content in plants and also improving the 

accumulation of carbohydrates, ascorbic acid and thereby 

enhancing corm expansion [34-35. 

 

Table 3 Effect of gypsum and foliar application of micronutrients on corm yield of gladiolus (G. grandiflorus L.) cv. Sarala 

Treatments 
Corm diameter 

(cm) 

No. of corms per 

plant 

Corm weight 

(g) 

Number of daughter 

corms per plant 

Weight of daughter 

corms (g) 

T1 2.00 0.66 20.76 11.1 12.17 

T2  3.20 1.21 20.84 14.33 15.60 

T3  3.30 1.24 21.48 14.77 16.08 

T4  3.64 1.39 22.46 15.71 16.85 

T5 3.97 1.55 23.44 16.66 17.82 

T6 4.30 1.69 24.41 17.59 18.76 

T7 4.64 1.84 25.39 18.54 19.73 

T8 4.64 1.85 25.40 18.55 19.73 

T9 4.97 1.99 26.36 19.47 20.67 

T10 5.30 2.14 27.32 20.41 21.62 

SED 0.15 0.07 0.43 0.04 0.05 

CD (p=0.05) 0.33 0.15 0.96 0.08 0.11 
 
RDF-NPK@120:150:150 kg/ha 
Foliar application-FeSO4, MnSO4 and ZnSO4 and H3BO3 @ 0.5% each 

 

CONCLUSIONS 
 

From the present results it could be concluded that the 

application of RDF (NPK @ 120:150:150 kg ha-1) + Gypsum 

300 kg ha-1 + Foliar application of FeSO4, MnSO4 ZnSO4 

H3BO3 @ 0.5% each at 30th and 45th DAP could be adopted to 

enhance the production of marketable spikes and good quality 

of corms under coastal region of Tamil Nadu. 
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