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Abstract 
In cardamom propagation by vegetative means through suckers is considered to be the most preferred 

method. An attempt was made to increase sucker’s production by spraying growth promoting 

substances at two months interval for a period of 60 days. The results of present investigation indicated 

that cardamom clumps treated with Gibberellic acid @ 250 ppm resulted in better performance with 

respect to pseudostem height, leaf characters and leaf area index, fresh and dry weight of the shoot, 

length of longest primary root, total dry matter production, dickson quality index, sturdiness quotient 

and volume index. While, the clumps applied with Humic acid @ 0.5% resulted in maximum number 

of new suckers emerged, total number of new suckers emerged, number of suckers per clump, number 

of primary roots, number of secondary roots, root volume, fresh and dry weight of roots and suckering 

percentage. Whereas, pseudostem girth and root thickness were recorded maximum in the clumps 

treated with Benzyl adenine @ 250 ppm. These findings indicate that the targeted use or possible 

combination of these growth regulators can be an effective strategy to produce a higher number of 

quality suckers and potentially shorten the nursery period, thereby improving the efficiency of 

vegetative propagation in cardamom. 

 

Keywords: Growth substances, quality suckers, new suckers, suckers quality 

 

Introduction 

Cardamom is one of the oldest known spices in the world. Evergreen forests of Western 

Ghats of South India are considered as the center of origin as well as natural habitat of 

cardamom. Cardamom is commercially cultivated for its dried fruits (capsules), which is also 

referred as cardamom of commerce and enjoys a unique position in the international spices 

market. The cardamom of commerce is the dried capsules of cardamom plant. This is often 

referred as the ‘Queen of Spices’ because of its very pleasant aroma and taste, and is highly 

valued from ancient times. Cardamom is grown extensively in the hilly regions of South 

India at elevations of 800-1300 MSL as an under crop in forest lands. Till early 1970s, India 

was the main producer and exporter of this commodity. Now Guatemala has emerged as 

world’s largest producer (more than 55 per cent of the total global production) offering stiff 

competition to Indian cardamom in the international market. 

In India, cardamom is cultivated in the southern states of Kerala, Karnataka and Tamil Nadu. 

Kerala accounts for 70 per cent of the cultivation followed by Karnataka (20 per cent) and 

Tamil Nadu (10 per cent). As per the advance estimate of the Spices Board, the total area 

under cardamom in India is around 69,190 hectares with production of 22,520 MT (2020-

21). As this crop thrives well in evergreen tropical forests at an altitude of 600 m to 1500 m 

above MSL as well as grow well even in overhead shade areas where the annual rainfall 

ranges from 150-400 cm with a temperature range of 10O to 35OC. Valleys and gentle slopes 

facing North or North-Eastern direction protected from strong wind form an ideal situation 

for cardamom plantation. 

Due to ever increasing demand for the capsules, farmers of Karnataka are expanding the 

cardamom growing area in non-traditional regions also. Therefore, more emphasis must be 

given to produce cardamom seedlings to meet their demand. The crop is propagated through 

seeds, suckers and tissue culture. 

https://www.hortijournal.com/
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In seed propagation, although seeds are easy to obtain and 

sow, this method often results in variations among progenies 

due to natural cross-pollination. Besides, seedling progenies 

showing variations in population and delayed flowering is 

also observed. Whereas, tissue culture can yield large 

quantities of disease free and uniform planting material, but 

the cost is often prohibitive for small and marginal farmers. 

However, in cardamom propagation by vegetative means 

through suckers is considered to be the most preferred 

method. As seedling propagated plants may not be true to its 

parent and takes one year more for initiation of flowering. 

The non-uniform germination and the slow growth rate of 

cardamom in the nursery lead to wide variations in 

flowering, fruit set and harvest. 

However, small cardamom requires a consistent supply of 

nutrients throughout its growing period and being a shallow 

rooted plant, as its roots are confined to the top 15-20 cm of 

soil, making it susceptible to nutrient stress (Spices Board). 

In addition to essential nutrients, the application of growth-

promoting substances and bio-stimulants are being studied 

for their ability to enhance plant vigor, sucker production 

and root development. Biostimulants are materials, other 

than fertilizers, that promote plant growth when applied in 

low quantities (Kunicki et al., 2010) [15]. They reduce the 

need for fertilizers and increase plant growth, resistance to 

water and abiotic stresses. In small concentrations, these 

substances are efficient, favoring the good performance of 

the plant's vital processes, and allowing high yields and 

good quality products. These are the extracts obtained from 

organic raw materials containing bioactive compounds. It 

also increases root and shoot growth, water uptake and 

reduces the transplantation shock and helps in soil 

protection and improves soil health by fostering the 

development of beneficial soil microorganisms. 

Seaweed extracts are nutrient supplements, biostimulants or 

biofertilizers which act as an alternative to chemical 

fertilizers in agriculture and horticulture to increase plant 

growth and yield. Seaweed extracts also contain number of 

phytohormones including auxins, cytokinins, gibberellins, 

abscissic acid and brassinosteroids. It is cost effective and 

maintains eco-friendly environment for sustainable 

agriculture (Noda et al., 1990) [20]. Extracts of brown 

seaweeds are widely used in horticulture crops for their 

plant growth-promoting effects and for their ameliorating 

effect on crop tolerance to abiotic stresses such as salinity, 

extreme temperatures, nutrient deficiency and drought 

(Battacharyya et al., 2015) [6]. 

Humic substances are natural constituents of the soil organic 

matter, resulting from the decomposition of plant, animal 

and microbial residues. Humic acid may stimulate plant 

growth by improving nutrient uptake by exerting hormone-

like effects as auxins (Baldotto et al., 2010) [4]. Humic acid 

stimulate shoot elongation and increase leaf nutrient 

accumulation and chlorophyll biosynthesis (Baldotto and 

Baldotto, 2013) [5]. Plant growth regulators are the chemical 

substances which modify the growth and development of 

the plant by promoting or inhibiting the growth at very low 

concentration. The plant growth regulators are known to 

enhance the source-sink relationship and stimulate the 

translocation of photo-assimilates thereby helping better 

fruit set in many crops. Among the PGRs, auxins and 

gibberellic acid are considered vital for improving plant 

growth and productivity and therefore, could be a useful 

alternative to increase crop production. The biostimulants 

and PGRs have been reported to increase the growth and dry 

matter production in crop plants. However, their influence 

in cardamom is not known. Therefore, the present study was 

taken up to investigate the effect of various biostimulants 

and PGR’s on the growth and secondary suckers’ 

production in cardamom. 

 

Materials and Methods 

The present investigation was carried out at Zonal 

Agricultural and Horticultural Research Station (ZAHRS), 

Mudigere, during August, 2024 to March, 2025. The area 

receives a total annual rainfall of 2709 mm, mainly 

distributed six to eight months from April to October with 

the peak period of rainfall from June to August. The average 

annual minimum temperature is 19.410C and maximum 

temperature is 27.620C. The average annual minimum 

relative humidity is 75.96 per cent and maximum relative 

humidity is 79.09 per cent. The soil of the study area is of 

lateritic sandy loam in origin with acidic nature having red 

to reddish brown in colour with good drainage system. Soil 

is having lesser amount of organic matter, nitrogen, 

phosphorous, potassium, calcium, magnesium and sulphur 

content in it. The soil has medium EC and organic carbon 

content in it. 

The cardamom suckers of cv. Njallani Green Gold were 

planted under Glyricidia during November-2023 at a 

spacing of 6 feet X 6 feet was selected to impose the 

treatments viz., T0- Control (RDF-48:48:96 g NPK per 

plant), T1- RDF + Humic acid-0.5%, T2- RDF + Sea weed 

extract-0.5%, T3- RDF +Triacontanol-0.5%, T4- RDF + 

Benzyl adenine-250 ppm, T5- RDF + Gibberellic acid-250 

ppm, T6- RDF + Cycocel-1000 ppm. The growth substances 

solution was sprayed thrice at bimonthly interval as per the 

treatments at the rate of half litre per clump. The plant 

protection measures and other operations were carried out as 

per the recommended package of practice. Trashing was 

also done periodically by removing old and dried shoots and 

leaves of the clumps during the period of experimentation.  

 

Observations Recorded  

Five clumps were selected randomly and tagged in each 

treatment from all the three replications to record the 

observations on various growth and root parameters. The 

mean value of the data recorded was taken to represent a 

particular treatment with respect to a character. 

 

Plant Growth Parameters 

The observation on growth parameters were recorded at 

bimonthly interval i. e. 60, 120 and 180 DAS (Days after 

spraying). Whereas, the fresh weight, dry weight of shoot 

and root characters were recorded at 180 DAS. Pseudostem 

height (m) was measured from base of the pseudostem to 

the tip of the longest leaf of the sucker from all the tagged 

plants. Pseudostem girth (cm) was measured at basal portion 

of the shoot by using vernier callipers. The number of new 

suckers emerged in each tagged plant were counted and total 

number of new suckers emerged was calculated by adding 

number of new suckers emerged at 60, 120 and 180 DAS. 

The total number of suckers present initially in each tagged 

plant before and after the imposition of treatments was 

counted. The total numbers of leaves produced in each 

tagged tiller and clump were counted. The length of the leaf 

was measured from the base of the leaf lamina to the tip of 

the fully opened third leaf from the top. The breadth of the 
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leaf was measured at the widest lamina of a fully opened 

third leaf from the top. Then leaf area per clump (m2) was 

calculated by taking maximum leaf length (cm), leaf breadth 

(cm) and number of leaves per clump and multiplied with 

constant factor as given by Lila et al. (1996) [18]. The leaf 

area index at different interval was calculated by using 

formula as suggested by Sestak et al. (1971).  

 

 
 

 
 

Fresh weight of the shoots (g) from randomly selected 

clumps in each treatment was recorded using electronic 

balance, then the shoots of each treatment were dried in hot 

air oven at 60°C till they attain constant weight and mean 

dry weight of shoot was computed. The dry weight of the 

leaves, pseudostem, rhizomes and roots of randomly 

selected clumps were combined to record the total dry 

matter production.  

 

Root Parameters  

The suckers were uprooted carefully from the field at 180 

DAS. The root parameters such as number of primary roots, 

number of secondary roots, length of the longest primary 

root, root thickness, root volume, fresh and dry weight of 

roots were recorded. Then number of primary and secondary 

roots produced in the tagged suckers of each treatment was 

counted. The root length (cm) was measured from the collar 

region to the tip of the longest primary root from the tagged 

sucker of each treatment and root thickness (mm) was 

measured using vernier calipers. Then the root volume was 

recorded by using the Archimedes principle (Burdette, 

1979) [7]. A specific measuring cylinder was used to 

measure the displaced water volume. The separated root 

samples were immersed in a known volume of water in 

order to measure the displaced water volume from each 

treatment and average was computed.  

Root volume (cc) = Final water volume in a graduated 

cylinder − Initial water volume (cc)  

 

Sucker quality parameters  

To know the suckering percentage, new suckers arising 

from the basal portion of clumps and total number of 

suckers were counted and their mean values were computed 

as below  

 

 
 

Root to shoot ration was worked out on the dry weight basis 

by dividing the weight of dried roots by the weight of dry 

shoot in each treatment and mean ratio was computed.  

 

 
 

Dickson Quality Index (DQI) of sucker was calculated 

empirically by adopting the formula derived by Ritchie et 

al. (1984) [26] as follows  

 

 
 

Sturdiness quotient was measured for suckers in each 

treatment by averaging the measurement of all the suckers 

under each treatment (Roller, 1997) [27].  

 

 
 

Volume index was computed by considering pseudostem 

height of the suckers and pseudostem girth with the formula 

as given below  

 

Volume index = Pseudostem height (cm) × Pseudostem 

girth (cm)  

 

Statistical analysis: The data on various growth and root 

parameters were recorded during the period of investigation 

was tabulated and subjected to statistical analysis using 

Randomized Complete Block Design as per Gomez et al. 

(1984) [12]. 

 

Results and Discussion 

Biostimulants and plant growth regulator (PGR) treatments 

in agricultural and horticultural crops have considerable 

potential to enhance plant resilience against environmental 

stresses. To maximize their effectiveness, it is essential to 

optimize application rates, identify crop-specific responses 

and refine application techniques. Greater emphasis should 

be placed on understanding the underlying physiological 

and biochemical mechanisms of biostimulants, especially 

considering the wide range of raw materials involved, 

including humic substances, seaweed extracts, plant 

hormones, and plant growth-promoting Rhizobacteria. 

Vegetative propagation in cardamom through suckers 

ensures genetic uniformity and facilitates early crop 

establishment. Therefore, improving sucker production is 

crucial to meet increasing demand and support the 

expansion of cultivation. Conventional soil application of 

nutrients often results in lower use efficiency, whereas foliar 

application of bioactive growth substances can enhance 

nutrient uptake, leading to improved root and shoot 

development and, consequently, better sucker growth. In 

this context, the present study was undertaken to evaluate 

the effect of foliar application of growth substances on the 

production of quality suckers in cardamom, and the results 

obtained are presented and discussed herein. 

 

Growth parameters 

The influence of growth substances on pseudostem height 

and girth was found to be significant (Table 1). Among the 

treatments, T5 (RDF + Gibberellic acid @ 250 ppm) 

recorded greater pseudostem height (2.43, 3.06 and 3.60 m), 

while T4 (RDF + Benzyl adenine @ 250 ppm) showed 

higher girth (7.33, 8.16 and 8.86 cm) at 60, 120 and 180 
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DAS, respectively. The increase in pseudostem height may 

be attributed to the role of GA₃ in promoting cell elongation 

in stems and internodes. Similar findings were reported by 

Pariari et al. (2018) [21] in ginger, Venugopal and Pariari 

(2019) [30], and Gawande et al. (2020) [11] in turmeric. The 

significant increase in pseudostem girth could be due to the 

cytokinin-like activity of benzyl adenine, which enhances 

cell division. Comparable results were observed by Ahmed 

et al. (2022) [2] in fennel and Abdel-Hamid (2020) [1] in 

sweet basil. 

Humic acid acts as a biostimulant by stimulating auxin and 

cytokinin synthesis, thereby enhancing plant vigour, root 

development, and nutrient and water uptake. In the present 

study, T1 (Humic acid @ 0.5%) recorded the highest 

number of new suckers emerged, number of suckers per 

clump, and total number of new suckers (22.35) (Table 2). 

This may be due to the presence of gibberellin-like 

substances in humic acid, which promote plant growth by 

increasing the number of primary branches and side shoots. 

Similar observations were reported by Parikh et al. (2023) 
[22] in turmeric. 

Leaf quality parameters varied significantly among 

treatments (Table 3). However, T5 (Gibberellic acid @ 250 

ppm) recorded the highest number of leaves per tiller 

(12.44, 15.98 and 17.69), leaves per clump (157.25, 195.53 

and 249.32), leaf length (48.93, 57.56 and 61.74 cm), leaf 

breadth (10.45, 11.69 and 13.77 cm), leaf area per plant 

(6.33, 10.20 and 16.46 m²) and leaf area index (1.89, 3.05 

and 4.92) at 60, 120 and 180 DAS, respectively. The 

increase in leaves per tiller may be due to the hormonal 

effect of gibberellic acid in promoting cell division and 

enhancing xylem and phloem development. These results 

are in agreement with Surve et al. (2023) [29], Kharat et al. 

(2025) [14] and Das et al. (2018) [8] in coriander. The 

increased number of leaves per clump, as well as leaf length 

and breadth, may be attributed to the stimulatory effect of 

GA₃ on physiological processes, leading to faster leaf 

initiation, enhanced linear growth, and improved 

translocation of assimilates, thereby promoting the 

development of new leaf primordia. Similar findings were 

reported by Datta et al. (2009) [9] in sweet flag. The increase 

in leaf area and. 

 
Table 1: Effect of plant growth-promoting components on pseudostem height and girth 

 

Treatment details 
Pseudostem height (m) Pseudostem girth (cm) 

Initial 60DAS 120DAS 180DAS Initial 60DAS 120DAS 180DAS 

T1 1.34 1.68 2.64 3.26 4.37 6.91 7.18 8.09 

T2 1.14 1.77 2.66 3.44 4.36 6.69 7.53 8.12 

T3 1.32 1.82 2.68 3.19 4.44 6.35 7.54 8.58 

T4 1.38 1.89 2.84 3.31 4.42 7.22 8.05 8.46 

T5 1.41 1.91 2.74 3.49 4.48 7.33 8.16 8.86 

T6 1.48 2.43 3.06 3.60 4.40 7.21 8.09 8.44 

T7 1.48 1.99 2.55 3.20 4.37 7.19 8.04 8.45 

Mean 1.36 1.93 2.74 3.36 4.41 6.99 7.80 8.43 

SEm± 0.08 0.07 0.06 0.07 0.11 0.11 0.16 0.10 

CD (5%) NS 0.20 0.18 0.20 NS 0.33 0.47 0.28 

 
Table 2: Effect of plant growth-promoting components on leaf growth parameters 

 

Treatment details 
Leaf area /plant (m2) Leaf area index 

Initial 60DAS 120DAS 180DAS Initial 60DAS 120DAS 180DAS 

T1 1.57 3.71 7.16 19.67 0.47 1.11 2.14 3.19 

T2 1.45 4.12 7.59 13.31 0.43 1.23 2.27 3.98 

T3 1.58 4.08 7.14 13.54 0.47 1.22 2.13 4.05 

T4 1.58 4.68 7.46 11.51 0.47 1.40 2.23 3.44 

T5 1.42 3.37 8.47 13.01 0.42 1.01 2.53 3.89 

T6 1.54 6.33 10.20 16.46 0.46 1.89 3.05 4.92 

T7 1.52 3.80 6.86 9.94 0.45 1.14 2.05 2.97 

Mean 1.52 4.30 7.84 13.92 0.45 1.29 2.34 3.78 

SEm± 0.10 0.16 0.37 0.59 0.03 0.05 0.11 0.18 

CD (5%) NS 0.45 1.08 1.69 NS 0.13 0.32 0.51 

 
Table 3: Effect of plant growth-promoting components on new sucker’s production 

 

Treatment details 
Number of suckers per clump No. of new suckers emerged 

Total 
Initial 60DAS 120DAS 180DAS 60DAS 120DAS 180DAS 

T1 24.05 30.55 34.36 41.13 6.50 3.82 6.77 17.08 

T2 25.23 33.52 39.51 47.58 8.28 5.99 8.07 22.35 

T3 23.88 31.21 35.09 41.13 7.32 3.89 6.04 17.25 

T4 24.90 31.95 35.92 43.33 7.06 3.96 7.41 18.43 

T5 23.14 28.72 33.38 39.01 5.57 4.67 6.63 15.87 

T6 24.28 32.51 36.36 44.25 8.23 3.85 7.89 19.97 

T7 24.19 30.84 33.99 40.10 6.65 3.15 6.11 15.91 

Mean 24.24 31.33 35.52 42.36 7.09 4.19 6.99 18.12 

SEm± 0.63 0.69 0.77 0.80 0.14 0.26 0.34 0.44 

CD (5%) NS 1.98 2.21 2.29 0.39 0.75 0.99 1.25 
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Leaf area index may be due to the action of GA₃ at the 

apical meristem, resulting in increased synthesis of 

nucleoproteins and expansion of leaf tissues. These findings 

are in line with Reddy et al. (2020) [25] in ajwain and 

Gawande et al. (2020) [11] in turmeric. 

Maximum shoot fresh weight (337.50 g) and shoot dry 

weight (127.68 g) were also recorded in T5 (Gibberellic acid 

@ 250 ppm) at 60, 120 and 180 DAS, respectively. This 

may be attributed to the positive role of gibberellins in 

enhancing metabolic activity and biomass accumulation in 

plant tissues. The increase in shoot dry weight could be a 

direct consequence of higher fresh weight. Similar results 

were reported by Namdeo et al. (2016) [19] in ajwain, Raidas 

et al. (2019) [24] in kalmegh, Deshmukh et al. (2023) [10] in 

kokum and Kurmi et al. (2019) [16] and Pranay et al. (2019) 
[23] in coriander. 

 

Root Parameters  

Growth substances significantly influenced the production 

of primary (63.91) and secondary roots (63.91) in T1 

(Humic acid @ 0.5%) (Table 4). This may be attributed to 

the strong root-inducing capacity of humic acid, which 

enhances root system development through stimulation of 

H⁺-ATPase activity. The increased enzymatic activity 

activates the proton pump, leading to acidification of the 

apoplast, improved cell wall plasticity, and enhanced cell 

elongation, ultimately promoting root growth. In contrast, 

maximum root thickness (0.70 mm) was recorded in T4 

(Benzyl adenine @ 250 ppm), which may be due to the 

exogenous application of BA enhancing root development 

by stimulating lateral root elongation, as well as root cell 

elongation and differentiation. These findings are in 

agreement with Arisandy et al. (2024) [3] in oil palm. 

Growth substances also had a significant effect on root 

volume (211.28 cc), as well as fresh (124.06 g) and dry 

weight (35.58 g) of roots, with the highest values observed 

in T1 (Humic acid @ 0.5%). This may be due to the 

presence of auxin-like substances in humic acid, which 

promote cell elongation, improve nutrient uptake, and 

ultimately increase root biomass (Jalgaonkar et al., 2022) 
[13]. Similar results were reported by Salim et al. (2021) [28] 

in loquat. However, the maximum length of the longest 

primary root (23.38 cm) and total dry matter production 

(158.50 g) were recorded in T5 (Gibberellic acid @ 250 

ppm). This could be attributed to the role of gibberellins in 

enhancing vegetative growth, thereby increasing overall 

biomass accumulation. Comparable findings were reported 

by Kusuma et al. (2019) [17] in fennel. 

 
Table 4: Effect of plant growth-promoting components on root parameters 

 

Treatment 

details 

No. of 

Primary roots 

No. of 

Secondary 

Roots 

Length of Longest 

Primary Root (cm) 

Root 

Thickness 

(mm) 

Root 

Volume 

(cc) 

Fresh wt of 

Roots (g) 

Dry wt of 

Roots (g) 

Total Dry 

Matter (g) 

T1 14.03 49.46 15.57 0.57 181.06 116.55 26.43 121.00 

T2 18.56 63.91 16.78 0.43 211.28 124.06 35.58 131.82 

T3 17.17 54.33 13.74 0.64 191.39 119.98 32.98 116.05 

T4 16.78 57.11 14.71 0.64 164.44 104.85 21.43 92.91 

T5 15.89 51.10 17.89 0.70 182.22 112.32 34.46 126.08 

T6 13.22 60.22 23.38 0.59 169.44 102.17 30.82 158.50 

T7 17.00 57.00 20.87 0.68 161.11 104.38 29.98 124.50 

Mean 17.00 57.00 20.87 0.68 161.11 104.38 29.98 124.5 

SEm± 1.08 2.56 1.09 0.03 8.73 5.64 2.05 3.07 

CD (5%) 3.11 7.35 3.14 0.08 25.08 16.21 5.88 8.84 

 

Quality parameters 

Effect of growth substances on suckering percentage was 

found to be significant, with the maximum value (46.06%) 

recorded in T1 (Humic acid @ 0.5%) (Fig 1). This may be 

attributed to the role of humic acid in enhancing the 

synthesis of plant growth-promoting hormones, particularly 

cytokinins, which stimulate cell division and shoot 

proliferation. Additionally, humic acid improves nutrient 

and water uptake by enhancing soil structure and promoting 

beneficial microbial activity. It also activates plant enzymes, 

thereby improving cellular functions, photosynthesis, and 

overall plant vigour, which collectively support the 

formation of more suckers from the plant base. Similar 

findings were reported by Parikh et al. (2023) [22] in 

turmeric. The influence of growth substances on root-to-

shoot ratio was also significant, with the highest value 

(0.44) recorded in T2 (Seaweed extract @ 0.5%). This may 

be due to the presence of amino acids that regulate gene 

expression, enhance photosynthesis, and promote the 

accumulation of photosynthates in both shoots and roots. 

The effect of growth substances on Dickson quality index 

and sturdiness quotient was found to be significant. The 

highest Dickson quality index (7.87) and sturdiness quotient 

(42.76) were recorded in T5 (Gibberellic acid @ 250 ppm). 

This may be attributed to the positive effect of GA₃ on 

pseudostem height, collar girth, shoot and root dry weight, 

and total dry matter production, primarily through enhanced 

stem elongation and vegetative growth. Furthermore, the 

influence of growth substances on volume index was 

significant, with the highest value (3083.44) recorded in G4 

(Benzyl adenine @ 250 ppm). This could be due to the 

cytokinin activity of benzyl adenine, which promotes cell 

division and overall plant growth. 

 

Conclusion 

The application of appropriate biostimulants and plant 

growth regulators (PGRs) can significantly enhance root and 

shoot vigour; however, careful selection is essential, as their 

effects may vary across species. These substances can 

reduce dependence on chemical fertilizers while promoting 

plant growth and improving tolerance to water deficit and 

other abiotic stresses. Even at low concentrations, 

biostimulants are effective in enhancing vital physiological 

processes, resulting in higher yields and improved quality 

produce. In cardamom, the use of biostimulants in nursery 

management can be highly beneficial. It not only shortens 

the nursery period but also promotes the production of more 

vigorous and uniform suckers, ensuring better establishment 
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and performance in the main field. 
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Fig 1: Effect of plant growth-promoting components on sucker quality parameters 
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