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Abstract 

The present study was conducted to evaluate the ‘Effect of indole-3-butyric acid (IBA) and growing 

media on shoot and root growth characteristics of sour lime (Citrus aurantifolia Swingle.) hardwood 

cuttings grown under submontaneous zone of Punjab’ during the years 2023-24 and 2024-25 at Punjab 

Agricultural University, Regional Research Station, Gurdaspur. The healthy and disease free harwood 

stem cuttings were obtained from one year old shoots of 5-6 years old mother plants of sour lime in the 

month of February. The basal portion of the cuttings was dipped for one minute in different doses 

(1000 ppm, 2000 ppm, 3000 ppm and control) of IBA to induced rootings and planted in different 

growth media (garden soil, sand, farmyard manure, cocopeat, vermicompost) in polythene bags with 

different treatment combinations and garden soil used as control. It has been reported that hardwood 

stem cuttings of sour lime treated with IBA 3000 ppm and grown in garden soil + sand + vermicompost 

+ cocopeat (1:1:1:1) media showed minimum number of days taken to first sprout with maximum 

number of the sprouts, sprouting percentage, plant height, number of shoot, shoot length, shoot 

diameter, number of leaves, leaf length, leaf breadth, rooting percentage, number of primary roots, 

longest root length, thick root diameter, fresh root weight, dry root weight, fresh shoot weight, dry 

shoot weight, root spread and survival percentage. The beneficial effect of present work can develop 

protocol for optimum rooting hormone concentration and growth media for faster and true to type 

multiplication of nursery plants of sour lime. 

 
Keywords: Growth media, hard wood cutting, indole-3-butyric acid, sour lime, rooting, survival, 

vegetative growth 

 

1. Introduction 

Citrus fruits are one of the major choicest fruit crop of the world having high consumer’s 

preference both as fresh and as well as its processed juice. Important species of citrus group 

is acid lime (Citrus aurantifolia Swingle.) which is also known as sour lime or maxican lime 

or pati lime. Sour lime (Citrus aurantifolia Swingle.) belongs to family Rutaceae with sub-

family Aurantioideae and originated in India. It is one of the most important citrus fruit as a 

major source of vitamin C with acidic taste (Souci et al., 2000) [61] grown throughout the 

world (Babaie et al., 2014) [10].The major sour lime producing countries are China, Maxico, 

Brazil and India. It is commercially grown in tropical and sub-tropical region of India. Sour 

lime is the third most important fruit after mandarin and sweet orange and India ranks fifth 

among major lime producing countries (Anonymous, 2014) [6]. In India, citrus fruits are 

primarily grown in Maharashtra, Andhra Pradesh, Punjab, Karnataka, Uttaranchal, Bihar, 

Orissa, Assam and Gujarat. In Punjab, citrus is cultivated in 56492 hactare area with 

1380867 metric tonnes production, among which lemon and lime contribute about 3252 

hactare area with 26278 metric tonns production (Anonymous, 2024) [5]. Sour lime fruits are 

extensively used for squashes, pickles, syrups and cordials, manufacture of citric acid and for 

table purpose in daily life of Indians (Cheema et al., 1954) [18]. It also makes delicious and 

refreshing cold drinks. Sour lime fruits are valued not only for its nutritional qualities but 

also medicinal purpose. Sour lime required a wide range of soil and climatic conditions and 

is hard enough to withstand considerable neglect as compared to other fruit crops. It is 

relatively a disease free crop subjected to only a few diseases and insects, and requires less  
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plant protection and irrigation as compared to other 

important fruit crops. Generally, acid lime is regenerated 

through seeds, but there is a problem of nonuniformity of 

progeny and high chance of viral disease contamination by 

this method (Babaie et al., 2014) [10]. Also, it is not advisable 

to use seeds for commercial planting because these seeds do 

not produce true fruits. Therefore, it is advisable to avoid 

seedlings for commercial plantation. For overcoming this 

problem, the vegetative propagation is vital to produce 

citrus plants having desirable characters as mother plant and 

they are propagated true to type from cuttings, budding, 

grafting, layering, etc. (Seran and Umadevi, 2011) [54]. 

However, vegetative multiplication through cutting is only 

cheap, practicable and widely used option for augmenting 

natural regeneration and for large scale cultivation 

programmes. Owing to high intensity of polyembryony and 

least chance of contamination of viral diseases in sour lime, 

the stem cutting appears as most suitable method for 

regeneration of the species (Babaie et al., 2014) [10]. Further, 

it is reported that juvenile stage of plants can be decreased 

through stem cutting technique and the time of nursery 

development can also be reduced. It is inexpensive, rapid 

and simple and does not require the special techniques as 

required in other vegetative methods. The success of stem 

cutting depends on many factors associated with plants such 

as age of the mother plant, parts used of tree, time of 

planting, rainfall, humidity, temperature, rooting media and 

after care (Frey et al., 2006) [22]. Plant growth regulators, 

such as indole-3-butyric acid (IBA), naphthalene acetic acid 

(NAA) and 6-Benzylaminopurine (BAP) are frequently used 

to promote shooting and rooting in plant cuttings(Hartmann 

et al., 2002; Sharma et al., 2013; Verma, 2013) [26, 55, 63]. 

Similarly, rooting media is also play an important role for 

better root formation and development. The nature of roots 

arising from the cuttings is also influenced by the type of 

rooting medium e.g. cutting when planted in pure sand 

produce long, unbranched, coarse and brittle roots but those 

planted in a mixture of sand, soil and peat produces well 

developed branches (Chattopadhaya, 1994) [16]. Different 

growing media that are well aerated, loose, porous, created 

optimum condition for respiration and maintains 

temperature, well drained and with good water retention are 

used in establishing crop plantlets (Bhosale et al., 2014; 

Rymbai and Reddy, 2010) [12, 51]. Pomegranate cultivar 

‘Bhagwa’ cuttings planted in the month of February after 

giving IBA 2000 ppm treatment and planted in the media 

combination of cocopeat, perlite and vermicompost in ratio 

of 4:1:1 resulted in minimum number of days taken for 

sprouting with highest sprouts per cutting, sprouted 

percentage, survival percentage, plant height, stem diameter, 

number of leaves, shoot fresh weight and shoot dry weight 

(Saini et al., 2022) [52]. Maximum survival percentage of 

Assam lemon stem cuttings was recorded under IBA 800 

ppm + soil + sand + vermicompost + cocopeat (1:1:1:1) 

treatment as reported by Lalhruaitluanga et al. (2022) [37]. 

Although the studies on the effect of plant growth regulators 

on rooting of stem cuttings in citrus have been investigated 

over the years, but the studies on the effect of plant growth 

regulator and soil media on stem cuttings in citrus especially 

in sour lime in particular is scarce. Therefore, keeping in 

view the above points, the present study was undertaken to 

find out the optimum concentration of rooting hormone or 

auxins (IBA) and suitable growth/soil media for faster 

rooting and survival of sour lime stem cutting. 

 

2. Material and Methods 
The present investigation on “Effect of indole-3-butyric acid 

(IBA) and growing media on shoot and root growth 

characteristics of sour lime (Citrus aurantifolia Swingle.) 

hardwood cuttings grown under submontaneous zone of 

Punjab” was conducted during the years 2023-24 and 2024-

25 at Punjab Agricultural University, Regional Research 

Station, Gurdaspur in submontaneous region of Punjab 

which is situated between 32°3′ N latitude, 75°22′ E 

longitude and has an altitude of about 257 m from mean sea 

level having humid subtropical and dry winter climate. Sour 

lime (5-6 years old plants) grown in the orchard were 

selected for this experiment on the basis of their uniformity 

in appearance, growth habit, free from visual symptoms of 

pests and disease occurrence. Healthy and mature shoots 

preferably one year old having thickness of about 1.0 cm 

were selected in the month of February before sprouting 

from the central and basal part of the branch and cuttings 

were made of about 15-20 cm in length possessing 8-10 

buds. Leaves were completely removed from the cuttings 

with the help of secateurs to reduce the transpiration loss. A 

slanting cut was given at the upper side and a slight slanting 

cut also was given at the lower end to provide a large 

surface area to encourage the rooting in cuttings. The basal 

parts (2-3 cm) of all the cuttings were dipped in different 

concentrations of IBA 1000, 2000 and 3000 ppm for one 

minute dip along with control Hartmann et al., 2002) [26]. 

After this, these treated and un-treated cutting were planted 

in different growth/soil media with total sixteen treatments 

combination as following: 

 
Treatment number Treatment detail 

T1 1000 ppm IBA + garden soil + sand (1:1) 

T2 1000 ppm IBA + garden soil + sand + FYM (1:1:1) 

T3 1000 ppm IBA + garden soil + sand + vermicompost (1:1:1) 

T4 1000 ppm IBA + garden soil + sand + FYM + cocopeat(1:1:1:1) 

T5 1000 ppm IBA + garden soil + sand + vermicompost + cocopeat (1:1:1:1) 

T6 2000 ppm IBA + garden soil + sand (1:1) 

T7 2000 ppm IBA + garden soil + sand + FYM (1:1:1) 

T8 2000 ppm IBA + garden soil + sand + vermicompost (1:1:1) 

T9 2000 ppm IBA + garden soil + sand + FYM + cocopeat((1:1:1:1) 

T10 2000 ppm IBA + garden soil + sand + vermicompost + cocopeat (1:1:1:1) 

T11 3000 ppm IBA + garden soil + sand (1:1) 

T12 3000 ppm IBA + garden soil + sand + FYM (1:1:1) 

T13 3000 ppm IBA + garden soil + sand + vermicompost (1:1:1) 

T14 3000 ppm IBA + garden soil + sand + FYM + cocopeat(1:1:1:1) 

T15 3000 ppm IBA + garden soil + sand + vermicompost + cocopeat (1:1:1:1) 

T16  Control (without IBA + garden soil) 
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The experiment was performed in a competely randomized 

block design with 3 replicates with a unit of 100 cuttings 

comprised of one replication. The treated cuttings were 

planted in the polythene bags by incorporating a different 

media mixture and kept under the shade of a tree. The 

medium was prepared well and drenched with 

chloropyriphos solution to avoid the attack of termites. The 

holes for planting the cuttings were made in the poly bags 

with the help of iron rod so as to avoid any damage to 

cuttings. While planting, about 2/3rd portion of the cuttings 

were buried in the rooting medium, leaving 1/3rd portion 

exposed to the environment. The various observation i.e. 

days to first sprout, number of sprouts, sprouting 

percentage, plant height (cm), number of shoot, shoot length 

(cm), shoot diameter (mm), number of leaves, leaf length, 

leaf breadth, rooting (%), number of primary roots, longest 

root length (cm), thick root diameter (mm), fresh root 

weight (gm), dry root weight(gm), fresh shoot weight(gm), 

dry shoot weight(gm), root spread (cm) and survival 

percentage were recorded after planting of cutting. The 

recorded data were statistically analyzed by using 

Completely Randomized Design (CRBD) as suggested by 

(Gomez and Gomez, 2010) [25]. Experimental data was 

statistically analyzed by using SPSS software. 

 

3. Results and Discussion  

3.1 Number of days taken for sprouting 

Sour lime stem cuttings treated with IBA 3000 ppm and 

planted in garden soil + sand + vermicompost: cocopeat 

(1:1:1:1) medium recorded the minimum days for sprouting 

(10.15 days) (Table1). The longest days for sprouting (38.18 

days) were observed in control treatment. The speed and 

success rate of sprouting in cuttings are largely determined 

by the efficient downward movement of carbohydrates and 

the localized concentration of auxin at the base of the 

cutting, which fuels necessary physiological transitions. 

Research supports the idea that specialized media, 

specifically a blend of soil, sand and vermicompost create 

an ideal environment for these processes (Kasim et al., 

2009; Priya et al., 2008) [31, 49]. This combination provides 

the structural aeration and nutrient density required to 

trigger early sprouting and improve the overall percentage 

of successful cuttings. Likewise (Saini et al., 2022) [52] noted 

that pomegranate cultivar ‘Bhagwa’ stem cuttings treated 

with IBA 2000 ppm and planted in the media combination 

of cocopeat, perlite and vermicompost growth media in ratio 

of 4:1:1 resulted in minimum number of days taken for 

sprouting. Similarly Amrutha and Patel (2025) [3] also noted 

that exogenous application of IBA 1500 ppm to dragon fruit 

cuttings with growth media combination of soil + sand + 

cocopeat significantly taken minimum days for initiation of 

sprouts. Likewise Anand and Ajay (2025) [4] also reported 

minimum number of days taken to sprouting in lemon 

cuttings treated with1500 ppm IBA and planted in garden 

soil + sand + FYM(1:1:1) growth media.  

 

3.2 Number of sprouts per cutting and percent 

sproutings 

Sour lime cuttings treated with IBA 3000 ppm and planted 

in garden soil + sand + vermicompost: cocopeat (1:1:1:1) 

medium recorded maximum number of sprouts per cuttings 

(26.52) & sprouting percentage (92.51) and control 

treatment was recorded minimum sprouts per cuttings (5.21) 

& sprouting percentage (25.13) (Table1). This may also be 

due to higher net assimilation rate on account of better 

growth leading to the production of endogenous metabolites 

earlier in optimum level enabling early bud initiation and 

thereby better survival. Further, vermicompost in 

comparison to FYM used for polybag mixture contained 

higher level of nutrients. Increase in sprouting percentage 

may be due to better utilization of stored carbohydrate, 

nitrogen and other factor with the aid of growth regulator. 

Similarly Kumar and Kumar (2022) [33] reported that Pant 

lemon cuttings treated with 1800 ppm IBA and grown in 

garden soil + sand + vermicompost (1:1:1) produced 

maximum percentage of sprouting. Amrutha and Patel 

(2025) [3] also noted maximum sprouting percentage with 

exogenous application of IBA1500 ppm to dragon fruit 

cuttings with growth media combination of soil + sand + 

cocopeat. Tanwar et al. (2020) [62] also reported IBA 2000 

ppm treated cuttings of pomegranate cultivar ‘Bhagwa’ and 

grown in cocopeat + perlite + vermiculite mixture recorded 

highest number of sprouts per cutting. 

 

3.3 Plant height 

Maximum plant height (65.21 cm) was recorded in sour 

lime cuttings treated with IBA 3000 ppm and planted in soil 

+ sand + vermicompost: cocopeat (1:1:1:1) medium and 

minimum plant height (25.12 cm) was noted in control 

treatment (Table1). Optimum dose of IBA on plant height 

might be attributed to the fact that cuttings treated with this 

concentration had improved root system thus absorbed more 

amount of nutrients which helped in better stem growth and 

plant height, similar explanation had been suggested by 

Chauhan and Maheshwari (1970) [17]. According to the 

current study, the strong root development and more roots 

per cutting may be the reason for the increase in shoot 

length in terminal cuttings caused by IBA. This improves 

the absorption of nutrients and water as a result, also 

promotes protein synthesis, cell division, and elongation, 

which might have resulted in stronger and more vigorous 

vegetative growth in jasmine (Kumaresan et al., 2019) [36]. 

Likewise plant height was highest in IBA 2000 ppm treated 

stem cuttings of pomegranate cultivar ‘Bhagwa’ planted in 

cocopeat, perlite and vermicompost (4:1:1) as noted by 

(Saini et al., 2022) [52]. Lalhruaitluanga et al., (2022) [37] also 

reported maximum plant height of assam lemon stem 

cuttings in IBA 800 ppm + soil + sand + vermicompost + 

cocopeat (1:1:1:1) treatment. 

 

3.4 Number of shoots 

It has been showed that sour lime stem cutting treated with 

3000 IBA and planted in soil + sand + vermicompost: 

cocopeat (1:1:1:1) medium produced maximum (12.52) 

number of shoots per plant and the minimum(2.05) number 

of shoots per plant were recorded in control treatment 

(Table 1). This enhancement in aerial growth is attributed to 

the activation of Indole-3-butyric acid (IBA) within the 

vegetative tissues, which stimulates cell division and 

axillary bud outgrowth. Furthermore, the inclusion of 

nutrient enrich media components like farmyard manure 

(FYM) and leaf mould provides the essential macro and 

micro-nutrients required to sustain rapid shoot and leaf 

development. These results align with previous observations 

by (Kumar et al., 2004; Murkute et al., 2009) [35, 44], 

confirming that the synergy between hormonal application 

and a fertile rooting medium accelerates the transition from 

root initiation to vigorous canopy growth. Likewise Anand 
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and Ajay (2025) [4] observed highest number of shoots per 

lemon cutting in IBA 1500 ppm and garden soil + sand + 

FYM (1:1:1) treatment. Similarly Jaiwal et al. (2021) [28] 

also observed highest number of shoots in pomegranate 

cuttings treated with IBA 4500 ppm and planted in cocopeat 

+ FYM growth media. 

 

3.5 Shoot length 

From the Table 1, It has been observed that sour lime stem 

cutting treated with IBA 3000 ppm and planted in soil + 

sand + vermicompost: cocopeat (1:1:1:1) medium produced 

longest shoot length (30.61 cm) and the control treatment 

cuttings retained shortest shoot length (10.02 cm). The 

probable cause of increased shoot length might be the better 

utilization of carbohydrates, nitrogen and other nutrients 

from media, which had been aided by growth regulators 

(Babaie et al., 2014) [10].Similarly, maximum shoot length 

was reported in IBA 800 ppm treated cuttings of Assam 

lemon and planted in soil + sand + vermicompost + 

cocopeat (1:1:1:1) growing media (Lalhruaitluanga et al., 

2022) [37]. Likewise (Anand and Ajay, 2025) [4] reported 

maximum shoot length in lemon cuttings treated with IBA 

1500 ppm and planted in garden soil + sand + FYM (1:1:1). 

Kumar et al. (2025) [32] also reported maximum shoot length 

in pomegranate cultivar ‘Bhgawa’ cuttings treated with IBA 

2000 ppm and planted in sand and vermiculite growth 

media.  

 

3.6 Shoot diameter 

It has been noted that different treatments of growth 

regulator and soil media significantly affect the shoot 

diameter (Table1). Sour lime cuttings treated with IBA 3000 

ppm and planted in soil + sand + vermicompost: cocopeat 

(1:1:1:1) growth media had highest shoot diameter (15.32 

mm) and untreated garden soil grown cuttings had lowest 

shoot diameter (4.15 mm). This might be due to the 

frequency at which the vascular bundles absorb water and 

nutrients is closely correlated with the increase in plant 

height and diameter. The greater rooting percentage in IBA 

treated plants enable the plant to absorb more nutrients, 

increasing plant height and shoot diameter(Kasim et al., 

2009; Siddiqui and Hussain, 2007) [30, 57]. Increased shoot 

diameter in lime cuttings might be due to more number of 

leaves and vigorous root system as a consequence of better 

carbohydrates production and assimilation with the 

application of rooting hormone and growth media. Also 

increase in shoot diameter might be due to higher cell 

activity and the synthesis of more food material through a 

process of photosynthesis (Kamboj et al., 2017) [29]. 

Similarly maximum stem diameter was reported in IBA 800 

ppm treated cuttings of Assam Lemon and planted in soil + 

sand + vermicompost + cocopeat (1:1:1:1) growing media 

(Lalhruaitluanga et al., 2022) [37]. Similar results were also 

recorded in IBA treated fig cuttings by (Singh, and 

Rattanpal, 2017) [59]. Similarly shoot diameter was highest in 

IBA 2000 ppm treated stem cuttings of pomegranate cultivar 

‘Bhagwa’ planted in cocopeat, perlite and vermicompost 

(4:1:1) growth media as observed by (Saini et al., 2022) [52].  

 

3.7 Number of leaves 

Maximum number of leaves (122.60) were observed in sour 

lime cuttings treated with IBA 3000 ppm and grown in soil 

+ sand + vermicompost: cocopeat (1:1:1:1) media as 

compared to rest of treatments (Table1).This enhancement 

in aerial growth is attributed to the activation of Indole-3-

butyric acid (IBA) within the vegetative tissues, which 

stimulates cell division and axillary bud outgrowth. 

Furthermore, the inclusion of nutrient dense media 

components like farmyard manure (FYM) and leaf mould 

provides the essential macro and micro nutrients required to 

sustain rapid shoot and leaf development. These results 

align with previous observations by (Kumar et al., 2004; 

Murkute et al., 2009) [35, 44], confirming that the synergy 

between hormonal application and a fertile rooting medium 

accelerates the transition from root initiation to vigorous 

canopy growth. Indole-3-butyric acid treated cuttings 

resulted in longer, healthier roots that aid in the absorption 

of water and nutrients, significantly impacting the cuttings 

ability to produce more leaves. There may be more roots, 

branches and plant height with IBA treatment which results 

in more leaves per cutting (Bowden et al., 2022) [13]. 

Similarly Anand and Ajay (2025) [4] reported that lemon 

treated with IBA1500 ppm and grown in garden soil + sand 

+ FYM (1:1:1) produced highest number of leaves per 

shoot. Likewise Kumar and Kumar (2022) [34] reported that 

Pant lemon-1 stem cuttings treated with 1800 ppm IBA and 

grown in garden soil + sand + vermicompost (1:1:1) growth 

media recorded highest number of leaves per cutting. Jaiwal 

et al. (2021) [28] also observed that pomegranate cutting 

treated with IBA 4500 ppm and grown in cocopeat + FYM 

media recorded highest number of leaves per cutting. 

 

3.8 Leaf length and breadth 

It has been noted that leaf length and breadth of sour lime 

were varied significantly among different IBA and soil 

media treatments (Table1). Maximum mean leaf length and 

breadth (9.15 cm and 6.02 cm respectively) were recorded 

in treatment IBA 3000 ppm + soil + sand + vermicompost: 

cocopeat (1:1:1:1) and minimum in control. This may be 

due to stem cuttings treated with IBA and growth media 

produced healthier lengthy roots and hence absorbed more 

nutrients and water contents lead to the synthesis of more 

carbohydrates in the leaves which might have resulted in 

elongation of leaves through cell division and cell 

elongation which resulted in more leaf area per cutting when 

compared to all other treatments. Similar results were 

undertaken by Ghosh et al. (2017) [24] in phalsa and Abhinav 

Burman et al. (2016) [1] in grapes. Mehra et al. (2019) [42] 

also noted that persimmon cultivar ‘Fuyu’ cuttings treated 

with IBA 6000 ppm and planted in soil + FYM(1:2) rooting 

media resulted highest leaf area. 

 

3.9 Dry and fresh weight of shoot 

Maximum shoot fresh weight(29.16 gm) and dry 

weight(20.15 gm) were reported in the sour lime stem 

cuttings treated with IBA 3000 ppm and planted in soil + 

sand + vermicompost: cocopeat (1:1:1:1) growth media as 

compared to others treatments(Table 2). Indole-3-butyric 

acid treatment might have increased the number of shoots 

resulting in increased higher accumulation of fresh and dry 

weight in shoots. Likewise shoot fresh weight and shoot dry 

weight were highest in IBA 2000 ppm treated stem cuttings 

of pomegranate cultivar ‘Bhagwa’ planted in cocopeat, 

perlite and vermicompost (4:1:1) growth media as noted by 

Saini et al. (2022) [52]. Ficus cuttings treated with IBA 2000 

mg/litre and planted in growing media of sand + cocopeat + 

vermicompost (1:1:1) was recorded highest fresh and dry 

weight of shoot (Zala and Masu, 2025) [64]. This may be 
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related to the use of growth regulators to improve the 

mobilization of primary metabolites for enhanced root and 

shoot formation. Indole-3-butyric acid increases the number 

of leaves and roots in the cuttings, resulting in a higher fresh 

weight accumulation. This could also possibly be attributed 

to the hydrolysis and transfer of carbohydrates and 

nitrogenous compounds near the base of cuttings, which led 

to increased cell proliferation and elongation (Satpal et al., 

2014) [53]. It also promotes the formation of callus and 

tissues, as well as vascular tissue differentiation. Similarly 

Maurya et al. (2022) [41] also reported that lemon cuttings 

treated with IBA 2000 ppm and planted in soil + peat moss 

+ sand resulted into maximum fresh and dry weight of 

cuttings. 

 

3.10 Rooting percentage, number of primary roots, 

longest root length, thick root diameter, fresh root 

weight, dry root weight and root spread 

From Table2, it has been noted that maximum rooting 

percentage (93.16), number of primary roots (50.18), 

longest root length (38.21), thick root diameter (6.85 mm), 

fresh root weight (12.52 gm), dry root weight (7.32 gm) and 

root spread (28.16 cm) were noted in sour lime cuttings 

treated with IBA 3000 ppm and planted in soil + sand + 

vermicompost: cocopeat (1:1:1:1) growth media as 

compared to rest of treatments. Maurya et al. (2022) [41] also 

reported that lemon cuttings treated with IBA 2000 ppm + 

soil + peat moss + sand resulted into highest number of 

roots with longest root length per cutting. Simiarly Kumar et 

al. (2025) [32] reported that pomegranate cultivar ‘Bhgawa’ 

stem cuttings treated with IBA 2000 ppm and planted in 

mixture of sand and vermiculite with 2000 ppm IBA 

resulted highest rooting percentage with maximum root 

length. Auxins initiate synthesis of structural enzyme 

protein in the formation of adventitious roots, thus 

increasing the root length through the process of 

acidification (Audus, 1963) [8]. The various aspects of root 

development are influenced by IBA such as the formation of 

adventitious roots, regulation of root apical meristem size, 

root hair elongation and lateral root development Frick et al. 

(2018) [23]. The enhanced root length in treatments involving 

cocopeat and higher IBA concentration may be attributed to 

the physical and chemical properties of cocopeat. Its low 

particle density and high specific surface area promote water 

and nutrient retention, which supports better root elongation. 

Additionally, the presence of auxins (such as IBA) 

stimulates cell elongation and root growth. These findings 

are in close agreement with the results of Porghorban et al. 

(2014) [47] in olive and Araujo et al. (2010) [7] in Passiflora, 

who reported that improved substrate texture and porosity 

facilitated enhanced root growth through better aeration and 

nutrient mobility. The enhanced rooting observed in the 

higher IBA concentration and cocopeat containing media 

may be attributed to rapid hydrolysis of stored 

polysaccharides in stem cuttings into physiologically active 

sugars. These sugars provide energy to meristematic tissues, 

stimulating root primordia initiation (Chander and Kumar, 

2023; Singh et al., 2025) [15, 58]. Additionally, cocopeat has 

been reported to release phenolic compounds (Lokesha et 

al., 1988) [38] and its beneficial physical properties such as 

high aeration and water holding capacity further support 

root development (Smith, 1995) [60]. It might be due to that 

the rich source of essential nutrients like N, P, K and trace 

elements provided by the vermicompost and these nutrients 

were in a readily available form, that was helpful in 

promoting better root development. The present findings are 

in accordance with the findings of (Ingole et al., 2024; 

Misra et al., 2024) [27, 43] in dragon fruit. Malik et al. (2022) 

[40] also noted that snapdragon cultivar ‘Rocket Pink’ stem 

cuttings treated with IBA 1500 ppm and planted in sand + 

perlite + cocopeat growth media significantly increased 

number of roots with root length per cutings. Shrestha et al. 

(2023) [56] also reported highest root length, number of roots, 

root fresh weight and root dry weight in hardwood cuttings 

of bougainvillea cultivar ‘Double red’ treated with IBA 

(1000 mg L-1) and planted in sand + cocopeat. The degree of 

root formation per cutting steadily increases with increased 

concentration of IBA, there is a correlation between 

primordia division in root initiation and endogenous or 

exogenous auxin. The induction of maximum number of 

roots in treated cuttings may be due to the fact that cambial 

activity and metabolic activity involved in root initiation is 

stimulated by growth regulators as reported by (Ali et al., 

2022; Pandey et al., 2022) [2, 46] in dragon fruit. The 

vermicompost recorded best and this might be due to the 

presence of nutrients and trace elements. Polysaccharides 

stored in the cuttings undergo hydrolysis and converted into 

physiologically active sugars, then supplies the energy 

through respiratory activity to the root primordia and helps 

in enlargement of root meristematic cells and thereby 

obtained maximum root length. The results obtained were in 

similar with the findings of (Ingole et al., 2024; Prasad et 

al., 2022) [27, 48] in dragon fruit. Auxin application has been 

found to enhance the histological features like 

differentiation of vascular tissue and increased the plasticity 

of cell wall which in turn resulted in cell enlargement and 

better nutrients uptake and causing more growth of roots. 

Vermicompost has an extensive surface area, enabling it to 

absorb and hold nutrients effectively. This allows it to retain 

a higher quantity of nutrients over extended periods and this 

helps to establish and increase the length of the roots. The 

above results are similar with the findings of Ingole et al. 

(2024) [27] in dragon fruit and Deshmukh et al., 2019 [21] in 

pomegranate. The growth regulator IBA 3000 ppm recorded 

best when compared to other IBA concentration. This might 

be the result of the polysaccharides in cuttings hydrolysing 

quickly into physiologically active sugars. These sugars give 

off energy through respiratory activity, assisting in the 

meristematic tissues to quick elongation, which in turn 

caused the longest roots to form. Similar results were 

reported by Ayesha et al. (2018) [9] in dragon fruit and Nale 

et al. (2024) [45] in fig. Vermicompost contains plant growth 

regulators, nutrients and humic acids, which stimulate root 

growth. This hormonal influence can lead to increased root 

biomass and fresh weight. The microbes in vermicompost 

helps in nutrient cycling and suppress soil borne diseases, 

allowing the roots to grow more freely and increase in 

weight. Similar results were reported in dragon fruit (Chahal 

et al., 2020) [14] and pomegranate (Deshmukh et al., 2019) 

[21]. Indole-3-butyric acid accelerates cell division and 

elongation and can interact synergistically with other plant 

hormones and growth regulators, further enhancing root 

biomass and increasing the fresh weight of roots. This might 

be attributed due to higher fresh weight of roots and 

ultimately led into higher dry weight of roots of cuttings. 

Vermicompost's physiochemical properties enhanced the 

nutrient absorption, promoted the root growth and 

stimulated the vascular cambium, leading to the increased 
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root diameter and thickness. The results are in consonance 

with findings of Misra et al. (2024) [43]. Indole-3-butyric 

acid increased the root thickness and this might be due to 

the quick survival of rooted cuttings in dragon fruit is 

further aided by the supply of photo assimilates produced in 

new shoots that are directed towards the root system. 

Similarly, Amrutha et al. (2025) [3] also reported that 

exogenous application of IBA1500 ppm with media 

combination of soil + sand + cocopeat to dragon fruit 

significantly increased the rooting percentage and root 

length. Likewise Madhuri et al. (2024) [39] observed that 

treatment combination (IBA 3000 ppm + red earth + 

vermicompost) to dragon fruit stem cuttings recorded 

highest number of roots, root length, fresh weight of the 

roots, dry weight of the roots and root thickness. Tanwar et 

al. (2020) [62] also reported treatment combination 

comprising IBA 2000 ppm + cocopeat + perlite + 

vermiculite to pomegranate ‘Bhagwa’ recorded highest 

values in term of percentage of rooted cuttings, survival of 

rooted cuttings, number of roots per cutting and length of 

longest roots per cutting. 

 

3.11 Survival percentage 

It is evident from the data shown in Table 2 that growth 

regulator and soil media had significant effect on survival 

percentage of cuttings. Highest survival percentage (95.13) 

of sour lime was found in the cuttings treated with 3000 

ppm IBA and planted in garden soil + sand + vermicompost: 

cocopeat (1:1:1:1) growth medium while minimum survival 

percentage (22.18) of cuttings was observed in the control 

treatment. Significant effect of growth regulators on survival 

percentage was due to root induction capacity of auxin and 

better root growth in rooting media which help in 

production of adventitious roots and thereby increase in the 

survival of plants. It also might be probably due to root and 

root length at this concentration which could have caused 

the absorption of nutrients and the fact that rooting co-

factors and their balance with auxin and nutritive 

substances. Likewise the maximum survival percentage of 

Assam lemon stem cuttings was recorded under IBA 800 

ppm + soil + sand + vermicompost + cocopeat (1:1:1:1) 

treatment as reported by Lalhruaitluanga et al. (2022) [37]. In 

addition to that when using growth regulator boosting the 

rooting can be attributed to the favorable environmental 

condition with higher photosynthetic activity which 

promoted better rooting in cutting and survival percentage. 

The facilitated absorption of nutrients and moisture from 

soil and better growth might have developed capacity to 

withstand for a longer period Ram et al. (2005) [50]. This 

could be due to the availability of good amount of nutrients 

in vermicompost growth media. Auxin may have induced 

favourable environment for root and shoot development and 

enhanced survival Constanzi et al. (1988) [20]. Similarly 

survival percentage was highest in IBA 2000 ppm treated 

stem cuttings of pomegranate cultivar ‘Bhagwa’ planted in 

cocopeat, perlite and vermicompost (4:1:1) growth media as 

reported by (Saini et al., 2022) [52]. Anand and Ajay (2025) 

[4] also noted that exogenous application of IBA 1500 ppm 

to dragon fruit stem cuttings and planted in media 

combination of soil + sand + cocopeat significantly 

increased the survival percentage. Likewise treatment of 

IBA 7500 ppm + sphagnum moss + cocopeat + 

vermicompost resulted into highest survival percentage in 

guava cultivar ‘L-49’ air layers (Chhabra et al., 2022) [19]. 

Kumar and Kumar (2022) [34] also reported highest survival 

percentage of Pant lemon stem cuttings treated with 1800 

ppm IBA and grown in garden soil + sand + vermicompost 

growth media. Similarly Jaiwal et al. (2021) [28] observed 

that maximum survival percentage of rooted cutting of 

pomegranate in 4500 ppm IBA + coco peat + FYM 

treatment. Likewise Kumar et al. (2025) [32] also reported 

that combination of IBA 2000 ppm, sand and vermiculite to 

pomegranate cultivar ‘Bhgawa’ stem cuttings produced 

highest survival percentage of rooted cuttings. Malik et al. 

(2022) [40] also reported that snapdragon cultivar ‘Rocket 

Pink’ stem cuttings treated with 1500 ppm IBA and grown 

in sand + perlite + cocopeat media recorded the highest 

survival percentage. Amrutha and Patel (2025) [3] also noted 

that exogenous application of 1500 ppm IBA with growth 

media combination of soil + sand + cocopeat to dragon fruit 

stem cuttings resulted highest survival percentage. Similarly 

Tanwar et al. (2020) [62] reported that treatment combination 

comprising IBA 2000 ppm + cocopeat + perlite + 

vermiculite recorded highest survival percentage in 

pomegranate cultivar ‘Bhagwa’. 

 

4. Conclusion  

Based on the findings of the present investigation, it can be 

concluded that plant growth regulator IBA 3000 ppm + 

garden soil + sand + vermicompost + cocopeat (1:1:1:1) was 

found superior in maximizing rooting, growth and survival 

percentage of stem cuttings of sour lime (Citrus aurantifolia 

Swingle.) in the month of february.This treatment 

combination gave the significant response in respect to all 

the shooting and root growth parameters. Moreover, the 

above mentioned treatment combination also provides true 

to type and elite planting material of sour lime to the fruit 

growers of the region.This treatment promoted the faster 

multiplication and early production of nursery plants of sour 

lime.  

 

5. Acknowledgments 
Author thanks the Punjab Agricultural University, Regional 

Research Station, Gurdaspur (India) for all support in 

conducting the experiment. 

 

References 

1. Abhinav Burman RN, Kanpure SR, Anjanawe A, 

Haldar RP, Patel Singh T, Yadav SK. Effect of bio 

fertilizers and growth regulators on rooting and growth 

of hard wood cutting of grapevine (Vitis vinifera L.) cv. 

Thompson seedless. Research in Environment and Life 

Sciences. 2016;9(12):1522-1525.  

2. Ali SI, Kumar TS, Kumar AK, Joshi V, Kumar N. 

Studies on effect of different concentrations of IBA and 

length of cuttings on rooting and shoot growth 

performance in dragon fruit Hylocereus spp.-red flesh 

with pink skin under Telangana conditions. The Pharma 

Innovation Journal. 2022;11(3):738-743.  

3. Amrutha P, Patel KD. Effect of indole 3-butyric acid 

(IBA) rooting media and their interaction on root and 

growth characteristics of Dragon fruit (Hylocereus 

undatus Haworth). Plant Archives. 2025;25(2):1264-

1269.  

4. Anand AH, Ajay H. Effect of different concentration of 

rooting hormone (IBA) and rooting media on growth, 

survival and success percentage of citrus-lemon 

cuttings. International Journal of Research in 

Agronomy. 2025;8(12):552-554.  

https://www.biochemjournal.com/


 

~ 731 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   
 
5. Anonymous. Package of practices for cultivation of 

fruits. Ludhiana: Punjab Agricultural University; 2024.  

6. Anonymous. Indian Horticulture Database. Mistry NC, 

Brajendra S, Gandhi CP, editors. New Delhi: Ministry 

of Agriculture, Government of India; 2014.  

7. Araujo FP, Mouco DM, Ono EO, Rodrigues JD. 

Substrates and indole butyric acid concentrations on 

rooting of Passiflora cincinnata cuttings. Magistra. 

2010;22(1):21-27.  

8. Audus LJ. Plant growth substances. London: Leonard 

Hill Books Ltd.; 1963.  

9. Ayesha S, Thippesha D, Shivakumar BS, Adivappar N, 

Ganapathi MR. Effect of growth regulators on rooting 

and shooting of stem cuttings in dragon fruit 

(Hylocereus undatus, Britton & Rose). Journal of 

Pharmacognosy and Phytochemistry. 2018;7(5):1595-

1598.  

10. Babaie H, Zarei H, Nikde K, Firoozjai MN. Effect of 

different concentrations of IBA and time of taking 

cutting on rooting, growth, and survival of Ficus 

binnendijkii ‘Amstel Queen’ cuttings. Notulae Scientia 

Biologicae. 2014;6(2):163-166.  

11. Babu RSH. Limes and lemons. In: Chadha KL, editor. 

Handbook of Horticulture. New Delhi: ICAR; 2001. p. 

212.  

12. Bhosale VP, Shinde SM, Turkhade PD, Deshmukh SB, 

Sawant SN. Response of different media and PGRs on 

rooting and survival of air layers in pomegranate 

(Punica granatum L.) cultivar Sindhuri. Annals of 

Horticulture. 2014;7(1):73-77.  

13. Bowden AT, Knight PR, Ryals JB, Coker CE, Langlois 

SA, Broderick SR, et al. Evaluation of one-time 

applications of foliar applied auxin co-applied with 

surfactant for use in commercial cutting propagation. 

Agronomy. 2022;12(10):2243.  

14. Chahal AS. Studies on propagation of dragon fruit 

(Hylocereus polyrhizus) [M.Sc. thesis]. Nauni, Solan, 

Himachal Pradesh: Dr. YS Parmar University of 

Horticulture and Forestry; 2020.  

15. Chander S, Kumar K. Optimization of IBA dose for 

rooting in fig (Ficus carica L.) cuttings. International 

Journal of Minor Fruits, Medicinal and Aromatic 

Plants. 2023;9(1):105-108.  

16. Chattopadhaya TK. A textbook of pomology. Vol. I. 

Ludhiana: Kalyani Publishers; 1994. p. 89.  

17. Chauhan KS, Maheshwari DL. Effect of certain plant 

growth regulators, season and types of cutting on root 

initiation and vegetative growth in stem cutting of 

peach cv. Sharbati. Indian Journal of Horticulture. 

1970;21:136-140.  

18. Cheema GS, Bhat SS, Naik KC. Commercial fruits of 

India. New Delhi: Macmillan and Co. Ltd.; 1954. p. 

153-156.  

19. Chhabra A, Singh G, Pathlan N, Kour H, Beniwal B. 

The study of indole-3-butyric acid (IBA) and rooting 

media and its interaction with various root and shoot 

growth behaviours through air layering in guava 

(Psidium guajava L.). Annals of Biology. 

2022;38(2):258-262.  

20. Constanzi M, Mela L, Garibaladi AE. Preliminary 

results on multiplication by cuttings of Genista 

monosperma. Annals of Horticulture. 1988;226:327-

332.  

21. Deshmukh S, Bharad SG, Deshmukh PL, Gholap SV. 

Effect of different media and time of cutting on rooting 

and growth of pomegranate cuttings. PKV Research 

Journal. 2019;43(1):97-107.  

22. Frey B, Hagedorn F, Gludici F. Effect of girdling on 

soil respiration and root composition in sweet chestnut 

forest. Forest Ecology and Management. 2006;225(1-

3):271-277.  

23. Frick EM, Strader LC. Roles for IBA-derived auxin in 

plant development. Journal of Experimental Botany. 

2018;69(2):169-177.  

24. Ghosh A, Dey K, Mani A, Bauri FK, Mishra DK. 

Effects of IBA on the rooting of branch cuttings of 

Chinese jujube (Zizyphus jujuba Mill.) and changes to 

nutrients and endogenous hormones. International 

Journal of Chemical Studies. 2017;5(6):567-571.  

25. Gomez AK, Gomez AA. Statistical procedures for 

agricultural research. 2nd ed. New Delhi: Wiley India 

Private Limited; 2010. p. 134-138.  

26. Hartmann HT, Kester DE, Davies FT, Geneve RL. 

Techniques of propagation by cuttings. In: Plant 

propagation: principles and practices. 6th ed. New 

Delhi: Prentice Hall of India Pvt. Ltd.; 2002. p. 321.  

27. Ingole AD, Raut UA, Mahalle SP, Kumar A. Effect of 

different soil media on rooting of dragon fruit cuttings. 

Environment and Ecology. 2024;42(1):271-276.  

28. Jaiwal VV, Patil SG, Ghanwat AB. Effect of IBA and 

rooting media for survival cutting of pomegranate under 

protected condition. Journal of Pharmacognosy and 

Phytochemistry. 2021;10(1):2266-2270.  

29. Kamboj S, Singh K, Singh S, Gandhi N. Effect of 

indole butyric acid on rooting and vegetative 

parameters of pomegranate (Punica granatum L.) 

cuttings. In: International Conference on Recent 

Innovations in Science, Agriculture, Engineering and 

Management; University College of Computer 

Applications, Gurukashi University; Bathinda, Punjab, 

India; 2017.  

30. Kasim NE, Abou RMS, Shaheen MA, Yehia TA, Ali 

EL. Effect of different collection times and some 

treatments on rooting and chemical internal constituents 

of bitter almond hardwood cuttings. Research Journal 

of Agriculture and Biological Sciences. 2009;5(2):116-

122.  

31. Kour K, Bakshi B, Kher P. Studies on 

micropropagation of rough lemon. Indian Journal of 

Horticulture. 2006;64(4):454-455.  

32. Kumar MA, Sathyanarayana E, Tanuja P, Mahesh G, 

Sridhar B. Effect of rooting media and IBA treatments 

on root and shoot development and their influence on 

hardening mortality in pomegranate (Punica granatum 

L.) cv. Bhagwa. Journal of Experimental Agriculture 

International. 2025;47(7):454-464.  

33. Kumar R, Kumar A. Role of IBA concentrations and 

rooting media on rooting and survival percentage of 

lemon (Citrus limon Burm.) cv. Pant lemon-1 under net 

house condition. The Pharma Innovation Journal. 

2022;11(2):843-846.  

34. Kumar R, Kumar A. Effect of indole-3-butyric acid 

concentrations and rooting media on growth and 

survival of stem cutting of lemon (Citrus limon Burm.) 

cv. Pant lemon-1 under net house condition. The 

Pharma Innovation Journal. 2022;11(2):871-874.  

https://www.biochemjournal.com/


 

~ 732 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   
 35. Kumar S, Shukla HS, Kumar S. Effect of IBA and PHB 

(p-hydroxybenzoic acid) on regeneration of sweet lime 
(Citrus limettioides Tanaka) through stem cuttings. 
Progress in Agriculture. 2004;4(1):54-56.  

36. Kumaresan M, Kannan M, Sankari A, Chandrasekhar 
CN, Vasanthi D. Phytochemical screening and 
antioxidant activity of Jasminum multiflorum (Pink 
Kakada) leaves and flowers. Journal of Pharmacognosy 
and Phytochemistry. 2019;8(3):1168-1173.  

37. Lalhruaitluanga, Bahadur V, Prasad VM, Kumar S. 
Effects of plant growth regulators (IBA) and soil media 
on success, growth and survival of stem cutting of 
Assam lemon (Citrus lemon (L.) Burm.). International 
Journal of Plant & Soil Science. 2022;34(23):288-298.  

38. Lokesha R, Mahishi DM, Shivashankar G. Studies on 
the use of coconut coir dust as a rooting media. Current 
Research. 1988;17(12):157-158.  

39. Madhuri KU, Vardhan AH, Reddy PVK, 
Subbaramamma P, Prasad JO, Sekhar V. Influence of 
rooting media and indole butyric acid concentrations on 
growth and development of dragon fruit (Hylocereus 
polyrhizus L.) cuttings. International Journal of 
Advanced Biochemistry Research. 2024;8(9):781-786.  

40. Malik SA, Banday N, Nazki IT, Din A, Wani MA. 
Effect of IBA and rooting media on propagation of 
snapdragon (Antirrhinum majus L.) cv. Rocket Pink 
through stem cuttings. The Pharma Innovation Journal. 
2022;11(11):2308-2311.  

41. Maurya P, Mukhim C, Prasad K, Majaw T, Kumar U, 
Agnihotri R, et al. Influence of season, indole 3-butyric 
acid and media on rooting and success of single leaf-
bud cutting of lemon (Citrus limon Burm.) in Bihar. 
Scientist. 2022;1(3):459-469.  

42. Mehra U, Negi M, Awasthi M. Effect of rooting media 
and indole-3-butyric acid on rooting of cuttings in 
persimmon (Diospyros kaki L.) cv. Fuyu. Journal of 
Pharmacognosy and Phytochemistry. 2019;8(3):400-
403.  

43. Misra S, Verma RS, Singh V, Meena D. Efficacy of 
various growing substrates on root development in 
cuttings of dragon fruit (Hylocereus undatus L.). 
International Journal of Advanced Biochemistry 
Research. 2024;8(5):371-374.  

44. Murkute AA, Sharma S, Singh SK. Micropropagation 
of trifoliate orange (Poncirus trifoliata). Indian Journal 
of Plant Physiology. 2009;14(2):190-193.  

45. Nale R, Sharma G, Pal R, Patel RK, Sharma S. Effect of 
IBA and NAA on the rooting and vegetative growth of 
hardwood cuttings in common fig (Ficus carica L.). 
International Journal of Bio-resource and Stress 
Management. 2024;15(5):1-6.  

46. Pandey L, Verma S, Shukla KK, Shukla J, Sanjay P. 
Effect of IBA and NAA on rooting of stem cutting in 
dragon fruit (Hylocereus undatus (Haworth) Britton & 
Rose). Journal of Experimental Agriculture 
International. 2022;44(6):1-6.  

47. Porghorban M, Moghadam EG, Asgharzadeh A. Effect 
of media and IBA concentrations on rooting of Russian 
olive (Elaeagnus angustifolia L.) semi-hardwood 
cuttings. Indian Journal of Fundamental and Applied 
Life Sciences. 2014;4(3):517-522.  

48. Prasad VSP, Sivarama KVN, Ramana RT, Thanuja GS, 
Lalitha K. Studies on combining effect of media and 
biofertilizers on survival, rooting and establishment of 
dragon fruit (Hylocereus costaricensis L.) cuttings 
under protected and open field conditions. The Pharma 
Innovation Journal. 2022;11(9):659-663.  

49. Priya A, Lal S, Singh BC. Influence of stooling time 
and IBA concentrations on growth attributes of stooled 
shoots in guava cultivar Pant Prabhat. Progressive 
Research. 2008;3(2):154-156.  

50. Ram RB, Kumar P, Kumar A. Effect of IBA and PHB 
on regeneration of pomegranate (Punica granatum L.) 
through stem cuttings. New Agriculturist. 2005;16:113-
115.  

51. Rymbai H, Reddy SG. Effect of IBA, time of layering 
and rooting media on air layering and plantlets survival 
under different growing nursery conditions in guava. 
Indian Journal of Horticulture. 2010;67:99-104.  

52. Saini P, Goyal RK, Pooja, Reetika. Effect of different 
rooting media, planting time and IBA treatment on 
shoot characters of pomegranate cuttings under open 
field conditions. The Pharma Innovation Journal. 
2022;11(8):157-165.  

53. Satpal M, Rawat S, Singh KK. Effect of various 
concentrations of IBA, type of cuttings and planting 
time on the rooting of cuttings of lemon (Citrus limon 
Burm.) cv. Pant Lemon-1 under valley conditions of 
Garhwal Himalaya. International Journal of Current 
Research. 2014;6(12):10974-10976.  

54. Seran TH, Umadevi T. Influence of indole acetic acid 
(IAA) on the establishment of stem cuttings in lemon 
(Citrus limon L.). Indian Journal of Agricultural 
Research. 2011;49(4):517-524.  

55. Sharma NK, Vandana, Kumar M, Choudhary RC. 
Effect of 2, 4-D, BAP, KN, IAA and IBA on in vitro 
regeneration of Ocimum canum Sims-an important 
hoary basil plant. International Journal of Environment, 
Agriculture and Biotechnology. 2013;6(3):389-395.  

56. Shrestha J, Bhandari N, Baral S, Marahatta SP, Pun U. 
Effect of rooting hormones and media on vegetative 
propagation of Bougainvillea. Ornamental Horticulture. 
2023;29(3):397-406.  

57. Siddiqui MI, Hussain SA. Effect of indole butyric acid 
and types of cuttings on root initiation of Ficus hawaii. 
Sarhad Journal of Agriculture. 2007;23(4):919-925.  

58. Singh A, Chander S, Brar JS, Kaur N. Enhancing 
dragon fruit [Hylocereus undatus (Haw.) Britt and 
Rose] propagation with indole-3-butyric acid (IBA) and 
cutting techniques. New Zealand Journal of Crop and 
Horticultural Science. 2025;53(5):2188-2199.  

59. Singh G, Rattanpal HS. Effect of indole butyric acid on 
quantitative measurement responses of nursery plants of 
fig (Ficus carica L.) cv. Brown Turkey. Chemical 
Science Review and Letters. 2017;6(24):2593-2599.  

60. Smith. Coir, a viable alternative to peat for potting. 
Horticulture. 1995;4(3):12-25.  

61. Souci SW, Fachmann W, Kraut H. Food composition 
and nutrition tables. 6th ed. Stuttgart: Medpharm 
Scientific Publishers; 2000.  

62. Tanwar DR, Bairwa HL, Lakhawat SS, Mahawer LN, 
Jat RK, Choudhary RC. Effect of IBA and rooting 
media on hardwood cuttings of pomegranate (Punica 
granatum L.) cv. Bhagwa. International Journal of 
Environment and Climate Change. 2020;10(12):609-
617.  

63. Verma KC. Micropropagation study of Jatropha curcas 
for enhancing shoot induction frequency. International 
Journal of Agriculture, Environment and 
Biotechnology. 2013;6(2):217-222.  

64. Zala YP, Masu MM. Effect of IBA and growing media 
on root and shoot parameters of cuttings in ficus (Ficus 
benjamina L.). International Journal of Advanced 
Biochemistry Research. 2025;SP-9(8):536-540.  

https://www.biochemjournal.com/

