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Introduction 

Malay apple [Syzygium malaccense (L.) Merr. L.M. Perry] is 

commonly known as Jambu and regarded as one of the 

essential minor fruits in West Bengal (1). The Malay apple fruit 

is gaining popularity for its delicious taste and thirst-

quenching properties and it is commonly consumed in raw 

form. Southern India and Malaysia are believed to be the 

origin of this fruit, which has now found its way to South 

America, the Indian Subcontinent and sub-Saharan Africa (2). 

Over time, its cultivation has gained popularity worldwide, 

with improved techniques enhancing fruit quality and yield 

(3). Malay apple fruits are an excellent source of essential 

minerals such as calcium, iron and vitamins A and C (4). The 

fruit is characterized by an oblong or bell shape, ranging from 

5- 10 cm in length and 2.5 - 7.5 cm in width at the apex. It has 

smooth, waxy skin and its flesh is red, crisp or spongy and 

juicy with a mild, sweet flavour (4). With a moisture content of 

about 91.7 %, Malay apple is classified as a low-calorie fruit, 

making it a refreshing choice for health-conscious individuals 

(5). Furthermore, it is rich in antioxidants, with significant 

antioxidant activity ranging from 138.4 - 144.50 g/g (6). The 

fruit also contains 253 IU of Vitamin A per 100 g, 13.06 - 130.08 

mg of ascorbic acid per 100 g, total phenolic content between 

28.0 and 30.70 mg/ 100 g and total flavonoid levels between 

62.03 and 62.07 g/g. 

 Additionally, Malay apple provides 0.31 % protein, 0.29 

% fat and 0.64 mg/100 g, calcium (7). The total soluble solids 

range between 5.46 and 6.02 ºBrix. Additionally, the fruit 

contains protein levels between 0.6 - 1.04 g, fibre from 0.7 - 

1.93 g and carbohydrates from 5.05 - 6.48 g (8). The energy 

content varies from 26.07 - 29.88 kcal and phosphorus 

between 11.6 and 17.9 mg per 100 g of fruit. Malay apple is 

highly nutritious and rich in phytochemicals with significant 

pharmacological properties. Chalcone is one of the most 

important bioactive compounds in the fruit and it has a wide 

range of medicinal benefits. Aurentiacin is one of the 

predominant chalcones and proanthocyanidins like 

samarangenins A and B have been detected in leaf extracts. 

The fruit also contains essential oil, mainly composed of 

mono- and sesquiterpenes (9). The main anthocyanin in 

Malay apple is cyanidin 3-glucoside, with variants like 

cyanidin 3,5-diglucoside and peonidin 3-glucoside (10). Given 

the fruit's nutritional benefits and commercial potential, 

there is an increasing trend in Malay apple cultivation across 
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Abstract  

The Malay apple (Syzygium malaccense (L.) Merr. L.M. Perry), a minor fruit crop in the Myrtaceae family, is gaining popularity due to its 
attractive colour, shape, appearance, thirst-quenching appeal and nutritional value. However, large-scale cultivation is constrained by the 

scarcity of quality planting materials, as the species predominantly relies on seed propagation. This study aimed to identify the optimal 

Indole-3-Butyric Acid (IBA) concentration for the vegetative propagation of Malay apple using hardwood and softwood cuttings. The 
experiment was conducted at Uttar Banga Krishi Viswavidyalaya, Cooch Behar, West Bengal, using a Completely Randomized Design 

(CRD) with 6 treatments: T1 (control), T2 (IBA 1000 ppm), T3 (IBA 2000 ppm), T4 (IBA 3000 ppm), T5 (IBA 4000 ppm) and T6 (IBA 5000 ppm). 

Each treatment included 60 cuttings (30 hardwood and 30 softwood) collected from 8-year-old trees. Cuttings (15 cm long with 3-4 nodes) 

were treated with the respective IBA concentration and planted in poly bags containing a 1:1:1 mixture of farmyard manure, soil and sand. 
The cuttings were maintained under polyhouse conditions for 120 days. Recorded parameters included sprouting percentage, days to 

sprouting, sprout length, number of roots, days to rooting, leaf number, root length and biomass. Data were analyzed using ANOVA and 

the LSD test in SAS (Version 9.3), with normality assessed by the Kolmogorov-Smirnov test. Results demonstrated that IBA at 3000 ppm 

(T4) significantly enhanced all growth parameters, increasing rooting percentage by 127 - 130 % and survival rates by 104 - 164 % 
compared to the control. These findings establish 3000 ppm IBA as the optimal concentration for the successful propagation of Malay 

apple.  
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different parts of West Bengal. The absence of high-quality 

planting material significantly hinders promoting its 

cultivation. 

 Traditionally, propagation has been done through 

seeds, but due to their recalcitrant nature, seeds lose viability 

quickly, resulting in considerable variation in fruit shape, size 

and colour. Auxins like IBA enhance root initiation by 

promoting cell division and differentiation, making them 

highly effective for asexual propagation of woody plants (11). 

While seed propagation remains standard, asexual methods 

using IBA-treated cuttings offer distinct advantages, including 

genetic uniformity and preservation of desirable traits. 

Techniques such as budding, cutting, air layering and grafting 

are effective for propagation. Among these, cuttings treated 

with Indole-3-Butyric Acid (IBA) have emerged as one of the 

quickest and most effective techniques for plant propagation 

(11, 12). Prior studies on Syzygium species suggest optimal 

IBA ranges between 1000 - 5000 ppm, though the ideal 

concentration for Malay apple remains undetermined (13). 

This study aims to evaluate the effects of different 

concentrations of Indole-3-Butyric Acid (IBA) on the rooting 

performance of softwood and hardwood cuttings of Malay 

apple. We hypothesized that applying IBA would significantly 

enhance root initiation, improve rooting percentage and 

accelerate overall growth performance, thereby ensuring a 

reliable technique for mass propagation of Malay apple. 

Despite the promising potential of IBA in propagation, the 

optimal concentrations for rooting success in Malay apple 

cuttings remain unexplored. This study aims to fill this gap by 

evaluating different IBA concentrations on softwood and 

hardwood cuttings, providing insights into developing a 

reliable propagation method for commercial and 

conservation purposes.  

 

 

Materials and Methods 

The present study was conducted in the Instructional Farm of 

Polyhouse, Department of Pomology and Post-Harvest 

Technology, Faculty of Horticulture, Uttar Banga Krishi 

Viswavidyalaya, Pundibari, Cooch Behar, West Bengal, India 

during 2021 - 22. The environmental conditions during the 

study were characterized by daytime temperatures ranging 

from 22-31 ºC, relative humidity levels between 67.5 % and 70 

% and a photoperiod from 5 to 8 hr. The district is situated in 

the foothills of the eastern Himalayas at a geographic 

location of 28º58'86" N latitude, 81º66''73’’ E longitude with 

an elevation of 42 m above mean sea level. The experiment 

followed a Completely Randomized Design featuring 6 

treatments: T1 (control), T2 (IBA at 1000 ppm), T3 (IBA at 2000 

ppm), T4 (IBA at 3000 ppm), T5 (IBA at 4000 ppm), T6 (IBA at 

5000 ppm). Each treatment consisted of 60 stem cuttings, 

with 4 replications per treatment. Softwood and hardwood 

cuttings, each measuring 15 cm long and containing 3 - 4 

nodes, were collected from 8-year-old Malay apple (S. 

malaccense) trees in June. Small sections were trimmed from 

both ends of the cuttings to encourage new shoot growth, 

just above and below the nodes. A slanted cut was made at 

the base of each cutting to enhance the area for absorption, 

promoting successful rooting. The cuttings were then treated 

with various concentrations of IBA solution as specified 

above. The layout of treatments and planting design is 

illustrated in Fig. 1. After treatment, the cuttings were planted 

in poly bags filled with a mixture of farmyard manure, soil 

and sand (1:1:1) as the rooting medium and kept in 

polyhouse conditions for 120 days. The selected IBA 

concentrations (1000 - 5000 ppm) were based on previous 

studies on Syzygium species and other woody perennials, 

demonstrating improved rooting responses within this range 

(13). Lower concentrations (1000 - 3000 ppm) were included 

to assess their effectiveness in promoting root initiation, 

 
b c d 

 

 f   

Fig. 1. (a) Collection of cuttings from the Malay Apple mother plant grown at the Instructional Farm, UBKV (b & d) Preparation of softwood 
cuttings with leaves (c) Preparation of hardwood cuttings (e) Cuttings treated with fungicide (f) Preparation of IBA solution (g) Record keeping 
with cuttings (h) Placement of cuttings under the polyhouse at the Instructional Farm, UBKV.  
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while higher concentrations (4000 - 5000 ppm) were tested to 

evaluate whether increased auxin levels further enhance 

rooting or lead to toxicity. The control (0 ppm) was included 

for comparison. Previous research has shown that auxin 

application significantly improves root development in 

Syzygium species and other woody species, justifying the 

selected concentration range (14, 15). Each replication 

randomly selected 5 cuttings for recording morphological 

characters, including rooting percentage, number of roots 

per cutting, root length, shoot length, number of leaves per 

cutting and survival percentage. Statistical analysis was 

performed using analysis of variance (ANOVA) for each 

parameter with the Proc Glm procedure in SAS software 

(Version 9.3). Mean separation among accessions across 

different parameters was conducted using the Least 

Significant Difference (LSD) test at a significance level of P ≤ 

0.05. Normality of residuals under the assumptions of ANOVA 

was tested using the Kolmogorov-Smirnov test with the Proc-

Univariate procedure of SAS (Version 9.3).  

 

Results  

The data presented in Table 1 reveal significant variation 
among the treatments regarding sprouting per cent, 

sprouting days and sprout length in hardwood cuttings and 

softwood cuttings of Malay apple. Among the treatments, the 

maximum sprouting percentage and sprout length were 

observed in hardwood cuttings treated with IBA at 3000 ppm, 

showing a 161.19 % increase in sprouting percentage over the 

control, followed by softwood cuttings with a 151.56 % 

increase. The shortest sprouting time in Malay apple was 

recorded in hardwood cuttings treated with IBA 3000 ppm, 

with 30.16 % reduction in days taken for sprouting compared 

to the control, followed by a 19.91 % decrease in softwood 

cuttings. Similarly, sprout length in both softwood and 

hardwood cuttings was significantly influenced by IBA at 3000 

ppm. The significant increase in sprout number might be 

attributed to the effect of IBA at different concentrations. 

 Table 2 shows that Malay apple cuttings treated with 

concentrations of IBA at 3000 ppm exhibited the maximum 

number of leaves, with hardwood cuttings and softwood 

cuttings showing a 140.70 % and 117.01 % increase over the 

control respectively. The shortest duration taken for rooting 

was observed in hardwood and softwood cuttings treated 

with IBA at 3000 ppm, with a reduction of 15.48 % and 12.61 

% over the control. Additionally, root numbers were 

maximum in hardwood and softwood cuttings with 

concentrations of IBA 3000 ppm showing 104.31 % and 60.47 

% respectively, over the control. The increment of leaves 

might be attributed to robust development induced by IBA, 

which improved nutrient uptake, stimulated shoot growth 

and enhanced node production. 

 Data presented in Table 3 show that Malay apple 
cuttings treated with IBA at 3000 ppm exhibited the highest 

rooting percentage with 127.43 % and 129.92 % in hardwood 

and softwood cuttings. The maximum root fresh weight and 

dry weight were also observed with IBA concentration at 3000 

ppm, showing an increment of 104.86 % and 137.54 % in 

hardwood cuttings and 109.18 % and 165.98 % in softwood 

cuttings, respectively over control.  

Treatment 
Sprouting percentage (%)  Days taken for sprouting Sprout length (cm) 

Softwood cuttings Hardwood cuttings Softwood cuttings Hardwood cuttings Softwood cuttings Hardwood cuttings 

T1 (control) 56.25 d                             
(100. 00) 

54.75 d                            
(100. 00) 

18.43a 12.40a 15.83f 17.09f 

T2 (1000 ppm) 65.25 bc                     
(116.00) 

82.25 b                        
(150.23) 

16.21d 9.79d 24.46d 26.60c 

T3 (2000 ppm) 70.25 b                          
(124.89) 

84.75 ab                      
(154.79) 

15.80e 9.21e 28.94b 27.96b 

T4 (3000 ppm) 85.25 a                     
(151.56) 

88.25 a                          
(161.19) 

14.76f 8.66f 32.52a 31.74a 

T5 (4000 ppm) 67.75 bc                    
(120.44) 

73.50 c                    
(134.25) 

17.28c 11.80c 26.88c 21.97d 

T6 (5000 ppm) 59.75 cd                     
(106.22) 

72.25 c                       
(131.96) 

18.21b 12.19b 21.11e 21.05e 

S.Em. (±) 1.83 1.33 0.02 0.02 0.66 0.31 
CD at ≤ 5 % 5.47 3.97 0.05 0.05 1.97 0.92 

Table 1. Influence of IBA on sprouting characters of Malay apple cuttings  

* Means with same letter within a column are not significantly different at P ≤ 0.05. Values in parenthesis indicate angular transformed values. 
The normality of residuals was tested using the Kolmogorov-Smirnov test with the Proc-Univariate procedure in SAS (version 9.3).  

Treatments 

Number of leaves Days taken for rooting Number of roots 

Softwood  
cuttings 

Hardwood  
cuttings 

Softwood  
cuttings 

Hardwood  
cuttings 

Softwood  
cuttings 

Hardwood  
cuttings 

T1 (control) 20.75e 22.53d 27.82a 21.76a 12.93d 13.50d 
T2 (1000 ppm) 32.03c 44.75b 25.41c 19.10d 15.70bc 18.60b 
T3 (2000 ppm) 38.65b 45.23b 24.82d 18.50e 17.85b 19.18b 
T4 (3000 ppm) 45.03a 54.23a 24.31e 18.39f 20.75a 22.58a 
T5 (4000 ppm) 30.58cd 33.13c 25.48c 20.14c 15.25cd 16.90bc 
T6 (5000 ppm) 28.88d 32.93c 27.06b 21.17b 14.73cd 15.55cd 

S.Em. (±) 0.90 0.92 0.07 0.02 0.82 0.84 
CD at ≤ 5 % 2.69 0.96 0.20 0.05 2.46 2.51 

Table 2. Influence of IBA on the leaf count, rooting time and root number in Malay apple cuttings  

*Means with the same letter within a column are not significantly different at P ≤ 0.05. The normality of residuals was tested using the 
Kolmogorov-Smirnov test with the Proc-Univariate procedure in SAS (version 9.3).  
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 Data presented in Table 4 highlights the significant 

effects of IBA on the success and survival rates of Malay apple 

cuttings. Maximum success rates in hardwood and softwood 

cuttings were recorded with IBA at 3000 ppm, showing an 

increase of 163.68 % and 152.51 % respectively, compared to 

the control. Similarly, survival rates were also enhanced by 

128.06 % and 125.86 % in Malay apple's hardwood and 

softwood cuttings respectively.  

 

Discussions 

Auxin, particularly indole-3-butyric acid (IBA), plays a crucial 

role in stimulating root development in hardwood cuttings 

and softwood cuttings of various fruit crops by promoting cell 

elongation, division and differentiation in the rooting zone 

(16–18). The present study observed that leaves on cuttings 

often fell during the root induction phase as a strategy to 

allocate more energy to root initiation. This highlights how 

various factors synergistically promote root and shoot 

initiation in cuttings. Similarly, the significant impact of 

different IBA concentrations on sprouting time in Malay apple 

cuttings may be attributed to a high level of stored 

carbohydrates and low to moderate nitrogen concentrations, 

which facilitate shoot development by hydrolysing, 

mobilizing and using nutritional reserves. This finding aligns 

with the research emphasising nutrient availability's 

significant influence on shoot initiation and growth. An 

optimal concentration of IBA was found to enhance nutrient 

uptake, leading to enhanced photosynthesis, which provided 

the necessary energy for cell division and elongation. This 

ultimately improved the sprouting in the cuttings, which 

aligns with the earlier finding (15). Similarly, applying IBA at 

3000 ppm improved root and shoot development in Pinus 

caribaea var. hondurensis Morelet cuttings (19). The increased 

rooting percentage in Malay apple cuttings observed in our 

study may be attributed to IBA’s role in stimulating root cell 

development through its conversion into synergy with 

endogenous IAA (20). The increase in root numbers in Malay 

apple cuttings treated with an IBA concentration of 3000 ppm 

is likely due to IBA’s ability to stimulate cambial activity, 

promote lateral root formation and accelerate carbohydrate 

transport to the basal portion of the cuttings. 

 Additionally, it increases cell wall plasticity, facilitating 

rapid cell division, callus formation and root growth, 

consistent with the reports in guava (21). The application of 

IBA promoted rooting percentage by accelerating the root 

primordia development and improving sugar transport to the 

nodes of the cuttings, leading to better root formation (22). 

Similar results were also observed with IBA application at 

3000 ppm (23). Root and shoot formation in cuttings are 

Treatments 
         Success rate         Survival percentage (%) 

Softwood cutting Hardwood cutting Softwood cutting Hardwood cutting 

T1 (control) 54.75d                     
(100.00) 

53.00d                                                
(100.00) 

73.03d                                       
(100.00) 

72.80e 
(100.00) 

T2 (1000 ppm) 
64.75bc 

(118.26) 
80.50b 

(151.89) 
84.76abc 
(116.04) 

87.73bc 
(120.56) 

T3 (2000 ppm) 
69.50b 

(126.94) 
84.00ab 

(158.49) 
87.25ab 

(119.48) 
90.64ab 
(12455) 

T4 (3000 ppm) 
83.50a 

(152.51) 
86.75a 

(163.68) 
91.92a 

(125.86) 
93.23a 

(128.06) 

T5 (4000 ppm) 
64.00bc 

(116.89) 
69.25c 

(130.66) 
80.90bcd 
(110.81) 

82.06cd 
(112.76) 

T6 (5000 ppm) 
57.25cd 

(104.57) 
71.00c 

(133.96) 
78.21cd 

(107.09) 
79.05de 

(108.59) 
 S.Em.(±) 1.80 1.58 2.27 1.67 

 CD at ≤ 5 % 5.38 4.73 6.81 5.01 

Table 4. Influence of IBA on success rate and survival percentage of Malay apple cuttings  

*Means with same letter within a column are not significantly different at P ≤ 0.05. Values in parenthesis indicate angular transformed values. 
The normality of residuals was tested using the Kolmogorov-Smirnov test with the Proc-Univariate procedure in SAS (version 9.3).  

Treatments 
Rooting percentage (%) Fresh weight of root (g) Dry weight of root (g) 

Softwood cuttings Hardwood 
cuttings 

Softwood cuttings Hardwood  cuttings Softwood cuttings Hardwood  
cuttings 

T1 (control) 
66.00 c 

(100.00) 
72.00 e 

(100.00) 
10.76e 12.94d 4.88d 6.64d 

T2 (1000 ppm) 
71.75 c 

(108.71) 
81.25 c 

(112.85) 
18.48c 19.88b 8.98bc 11.96b 

T3 (2000 ppm) 
81.50 ab 
(123.48) 

85.75 b 
(119.10) 

21.58b 25.58a 10.21b 12.77a 

T4 (3000 ppm) 
85.75 a 

(129.92) 
91.75 a 

(127.43) 
25.56a 26.51a 12.98a 13.89a 

T5 (4000 ppm) 
77.75 b 

(117.80) 
79.75 cd 
(110.76) 

16.97c 16.44c 8.90bc 9.11c 

T6 (5000 ppm) 
77.50 b 

(117.42) 
76.50 d 

(106.25) 
14.11d 14.59dc 7.95c 8.09c 

S.Em. (±) 1.21 0.77 0.55 1.03 0.49 0.45 
CD at ≤ 5 % 3.63 2.32 1.65 3.08 1.46 1.36 

Table 3. Influence of IBA on rooting percentage, fresh and dry weight of roots in Malay apple cuttings  

*Means with the same letter within a column are not significantly different at P ≤ 0.05. Values in parentheses indicate angular transformed 
values. The normality of residuals was tested using the Kolmogorov-Smirnov test with the Proc-Univariate procedure in SAS (version 9.3).  
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influenced by various factors such as genotype, cutting age, 

hormone levels, wood type, environment and root-

promoting hormones. Our results align with those who 

observed a significant interaction of IBA at 3000 ppm in Water 

Yam (Dioscorea alata L.) (24). Furthermore, our study findings 

corroborate research on Prunus Africana, which demonstrated 

that rooting medium, auxin concentration and leaf area 

significantly influenced rooting success. In P. africana, sawdust 

provided the highest rooting success (80 %) and leaf area 

played a crucial role, with cuttings possessing larger leaves 

exhibiting more significant root formation (25). 

 Additionally, auxin application in P. africana showed 

improved rooting at an optimal 100 - 200 µg IBA range, beyond 

which supraoptimal effects were observed. Likewise, studies 

on Solanum procumbens demonstrate the species-specific 

response to auxins in vegetative propagation. A study 

evaluating the effects of IAA, IBA and NAA on S. procumbens 

stem cuttings found that IBA at 500 ppm resulted in the highest 

sprouting rate (92.34 %), root number (32.25), root length (6.8 

cm), root weight (0.574 g), sprout length (11.7 cm) and leaf- 

pair number (7.5) (26). The diminishing effects of higher auxin 

concentrations observed in S. procumbens align with the 

supraoptimal effects reported in Prunus africana. This suggests 

that auxin sensitivity varies across species and must be 

carefully optimized for successful propagation. Additionally, 

similar findings in seedless wax apple propagation, where 

hardwood cuttings treated with 2500 ppm IBA achieved 

maximum survival rates, likely due to the presence of 

compounds like phenol, gibberellins and abscisic acid 

promoting root generation (27). Contrary to our findings, 

applying IBA at 3000 ppm significantly enhanced survival rates 

due to better root and shoot development in cuttings (28).  

 

Conclusion  

This study provides valuable insights into the propagation of 

Malay apple under the sub-Himalayan Terai region of West 

Bengal. By evaluating the effects of different Indole-3-Butyric 

Acid (IBA) concentrations, this study has contributed to 

developing an efficient vegetative propagation method that 

can benefit commercial cultivation and germplasm 

conservation. Identifying IBA 3000 ppm as the optimal 

treatment supports nursery growers and orchardists in 

improving rooting success and plant establishment. Future 

research should refine the propagation technique, investigate 

the genetic basis of rooting responses and assess the field 

performance and economic feasibility of IBA-treated cuttings 

to support large-scale adoption.   

 

Acknowledgements  

Authors acknowledged the research assistant provided by the 

Uttar Banga Krishi Viswavidyalay for successfully conducting 

the research.  

 

Authors' contributions 

NB supervised the experiment, developed the concept, 

conducted the experiment and prepared the manuscript. 

KS performed the experiment, kept the data and prepared 

the manuscript. AG carried out the data analysis. NC kept 

the data and made the review work. PP kept the data and 

made the review work. SGM edited the manuscript. BDS 

edited the manuscript. All authors read and approved the 

final manuscript.   

 

Compliance with ethical standards 

Conflict of interest: The Authors  do not have any conflict 

of interest to declare.   

Ethical issues: None 

 

References 

1. Mitra SK, Irenaeus TKS, Gurung MR. Pathak PK. Taxonomy and 

importance of Myrtaceae. Acta Hortic. 2012;959:23–34. https://
doi.org/10.17660/ActaHortic.2012.959.2 

2. Malik SK, Chaudhury R, Srivastava V.  Singh S.  Genetic 

resources of Syzygium cumini in India: Present status and 
management. In: Nair KN, editor. Genus Syzygium. CRC Press. 

1st Edition; 2017. p. 195–214. https://
doi.org/10.1201/9781315118772 

3. Banadka A, Wudali NS, Al-Khayri JM, Nagella P. The role of 

Syzygium samarangense in nutrition and economy: An 
overview. S Afr J Bot. 2022;145:481–92. https://doi.org/10.1016/

j.sajb.2022.03.014 

4. Yaacob O, Subhadrabandhu S. The production of economic 
fruits in South-East Asia. Kuala Lumpur: Oxford University Press; 

1995. 

5. Djipa CD, Delmee M, Quetin-Leclercq J. Antimicrobial activity of 
bark extracts of Syzygium jambos (L.) Alston (Myrtaceae). J 

Ethnopharmacol. 2000;71(1-2):307–13. https://doi.org/10.1016/
S0378-8741(99)00186-5 

6. Neergheen VS, Soobrattee MA, Bahorun T, Aruoma OI. 

Characterization of the phenolic constituents in Mauritian 
endemic plants as determinants of their antioxidant activities in 

vitro. J Plant Physio. 2006;163(8):787–99. https://
doi.org/10.1016/j.jplph.2005.09.009  

7. Oliveira FI, Gallao MI, Rodrigues S, Fernandes FA. Dehydration of 

Malay apple (Syzygium malaccense L.) using ultrasound as pre-
treatment. Food Bioproc Technol. 2011;4:610–15. https://

doi.org/10.1007/s11947-010-0351-3 

8. Thantirige MK, Karunaratna MS.  Propagation of seedless wax 
apple (Syzygium samarangense). Ann Sri Lanka. 2005;7:271–78. 

9. Tarigan C, Pramastya H, Insanu M, Fidrianny I. Syzygium 

samarangense: review of   phytochemical compounds and 
pharmacological activities. Biointerface Res Appl Chem. 2022;12

(2):2084–107. https://doi.org/10.33263/BRIAC122.20842107  

10. Resurreccion-Magno MH, Villasenor IM, Harada N, Monde K. Anti
-hyperglycaemic flavanoids from Syzygium samarangense 

(Blume) merr. and perry. Phytother Res. 2005;19(3):246–51. 
https://doi.org/10.1002/ptr.1658 

11. Nunes PC, Aquino JD, Rockenbach II, Stamford TL. Physico-

chemical characterization, bioactive compounds and 
antioxidant activity of Malay apple [Syzygium malaccense (L.) 

Merr. and LM Perry]. Plos One. 2016;11(6):0158134. https://
doi.org/10.1371/journal.pone.0158134 

12. Mitra SK, Bose TK. Standardization   of   propagation techniques 

by cuttings of some tropical fruit crops. Sci Hortic. 1996;5:1–7. 

13. Singh K, Bhowmick N, Chakraborty B, Chakaraborty A, 
Parameshwar P, Chamling N, et al. Effect of different 

https://doi.org/10.17660/ActaHortic.2012.959.2
https://doi.org/10.17660/ActaHortic.2012.959.2
https://doi.org/10.1201/9781315118772
https://doi.org/10.1201/9781315118772
https://doi.org/10.1016/j.sajb.2022.03.014
https://doi.org/10.1016/j.sajb.2022.03.014
https://doi.org/10.1016/S0378-8741(99)00186-5
https://doi.org/10.1016/S0378-8741(99)00186-5
https://doi.org/10.1016/j.jplph.2005.09.009
https://doi.org/10.1016/j.jplph.2005.09.009
https://doi.org/10.1007/s11947-010-0351-3
https://doi.org/10.1007/s11947-010-0351-3
https://doi.org/10.33263/BRIAC122.20842107
https://doi.org/10.1002/ptr.1658
https://doi.org/10.1371/journal.pone.0158134
https://doi.org/10.1371/journal.pone.0158134


NILESH  ET AL  6     

https://plantsciencetoday.online 

concentration of IBA on the success of hardwood and softwood 

cuttings of water apple. Int J Minor Fruits Med Aromat Plants. 
2024;10(2):123–28. https://doi.org/10.53552/

ijmfmap.10.2.2024.123-128  

14. Kumar P, Patel PK, Sonkar MK. Propagation through juvenile 
shoot cuttings in difficult-to-root Dalbergia latifolia – examining 

role of endogenous IAA in adventitious rooting. Plant Physio 
Rep. 2022;27(2):242–49. https://doi.org/10.1007/s40502-022-

00664-x 

15. Dinesh RM, Patel AK, Vibha JB, Shekhawat S, Shekhawat NS. 
Cloning of mature pomegranate (Punica granatum) cv. Jalore 

seedless via in vitro shoot production and ex vitro rooting. 
Vegetos. 2019(32):181–89. https://doi.org/10.1007/s42535-019-

00021-8  

16. Sharma N, Anand R, Kumar D. Standardization of pomegranate 
(Punica grranatum L.) propagation through cuttings. Biol 

Forum. 2009;1(1):75–80. 

17. Altieri MA, Koohafkan P. Enduring farms: climate change, 
smallholders and traditional farming communities. Penang: 

Third World Network (TWN); 2008. 

18. Abdullah AT, Hossain MA, Bhuiyan MK. Clonal propagation of 
guava (Psidium guajava L.)  by stem cuttings from mature stock 

plants. J For Res. 2006;17:301–04. https://doi.org/10.1007/
s11676-006-0069-2 

19. Henrique A, Campinhos EN, Ono EO, Pinho SZ. Effect of plant 

growth regulators in the rooting of Pinus cuttings. Braz Arch Biol 
Technol. 2006;49(2):189–96. https://doi.org/10.1590/

S151689132006000300002 

20. Abu-Zahra TR, Al-Shadaideh AN, Abubaker SM, Qrunfleh IM. 
Influence of auxin concentrations on different ornamental 

plants rooting. Int J Bot. 2013;9:(2):96–99. https://
doi.org/10.3923/ijb.2013.96.99 

21. Almeida MR, Ruedell CM, Ricachenevsky FK, Sperotto RA, 

Pasquali G, Fett-Neto AG. Reference gene selection for 
quantitative reverse transcription-polymerase chain reaction 

normalization during in vitro adventitious rooting in Eucalyptus 
globulus Labill. Mol Bio. 2010;11:(1):1–12. https://

doi.org/10.1186/1471-2199-11-73 

22. Singh B, Rawat JS, Gusian YS, Khanduri VP, Riyal MK, Kumar P. 
Shoot position, cutting types and auxin treatments influence 

rooting response on Tecoma stans. Ornam Hortic. 2021;27
(2):213–20. https://doi.org/10.1590/2447-536X.v27i2.2262 

23. Srihari D, Dorajeerao AVD, Subbaramamma P. Effect of rooting 

media and IBA treatments on success of propagation through 
terminal cuttings in guava (Psidium guajava L.) cv. Taiwan Pink. 

J Pharamacogn Phytochem. 2018;7(5):2953–59. 

24. Hartmann HT, Kester DE. Plant propagation: principles and 
practices. 8th ed. Prentice-Hall; 2010. p. 559 

25. Tchoundjeu Z, Avana ML, Leakey RRB, Simons AJ, Assah E, 
Duguma B, et al. Vegetative propagation of Prunus Africana: 

effects of rooting medium, auxin concentrations and leaf area. 

Agrofor Syst. 2002;54:183–92. https://doi.org/10.1023/
A:1016049004139 

26. Tien LH, Chac LD, Oanh LT, Ly PT, Sau HT, Hung N, et al. Effect of 
auxins (IAA, IBA and NAA) on clonal propagation of Solanum 

procumbens stem cuttings. Plant Cell Biotechnol Mol Bio. 

2020;21(55-56):113–20. https://hal.science/hal-03045585v1  

27. Abbas MM, Raza MK, Javed MA, Ahmad S, Riaz S, Iqbal J. 
Production of true to type guava nursery plants via application 

of IBA on soft wood cuttings. J Agric Res. 2013;51(3). https://
doi.org/10.58475/p8v9zm57  

28. Paul R, Aditi C.  IBA and NAA of 1000 ppm induce more improved 
rooting characters in air-layers of water apple (Syzygium 

javanica L.). Bulg J Agric Sci.  2009;15(2):123–28. 

 

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

https://plantsciencetoday.online
https://doi.org/10.53552/ijmfmap.10.2.2024.123-128
https://doi.org/10.53552/ijmfmap.10.2.2024.123-128
https://doi.org/10.1007/s40502-022-00664-x
https://doi.org/10.1007/s40502-022-00664-x
https://doi.org/10.1007/s42535-019-00021-8
https://doi.org/10.1007/s42535-019-00021-8
https://doi.org/10.1007/s11676-006-0069-2
https://doi.org/10.1007/s11676-006-0069-2
https://doi.org/10.1590/S151689132006000300002
https://doi.org/10.1590/S151689132006000300002
https://doi.org/10.3923/ijb.2013.96.99
https://doi.org/10.3923/ijb.2013.96.99
https://doi.org/10.1186/1471-2199-11-73
https://doi.org/10.1186/1471-2199-11-73
https://doi.org/10.1590/2447-536X.v27i2.2262
https://doi.org/10.1023/A:1016049004139
https://doi.org/10.1023/A:1016049004139
https://hal.science/hal-03045585v1
https://doi.org/10.58475/p8v9zm57
https://doi.org/10.58475/p8v9zm57
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

