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Abstract: (L.) Alston is one of the ecologically important tree species of Western Ghats, a global biodiversity Syzygium caryophyllatum 
hotspot. According to the IUCN assessment, this species belonged to the 'Endangered' category. Present study was designed to assess the 
fruit and seed traits as well as germination pattern in . Reproductive phenology observations revealed that flowering period S. caryophyllatum
spread over four months from March to June; while, overall fruiting period ranged between May to July. Individual fresh fruit weight ranged from 
0.74 to 3.45 g with highly positive skewed distribution. Seed weight varied from 0.04 to 0.59 g with 83 per cent of seeds being represented in 
seed weight class of 0.04 to 0.34 g. Seed germination initiated after 13  day of sowing and overall germination success was 90 per cent in th

germination chamber @ 28-35°C temperature and 70-75% relative humidity. However, natural regeneration was very poor in the study area 
necessitating the need for further focused studies to understand factors that delimit the population build-up of the species.
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Syzygium, an Old-World Genus, is one of the largest 

generic groups of family Myrtaceae with about 1200 species 

(Parnell et al 2007). Fifty-two species of  have been Syzygium

recorded from the Western Ghats, one of the global 

biodiversity hotspots; of which, 26 species have been listed in 

IUCN red list (Ramasubbu et al 2016). exhibits Syzygium 

different life forms that range from large sized canopy trees, 

small to medium sized understorey trees/shrubs and is 

distributed widely across evergreen to deciduous forest 

types. species provide various ecosystem Syzygium 

services, pollination being one of the most significant ones. 

Majority of the species possess high economic Syzygium 

potential in terms of timber, fuel wood and medicinal 

properties. 'Honey' branded in the name of ' honey' Syzygium 

is one of the most popular traded commodities. is Syzygium 

also found as one of the most dominant and abundant genera 

in the protected and reserved forests of Northern Western 

Ghats (NWGs, Kanade et al 2008, Joglekar et al 2015, 

Tadwalkar et al 2020). (L.) Alston Syzygium caryophyllatum 

is one such species that is categorized as 'Endangered' as 

per IUCN assessment. This medium sized evergreen tree 

species prefers forest edge as habitat and is sparsely 

distributed along the margins of evergreen forests and in 

nearby open patches (Stalin 2015). Though listed as 

endangered, very few studies have been conducted on 

current population status, reproductive biology and 

ecological importance of . Seed traits S. caryophyllatum

studies have an important role in understanding dispersal 

potential, germination success, seedling survival and 

establishment and community composition (Gunaga 2011, 

Poschlod 2013, Osuri et al 2016, Hegde et al 2018, 

Tadwalkar et al 2020). Regeneration which is a fundamental 

in maintenance of natural population of the species needs to 

be studied to understand population structure especially for 

the species which is already 'Endangered' (Gunaga et al 

2011, Mirgal et al 2013, Patwardhan et al 2016). Present 

study focused on all the important life cycle events of the S. 

caryophyllatum like flowering and fruiting, fruit and seed traits 

and most importantly germination success under controlled 

conditions and present natural regeneration status of the 

species in the study area.

MATERIAL AND METHODS

Field studies were conducted at 'Amboli' forests of 

Northern Western Ghats (15°57 N latitude, 74°00E longitude 

and altitude of 697 m), a part of Sahyadri- Konkan Ecological 

Corridor (CEPF 2007, Patwardhan et al 2016; Plate 1). Rainy 

season spans primarily over June to September with 

occasional pre-monsoon showers in May. The area receives 

>6000 mm rainfall annually during this period. Present study 

was conducted for the period from 2017 to 2019. The 

taxonomic identification of was confirmed S. caryophyllatum 

by referring to the taxonomic literature (Singh et al 2001) and 

referring to the herbaria. 



Plate 1. Study area map with species population locations 
Plate 2. Profile of  A) Entire plant, B) S. caryophyllatum-

Fruits, C) Seed, D) Seedlings

Fruit and seed traits assessment: Flowering and fruiting 

(reproductive phenology) of  was regularly S. caryophyllatum

monitored during monthly field visits to study area. Buds and 

open flower duration were recorded under flowering period; 

while, immature fruits and mature fruits duration was 

recorded under fruiting period. Mature fruits with dark purple 

to black colour (Plate 2) were collected from crown of the 

standing trees using telescopic cutting pole from distantly 

placed six trees. The fruits collected (N=230) were 

immediately subjected to the measurement of various traits 

such as fruit weight (g), fruit length (mm), fruit breadth (mm), 

pulp weight (g), seed weight (g), seed length (mm) and seed 

breadth (mm) using pocket balance and digital vernier caliper 

on the field. Individual tree wise record was maintained. Tree 

wise numbered fruits were manually de-pulped and then 

shade dried. Measurements of seeds were taken using 

precision balance (CONTECH-CA SERIES Model and 

SHIMADZU ATY224) and vernier caliper in the laboratory. 

Pulp weight (g) was calculated as a difference between fruit 

and seed weight. Pulp to seed ratio was also calculated.

Natural regeneration: Natural regeneration was assessed 

by quadrat method of sampling. Ten quadrats of 10 m x 10 m 

were randomly laid in open forest patches where adult 

population was recorded. In addition to this, 13 permanently 

laid vegetation study quadrats (20 m x 20 m) were also 

assessed for species regeneration status. In total, 0.62 ha 

was surveyed for natural regeneration count. Regeneration 

status was assessed by classifying individuals into four 

classes based on girth and height Class I (<40 cm viz., 

height), Class II (40-100 cm height), Class III (> 100 cm 

height, and < 10 cm Girth at breast height (GBH)) and Class 

IV (GBH between 10-15 cm).

Germination trials: Bulk fruit collection was carried out from 

distantly located trees. Each seed was measured for its 

weight and numbered separately. Germination trials were 

conducted for two consecutive years. Total 300 seeds were 

subjected to germination trials (100 seeds in year 2017 and 

200 seeds in year 2018). Germination trials were conducted 

in germination chamber under controlled conditions of 

temperature (28-35°C) and relative humidity (70-75%). No 

external nutrient support was provided to seeds while 

performing germination trials. Since seeds of are Syzygium 

considered as recalcitrant in nature, seeds were sown within 

four days of fruit collection at a depth of 0.5-1.0 cm in the 

germination trays (1 seed per germination well) filled with 

moistened cocopeat. No pre-sowing treatment was given to 

the seed. Regular moistening of the germination tray was 

carried out till the last day of observation. Germination was 

marked as positive after seeing radicle emergence. Days 

required for radicle emergence were grouped into class of 10 

days. The number of days required to attain 50 per cent 

germination in each trial was also recorded. Germination 

success was monitored upto 90 days from the date of sowing. 

The summary statistics for the fruit and seed measurements 

was calculated. Pearsons' correlation coefficients were 

computed for natural log transformed fruit and seed traits. All 

statistical analysis was conducted using PAST (version 4.0) 

and JASP (Version 0.14.1). 

RESULTS AND DISCUSSION

In , flowering and fruiting was S. caryophyllatum

observed for a period of five months spreading across March 

to July. Bud initiation started in the first half of the March and 

peak flowering was observed in the last week of April. Fruit 

formation started in the month of May and mature fruits were 
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Descriptive statistic Fruit weight 
(g)

Fruit length 
(mm)

Fruit breadth 
(mm)

Seed weight 
(g)

Seed length 
(mm)

Seed breadth 
(mm)

Pulp Weight 
(g)

Pulp to seed 
ratio

Minimum 0.74 7.85 9.67 0.04 3.73 4.86 0.56 2.22

Maximum 3.45 15.41 16.73 0.59 8.52 10.61 3.14 35.21

Mean 1.52 11.04 13.02 0.25 5.88 7.85 1.27 5.98

Std. error of mean 0.03 0.08 0.08 0.01 0.06 0.07 0.02 0.21

Variance 0.20 1.64 1.65 0.01 0.91 1.25 0.14 10.57

Standard deviation 0.45 1.28 1.28 0.11 0.95 1.12 0.38 3.25

Median 1.44 10.91 12.97 0.23 5.83 7.88 1.20 5.20

25 percentileth 1.22 10.12 12.09 0.17 5.26 7.07 1.01 4.12

75 percentileth 1.7 11.76 13.78 0.31 6.52 8.70 1.44 6.74

Skeweness 1.239 0.627 0.217 0.904 0.219 -0.086 1.282 4.052

Kurtosis 2.078 0.654 0.078 0.570 -0.275 -0.412 2.917 29.094

Geom. mean 1.46 10.97 12.95 0.22 5.80 7.77 1.22 5.44

Coeff. Var (%) 29.68 11.61 9.86 44.77 16.22 14.25 29.82 54.35

Table 1. Descriptive statistics of fruit and seed traits of (N=230)S. caryophyllatum 

Tree accession Fruit weight (g) Fruit length 
(mm)

Fruit breadth 
(mm)

Seed weight (g) Seed length 
(mm)

Seed breadth 
(mm)

Pulp weight (g)

SCAP-01 1.46 11.19 12.79 0.24 5.70 7.86 1.22

SCAP-02 1.33 10.29 12.26 0.14 4.86 6.81 1.18

SCAP-03 2.19 12.94 14.36 0.43 6.70 9.25 1.76

SCAP-04 1.02 9.77 12.18 0.18 5.34 6.79 0.83

SCAP-05 1.37 10.73 12.87 0.25 6.71 8.45 1.12

SCAP-06 1.52 10.92 13.10 0.24 5.68 7.61 1.28

Mean 1.48 10.97 12.93 0.25 5.83 7.79 1.23

SEm (±) 0.11 0.30 0.39 0.02 0.14 0.18 0.10

CD (p<0.05) 0.33 0.94 1.23 0.05 0.44 0.55 0.30

CV (%) 12.27 4.75 5.27 10.74 4.19 3.89 13.43

Table 2. Variation in fruit and seed traits among six accessions of S. caryophyllatum

SCA= Amboli population; Syzygium caryophyllatum SEm = Standard Error of Mean; CD= Critical Difference; CV= Coefficient of variation

observed in rainy season from mid-June to mid-July (Fig. 1). 

Fruits of are single seeded berries with a S. caryophyllatum 

round shape. Unripe fruits are green and pink in colour and 

turn dark purple or black at the time of maturity (Plate 2). Red 

vented bulbul ( ) was observed feeding on Pycnonotus cafer

mature fruits. Average fruit weight was 1.52 g (±0.45) and 

exhibited positively skewed distribution (skewness= 1.24). 

Average fruit length and breadth were 11.04 and 13.02 mm 

respectively. Seed weight ranged across one order of 

magnitude with average of 0.25 g. Average pulp weight was 

1.27 (Table 1). Out of six classes, 83 per cent of the seeds 

were distributed between 0.04 to 0.34 g (Fig. 2).

There was significant variation in fruit weight (1.02 to 

2.19 g), fruit length ( ), fruit breadth (9.77 to 12.94 mm 12.18 to 

14.36 mm 0.14 to 0.43 g 4.86 to ), seed weight ( ), seed length (

6.71 mm 6.79 to 9.25 mm), seed breadth ( ) and pulp weight 

( ) recorded among six accessions (Table 2). 0.83 to 1.76 g

Natural log transformed fruit and seed traits showed highly 

significant correlation (p<0.001) with each other; however, 

correlation coefficient values between seed length with fruit 

traits were relatively low (Table 3). Out of 23 quadrats (0.62 

ha) assessed for the regeneration status of the species, 

regeneration of was seen only in 7 S. caryophyllatum 

quadrats and representing 21 recruits only. Highest number 

of recruits were found in class IV (N=9), followed by Class II 

(N=5) and class III (N=5); however, it was least in Class I (only 

two recruits). Sixty seven per cent regenerating individuals 

were recorded near adult trees in open forest. It was 

interesting to note that regeneration was not observed in the 

adjoining closed forest quadrats. Out of total 300 sown 

seeds, 90 per cent of seeds showed successful germination. 

The germination percentage recorded during 2017 and 2018 
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Stages of reproductive 
phenology

January February March April May June July August September October November December

Flower bud

Open flower

Immature fruit

Mature fruit

Fig. 1. Phenogram of flowering and fruiting of S. caryophyllatum

Fig. 2. Distribution of seeds across different seed weight 
classes (N=230)

Traits Fruit weight Fruit length Fruit breadth Seed weight Seed length Seed breadth

Fruit weight —

Fruit length 0.851* —

Fruit breadth 0.877* 0.733* —

Seed weight 0.651* 0.682* 0.577* —

Seed length 0.436* 0.509* 0.431* 0.789* —

Seed breadth 0.611* 0.649* 0.536* 0.906* 0.782* —

Table 3. Correlation between natural log transformed weight, length and breadth of S. caryophyllatum

* p < .001

was 89 and 91 per cent, respectively. Germination was 

highest in smaller seeds (with less seed weight) than bigger 

ones. Seed germination initiated after 13  day of sowing and th

extended up to 83  day. There was a difference between the rd

time period for 50 per cent germination, where number of 

days for 50 per cent germination was 19 days for the year 

2017 as against 46 days for the year 2018 (Table 4). 

Maximum germination was observed within 13 to 20 days of 

sowing. Plant growth abnormalities such as twin shoot 

formation was seen for a few germinated seeds. Between 

twin shoots, taller shoot of the seedling showed blackening at 

the tip and no further leaf production, whereas dwarf shoot 

showed delayed leaf development.

There are very few studies available on fruit and seed 

traits of woody species of Western Ghats. , a Syzygium

dominant genus of the Western Ghats, is also under- 

researched for fruit and seed traits. Sivasubramaniam and 

Selvarani (2012) recorded fruit weight of  within S. cumini

range of 2 to 5 g. Moreover, tree to tree variation in S. 

caryophyllatum for fruit and seed traits was also recorded 

indicating genotypic effect. Such variability has also been 

recorded for threatened species like Dysoxylum 

binectariferum Mammea suriga (Gunaga et al 2015) and 

(Gunaga and Vasudeva 2009). Tree to tree variation for 

germination success was also recorded in this species. Such 

genotypic variation was also recorded in Melia dubia, 

Sterculia urens for germination attributes (Chauhan et al 

2019, Bhuva et al 2019). Data shows that  S. caryophyllatum

can be classified as an intermediate fruit and seed size as 

compared to other species in study area (Table 5). Syzygium 

S. caryophyllatum showed fruit initiation and maturation 

Year of 
experiment

Number of seeds 
sown

50% germination 
period

Germination 
success

2017 100 19 days 89 %

2018 200 46 days 91 %

Mean - 32.5 days 90 %

Table 4. Germination observation of S. caryophyllatum

coinciding with pre-monsoon and rainy season in the study 

area. Season of fruit maturation can be considered as 

suitable for  germination of pulpy and recalcitrant in-situ

nature species. Despite profuse fruiting, very poor natural (in-

situ) regeneration of the species was observed. Reverse-J 

pattern, a characteristic of healthy regeneration dynamics 

was also not seen in the . The S.caryophyllatum

disproportionate regeneration across classes and poor 

regeneration in class I indicates non favorable conditions for 
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Species Fruit weight (g)
Mean ± SD

Seed weight (g)
Mean ± SD

Pulp weight
Mean ± SD

Pulp to seed ratio
Mean ± SD

Remarks

Syzygium caryophyllatum (L.) Alston 1.52 ± 0.45 0.25 ± 0.11 1.27 ± 0.38 5.98 ± 3.25 Prefers forest edge

S. cumini (L.) Skeels 1.82 ± 0.62 0.40 ± 0.15 1.41 ± 0.59 4.03 ± 2.57 Dominant species along 
NWG crestline and in 
Amboli forest 

S. hemisphericum (Wight) Alst. 7.32 ± 3.43 1.77 ± 0.85 5.54 ± 2.80 3.64 ± 3.15 Canopy species in  
Amboli forest

S. phillyraeoides (Trim.) Sant. 0.83 ± 0.35 0.27 ± 0.14 0.55 ± 0.29 2.60 ± 1.78 Understorey species in 
evergreen forests

S. zeylanicum (L.) DC. 0.33 ± 0.06 0.05 ± 0.01 0.28 ± 0.05 6.26 ± 3.16 Riparian species 

Table 5. Fruit and Seed weight of  species from Amboli, Maharashtra Syzygium

natural regeneration and disturbances in ecological process 

due to climatic and/or biotic factors (Gunaga et al 2011, 

Mirgal et al 2013, Hegde et al 2018). Species showed 

clumped distribution in the study area mainly along stream 

banks which makes habitat inimical to the seedling 

establishment (Patwardhan et al 2016). During regeneration 

studies, it was difficult to differentiate whether class III and IV 

individuals were separate or were vegetative outgrowth of 

the same adult clump (GBH>15 cm). No seed germination 

was observed on the ground; but two fruits showed radicle 

emergence on the plant itself like vivipary. Long term natural 

regeneration monitoring can be the next step to understand 

factors affecting natural germination and overall 

demographic structure of the species (Patwardhan et al 

2016, Hegde et al 2018). Though very poor natural 

regeneration in the forest was observed, species showed 90 

per cent  germination success under controlled ex-situ

cond i t ions  w i thout  any  p resowing t ra tement .  

S.caryophyllatum S. cumini showed twin shoot formation like  

(Sivasubramaniam and Selvarani 2012) and  S. mundagom

(Jose et al 2009). The double embryony is also reported in S. 

cumini (Wanage et al 2012). Large scale germination trials to 

check relation between seed weight and germination 

success and to examine possibility of polyembryony can form 

the future step of action in standardization of mass 

multiplication protocols. Further, studies on possible causes 

for lack of natural regeneration are needs to be attmepted, 

especially in endangered species like in S. caryophyllatum 

the Sahyadri- Konkan Ecological Corridor.

CONCLUSION

Fruit and seed size data of an endagered species like S. 

caryophyllatum can be used as an important addition to the 

global seed database. Poor regeneration on field and high 

germination success under controlled germination 

conditions of temperature and humidity without any kind of 

treatment is one of the intersting finding of the study. Long 

term comparitive study for in the field and  in-situ ex-situ

germination in the nursery may be taken up to identify and 

understand limiting and promoting factors for germination 

and further ecological attributes. Further, seedling 

establishment of nursery plants in conditions is a in-situ 

crucial step in conservation of endangered species through 

introduction of species in suitable habitat.
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