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Abstract 

Parah (Elateriospermum tapos Blume) is a native species of southern Thailand, and is a dominant 
tree in Khao Nan National Park. There have been few studies of Parah seeds or of seedling establishment. 
Biotic and abiotic environmental factors interact with seeds and may affect the future of tree populations. 
This is the first study to determine the factors affecting seeds and seedlings of Parah trees in Khao Nan 
National Park, Thailand, during 2014 - 2016. We tested 3 factors: (1) parental tree diameter at breast 
height (DBH), (2) altitude, and (3) distance from the main road. We studied seeds collected from trees, 
seeds harvested by humans, seed predation, seeds left on the forest floor, and rotten seeds. We measured 
seed weight, seed size, seedling height, and seedling root collar diameter (RCD). Our results showed that 
the number of seeds and seedlings per tree, seed weight, seed size, seed harvesting, seed predation, seeds 
left on the forest floor, rotten seeds, and seedling height varied between the years of study. There was no 
difference in seeds harvested by humans from 2014 - 2016. The number of seeds per tree and seeds 
harvested by humans were positively associated with parental tree DBH in 2015 and 2016. The number of 
seeds left on the forest floor was positively associated with parental tree DBH, and distance from the 
main road, but was negatively associated with altitude, in 2015, and there was no association in 2016. The 
number of seeds predated by frugivores was positively associated with altitude in 2016. The number of 
seedlings per tree was positively associated with distance from the main road. Seedling height was 
positively associated with distance from the main road, and negatively associated with tree DBH in 2015 
and altitude in both years. We found significant results which led to the conclusion that seed production 
and seeds harvested by humans were positively associated with parental tree size. 
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Introduction 

Understanding factors that affect seed production is important to better characterize the long-term 
success of tree populations [1]. Seed production can be influenced by resource availability, pollination 
failure, predation of flowers/fruits/leaves, climatic conditions, and age and size of the plant and its genetic 
constitution [2-5]. Both abiotic and biotic environmental factors interact with seeds, and these interactions 
may affect the future of tree populations [6]. Seed production varies among populations due to variable 
numbers of fruiting trees and seeds yielded per reproductive tree [4,7] and their adaptation with their 
microhabitats [8]. The highest fruit yields and the largest fruits are found in populations with better 
climatic conditions and which are protected from herbivorous animals [9,10]. 

The seedling stage is one of the most critical steps in the reproductive cycle, as this stage can lead to 
complete regeneration failure in some years, independent of flower and seed crops [11]. Seed germination 
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and seedling emergence may also be directly affected by microclimatic conditions and indirectly by pre- 
and post-dispersal losses of seeds that reduce the number of seeds available for germination [6,12-16]. 
Some predated seeds may survive and germinate, and survival rates depend on seed size, frugivore types, 
and level of embryo damage [17-19]. For example, large seeds attacked by insect larvae may have 
minimal injury to the embryo, which may not prevent germination [18]. In fact, seed germination may be 
enhanced by pre-dispersal seed predation, because the orifice in the seed produced by the predator may 
increase embryo access to soil humidity [19-21]. A significant factor of seedling establishment is the 
interaction between seed predation and seed dispersal [8,22]. Seed dispersal losses can be categorized into 
pre-dispersal losses (e.g., wind and insect predation on flowers and developing fruits) and post-dispersal 
losses (e.g., stratification during winter, the impact of microclimates, and seeds predated by rodents) [11].  

Seeds of tropical tree species vary widely in their size and morphology and are dispersed by a broad 
array of dispersal agents [23,24]. The interaction of local dispersal agents with plant attributes can 
influence seed dispersal patterns, such as through variation in their movement and in their fruit handling 
patterns. As a result, these seed dispersal patterns may influence seed viability and spatial patterns of seed 
deposition [25-27]. Variation in fruit and seed characteristics may affect seed dispersal patterns. Among 
wind-dispersed species, seed dispersal depends on the aerodynamic properties of diaspores (seeds plus 
wings or other dispersal appendages), such as their terminal velocities, as well as upon tree height 
[28,29]. Among animal-dispersed species, seed dispersal depends on seed sizes and the ability to attract 
different dispersal groups through the quantity, quality, and chemical composition of the pulp [25,30-32]. 

Fruit production, seed dispersal, germination, and seedling establishment are critical life phases in 
plants [6]. Seed size and number vary greatly both within and among plant individuals, populations, or 
species [33,34]. Seed production is often highly variable from year to year, and individuals of a species 
are highly synchronized over space and time [35]. For some tree species, this synchronization may 
encompass large geographic areas [36,37]. 

Parah (Elateriospermum tapos, Euphorbiaceae) is a canopy tree species whose seeds are a food for 
local people and wildlife [38,39]. Seed harvesting by humans and seed predation by seed predators can 
affect seedling establishment. Additionally, parental tree size, altitude, and distance from the main road 
may affect seed production and seedling establishment, because humans may disturb the forest with 
differing levels of violence, based on the distance. In this study, we are interested in seed production and 
seedling establishment of Parah trees. Two predictions were tested. First, larger trees would produce more 
seeds and seedlings, have larger seed sizes, have larger seedling root collar diameters (RCD), be 
harvested more by local people, be predated more by frugivores, and leave more on the forest floor than 
smaller trees. Larger trees would produce more fruits, because they have larger crowns, to capture more 
sunlight for fruit production, and larger root biomasses, to find water in deeper soil. Larger trees with a lot 
of seeds would have higher rates of seeds harvested by humans, have more predation by frugivores, and 
leave more seeds on the forest floor. Second, at higher altitudes and at greater distances from the main 
road, seeds should be larger, be harvested less by local people, have more left on the forest floor when 
rotten, and be predated more by frugivores, due to less human disturbance, and there should be more 
seedlings established on the forest floor. The findings of this study should help us gain a better 
understanding of the influences of human disturbance on the natural regeneration of the dominant tree 
species in the southern Thailand tropical rain forest. 
 
Materials and methods 

Parah biology 
Parah (E. tapos) is the only species of the monotypic genus native to peninsular Malaysia, Thailand, 

Borneo, and Sumatra. Parah trees are found in Jengka national forest in Malaysia [40], Belalong forest in 
Brunei [41], and Khao Nan National Park in Thailand [38,42]. Parah trees grow in highly dense clusters 
in some areas in Khao Nan National Park. They grow in the hilly primary (mixed dipterocarp) and 
secondary forest, in soil which is usually deep and yellow-colored and mainly composed of clay, clay-
loam, sandy clay, and loam, or sometimes sandstone [43]. This species is abundant in very friable, 
relatively nutrient-rich soil with a lower water content in dry periods [44]. 
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Study area 
This study was conducted in the Parah forest (8° 22' - 8° 45' N and 99° 37' - 99° 51' E), at an altitude 

of 166 - 402 m above sea level, located within Khao Nan National Park, southern Thailand (Figure 1a, 
1b). Khao Nan National Park is a part of the Nakhon Si Thammarat mountain range, and covers an area 
of 410 km2. The study site was located in the largest Parah cluster of this national park, in Ban Tub 
Namtao (Figure 1b). This Parah cluster covers an area of 4.1 km2; it is 3.6 km long and 0.8 - 1.7 km 
wide. The Parah cluster is parallel to a 10 m wide dirt road connecting the villages of Ban Tub Namtao 
and Ban Paklong (Figure 1b). Normally, eight main trails (Figure 1b) are used by local people to harvest 
Parah seeds from Khao Nan National Park. 
 
 

  
(a) 

 

 
(b) 

Figure 1 Map of study sites in southern Thailand. (a) Southern Thailand map, Khao Nan National Park 
boundary and locations of 5 Parah clusters. Black and red lines represent national park boundary and 5 
Parah clusters; (b) the Parah cluster in Ban Tubnamtao (green line). Red, white, and other colour lines 
represent national park boundary, dirt road, and 8 trails, respectively. Small, medium, and large green 
trees represent Parah trees with DBH of 21 - 40, 41 - 60 and 61 - 80 cm, respectively. 
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Data collection 
We randomly selected 36 and 90 fruiting Parah trees from June - July 2014 and 2015, respectively, 

and measured their DBH (ranging from 20 - 80 cm) on 8 main trails (Figure 1b). From 90 fruiting trees 
in 2015, there were only 58 trees fruiting in 2016. Therefore, only 58 fruiting trees were used in this study 
for the year 2016. Data of Parah seeds and seedlings, including the number of seeds per tree, seed weight, 
seed width, seed length, seed harvesting by humans, seed predation by seed predators, seeds left on the 
forest floor, rotten seeds, and the number of seedlings/tree, their root collar diameter (RCD), and height, 
were collected for 3 years, from 2014 - 2016. We randomly selected 20 seeds per fruiting tree to measure 
seed weight, seed width, and seed length. Seeds were weighed using a digital balance. Seed width, seed 
length, and seedling RCD were measured by using a digital Vernier calliper. Seedling height was 
measured by using a metal tape measure. Ten branches per tree were randomly selected and all the fruits 
per branch were counted [3,45]; aborted seeds were not counted. Seeds were counted just before 
maturation in August during 2014 - 2016. The seed production per tree was estimated as follows: total 
seed production = total number of branches per tree × average number of fruits per branch × 3 seeds per 
fruit. 

Local people start seed harvesting after seeds begin to fall; they walk on the trails to the locations of 
the Parah fruiting trees, collect the seeds that fall on the forest floor, and put them in their bags. As it was 
not possible to count the exact number of seeds harvested by people, we counted (1) the number of seeds 
left on the forest floor within a 5 m radius around the selected tree, (2) the number of seeds consumed by 
frugivores, and (3) the number of rotten seeds. Seeds that were consumed by frugivores were identified as 
the remains of gnawed off cracked seeds with incisor marks, since rodents are the main Parah seed 
frugivores. The number of seeds consumed by frugivores would help us to understand seed predation by 
predators, which causes severe losses in seed crops. Finally, we subtracted all of these values from the 
total seed production. Therefore, the formula is: number of harvested seeds = total number of seeds per 
tree – (total number of seeds left + total number of predated seeds + total number of rotten seeds).  

We counted the total number of seedlings per parental tree within a 5 m radius around the selected 
tree, and randomly selected 10 seedlings to measure their RCD and height in December 2014 - 2016. 
Seedling RCD, height, and numbers were investigated 3 times in a year. 

Parametric statistics were used when underlying assumptions were met; otherwise, non-parametric 
tests were used. One-way ANOVA tests with post hoc Bonferroni adjustments were used to test for 
differences in the variables. Pearson correlations were used to assess associations between (1) 
DBH/altitude/distance from the main road and the number of seeds/number of harvested seeds/number of 
predated seeds/number of seeds left on the forest floor/number of rotten seeds and (2) DBH/altitude and 
the number of seedlings, seedling RCD, and height. All significance tests were 2 tailed. 

 
Results and discussion 

Seed production, seed size and seed fate  
The number of seeds, seed size, and the number of harvested seeds, seeds left on the forest floor, 

predated seeds, and rotten seeds varied between years (the number of seeds: F2, 213 = 6.473, P < 0.01; seed 
width: F2, 3617 = 317.577, P < 0.001; seed length: F2, 3617 = 4.509, P < 0.05; seed weight: F2, 3617 = 29.936, 
P < 0.001; harvested seeds: F2, 213 = 2.348, ns; seeds left on the forest floor: F2, 213 = 34.780, P < 0.001; 
predated seeds: F2, 213 = 19.248, P < 0.001; rotten seeds: F2, 213 = 7.987, P < 0.001, Table 1).  
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Table 1 Parah seed production, seed sizes, seed fates and seedling establishment in southern Thailand 
during the years 2014 - 2016, * = P < 0.05, ** = P < 0.01. Different lower case letters indicate significant 
differences between years, P < 0.05. 
 

Parah seeds and seedlings 
Year (mean±SD) 

ANOVA tests 
2014 2015 2016 

Seed production (seeds/tree) 178.92±251.06a 112.70±127.88ab 75.07±100.58b F2,213=6.473** 
Seed weight (g) 5.00±1.80a 4.63±1.25b 4.60±1.12b F2,3617=29.936** 
Seed width (cm) 1.93±0.17a 1.90±0.14b 1.87±0.15c F2,3617=317.577** 
Seed length (cm) 3.16±1.14a 3.55±0.92b 3.52±0.28b F2,3617=4.509* 
Seeds harvested by humans (seeds/tree) 111.72±208.40 79.68±122.30 56.93±92.98 F2,213=2.348 
Seeds predated by frugivores (seeds/tree) 0.33±1.29a 0.34±0.84a 3.77±6.08b F2,213=19.248** 
Seeds left on the forest floor (seeds/tree) 67.19±69.02a 32.68±19.44b 14.37±14.08c F2,213=34.780** 
Rotten seeds (seeds/tree) - 0.36±0.90a 0.73±1.22b F2,213=7.987** 
Numbers of seedlings/tree 68.89±48.97a 32.32±19.31a 13.63±13.81b F2,213=35.962** 
Seedling establishment (%) 41.40±31.52ab 49.63±28.08a 31.00±32.49b F2,213=8.383** 

 
 

During the 3 years of observation of Parah trees, the total number of seeds per tree, seed sizes (i.e., 
seed width, seed length, seed weight), and recruitments decreased from 2014 to 2016. Our results were 
similar to Aniszewski et al. [46], who showed that, during a 10 year observation period, the total number 
of Washington lupin (Lupinus polyphyllus Lindl.) seeds per plant decreased, the proportions of each seed 
type changed, and the average seed weight per plant decreased slightly, from 1990 to 1999. This may 
have happened due to lower precipitation in the final stages of seed development [47].  

While seed production and seeds left on the floor decreased from 2014 to 2016, the number of seeds 
harvested by humans did not change significantly. On the other hand, the number of predated seeds by 
frugivores and rotten seeds increased from 2014 to 2016. The number of predated seeds increased, maybe 
because of increased numbers of seed predators, and the number of rotten seeds increased, maybe because 
of increased humidity in the mature seed period. Predated seeds in the tropical rain forest would be 
damaged and become rotten easily, as there is adequate moisture and plenty of fungi spores everywhere 
[48]. 
 

Factors affecting seeds (Tree DBH, altitude, and distance from the main road) 
The number of seeds and seeds harvested by humans were positively associated with the tree DBH 

in both years (the number of seeds in 2015: F3,86 = 4.336, P < 0.01; y = 0.310xdbh – 152.687, R2
adj = 0.101; 

in 2016: F3,86 = 15.000, P < 0.001; y = 0.321xdbh – 224.122, R2
adj = 0.321; the number of seeds harvested 

in 2015: F3,86 = 4.387, P < 0.01; y = 0.275xdbh – 204.143, R2
adj = 0.102; in 2016: F3,86 = 12.178, P < 0.001; 

y = 0.334xdbh – 198.439, R2
adj = 0.274). 

The number of seeds left on the forest floor was positively associated with the tree DBH and 
distance from the main road, but negatively associated with altitude in 2015, and had no association in 
2016 (2015: F3,86 = 6.221, P < 0.005; y = 0.305xdbh + 0.443xdis – 0.550xalt +51.281, R2

adj = 0.150; in 2016: 
F3,86 = 8.268, P < 0.001). 

The number of seeds predated by frugivores was positively associated with altitude in 2016 (in 
2015: F3,86 = 0.613, ns; in 2016: F3,86 = 7.690, P < 0.001; y = 0.560xalt – 13.397, R2

adj = 0.184). 
The number of rotten seeds was positively associated with the distance from the main road and 

negatively associated with altitude in 2015; on the other hand, the number of rotten seeds was positively 
associated with altitude in 2016 (in 2015: F3,86 = 2.752, P < 0.05; y = 0.491xdis – 0.364xalt + 0.841, R2

adj = 
0.056; in 2016: F3,86 = 4.346, P < 0.01; y = 0.526xalt – 2.191, R2

adj = 0.101). 



Seed Production and Seedling Establishment of Parah Trees Anun CHAROENSUK et al. 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2018; 15(3) 
 
218 

Seed size (width, length, and weight) was positively associated with distance from the main road, 
but negatively associated with altitude in 2015 (seed width: F3,1796 = 6.496, P < 0.001; y = 0.135xdis + 
1.879, R2

adj = 0.009; seed length: F3,1796 = 4.033, P < 0.001; y = 0.125xdis – 0.101xalt + 3.919, R2
adj = 

0.005; seed weight: F3,1796 = 10.951, P < 0.001; y = 0.223xdis – 0.224xalt + 5.568, R2
adj = 0.016). In 2016, 

there were only 58 out of 90 selected trees that were fruiting. Seed size was positively associated with 
altitude and negatively associated with distance from the main road (seed width: F3,1156 = 8.901, P < 
0.001; y = 0.167xalt – 0.211xdis + 18.569, R2

adj = 0.020; seed length: F3,1156 = 20.603, P < 0.001; y = – 
0.235xdis + 36.625, R2

adj = 0.048; seed weight: F3,1156 = 7.347, P < 0.001; y = – 0.135xdis + 5.103, R2
adj = 

0.016). 
We found a positive relationship between tree DBH, the number of seeds, the number of harvested 

seeds, and the number of seeds left on the forest floor. Some previous studies were conducted to ascertain 
the effects of tree size on seed production [49-53]. Some studies showed no relationship [49], but some 
showed positive relationships between tree size and the number of fruits or seeds per tree [50,51,53] for 
Schima khasiana and Lithocarpus dealbatus and, in Quercus griffithii fruiting trees, the seed production 
was also shown to increase [3]. Large trees produce more fruits, because they have larger crowns; as 
crown volume increases exponentially with DBH, so does fruit production. The greater fruit production 
probably reflects a greater capacity to capture sunlight (crown volume) and a correspondingly larger root 
biomass, which could be expected to reduce the moisture stress experienced during years of low rainfall. 
These patterns are echoed in the patterns of inter-annual variation in both fruit production and growth 
[51]. Interestingly, our results indicated that local people tend to harvest seeds from larger trees. These 
large trees still had more seeds left on the forest floor than smaller trees had. This also showed that larger 
trees might contribute more to tree recruitment in forests. In addition, our results showed that tree size 
does not affect seed size (i.e., seed width, seed length, and seed weight). The same result was observed in 
Euterpe edulis, where DBH did not affect seed size in any population [47]; differences in seed size could 
possibly be due to the different levels of availability of resources like water, light, nutrients, and 
pollinators. 

At our study site, altitude increases with distance from the main road to the Parah forest. We found 
that Parah trees located further away from the main road had more rotten seeds left on the forest floor in 
2015. The reason behind this might be that it is more difficult for local people to carry bags full of seeds 
from a high altitude and from greater distances from the main road. In 2016, there might have been more 
frugivores in the forest farther from the forest edge, so seeds were predated more than the outside. In 
addition, Parah seeds at higher altitudes were more often rotten than those at lower altitudes, maybe 
because of the relatively high humidity. 

 
Seedling establishment  
The number of seedlings, seedling height, and RCD varied between years (one-way ANOVA test: 

number of seedlings: F2, 213 = 35.962, P < 0.001; seedling height: F2, 2697 = 112.141, P < 0.001; seedling 
RCD: F2, 2697 = 87.335, P < 0.001, Table 1). We observed that the number of seedlings was higher in 
2014 than in 2015 and 2016, and probably due to the higher numbers of seeds per tree in 2014 than in 
2015 and 2016. Parah flowers appear simultaneously with the new leaves at the beginning of summer 
(around March) each year, while their fruits start to mature between August and September. The fruits 
(usually with 3 seeds per fruit) [54] blast and scatter seeds around the tree. After Parah seeds fall on the 
forest floor, they germinate and grow rapidly within one month, from October - November, with a high 
germination rate (we observed 98.9 % in 2015 and 94.8 % in 2016, unpublished data). This might be 
because Parah seed size was larger in 2014 and 2015 than in 2016, supported by previous reports of larger 
seeds having positive effects on germination [55-64] and seedling growth [55,60,62-65]. The development 
of early emergence and fast growth of seedlings has been found in other studies to primarily be a result of 
larger seed size, which produces a larger embryo, therefore providing a greater ability for seedling 
survival [66,67]. 
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Factors affecting seedlings  
The number of seedlings was positively associated with distance from the main road and tree DBH, 

but negatively associated with altitude, in 2015 (the number of seeds in 2015: F3,896 = 60.788, P < 0.001; 
y = 0.421xdis + 0.295xdbh – 0.535xalt + 50.621, R2

adj = 0.166). In 2016, the number of seedlings was 
positively associated with distance from the main road and altitude (F3,896 = 79.036, P < 0.001; y = 
0.258xdis + 0.222xalt – 9.868, R2

adj = 0.207). 
RCD was positively associated with tree DBH, but negatively associated with altitude, in 2016 and 

had no association in 2015 (2015: F3,896 = 1.518, ns; in 2016: F3,896 = 9.819, P < 0.001; y = 0.082xdbh – 
0.133xalt + 5.947, R2

adj = 0.029). 
Seedling height was positively associated with the distance from the main road and negatively 

associated with tree DBH in 2015 and altitude in both years (in 2015: F3,896 = 22.140, P < 0.001; y = 
0.312xdis – 0.068xdbh – 0.434xalt + 42.605, R2

adj = 0.066; in 2016: F3,896 = 14.793, P < 0.001; y = 0.142xdis 
– 0.319xalt + 46.649, R2

adj = 0.044). 
Large trees normally produce more seeds than smaller trees of the same age [68]. More seeds 

generally germinate into more seedlings, so large trees would have more seedlings than smaller trees. In 
addition, previous studies [69,70] reported that seedling size and growth were related directly to light 
intensity and seed size: the larger the seed, the larger the seedling. It seems clear that the establishment of 
seedlings within natural forests depends on the interaction of multiple external factors, both biotic and 
abiotic, with the physiological and morphological properties of the seedlings [71]. Our results supported 
this with tree sizes (DBH) being positively associated with the number of seedlings per tree in 2015 and 
seedling RCD in 2016. The reason that larger mother trees produce larger seedlings could be due to light 
intensity and sunfleck frequency in the understory of natural forests. Beneath larger Parah trees with an 
average height of 40 m, there may be higher light intensity and sunfleck frequency than beneath smaller 
trees. Seedlings growing in the understory of natural forests respond significantly to the frequency and 
intensity of sunflecks [72,73]. The frequency of sunflecks is critical to attain higher carbon balances than 
those expected under a steady state of photosynthesis. 

Seedlings have shown better growth in lower altitude sites than in higher altitude sites [74,75]. 
Populations originating from lower altitudes exhibited larger growth in seedling height compared to 
populations from higher altitudes [76]. Our results showed that seedlings at lower altitudes were taller and 
had a larger RCD than those at higher altitudes. This could be due to 2 possible reasons. First, seedlings 
in lower-altitude populations were able to benefit from temperature rises and the addition of fertilizer, 
through accelerated growth, but seedlings in higher-altitude populations experienced no such impact on 
growth [77]. Second, seeds in lower-altitude populations might fall earlier in the fruiting season and 
might germinate earlier than in higher-altitude populations.  
 
Conclusions 

In this study, we examined seed production and seedling establishment of Parah trees in a tropical 
rainforest in southern Thailand. Our results clearly demonstrated that larger Parah trees produce more 
seeds, left more seeds on the forest floor to germinate, and had more seedlings with larger RCD. In order 
to have a sustainable population of Parah forests in this area, we need to protect larger Parah trees. 
Interestingly, local people prefer to collect Parah seeds from larger trees. Even then, there were still more 
seeds left on the forest floor to germinate. Our results will provide baseline information for further studies 
on forest conservation and management. 
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