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ABSTRACT 
The bud-grafting method is the most economical technique of Hevea brasiliensis propagation. This technique 

requires rootstock and scion. The high rootstock demand for the replanting program drives the seeds’ suppliers to 

collect assorted seeds from cultivated fields, lead to a high variation in the germination rate. The time from seed 

dehiscent to seeding was hypothesized to be crucial inflicting an inconsistency in the germination rate and 

seedling rootstock growth. This present study used rubber seeds of the GT1 clone which were laid under trees’ 

shading to mimic the natural environment. Five laying periods were applied i.e., P0 (directly germinated, 

control), P1 (laid for one week), P2 (laid for two weeks), P3 (laid for three weeks), and P4 (laid for four weeks). 

Our study implied that the direct sowing after dehiscent was the best way to attain a high germination rate (GR) 

(51.67%) while delaying seed sowing for one week reduced the GR up to 22.04%. The longer delaying in P2, 

P3, and P4 did not show significant differences among them which were 13.33%, 1.19%, and 4.35% 

respectively. However, the seedling showed a similar growth rate including root/shoot ratio regardless of the 

laying period treatment. The necessity of establishing seed gardens for rootstock was highlighted in which the 

harvesting of the seeds could be controlled. 

Keywords: Hevea brasiliensis, bud-grafting, rootstock nursery, planting material 

1. INTRODUCTION 
 

Para rubber (Hevea brasiliensis) plant material is 

produced through vegetative propagation. Though 

some techniques have been studied including stem 

cutting and tissue culture, grafting is still the most 

economical technique. This propagation technique 

requires rootstock and scion. Rootstock will develop 

to be the root system, while scion will become the 

aboveground canopy. Thus, for attaining a superior 

rubber tree, a combination of excellent rootstock and 

high-yielding scion is essential [1]. 

The root system is influential for plant growth as 

it provides anchorage and nutrient acquisition. 

Indonesia possesses more than three million hectares 

of rubber trees [2]. Millions of planting materials are 

demanded in Indonesia solely every year. While 

breeding programs in H. brasiliensis are mainly 

dedicated to yield upgrade, biotic pathogen tolerance, 

and abiotic stress adaptation, rootstock improvement 

is received less attention. Instead of deliberately 

designed, rootstock recommendations resulted from 

the cultivated clones’ observations such as RRIM 

2001, PB 235, and IAN 873 [3]. Rubber seeds for 

rootstock are ideally produced from a seed garden 

that consists of recommended clones and received 

distinctive upkeep practices. However, seeds’ 

suppliers usually collect assorted seeds from common 

cultivated fields. This practice inflicts a variation in 

germination rate, seedling growth, and successful 

grafting percentage. 

H. brasiliensis seed behaves as recalcitrant which 

is very sensitive to changes in the environment, has a 

short life span, no dormancy characterization, and the 

germination rate rapidly decreased over time [4]. 

Previous studies had investigated the effort to 

maintain seed viability and promote germination, yet 

as it requires additional cost, rubber plantations 

merely implement the modest technique i.e., 

submergence in freshwater added by fungicide.   

The germination rate is one of the important 

parameters in the rootstock nursery as it determines 

the number of seedlings and eventually the number of 

planting material. Some factors influence the 

germination rate including seed quality [5], storage 

[6], and treatment before seeding [7]. However, the 

studies used rubber seeds collected from the field that 

might have laid on the ground for a varied time after 
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dehisced. The time from seed dehiscent to seeding 

was hypothesized to be a key factor determining the 

germination rate and seedling growth. 

2. MATERIALS AND METHODS 
 

2.1. Seeds collection and Germination 
 

The study was carried out at Sungei Putih 

Research Center, Indonesian Rubber Research 

Institute, North Sumatra in March – September 2019. 

The seeds were collected from trees of GT 1 clone. 

The mature fruits, showed by the dark brownish seed 

rind, were wrapped by a net pouch (Figure 1). Seeds 

harvesting was carried in four weeks with a one-week 

interval. The fully mature fruits, indicated by dry rind 

were collected and gently cracked. 

 

 

Figure 1. Rubber fruits wrapped by net pouch for 

seeds harvesting 
 

The selected seeds were submerged in water 

overnight then were laid under trees’ shading to 

mimic the natural environment. Five laying periods 

were applied as follows: 

P0 : control, directly germinated after submergence 

P1 : laid for one week before germination 

P2 : laid for two weeks before germination 

P3 : laid for three weeks before germination 

P4 : laid for four weeks before germination 

Twenty-five seeds were used in each treatment 

with the tree source as replication (three biological 

replications). The seeds were sowed on the 15 cm 

height of sieved sand in a greenhouse and watered 

daily. The number of germinating seeds was observed 

weekly for four consecutive weeks. The ratio of 

germinating seeds (RGSw) was calculated according 

to the following equation: 

 

      (1) 
 

RGSw : Ratio of germinating seeds per week (%) 

NGSw :  Number of germinating seeds per week 

(seeds) 

NSS : Total of sowed seeds (seeds) 

 

For germination rate (GR) assessment, the total 

number of germinating seeds in the first three weeks 

was used and calculated using an equation as follows: 

 

 

      (2) 
 

GR : Germination rate (%) 

NGS3 : Total of germinating seeds in three weeks 

(seeds) 

NSS : Total of sowed seeds (seeds) 

 

2.2. Rootstock Nursery 
 

Polybags 40 x 50 in size were used for the 

rootstock nursery which was filled with sieved ultisol 

topsoil. The polybags were placed outside the 

greenhouse under direct sunlight and arranged to 

meet Randomized Complete Block Design (RCBD) 

where three blocks as the replication. The sprouts 

were transferred weekly and received standard 

upkeep including watering (daily), weeding (weekly), 

and fertilizing (5 g polybag-1 N-P-K-Mg: 15-15-6-4 

two weeks after transferring).  

The seedlings' height was measured from the soil 

surface to the highest point. The number of leaves 

observed indicated the total fully formed leaves. The 

stem diameter was measured 5 cm above the seedling 

collar. Seedling height was observed weekly, whilst 

the number of leaves and stem diameter were 

observed at the end of the study. Rather than 

comparing the growth parameters from a different 

age, the seedling growth rate was calculated by 

diving growth attributes by the seedling age. The 

seedling growth parameters assessed included height 

growth rate (HGR), leaves sprouted rate (LSR), and 

diameter growth rate (DGR). 

2.3. Biomass Assessment 
 

At the end of the study, the seedlings were cut at 

the collar separating aboveground and underground 

biomass. The belowground biomass was washed with 

flowing water carefully. All biomass was oven-dried 

at 70oC overnight. The fresh and dry weight were 

noted accordingly. The root (RAR) and shoot (SAR) 

accumulation rates were calculated by dividing the 

dry weight by plant age. The root/shoot ratio (RSR) 

was calculated according to the following equation: 
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 (3) 
RSR : Root/shoot ratio 

RDW : Root dry weight (g) 

SDW : Shoot dry weight (g 

 

2.4. Data Analysis 
 

Statistical analysis was performed using R 

Statistic Software version 3.6.1 (R Development Core 

Team). The analysis of variance (ANOVA) was 

applied for GR, HGR, LSR, DGR, and RSR 

parameters. The comparisons were calculated using 

the Tukey HSD method with α = 0.05. 

3. RESULT AND DISCUSSION 

3.1. Germination Rate 

During four weeks of germination, most of the 

seeds germinated in the first two weeks (Figure 2A). 

In control treatment (P0), 19.72% seeds germinated 

in the first week and 28.89% seeds in the second 

week then dropped to only 3.06% in the third and 

1.67% in the fourth week. The seeds received a one-

week laid period (P1) showed 11.11% germination in 

the first week, 12.96% in the second week then 

decreased significantly to 5.56% in the third week, 

with no seeds germinating after the three weeks. The 

P2, P3, and P4 exhibited low germination (below 7% 

per week) during this study. Our result indicated that 

the vigorous seeds would germinate in two weeks. 

The number of germinating seeds declined drastically 

after two weeks. 

Control treatment resulted in the highest 

germination rate (GR) of 51.67% while delaying seed 

collection for one week reduced the GR to 29.63% 

(Figure 2B). The GR of P2, P3, and P4 did not show 

significant differences among them which were 

13.33%, 1.19%, and 4.35% respectively. The 

flowering season varied based on geographical 

location. The rubber tree produces vigor seeds in its 

peak season which occurs once a year. 

The result supported our hypothesis that the time 

from seed dehiscent to sowing influences the 

germination rate. Our study answered the 

inconsistency issue of the germination rate. As the 

seeds were collected by the supplier from various 

fields, they might have been laying for a long time on 

the field. This effect might be aggravated by the 

additional storage period. Unlike the orthodox seeds 

which the GR could be maintained by desiccation 

treatment, rubber seed is lacking desiccation-tolerant 

[8]. [9] suggested that carbohydrate and water content 

were the pivotal parameters maintaining rubber 

seeds’ viability.  

 

  
Figure 2. The ratio of germinating seeds (A) and 

germination rate (B). Error bars indicated standard 

deviation. Different letters indicated significant 

differences based on Tukey's HSD comparison with α 

= 0.05 

The previous study by [4] showed that the 

temperature of 27oC significantly reduced seed GR, 

while the 18oC storage temperature could maintain 

the seed viability for only 8 weeks. Another study by 

[10] noted that the chemical compound of PEG 6000 

could be used to maintain viability.  

3.2. Seedling Growth 
 

Figure 3 showed the seedling height until 16 

weeks of the rootstock nursery. Although delaying 

the sowing inflicted a significant decrease on GR, the 

seeds that managed to germinate showed a similar 

seedling height to control. The P4 received four 

weeks of sowing delay, the longest laying period in 

this experiment, exhibited higher seedling height at 

the early stage suggesting that the survivals were 

excellent seeds. The control treatment showed a 

similar height to P1, P2, and P3 at the early stage 

then increased significantly after 10 weeks. 

Advances in Biological Sciences Research, volume 14

280



  

 

 

Figure 3. Seedling height in 16 weeks’ observation 
 

In this study, we calculated the growth rate 

including height growth rate (HGR), leaves sprouted 

rate (LSR), and diameter growth rate (DGR) (Table 

1). Our data indicated that the growth rate of the 

seedling was not significantly different among 

treatments, suggesting that the seedling could be used 

for rootstock regardless of the source of the seeds. 

The only issue was economic constraint due to a low 

germination rate. Our result was in contrast with [5] 

which suggested that seedling from high GR resulted 

in higher seedling growth than lower GR.  

Besides the common upkeep practices, some 

agronomical modifications could be performed to 

increase rubber seedlings’ growth such as the 

application of wood biochar and arbuscular 

mycorrhiza infestation [11]. The stem diameter is the 

most important parameter as in the grafting 

propagation technique, the scion will be attached to 

the rootstock stem. Based on the age of the rootstock, 

grafting technique in Hevea propagation could be 

distinguished to brown grafting using 7–12 months of 

rootstock, green grafting using (4–7 months), and 

early grafting (2–3 months) [12]. 

Table 1. Seedlings’ growth rate parameters of each 

treatment.  + indicated standard deviation 

Treatment 

HGR 

(cm 

week-1) 

LSR 

(leaves 

week-1) 

DGR 

(mm 

week-1) 

P0 4.37 + 1.15 0.81 + 0.13 0.45 + 0.04 

P1 3.66 + 0.40 0.80 + 0.21 0.46 + 0.08 

P2 3.74 + 0.42 0.65 + 0.08 0.38 + 0.02 

P3 3.30 + 0.43 0.67 + 0.09 0.37 + 0.03 

P4 3.56 + 1.29 1.69 + 0.27 0.40 + 0.08 

 p = 0.7773 p = 0.1964 p = 0.5450 

HGR = height growth rate, LSR = leaves sprouted rate, DGR = 

diameter growth rate 

 

3.3. Biomass Accumulation 
 

Several studies showed that the combination of 

rootstocks and scion determined the incompatibility, 

growth, and yield [13, 14]. A study by [15] suggested 

that the rootstock and scion interaction did not 

influence rubber yield significantly, implied that the 

assorted seeds were acceptable for rootstock 

seedlings. The root accumulation rate (RAR) and 

shoot accumulation rate (SAR) of the samples 

indicated that the biomass accumulation rate was not 

significantly different among treatments (Table 2). 

Furthermore, the root/shoot ratio exhibited a similar 

value (0.40–0.49), implied that the belowground and 

aboveground biomass accumulation underwent the 

same pattern regardless of the quality of the seed. 

Our result partially supported our hypothesis that 

seed collection is crucial for attaining a high 

germination rate. Nonetheless, after the seed 

germinated and transplanted to the rootstock nursery, 

the growth of the seedling showed a similar rate 

regardless of the laying period treatment. It 

highlighted the necessity to establish seed gardens for 

rootstock which the harvesting of the seeds could be 

controlled. 

Table 2. Seedlings’ biomass accumulation rate of 

each treatment. + indicated standard deviation. 

Treatment 
RAR SAR Root/shoot 

ratio ……… (g week-1) .…… 

P0 0.65 + 0.16 1.40 + 0.28 0.46 + 0.06 

P1 0.63 + 0.24 1.63 + 0.59 0.40 + 0.14 

P2 0.35 + 0.16 0.90 + 0.49 0.48 + 0.28 

P3 0.17 + 0.03 0.36 + 0.04 0.49 + 0.13 

P4 0.87 + 0.54 1.73 + 0.32 0.48 + 0.20 

 p = 0.1200 p = 0.4784 p = 0.5200 

RAR = The root accumulation rate, SAR = shoot accumulation rate 
(SAR) 

 

4. CONCLUSION 
 

Our observation indicated that rubber most rubber 

seeds would germinate in two weeks, after that the 

number of germinating seeds would decline 

drastically. The time from seed dehiscent to the 

sowing influenced the germination rate. Direct 

sowing was the best way to obtain a high germination 

rate while delaying seeds’ sowing would reduce it 

drastically. However, after transplanted to rootstock 

nursery, the seedlings exhibited a similar growth rate 

regardless of the laying period on the field. 
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