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ABSTRACT 

This research aimed to study the effect of retardants concentration on the inhibition of apical shoots of rubber rootstock 

and analyze the relationship between the apical bud dormancy and grafting success relating to the influence of retardants. 

The study was conducted in the Teaching and Research Farm land, Faculty of Agriculture, Jambi University, Mendalo 

Darat Campus, Jambi Luar Kota District, Muaro Jambi Regency, on 35 m above sea level. Carbohydrate content analysis 

was carried out in the Basic and Integrated Laboratory of Jambi University. The research method used is Randomized 

Block Design with one factor this is retardan and three replications. The applied treatments are: ro = no treatment; r1 = 

paclobutrazol 500 ppm;  r2 = paclobutrazol 750 ppm; r3 = paclobutrazol 1.000 ppm; r4 = paclobutrazol 1.250 ppm; r5 = 

paclobutrazol 1.500 ppm; r6 = cycocel 1.000 ppm;  c7 = cycocel 2.000 ppm; c8 = cycocel 3.000 ppm. Overall, there are 

9 treatments and 27 research unit. There are 12 plants on each research. The results showed that the application of 

paclobutrazol at concentrations of 1.500 ppm inhibits apical bud emergence on rubber seeds for 9 days and cycocel at a 

concentration of 3.000 ppm for 10 days. Inhibition of apical buds with paclobutrazol application to a concentration of 

1,000 ppm can maintain the appearance of apical buds without inhibiting the growth and success of the grafting. Cycocel 

can slow the buds appear, without affecting the success of grafting. 
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1. INTRODUCTION

The attempt to increase rubber plant production can 

be performed through new area development program, 

the replanting of old rubber plants, and intensification. 

All of these programs would have effects on planting 

material demand. Material such as seedling is an initial 

principal for plant growth. Therefore, the differences in 

physical and biochemical aspect of planting material, 

which are widely defined as quality, can have an impact 

on initial plant growth. 

Nowadays, the currently suggested application of 

rubber planting material is the one obtained from 

multiplication by grafting. It is conducted by mixing 

original rootstock with scions from entres and both are 

from suggested clones’ recommendation.  

The conclusion from research findings and 

practitioner’s experience show that growth condition of 

rootstock is one of critical factors of successful grafting. 

The ideal condition for grafting is when the leaves on the 

highest canopy are in old leaf stadia, because if the leaves 

are too young, it will be difficult to exfoliated 

[2];[11];[19]. Therefore, according to [1], the most ideal 

condition for grafting is when the apical shoot is in 

dormant condition.  

To maintain dormant stadia of rubber plant seedling 

is a critical issue because of the occurrence of periodical 

growth period of rubber plant apical shoot which is, 

according to [12], caused by growth rhythm of shoot and 

canopy leaves controlled by internal factors. This cycle 

keeps repeated in a fairly long-time space from dormant 

stadia– flush – old leaves stadia – dormant condition, 

within 30 – 40 days. Reported from his research findings 

that the time required from dormant condition to the 

occurrence of new shoot is between 20 – 21 days [17].  
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Based on the explanation above, an attempt to expand 

dormant period of apical shoot is needed to maintain 

stadia condition of mature leaves on rubber plant’s 

rootstock so that such this required ideal condition can 

survive longer and the success of grafting remains high. 

However, this attempt is expected not to suppress plant’s 

growth and development. Therefore, an innovation is 

needed to tackle this problem, which is by maintaining 

this seedling’s dormant stadia by applying retardant. This 

growth retardation mechanism can expand dormant time 

of rootstock of rubber plant seedling shoot.  

Application of retardant to suppress plant growth, 

especially on shoot, has not been widely reported. 

However, there have been so many applications for 

controlling vegetative growth and production as well as 

for increasing plant tolerance against drought threat. 

Some examples of widely applied retardants are 

paclobutrazol to retard height on cengkeh to make it easy 

to harvest [15]and cycocel to suppress vegetative growth 

of manggis to increase root growth [8].  

To discover method to expand dormant stadia of 

rubber plant seedling rootstock shoot, the information 

about growth retardant needs to be studied. The objective 

of this study is to analyses the effect of retardant on shoot 

retardation, seedling growth and the success of grafting. 

2. MATERIALS AND METHOD

This experiment was conducted at Teaching and 

Research Farm area, Faculty of Agriculture, Jambi 

University, Mendalo Darat Campus, Jambi Luar Kota 

District, Muaro Jambi Regency. Planting materials used 

are rootstock rubber plant seedlings in polybag with two 

canopy leaves and entres. The clone used for rootstock an 

entres is obtained from PB260 clone. 

The research method used is Randomized Block 

Design with one factor this is retardan and three 

replications. The applied treatments are: ro = no 

treatment; r1 = paclobutrazol 500 ppm; r2 = 

paclobutrazol 750 ppm; r3 = paclobutrazol 1.000 ppm; r4 

= paclobutrazol 1.250 ppm; r5 = paclobutrazol 1.500 

ppm; r6 = cycocel 1.000 ppm; c7 = cycocel 2.000 ppm; 

c8 = cycocel 3.000 ppm. Overall, there are 9 treatments 

and 27 research unit. There are 12 plants on each 

research.  

The planting materials for rubber plant seedling 

rootstock were obtained from seeds which were seedling 

on sand medium. The germinate seeds on needle stadium 

were then moved to polybags. The planting medium was 

mixture of top soil and organic fertilizer with ratio 2:1. 

The size of polybag was 25 cm x 50 cm with medium 

weight 15 kg per polybag. NPK Fertilizer (16-16-16) 

with dose 2 gr per polybag was given to rubber seedlings 

at the first, second, and third month until the final time of 

the research with total fertilizer dose given was 5 gr per 

polybag. To cure corynespora disease found during 

research, the plants were treated by applying Dithane M-

45™ and for controlling weeds, they were treated by 

applying Noxone 397SL™. The tools used were grafting 

knife, digital vernier calipers, a ruler, water pump, and 

hand sprayer.  

Retardants such as Paclobutrazol and Cycocel were 

applied when the plants were 6 months old (the second 

phase of canopy leaves), and the apical shoot was in 

dormant condition. The treatment was given by spraying 

15 ml retardants per seedling on plant’s growth point. 

The spraying was performed four times with one week 

interval from 6 to 7 o’clock in the morning.  

The observed variables encompassed growth 

components such as initial shoot growth, shoot length, 

total leave area, stem circlet, bark thickness, shoot dry 

weight, and other variables related to grafting success 

such as the ease of bark ripping and stem bark 

carbohydrate content. This analysis was conducted by 

Phenol Sulphate method introduced by [20], and the 

sample used was stem bark around grafting window. The 

analysis was conducted at Basic and Integrated 

Laboratory Jambi University. 

3. RESULTS AND DISCUSSION

The result of statistical analysis of observation data is 

shown in Table 1. It is shown that application of 

paclobutrazol and cycocel with various concentrations 

has an effect on the parameter such as shoot’s initial 

growth, shoot’s length, and stem circle. However, the 

effect is considered low on the other parameters. 

3.1. Effect of retardant on intial shoot growth 

Application of paclobutrazol and cycocel to retard the 

emergence of apical shoot on rubber seedling’s rootstock 

is obviously effective. Table 2 shown that the treatment 

with highly concentrated retardant (1.500 ppm) 

effectively retards the apical shoot to grow, compared to 

the one with lower concentration. The same effect can be 

seen on the treatment with highly concentrated cycocel 

(3.000 ppm), but the retardation effect is stronger. It is 

shown by the difference in the emergence day of the 

apical shoot where the emergence after cycocel treatment 

is slighty lower from the paclobutrazol one (9 days and 

10 days respectively). 

 The retardation’s response above indicates that the 

application of paclobutrazol and cycocel can suppress the 

extension growth of meristem cell on the shoot. 

Explained that apical shoot meristem is the mass 

generated from cells that membelah at the edge of the 

shoot. A large portion of shoot extension is caused by 

extension of internodus cells under the edge the shoot [6]. 
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[7] claimed that the cell extended growth is stimulated by

gibberellin, a type of growth regulator substance,

therefore if this gibberellin biosynthesis is suppressed,

the apical shoot growth will stop.

It is estimated that the difference in the effect of 

paclobutrazol and cycocel on the emergence of shoot 

happened due to the retardation mechanism performed by 

these two retardants at different gibberellin biosynthesis 

step. Paclobutrazol retards, oxidation reaction between 

kauren and kaurenoat [16]; [7], while cycocel retards the 

formation of cyclist ring from geranylgeranyl pyrofosfat 

to ent-kauren. This explanation, it can be assumed that 

the earlier the gibberellin biosynthesis is retarded, the 

slower the shoot growth is.  

Research findings of [10]explained that reduced cell 

growth happened as a result of the application of 

paclobutrazol. Application of paclobutrazol on soil 

managed to suppress the shoot’s age extension of 

Eucalyptus globulusup to 50 – 60% and survive 2 – 3 

years after the treatment. 

Cycocel manages to retard division and elongation of 

cell which cause the decrease in vegetative growth. 

According to [5], the retardation of plant’s height due to 

the application of cycocel probably happened because the 

shortening of internode through division and a decline in 

the number of cell.  Explained that cycocel is inhibitor 

anti- gibberellin and dwarfing agents. He also claimed 

that spraying of cyocel to the plant will induce gibberellin 

deficiency and eventually reduce the growth through 

blocking and conversion from geranyl pyrophosphate ke 

copanyl pyrophosphate  which is the beginning of 

gibberellin synthesis [13].  

3.2. Effect of retardant on the shoot’s length. 

The shoot length observation result in Table 2 shows 

that the application of paclobutrazol and cycocel has a 

huge effect on apical shoot’s extension of rubber seedling 

rootstock. Data in Table 2 illustrates that the average 

length of rubber seedlings treated by the application of 

paclobutrazol and cycocel is lower than the ones not. The 

research finding shows that an increase in the 
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concentration of paclobutrazol and cycocel up to 1500 

and 3000 ppm respectively successfully reduce average 

length of rubber seedlings shoot at 24.16 and 22.11 % 

respectively compared to the ones not.  

This research finding proves the occurrence of 

retardation on plant’s vegetative growth. A research by 

[15] on clove explained that the average length of clove

plant apical shoot’s internode after the application of

paclobutrazol is lower than the ones without treatment.

When the paclobutrazol’s applied concentration is 25

ppm, the average seedling’s height is 5.08 cm, while

when it is increased to 100 ppm; the height is also lower,

at 1.41 cm.

[18] claimed that the application of paclobutrazol up

to 3000 mg per liter on barley plant successfully reduce 

the plant’ height. This statement is supported by a 

research by [2] on Zinnia plant which reported that the 

application of cycocel at 1.500 ppm plants with lower 

height compared to the controlled ones. 

3.3. Effect of retardant on stem ring and bark 

thickness 

It can be clearly seen on Table 2 that the application 

of paclobutrazol is also able to decline the number of 

stem rings effectively, but it does not work well on bark 

thickness. The increase in the concentration of 

paclobutrazol from 500 to 1.250 ppm lower the number 

of stem rings. On the concentration at 1.500 ppm, it is 

shown that the number of stem rings was on the lowest 

rate but it is not so much distinct from the concentrations 

at 1.250, 1.000, and 750 ppm. However, this result is not 

so much different from that of cycocel treatment, where 

the effect of same concentration treatments on cycocel is 

similar, but is different from the application of 

paclobutrazol at 1.250 and 1.500 ppm 

This fact that the the number of of stem rings 

decreases when the concentration of paclobutrazol and 

cycocel increases can be obviously seen from the 

research finding. The increase in the number of stem 

rings is affected by the cambium activity because 

cambium is a meristem tissue that has an important role 

in the increase of organ’s size. Cambium cell to divide 

due to stimulation by gibberellin. In the growing time, the 

inward cambium growth which is more active than the 

outward growth makes the stem’s bark thinner than the 

woods. 

Paclobutrazol dan cycocel contribute in suppressing 

gibberellin synthesis, so its content is decreasing. 

Because one of the functions of gibberellin is to stimulate 

pembelahan of cambium cells, so the decrease in 

gibberellin content will cause a decrease in the number of 

stem rings. [7] laimed that paclobutrazol not only retards 

shoot growth, but alsodecreases stem diameter growth 

and branches of woody plant. Cells extension on stem 

and leaves resulted from cambium is depending on 

gibberellin. Research by [4] found that application of 

paclobutrazol on soil can suppress the activity of 

cambium for four research seasons resulted in a decline 

in white and red oak’s cambium total growth at 80 % and 

60 % respectively. 

3.4. Effect of retardant on total leaves area and 

shoot dry weight 

Table 2 shows that the application of paclobutrazol 

and cycocel has little or no effect. However, data shows 

that the effect of treatment on both growth variables tends 

to show the same pattern, that the increase in the 

concentration of paclobutrazol and cycocelled to 

decreases in total leaves area and shoot dry weight. It is 

estimated that this relates to role of both retardants which 

can block gibberellin synthesis on terpenoid track, so the 

content decreases. 

[7] claimed that the retardation effect of paclobutrazol

on growth happens because it blocks gibberellin 

synthesis on terpenoid track : from entkaurene to ent-

kaurenol and from ent-kaurenol to ent-kaurenal. 

Although gibberellin is retarded, the cells keep dividing 

but not expanding. The result is the growth reduction, but 

with the same number of leaves. 

3.5. Effect of retardant on easily peeled bark, 

carbohydrate, and the success of grafting 

Observation result of easily peeled bark, carbohydrate 

content, and the success of grafting in Table 3 shows that 

the treatment of paclobutrazol and cycocel is not 

effective. However, data shows that increasing 

concentration of paclobutrazol and cycocel tends to lower 

carbohydrate content on the bark of rubber seedling’s 

rootstock. Based on this fact, it is estimated that 

gibberellin biosynthesis retardation by paclobutrazol and 

cycocel is still safe because it does not have adverse 

effects on such variables. 

3.6. Effect of dormant apical shoot on easily 

peeled bark and the success of grafting 

Dormant condition is the inability to begin the 

growth of meristem under an advantageous condition. 

This inability, whether it is by cell extension or cell 

division, could happen due to the small number of 

organ or even the absence of organ [14].  

Bud dormancy is a meristem buds that still has the 

ability to grow, but the process is slow growth. It is 

started with the leaves growth. Leaves which is 

supposed to grow well will be reduced to reduce into a 
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kind of scales will cover tip of the shoot during dormant 

condition. 

 At the stage of scales formation, the cells which 

need energy obtained from food deposit will also 

reunite. This leads to the decrease in the energy and 

transportation of food deposit to another organ as sink 

such as stem. [9] explained that the division of 

assimilation product is generally transferred to the 

closest sink from source. Based on the explanation 

above, when the shoot is maintained, the limited food 

supply will reduce the supply to other part of the plant 

including the stem. This certainly will have an effect on 

the success of grafting. 

4. CONCLUSION

Application of retardant can reduce dormant period 

of apical shoot without interfering with growth process 

of rubber seedling rootstock. The retardation of shoot 

growth reduces carbohydrate content in the skin of stem 

but it still can be easily peeled.  The success of 

occulation still runs well because the ease in peeling 

rootstock’s skin. Up to 1.000 ppm dose of 

paclobutrazol as a retardant can be utilized as one of 

ways to slow shoot’s dormant duration with relatively 

small interference with plant growth. 
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