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Abstract
Background and Objective: The scion and rootstock compatibilities of rubber plants affect their yield potential by ±40% due to the low
nutritional intake needed by plants to produce latex. This research was related to the effect of compatibility on IRR 400 series scion and
GT1 rootstock. Materials and Methods: The rubber stadia were carried out on two whorls of polybag plants from March to June, 2020,
in the greenhouse of the Sungei Putih Research Centre, Indonesia Rubber Research Institute. The  research  was  arranged  based  on a
non-factorial randomised block design. The factors of treatment involved five types of IRR 400 series clones (IRR 425, IRR 428, IRR 429, IRR
434 and IRR 440) and GT1 seeds as rootstock. Each treatment was repeated five times and each replication consisted of five samples. The
characteristics observed were shoot height (cm), shoot diameter (mm), shoot angle (o), number of petioles, length of the petiole (cm),
whorl distance (cm) and P-total (mg LG1). Data such as correlations and heritability of the characters observed were analysed using
Microsoft Office 2010 and MINITAB-16. Results: The characters with the greatest correlation (r>0.8) were shoot height vs. shoot angle,
shoot height vs. petiole number, shoot height vs. whorl distance and petiole number vs. whorl distance. The heritability values (h2>0.5)
were shoot height, petiole length and whorl distance. Conclusion: The factors that can be used as predictors at the beginning of growth
to assess compatibility are shoot height, petiole length and whorl distance.
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INTRODUCTION

The propagation of a rubber tree (Hevea brasiliensis
Muell. Arg) is usually done through the seeds or vegetative
parts. During the early years of rubber crops, only through
seeds were propagated method instead, but after 1917,
vegetative  propagation  via budding became very common.
At present, seeds are mainly used for the production of
rootstocks1.

In the  Hevea   budding  technique, the terms rootstock
and  scion  (entries)  are  quite commonly known. The
rootstock    used   must  have  vigorous  roots  so  it  can
support plant growth, while the scion must come from
superior clones that produce high latex yields2. The
preparation of  rootstocks  is  a  separate  activity   performed
to obtain planting material with good roots and nutrient
absorption.  To  achieve  this  condition,  rootstock nurseries
that  meet  the technical requirements are needed,
considering the seedling soil preparation, seed planting,
germination,  sprouting  and  efforts  to  maintain  plants  in
the nursery3. Scion is recommended,  but  commercial clones
of known  potential  latex  yields  from  hybridisation  or
natural selection results that are diversified are also
acceptable.

The  success  of propagation via this budding technique
is  highly  dependent on   the   suitability   and  compatibility
of the scion and   rootstock, growth conditions of the
rootstock during budding, implementation time and
environmental  conditions4.  The  scion  compatibility affects
the growth rate and length of the rubber shoot. Good
compatibility between rootstock and scion will support the
transport of  nutrients  and  minerals;  in other words, the use
of several clones in this study was to study the differences in
shoot length5. According to which the compatibility of
rootstocks with the scion strongly supports the development
of shoots6. 

The compatibility of GT1 (Gondang Tapen) rubber
rootstocks with the scion of the IRR (Indonesia Rubber
Research) 400 clone series and the percentage of grafted
plants, growth characteristics and total phosphorus content
have rarely have been studied. Therefore, the present study
aimed to analyse the compatibility of GT1 rubber rootstocks
with the scion of the IRR 400 clone series via budding
techniques, research and assessment of the percentage of
grafted plants, growth characteristics and total phosphorus
content.

MATERIALS AND METHODS

Study area: The research was conducted for four months,
namely from April to July, 2020. The area of the research was
the green house of Experimental Garden Sungei Putih
Research Center, Rubber Research Institute, North Sumatra,
Indonesia at an altitude of 80 m above sea level. 

Planting materials and tools: Five clones of the IRR 400 series
constituted the planting material for the scion used, namely
IRR 425, IRR 428, IRR 429,  IRR  434  and IRR 440. GT1 seeds
were used as  the  planting material for the rootstock. The
tools and chemical  materials  used  were  18×25 cm
polybags, podsolic soil, sand, fertiliser NPK 16-16-16, dithane
M-45, H2SO4, HNO3, vanadate  molybdate,  distilled water, a
UV-Vis spectrophotometer, a hot plate, a cloth meter, callipers,
bows, hoes, soil sieves, buckets and a knapsack.

Plant materials preparation: The budwood garden (entries)
of the IRR  400  series  clones  was  planted  at  a  distance  of
1×1 m, located in block 2 of the Sungei Putih Experimental
Garden, Rubber Research Institute. The budwood garden was
used as a source for the scion, which was to be attached to the
rootstock to prepare superior rubber planting material. The IRR
400 clone budwood garden was aged seven years, with both
the branch age and rootstock age being eight months.

GT1 seeds were planted for rootstocks  which were
initially sown in the sand until they reached the fishing stage
(about 21 days), then transferred to black polybags measuring
18×25 cm and maintained for eight months for brown
budding. The rootstock seedlings were watered every day. Any
weeds growing in the polybags were controlled manually and
weeds in the area around the polybag were sprayed using a
systemic herbicide with active ingredient glyphosate at a
concentration of 0.2%. Rootstock and scion with stem
diameters of >0.6 mm were budded.

Budding: Successful budding is indicated by the rootstock
making the budding window, which involves cutting the
scion, placing the shield and wrapping the budding. When
performing budding, the stems are initially cleaned with a
cloth and then incised with a sharp budding knife at a
maximum width of 1/3 of the girth of the stem and length of
7.5 cm to form a window. Budding wood (entries) must be
cleaned before the scion is cut. The scion containing the buds
is  taken  from the budding wood by cutting it smaller than the
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Table 1: Analysis model of clones and some budded characters
Variance sources Degree of freedom Mean square Expected mean square
Clones a-1 M1 *2e+*2a
Characters/clones b-1 M2 *2e
Total a+b

size  of  the budding window. What needs to be considered is
that the age of the tissue as a source of budding eyes is almost
the same as the rootstock seedlings’ age. When placing the
shield, the tip of the window was opened and the prepared
shield was carefully inserted to avoid friction with the
cambium. The shutters were opened from above and cut to a
height of 1.5-2 cm, then clipped to the shield and wrapped
from the bottom to the top in a transparent plastic of length
40 cm, width 2-2.5 cm and thickness 0.08-0.09 mm. The
success of budding was evidenced by the shield remaining
fresh/green after removing the plastic budding, which was
done 21 days after the budding process. One week after
removing the budding plastic, re-examination was carried out
to determine the definitive percentage. The rootstock, at a
height of 10-15 cm from the grafting junction was cut using an
oblique saw at an angle of 45E in the direction opposite to the
budding eye.

Characters:  The  observed   characteristics   were  shoot
height (cm), diameter shoots (mm), shoot angle (E), number of
petioles, length of the petiole (cm), whorl distance (cm) and
total phosphorus content (P-total) (mg LG1). The diameters of
the shoots were measured at a height of 5 cm above the
ground using a digital calliper. Shoot height was measured
using a cloth meter from the ground to the top growing point.
The shoot angle (E) was measured using a bow. The number
of petioles was calculated by labelling each petiole and then
measuring the length using a plastic ruler, starting from the
base of the petiole to the tip of the leaf blade. The whorl
distance (cm) was measured using a cloth meter from the top
of the first whorl to the base of the second whorl. P-total was
measured7 and the sample weight was as much as 0.5 g.
Subsequently, an ashing process was carried out with the
addition of concentrated H2SO4 and concentrated HNO3, after
which it was heated on a hot plate. Specifically, 2.5 mL of
concentrated H2SO4 was added to the sample so that it turned
black like ash and then concentrated HNO3 was gradually
added until the smoke from the sample was no longer black.
After the ashing process was complete, 50 mL of distilled
water was added to the sample and then shaken. Following
this, it was filtered and stored in a container and then 2.5 mL
of vanadate molybdate was added to the container, producing
a yellow colour. After this, the phosphorus levels were
determined using a UV-Vis spectrophotometer at a maximum
wavelength of 400 nm.

Data analysis: A correlation analysis was performed with the
mentioned plant components (shoot height, shoot diameter,
shoot angle, petiole number, petiole length, whorl distance
and P-total). The software used for various analysis and
discriminant analysis  were  Microsoft  Excel  2010 and
Minitab-16. The study was arranged using a non-factorial
randomised block design with some type of scion clone, for
five replications. When testing the variance obtained via
significantly different treatments, the Tukey test was
employed. Analysis of variance for some characters observed
was done by Gunter8, as shown in Table 1. Based on the
variance in Table 1, the genotype variation (*2g) and
phenotype variation (*2p) were formulated as follows:

2 M1Genotype variation ( g): 
df-1



2 M2Environment variation ( e): 
df-1



Phenotype variation (δ2p): δ2g+δ2e

The heritability criteria were used by Priyadarshan et al.9,
where  high  heritability  value  was  h2>0.50,  moderate  was
h2 = 0.20-0.50 and low was h2<0.20.

RESULTS AND DISCUSSION

Shoot height (cm): The mean shoot height of the IRR 400
series clones was tested at 67.32 cm, with the lowest shoot
height being 49.14 cm and the highest 88.73 cm. The height
of the tested clones also had a good homogeneity value, as
indicated by the coefficient of variation of 13.83%. The results
of the analysis of shoot height characters showed a significant
difference between the IRR 400 series clones that were
budded. The highest shoot height was visible in the IRR 434
clone (79.62 cm), followed by the clones of IRR 429 (72.51 cm),
IRR 440 (65.19 cm), IRR 428 (64.19 cm) and IRR 425 (55.10 cm)
shown in Fig.  1.  This  indicated  that  shoot height can be
used as a characteristic to determine whether a scion clone is
compatible with the rootstock. Vegetative multiplication
through budding is a practice accepted for planting material
in Hevea production2. Vegetative propagation has an
important role where it is necessary or desirable to reproduce
trees  true  to type. The growth and development indicators of
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Fig. 1: Pattern of shoot height (cm) of IRR 400 series clones budded with GT1 seedlings 
Data are represented Mean±SD. abcSame letter is not significantly different for each other (p<0.05) using the Tukey test

the seedlings of the six cocoa genotypes employed as a
rootstock in a study reflected genotypic variations10.
Additionally, plant height, girth and the number of leaves are
essential for assessing plant vigour-related characteristics10.
Vegetative propagation is used to obtain an exact copy of the
mother plant genome11. The choice of rootstock for vegetative
propagation, in most horticultural crops, is dependent on the
vigour, precocity, yield and yield efficiency of stock and scion,
among other factors12. The system of vegetative propagation
is a means of capturing the additive genetic gain13, where
yield and vigour and are highly correlated14,15. Thus, the failure
of the system root in meeting the evapotranspiration request
of the shoot is an issue16. Rubber tree roots indicate a slope for
potential growth. Taproots (primary) have unlimited fast
growth and solid ramifications, unlike tertiary roots (third
sequence) which have slow and short growth with few
branches and secondary roots (second sequence) being split
between many intermediate cases, depending on location and
inception date17. The pattern of shoot height of the IRR 400
series clones can be seen in Fig. 1.

Shoot diameter (mm): The mean shoot diameter of the IRR
400 series clones was 7.92 mm, with the lowest shoot height
at 6.28 mm and the highest at 8.90 mm. The shoot diameter of
the clones also had a good homogeneity value, as indicated
by the coefficient of variation value (6.17%). The analysis
results of shoot diameter characters showed no significant
difference between the IRR 400 series clones that were
grafted. The largest shoot diameter was seen in the clone IRR
440 (8.38 mm), followed by the clones of IRR 428 (8.03 cm), IRR
434 (7.95 mm), IRR 429 (7.87 mm) and IRR 425 (7.39 mm). The
intimate contact of cambial tissues at the union point favours

the development of functional connectivity within the xylem
and phloem tissues18. Physiologically, however, the process of
cell recognition, callus formation, as well as vascular and
parenchyma tissue differentiation are critical processes in bud
development19. The diameter shoot patterns of the 400 series
IRR clones can be seen in Fig. 2.

Shoot angle (E): The mean shoot angle of the tested IRR 400
series was 47E, with the smallest angle being 38E and the
largest 58E. The angle of the growing shoots showed a small
variation, namely 11.88%. This is indicative of considerable
variation in the various shoot angles. The results of the analysis
of shoot angles showed significant differences among the IRR
400 series clones that were grafted. The biggest shoot angle
was seen in clone IRR 440 (52E), followed by the clones of IRR
425 (51E), IRR 428 (47E), IRR 429 (43E) and IRR 434 (44E). The
analysis results  (significantly  different)  of shoot angle
showed that this characteristic can be used as a marker of
compatibility  between a scion and rootstock via budding. The
rootstock-scion angle is highly related to the developmental
stages and genetic relationship of scions, indicating that the
smaller the angle, the better the affinity20. There was no
regular pattern in budding success-there were a few
successful buds and one or two unsuccessful ones. Also, there
was a particular percentage of buds that were dormant. The
growing time also did not show any correlation with bud
position21. The pattern of shoot angle of the IRR 400 series can
be seen in Fig. 3.

Petiole number: The mean petiole number for the first and
second whorls  was  found  to  be 11. The minimum number
of  petioles  was  9  and  the  maximum was 12. The number of
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Fig. 2: Pattern of diameter shoots (mm) of IRR 400 series clones budded with GT1 seedlings 
Data are represented as Mean±SD. aSame letter is not significantly different for each other (p<0.05) using the Tukey test

Fig. 3: Pattern of shoots angle (E) of IRR 400 series clones budded with GT1 seedlings 
Data are represented as Mean±SD. abSame letter is not significantly different for each other (p<0.05) using the Tukey test

petioles between the two whorls calculated was quite
significant with a coefficient of variation of 7.13%. The results
of the analysis on the number of petioles showed no
significant difference between the IRR 400 series clones that
were budded. Three clones had 11 petioles: IRR 429, IRR 434
and  IRR  440.  Two  other clones,  IRR  425  and  IRR  428  had
10 petioles each. In the phloem vessel network, unfavourable
environmental conditions (temperature and/or humidity) and
the incapacity to fuse the vessel network of the two
connectors have been identified as issues. Compatibility
between rootstock and scion, being the right size and
accurate splicing can trigger the unification of the network
between the two parts of the plant. A successful tissue fusion
can lead to the expression of certain genes; prevent the
accumulation of phenolic compounds and a phytohormone
balance, until the post-grafting tissue unification becomes

perfect. The perfect grid integration would support the
translocation of hormones, nutrients and carbohydrates,
which further lead to normal plant growth22. The pattern of
petioles  in  the  clones of the IRR 400 series can be  seen  in
Fig. 4.

Petiole length (cm): The mean petiole length of the tested IRR
400 series clones was 9.0 cm, with the shortest petiole length
being 6.2 cm and the longest being 12.7 cm. The variation in
petiole  length  was  large  at 16.3%; when viewed visually,
each petiole of the analysed clones had a different size from
the base of the whorl to the tip. The results of the petiole
length (cm) analysis showed significant differences among the
IRR 400 series clones that were budded. The longest petiole
length was found in clones of IRR 434 (9.9 cm), followed by
clones  of  IRR  428  (9.8  cm),  IRR 440 (9.4 cm), IRR 425 (8.1 cm)
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Fig. 4: Pattern of petiole number of IRR 400 series clones budded with GT1 seedlings
Data are represented as Mean±SD. aSame letter is not significantly different for each other (p<0.05) using the Tukey test

Fig. 5: Pattern of petiole length (cm) of IRR 400 series clones budded with GT1 seedlings 
Data are represented as Mean±SD. abSame letter is not significantly different for each other (p<0.05) using the Tukey test

and IRR 429 (7.9 cm). It is suspected that the observed
differences between clones can be used to determine whether
a scion clone can be budded with the rootstock of the rubber
plant. The pattern of petiole length (cm) of the IRR 400 series
clones can be seen in Fig. 5.

Whorl distance (cm): The mean whorl distance of the IRR 400
series clones was 22.2 cm, with the shortest distance being
13.0 cm and the longest 28.8 cm. The whorl distance of the
clones showed a large coefficient of variation (19.6%); each
clone showed a big difference. Further, the results of the whorl
distance analysis revealed significant differences among the
IRR 400 series clones that were budded. The longest distance
between the whorls was 25.5 cm  in  IRR  429,  followed  by
23.9 cm in IRR 434, 23.9 cm in IRR 440, 21.4 cm in IRR 428 and
16.1 cm in IRR 425. This characteristic can, therefore, be used

as a determinant of whether a scion clone is  compatible with
the rootstock  via  the  budding  technique.  The whorl
distance pattern for the IRR 400 series clones can be seen in
Fig. 6. 

P-total (mg LG1): The mean P-total of the IRR 400 series clones
was 0.21 mg LG1. The lowest  P-total was 0.19 mg LG1 and the
highest was 0.23 mg LG1. The variation in the total P-total of
the clones was homogeneous and the coefficient of variation
was 5.8%. The results of the P-total analysis showed no
significant differences among the IRR 400 series clones that
were budded. The IRR 428 clone (0.217 mg LG1) had the
highest P-total, followed by IRR 429 (0.215 mg LG1), IRR 425
(0.205   mg   LG1),   IRR  440  (0.204  mg  LG1)  and  IRR  434
(0.196 mg LG1). The pattern of P-total content (mg LG1) of the
IRR 400 series clones can be seen in Fig. 7.
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Fig. 6: Pattern of whorl distance (cm) of IRR 400 series clones budded with GT1 seedlings
Data are represented as Mean±SD. abSame letter is not significantly different for each other (p<0.05) using the Tukey test

Fig. 7: Pattern of P-total (mg LG1) of IRR 400 series clones budded with GT1 seedlings 
Data are represented as Mean±SD. aSame letter is not significantly different for each other (p<0.05) using the Tukey test

Correlation among characters: Based on the correlation
analysis of several characteristics, it was found that several had
a close relationship with the value of r >0.5, namely the shoot
height and shoot angle (r = 0.83), shoot height and petiole
number (r = 0.91), shoot height and whorl distance (r = 082),
diameter shoot and petiole number (r = 0.62), diameter shoot
and whorl distance (r = 0.73), shoot angle and petiole number
(r = 0.58), shoot angle and whorl distance (r = 0.62) and
petiole number and whorl distance (r = 0.80). These
characteristics exhibited a relationship that fulfilled the
requirements for a correlation, thereby ensuring that they can
be used as a differentiator between one scion and another.
The correlation between the several characteristics observed
from the budding values of the IRR 400 series clones and GT1
seedlings can be seen in Table 2. The interactions of

compatibility between rootstock and scion are important.
There is rootstock/scion compatibility when a given
combination can form a solid and durable bud union.
Compatibility  is  complicated  to predict, but there is a general
approval that a degree of taxonomic linkage should exist for
a special stock/scion combination to be compatible. The
greater is the taxonomic distance between scion and stock,
the lower the opportunity of forming a successful bud union.
This means that the theoretical success of bud-particular
union combinations are intraclonal>interclonal>intraspecific
>interspecific>intrageneric>intergeneric>intrafamilial, in that
order23. The compatibility is specific, wherein a particular
rootstock is generally not compatible with all commercial
varieties of species. Compatibility can be considered a
confession  system   in   which   molecules,   regardless   of   the
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Table 2: Correlation between of some characteristics observed of the IRR 400 series clones by budded with GT1 seedlings
Characters Shoot height Diameter shoot Shoot angle Petiole number Petiole length Whorl distance P-total
Shoot height (cm) 1
Diameter shoot (mm) 0.41 1.00
Shoot angle (E) -0.83 -0.01 1.00
Petiole number 0.91 0.48 -0.58 1.00
Petiole length (cm) 0.37 0.62 -0.04 0.28 1.00
Whorl distance (cm) 0.82 0.73 -0.62 0.80 0.25 1.00
P-total (mg LG1) -0.26 0.01 -0.15 -0.49 -0.30 0.08 1.00

plasmalemma, merge to form a complex via catalytic activities,
which then initiates a developmental continuity resulting in
successful budding. Incompatibility studies conducted
between scion and rootstock have sometimes shown needy
vascular connection, vascular interdiction and phloem
devolution, which can be identified early on or weeks after
bud formation24,25. That is because; the water and nutrient
unbalance prevents sign development of cell at the bud
region, resulting in incompatibility26. The differentiation is
interrupted due to a lack of vascular connections and
incompatibility is observed a year after the budding is
performed, producing differences in growth and requiring the
solving of the connectivity of the host and point of bud26. In
specific conditions, incompatibility may be early detected, as
was the matter in apricot budding, in which the hoarding of
phenolic compounds was indicatory of incompatibility
through the first week after budding27.
The physiological potential in CRINTc1 and CRINTc2. For

patch budding, the two hybrids showed very high
compatibility efficiency with eight weeks old F3 Amazon
rootstock. Generation of clones from these elite genetic
materials (hybrids) (i.e., CRIN Tc1, CRIN Tc2 and CRIN Tc3) may
be challenging due to the different proportion of success.
Improved cloning through top grafting can be enhanced by
choosing a specific rootstock clone with the best compatible
support; for instance, T101/15 mostly supported the
regeneration of CRIN Tc3. Therefore, for top budding, specific
stock and scion genotypes with high compatibility efficiency
must be identified28. Dadzie et al.29 and Waite et al.19 asserted
this through their Kola (Cola nitida) and Cacao vegetative
propagations, respectively. Some authors30,31 have attributed
stock-scion interaction, compatibility and phytohormone roles
to the success of budding. Rootstock heterogeneity in the
grafting system of Hevea brasiliensis can cause interactions
between rootstock and scion, giving rise to different levels of
diversity responses between individual scions of the same
clone. Based on cluster fingerprint and UPGMA of merging
SDS-PAGE analysis data for protein and isoenzymes, the scions
of the clone are indicative of the same, which are grafted on
various stems under different, generally within the same
subgroup. However, the level of genetic similarities varies,

indicating a difference in the influence of rootstock against the
same scion32. The scion union should intimately unify and
prepare an active system for the uptake and translocation of
minerals, water, assimilates and hormones throughout the
entire lifespan of the plant31,33,34. In contrast, graft
incompatibility leads to unhygienic trees, grafting breakage,
premature death or failure of the graft combination as well as
incapability to form a strong and lengthy functional union35.
Two types of incompatibility that have been identified are the
so-called translocated and localised graft incompatibilities36,37.
Graft incompatibility is a problem in Hevea, plum, cherry,
apricot, almond and peach. In general, cultivars are closely
related and species lean to be compatible, but taxonomically
distant plants often reel from incompatibility23. The selection
of species is vital in plant budding because of budding failure
due to incompatibility between the rootstock and the scion,
absence of development of normal tissue in the bud and not
completely lignified vascular vessels. This interferes with the
vascular and cambial continuity with physical effect problems
at the concourse. 

Heritability values: The heritability values obtained in this
study can help determine the influence of genetic or
environmental factors. If genetic factors have a dominant
influence, the observed characteristics can be used to
determine whether a scion clone can be budded to the
rootstock. If environmental factors are more dominant in
influencing the observed characteristic, then it cannot be used
as a marker for the level of compatibility because it will change
depending on the environmental conditions. Based on this
heritability value, there are three characteristics that are
important (h2>0.5): shoot height  (h2  =  0.72),  petiole  length
(h2 = 0.51) and whorl distance (h2 = 0.58). High heritability
provides the prospect of high selection progress while
breeding  for improved budding38. Vegetative reproduction is
commonly associated with the perennial life form, longevity
and in habitats where sexual recruitment is often restricted.
The many vantages of vegetative propagation are increasingly
becoming  recognised,  one  of  which is that clonal growth
can also affect sexual reproduction in ways that may be
detrimental  to  fitness.  Three  particular  influences  that  have
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Table 3: Heritability value of some characters of IRR 400 series clone by budded with GT1 seedling
Variance components
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Characters Genotype variance (*2g) Environment variance (*2e) Phenotype variance (*2p) Heritability (h2)
Shoot height (cm) 79.28 31.00 110.28 0.72
Diameter shoot (mm) 0.07 0.30 0.36 0.19
Shoot angle (E) 14.80 15.30 30.10 0.49
Petiole number 0.07 0.50 0.57 0.13
Petiole length (cm) 0.77 0.74 1.50 0.51
Whorl distance (cm) 12.07 8.79 20.86 0.58
P-total (mg LG1) 0.000018 0.00013 0.00015 0.12

been identified39 are as follows: First, the rapid expansion of
clones may limit allocation to flowering and seed production
if there are strong trade-offs between investment in
vegetative and sexual reproduction40. Second, vegetative
reproduction has the potential to disturb pollination and
hybridisation, resulting in subtraction of the quantity and
quality of heredity. This can happen when clonal dispersal
disturbs the sexual systems’ functioning, leading to the
absence of group mating for outcrossing, or where clones
experience cost of fitness (inbreeding depression and pollen
discounting) connected to geitonogamy (between flower) and
self-pollination, because of large floral displays39,41,42. Finally, in
highly clonal populations in which sexual reproduction is
limited, there is growing proof that the collection of somatic
mutations may result in subtraction infertility, potentially
leading to the loss of sex43. The heritability value of each
characteristic observed is outlined in Table 3.

CONCLUSION

The compatibility level of IRR 400 series rubber clones
from the observed agronomic characteristics showed three
distinguishing characteristics that can be used as early
indicators in vegetative propagation by budding: shoot
height, petiole length and whorl distance. The assessment of
these characteristics was reinforced by a correlation value of
>0.8 and a heritability value of >0.5. 

SIGNIFICANCE STATEMENT

This study found that there were growth characters that
can be assessed early to find out any incompatibilities in IRR
400 rubber clones which could be useful for rubber plant
researchers. This finding is expected to help researchers to
uncover the critical areas of incompatibility between the scion
and rootstock of rubber plants propagated by budding
techniques. Thus the new theory of incompatibility can help
early assess the character of growth, namely shoot height,
petiole length and whorl distance.
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