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Abstract— This study aimed to evaluate the effects of Hevea nitida as an interstock on Hevea brasiliensis. E Wnﬂ%im
The H. nitida interstock was set at 10 and 30 cm (H. nitida-10 and H. nitida-30). Growth indices, leaf :!-'ii";g.-f"::"‘-‘i ey
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stomatal traits, mineral element contents, carbohydrate contents, and rubber particle size were measured. 3z,
The H. nitida interstock significantly reduced plant height and scion diameter, and the inhibitory effect %
increased with interstock length. H. nitida-10 showed larger scion and interstock diameters than H. nitida-

30. The H. nitida interstock did not affect scion stomatal size or density. The interstock did not affect N or P
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contents, but reduced Ca and Mg contents. Soluble sugar and starch contents were significantly higher in H.

nitida-10 and H. nitida-30 than in CK, but did not differ between the two interstock lengths. The average

rubber particle size of H. nitida was smaller than that of H. brasiliensis, but H. nitida interstock did not affect

rubber particle size in the scion. These results indicate that H. nitida interstock causes dwarfing and alters

mineral and carbohydrate status in the scion, with effects dependent on interstock length, but does not affect

leaf stomatal traits or rubber particle size.
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I. INTRODUCTION
The interstock is a segment of a tree trunk grafted between
the rootstock and the scion. Interstocks were initially
studied as a means to overcome interspecific
incompatibility between rootstocks and scions (Rogers et al,
2003). For instance, ‘Hongmian miyou’ is incompatible
with trifoliate orange rootstocks such as Poncirus trifoliata,
therefore, an interstock of ‘Guanxi miyou’ (compatible with
Poncirus trifoliata) was commonly used between the scion
(‘Hongmian miyou’) and the rootstock (Poncirus trifoliata)
(He et al, 2018). Heretofore, interstocks have been used in

persimmon (Shen et al, 2019), lemon (Gil-Izquierdo et al,
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2004), apple (Seleznyova et al,2008), and other fruit trees
to regulate tree size (Calderén et al, 2021), improve fruit
yield and quality, and delay tree aging (Gil-Izquierdo et al,
2004). The rational use of a combination of citrus rootstocks
and interstocks can enhance disease resistance (Shokrollah
etal, 2011, Elias-Roman et al 2019), promote tree dwarfing
(Seleznyova et al, 2008), and improve citrus fruit quality
(Almgqvist et al, 2013, Rebolledo-Martinez et al, 2019).
Rubber trees (Hevea brasiliensis), which produce
natural rubber, are important economic crops in tropical
regions. Cultivated rubber trees are propagated by grafting

high-yielding clones onto seedling rootstocks. Studies have
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shown that both rootstocks and interstocks can affect the
growth of rubber tree scions (Yao et al., 2017; Bastiah
Ahmad et al., 1996). Leong and Yoon (1978) reported that
interstocks with reduced growth potential, such as H.
spruceana, could substantially reduce scion growth. Rubber
trees planted in Hainan Province are frequently damaged by
typhoons. Reducing tree height is an effective means of
mitigating typhoon damage. H. nidita, which is small to
medium in size, dwarfed the tree when used as a crown
scion in a three-part tree (Lin et al., 1995). However, the
effect of H. nidita as an interstock on rubber tree growth
remains unknown. In the present study, H. nidita was used
as an interstock, and its effect on tree growth and

physiology was investigated.

IL MATERIALS AND METHODS
Experimental materials
H. nitida was grafted onto H. brasiliensis seedlings, and
then the H. brasiliensis clone CATAS 73397 was grafted
onto H. nitida as the scion. The H. nitida interstock was set
to lengths of 10 and 30 cm (plants designated as H. nitida-
10 and H. nitida-30, respectively). For the control
treatments, both the interstock and the scion were the clone
CATAS 73397, and the interstock length was also set to 10
and 30 cm (designated as CK-10 and CK-30, respectively).
In addition, H. nitida grafted onto H. brasiliensis rootstock
was prepared and used as a control.
Measurement of plant growth index
The diameter of the scion stem was measured at 20 cm
above the graft union between the scion and the interstock
every two months after planting. The diameter of the
interstock was also measured at its midpoint at 12 and 24
months after planting.
Leaf stomatal analysis
A thin layer of epidermis from the lower surface was peeled
off and stained with I,-KI on a slide. Stomatal images
were captured using a light microscope equipped with a
digital camera (Leica, DFC550). Stomatal length, width,
and density were measured using the free software ImageJ
1.5.
Determination of physiological parameters
Leaves from H. nitida-10 and H. nitida-30 were collected
separately, while leaves from CK-10 and CK-30 were

mixed to form one treatment, designated CK. The collected
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leaves were immediately oven-dried at 110 °C for 30 min
and then dried at 60 °C for 24 h. The dried leaf samples were
ground into powder and then used for the determination of
mineral elements and carbohydrates. Total nitrogen content
was determined by Nessler's colorimetric method, total
phosphorus content by the molybdenum—antimony—
ascorbic acid colorimetric method, and the contents of
potassium (K) and calcium (Ca) by flame atomic absorption
spectrometry (Bao, 2000). Soluble sugar content was
determined by the anthrone—sulfuric acid method. Starch
content was determined by polarimetry.

Rubber particle size analysis

Latex from the primary laticifers was collected from scion
leaves of H. nitida-30, CATAS 73397 (CK), and H. nitida,
and transferred into a tube containing ice-cold buffer (10
mM Tris-HCI, 100 mM sucrose, pH 7.5). The particle size
of the rubber particles was determined using an LA-960
laser scattering particle size distribution analyzer according

to the manufacturer's instructions.

IIIL. RESULTS

Effect of H.nitida interstock on the plant growth
The effect of the H. nitida interstock on plant height is
shown in Table 1. The H. nitida interstock resulted in
shorter plants. The inhibitory effect of the H. nitida
interstock on plant height became more evident with age, as
illustrated in Figure 1. Scion diameter was also affected by
the H. nitida interstock. The inhibitory effect on scion
diameter was similar to that observed for plant height. The
H. nitida interstock reduced scion diameter growth, and this
reduction was more pronounced during the rainy seasons
(July to December, 8 to 14 months after planting; Figure 1).

The effect of the H. nitida interstock on scion growth was
associated with interstock length, as illustrated in Figures 1
and 2. Plant height and scion diameter in H. nitida-30 were
lower and smaller, respectively, than those in H. nitida-10,
indicating that the longer the H. mitida interstock, the
stronger the inhibitory effect on plant growth.
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Fig.2 Effect of interstock on scion diameter

H. nitida exhibited a lower diameter growth rate than
H. brasiliensis (0.68 vs. 1.05 mm/month; clone CATAS
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73397). Therefore, when used as an interstock, H. nitida
had a smaller diameter than CK-10 and CK-30 (Figure 3).
The scion and interstock diameters of CK-10 were
comparable to those of CK-30; however, the scion and
interstock diameters of H. nitida-10 were larger than those
of H. nitida-30. This indicated that the scion also affected
interstock growth; the more vigorous scion growth in

H. nitida-10 therefore resulted in a larger interstock

diameter.
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Fig.3 Effect of interstock on the interstock diameter

Effect of H.nitida interstock on leaf stomata

Leaf stomata are related to water utilization and further
affect plant growth. The stomatal characteristics of
H. nitida differ from those of H. brasiliensis (CK, viz.
CATAS 73397). Stomatal density did not differ between
H. nitida and H. brasiliensis (CK, viz. CATAS 73397) (514
vs. 499/mm?). Stomatal length and width of H. nitida were
16.42 and 11.52 pm, respectively, significantly different
from those of CK (24.51 and 15.58 pum, respectively).
Stomatal length and width of H. nitida-30 and H. nitida-10
were similar to those of CK-10 and CK-30.
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Effect of H.nitida interstock on leaf mineral element
content

The leaves were analyzed for mineral element content. The
H. nitida interstock did not affect the macronutrients N and
P (Figure 4). The macronutrient K content of H. nitida-30
was comparable to that of H. nitida-10 but significantly
lower than that of CK. The H. nitida interstock significantly
reduced Ca and Mg contents in H. nitida-30 and H. nitida-
10. The length of the H. nitida interstock did not affect Ca
and Mg contents.

Effect of H.nitida interstock on carbohydrate content
Soluble sugar content in H. nitida-30 and H. nitida-10 was
significantly higher than that in CK (Figure 5). Starch
content in H.nitida-30 and H. nitida-10 was also
significantly higher than that in CK. However, the length of
the H. nitida interstock did not affect the contents of soluble
sugar and starch, as both were comparable between
H. nitida-30 and H. nitida-10.

Effect of H.nitida interstock on rubber particle size

The average rubber particle size of H. nitida from primary
laticifers was smaller than that of H. brasiliensis (clone
CATAS 73397; 0.32 vs. 0.35 um). The average rubber
particle size of H. nitida-30 was similar to that of CK (0.35
pum). The particle size frequency curves of H. nitida, CK,
and H. nitida-30 illustrated in Figure 6 showed the
difference between H. nitida and H. brasiliensis (CK), and
the similarity between CK and H. nitida-30. Therefore, the

H. nitida interstock did not affect rubber particle size in the

scion.
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Fig.4 Effect of interstock on mineral element content
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Iv. DISCUSSION

Using low-vigor species as interstocks can suppress scion
growth. Low-vigor Hevea species, such as H. spruceana
and dwarf H. brasiliensis varieties, have also been shown to
inhibit growth when used as interstocks (Leong and Yoon,
1978; Bastiah Ahmad et al., 1996). In this study, H. nitida
exhibited low growth vigor and consequently reduced scion
growth. H. nitida not only shortened the height of the
composite plant but also retarded scion stem growth.
Together with earlier findings (Leong and Yoon, 1978;
Bastiah Ahmad et al., 1996), these results suggest that low-
vigor Hevea species share similar characteristics when used
as interstocks. By reducing plant height, H. nitida interstock
has the potential to enhance typhoon resistance.

The dwarfing effect of interstock length is commonly
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observed across different tree species: the longer the
interstock, the shorter the plant height (Jiang et al., 2010).
In this study, a longer H. nitida interstock produced a
stronger dwarfing effect, which is consistent with the
findings of Leong and Yoon (1978) for H. spruceana
interstock. For H. nitida interstock, the stem growth rate
was expected to be similar between H. nitida-30 and H.
nitida-10. However, the H. nitida interstock in H. nitida-10
was larger than that in H. nitida-30. This was probably due
to the scion effect: H. nitida-10 grew faster than H. nitida-
30 and therefore produced more dry matter, resulting in
more dry matter being allocated to the H. nitida interstock
in H. nitida-10.

Although the leaf stomata of H. nitida were smaller than
those of H. brasiliensis (CK), the stomatal size and density
in H. nitida-30 and H. nitida-10 were similar to those in the
CK, indicating that H. nitida interstock did not affect the
leaf stomata of the scion. This result differs from the
findings of Bastiah Ahmad (1990), which showed that
Hevea interstock affected stomatal density and size.
H. nitida interstock also did not affect the size of rubber
particles in the primary laticifers of the leaf, suggesting that
it would not affect rubber synthesis and, consequently,
rubber production in the scion. Bastiah Ahmad's study
demonstrated that rubber production in scions depended
largely on the genotype of the scion clone and rarely on that
of the interstock clone. However, this conclusion was based
on H. brasiliensis species; the effect of other species used
as interstock on rubber production has not yet been reported.

The effect of interstock on leaf mineral element contents
in fruit trees has been widely reported (Jiang et al., 2010;
He et al., 2018; Li et al., 2023). In this study, the H. nitida
interstock did not affect N or P contents, but it reduced Ca
and Mg contents. In addition, K content was found to be
affected by interstock length. These results suggest that
H. nitida interstock may influence the distribution and/or
transport of K, Ca, and Mg.

Plant growth is closely associated with carbohydrate
status. Soluble sugar and starch are the main carbohydrate
components, and their contents are closely related to plant
growth. The contents of soluble sugar and starch in H.
nitida-30 and H. nitida-10 were significantly higher than
those in the CK. This suggests that the H. nitida interstock

may reduce sink strength, restrict carbohydrate export from
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the leaves, and decrease carbohydrate consumption, thereby

leading to greater carbohydrate accumulation in the leaves.
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