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ABSTRACT

Plant height, stem diameter, number of branches and wide canopy are vegetative characters
that have strong correlation with the yield of Candlenut (Reutealis trisperma Blanco Airy
Shaw). Candlenut is one of the most potential plant that produces biofuel. Biofuel made of
Candlenut oil is not only a renewable fuel but it is also environment-friendly fuel. Thus,
candlenut oil fuel is considered as sustainable energy. Unlike fossil fuel, candlenut oil does
not contain harmful material such as phosphor and heavy metal. In addition, its ability to
absorb CO, and produce O, at relatively huge amount makes it beneficial to reduce the
green house effect that causes global climate changes. This research was conducted in
2015 in Kali Pare experimental garden, Research Institute for Sweetner and Fibre Crops,
Malang, Located at 350 m above sea level with average rainfall 1500 mm per year and
Mediteranian soil type. A Randomized BlockDesign with four replications was employed in
this experiment. The treatment consisted of 3 kinds of planting materials, namely cuttings,
grafting cuttings and grafting seedlings from seeds. Seedling was a planting space at the
dimension of 5m x 5m in the garden. The total plant population used in this study was 300
trees. The purpose of this research was to obtain the index of the correlation matrix among
the vegetative growth factors of Candlenut which included the planting cuttings, grafting
cuttings and grafting seedlings from seeds. In addition, this study also attempted to obtain a
high compatibility index on the material connection process for planting. The objective of this
research was to assess the correlation matrix index among vegetative growth characters
from different planting materials, namely planting cuttings, grafting cuttings and grafting
seedlings. In addition, this research also investigated the best compatibility index and the
fastest generative productive age. The Result of this experiment showed that the correlation
matrix among vegetative growth characters involved the plant height, stem diameter, number
of branches and wide canopy of the Candlenut. The correlation between high vegetative
growth of plants (X1) and the stem diameter (X2) was found at the value of r = 0.83 **, which
indicates a significant correlation; The correlation between the stem diameter of vegetative
growth (X2) and the number of branches (X3) was found at r = 0.76 **, which also implies a
significant correlation; The correlation between high vegetative growth of plants (X 1) and the
number of branches (X3) shows r = 0.68 *, at a significant correlation; The correlation
between the high vegetative growth of plants (X1) and canopy width (X4) and the correlation
between stem diameter of vegetative growth (X2) and canopy width (X4), each provided
value r = 0.63 0.69 r = * and * which shows significant correlation among the variables; The
correlation between the amount of vegetative growth of the branch (X3) and canopy width
(X4) gives a value of r = 0.49 tn, which indicates an insignificant correlation; Whilst, the
correlation between the vegetative growth and diameter of the rootstock and the diameter of
the trunk obtained a value of R? = 91,53%, which means that redirect cuttings Candlenut is
compatible to use.
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Candlenut plants which are propagated using the true seed are generally more variable
than those which are grown out of their vegetative parts (Luntungan et al., 2009). This is due
to segregation phenomena that occur during the seed multiplication. Pranowo and Rusli
(2012) stated that the grafted plants showed slower growth than the seedling plants although
the former posed bigger stem diameters than the later ones. According to Cholid et al.
(2015), plant growth in the high-yield plant grafting which is relatively low compared to the
plants from seed but it has the size of the diameter of the rod. Almost similar statements
were made by Rai (2004) stating that the plants derived from the grafting, their rate of growth
seems to experience delay compared to the planting material of the plants derived from the
seed. It is further expressed that the process of flowering goes more quickly for plants that
grow from grafting.

Candlenut plants produce fuel vegetable oil biofuel/diesel that is environmentally
friendly. When the candlenut fuel is used to fuel diesel engine, the exhaust smoke appears to
be almost non-existent, because it contains free or low fatty acids (Herman and d. Pranowo,
2011). Furthermore, candlenut vegetable oil also contains no phosphorus or heavy metals
which are often found in fossil-based fuel. The candlenut fuel is included into the renewable
and alternative fuel that has renewable nature (updated) and sustainable development
(ongoing). Another advantage of candlenut is its ability to absorb CO, and provide much O,
which reduce the impact of global warming caused by climate change.

The Government has been working to find plants that can be used to produce
vegetable oil fuel. It is expected that in the next 25 years people will not have to experience
difficulties in producing fuel for transportation and industry. According to Syafarudin and
Wahyudi (2012) it is estimated that the fossil-based fuel will run out soon. According to
Pranowo et al., 2015-growing plants that produce fuel vegetable oil such as Jatropha
(Jatropha curcas 1.), Sterculia (Sterculia foetida) and Bintaro (Cerbera manghas), Yamplung
(Calophyllum inophyllum 1), Kosambi (Schlechera oleosa) and Pongamia (Pongamia
pinnata) does not contribute much amount of oil since the oil level of those plants ranges
only for 10 — 30%. Whereas, candlenut oil deposits as much as 51.34% of oil. The generative
growth process of the plant begins from the formation of flowers. The candlenut flowers then
grow to be small fruit which usually happens in June and August during the dry season
(Ajijah et al., 2009). The candlenut plants start to flower around the fifth year or at age of 5-
5.5 years. However, the obstacles faced by candlenut oil plants when they are ready to
flower is their leaves that start to fall down and emerge new shoots that spring and form a
flower stalk before forming the fruit. The amount of the oil production of candlenut plants
which flower after age of = 5 years reaches up to 8-10 tons/hal/year (Syakir et al., 2000).

Presently, Indonesia has started to using fuel made of vegetable oil/biofuel from Palm
oil biosolar or in order to meet the needs of consumers. The Government of Indonesia has
already published a Regulation No. 5/2006 regarding National energy policy and the Impres
Number 1/2006 on the provision and utilization of vegetable oil fuel (Hasnam, 2009).

The purpose of this research was to obtain the index of the correlation matrix among
the vegetative growth factors of candlenut plants including the planting cuttings, grafting
cuttings and grafting seedlings from seeds. In addition, this research was also intended to
obtain a high compatibility index on the connection material process for planting.

MATERIALS AND METHODS OF RESEARCH

The research was conducted in 2015 in Kali Pare experimental garden, Research
Institute for Sweetner and Fibre Crops, Malang, Located at 350 m above sea level with
average rainfall 1500 mm per year and Mediteranian soil type. A randomized BlockDesign
with four replications was administered in this experiment. Each treatment consisted of 3
kinds of planting materials, namely cuttings, grafting cuttings and grafting seedlings from
seeds. Seedling was done in a space planting with dimension of 5m x 5m in the garden and
total plant population of 300 trees.

Planting materials used in treatment were the candlenut varieties 1 that were grown
from a). Dial side cuttings; b). grafting cuttings, and c). Seedlings from seeds. The observed
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parameters included the height of the plant, stem diameter, number of branches and the
width of the canopy at which were measured when candlenut plants reached age of 18
months in the field. Each treatment was observed for 20 times=n.

The formula of correlational coefficient (Sastrosupadi, 2003):

Yxy—¥x yy/n

(20 on-2)

Where: N = The number of the observed treatment; X = The parameters of the vegetative
growth (height, diameter, the number of branch and canopy width (horizontal axis); Y = The
results of the vegetative growth, height, diameter, number of branches and canopy width
(vertical axis); R = The correlation coefficient; R? = coefficient of determination.

rl2 =

Table 1 — Guidelines in categorizing the correlation coefficient

0.00 — 0.199 Very low
0.20 — 0.399 Low

0.40 — 0.599 medium
0.60 — 0.799 Strong
0.80 — 1.000 Very strong

Source: Sugiono, 2007.
RESULTS AND DISCUSSION
The result of the correlational analysis on the research parameters which included the
height, diameter, number of branches and the canopy width of candlenut plants is presented
in Table 2.

Table 2 — Correlation matrix on the parameters of vegetative growth factors of candlenut plants

Notes: ** = significant at the extent of 1%, * = significant at the extent of 5%, tn = not significant.

Table 2 shows that the correlation value r = 0.83 ** significant of the parameter of plant
height (X 1) and the stem diameter (X 2). This correlation value shows that the correlation
between those variables is very strong. Both components strongly contribute to the amount
of candlenut production. The points show the parameters which are the diameter and height
of the plant, which position are spreading closer to the linear lines. The correlation between
the height and the growth of the plant stem diameter of candlenut forms a closed quadratic
curve (Figure 1).

Figure 1 shows that the correlation between diameter growth parameters (X 2) and the
number of branches (X 3) of candlenut shows value of 0.76 correlation ** significant. The
quadratic curve is presented in Figure 2. The value of the coefficient of determination is at R2
= or 0.7882 = 78.82% which means the diversity is at X 78.82% under the influence of the Y,
remainder of 21.18% outside it. Based on the guidelines in categorizing the value of the
correlation coefficient, the value above is considered very strong.
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Figure 1 — The correlation between the parameters of the plant’'s height growth and the stem diameter
of candlenut
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Figure 2 — Correlation between the diameter growth parameters and the amount of candlenut
branches

The branch of candlenut plants is where the fruit-producing occurs, allegedly under
certain conditions that will result in the production of candlenut.

The correlation between the parameters of the high-growth plants (X 1) and the
number of branches (X 3) candlenut provides value r = 0.68 * real (Tabel1) which indicates
strong relationship between the two parameters. The quadratic curve is presented in
Figure 3. The value of the coefficient of determination is at R?=0.4449 or R? = 44,49%.
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Figure 3 — The correlation between the parameters of the height growth of the plant and the number
of branches of the candlenut

For the correlation between the height growth of plants (X 1) and canopy width (X 4)
and the parameter X 2 diameter growth and canopy width (X 4) (Tabel1), each shows a
value of correlation r=0.63 * significant and r= 0.69 * significant. The quadratic curve is
presented in Figure 4 and Figure 5 with R? (coefficient determination) respectively are R? =
0.3937 and R* = 0.4776.
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Figure 4 — The correlation between the height and the canopy width of candlenut

The canopy is the part where the photosynthesis occurs, which process produces
asymilate as the main ingredient in producing a crop. Allegedly, a real correlation between
the value and the produced asimilat is adequate enough to give some effects on the
production of Candlenut.

Table 1 shows that the correlation between the parameters of the number of branches
(X 3) and the canopy width (X 4) shows a correlation value off 0.49 (tn) insignificant. The
quadratic curve is presented in Figure 6.
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Figure 5 — The correlation between the growth of stem diameter and the canopy width of Candlenut
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Figure 6 — The correlation between the number of branch and canopy width of candlenut plants

From Figure 6, it is known that some changes increasingly spread far from the linear
line which means that the correlation value is only about r = 0.49 tn and value determination
of R? = 0.2378. According to Sugiono (2007), when the value of the correlation lies between
0.200-0.399 the value can be categorized low as the second parameter of the vegetative
growth of candlenut.

Similar result was found in the correlation analysis of the root stock diameter root and
the stem diameter. The result of the correlation analysis on the parameters of the stem
diameter of top growth (X 1) and stem diameter rootstock(X 2) is presented in Figure 7.

It can be seen from Figure 7 that the value of the correlation parameter of the diameter
growth rootstock and the stem diameter is at R = 0.9153 or 91.53% where almost of all the
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distribution changes approach the linear line. This means that 91.53% of the diversity of (X 1)
rootstock growth parameters was 91.53% influenced by the diversity of the X 2 (stem
diameter of top growth paramerter, 8.47% remainder are outside of it.
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Figure 7 — The correlation between the the diameter of the rootstock and the diameter of the stem top
of the candlenut

At R? = 91,53%, the Y variation is influenced by the existence of its relationship with
variables X. Therefore, the 91.53% of variations found in Y is determined by the index of the
fit regression line nearby, namely against the point of observation. The greater the R* means
the more the line fit the regression towards the points of observation. Thus, the process of
grafting cuttings candlenut has been considered appropriate (accordingly), in which its
growth does not suffer any interference.

CONCLUSION

From the result of this research, conclusions are drawn as follows:

The correlation between the plants’ height (X 1) and the stem diameter (X 2) of
candlenut plants provide a value r = 0.83 ** which shows significant influence between those
parameters and also indicates that the relationship is very strong.

The correlation between the stem diameter (X 2) and the number of branches (X 3) of
candlenut plants shows value r = 0.76 ** which implies that the influence is significant and
the relationship is very strong.

The correlation between the plants’ height (X 1) and the number of branches (X 3) of
Candlenut plants shows value r = 0.68 * which indicates the real influence and strong
relationship between those parameters.

The correlation between the plants’s height and canopy width (X1) and (X 4) and
correlation between the stem diameter (X 2) and the canopy width (X 4) of Candlenut plants
show that the value were found at r = 0.63* and r = 0.69 *both show significant influence and
strong relationship between the parameters.

The correlation between the number of branches (X 3) and canopy width (X 4) of
Candlenut plants shows value r = 0.49 (tn) insignificant, which means that the influence is not
significant and the relationship between those parameters are considered medium.

The correlation between the stem diameter growth bottom (X 1) and stem diameter of
top(X2) of the candlenut grafting cuttings shows value R* = 91,53%. Grafting cuttings is
considered compatible for candlenut plants.
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