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Abstract. Kurniawan H, Pamungkas D. 2020. The limiting factors of land suitability for sandalwood (Santalum album) in Sumba
Island, Indonesia. Biodiversitas 21: 3364-3372. The land suitability assessment for sandalwood is very important for the successful
cultivation and development of sandalwood (Santalum album Linn.) in Sumba Island, East Nusa Tenggara Province, Indonesia. The
map of land suitability classification for sandalwood is currently available. The land suitability assessment is determined based on
designated indicators and predictors. It is important to identify the most influential measures in a particular area to determine the suitable
treatment to be applied to the sandalwood plant, as well as to recognize the land suitability evaluation swiftly and efficiently. This study
was aimed to determine the variables of indicators or verifiers that have the strongest relationship with the land suitability class for
sandalwood. Regression method was used to develop the relationship model and to determine the level of the relationship through the
coefficient of determination. The result shows that P2Os content was the most influential factor to determine the land suitability class for

sandalwood in Sumba Island.
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INTRODUCTION

Sandalwood is an endemic plant in East Nusa Tenggara
(ENT), Indonesia that is widely known for its distinguished
wood fragrance which utilized for various products e.g. raw
materials of incense, cosmetics, handicrafts, etc. Indian
women have long used herbs such as Sandalwood and
Turmeric for skincare (Gediya et al. 2011). The oil has
potential uses in cosmetic and external pharmaceutical
applications (Hettiarachchi et al. 2010). Sandalwood from
ENT is recognized as East Indian sandalwood in the
international market (Burdock and Carabin 2008). In the
context of local culture of ENT, sandalwood has become
significant part of the local wisdom of the community, had
even become the icon of ENT that is well recognized
globally. In East Nusa Tenggara, sandalwood had had
contribution to local revenue in terms of regional income at
about IDR. 2.5 billion/year or approximately 40 percent of
provincial income during 1986-1992 (Seran et al. 2018;
(Septiani and Setyawati 2012). Sandalwood has unique
properties and although the current supply is still limited
yet it has high demand prospects in the future (Peden et al.
2017).

The management of sandalwood changes over time,
which certainly affects the sustainability of sandalwood
population. Sandalwood, which is locally known as
Cendana, is economically valuable for the government,
market/ entrepreneur, and community in East Nusa
Tenggara. The ups and downs of the market, wood supply,
and regeneration sustainability of this plant in nature highly
depend on the role of those three economic actors (Rohadi

et al. 2012). Currently, the market of cendana in East Nusa
Tenggara declined due to various factors. Efforts to restore
the glorious time of cendana in East Nusa Tenggara still
continue through every conceivable means, i.e.
management policy, management systems, and immediate
actions involving related stakeholders, i.e. local
government, private companies, nhon-governmental
organizations and the community in general. Integrated,
transparent, efficient, and synergistic measures must be
developed and implemented to achieve the utmost benefit
for the prosperity and welfare of the society. One important
measure is the availability of maps on land suitability
classification for this valuable sandalwood. Currently,
maps of land suitability class for sandalwood on four major
islands in East Nusa Tenggara, i.e. Timor, Sumba, Alor,
and Flores Island are already available. The local
government in Sumba needs to develop sandalwood
plantation due to its potential economics and customer
value.

The improper sandalwood planting strategy and
planning resulted in the failure of the planting. Sandalwood
is a typical plant that has the character and suitability of a
typical place to grow as well. The concept of land
suitability for sandalwood is very necessary to increase the
success of planting, because not all places in East Nusa
Tenggara will be truly suitable for sandalwood cultivation.
Akpoti et al. (2019), stated that Agricultural Land
Suitability Analysis (ALSA) is a worldwide land-use
planning approach. The factors used in analysis could be
categorized in climatic conditions, nutrients and favorable
soils, water availability in the root zone, and socio-
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economic and technical requirements. In this study, we did
not use all of these categories, due to some categories had
been included naturally and customary. Climatically, all
places of Sumba Island are suitable for sandalwood growth.
And socio-economically, sandalwood has long been
recognized as a traditional plant that has high economic
value. So, in this study, practically only used nutrients and
favorable soils for analysis.

The map of land suitability assessment designates the
land suitability assessment for sandalwood based on certain
criteria, indicators, and predictors simultaneously.
However, the most influential indicator or predictor has not
definitely identified yet. This information will be useful for
a quick method to determine land suitability assessment for
sandalwood. Therefore, this recent study addressed that
issue and sought to provide more detailed information on
the most influential predictor of the land suitability
classification for sandalwood. Then the planning of
plantation could be more accurate and efficient.

MATERIALS AND METHODS

Materials and study area

In this study, soil samples were taken from various soil
types and land covers in Sumba Island in 2012. Tools e.g.
GPS, ring samples, iron diggers, hoes, masking tape, and
markers were assigned in this study. Several maps were

3365

used to support the work, i.e. the basic map of Sumba
region, map of land cover, and map of land suitability
classification for sandalwood. Sumba is one of the four big
islands in East Nusa Tenggara Province, Indonesia.
Geographically located at 9°16°-10°20” S latitude and 118°
55’-120° 52’ E longitude (Figure 1).

The map of land suitability assessment includes various
indicators and predictors, e.g. soil N, P, K, Bo, Ca, texture,
etc. The existing indicators and predictors of the area were
then weighted based on the importance of these elements
referring to reputable previous studies. The resulted scores
were then used to determine the class of land suitability in
absolute terms. Thus, the land unit can be classified into the
suitability classification of 1, 2, 3, and 4 accordingly
(Kurniawan and Sumardi 2013).

Data analysis

The land suitability assessment only used nutrient and
soil factors based on the ALSA and did not include climate,
socio-economic, and water availability because the last
three factors naturally available. Land suitability was
determined in procedure that is commonly used by
matching the quality or characteristics of the land unit-
sample with the ideal land requirement for the desired
growth of sandalwood. In this matching system, a
minimum law was applied, in which the land suitability
class would be determined by the toughest constraint factor
(Mega et al. 2010).
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Regression analysis highly depends on the results of
correlation analysis. Correlation test will linearly determine
the relationship within the land characteristics thus
significant ~ correlation  between  particular  land
characteristics could be identified. Furthermore, a
particular land characteristic may closely describe other
particular characteristics thus could be wused as a
substitution for each other (Liyanda et al. 2012).
Regression analysis was applied to primary data obtained
from soil analysis at soil laboratory of Agriculture Faculty
of Nusa Cendana University in East Nusa Tenggara, also
on data of land suitability for sandalwood of the previous
researches. The verifiers were designated based on the
characteristic of Santalum album Linn. in taking the
nutrition for their growth. The available primary data were
sorted based on the designated verifiers, then was
subsequently analyzed by regression to identify the verifier
with the strongest relationship with the land suitability
classification. The coefficient of determination (R?), the
significance value, and the standard error were parameters
used to determine the selection of the most reliable
equation model (Mascaro et al. 2011; Jara et al. 2015;
Diedhiou et al. 2017). Each indicator does not actually
affect land suitability classes separately. Multivariate
analysis was conducted to determine the effect of all
indicators on land suitability classes. Discriminant analysis
is used because the dependent variable is non-metric
data.

RESULTS AND DISCUSSION

The number of populations of Santalum album in the
natural habitat has experienced substantial decrease due to
extensive exploitation for commercial purposes (Teixeira
da Silva et al. 2016). The conservation status of S. album
alone has been on a level of vulnerability as listed by
International Union for Conservation of Nature and Natural
Resources (IUCN 2015) after the assessment of
conservation status held in Viet Nam in 1998. Maps of land
suitability related to sandalwood in East Nusa Tenggara,
including in Sumba Island, is currently available so as to
support the efforts on conservation and development of
sandalwood.

The distribution of S. album is mainly covering
Australia, Indonesia, and India (Teixeira da Silva et al.
2016). As Timor, Sumba Island and the East Nusa
Tenggara region in general, are known as the center of
natural distribution of sandalwood in the world thus the
ecological conditions of those areas are already proven as
very suitable for the growth of sandalwood. The natural
habitat of sandalwood in East Nusa Tenggara is
sporadically distributed in 9 districts, i.e. Kupang, Timor
Tengah Selatan (TTS), Timor Tengah Utara (TTU), Belu,
West Sumba, East Sumba, Manggarai, Alor, and Solor.

Nutrients fact of sandalwood
The growth of sandalwood is closely affected by its
growth environment, especially the soil conditions and host
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plant because of its hemiparasitic nature (Liu et al. 2009;
Ouyang 2015; Teixeira da Silva et al. 2016). According to
the growing habitat of sandalwood, sandalwood can be
found in latosols with sediment rock and volcanic, in some
areas, sandalwood can also be found in a site with
association of a black grumusols and red Mediterranean, or
latosols with limestone rocks (Ratnaningrum et al. 2016).
Sandalwood requires fertile soil with good drainage to
exhibit optimum growth. The preferable soil type for
sandalwood is litosol (red Mediterranean) with neutral to
slightly alkaline soil pH, moderate N content and moderate
to high P,Os content, and high K/Ca ratio in pre-parasitic
seedling (Struthers et al. 1986; Barrett and Fox 1997;
Brand et al. 2013). In East Nusa Tenggara, according to
study of Seran et al. (2018), sandalwood can be cultivated
in a field-level with various elevations of between 383.8
and 1038 m above sea level (m asl.).

The presence of a host plant for sandalwood has been
proven to be essential in the root association through
haustoria formation for supplying water and other available
nutrients to improve morphological growth (Deepa and
Yusuf 2016). Sandalwood develops strategy by modifying
the roots to form haustorium when in physical contact with
the roots of the host plants. The formed haustorium would
connect sandalwood to the host plant, in terms of
anatomically, morphologically, and physiologically. That
connection thus would allow the flow of water and
nutrients from the host plant to the parasite plant (Luo and
Guo 2010; da Silva et al. 2016). Within a year since
Sandalwood was grown with the host plants, it would
manage to form the haustorium between their roots (Lu et
al. 2014). Root haustorium of sandalwood with krokot
(Alternanthera sp.) was found to support the absorption of
water and nutrients. Haustoria formed under root
association between sandalwood and host plant showed
varied growth performance of sandalwood. Sandalwood
tends to grow better with leguminous plants compared to
non-leguminous as intermediate host plants, such as
Sesbania formosa compared to Eucalyptus camaldulensis
and Seshania grandiflora to Casuarina junghuhniana
(Radomiljac et al. 1999; Gomes and Adnyana 2017).
Meanwhile, at pot host level, sandalwood grows better with
a species of Althenantera nana compared to S. formosa
(Radomiljac 1998).

Sandalwood that grew with host plants showed a higher
N, P, and K content in their leaves (Rocha et al. 2014). The
presence of host plants in sandalwood cultivation is
advisory because of their role as sources of K, P, Ca, and
Na, even N, and C (Lu et al. 2013; Teixeira da Silva et al.
2016). Brand et al. (2003) reported that the concentration
of N, P, K, Ca, Mg in the leaves of Santalum spicatum
were significantly different at the various given host.
Furthermore, Barrett and Fox (1997) noted that the low K
content in the K-free treatment was found to coincide with
the reduced number of haustoria and root development.

Sandalwood leaves generally had the highest
concentration of minerals, followed by roots and stems.
Compared with well-fertilized plants, treatment without N
resulted in lower Ca concentration, particularly in the stem;
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lower Mg concentration especially in roots; higher
concentration of P and CIl in leaves; and higher S
concentration in leaves but lower in roots. In the treatment
without K, the Ca and Na concentration were increased; Ca
especially on roots and Na in other parts besides roots. In
the treatment without P, the concentration of K and Ca
were lower especially in the leaves; NOs; was lower in
leaves but higher in roots and stems. In the treatment
without S, the N concentration was higher mainly in roots
and stems, and CI concentration was higher in all parts. In
plants with treatments without Ca, the P and K were higher
than those with fertilizer treatment using all the nutrients
(Barrett and Fox 1997).

The K/Ca ratio in the leaves of seedlings of S. album
and adult of S. spicatum is the same. This high ratio in S.
spicatum suggested a tendency for nutrient uptake of K
than Ca that originated from host plants, This is common
for parasitic angiosperm plants (Struthers et al. 1986). The
results showed that this ratio had already attained prior to
the attachment to the host and presumably was the nature
of sandalwood whether the attachment occurred or not
(Barrett and Fox 1997).

In condition of lack of N, K, and P, growth can
continue up to about three months, but it could grow
independently for much longer time despite lack of Ca or
S. Yet, S. spicatum in hydroponic experiments with free-Ca
died within three weeks (Struthers et al. 1986).

The study by Barrett and Fox (1997) indicated that high
concentration of K and K/Ca ratio took place at pre-
parasitic stage of S. album seedling. In the next stage, S.
album would take N, P, and K from its host therefore at
least for 3 months the required minerals could be met from
the rooting system. Lack nutritional supply significantly
affects plant morphology and mineral content. This
condition allegedly limits the direct establishment of
connection with host plants and hinders the process of
parasitism thus their survival (Barrett and Fox 1997). The
amount of SOM indicates the level of decomposition. High
SOM concentration means high degree of decomposition
that would provide available nutrients for sandalwood
plants. Several researchers had shown that sandalwood
shows a positive response to the addition of organic matter.

Sandalwood land suitability in Sumba Island

The land suitability classification for sandalwood was
determined based on land suitability map in Sumba Island.
The class | land is more suitable for S. album growth than
the class 11, the class Il land is more suitable than the class
111, and the class 11l land is more suitable than the class IV.
The large of land suitability class | is 781.285,2 ha, class Il
is 75.907,71 ha and class 1V is 4.995,41 ha.

The results of land suitability analysis for class | are
regency with the biggest area of land suitability class |
were East Sumba (473,573.1 ha), Southwest Sumba
(125,387 ha), Central Sumba (121,871 ha) and West
Sumba (60,454.14 ha), respectively. The example of map
of land suitability classification for sandalwood is
presented in Figure 2.

Based on the selected indicators and verifiers as stated
in the methodology, suitability class | corresponded to
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score of 30-40, class corresponded to score of 20-30, class
Il corresponded to score of 10-20, while class IV
corresponded to the score of 0-10. The score was calculated
from the total score of the indicators from the weighting of
each verifier.

Regression analysis on verifiers and class of suitability

Soil fertility properties, such as N, P, and K content,
soil pH, and organic matter content has been an important
component to be considered in soil management. A study
by Moyin-Jesu (2015) showed that addition of organic (rice
bran, wood ash, and poultry manure) or inorganic (NPK
15-15-15) fertilization in media had significantly affected
the growth of Brassica oleracea. Poultry manure, which
was with highest N, P, K, and organic matter, had increased
better the soil fertility compared to other treatments. The
high amounts of soil fertility subsequently affected better
growth of the crops.

Regression analysis was done on each verifier to the
suitability class. The verifiers were N, P,Os, K/Ca, and soil
organic matters (SOM). The results of the analysis are
presented as follows:

Regression of N vs. suitability class

Nitrogen (N) has been a foremost element on plant
growth. In particular circumstances, such as drought, the
sufficiently available N could increase the drought
tolerance of a plant. Adequate N would also have
paramount role in protein formation, which will affect the
chlorophyll contents that subsequently affect the
photosynthetic process (Abid et al. 2016).

N supply is required by plants which the green color of
leaves has very strong positive relationships with leaf N
concentration in the leaves, in which the greener the leaves
indicate the higher the N contents in plant's leaves (Rorie et
al. 2011). A study by Rorie et al. (2011) that used dark
green color index (DGCI) showed that lower leaf N
concentration would show lower DGCI.

The soil chemical properties analysis showed that
nitrogen content in the soils of Sumba Island varies
considerably and was ranging from 0.015% to 0.291%
(Figure 3) which covered almost all of the categories: very
low (<0.1), low (0.1-0.2), to moderate (0.21-0.5). The
Regression analysis revealed a weak relationship between
N and suitability class of sandalwood (R? = 0.074) (Figure
2). This suggested that nitrogen is not a major limiting
factor for sandalwood to grow well on Sumba Island.
Nitrogen is fairly evenly spread in each suitability class.
The N contents in the area most were only in moderate
category that most likely was due to the dry-hot climatic
condition and lack of vegetation cover. This moderate
condition would result in the low number and activity of
soil microbes. Bacterial and fungal symbiosis is an
essential part of the ecosystem in all tropical forests, and
most (indeed, probably all) plants will form at least one
type of symbiosis and many will form more than one
(James 2017). Nitrogen can be made available by plant-
associated bacteria in the soil through nitrogen fixation,
that is importantly needed by plant for growing (Mujahid
2015; James 2017; Mahmud et al. 2020).
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SUITABILITY MAP FOR SANDALWOOD (Santalum album Linn.)
in SUMBA ISLAND
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Figure 2. Example of map of land suitability class for sandalwood in West Sumba, East Nusa Tenggara Province, Indonesia
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Figure 3. Regression of N vs. suitability class

Most regions in East Nusa Tenggara, including Sumba
Island, have extreme agro-climatic conditions because of
the location in an exceedingly distinct semi-arid ecosystem;
this has limited the richness of the biodiversity in the area,
especially flora (Hendrik et al. 2019). This condition is
strongly suspected to be the major factor affecting the
abundance of microbes in the soil that led to the low levels
of available nitrogen in the soil.

Regression of P,Os vs. suitability class

Phosphorus (P) has an important key that is necessary
in large amounts for growth metabolism and activity in
cellular functions (Crous et al. 2015).

Suitability Class
4 4 @ . e

y=0.006x*-0.323x+ 4.876

P40s

Figure 4. Regression of P2Os vs. suitability class

Phosphorus in the form of P,Os compound is
profoundly important to plants for growth, which would
facilitate to increase the availability of P in the soil (Prado
2010). Soil chemical analysis showed that the P;0s
contents in the soil of Sumba Island were varied from 1.58
ppm to 31,03 ppm (Figure 4). These values were fell within
criteria of very low (<5), low (5-10), moderate (11-15),
high (16-20), and very high (> 20).

The regression analysis showed a very strong
correlation between P,Os with land suitability class for
sandalwood in Sumba Island (R? = 0.916) (Figure 4). This
0.916 coefficient of determination inferred that
approximately 91.6% of the land suitability variation can
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be explained by the regression equation, i.e. y = 0.006x2-
0.323x + 4.876. The coefficient of variation (CV) of the
P,Os values was 0.45, which implied the rather lower
distribution of P»Os in each class. The CV was calculated
by dividing standard deviation by the average of the
calculated data or mean value (Kozak et al. 2013; Abdi
2010). Thus, CV is essentially a value that expresses the
relative size of a data set to the average value of the data.
Therefore this coefficient can be used to compare the
extent of the dispersal of different data sets. The coefficient
of variation is a measure of the dispersion that depends on
the measured and relative value. Other research by Das et
al. (2018) found that the higher the organic carbon and
macro-nutrients (N, P, and K) content of the soil, the better
is the growth (both height and girth) and survival of the
sandalwood seedlings. This result was in accordance with
the findings of Luo and Guo (2010), which reported that
high P concentration could improve the metabolic ability of
hemiparasite plants such as sandalwood.

The low CV indicated that the data was evenly
dispersed close to the average value. CV defined the
distribution of P.Os data on each criterion (very low to very
high) thus it may also significantly defined the variation of
soil fertility. This condition should be very specific and
may differ in different locations. Differences in the content
of soil organic matter may result in the increased soil P
content and P uptake by plants (Yu et al. 2013; Weil and
Brady 2017), thus an increase in the availability of P in the
soil due to organic matter and P fertilizer could lead to the
increased of P uptake by plants. According to Nur (2014),
the dry condition of Timor Island with high content of
exchangeable-calcium had presumably led to the low
available-P content, even though the total soil phosphorus
content was very high. The phenomenon of the low
available-P was strongly suspected to also occur in Sumba
Island as it has similar natural environment conditions to
that of Timor Island. This further strengthens the
conclusion that P is the major limiting factor for
sandalwood in Sumba Island, perhaps even for all crop
cultivation in the location.

Regression of K/Ca vs. suitability class

The value of K/Ca in the soil analysis showed quite
vary results. However, regression analysis revealed a low
coefficient of determination that inferred the weak
correlation of K/Ca with the variation of land suitability
class for sandalwood (Figure 5).

The K/Ca ratio is an important measure and one of the
limiting factors for the growth of sandalwood. Element K
was strongly suspected to be the key element for the
growth of S. spicatum as the parasite Angiospermae plant
has a tendency to absorb K rather than Ca, so it generally
has a high K/Ca ratio (Brand et al. 2013; Radomiljac et al.
1998).

K was also considered to play a key role in ensuring the
direct flow of water from the host plant to the hemiparasite
plant (Luo and Guo 2010). The water potential in
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sandalwood decreased with the removal of the host plants,
indicated that the existence of K in sandalwood relied on
the supply from the host plant (Rocha et al. 2014). This
current results simply concluded that the K/Ca in the soils
of Sumba Island was considerably varied yet that variation
showed less direct impact on the variation of land
suitability classification for sandalwood. This means that
the variation of K/Ca on the island is still in the range that
can be tolerated by sandalwood.

In this current study, the content of K in the soil of
Sumba Island was ranging from medium to very high. This
result was similar to that of Njurumana et al. (2008) who
reported that K content in the land cover in the Kaliwu
system in Sumba was generally high. Based on the finding,
the soil available-K in Sumba Island relatively similar
variation in general. Simply, K was considerably available
thus was not a major limiting factor for sandalwood in
Sumba Island.

Regression of SOM vs. suitability class

Soil organic matter (SOM) is one of the soil physical
indicators that indicate soil fertility. Low SOM suggests
low nutrient content in the soil which means low soil
fertility. Conversely, high organic material is an indication
of fertile soil. However, in terms of soil fertility, the rate of
organic matters weathered or decomposed should also be
put into consideration. Decomposition rate of organic
matters may be affected by several factors, such as the
types of organic matters. According to Nahrawi et al.
(2011), leaves of crops between pineapple and sago have
differed on decomposition rate and the remaining mass,
that is pineapple (90% mass loss) was easily decomposed
compared to sago (30% mass loss), consequently, affecting
the C/N ratio in which the sago had higher ratio than
pineapple.

A study by Liu et al. (2009) at nursery level confirmed
that media properties were critical to the growth of
sandalwood, media with higher organic matter in
combination with local soil would deliver better
sandalwood growth at parameters of height, ground
diameter, dried biomass, and seedling quality index; as
these types of media would have lower soil bulk density
with higher water-holding capacity that could promote root
growth. The research by Verma et al. (2012) confirmed that
application of soil amendment with organic matters (mix of
teak and Leucaena leaf and FYM in equal amount) along
with application of plant growth-promoting microbes
provide better survival (90-100%) and enhanced growth of
sandal sapling in field. Similarly, the results of Taylor et al.
(2005) concluded that combination of organic matter up to
60%, in the media of soil or sand gave the best growth in
seedlings of sandalwood. Meanwhile, according to Sarwar
et al. (2008) elucidated the soil properties of physic and
chemistry would be enhanced by the availability of organic
matters that are playing an important role. Dryland such as
Sumba Island, generally has thin layer of soil with low
organic matter.
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Figure 5. Regression of K/Ca vs suitability class

The results of regression analysis on the relationship
between organic matter and land suitability class for
sandalwood showed very weak correlation (R? = 0.103)
(Figure 6). This result suggested that the level of organic
matter in the soil of Sumba Island was insignificant in the
determination of land suitability class for sandalwood
perhaps because the distribution of organic matter in soil of
Sumba Island had relatively low or similar variation
throughout the island.

Multivariate analysis

Simultaneous analysis was needed to determine the real
situation of influence by the indicators, because the
indicators could not stand alone in affecting the plant. For
example, even though available-N is abundant, however,
the plant growth still could be stunned when the available-
P is low. Another example, even N abundantly available to
support photosynthesis process, the absence of Mg could
limit the photosynthetic rate. Since the dependent variable
in this model is not in metric, we could not conduct
multiple regression for analysis. So, we used discriminant
analysis to determine the function.

In the first stage, an analysis was carried out to
determine which independent variables are suitable for use
in the equation. Discriminant analysis is a statistical
analysis that was used to determine whether the group
differences in the dependent variable are real, and if these
differences are real, then it will be further known through
the analysis of which independent variables are influential
and most influential. In the end, it will be obtained a model
or statistical function that is feasible to use.

The result of the statistical analysis using discriminant
analysis is to be presented in Table 1. Based on this table, it
can be explained using Wilk’s Lambda value and its
significance value. Wilk’s Lambda numbers range from 0
to 1. If the numbers are close to 0, it means that the data for
each group tends to be different, if the numbers are close to
1, then the data for each group is the same. From Table 1,
Wilk’s Lambda value which approaches 0 is only on P,Os
variable which is 0.244.
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Figure 6. Regression of SOM and suitability class

The next smallest Wilk’s Lambda value is the K/Ca
variable of 0.760. Variables that have large Wilk's Lambda
values are not automatically excluded from the analysis.
There are other values that can be used to see whether there
are or not differences in groups. F test value or
significance, explains that there are differences between
groups by a variable if the significance value <0.05.
Conversely, there is no difference between groups if the
significance value > 0.05. Thus, it can be seen that the
variables P2Os and K/Ca give differences to the suitability
class based on the Test F criteria.

In the second stage, an F test is performed again on the
selected variables to ensure that the two variables tend to
have different means in each group of suitability classes
(Table 2). The F test results show that the significance
value of both is <0.05, which means that the variables P,Os
and K/Ca have differences in each group.

Table 1. Tests of equality of group means

Wilks' Lambda F dfl df2 Sig.
N 0.902 1.273 3 35 0.299
P20s 0.244 36.130 3 35 0.000
K/Ca 0.760 3.683 3 35 0.021
SOM 0.872 1.714 3 35 0.182

Table 2. Tests of equality of P20s and K/Ca group means

Wilks' Lambda F dfl df2 Sig.
P20s 0.244 36.130 3 35 0.000
K/Ca 0.760 3.683 3 35 0.021

Table 3. Test results of homogeneity

Box'sM 16.184
Approx. 1.822
F dfl 6
df2 277.619

Sig. 0.095
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Table 4. Eigenvalues

F . Eigen- % of Cumulative  Canonical

unction . :
value variance % correlation

1 3.327¢ 91.5 91.5 0.877

2 0.308? 8.5 100.0 0.485

Note: a. First 2 canonical discriminant functions were used in the
analysis

Table 5. Structure matrix of correlation value

Function
1 2
P20s 0.961" 0.276
K/Ca -0.051 0.999"
Table 6. Canonical discriminant function coefficients
Function
1 2
P20s 0.211 0.011
K/Ca -110.098 383.259
(Constant) -3.805 -2.528

Box's M (Table 3) shows the test results related to
variants of the tested variables. The table shows whether
the variants in each group are the same or different based
on their significance. The variant values for each group
should be the same. Based on the test results in the Box's
M, the significance level is > 0.05. So it could be
concluded that the value of variance between groups was
the same. Thus the analysis could be continued.

Function 1 could be selected based on the canonical
correlation value as it shows in Table 4. The canonical
correlation number measures the closeness of the
relationship between discriminant scores and groups
(suitability class). The number 0.887 shows a high
correlation, with an association scale ranging from 0 to 1.
The above structure matrix table shows the correlation
value between the independent variables and the formed
discriminant function (Table 5). The P,Os variable has the
closest relationship with the discriminant function with a
correlation value was 0.961.

The coefficient value of the discriminant function was
shown in Table 6. The coefficients in the above table have
functions similar to multiple regression equations, which in
discriminant analysis are called Discriminant functions.
Based on the above table (4,5 and 6), the discriminant
function could be arranged as follows:

zScore =-3.805 + 0.211 (P»05)-110.098 (K/Ca)

In conclusion, the main limiting or constraint factor in
determining the land suitability class for S. album in Sumba
Island was the soil phosphorus content that in this study
was represented by P,Os as its measure. Regression
analysis showed a very strong relationship between P,0s
value with land suitability class for sandalwood with R? =
0,916. The equation for that relation was: y = 0.006x?-
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0.323x + 4.876. But if it used discriminant analysis as
multivariate statistical analysis, the equation form is as
follows: zScore =-3.805 + 0.211 (P20s5)-110.098 (K/Ca).
Both in single or multivariate analysis, P.Os has the
strongest relationship to the land suitability class. Element
P should be put as main consideration in the cultivation of
sandalwood in Sumba Island. Since the available-P in
Sumba Island is a limiting factor, thus the planting of
Sandalwood on the island of Sumba must pay attention to
the P content available in the soil and to provide the needed
of available-P for the better growth of sandalwood.
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