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Relationships between Soil-Site Properties and Bamboo
(Phyllostachys bambusoides) Growth!'
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ABSTRACT

Canonical correlation analysis was used to relate 17 soil-site variables to bamboo diameter, height, and
internodal characteristics, The first canonical correlation was highly significant, explained much of the
variance in both sets of variables, and the canonical variates made sense biologically. Surface soil depth,
total nitrogen and percent organic matter had high positive correlations with the first soil-site canonical
variate, Clay content (%) and cation exchange capacity were negatively correlated with the first soil-site

canonical variate. Only § of bredictor variables were considered relevant for predicting bamboo growth.
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correlations is briefly described.
INTRODUCTION In Korea, the bamboo, which is botanically
consisted of 5 genera and 54 species, is produced
This study investigated the relationships between from 5, 360ha (estimated production about 35, 000

physiochemical properties of soil and bamboo bundles) . The self¥sufficiency of the wood reaches
growth using canonical correlation analysis. The to only 20 percent, thus, the most of the wood
objectives were to determine which variables were is imported from abroad (Chung, 1959; Lee,
responsible for the variation in bamboo growth, 1985) .

and to evaluate the usefulness of canonical One of the most important agricultural problems
correlation analysis in analyzing soil-site relation- to be solved is how to stabilize the fluctuation of
ships. The use and interpretation of canonical the productivity as well as to enhance the yield.
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In agricultural point of view, site selection and
adequate management of fertilizer should be of
great importance, because the fluctuation of the
growth due to soil properties of Korean hill
country, of which soil characterized as high
acidity and infertile.

In this study, therefore, a close observation of
soil-site properties and related effect on the

growth has been made.
METHODS

Canonical correlation analysis (CCA) is used for
joint analysis of two sets of variables, typically
where the variables in one set are recognized as
predictors and the variables in the other set are
recognized as responses. CCA may be viewed as a
general regression of all dependent variables upon
all independent variables. The objective is to find
linear composites (the canonical variates) from
each set of variables such that the correlation
between the composites is maximized (Clark and
Hosking, 1986) .

The canonical variates, linear combinations of
their respective data sets, are derived in pairs,
one from the predictor data set (soil-site vari-
ables) and one from the outcome data set growth
characteristics of bamboo). In other words, a
linear combination (U,) of the soil-site variables
is found that is highly correlated with growth
characteristics of bamboo. At the same time, a
linear combination (V,) of the bamboo variables
is found that is highly correlated with the soil-site
variables. U, and V, would be the first pair of
canonical variates if they have the highest
correlation of all potential linear combinations.
The second pair of canonical variates (U, and
V,) would have the second largest correlation,
and so on. The number of pairs of canonical
variates is equal to the number of variables in the
smaller data set.

Canonical correlations are the product-moment
correlation coefficients between canonical variates
U, and V..

common with simple correlation coefficients, such

They have many properties in

as a range from —1 to +1. The primary
difference between the two is that the canonical
correlation is a maximized correlation. The kth
canonical correlation can be interpreted as the
multiple correlation coefficient between, say, U,
and the variables in the response data set, The
square of the first canonical correlation is the
proportion of the variance in the first canonical
variate U, (or V,) that is accounted for by the
first canonical variate V, (or U,).

The magnitude of the canonical correlations are
partially dependent upon the ratio of the total
combined number of variables (p) to the sample
size N (Gittins, 1985). As p approaches N, the
especially the first

canonical correlations -

correlation - approach one, CCA, therefore,
requires a large sample size relative to the total
number of variables measured to accurately reflect
the relationship between data sets.

There is not universal agreement as to whether
the canonical coefficients or the canonical loadings
are more suitable for interpretation. The canoni-
cal coefficients, similar to regression coefficients,
are affected by multicollinearity, If multicollinear-
ity is present, it is difficult to evaluate the
relative contribution of the variables (Clark and
Hosking, 1986). The numerical values of the
canonical coefficients appear to be dependent upon
the variables selected from each data set, as well
as their scale (Gittins, 1985). For these reasons,
many prefer to use the canonical loadings, the
correlations of the original variables with their
canonical variates. Canonical loadings tend to be
more stable than raw or standardized canonical
coefficients when variables are added or deleted
and under replicate sampling (Gittins, 1985). On
the other hand canonical loadings will show only
linear relationships in the data, and the product
-moment correlation coefficient is extremely
sensitive to data outliers.

Redundancy analysis can help establish the
number of ‘biologically’ significant linear relation-
ships between the prediction and the response data
set, Redundancy is the proportion of variance in

data set 1 (outcome variables) that is accounted
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for by the i** composite of data set 2 (predictor
variables) . Redundancy is not symmetrical, due
to the fact that each of the sets has differential
amount of intercorrelations; there is also a
redundancy index that shows the proportion of the
variance in set 2 that is accounted for by the i*
composite of set 1. It is important to consider
redundancies as well as canonical correlations.
CCA may be used for inference testing or less
formally for exploratory data analysis. For
estimation and significance testing, CCA has the
following assumptions . the data is continuous (i.
e., interval scale) ; there are linear relationships
between the two sets of variables; the correlation
(or covariance) matrix is of full rank . and the
population from which the data sets were derived
has a multivariate normal distribution. For
exploratory data analysis, normal distributions are
not required. Linear relationships and continuous

data, however, are still necessary conditions.

MAIERIALS

Data on 4 measurements of bamboo growth and
17 soil-site factors were collected from 107 sample
plots in Cheonnam and Gyeongnam provinces,
Korea. The 107 plots were selected at random
across climatic regions, The plots were 20m x 20
m in size; all bamboo plants within the plot
were measured. The 17 soil-site predictor vari-
ables were measured by soil analysis methods of
the Forest Research Institute in Korea (FRIK,
1983) . Bamboo and soil-site data were aggregated
into plot averages, The data used in the canonical
analysis is composed of two sets of variables :

a) outcome {dependent) variables :
DBH =average diameter at breast height (cm)
HT =average total height (m)
LID=largest internodal diameter (cm)
LIL =longest internodal length (cm)
b) predictor (independent) variables :
ALT=altitude (m)
SLP=percent slope
SSD=surface soil depth (cm)
G9% =gravel content (%)

S% =sand content (%)

Si% =silt content (%)
C%=clay content (%)
pH=soil pH (H:0 1:5)
OM =organic matter (%)
totN =total nitrogen (%)
P,O; =available P,0; (ppm)
CEC=cation exchange capacity (me/100g)
K =exchangeable K+
Na=exchangeable Na-+
Ca=exchangeable Ca+ +
Mg=exchangeable Mg+ +
S0,=S0,

RESULTS

Table 1 presents the canonical correlations,
squared canonical correlations and the eigenvalues
for the data set, Note that the second canonical
variate pair accounts for less than 50% of the
shared variability, and that the third and fourth
canonical pairs account for even less. The sum of
eigenvalues (Table 1) may be used to define the
total variability in the data set. By this reckon-
ing, the first pair of canonical variates accounts
for 71% of the total variability ; the first and
second pair combined account for almost 89% of
the total variability. The conclusion to be drawn
from Table 1 is that the first canonical pair
explains the majority of the variability in the data
sets.

Table 1. Canonical correlation, squared canonical
correlations and eigenvalues

Canonical Canonical Squared canonical Eigenvalues

pair correlation correlation
1 0.8831 0.7799 3.5442
2 0.6831 0.4666 0.8747
3 0.5509 0.3035 0.4357
4 0.3378 0.1141 0.1288

Table 2 presents the likelihood ratio tests for the
hypothesis that the canonical correlation in each
row (and all smaller correlations) are equal to
zero. This test is not robust to deviations from
normality. Based on these results, the remaining

interpretation will focus on only the first two
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canonical variates. It should be emphasized that

statistical significance does not infer biological

significance . the linear combinations that form

the canonical variates are selected to maximize

correlation, not interpretation.

Tabel 2. Likelihood ratio tests that canonical
correlations equal zero

Canonical Likelihood Approximate
Correlation ratio F
1 0.0724 4.7583**
2 0.3291 2.4496**
3 0.6170 1.6019*
4 0.8859 0.8190

* =significant at alpha=0.05
** =significant at alpha=0.01

Our interpretation of the canonical analysis will
be based on the canonical loadings. Kimberly
(1981) suggests considering only those canonical
loadings above 0.5, this threshold value will be
used for our interpretation.

The first canonical variate associated with
bamboo growth (PROD 1) may be considered a
measure of the physical dimensions of bamboo.
Average dbh, height and
diameter have high correlations with PROD 1

largest internodal
(Table 3) and the remaining variable, longest
internodal length, has a loading well above the

threshold level.

Table 3. Correlations (loadings) between bamboo
growth and their canonical variates

Original Canonical variates

variables PROD 1 PROD 2 PROD 3 PROD 4
DBH 0.8802 -0.3543 0.2997 0.0994
HT 0.9910 0.0891 0.0229 0.0971
LID 0.8756 -0.3476 0.2970 0.1559
LIL 0.6253 0.3986 0.6679 0.0631

The first soil-site canonical variate, SOIL 1,
may be considered a measure of soil fertility or
site productivity., There are large positive correla-
tions between SOIL 1 and surface soil depth, total
nitrogen, percent organic matter, and available P,
Qs (Table 4). Other variables having correlations
with SOIL 1 greater than 0.5 include percent silt
content and exchangeable Ca++. Percent clay
content and cation exchange capacity have high

negative correlations with SOIL 1. These are

Table 4. Correlations (loadings) between the soil

-site variables and their canonical
variates
Original Canonical variates
variables SOIL 1 SOIL2 SOIL3 SOIL 4
ALT 0.1284 0.2429 -0.3083 0.0148
SLP 0.2081 -0.2623 -0.2856 0.2643
SSD 0.9136 -0.0299 -0.0365 0.1666
G% 0.3543 0.1451 0.0654 0.2881
S% -0.1363 0.3117 -0.1774 0.1843
Si% 0.5440 0.0185 0.2183 -0.0181
C% -0.5639 -0.5230 -0.0086 -0.2623
pH 0.1884 0.2074 -0.2200 0.4234
OM 0.7764 -0.3244 0.1966 (.1158
totN 0.7983 -0.2468 0.0339 -0.0826
P,0s 0.6613 0.0085 0.4488 -0.0870
CEC -0.5258 -0.4172 -0.1223 0.2086
K-+ 0.4657 0.3219 -0.0115 -0.1309
Na+ 0.0680 -0.2589 0.2477 0.0613
Ca++ 0.5562 0.0987 0.0968 0.3707
Mg+ + 0.3442 0.0389 0.3349 0.3265
SO, 0.2813 0.1354 0.1555 0.1539

related in that the greater the clay content of the
soil the greater the cation exchange capacity.

Lee (1985) :
altitude,

reported that degree of slope,
topography and aspect were highly
related with bamboo diameter and height growth,

The second canonical variate associated with
bamboo growth has low canonical loadings,
especially for average height. This indicates low
correlation between the canonical variate PROD 2
and the outcome variables (DBH, HT, LID,
LIL). This variate may be related to the physical
dimensions of the longest internodal length and
dbh. The contradiction in correlation and the
results of the likelihood ratio test indicate that
redundancy analysis is necessary .

Table 5 presents the redundancy analysis for the
productivity variables and for the soil factor
variables., Note that, for both data sets, the
amount of variability explained by the second
canonical variate is less than 5 percent, This
would argue that although the correlation between
the second pair of canonical variates is highly
significant, the relationship is not relevant.

Two aspects have to be considered when
evaluating redundancy. First, the amount of
interrelationship within a set will influence the

amount of variance to be explained. Thus we will
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Table 5. Redundancy analysis

Proportion of standardized variance

canonical of bamboo variables :

variate explained by PROD explained by SOIL

1 0.7286 0.5683
2 0.1033 0.0482
3 0.1562 0.0474
4 0.0119 0.0014
Propertion of standardized variance
canonical of soil-site variables :

variate explained by SOIL explained by PROD

1 0.2571 0.2005
2 0.0650 0.0303
3 0.0455 0.0138
4 0.0484 0.0055

expect different contributions from each set of
canonical variates. Second, if there are different
numbers of variables in the different sets, there
are of different levels of explanation for each set
of variables. Extracting a set number of compo-
nents will utilize more variance from the set with
the samller dimension than from the larger set.
Therefore, the total redundancy of the smaller set
with the larger set will always be greater than
the total redundancy of the larger set with the
smaller set (Clark and Hosking, 1986). This can
be seen in Table 5, The proportion of variance in
set 1, bamboo growth (4 variables), that is
accounted for by the two canonical variates in set
2, the soil-site variables, is 61.6% (e.g., 0.5683
+0.0482) . The proportion of variance in the set 2
that is accounted for by the two canonical

variates in set 1 is only 23.1%.

CONCLUSIONS

Canonical correlation analysis was useful in
evaluating relationships between two sets of

data, Of the 17 predictor variables initially

measured, only 8 can be considered relevant for
predicting bamboo growth., These variables are
surface soil depth, percent silt content, percent
clay content, percent organic matter, total
nitrogen, available P,0;, cation exchange capac-
ity and exchangeable Ca+ + ., Of the 8 variables,
the results suggest concentrating on surface soil

depth, percent organic matter and total nitrogen.
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