Effect of Plant Density on the Growth of the Mangrove Species,
Kandelia candel (L.) Druce
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Summary: The study on the effect of plant density on the growth of Kandelia candel

seedlings is summarized as follows.

1) Kandelia candel seedlings were grown in plastic pots containing 20 litres of sand and
10 litres of leaf compost. Also, Hoagland nutrient solution was used to cultivate the
Kandelia candel seedlings.

2) The difference in growth of plants in various plant densities were seen in the diameter
of the stem (D), the height of the plant (L) and D’L. The results show that the growth
patterns between plant densities are different in curve, and the growth is greater in low
plant density plots.

3) The mean number of leaves attached to a shoot progressively increased, reached the
maximum and then decreased. The mean number of leaves on a shoot of a plant in the
low density plot was greater than a plant in a high density plot.

4) The cumulative mean number of leaves which emerged on a shoot of low density
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plant was similar to those of high density plants.

5 The mean longevity of leaves in a low density plot was longer than in a high density
plot. That is, the plant density would affect longevity. Therefore, the leaves of high
density plants had a shorter mean longevity.

Introduction

The mangrove forest plays a very important economic role and increased demand for land
involving mangrove areas has led to the exploitation of mangrove forests. In order to recover
mangrove forests, mangrove plantations should be introduced in the area where natural
mangrove forest has been destroyed (AKSORNKOAE, S. 1976). To make the maximum
utilization and conservation, more knowlege of the ecological processes of the mangrove
community is required. At present, fundamental knowledge of the mangrove ecosystem,
especially dealing with intraspecific competition or interaction among individuals of the same
species, is very slight.

Intraspecific competition in cultivated plant population as controlled by spacing distance
has long been a serious problem in agricultural practice (KIRA et al. 1953). Several
experimental studies on plant competition have been carried out. CLEMENTS, WEAVER & H-
ANSON (1929) carried out several experiments on intraspecfic competition. KIRA et al.(1953)
proposed the results of experiments on intraspecific competition which are concerned with
statistical analysis. As the materials in their experiment, cultivated varieties of vegetable and
field crops such as soybean, radish and turnip were used. KONGSANGCHAI (1987) mentioned,
in regard to the density of mangrove, that the density of a plantation forest was about two
times great than natural forest, and a full density curve was proposed.

‘The present experiment is mainly concerned with the mangrove tree species,
Kandelia candel, in the hope of analyzing interplant relation in the mangrove community of
woody plants.

Materials and Methods

Plant Material : Hypocotyls and Cultivation

Hypocotyls of Kandelia candel (L.) Druce were collected from trees growing along the
Kanna and Ukukubi Rivers, Okinawa, Japan. Hypocotyls were selected for uniform weight
(8—13g.) and length (16—22 cm.). The hypocotyls were planted in plastic pots (size
32x42%x30cm) containing 20 litres of sand and 10 litres of leaf compost (KURAISHI and
SAKURAI 1985). All pots were arranged at random in a green house at the Faculty of
Agriculture, Ehime University. These pots were subirrigated with tap water and the water
level was maintained and changed weekly through drainage hole. The hypocotyls were kept
in this way until the seedlings had first leaves. The tap water initially used to cultivate the
hypocotyls was replaced with Hoagland nutrient solution. Water levels were maintained by
addition of tap water every other day and the solution was changed weekly.

The seedlings were evenly distributed and the density was regulated by changing the
distance between individuals, as shown in Table 1.
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Table 1. Outlines of experimental design

Space between Density Number of pots Number of

plants (cm) (No./m?) seedlings/pot
20 25 5 4
15 44.4 5 6
10 100 5 12
5 400 5 35

The hypocotyls of Kandelia candel were planted on June 4, 1986. Germination was good
and uniform. The plants grew normally through the experimental period.

Growth Assessment

The diameter of the stem was measured at the first node level. The length of the shoot
was measured from the first node level to the base of the apex. Measurements were started
on July 5, 1986 and carried out about once every 7 days.

Number of standing leaves, leaf flush and leaf fall

Investigations were made in Kandelia candel seedlings on various plant density (25,44.4,
100 and 400 plants, m?. In each plant density, 20 shoots were selected and observations
were carried out from July 5, 1986 to June 20, 1987. The number of leaves attached to the
shoot (standing leaves), the number of flushed leaves (emerged leaves), the number of fallen
leaves (defoliated leaves) were recorded every two weeks. At each observation, we defined
the leaf flush as the time when the lamina expanded on a node. We determined the number
of fallen leaves by the leaf scars on the shoot.

At each observation, the number of leaves attached to shoot could be obtained by an
equation (1).

Lo=L, N, —F, ccoeeereeeerernnanns 1)

L.=number of leaves attached to the shoot at n" measurement
L._,=number of leaves attached to the shoot at n—1" measurement

N.=number of leaves flushed during the period n—1" to n" measurement.

F,=number of leaves fallen on n" measurement

Longevity of leaves

The empirical longevity of leaves or the duration of leaves attached to the shoot was the
base of this experment. In order to understand the time sequence of leaf emergence and
leaf fall, the empirical longevity of each leaf was calculated at each ordered leaf.

Leaf Area and Leaf Area Index (LAI)
The size of the leaves, width (W) and length (L) were measured for the same plants which
were observed for the number of standing leaves every month. The leaf area (LA) was
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caleulated by aflomets Table 2. Coefficients a, b of the allometric equation.

ric equation. The sim-

le allometric equatio- .
P d Plant density

: was approximated 2 b
Y

N 2
LA=a(W-L)(2) o/m
ff.T.hetregrezs‘E" coe” 25 0.61449 1.03129
d‘:'en 2 Zn : ere 4.4 0.53776 1.06414
.e;”;me 2.as shown 100 0.43465 1.12163
mocavle o 400 0.6420 1.02344

The leaf area index
(LAI), total leaf area
(one side,mf) of each plant and density per square meter was calculated for each

measurement time.
Results

Growth of the diameter of the stem

The diameter of the stem at the first node level of Kandelia candel seedlings in various
plant densities are summarized in Figure 1. During the early measurement or from 31 to 59
days after planting, the stem diameter of plants in a high density plant grew similar to those
in other plots and the increment rate of the stem diameter was similar to the curves for all
four plant densities. But from August 9, 1986 (94 days after planting), the growth of the stem
diameter of high density plants was slower than those of low density plants and as a result,
the stem diameter of high density plants (400 plants, m? was smaller than those of low
density plants. The average stem diameter of low density plants was 0.95 cm. on June 20,
1987 (380 days after planting), but 0.70 cm. was the average stem diameter of high density
plants.

Shoot elongation

The height of the stem from the first node level to the base of the apex are presented in
Figure 1. With the progress of time the elongation of the shoots of the four plant densities
increased. Figure 1 showed that shoot elongation for the four plant densities was apparently
more rapid and similar in the earlier part of the measurement (during from 31 to 166 days
after planting). But after 205 days (from December 27, 1986), the elongation of the shoot of
low density plants (25 plants,/m?® seemed to have grown faster than those of high density
plants. That is, the growth increment of shoot elongation showed different curves for all four
plant densities. As a result, the height of the stem of low density plants was higher than
those of high density plants. On June 20, 1987 (380 days after planting), the average height
of the stem of low density plants (25 plants, m? was about 65.3 cm. but about 39.9 cm. high
was found for high density plants (400 plants, m?).
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Figure 1. Growth curve of Kandelia candel seedling:
(A) mean diameter of stem
(B) mean shoot length
(C) mean D*-L

Mean D?-L for various plant densities

The D*-L or square of the stem circumference at the level of the first node multiplied by
shoot length are shown in Figure 1. Early measurement (from 31 to 59 days after planting),
showed that plants in both low density and high density plots were similar in the value of
average D*-L. But from 94 days, the mean D*-L of low density plants became slightly higher
than the high density plants and the difference was most remarkable between low density
plants and high density plants with respect to the progress of time. Figure 1 shows that the
low plant density plot had a higher value of D*-L than high plant density, which
corresponded to the increment of diameter and height. The D*-L of low plant density
reached 60.3 cm® on June 20, 1987 (380 days after planting) but the I*-L of high plant density
(400 plant,/m?) was about 21.0 cm’.
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Survivals of Leaves

Figure 2 shows the changes in leaf number per shoot according to the progress of time
for the four plant densities. The first leaf of Kandelia candel emerged in early July 1986.
The number of leaves attached to a shoot increased at first, reached a maximum and
decreased thereafter. These results show that the maximum number of leaves attached to a
shoot of a low density plant (25,m? was 16 (261 days after planting), of plant density
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Figure 2. Changes in leaf number of four different plant densities of Kandelia candel
seedling. (A) 25 plants,/m? (B) 44.4 plants,/m? (C) 100 plants,/m? and (D) 400
plants /m’
—+— - Emergence curve, indicating cumulative mean number of emerged leaves per
shoot

Survivorship curve, indicating mean number of leaves actually persisting on the
shoot
— X — Leaf fall curve indicating cumulative mean number of leaves fallen from the
shoot
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44.4,/m’ it was 14 (247 days), of plant density 100, m’ it was 10 (191 days) and of plant
density 400,/m’ it was 10 (173 days). On June 20, 1987 (380 days after planting), the actual
number of leaves attached to a shoot of plant density 25, 44.4, 100 and 400 per m’ were 5,
4, 3 and 3 respectively plants (400,/m?, defoliation reached a maximum on December 27
1986 (205 days after planting) but the low density plant (25,/m’) reached a maximum on
March 21 and April 11, 1987 (from 289 to 310 days after planting).

Empirical longevity of leaves

Empirical longevity of leaves or the observation of the duration of a leaf attached to the
shoot for all four densities of Kandelia candel seedlings are presented in Table 3 and
Figure 3. The empirical longevity of leaves of plant density 25,m’ range from 57 to 217
days, of plant density 44.4/m’ range from 57 to 191 days, of plant density 100,/m’ range
from 41 to 155 days and of plant density 400, m’ range from 41 to 151 days. The average
longevity of leaves is long for low density (25,/m®), at about 133 days and short for high
density (400,/m?®) at about 92 days. The results show that the leaves of each plant density
which emerged in the early period of growth had a longer longevity than those in the later
period of growth.

Table 3. Empirical longevity of Leaves of Kandelia candel seedlings.

Density  No/m? 25 44.4 100 400

Time of leaf flush days days
Jun. 4,86 planted - = - -
Jul. 5,86 31 212 186 155 155
Jul. 19,86 45 217 191 155 150
Aug. 2,86 59 217 191 145 142
Aug. 16,86 73 207 191 150 134
Aug. 29,86 86 186 181 150 124
Sep. 13,86 101 186 171 153 124
Sep. 27,86 115 173 160 142 109
Oct. 11,86 129 160 150 132 119
Oct. 25,86 143 142 137 122 111
Nov. 10,86 159 137 127 111 103
Nov. 24,86 173 124 116 101 96
Dec. 14,86 191 109 101 91 80
Dec. 27,86 205 101 93 83 75
Jan. 10,87 219 88 83 T2 62
Jan. 24,87 233 78 75 60 54
Feb. 7,87 247 67 67 54 47
Feb. 21,87 261 62 67 47 47
Mar. 7,87 275 57 57 41 41
Mar. 21,87 289 60 60 44 36
Apr. 11,87 310 67 70 47 36
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Figure 3. Changes in empirical-longevity of leaves of four different plant densities of
Kandelia candel seedling at each observation.

Leaf area and leaf area index (LAI)

The results of leaf area per plant and leaf area index (LAI) of Kandelia candel seedlings
in four plant densities are presented in Figures 4 and 5. As seen in Figure 4, the leaf area
per plant of four plant densities were low at early measurement and tended to increase.
Plant density 25, 44.4 and 100,/m’ increased in the leaf area per plant from 143 days after
planting and had high value (866, 689 and 420 square centimeter respectively) on the 261st
days and declined to 616, 364 and 147 cm’ respectively on the 324th day and then increased
up to value of 747, 392 and 160 cm’ respectively on the 380th day after planting. The leaf
area of plants in a density of 400, m’ gradually increased from early measurement and
reached a high value (263cm® on the 233rd day and declined to 93cm? on the 289th day and
then increased up to 103cm’ on the 380th day.

Changes in leaf area index (LAI) of Kandelia candel seedlings in the four densities are
indicated in Figure 5. The results show that LAI of plant density 400, m’ were low at early
measurement and reached a peak where the LAI was 10.5 on the 233rd days and tended to
decline to 3.7 on the 289th days. Plant density 25, 44.4 and 100, m? gradually increased in
the LAI and had a high value (2.2, 3.1 and 4.2 respectively) on the 261st day and decreased
to 1.5, 1.6 and 1.5 respectively on the 324th day and then increased.
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Figure 5. Changes in leaf area index (LAI) of Kandelia candel seedling in various plant
densities at each measurement time.
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Discussion

Diameter of stem, Plant height and D*-L

In early measurement, the growth of the Kandelia candel seedlings in the low density
plot was similar to those of high density plots but after the middle of measurement, the size
of plants in low density plots was larger than those of high density plots, as seen in Figure
1. According to HOZUMI, et al. (1955) in the earlest stage of development immediately after
germination, the size of the plant largely depends upon the growth potential inherent in the
seed or the amount of nutrient stored in the seed grain. When plants are closely spaced,
however, interaction between individuals soon begins to affect the growth of each plant.
Figure 1(A) indicates that the average diameter of stems for the four densities became
varied from 94 days after planting. Also Figure 1(B) and 1(C) show the apparent differences
in the average plant height and mean D*-L from 166 days. The effect of plant density upon
the plant growth is apparent, plant growth in a low density plot is generally higher than in a
high density plot.

KIRA,OGAWA and SAKAZAKI (1953) pointed out that plots with high density had small
mean values of both fresh and dry weight. An experiment on the soybean showed that the
mean values of plant weight became significantly higher with decreasing density.

HozuMi, KOYAMA and KIRA (1955) reported that the fresh weight of a shoot that was
measured at the experiment was found to be fairly well correlated with the square of the
stem circumference at the level of the level of the first node above ground (D) multiplied by
shoot length (L). In the case of Kandelia candel, the growth in D*:L of seedlings in a high
density plot was less than low plant density (Figure 1). So it can be said, the mean plant
weight of plots with high density is smaller than low plant density plots.

Number of leaves and Longevity of leaves

In this study, there were differences in the average of the number of leaves attached to a
shoot mong the four densities (as seen in Figure 2). The patterns of leaf flush (emergent)
were similar to each other, but the patterns of leaf fall (defoliation) were different according
to plant density. The defoliation of leaves (leaf fall) of high density plants reached a
maximum earlier than those of low density plants . This means that the leaves of the high
plant density plot fell rapidly from the time of leaf flush which corresponds to MIYAJI, K.
1986.

As seen in Table 3 and Figure 3, the longevity of leaves of Kandelia candel seedlings are
different according to the density of the plot. Empirical longevities of leaves examined in this
study were 133, 124, 103 and 92 days for plant density 25, 44.4, 100 and 400,/ m’
respectively. The leaves in the low density plot (25,m? had a longer longevity than those in
the high density plot (440, m?. MIYAJI, K. (1986) examined the mean longevities of leaves of
the kidney bean (Phaseolus wulgaris) and reported that the upper leaves at high density
had a much shorter mean longevity.
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Leaf area and leaf area index (LAI)

Changes in leaf area per plant of the four plant densities are presented in Figure 4. These
results showed that the leaf area per plant in the low density plot are larger than those in
the high density plot. Plant density 25, 44.4 and 100, m? had a high value of leaf area per
plant about 866, 689 and 420 cm®* on the 261st day, but a plant density of 400, m’ reached a
high value (263cm®) on the 233rd day.

As seen in Figure 5, the maximum value of LAI was 10.5 (233 days after planting) in the
high density plot (400, m? and 2.2 (261 days after planting) in the low density plot (25, m?).

It is apparent that leaf size of plant on high density is smaller than plant on low density,
and also, plant on high density, the number of leaves are less than low plant density.
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