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Abstract.  Although the result of the tree height growth after water treatment, Fraxinus rhynchophylla has
little affection by the artificial water treatment, the growth showed decreased tendency as the soil moisture
decreased, and F mandshurica showed high growth in relatively high soil moist 78 ~90% treated area. The
growth of root collar diameter of F rhynchophylla and F. mandshurica also showed decreased tendency as
soil moisture decreased. The changes of biomass according to dry weight of root, stem, leaves of F. rhyn-
chophylla demonstrating statistical significance as moisture contents of soil is lower showing decreased bio-
mass tendency and in the treatment of 78% ~ 90%(A) moisture content showed more than double the higher
biomass compare to the treated area of 18~30%(D) moisture contents. Also F mandshurica showed statis-
tical significance in A and D treatment demonstrating differences among each treatment. This can be pur-
ported to have physiological effects like weakening of seedling and softening of tissues including leaves as
soil moisture decreased. Ultimately it is regarded to the main reason of unsatisfactory growth for ¥ rhyncho-
phylla and F. mandshurica that are weak to drought resistance. SLA, which is one of the special traits of leaf
area of K rhynchophyila, didn't show statistical significance between moisture process, it demonstrated
decreased tendency as the moisture content interval is minimal. LAR and LWR showed increased tendency
while moisture content didn't show statistical significance between treatments as they are minimal.
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Introduction

In the forest ecosystem, water is reckon as one of the
most lacking factors including light among many kinds
of the inorganic environment influencing growth of trees.
A tree would slowdown its growth even in a region with
appropriate temperature and nutrient soil status depends
on amount of rainfall and its distribution. To that extent,
moisture deficiency will influence every physiological
development concerning a tree’s growth, and distribu-
tion of geological forest has close correlation to water
supplying (Currie and Paquin, 1987). While spring and
autumn are dry season in Korea, amount of rainfall is
concentrated in the summer season due to its excess rain
climate. In addition, not only the depth of forest soil and
organic matter content are insufficient, the forest soil in

hilly regions suffer serious moisture stress, owning to
periodic and constant insufficient moisture during grow-
ing period of trees. Moisture is reckon as the essential
factor for physiological activity of a tree as solvent for all
sorts of fertilizers, maintaining turgor pressure, control-
ling osmotic pressure of cells and as raw materials for
photosynthesis while forming the greater part of a plant
(Ashton and Berlyn, 1994; Bahari et al. 1985; Cole and
Newton, 1986; Elias and Masarovicova, 1985; Frensch
and Schulze, 1988; King, 1994; Kramer, 1983). Conse-
quently, the size of leaves become smaller as they expe-
rience moisture stress and reduce transpiration rate due to
the growth in the stem was inactive. This would ulti-
mately hinder ability to photosynthesis, which was a final
product of metabolism. Studies of home and abroad were
constantly being published in order to investigate phys-
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iological and ecological affect on moisture of trees. How-
ever, it was difficult to apply the study findings obtained
from abroad as was on the forest of Korea where species
and environment of forest are diverse thus, details of
study results on tree species particularly applied for the
environment were required(Choi, 2001; Kwon and Lee,
1994; Kim, 1987; Kim,1988; Han and Kim, 1989; Han
and Sim, 1989).

Hence, in order to analyze the special growth charac-
teristics that fluctiiate depending on moisture environ-
ment, the study focused its analysis on Fraxinus rhyn-
chophylla and E mandshurica which its value is expand-
ing thanks to broad-leaved tree resource.

Materials and Methods

Experiment sites

The study was carried out in the facilitate greenhouse
site of Wonkwang University (college of natural science)
from early April to September in 2006.

Water treatments and soil characteristics

The amount of moisture variables of growing media
container saved in moisture environment process of
Fraxinus rhynchophylla and Fraxinus mandshurica are
as Fig. 1. As a result of irrigation process of 1 day, 3
days, 6 days and 9 days increments, the water content of
growing media container was uniformly decreased. The
treatment A displayed 78~90% in 1 day increment, 58
~70% in treatment B in 3 days increment, 38~50% in
treatment C in 6 days increment and 18~30% ranges in
treatment D in 9 days increment.

The physical and chemical analysis result on the grow-
ing media used for the experiment is as the Table 1. pH,
one of the chemical traits of the growing media that com-
~ bines Vermiculite, Peat Moss and Perlite in 1:1:1 ratio
were 6.0 subject to the pH 5.6~6.0 (Korea Forest Ser-
vice, 2000) which is proposed as the broad-leaved tree

Soll moisture contents(%)

Treatment day

R— — - day

Fig. 1. Daily changes of soil moisture contents in each of
dry and wet soil moisture regimes.

——3day Gday

nursery bed soil. E.C. was 0.1 dsm, Ca™ was 40.0
c+mol*/kg, NO; was 0.1 mg/kg, P,0Os was 123.0 mg/kg,
K" was 4.0 c-mol*/kg, Mg"" was 7.0 ¢c-mol'/kg and cat-
ion exchange capacity (C.E.C.) was 17.0 c-mol*/kg.

Tree Materials and Analysis

A-year-old F rhynchophylla and F. mandshurica seed-
lings were obtained from Northern Regional Forest Ser-
vice and transplant the seedling into an ordinary plastic
container (15 cmx18cmx12cm). To exclude growth
affect of seedlings in accordance with nutrient, the study
used vermiculite, peat moss and perlite of culture soil of
early April by mixing them up in a 1:1:1 ratio as grow-
ing media. And to minimize stress accompany by the
transplanting, the seedling have been rooted until the
early part of June to reinstate their normal physiological
condition and selected 80 seedlings respectively for
experimental measure. The analysis of used growing
media was analyzed by soil chemical analyzing method.
The element contained in growing media essentially
required for a tree to grow is the minimum. Therefore,
the study irrigated nutrient solution of Sachs’(Sachs,
1860) in four weeks increment to supplement essential
nutrient needed for growth as the Table 2.

The water treatments were executed in four steps start-
ing from the early part of June in lday, 3 days, 6 days

Table 1. The physical and chemical properties of the growing media.

Physical elements (%)

Chemical characteristics

peatmoss 33.0 pH(1:5,v/v)
vermiculite 33.0 E.C (ds/m)
petlite 33.0 Ca™ (c-mol'*/kg)
etc. 1.0 NO; (mg/kg)

6.0 P,0; (mg/ke) 123.0
0.1 K" (c-mol'/kg) 4.0
40.0 Mg (c-mol*/kg) 7.0
0.1 C.E.C. (c-mol*/kg) 17.0
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Table 2. Sachs’ of nutrient solution.

(gh

Major elements Minor elements
KNO; 1.00 H;BO; 0.60
Ca; (POs)s 0.50 CuSO,-5H,0 0.05
MgSO0,- 7TH,O 0.50 MnCl,-4H,0 0.40
CaSO, 0.50 H;Mo0,-4H,0 0.02
NaCl 0.25 ZnS0O4 0.05
FeSO4 some

and 9 days increments. The soil moisture contents were
calculated as following method after drying fixed amount
of wet soil in an oven at 100- 105°C temperature and the
measuring was catried out 10 times per each treated area
(Lee and Choi, 2001).

Soil moisture content (%)=(Dry soil volume (g)/Raw
soil volume (g))x 100

Growth rates and leaf characteristics

To measure seedling height, root collar diameter and
proximal growth in accordance with moisture process,
respective tree species and treatments on seedling height
and root collar diameter measured 3 times on 15 samples
in the middle of May and September. In addition, each
dry weight of leaves, stem and roots measured by sam-
pling a seedling during the middle of September, which
the season was determined to slowdown the growth of a
tree. For growth situation, comparison was compared

using Relative Growth Rate (RGR).

The leaf area measured using a leaf area meter (Li-
3100, Li-cor, Inc.). With the leaf area and dry weight
measuring result, RGR of seedling, distribution ratio of
seedling dry weight and T/R ratio, SLA (Specific leaf
area=leaf area/leaf dry weight), LAR (leaf area ratio=
leaf areaftotal dry weight), LWR (leaf weight ratio=leaf
dry weight/total dry weight) was estimated.

All the statistic analyses were carried out with multiple
range test of Ducan utilizing the PC SAS program Ver.
8.0 (SAS, 2000).

Results and Discussion

Growth characteristics

The growth of leaves, stem and roots of a tree influ-
enced the cells expansion in accordance with moisture
absorption and increment of the cells. When water defi-
ciency occurs to the tree due to deficiency of soil mois-
ture, it decreases capacity of the tree and growth of each
organ, which would significantly decrease or hinder
(Kozlowski, 1984). Table 3 shows growth performances
of F rhynchophylla and F. mandshurica in accordance
with artificial water treatments.

While the tree height RGR of F rhynchophylla dem-
onstrates slowdown growth as it moves to the D treat-
ment from the A treatment which has high soil moisture
content, the tree height RGR showed difference in the
order of A>B>C>and D. The RGR of root collar diam-

Table 3. The growth of height and root collar diameter in the seedlings of Fraxinus rhynchophylla and Fraxinus mandshu-

rica subjected to artificial watering treatments.

Height (cm) . Root collar diameter (mm) .
Treatment Relative growth rate (%) Relative growth rate (%)
May Sep. May Sep.
Fraxinus riynchophylla
A 37.610.6 45.2+0.8 120.2+3.6 54£0.2 6.31£0.3 116.7+£7.5
B 37.1£1.1 42.7£09 115.1£3.7 5.0£0.2 5.6%0.1 112.0£7.1
C 36.2+1.2 39.3%1.1 108.6+5.7 5.7£0.1 6.1+04 107.0£6.1
D 37.0+1.4 39.8+3.6 107.6+10.1 6.1£0.3 6.4+0.2 104.9+£5.4
Fraxinus mandshurica
A 15.7+1.0 23.910.8 1522194 42103 4.810.2 1143£10.6
B 15.7+0.7 21.310.7 135.7+4.5 4.1+£0.3 4.610.2 112.2+7.7
C 148+£1.3 18.1£0.7 122.3+13.2 3.810.2 42102 110.5+£3.3
D 16.210.8 18.3£0.7 113.0£9.4 4.0+03 42404 105.0+12.4

Relative soil water; A:78~90% B :58~70% C:38~50% D: 18~30%.
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Table 4. Effect of artificial watering treatment on the dry weight of Fraxinus rhynchophylla and Fraxinus mandshurica.

Treatment Dry weight (g) T/R ratio
Leaves Shoot Root
Fraxinus rhynchophylia
A 5.32a’ 10.17a 19.43a 1.34a
B 4.66a 8.29ab 14.13b 2.41b
C 3.86ab 5.32bc 12.22b 2.72b
D 2.92b 3.94¢ 11.77b 3.16b
Fraxinus mandshurica.
A 1.77a 2.11a 10.23a 2.87a
B 1.52ab 2.08a 8.48ab 4.89ab
C 1.50ab 2.06a 8.01ab 4.52b
D 1.01b 1.64a 5.87b 5.06b

Relative soil water; A:78~90% B:58~70% C:38~50% D:18~30%
1: Means with the same letter within a column are not significantly different at 5% level by Duncan’s multiple range test.

eter displayed higher growth rate as it contained much
more moisture similar to the tree height growth rate. The
moisture process per treatment showed in the order of A
>B>C> and D however, while the C and D treatments
didn't show much difference, the higher RGR of root col-
lar diameter were showed at the A treatment.

While the tree height RGR of F. mandshurica showed
similarities in the order of A>B>C> and D treatment, K
mandshurica showed overall higher growth rate than £
rhynchophylla and the higher the moisture content, the
higher growth rate tendency were demonstrated.

Moreover, the RGR of root collar diameter showed the
largest RGR in the A treatment which has the high mois-
ture content in the order of A>B>C> and D, and the C
and D treatment displayed similar tendency. While F
rhynchophylla and F. mandshurica are species that have
low drought resistance and high adaptability to damp soil
(Lee, 2006), they showed seedling growth even at the
low soil moisture content condition. On the other hand, F
mandshurica showed significantly higher growth rate
compare to F rhynchophylla in a same environment.
According to findings, this result were due to lower
moisture potential in accordance with the absorption dif-
ference in the cells of cell elongation according to mois-
ture stress, suspending cell elongation cause of low root
pressure and develops embolism in xylem owning to
moisture stress, filling the xylem with air instead of water
which hinders functions of moisture circulation path in
which constrain the growth of plants (Milburn, 1993).

The decrease of root collar diameter when the fewer the
moisture content is purported to one of the protect mech-
anisms (Winkle and Rambal, 1993) that suspends growth
in order to fight the moisture stress period by using syn-
thetic compounds generated by the minimum photosyn-
thesis under moisture stress. When a tree receives excess
watering, the diameter growth would be accelerated or
decreased due to nutrient of moisture (Kozlowski, 1984).
In case of flood-tolerant tree, it either dry out or the
diameter growth would decrease during long-term pro-
cess however, watering process during short period time
would rather accelerate the diameter growth(Bahari et al,
1985).

Since the moisture processing on F. rhynchophylia and
F mandshurica was not a long-term experiment, the
observation was not distinct on difference of excess
moisture and deficiency in case of the root collar diam-
eter growth. Therefore, it is determined that there could
be sufficient data on excess moisture and deficiency if
detail studies are further carried out on the soil moisture
that influences growth traits.

Dry weight and leaf characteristics

Dry weight of F rhynchophylla and F. mandshurica
seedling showed decreased tendency in every treated
areas as the moisture content of soil decreased.

In exploring the changes of biomass according to
moisture process, dry weight of leaves of F rhyncho-
phylla were 532 g, 4.66 g, 3.86 g and 2.92 g according to
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Table 5. Effect of artificial watering treatment on the leaf area, SLA, LAR, and LWR of Fraxinus rhynchophylla and Fraxi-

nus mandshurica.

Treatment Leaf area(cm?) SLA LAR LWR
Fraxinus rhynchophylla

A 759.21a" 173.82a 22.89% 0.15a

B 668.74ab 151.02a 24.74ab 0.16a

C 581.61bc 145.35a 25.07ab 0.17a

D 473.73¢ 145.26a 25.77b 0.17a
Fraxinus mandshurica

A 244,284 191.62a 17.59a 0.11a

B 214.08a 144.11b 17.92a 0.12a

C 204.54a 140.81b 18.34a 0.12a

D 183.22a 134.39¢ 20.87a 0.14a

Relative soil water; A:78~90% B :58~70% C:38~50% D:18~30%
+: Means with the same letter within a column are not significantly different at 5% level by Duncan’s multiple range test.

A, B, C and D treatments and the dry weight of stems
were 10.17g, 829¢g, 532¢ and 3.94g and the dry
weight of roots were 19.43 g, 14.13 g, 12.22 g and 11.77
g, demonstrating statistical significance as moisture con-
tent of soil is lower showing decreased biomass tendency
and in the A treatment of 78~90% moisture content
showed significantly higher biomass compare to the D
treatment. As F mandshurica showing a same tendency
to F rhynchophyila the dry weight of leaves of F~ mand-
shurica were 1.77 g, 1.52 g, 1.50 g, 1.01 g according to
A, B, C and D treatment and the dry weight of stems
were 10.17 g, 8.29 g, 5.32 g, 3.94 g and the dry weight of
roots were 19.43 g 14.13 g, 12.22 g and 11.77 g moisture
content of soil is lower showing decreased biomass ten-
dency. Though F. mandshurica has a very low decrease
range of dry weight, it showed statistical significance in
A and D treatment demonstrating differences among
each treatments.

The changes of dry weight according to F rhyncho-
phylla and F. mandshurica's moisture process demon-
strate decreased tendency with dry weight as the soil
moisture ratio decreased and the main reason for the
cause would be due to intense moisture deficiency and in
which affects the two species, F. rhynchophylla and F.
mandshurica that are weak to drought resistance. While
F rhynchophylla and F. mandshurica grow well in the
high soil moisture condition, their biomass declined as
the moisture of soil decreased.

Table 5 shows a result that analyzed leaf characteristics

of two tree species according to moisture process. In case
of F rhynchophylla, the leaf area showed 759.21 cm? in
the A treatment, 668.74 cm? in the treatment B, 581.61
em? in C, 473.73 cm? in D area and with F mandshurica,
the treatment A showed 244.28 cm? 214.08 cm? in B,
204.54cm” in C and 183.22 cm? in the treatment D,
which demonstrate relatively higher leaf area with F
rhynchophylla per moisture process tree compare to F
rhynchophylla and the both species demonstrated higher
leaf area value when soil water content is higher and as
soil water content decrease, the value of leaf area also
decreased. SLA, which is one of the special traits of leaf
area of F rhynchophylla, didn't show statistical signifi-
cance between moisture process, it demonstrated de-
creased tendency as the moisture content interval was
minimal.

As the characteristic of leaf area of £ mandshurica had
a same tendency to F. rhynchophylla, SLA didn’t show
statistical significance among each water treatment but
relatively showed statistical significance in A and D
treatments and it demonstrated decreased tendency as the
moisture content interval is minimal. LAR and LWR
showed increased tendency while moisture content didn’t
show statistical significance between each processing
interval as they are minimal.
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