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[ Abstract] The dynamics of forest ecology was studied. The pH values, electrical conductivities and concentrations of

metal and nonmetal elements in rainfall, stream, throughrfall and stream flow were investigated based on the data collect-

ed from a small mixed forest watershed of Pinus densifora sieb et Zucce, Pinus thunbergii Parh and Chamaecypari sobtusa

sieb et Zucc ex Endl at Kiryu nature reserve and a small barren watershed at Jakujo nature reserve, Ootsu, Shiga, Japan.

The results show that both the mixed forest ecosystems of pine and cypress and the soil draw from granite affect the pH

values and metal elements of rainfall. And the contribution of the mixed forest is greater than that of the barren. More

over, the amount of input of most elements is larger than that of output in the ecosystem, which shows the elemental ac-

cumulation in the related forest ecosystem.
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1 INTRODUCTION

The challenge of forest ecosystems associated
with the principle of sustainable development has been
of concern to many researchers and managers in the
last decade! '™ 1.

ment of established principles and technologies but al-

It requires not only the reinforce

so their extension to much wider, higher and freer
scope for the realization of sustainability for forest e
cosystem management' " ©. Compared with the stud-
ies on dynamics of nutritious elements in forest ecolo-
gy and water pollution ecology, it is more lately de
veloped to investigate the dynamics of pH value and
metal elements of rainfall within forest ecology sys
tem!” ¥ The study of the dynamics of pH value and
metal elements of rainfall within forest ecology system
is very important to the sustainability for forest

19101 " Recently, a few scholars conducted

.9~ 11
some studies' I

ecosystem
but the utilization of forest
ecosystem positioning station for carrying out perpet-
ually research is still seldom. This paper is to report
some of our researches related in this field, which will
be much useful to the sustainable development of the
forest ecosystem.

2 EXPERIMENTAL

2.1 Position studied outline
2.1.1 Kiryu position studied
Kiryu, altitude 190~ 255 m and watershed area

5. 59 km?, lies in the southeast of Shiga County,
Japan. The soil mother substance of Kiryu is granite.
Whole watershed is mixed forest with Pinus desif o~
ra, Pinus thunbergii and Chamaecypari sobtusa.
The degree of closeness is nearly 1. 0.
2.1.2 Jakujo position studied

Jakujo, altitude 375~ 430 m and watershed area
2. 89km?, lies in the southwest of Kiryu (about 5 km
away from Kiryu). The soil mother substance is
granite. There are a few pines in watercollecting
area, but they are badly grown. The degree of close
ness is less than 0. 1. The other conditions of Jakujo
are similar to that of Kiryu besides the forest of
them.

2 Sample collection
2.1 Sampling in Kiryu

1) Precipitation ( P):
with a diameter of 30cm in blank area out forest to
collect rainfall, and then marked it with P.

2) Stream (S):
area to collect outflow water, and then marked it
with S.

3) Through fall (TF): Placed two sets of col-

lecting devices to collect rainfall in forest. While sam-

2.
2.
Placed a polythene funnel

Built a dam in water-collecting

pling, fully mixed two samples, and then marked it
with TF.

4) Stream flow ( SF): Coiled two PVC thin
boards at the height of 1. 5 m on the Japanese pine
and cypress to collect stream flow. While sampling,
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fully mixed two samples, and then respectively

marked with SFA and SFH.
2.2.2 Sample collected in Jakujo

1) Jakujo precipitation (JP): Sampled in the
same way as 1) of 2. 2. 1, and then marked it with
JP.

2) Jakujo stream (JS): Sampled in the same
way as 2) of 2.2.1, and then marked it with JS.
2.2.3 Time

Frequency of collecting sample is once two weeks
generally.

2.3 Analytical method
2.3.1 pH value measurement
After filtering water samples with a diameter
0. 45 Hm fibrous film, measure its pH value with the
pH instrument.
2.3.2 FElectrical conductivity measurement
Use electrical conductivity instrument to deter
mine electrical conductivity.
2.3.3
The contents of the elements, such as Ca, Mg,
Al, Mn, Zn, Ba, Sr, Cu, V, Cr, Ni, Fe, B and Si,
were determined with ICP ( Induction Coupled Argon

ICP analysis

Plasma Spectrophotometer) instrument.
2.3.4 FE analysis

Use FE (Flame Emission) instrument to deter
mine concentration of potassium.
2.3.5 INAA analysis

Use INAA ( Instrumental Neutron Activation
Analysis) to determine concentration of sodium.

3 RESULTS AND DISCUSSION

3.1 Dynamics of pH value
3.1.1 pH value and electrical conductivity of rain-
fall and outflow water

The pH value of rainfall directly affects the
structure, function and system balance of forest
ecosystem as well as forest environment. And the pH
value of outflow water greatly affects ecological envi
ronment of lower reaches of rivers and all sorts of
biomes, especially serious to biomes of water. The
pH values of samples from Kiryu and Jkujo are
showed in Table 1. The conclusion from Table 1 is
that during the course of rainfall flowing through
mixed forests of pine and cypress, the pH values
change from high level to low level in the sequence of
stream, precipitation, through fall and stem flow.
The average pH value of P is 5. 07, acid. The average
pH value of S is 6. 64. It almost belongs to neutrality
and the adding amplitude is 1. 57. This shows that
forests greatly affect pH value of rainfall.

The average pH value of JP is 5. 14 and that of
JS is 6. 55. The tendency is also from acid to neutral-
ity. The adding amplitude is 1. 41.

The increase of pH value results from ion

Table 1 Variation ranges and average of pH
value and electrical conductivity of water
samples at Kiryu and Jakujo

Water pH Conductivity/ (USem™ ")
saople o Max Aw Min. Max Av.
P 4.35 5.80 5.07 3.96 55.20 14.54
JP 4.30 6.73 5.14 3.50 41.20 15.85
TF 4.06 5.90 4.84 7.55 100.0 48.60
SFA 4.04 6.37 4.86 6.14 147.0 68.64
SFH 3.14 6.46 3.78 13.80 473.0 160.1
S 6.18 6.97 6.64 30.00 40.10 37.23
JS 6.06 6.97 6.55 16.00 25.40 22.54
Times. of 28 30
sampling
exchange, complexation, precipitation, absorption

and buffer in forest soil. Although pH value of pre-
cipitation at Kiryu is lower than that of Jakujo, its
pH value of stream is higher than that of Jakujo. This
showed that the pH value was affected more in mixed
forests of Japanese pine and cypress ecosystems than
in barren hill.
3. 1.2 Relation of pH value of stream, precipita
tion, through fall,
mixed forests

stem flow at Kiryu

It is showed in Table 1 that the average pH value
of TF is 4. 84 and that of SFA is 4. 86. The average
pH value of SFH is 3. 78, which is lower than that of
P and TF. All of them are acidulated.

Some of rainfall at forests was evaporated. At
the same time, the ion exchange happened. After
rainfall was evaporated and enriched, the concentra-
tion of H" rose. This is the major reason that the pH
values of TF and SF were reduced. On the other
hand, the process of evaporation of backw ater and the
exchange of ion were changed with the tree species.
This leads to the different pH value of SF in dissimi-
lar trees species.

Connection analysis was conducted in order to
study the relation of each analysis water sample. Re-
garding pH value as prefactor, marked with X{”,
X0P0= (X)), (=1, 2, 3,4, ., 27), re
garding pH value of P, TF, SFA and SFH as subfac
tor, marked with X47, X6, X639, X62, X§ =
(XY ()}, (i=1, 2, 3,4, j=1, 2, ... 27). Af-
ter normr dimension dealing with, use formula:

Si= &i(j) =
min min | X67(j) = X6(j) 1+ 0.5, 1 X6%(j) - X)) |

| x 67— xe?i) |+ 0.51x67) - x62¢j) |
to analyze relation coefficient &, (i= 1, 2, 3, 4).
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Classify each relation coefficient of prefactors and sub-
factors. Analyze relevant level with formula ro; =

ZE.DL(]) . In this formula, ro;(t=1, 2, 3, 4)
i=1

classify each relation coefficient of prefactors and sub-
factors. Then calculate gradually, and get relation co-
efficient series R.
R={roi roa ro rmj=
{0.78 0.77 0.74 0.71)

Relation analysis indicated that relation level of S
with P is the largest, that of S with SFH is the low-
est, and those of S with TF and SFA are moderate.
The conclusion shows that there is little effect be
tween ecosystem of mixed forest of pine and cypress
with pH value of rainfall, and ion exchange, chelae,
sedimentation, absorption, amortization, etc, have
more effect.

3.1. 3 Electrical conductivity of water samples in
Kiryu and Jakujo

Electrical conductivity of solution has close rela-
tion with ion concentration of solution. With ion con-
centration of solution increasing, electrical conductivi-
tv increases. Electrical conductivitv of water samples
in Kiryu and Jakujo is showed in Table 1.

Table 1 shows that average electrical conductivi-
ty of P Kiryu is 14. 54 BS/m, and that of S is 37.23
HS/m. During the proceeding of inflow and outflow,
average electrical conductivity increase is 156. 05% .
It shows that the ion concentration of solution is in-
creasing during this proceeding. But pH value of out-
flow does not decrease. It can be proved that in the
course of flow, ion concentration increases, but H*
concentration doesn’ t increase.

Average electrical conductivity value of TF,
SFA, and SFH is 48. 60, 68. 64, 160. 12 HS/m.
They are larger than that of P and S. But pH value is
reversed. This shows that after rainfall has been
dammed and evaporated H" and other ion are concen-
trated at crown of trees.

It can be seen from Table 1 that the average
electrical conductivity of Jakujo rainfall is 15. 85 HS/
m and that of JS is 22. 54 S/ m. During the proceed-
ing of inflow and outflow, the average electrical con-
ductivity increase is 42. 21% . The increased level is
less than that in Kiryu. It makes out that ion ex-
change at soil draw from granite is less than that at
forests.

The main reason of electrical conductivity in-
crease is that the increase of K* and Na" concentra-
tion in outflow.

3.2 Dynamics of metal elements of rainfall
3.2.1 Absorption principle

There is a potential difference of cell membrane
between inside and outside, and the value range is 50
~ 100 mV, so protein of cell in root of trees can

transport metal ion of soil solution to cell at roots.

Besides that, plant can absorb metal ion through

leaves.

3.2.2 Dynamics of metal elements at mixed forests
ecosystem in pines and cypress

In forests ecosystem, water is an important eco-
logical factor. Rainfall at forests passes through
crown of trees, trunk of trees first. Then it reaches
to the woodland and forms flow of surface water and
flow of groundwater. Lastly it flows into streams and
then flows out of this watershed. For this reason, the
amount and quality of stream water is very impor-
tant. All metal concentration of water at Kiryu and
Jakujo is showed in T able 2.

Based on Table 2, concentration of B, Si and
other metal elements in TF, SFA and SFH is larger
than that of P. It means that concentration of major
elements in TF, SFA and SFH increases after rainfall
flows into this forest ecosystem. This is because of
dust at truck, branch and leaf being washed down.
The elements of tree organs are dissolved and re-
moved. And rainfall is condensed at crown of tree.
Variance analysis and multrcomparison Q-test ( deal
source data according to logarithm) show that vari
ance of metal elements concentration of TF and SFA
in mixed forests system and that of P and SFH are re-
markable. This shows that mixed forest ecosystem
has greater effect on metal elements in rainfall. The
test results are showed in Table 3 and 4.

Except Si, K and Na, the average concentration
value of metal elements and B in outflow are lower
than that of precipitation. The average concentration
decreases are Zn 98. 65% , Ni 100%, Mn 99.95%,
Fe 90.85%, Cr 100%, Mg 41.81%, V 100%, Cu
95.60%, A195.42%, Sr 33.97%, Ca24.51%, Ba
94.59%, B 94.59% . Except Mg, Sr, Ca, the oth-
ers excess 95% . The average value is 82. 08% . Varr
ation analysis and multicomparison Q-test show that
the variance of metal elemental concentration of
stream in mixed forests system and that of P are re-
markable. This proves that mixed forests have great
effect on metal elements in stream. The test result is
showed in Table 5 and 6.

From the point of view on the clarification, if an
elemental concentration at outflow of a forest water
shed is lower than that of rainfall, it can be reckoned
that forest has clarification function to this element.
Analysis suggested that above-mentioned elements in
stream at Kiryu is lower than that of rainfall and a
conclusion can be reached that mixed forests at Kiryu
have clarification function for those elements. The
major reason about this is absorption of roots system,
adsorption and exchange of soil.

3.2.3 Dynamics of metal elements at small barren
watershed

Based on Table 2, except B, Si, Na and Al in

stream, average values of other elements are lower
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Table 2 Elements concentration of water samples at Kiryu and Jakujo (10~ °)
Water Zn Ni Mn Fe Cr Mg v Cu
sample
Min. 0 0 0.97 0 0 0 0 0
P M ax. 20. 20 52. 34 53.23 50. 86 151. 49 180. 68 72.59 80. 80
Av. 5.16 6.01 18. 83 5.90 16.72 69. 79 8.73 10. 01
Min. 0.21 0 0.40 0 0 2.73 0 0
JP M ax. 15.74 0. 06 8.24 0.77 0 114. 34 0 0.58
Av. 3.94 0. 004 3.75 0.07 0 32.90 0 0. 10
Min. 0 0 0 0 0 37.29 0 0
S Max. 0. 69 0 0.07 1. 44 0 43.70 0 1.00
Av. 0.07 0 0.01 0. 54 0 40. 61 0 0. 44
Min. 0 0 0 0 90 10. 44 0 0
JS M ax. 0.21 0 0.42 0 0 23. 14 0 0
Av. 0. 06 0 0.05 0 0 18. 43 0 0
Min. 1.38 0 15. 54 0.26 0 18.79 0 0
TF M ax. 132.28 13.55 1126.41 52.50 13.41 2020.3 13.96 29. 60
Av. 30.97 3.55 279. 44 14.27 3.13 533.59 3.02 11. 86
Min. 0 0 0 0 0 0 0 0
SFA M ax. 87.53 507. 27 814. 64 111.85 0.17 2307.5 1. 38 70. 00
Av. 23.21 37.08 221.76 33.93 0.01 536. 31 0.14 19. 07
Min. 0.31 0 0 1.23 0 4. 81 0 0
SFH M ax. 17. 81 2.59 134. 11 45.58 2.29 278.23 2.30 7.87
Av 5.20 0.33 38.28 13.31 0.19 97. 39 0.19 0. 81
X;ﬁ Al St Ca Ba K Na B Si
Min. 0 0 0 0 79.33 91. 14 0 0
P M ax. 379. 57 6.09 451. 10 20. 07 1441.4 2185.1 65.13 269. 86
Av. 50. 65 1.56 175. 06 2.63 406. 14 687.29 10.91 46.79
Min. 0 0. 08 9.75 0 8.59 0 0 1.59
JP M ax. 6.33 2.17 330. 24 0. 81 618. 85 2231.8 0. 69 86. 50
Av. 0.95 0.71 113.34 0.13 136. 57 655.29 0.21 20. 32
Min. 0.54 0.93 113.51 0.16 566. 53 4104.2 0. 30 629. 84
S M ax. 3. 89 1. 12 150. 25 0.26 770. 02 8§812.1 1.33 892. 98
Av. 2.32 1.03 132. 16 0.22 668. 02 5847.9 0.59 809. 69
Min. 0 0.25 29.25 0 230. 87 886. 00 0 388. 83
JS M ax. 2.58 0.54 73.80 0.06 384. 08 2985.0 0.48 713.49
Av. 1. 11 0. 39 52.29 0.02 294. 26 1826.7 0.25 598. 38
Min. 2. 88 0.92 87.59 0.41 467. 10 460. 43 0 3.45
TF M ax. 372.92 67.45 6735.3 44. 00 12 151 6 006. 2 34.96 319. 67
Av. 105. 22 16.77 1428.0 9.44 3645.8 1723.0 13. 16 110. 13
Min. 0 0 0 0 1270.0 23.40 0 0
SFA M ax. 307. 68 64.97 5828.6 34.02 12419 5484.8 43.97 342.23
Av. 106. 10 21.48 1801.9 10. 65 4978.3 1 756.00 16. 05 180. 68
Min. 0 0 0 0 314. 20 510.32 0.90 0
SFH M ax. 64.79 10. 50 1016.6 6.32 4537.6 8791.3 10. 00 718.53
Av. 21.70 3.34 355.40 1.97 1918.2 2708.7 3.58 85. 68
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Table 3 Variance analysis of rainfall, through fall and stream flow at Kiryu

A 3 3.696 46 1.23215  7.09 2.81 Remarkable variance Level of A is 4
B 15 51.47431  3.43162 19.74" 1. 89 Remarkable variance  Level of B is 16
Surplus 45 7.821 06 0.173 80
Total 63 66.991 82

Table 4 Difference of average value of rainfall, through fall and stream flow (SFA and SFH) at Kiryu

Average at difference levels XJ~ X4 XJ~ X, XJ~ X» XJ~ X3
X3=1.805 0.510" 0. 506 0. 058
Xo=1.746 0.451" 0.448"
X = 1.298 0.003
X 4= 1.295
Q value of factor A= 3.74, D= 0.389796 8
Table 5 Variance analysis of rainfall and stream at Kiryu
A 1 1. 640 77 1.64077 4.97 4.54 Remarkable variance Level of A is 2
B 15 25.084 01 1.67227 5.07° 2.40 Remarkable variance  Level of B is 16
Surplus 15 4.95229 0.33015
Total 31 31. 677 06

Table 6 Difference of average value of
rainfall and stream at Kiryu

Average at different level XJ~ X, XJ~ X
X = 1.298 0.453"
X,=0.845

Q value of factor A= 2.89, D= 0.4151405

than that of rainfall. The average decreases are Zn
98.48%, Ni 100. 00%, Mn 98. 67%, Fe 100%,
Mg 43.98%, Cu 100%, Sr 45.07%, Ca 53.86%,
Ba 84. 62% . The average value is 80. 52% ( because
concentration of Cr and V is zero, there are decrease
in Cr and V). Variation analysis and multrcompari-
son Q-test show it is not remarkable of variance be
tween the concentration of stream metal elements and
that of rainfall. This proves that barren hill has not
great effect on metal elements in stream. The test re-
sult is showed in Table 7 and 8.

3.2.4

The substance that flows into the system from

Input and output of system

the accompaniment of rain is the input. The sub-
stance that flows out of the system from the accompa-
niment of stream is output. The input and output of
elements at Kiryu and Jakujo are showed in Table 9.

Table 9 shows that at mixed forests small water
shed of Kiryu, except K, Na, Si, output of other el
ements are lower than input and there is a cumulating
current. At barren small watershed of Jakujo, except
K, Na, Si, B, Al output of other elements are low=-
er than input and there is a cumulating current. Con-
centrations of K, Na, and Si in stream are larger than
that of rainfall. It is because the parent substance is
granite.

4 CONCLUSIONS

1) During the course of inflow and outflow, pH
values of TF, SFA and SFH at mixed forests small
watershed of Kiryu increase. The average value is
1. 57. At small barren watershed of Jakujo, pH value
of JS increases, too. The average value is 1. 41 and
lower than that of mixed forests watershed.

2) At mixed forests ecosystem of pine and cy-
press, the concentrations of metal elements and other
substance of TF, SFA and SFH increase currently.
But those of S decreases currently. It is remarkable
that the system affects TF, SFA and S. At small
barren watershed, the concentrations of metal ele
ments and other substance of JS decrease. But the in-
fluence is not remarkable.
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Table 7 Variance analysis of rainfall and stream at Jakujo

Degree of Difference M ean F F critical

Factor T est result Remark
freedom square sum square value value, Fo. os
A 1 0.00010  0.000 10 0 4,54  Withoub remarkgble  Level of
variance Ais2
B 15 27.69740  1.84649  17.74' g4y  wathond mmarksble  Level of
variance Bis 16
Surplus 15 1.561 24 0. 104 08
Total 31 29.258 74
Table 8 Difference of average value of 4) At Kiryu and Jakujo watershed, metal ele-
rainfall and stream at Jakujo ments are being cumulated currently.
Average at different level XJ~ X, XJ~ X, 5) Concentration of K, Na, and Si in stream is
larger than that of rainfall. It is because the parent
X 1= 0.759 0.011 : .
substance is granite.
X,=0.748
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