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SUMMARY

I. Title

Development of Containerized Seedling Production System for High

Seedling Quality

II. The objectives and rationale of the research

The objectives of this research are 1) to develope techniques for large
container seedling production system, 2) to innovate new containers and
materials for seedling producers to increase their benefits and to develope
industry relating container production, 3) to reduce the production cost by using
used—rockwool, and 4) to generate irrigation and fertilization system for large
container seedling production. Another objective is to develope planting systems
for large container seedlings for optimizing specific site condition and applying
to forestation.

Although the techniques of containerized seedlings have been developed since
1996, seedling producers have rarely used this systems because of limited tree
species for the container, expensive investment in the beginning, and continuous
material cost. We need techniques to reduce the period of seedling production by
using containerized production for long—time needed species in the nursery and
various containers for diverse species resulting in large containerized seedling
production.

We have suffered in social and economic aspects because prices have
increased since 2000 and importing gasoline was recently steep increased. We
also import raw materials with high price resulting in decreasing domestic
economic. Therefore, we need technique to recycle used—rockwool for reducing

price of soil media for containerized seedling production. The technique can

_12_



reduce the price of containerized seedling and can be applied to production.
Irrigation and fertilization techniques for containerized seedling were not well
developed in Korea. So we need to develope techniques urgently to apply
hydroponic culture to containerized seedling production.

Based on previous research, containerized seedlings are generally better in
survival in the field and growth performance than bare root seedings produced
in the nursery. However, containerized seedling has some problems owing to
low techniques for containerized seedling such as timing of planting, planting
method, and management after planting. Therefore, we need scientific
containerized seedling production system as well as development of planting

system for containerized seedling in the field.

III. Contents of research

Sub—project : Development of large containerized production system

1. Select species and container for large seedling production

2. Develope growth control system by finding optimal temperature condition

3. Develope growth control system by finding optimal light condition

4. Develope planting technique for large containerized seedling

5. Develope container for large seedling production

6. Develope tools for planting large containerized seedling

The first cooperation project : Development of soil media with

used—rockwool, irrigation and fertilization system

7. Optimal mixture ratio of used—rockwool for soil media of containerized
seedling production
8. Optimal fertilization such as composition and concentration for media mixed

with used—rockwool

_13_



9. Irrigation system for containerized seedling using media mixed with

used—rockwool

The second cooperation project : Development planting system of

containerized seedling

10. Compare containerized seedling with bare root seedling in survival and
growth in the field

11. Analyze growth conditions for survival and growth of containerized seedling

12. Develope techniques of optimal fertilization for containerized seedling

13. Find optimal planting time for containerized seedling

14. Effect of container size for seedling survival and growth

15. Development of management technique after planting containerized seedling

IV. Results of the research

Sub—project : Development of large containerized production system

1. Select species and container for large seedling production

Containerized seedling needs light for survival and growth, so we should
control shrub and herbaceous vegetation around them. Hardwood species need
60—80cm in height and softwood species need 50—60cm in height even though
these are dependent on site condition and species based on measurement of 90
stand structures. We select 6 species for large containerized seedlings: Finus
densiflora, Pinus koraiensis, Abies hollophylla, Fraxinus rhynchophylla, Quercus
acutissina, and Torreya nucifera. As the size of container increased, the growth
of seedling improved except P. densiflora: large (1.8L) > medium(1.2L ) > small
(0.8L). In P. densiflora, growth was bigger in 1.2L and 0.8 L container than 1.8
L. Commercial soil media is much better in growth performance than 1:1:1 ratio

of peatmoss:vermiculite:perlite because commercial soil media has high organic

_14_



material. However, P. densiflora showed opposite result of the obove.

2. Develope growth control system by finding optimal temperature condition
Based on results of temperature treatment in growth performance, chlorophyll
contents, fluorescence light response, and photosynthetic characteristics, optimal
growth temperatures are 25~30°C for Larix leptolepis and Stewartia koreana, 3
0C for A. holophylla, P. koraiensis, and . acutissima, 30~35C for P
densiflora, F. rhynchophylia, T. nucifera. All species showed high growth and

good physiological conditions in above optimal temperature.

3. Develope growth control system by finding optimal light condition

Based on results of light interception treatment in growth performance,
chlorophyll  contents, fluorescence light response, and photosynthetic
characteristics, the highest growth showed in full sunlight for 2 densifiora and
F. rhychophylla, and in medium intercepted light (70% of full sunlight) for 2.
koraiensis, Kalopanax pictus, L. leptolepis, S. koreana, and 7. nucifera. All
species showed high growth and good physiological conditions in above optimal

light conditions.

4. Develope planting technique for large containerized seedling

September and early October were much better than late October for the
time of planting in most species. As the size of container increased, the growth
was improved. Because large container has large volume of roots, survival and
initial growth was higher in larger containers than in smaller containers. This

effect was occurred in the field.

5. Develope container for large seedling production
We developed containers with 24 holes, which can be separative or fixed and
12 holes. We can separate each hole from separative or fixed container and fix

to use like fixed containers. We can modify density of seedling in the one tray
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by moving holes. Furthermore, the leg of the tray is detachable. If the leg was
used, we don't need the table when seedling is hardening. Just by changing the
tray, we can produce seedlings with diverse density and get it with low cost.
Containers with 12 hole increase by 1,050ml in volume and produce large 77
seedlings per 1m® Oval surface of the tray prohibits the modification of
container and increased the efficiency of irrigation and fertilization by improving
inflowing. Furthermore, the shape of bamboo hat of tiny vertical gap inner

reduced leaching or overflow of irrigation and fertilization up to 16~40%.

6. Develope tools for planting large containerized seedling

We developed the portable planter, which is very light weight and compact.
This can improve efficiency of planting and reducing labor cost. The size of
planter is 930x660mm (length X width) including cutter. 2.0 horse power was
applied to the planter with air—cooling two cycle cylinder. Power delivery was
done by 8 mm flexible shaft, which was used in other equipment. In the digger,
100mm screw was used with 80mm width in cutter blade to out stone in the

hole. It takes 2~3 minute per hole per two persons.

The first cooperation project : Development of soil media with

used—rockwool, irrigation and fertilization system

7. Optimal mixture ratio of used—rockwool for soil media of containerized
seedling production

As results of investigation of physical property on media made by mixture
ratio of used—rockwool, bulk and true density increased by increasing mixture
ratio. Liquid phase was most much in 30% medium. Porosity was higher in 30%
and 50% media than in the rest, and EAW, WBC and pH increased by
increasing mixture ratio. However EC was the opposite of tendency of pH.
Generally, when trees are cultured by container seedling using media mixed

used—rockwool, media mixed with used—rockwool over 50% is profitable in

_16_



irrigation management. In container seedling of PFinus densiflora, flesh weight,
dry weight and height were better in 50% and 70% media than in the rest.
However trunk diameter was had no difference according to mixture ratio. In
container seedling of Zorreya nucifera, flesh weight and height increased much
more in 70% medium and trunk diameter and numbers of shoot increased much
more In 50% and 70% media than in the rest. In container seedling of Quercus
acutissina, flesh weight, height, trunk diameter, total chlorophyll and
photosynthesis rate were better in 50% or 70% media than the rest. However
dry weight of the tree was had only difference between non—mixed and mixed
with used—rockwool. In container seedling of Fraxinus mandshurica, flesh weight
and photosynthesis rate increased much more in 70% medium than in the rest.
However height and trunk diameter were had only difference between
non—mixed and mixed with used—rockwool and total chlorophyll was had no
difference according to mixture ratios with used—rockwool. Photosynthesis rate

was highest in 70% medium.

8. Optimal fertilization such as composition and concentration for media mixed
with used—rockwool

In container seedling of Zorreya nucifera, flesh weight, height and trunk
diameter were better in high strengths than low strengths as 3.0 strength. In
container seedling of 7orreya nucifera, flesh weight more increased in 1.5 and
3.0 strengths and height and trunk diameter more increased in 1.5 strength than
the rest. In container seedling of Quercus acutissina, flesh weight was heaviest
in 2.0 strength and was lightest in 1.0 strength. Height and dry weight in 2.0
and 3.0 strengths and trunk diameter and total chlorophyll in 2.0 strength were
better than the rest. Besides photosynthesis rate was more high in 1.5 and 2.0
strengths than the rest. In container seedling of Fraxinus mandshurica, flesh
weight, height and trunk diameter more increased in 0.5 strength and total
chlorophyll and photosynthesis rate were good in 0.5 and 2.0 strengths. Most

growth characteristics were poor in 3.0 strength.
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9. Irrigation system for containerized seedling using media mixed with
used—rockwool

(1) Supply amount and number of times of nutrient solution

In results of investigation on height, trunk diameter, numbers of shoot,
chlorophyll content and photosynthesis rate of trees according to supply number
of times per week and amount per one times of 'Sonneveld' nutrient solution,
Pinus densiflora (1—0) in over 100% of field moisture capacity (FMC) and
twice/week, Pinus densiflora (2—0) in over 100% of FMC and seven times/week,
Pinus koraiesis (1—1) in over 100% of FMC and three times/week and that in
case of increase of tree age was needed increase of supply number of times and
decrease of supply amount, Zorreva nucitera (1—1) in 100% of FMC and one or
twice /week, Quercus acutissima (1—0) in 100% or 150% of FMC and three
times/week and that in case of increase of tree age was needed seven
times/week, Stewartia koreana (1—0) in 150% of FMC and three times/week was
good in growth characteristics of tree. In results of investigation of height and
trunk diameter of trees according to the supply number of times of nutrient
solution by and species of trees, height of Pinus densiflora (1—0) more increased
in many supply number of times for May and June, in three times/week for
July and August. Trunk diameter of Pinus densiflora (1—0) more increased in
twice or three times/week for May, once or seven times/week for June, three
times/week for July and August. Also, there was the significant effects of
growing period and supply number of times on height and trunk diameter of the
trees.

(2) Irrigation management according to growing period

Height of Pinus koraiesis (1—1) more increased in twice/week for May, many
supply number of times for July and August. Trunk diameter of Finus koraresis
(1—1) more increased in twice for May, three times/week for June, twice/week
for July, three times/week for August. Also, there was the significant effects of

growing period and supply number of times on height and trunk diameter of the
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trees. Height of Zorreyva nucifera (1—0) more increased in once or three
times/week for May, once or seven times/week for June, many supply number
of times for July and August. Trunk diameter of Zorreyva nucifera (1—0) more
increased in once or three times/week for May, twice/week for June, over three
times/week for July and August. Height of Zorreyva nucifera (1—1) more
increased in three times/week for May and June, seven times/week for July and
August. Trunk diameter of Zorreyva nucifera (1—1) more increased in seven
times/week for May, over three times/week for June, July and August. Also,
there was the significant effects of growing period and supply number of times
on height and trunk diameter of the trees. Height of 7axodium distichum (1—0)
more increased in three times/week for June, twice/week for July, over three
times/week for August. Trunk diameter of Zaxodium distichum (1—0) more
increased in twice for May, three times/week for June, seven times/week for
July and August. Also, there was the significant effects of growing period and

supply number of times on height and trunk diameter of the trees.

The second cooperation project : Development planting system of

containerized seedling

10. Compare containerized seedlings with bare root seedlings in survival and
growth after planting in the field

There are differences among site condition in growth performance and relative
growth in P. densiflora and . acutissima. However, containerized seedlings of
two species were better in growth than bare root seedlings. Foliage, stem, and
root biomass were larger in containerized seedlings than in bare root seedlings.
The increase of stem biomass was the largest in P densiflora and the increase
of root biomass was the largest in &. acutrissima in both seedling types. When
3 years passed after planting containerized and bare root seedlings, there were
no interruption in growth of Z. densiflora and . acutissima by around

vegetation.
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11. Analyze growth conditions for survival and growth of containerized seedling

Total chlorophyll contents of P densifiora and &. acutissima were higher light
intercepted treatment than full sunlight treatment in both containerized and bare
root seedlings. However, total chlorophyll contents were higher in wet condition
for P. densifiora and in dry condition for &. acutissima, and were the highest in
the 1000 times fertilization treatment. Actual growth and relative growth rate of
P. densiflora and . acutissima were the highest in full sunlight of light
treatments, wet condition of water treatments, and 1000 times fertilization of
fertilizer treatments. Foliage, stem, and root biomass showed the same trends as
above. Furthermore, photosynthetic capacity and efficiency followed the same
trends of growth performance in . acutissima. These values were much higher

in containerized seedling than bare root seedling in both species.

12. Develope techniques of optimal fertilization for containerized seedling
There were no differences in survival rate and physiological index among
fertilization treatments in the field. There was also toxic effect on seedling by
over 100g fertilization. Seedling actual (or relative) height and root collar
diameter of Q. acutissima and P. densiflora (planted in 2006) in both seedling
types were higher in fertilization treatment than control, no fertilization. Seedling
actual (or relative) height and root collar diameter of &. acutissima and P.
densiflora (planted in 2007) in both seedling types were high at 50g and 100g
fertilization in deep—fertilization treatments, and 200g and 300g treatment in
surplus fertilization treatments. Above results were also showed in Z.
rhynchophylla, Betula platyphylla, Cornus kousa containerized seedlings (planted
in 2008). The biomass increases were the same as above growth performance.
The effect of fertilization treatment was higher in bare root seedling than
containerized seedling. In the Dbeginning after planting, the growth of
containerized seedling was higher than bare root seedling, but as time

progressed the differences between seedling types were decreased in growth.
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13. Find optimal planting time for containerized seedling

Planting in summer had high survival rate and physiological conditions in all
sites in P. densiflora containerized seedlings. Seedling actual (or relative) height
and root collar diameter of P. densiflora was the highest in summer planting,
but in the initial period after planting growth was not good. After time passed,
growth rate was increased. Growth was higher in site B, which was not
vigorous vegetation around planting site. Biomass was highest in summer

planting and also highest in site B.

14. Effect of container size for seedling survival and growth

There were no differences in survival rate of P densiflora among container
sizes, but high physiological characteristics showed as container size increased.
Also, high survival rate and physiological characteristics occured in site B,
which was not vigorous vegetation growth. 1—0 Z. densiflora seedling planted at
containers with 35 holes showed higher height growth than containers with 104
holes, but there were no differences in 2—0 P densiflora seedlings between pot
for large seedling and containers with 15 holes. Foliage, stem, and root biomass
of 1-0 P densiflora were higher at containers with 35 holes and at pot for 2—0

P. densiflora seedlings.

15. Development of management technique after planting containerized seedling

The survival rate and physiological characteristics for all seedlings were
higher at the controlling site of vegetation than no treatment. The survival rate
and physiological condition were also greater in containerized seedling than in
bare root seedlings planted in 2006 and 2007. The actual and relative growth of
1-0 and 2—0 P. densifiora containerized seedlings planted in 2006 and 1-1 2
densiflora bare root seedlings were the highest in vegetation control treatment.
The actual and relative growth of P densiflora and &. acutissima containerized

and bare root seedlings planted in 2007 and Acer mono containerized seedlings
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planted in 2007 were the highest in vegetation control treatment. However, there
were no differences in growth performance for all species planted in 2006 and
2007 between vegetation control treatment and mulching treatment. Biomass
growth was the highest at vegetation control treatment for all species planted in
2006 and 2007, and growth rate of containerized seedlings was higher than bare

root seedling in P. densiflora and @. acutissima.
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o 53 2 23 B4 Y

D BF 54

eE AL mE 4=h FFS BHH/) Astel ALPEFEE 359 BES
AR F, @ NS G 3R F ool oo sl 952 GBS LA}

A=Z29o] FHE& Hiscox® Israelstam(1978)¢] HHo] uwlg} dimethylsulfoxide

(DMSO)E % |42 o]&3sto] 7 AP (15mm*x12.5cm)ol DMSO 10mlE ¥

5 B8 AzA-S(CH/AB204—S, Mettler—Toled, Switzerland) 2 1] o} H-$]qj
A 0.1g9 A& A Hgslo] Al Wi, FA] 656+1C 8% oF 8AI7H

7t AE5aE FEST FEHS UV-Vis spectrophotometer(Nicolet Evolution
100, Thermo Electron Co., USA)E ©]&3}4 663nme} 645nme] oA 3=
€ SAs] vso Hoem fdE54 a%t be FHEF= e tH(Arnon, 1949;
Mackinney, 1941).

Chlorophyll a(mg - g7! - fresh wt.) = (12.7XAgs3 — 2.69%XAg45)
Chlorophyll b(mg - g* - fresh wt.) = (22.9XAg45 — 4.68<Ag63)
Total Chlorophyll(mg - g7* - fresh wt.) = (8.02XAgs3 + 20.20<Ag45)

A Aol Ases |, Assi= Z2H2E 663, 645nmeoll A o] FF ol

3) 94 FF urs
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Nt

<= Agel wE d54 FF BeS TAe] st 454 F3us 5471

Aot FAs SAS AP SAHY L A HFSE sample clipe®E FS A

watol S Ad of 2087 A oY oS dASA F SASAY. A A 2,000u
mol - m™2 - s7'9 F& FASIGITH =7] B2 (F,), Aol FG2(F,),
ARk Ho) WA (Fy=Fn—F,) % F33hg a8(F/Fn)o WFE S45to] 1
W A BT

4) ¥4 54

<% A mE A 5488 AR flekel dA THA 9 Sls tid e R
FE FA 544X (Portable photosynthesis system, LI—6400, LI-COR Inc.,
USA)E o]&ste] =5, Agd=E AL vl #4830 Fes oz =4
4 9% LED light source(LI-6400—-02, LI-COR Inc., USA)E ©]&3}o]
PPFD(Photosynthetic Photon Flux Density) 0, 25, 50, 100, 200, 500, 800, 1000,
1500, 2000umolm 25719 104-Fo 2 ZFo]ES Fo] 10:00A)5F-E 14:00A] Aol
A wheS SAsAY. FEAESA719 leaf chamberol FAd¥HE 719 #%
< 400umol - s7!, % 25T dAstar 9|79 stz 3k JaFo] 3=
= apgirh. E=3 COp, =7t wWskA ¥%F FEAASA7I CO» injector
system(LI-6400—-01, LI=COR Inc., USA)& ¥-#ste] CO;, H%E 400+2umol -
mol™ W& WelA Hdd FelE FA8stes et F=d Fdd S=5 545

of 1 ZYAE olg3tel Y-FFAINL AAHsh.

ety SEe olgfe] Aow A},

b

Pn:Ue(Ce_Cc)/(IOOS)_CC - B

P.; Net photosynthesis(umol CO2 m™2 - s7'), Ue mole flow rate of air entering the

leaf chamber(umol - s7' - air ), Ce; mole fraction of COzentering the leaf chamber(u

mol COs mol™ - air), Co mole fraction of COsin the leaf chamber(umol CO»
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mol™ -

2. 94+ A3

air), s; leaf area(cm?),

7h & Ao e 4% 54

[y
N’

<443 7 A%

E; transpiration(mol H,0 - m™2 -

s7),

E2-1& 2% Aeldl e Y oy #3013 2949 Y R A%
F2 e Aoluh
E2-1 &% A mE 13 2973 4%
2= s =97
T g 7% (cm) S8t E A7 (mm) ddEE
() 54 10¢ (%) 54 104 (%)
Au 25 8.0£0.0b 13.3£2.3a 166.7+£28.9a 4.940.9a 5.5+0.8a 112.9£13.7a
(2-1) 30 8.310.6b 14.5+2.8a 174.3+35.0a 4.8+0.7a 5.4%+0.4a 113.9+15.4a
35 10.7£1.5a 15.0£1.0a 143.6+£31.2a 4.5+0.3a 4.8%+0.5a 105.4+3.6a
S 25 4.310.6a 7.310.3a 170.8+£19.1b 2.410.1a 2.7£0.3a 111.2+6.8a
(1-1) 30 3.7+0.6a 8.3%x1.3a 227.8+13.4a 2.5%+0.4a 2.81£0.5a 112.7+3.5a
35 4.0x1.0a 7.9%1.2a 201.1+£21.7ab | 2.2%40.2a 2.3x0.1a 105.843.0a
e 25 13.7£1.5a 27.3+1.3a 202.0£27.9a 3.2%+0.4a 4.6+0.3a 143.945.9a
(1-1) 30 13.7+0.6a 27.8+1.0a 203.8£9.8a 3.210.7a 4.4+0.2a 139.7+£27.9a
35 14.0+1.0a 29.8+1.9a 213.2+6.0a 3.4%0.3a 4.7£0.3a 138.3+21.6a
B 2} 25 9.0£0.0a 10.8%1.3a 120.0£14.2a 3.4%£0.1a 3.5+0.2b 103.2+0.9b
i 30 8.7£0.6a 14.5+2.8a 168.1+34.9a 3.7+0.5a 5.4%+0.4a 147.3+£27.0a
(2-0) 35 7.7£0.6b 13.0£2.6a 169.6+£31.3a 3.1+£0.2a 3.2+0.1b 104.0+2.7b
& 25 44.3+3.1a | 56.0£10.0a 125.7+15.3a 5.210.5a 5.7£0.2a 110.0£5.2a
i 30 | 45.3£0.6a | 73.3%£20.8a | 162.2+47.6a 4.5+0.7a 5.940.0a 132.3+20.5a
(1-1) 35 47.7£5.8a | 69.0£19.8a 145.0+36.4a 4.910.3a 5.8%+0.3a 118.6+8.5a
E3FY 25 28.7x2.1a 39.2+3.4a 136.5+1.9a 5.4£0.5ab 6.0£0.1a 111.5+7.9a
i 30 29.7+1.2a 46.2+2.8a 156.0+14.5a 5.8+0.3a 6.3+0.2a 110.24+3.3a
(1-1 35 30.3+3.8a 48.0+£7.3a 159.9£30.6a 4.940.2b 5.9+0.7a 120.6+11.8a
Az 25 42.2+2.2a 52.4%+4.0a 124.1+4.9a 5.0£0.5a 8.4%0.6a 169.2+20.8a
i 30 40.5+2.9a 50.0%4.5a 123.5£8.5a 5.0£0.2a 8.3£0.5a 167.3+14.6a
(2-0) 35 43.4+3.4a 47.3+3.2a 109.1+4.6b 4.8+0.3a 7.0£0.8b 146.1+12.0a
=7} 25 55.1%+6.1a 55.7+6.3a 101.1£0.3a 4.1+0.4a 4.910.6a 118.7+4.2a
L 30 56.1+6.2a 56.6+6.1a 100.9£0.9a 4.2%+0.6a 4.9%£0.7a 115.44+7.0a
(1-1) 35 57.3t2.4a 57.9%+2.6a 101.0£0.7a 4.3+0.4a 5.1+0.5a 119.1+4.2a
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% Aelo] e 29 gy &
ol AE 30C HelFolA 71y
A P EAT 30CAY T 2 2
0C Az TN e 1 AL E

2% Aol we BAYNFE R Fo18 AolE wolx gAT, AT
S gFPRE 25C, FFALRE 30C, bR, 2T % wARE 35C A
gollA M w2 T BEAAANES Bl T/RE 3 o4 ApolE HolA &
o, AU 25T, AUT, HAUT 2 FFUTE 30T, Aubreh SR
+ 35T AgFelA Mg E=UATHGEE 2-2).
F 22, &% A wE =240 F 2 T/RE
R A% %)
TE A o1 =) o) A T/R&
(BC) 3L = T
Avpe 25 2.1£0.9a 1.1£0.5a 1.8+0.6a 5.0£2.0a 1.7+0.2a
30 2.0£0.6a 1.2+0.4a 2.0£0.5a 5.2t1.4a 1.6%0.1a
@1 35 1.4%0.3a 1.0£0.1a 1.240.1a 3.6%£0.4a 2.0£0.2a
A 25 2.9£0.5b 1.4£0.4a 1.44+1.0a 5.8+1.9a 3.94+2.1a
-1 30 3.2%1.1ab 1.54+0.3a 1.440.8a 6.1£2.2a 3.7£1.0a
35 4.84+0.9a 2.1£0.7a 2.7£0.4a 9.6+1.8a 2.5%£0.4a
FREEe] 25 1.9£0.3ab 1.2%£0.0ab 1.840.1b 4.940.1b 1.74£0.2a
(1-1) 30 1.7£0.4b 1.1+0.1b 1.6+0.4b 4.4%0.7b 1.840.3a
35 2.5%0.4a 1.5%+0.2a 2.4£0.1a 6.3%£0.5a 1.7+0.3a
B AL 25 0.9£0.2a 0.4£0.1a 1.4+0.3a 2.7£0.5a 0.9£0.2a
30 0.9%0.1a 0.5%0.1a 1.240.2a 2.7£0.4a 1.240.2a
@-0 35 1.0%0.6a 0.6%0.4a 1.440.8a 3.0£1.8a 1.1+0.1a
- - 25 1.1+0.5a 3.0£0.9a 7.3%2.0a 11.4+3.2a 0.6%0.0a
EFdvT
30 1.0+0.4a 3.6£0.1a 8.6£0.7a 13.1£1.1a 0.5%0.0a
(1-1 35 2.1£0.8a 2.9+0.8a 6.8+2.3a 11.8+2.8a 0.84+0.3a
Apm - 25 4.5%0.8a 4.940.3a 17.3£3.2a 26.8+3.9a 0.6%0.1a
OTE]L}-T
30 7.1+4.2a 5.4+1.8a 11.0+2.4a 23.5%4.4a 1.240.6a
(-1 35 4.6%+1.2a 4.840.8a 13.4%4.6a 22.8%4.1a 0.84+0.4a
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U 22 A4 e 454 IF

F718 ~Ew s Ao wstel PEjA 54, o 54 5 Mo wshe}
A Az B FA o] zpoleo] o3 EA AL mhA R ©AI9] A o] WSt = o
Fe MARR FHHOR R S AHE ARE offH F vk wEkA
Ad Ao A sk &7185 A5 oe FUI8E 2EY 2 w=EE JhsA ol
A=
I 2-3. % AP e J54n FF

o R b d=2 FH(mgg'fre.wt.)

o (©) Q=i a EEUI 5 gsa
A 25 1.42%0.12b 0.18£0.11b 1.60%0.28b
;2_; 30 2.25+0.78a 0.30£0.09ab 2.55+0.88ab
35 2.88+0.62a 0.50£0.04b 3.38£0.70b
e 25 0.41%0.08a 0.08+0.01a 0.50£0.08a
(AHT) 30 0.49£0.11a 0.10£0.01a 0.59£0.10a
35 0.43%0.03a 0.09+0.02a 0.52+0.06a
g 25 0.29£0.07b 0.06£0.01b 0.34£0.08b
(*1 ; 30 0.64%0.10a 0.12+0.02a 0.76+0.09a
35 0.34£0.02a 0.05£0.01b 0.40£0.04b
DA 25 0.48+0.01a 0.12+0.02a 0.53+0.0.a
(2—0)T 30 0.55£0.06a 0.06+0.02b 0.61£0.07a
35 0.16%0.01b 0.04%0.01b 0.17£0.04b
U 25 2.46+0.22a 0.75%0.09ab 3.2240.37ab
°?1_1)T 30 3.93+0.51a 1.09+0.07a 5.02£0.68a
35 2.26+0.24a 0.69%0.02ab 2.95+0.29ab
25 4.38+1.19a 0.8440.01b 5.22+1.33b

ekl
. 30 2.76+0.88b 1.3840.03a 7.1942.10a
35 5.81+1.77a 0.6240.01b 3.38+1.10c
ooy 25 0.97+0.03a 0.280.02a 1.25%0.09a
EL(E_E) N 30 0.96£0.11a 0.24£0.08a 1.20%0.17a
35 0.86+0.09a 0.23%0.05a 1.09+0.11a
o 25 1.78+0.41a 0.44+0.04 a 2.2240.87a
7;—1; 30 1.59+0.28a 0.38+0.08a 1.97£0.42a
35 1.69%0.11a 0.36+£0.06a 2.05+0.19a

25 Aol mE F 54 FFE dEYAYFo w2 = 25T, AU, &
U v AR AU 2 S U s 30C, AuFE 35C Aol 7
A YERSTH(E 2-3). diFE A 549 Aol AR S HolwA Aol
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g 2% AP nE FFE 54

30C A
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R
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7bo S5 A e A% 54

D 24733 13 A%
E3-18 dg Aol mE A9 W £F g a8 AP JiEE
= UEtda
®3-1. 9% Ao we g 297 4%
5o s =47
TE A €] 23 7(cm) A3 2-(mm)
(%) . . A E (%) . . S AEE (%)
o 104 5¢ 104
A% | 5.6+0.8a 9.0+1.3a 161.6+17.8a 3.14+0.4a 4.1+0.5a 133.4+11.2a
AR | 30 | 4.5+0.5bc | 8.3+1.3a 185.4434.5a 2.840.6ab | 3.7£0.6ab 130.2414.0a
(1-1) 60 | 4.0+0.8c 6.8+2.1a 165.84+21.8a 2.240.4b 2.7+0.3¢ 121.3+12.3a
90 | 5.3+0.6ab | 9.0+3.0a 166.7+41.6a 2.6+£0.2ab | 3.2+0.2bc 121.5+5.3a
A% | 2.3+1.0a | 12.3£5.5a | 570.3£150.5a 4.2+0.5a 6.4+0.7a 153.1+6.7ab
e | 30 | 1.140.3b | 56%1.4b | 522.2+164.1ab | 3.7+0.6a 5.8+0.7ab 159.5+19.5a
(1-1) 60 | 1.5+0.5b | 4.7+1.2b | 366.7£206.6ab | 3.6+0.7a 5.0£0.7bc | 140.4£11.0bc
90 | 1.0+0.5b | 3.0%1.2b | 342.9+161.8b 3.4+0.6a 4.4+0.8¢ 130.0£10.9¢
A% | 29.34£6.2a | 39.0£8.6a 132.9410.8a 6.2+0.8a 8.8+1.8a 142.2+21.2a
H]j 30 | 21.8+2.8b | 28.1£5.5b 128.3+14.5a 4.940.2b 6.7+0.3b 135.2+5.2a
(2—T1) 60 | 22.9£2.5b | 26.9£3.1b 117.5%5.1a 5.0£0.4b 6.7£0.5b 133.7+7.0a
90 | 19.9%+2.4b | 23.0%£2.7b 116.3+13.9a 4.9+0.3b 6.0+0.3b 124.6+8.7a
ojw | X% | 42.4+3.2a | 63.045.2a 148.6+7.1a 4.6%0.5a 8.1+0.6a 178.9419.5a
Q7 30 | 43.9£1.8a | 57.7£2.9b 131.749.0b 4.840.7a 7.0£1.0b 147.8+20.1b
v 60 | 41.0+1.7a | 48.3%1.5¢ 117.845.6¢ 4.940.5a 6.31£0.5bc | 127.5%+11.2bc
2-0) 90 | 42.3+2.7a | 47.5%3.3c 112.2+4.3¢ 4.6%0.6a 5.5+0.5¢ 121.6+17.1c
A% | 24.843.3a | 41.3+6.8a 166.4+14.3a 6.8+0.8a 8.2+1.3a 120.3+6.0a
2U% | 30 | 25.3+1.0a | 39.6%3.7a 156.2+12.6a 7.140.7a 8.0+1.1a 113.2+8.1a
(1-1) 60 | 26.0£2.6a | 40.0£2.0a 154.448.3a 6.4£0.9a 7.1%1.2a 110.8+8.0a
90 - - - - - -
. A% | 48.8+8.8a | 62.5+10.1a 128.4+5.7a 8.7+1.5a 9.9+1.4a 114.6+9.3a
. 30 | 41.0+8.4a | 54.0+8.9a 133.5+16.5a 8.2+1.2a 9.5+1.5a 117.0+4.1a
(?_TD 60 | 50.5%6.5a | 66.0£7.0a 131.1+3.0a 8.5+0.7a 8.9+0.5a 104.7+2.6b
90 - - - - - -
o A% | 25.7£7.2a | 59.246.0a 238.5146.1a 7.7£0.9a 11.242.2a 144.3t14.4a
i:jﬂ 30 | 15.4%2.3a | 33.0%£6.4b 214.6+29.1a 5.8+0.6b 7.940.4b 138.0%11.7ab
(1-1) 60 | 19.5%8.6a | 29.0+12.7b | 150.4+20.3b 6.5+1.2ab 7.6+0.6b 119.1£13.4b
90 - - - - - -
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& Aol e A NS dF Aol A

FET fold AolE melWA b B ekt 1 2ade A4 54

o
=
0%
y
o\
td
Sl
)
|t
™

A ARE wel Row Y ¥ B 2elA BUH BAANLS e Ao

% 4
2 #dadEg, 28y T/RES U9 5 EF e 43S HT(xE 3-2).

ke

3-2. I A mE =@AANEF B T/RE

I A%%(g)
% 2k . _ - T/RE
(%) =1} =7] oy Al
RS 1.5+0.4a 0.6+0.0a 1.8+0.4a 3.9+0.7a 1.2£1.0b
Zh 30 1.0£0.1b 0.3£0.1b 0.6+0.2b 2.0+0.2b 2.240.5a
(1-1) 60 0.4+0.2¢ 0.240.1b 0.440.2b 1.0£0.5b 1.4%0.1b
90 - - - - -
Bk 3.5%1.7a 3.841.3a 6.8+0.8a 14.1+3.5a 1.1+0.3a
S 30 1.3+0.8b 0.5+0.1b 3.240.9b 5.0£1.7b 0.5%0.1b
(1-1) 60 0.740.2b 0.240.0b 1.3+0.1c 2.24+0.3b 0.7+0.2b
90 0.1£0.1b 0.1£0.1b 0.940.4c 1.240.5b 0.3+0.2b
A% 15.0%4.1a 8.94+2.6a 12.4+2.5a 36.3+9.2a 1.9£0.2ab
ENEES 30 10.4+1.8a 5.5+0.9ab 6.9+2.2b 22.844.7bh 2.440.5a
(1-1) 60 4.1+1.1b 3.2+1.0b 5.0+1.6b 12.2+3.6b 1.5+0.2b
90 - - - - -
Ry 8.4+1.6a 14.7£5.9a 24.8+4.8a 47.9+12.0a 0.9+0.1a
ez 30 2.8+1.3b 10.2+2.6ab 13.5+3.1b 26.5+6.7b 1.0£0.1a
(1-1 60 1.9+0.3b 5.9+2.3b 6.5+0.9¢ 14.4%1.7b 1.3+£0.5a
90 - - - - -
2 By 6.9+2.9a 18.2+3.1a 24.8+4.5a 50.0+9.4a 1.0£0.1a
= 30 3.940.9ab 4.3+0.1b 8.1+1.8b 16.4+2.2b 1.0£0.2a
o 60 2.3+0.7b 1.8+0.6b 5.04+0.1b 9.1+0.2b 0.8+0.0a
(1-1) 90 . . _ Z _

_50_



U IS A mE 454 4%

5 A mE F GF5F4LAH SHAA 2UFe dE, 3y, U, =7
U 2 BRI E 30%, HIARERSE dESl AUt 60% ATl Y E
T AL HS HATH(E 3-3). ditdo g 52 JFLrt dold4s B3
B3 T2 a4 A% FFE S AVe AFe BT ded 2 o
T A= o]y Aol YERA] AT, Ol FEe] FFe g 2ol A
E A5 gyl olXe 4% Bt B mE FFA A AR} 0
e 90% A2 TlA FA8] FFA FFo] stolbtt
Y il © = o)
¥ 3-3. 95 Agd wE J=4

. 5557 22 e (mgg-fre.wt.)
T
(%) 922 a 52 b % dsa
% 0.60£0.07a 0.13+0.01a 0.73£0.09ab
B 30 0.9740.11a 0.24%0.02a 1.21+0.14a
(1-1) 60 0.2740.03b 0.11+0.01a 0.3840.04b
90 0.46+0.06ab 0.1240.02a 0.5840.06ab
A 1.7240.12bc 0.2640.04b 1.98+0.16b
Sy 30 5.8840.88a 1.2340.09a 7.114£0.98a
(1-1) 60 2.16+0.42b 0.64£0.05b 2.81£0.47b
90 1.47+0.93bc 0.6840.04b 2.15+0.55b
A 0.21£0.04ab 0.11+0.02a 0.3240.06a
H| AL 30 0.10£0.03b 0.01£0.01b 0.11£0.02b
(2-1) 60 0.4740.07a 0.07£0.02ab 0.5440.04a
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A=24 5471 (SPDA-502, Minolta camera Co., LTD., Japan)® 743} on, &

AELS FFA9S471(Li-6400, Li-cor, USA)E o] &3t 4t

At A3 FFE HF ALY #e ARSEISlaL, A SE Bkl o] 4d)

of A T2 Al I gddAdol glo] A Al Aol A HFT A =AMk
S7tgez yetddn. 2ea 4 AeAe] o3 ' W

A dRE ARSI 7 E2AF EloJEl= SPSS 12.0 ZRIRS o]8ske] A e

(e
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ol
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ox
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+

FNFEGETEFXPD) o (cm) HE=714 7 (mm) Mz AT
(1-0 2 )

50 21.7 ¢” 3.6 Db 1.8 ¢

70 25.3 b 4.8 a 4.0 b

100 25.0 b 4.8 a 4.2 b

150 29.0 a 4.9 a 4.6 a
(2-0 )

50 41.7 b 7.0 a 3.7 b

70 42.2 b 7.4 a 3.7 b

100 43.2 ab 6.4 b 4.0 a

150 45.3 a 7.4 a 4.0 a

"Mean separation within columns by Least Significant Difference at 5% level
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wASle] WE AYF(1-0)9 BF A AR 9-2), 5 78] AHelA 71
Fog ot 28/F ol A Aol AfelE wolX ergkrh £b(2-0)0lA

Z WAl M = 238)/5 A7t 7P ferskslon rask 9E7] AA4L 33/

ER e FaL(cm) AE71474 (mm) E SO
(1-0 %)

7 27.0 a 5.2 a 4.8 a

3 26.6 ab 4.4 b 5.2 a

2 27.0 a 4.3 b 4.8 a

1 25.2 b 4.6 b 2.6 b
(2-038)

7 50.3 a 8.4 a 43 b

3 47.5 a 7.1 ab 3.0 ¢

2 423 b 6.4 b 4.7 a

1 41.0 b 6.2 b 4.3 b

"Mean separation within columns by Least Significant Difference at 5% level.
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7 150% A2l vpA7HA R o] 13F A Frleks Agwko]l tE A7)
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wASlgel e AuF(1-0)] a1 Wsks AHEU(IY 9-3), A 27]d=
38)/F A7} 18)/73 23/F At A A ®HAw, 78/F ALt
2 A 1At 33/F Art 7P A S B AL AL7)7F obd XA}
Z7] Wol B R FEFFEE 13/F AER thh FEINY Ao
Ay 2y 37190 ol 13F A ¢l 73)/52k 33)/5 A7t k2 Aol vl§
o we AdE Biled 539, 33/F Ade 543 A% nit =
Al 1381/5 A7k 7bg 42 B3-S B3, b8 A dele 2 Aols v

FIsGo] mhE AU (1-0)9] 53 WaHE AR (1Y 9-4), 78/F Aee
e Aol ws 2AF FFNE 2 FRGE, o4 F oFAAAE te
2 AolE vehiA 2ot mevlE Hojend 2

A 94, EAEIT 100% AN g Az
Fos g e SHR(1-009) A% 24 ARHE 9-4), F3E 78/F Aol A
Mg asga, 185 AN b Azsgrh aeg 487 448 28/%

Aol A 71 feekglar, 73/ Aol Azt Ax B¢ 13/5 A
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el A 7hg Az
A fae 735 A9
Feln. Az BASE 33/5
webA Aol GR A 1
= 33)/F o)goz B

12

[e]
FS Fola 3

ﬂ/v\-a‘/]’ %I’y‘ */—‘u\‘
a5 (Chabot¥} Hicks, 1982; Waring®} Franklin, 1979)
=

waslaE 2o Ao 7HE adHd Ao

o

e Ae) ghol Aol S vhehlA ekgith SR (1- 1ol
AN g Satg ot 257

g A

< 13]9} 23]/500 A

£ 9-3. FAT) B2 AT A% 54

HHNFEFETHXR) $*3l(cm) =714 7 (mm) RESL I R )]
(1-0 ®)

50 6.7 b* 2.5 ab 14 b

70 6.6 b 2.6 b 1.5 b

100 6.7 b 3.3 a 2.0 a

150 7.0 a 2.7 b 1.2 ¢
(1-1 %)

50 15.6 b 45 b 2.6 a

70 17.3 a 4.8 ab 20 b

100 159 b 4.8 ab 1.6 ¢

150 15.2 ¢ 5.2 a 20 b

“Mean separation within columns by Least Significant Difference at 5% level.

# 94 FAAFe] mE Aprel A% 54
TN IF(3]/F) l(cm) HE7147% (mm) Az SN
(1-0 2)
7 9.2 a’ 2.5 Db 14 a
3 8.5 b 2.6 ab 15 a
2 8.5 b 2.7 a 14 a
1 7.1 ¢ 2.6 ab 1.0 b
(1-1 2)
7 17.0 a 4.5 ab 2.3 a
3 16.3 a 4.2b 2.4 a
2 15.5 b 4.8 a 2.2 ab
1 15.8 b 4.7 a 2.0 b

“Mean separation within columns by Least Significant Difference at 5% level.
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M AR (1-1) ] A4

of w2

9-5. FlF

P

FA(N)

1

)

N

2l

6.3 ¢

7.0 b

7.7 a

7.0 b

AE714 74 (mm)

44 a

4.0 b

4.2 ab

41 b

31(cm)

16.0 ¢’
17.7 b

18.8 a
18.0 ab

50
70
100

150

Mean separation within columns by Least Significant Difference at 5% level.
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Mean separation within columns by Least Significant Difference at 5% level.
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7 Qo] BahF 5 Aol ofF AUV WEom Y7tk PR (2-0)0A
Sa, %7 4%, Az BAFE 1-0Rs) FAF AFoIQAW, L FFe 7
Azpol Be Aelol . ol AWFE FY YA FA el W)

F 97 weFel wWE e AS 54

SN B X ) AL A=7147 SERE RS AZ4 I
(cm) (mm) ) (SPDA)
(1-0 ®)
50 33.3 ¢’ 35 ¢ - 41.8 a
70 44.3 b 4.3 b - 40.9 a
100 58.3 a 4.2 b - 41.7 a
150 63.7 a 4.6 a - 414 a
(2-0 )
50 76.3 ¢ 6.7 b 1.7 ¢ 29.1 b
70 85.3 b 6.8 b 1.0 ¢ 17.0 ¢
100 86.7 b 72D 3.0b 44.7 a
150 97.3 a 9.1 a 3.7 a 46.9 a

“Mean separation within columns by Least Significant Difference at 5% level.

oy 2(3)/%) L A=7147 LI Ao A4 FqF
(cm) (mm) oM (SPDA)

(1-0 &)

7 79.7 &’ 5.6 a - 45.3 a

3 73.0 a 5.1 a - 42.0 ab

2 46.7 b 46 b - 41.3 b

1 235 ¢ 3.0 ¢ - 42.3 ab
(2-0 )

7 94.0 a 9.9 a 3.3 a 47.1 a

3 90.0 a 8.3 b 2.3 b 49.5 a

2 82.3 b 8.1 b 2.3 b 36.8 b

1 82.3 b 6.8 ¢ 1.7 ¢ 26.9 b

“Mean separation within columns by Least Significant Difference at 5% level.
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1000

PRFD(p molm %™

1500 o0

5ol WE G uHE(1-0)9) B

E 9-9. g =7 (1-0) 9] S 54
=1l Q=7 A A Al Z A S A=E A Blek
%—E%‘C(E%%—?%“X%) T iy ]—1 S g‘r H ]
(cm) (mm) (&) (SPDA)
50 19.0 ¢” 20 ¢ 1.0 b 14.6 d
70 30.2 b 3.2 b 1.3 a 20.9 ¢
100 30.0 b 29 b 15 a 38.0 a
150 51.3 a 4.1 a 1.0 b 319 b
“Mean separation within columns by Least Significant Difference at 5% level.
¥E 9-10. FA3lF e =A4UF(1-0)2 AF 54
s s L A%7147% REERES A% P
(cm) (mm) om (SPDA)
7 45.5 a* 3.5 a 2.0 a 49.8 a
3 44.7 a 3.4 a 1.5 b 38.7 b
2 415 b 3.3 a 1.3 b 29.4 ¢
1 20.0 ¢ 2.2 b 1.5b 24.4 ¢

“Mean separation within columns by Least Significant Difference at 5% level.
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A2 Sags B 2 (1-0) H]ZR-(1-1)
17h) (8)/% AL FIVE A=7147% FIAL FI A=7147%
(cm) 7+ (mm) (cm) 57 & (mm)
1 1.50 a* 0.62 a 0.17 ¢ 0.54 bc
59 2 0.50 b 0.29 b 0.33 ¢ 0.32 ¢
3%) 3 1.83 a 0.63 a 4.17 a 0.66 b
7 0.17 ¢ 0.11 b 0.83 b 1.31 a
1 3.67 a 0.14 ¢ 3.33 bc 0.75 b
6¢Y 2 1.33 ¢ 1.02 a 4.33 b 0.89 b
45) 3 2.00 b 0.70 b 7.67 a 1.50 a
7 1.42 ¢ 0.33 ¢ 2.83 ¢ 0.59 ¢
1 2.17 ¢ 0.23 b 4.33 b 0.18 ¢
74 2 4.00 b 0.46 b 3.33 b 0.75 bc
55) 3 3.00 bc 1.94 a 433 b 1.21 b
7 6.17 a 0.34 b 8.67 a 1.88 a
1 2.17 b 0.43 b 1.00 b 1.22 ab
8¢ 2 2.50 b 0.33 b 2.25 a 1.11 b
(55) 3 1.00 ¢ 0.51 a 2.25 a 1.68 a
7 4.67 a 0.50 a 2.50 a 1.62 a
A-57] * *% o sk
FH3l * *ok sk *
A7 g N34 * * ® %

"Mean separation within columns by Least Significant Difference at 5% level.
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52
9/

7] SEEt EES 28 | a2 | ze | sode
(713h) (21/5) %) (g1 )
1 0.12 b* 2,479 b 59 b 20,957 b 7,647 b
o1 2 0.23 a 2,704 b 36 b 24,158 a 6,872 b
54(35F)
3 0.31 a 3,044 a 89 ab 22,253 ab 7,482 b
7 0.29 a 3,297 a 101 a 25,722 a 9,721 a
1 0.40 a 1,879 b 302 a 7,145 b 6,956 ab
R 2 0.33 a 2,269 a 255 a 8,366 b 6,573 b
64 45)
3 0.33 a 2,635 a 290 a 15,068 a 8,069 a
7 0.22 b 1,954 b 59 b 13,468 a 7,474 a
1 0.37 a 2,488 b 155 b 5497 b 5,345 b
e 2 0.30 ab 2,407 b 232 a 7,139 ab 7,250 ab
74(5F) - - -
3 0.30 ab 2,973 ab 301 a 9,057 a 8,565 a
7 0.21 b 3,643 a 41 c 7,995 ab 7,879 a

“Mean separation within columns by Least Significant Difference at 5% level.

T 9-16. W EF FES o83 SR (1-1) FH Al 98 Foslae] nE JE
Ul 71
57 el Ax 2 | a9 | zw | s
12D (21/5) (%) (mgL™)
1 0.22 b 2,905 a 59 a 24,243 b 9,753 a
. 2 0.20 b 2,681 a 76 a 28,907 a 9,058 b
58(35) ,
3 0.27 a 2,712 a 63 a 27,034 a 9,241 a
7 0.27 a 2,765 a 27 b 28,170 a 9,888 a
1 0.29 b 2,608 b 83 b 8,605 a 7,084 a
JR 2 0.27 b 2,674 b 331 a 8,829 a 5,575 b
6L44T) - -
3 0.36 a 1,566 b 60 b 6,565 b 5,117 b
7 0.28 b 9,921 a 114 ab 8,565 a 6,385 a
1 0.24 b 2,250 a 70 c 14,638 a 7,833 b
o1 2 0.33 a 1,678 b 71 ¢ 15,787 a 9,814 a
74(55F)
3 0.32 a 1,683 b 112 b 12,115 b 4,950 ¢
7 0.26 b 1,877 b 511 a 14,621 a 7,964 b

“Mean separation within columns by Least Significant Difference at 5% level.
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E W PR R
5] g B3 2 | 2 | z& | g
(717) (21/7) (%) (mgL )
1 0.21 b’ 1,084 ¢ 138 b 10,504 ¢ 3,674 ¢
o1 2 021 b 2,407 b 98 ¢ 26,606 a 8,789 b
54(35F)
3 0.24 b 2,464 b 116 b 23,529 b 8,894 b
7 0.38 a 3,448 a 401 a 29,451 a 10,074 a
1 0.39 a 1,789 b 43 b 20,596 a 8,847 a
JR 2 0.25 b 1,793 b 63 b 19,373 a 8,203 a
64(45)
3 0.27 b 2,072 a 56 b 16,458 b 5,908 b
7 0.30 ab 1,613 b 172 a 14,407 b 9,346 a
1 0.29 a 3,088 a 124 b 8,613 b 4,155 b
o1 2 0.26 a 2,397 b 175 a 11,620 a 6,497 a
74(55) -
3 0.28 a 2,461 b 105 b 9,998 b 6,680 a
7 0.19 b 2,166 b 80 ¢ 13,199 a 6,606 a

“Mean separation within columns by Least Significant Difference at 5% level.
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o

7] g Az 28 | 2 | 2e | vhudg
kD) (31/7) (%) (mgL™)
1 0.11 ¢’ 3,117 a 118 a 35,085 a 8,929 a
JR 2 0.20 b 2,682 b 40 b 40,968 a 8,458 a
5€9(3F) -
3 0.21 a 1,988 ¢ 115 a 21,760 b 5,296 b
7 0.24 a 2,002 ¢ 101 a 23,608 b 5914 b
1 0.33 a 2,993 a 49 c 9,990 ¢ 7,108 a
JR, 2 0.29 b 2,644 ab 98 b 19,996 b 7,420 a
64(45)
3 0.30 ab 2,534 b 127 a 24,011 a 6,786 b
7 0.28 b 2,635 b 53 ¢ 16,369 b 7,263 a
1 0.35 a 2,439 b 595 a 14,297 b 8,612 ab
PR 2 0.38 a 2,370 b 444 b 12,459 b 7,957 b
74(55F)
3 0.26 ab 2,856 a 627 a 17,991 ab 8,374 ab
7 0.20 b 2,799 a 131 ¢ 20,726 a 9,222 a

“Mean separation within columns by Least Significant Difference at 5% level.
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wAA A Wt 1-1HoA = Aief Qo] 73]/F FAA A Wk v
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= 73]/ E= 33/ FAA YA B2 APl vE A2 13/5F F A
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o
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K
N
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FO

o Sag A4 25 | a9 | z& | wodw
e (/%) (%) (mgL )
1 1.07 6,321 46 3,388 901
2 1.43 5,151 42 3,417 889
AUR(1-0)
3 1.52 7,632 39 3,011 765
7 1.67 5,151 44 2,077 801
1 1.27 1,765 98 3,201 1,110
2 1.01 2,142 111 3,334 986
FUR(1-1)
3 1.22 2,442 89 4,357 1,200
7 1.31 2,321 78 3,788 1,315
1 1.23 6,533 31 7,866 1,541
2 1.43 8,829 27 6,121 1,210
B AU (1-0)
3 1.21 8,520 33 8,100 1,043
7 1.57 8,770 37 7,955 1,154
1 1.11 8,480 46 9,554 1,545
2 1.20 8,130 51 10,323 1,345
Al ARPE(1- 1)
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7 1.88 7,011 54 8,760 1,245
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4510
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BES 150L 9 8 Zep~g 871 (W74 56cm, Zo] 60cm)ol] & 11—19 A
7} A9 9 "HAIES ddEA Aes 54,

=2
A 718t WA HE AERE 742 87 plotoll 474 F 3259 HES uHE

F 11-1. Algel AHed B 38ty 54

Total Organic EX-Cation
T pH nitrogen matter P20s (cmol/kg) C.E.C.
(%) (%) (mg/kg) = ca | Mg (cmol/kg)
A A=A 6.27 0.01 0.12 6.72 0.07 | 2.61 | 0.23 1.32

U A8 24 2 d9EY
D 3% A3

20061 49 Fol tiFgE7]el HES AR §, AW FFS 58 A F
& sl A B Al FHE 35T 7] 2 v, AR Ade
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LI-COR Inc., USA)Z o]&3}o] PPFD(Photosynthetic Photon Flux Density)S 0,
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= FFA 54719 CO; injector system(LI-6400—01, LI-COR Inc., USA)& 23}
o COy ¥EE 400+2umol - mol™ MY oA aAH AHE FAFEE 51

ZAF O BES Adz Y w7t vjssta A AS AHE G486
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=719 2/3 o] Fol 2dl J AADS o] gt
FEE F FEE SAHSY O SAHAAE ol &st F-FFAAFTHS FAdsa,
o] M| A %S (apparent quantum yield), FHRAA, Fx3d 2 ojufje] 33t

A 53 (photosynthetic capacity) 52 =3ttt %4442 PPFD 0~100umol-
m2st GO FIp G A3 vy = a + bxo| 7]=7] bolty. A3
Ao xdH(—ab)S FrAHOR, A £27F SUtetdh AT H(Aw)S A8
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P.; Net photosynthesis(umol CO2m™s7!), U. mole flow rate of air entering the leaf
chamber(umols *air ), Ce; mole fraction of COentering the leaf chamber(umol COq
mol tair), Co mole fraction of COain the leaf chamber(umol COzmol *air), s; leaf

area(cm?), E; transpiration(mol H,Om™2%s71),

2) 4542 33 g

3) 954 ¥

Frel A WaE RS fiske] 20064t

%A Aol WE 4Ha
MaE 3570 HES A4 T, @ AN P sun

H
2008744 & 3zt A g

=49 FEFL Hiscox® Israelstam(1978)¢] Wrol uwa} dimethylsulfoxide
(DMSO)E F= &"& ol&at A Age(15mm=12.5cm)l DMSO 10mlE ¥
T A8 HA2A4 2 (CH/AB204—S, Mettler—Toled, Switzerland) 2 <12 Fo F-$
A 0.1g9] S Ags] HFste] AP Wi, FA 6521C9 32830 of 8AI7F

FZ S UV-Vis spectrophotometer(Nicolet Evolution 100, Thermo Electron

Co., USA)E ©] &3l 663nmet 645nme] Ipgo A SFEE S5t v 2o
2 A=Z4 a¢ b FHS FeFE T Arnon, 1949; Mackinney, 1941).
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Chlorophyll a(mgg *fresh wt.) = (12.7XAgs3 — 2.69<Ag45)
Chlorophyll b(mg-g fresh wt.) = (22.9XAg5 — 4.68X<Agg3)
Total Chlorophyll(mgg fresh wt.) = (8.02XAgs3 + 20.20%<Ag45)

9 Aol A Asss . Asust= 27t 663, 645nmell A o] 3ol

4) BF 54

AsE 2 9u4 548 23 g8 B89 T 54 EF v & 2 T/RE
(A 7H/A 8k ), AAaF=Zv] A HA ¥ & (SLA; specific leaf area = leaf area/leaf
dry weight), Z7A5=8] JHAH] & (LAR; leaf area ratio = leaf area/total dry
weight), =AY JAZHH S (LWR; leaf weight ratio = leaf dry
weight/total dry weight)< A4St}

BH5EE Ao we 3141 Duncan®] HsHAH o= I
S AP Fog4d BHS AAEAY. EE BAREAS PC SAS Program

Version 8.25 ©]-&3}lt}.
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AzT Wl GETIE o o) ol Bkt e} $ETS ART B §718
b wAES BN Aol Al ehtA ek TRES §71ES wAE
B a7 ARTRG Bk ol BEF £ BP0 A3 ANM B
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11-5. FaA e W& Avy 87189 =45 4L ES T/RE

_ R A% %(g) .

T FEA ) = ] - T/RE&

ay e 20.67+9.36° | 24.77+9.98" 13.70£3.13* | 59.13+20.45" 3.2240.61°

co AzT 7.27+3.43 8.03+2.90 777£1.94° | 23.07+6.36 2.0240.85%
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- AzxT 6.27+2.20° 9.70£5.12" 6.4741.00° 22.4344.56" 2.5440.96°
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7D 454 #F £4

3 11-62 Al Ao wE Ay §7]He wARY T A54A F
a, bo] % 9 PAFA abhSS JAEE HoFa QT

AUHE &71ESE AR B FEA S FAH|FR s AJR]F A oF 2~
3 =2 whs AT AR Akl = 20061 50081 AlH]HE, 2007
200812 1,0008) e AR 7} 322 54 TS BT AlZre] AE4= 1,000
o AJH]GR] PFA FHEFo] 5008 AlH[grell M]S| HoiH o R FopA=H, ol
dEEe] AlH R Qs 5000 AR oA = o= A A A efol] wE A )
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E 11-16. A8 Aelol 0 Aeelth® ue wA R $ 54
RLCE B3 ECR < ATE
T & | AR A (umol - m2 - s71) (umol - m2 - s71) (umol CO; - ) (mmol COy - mol™)

2006 | 2007 | 2008 | 2006 | 2007 | 2008 | 2006 2007 2008 | 2006 | 2007 | 2008
FAHG- | 25.7 | 33.9 | 61.6 | 570 | 1453 | 320 7.2 6.3 1.2 1456|255 13
S7]5 | 50080} | 414 | 31.9 | 15.1 | 914 | 757 | 382 | 11.0 8.5 5.8 | 61.8]48.7]48.9
1000819 | 20.9 | 19.2 | 29.2 | 804 | 1023|1632 | 10.4 10.0 14.8 | 55.8 | 47 | 45.7
FAMT- | 27.2 | 29.3 | 77.8 | 484 | 398 | 289 6.1 3.5 0.4 1453303 | 4.9
A5 | 500819 | 50.3 | 14.0 | 20.0 | 984 | 453 | 500 7.4 4.3 5.5 |48.5]30.6 | 40.9
1000819y | 35.5 | 23.2 | 54.1 | 718 | 632 | 1148 | 9.6 7.6 5.5 6391496 | 29
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¥ 11-17. AlH] A 2 gy 87189 =451 454 &%

_ } A= e (mg-g -fresh weight)
| = T Al H] A 2] ?3%5:2 = q= 2 b = Q= =4 a/b
AT 0.84+0.26" 0.55+0.15" 1.39+0.40° 1.52+0.12°
g7u | 50089 1.50£0.53" 0.78+0.17% 2.28+0.69 1.88+0.26"
0064 1000H) <4 2.05+0.34° 1.08+0.40° 3.1340.73° 1.99£0.36™
= F-A H] 0.60+0.17° 0.41£0.07" 1.01+0.18° 1.48+0.50°
wxm | 5000 1.09+0.37° 0.5940.23" 1.68+0.58% 1.9440.53%"
10001 ! 1.00+0.17" 0.5940.09" 1.58+0.25% 1.70+0.11°
AT 1.06+0.16° 0.7840.12 1.83+0.28" 1.36£0.02°
g71m | 500 1.59+0.22" 0.85+0.08" 2.4440.29" 1.88+0.12°
007 10001 ¥ 2.1540.12° 1.10+0.05® 3.2440.16° 1.96+0.07®
= A B 0.87£0.22° 0.66+0.12" 1.53+0.32° 1.32+0.21°
w25 | 500u]) 1.4840.24% 0.74%0.06" 2.23+0.29" 1.99£0.22%
1000w ¥ 1.77+0.16™ 1.0940.23%® 2.86%0.38 1.65+0.21%
A B 1.20+0.31° 1.18+0.08" 2.38+0.39" 1.01+0.21°
4718 | 50081 2.09£0.12° 1.344+0.05% 3.4340.17° 1.57£0.05®
20084 1000 < 2.23+£0.11° 1.24£0.08° 3.46£0.05% 1.81£0.2%°1
= A B 1.03+0.27° 1.12+0.12° 2.15%0.35° 0.9240.21°
A E | 5000 1.5440.10™ 1.15+0.25" 2.68+0.25% 1.39£0.33"
10008) <! 2.02+0.41° 1.15+0.15" 3.17£0.55 1.76£0.18%"
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oS BB EY Bslel TAPT HIe] PJRYPE £ e n Ao
2 puar 53 49 FR 249 1,000 AuTAAE 1 o7t A3 A
vhebgeh

g g71mel 9, E71, %el Aze BAgAD 3 2AYATe
1,000u] e AJH] -, 5008 o AJH] -, FEATH] - o= g@gkom 53] 1,000u] e A]H|

= F BAANTe] TAMTHY §71HE oF 156 o), wARE oF su) oy
FUT TRES AHTFIE FANTRG & 1S Holtd|, o FRE gu %

¥ 11-18. AlH] Agd & gy 87189 wAHe Sd A T/RE

TR REIEE T/R$
o =7 B 7
A B 7.60+2.98° 16.47+1.80° | 52.07£21.00° | 76.13£20.22° | 0.53+0.28°
£71R 500Hi el | 45.23+23.54" | 151.83+40.45" [109.10489.59"| 306.17+152.30° | 2.31+0.94"
100084 | 126.57+85.69" | 557.60+251.42" |416.10+£189.38|1100.27+517.97*| 1.66+0.27"
SAHTE | 10.30+1.01° | 18.37+7.91° | 45.60+15.40° | 74.27+18.12° | 0.67+0.22°
A5 500H] < 55.63%6.74" | 172.93£40.17" | 63.00£3.38° | 291.57+44.98™ | 3.61+0.49°
100081 | 62.57433.38" [342.60+178.34>|225.10+£116.15"| 630.27+285.11" | 1.8840.34"
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specific leaf area(SLA), leaf area ratio(LAR), leaf weight ratio(LWR)E -3}t

(% 11-19).

AY 540 oA FuAe £rIRe} wAR BF A TolA FAH TR &
2 s Belom, 1,000u) ] AlB]FRe Al 7 =2 FhS HATH W AN (SLA) <
AHAE(LAR)> AlH] oA =& #S Uedller, o= A4 48 21s A
A% Ao BEO BAF A% BES 8 AY 53, #YAN M
Al Aol A= U o] £k7] wolzt ddETh AAFTH(LWR)+=

4 594 Hol2 molA gkgith
® 11-19. AlH] Ao o2& gy §7159F A5 435

B . SR 4w EERE da5]
T A (cm?) (cm?® g™ (cm® g™ (g-g™h
A | 398.06+250.23° 55.25+28.53° 4.90+1.84° 0.10£0.04"

|70 500819 | 6439.05+1234.74° 167.50+80.39° 25.01+13.82° 0.15+0.02"
100084 < | 12970.46+£8862.73" 102.10+7.53° 11.20+2.57" 0.11+0.03"

A H] 378.46+139.08° 36.28+11.65° 4.9740.78° 0.14£0.03"

A 5008 | 4745.314£2958.57" 88.09459.91° 17.69%14.05% 0.1940.03°
100081 | 6760.33+4653.47° 103.37+17.11° 12.2149.50° 0.11+0.07"
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o

C.E.C.
(cmol/kg)
9.44
6.88
2.88
16.00
16.42
19.90

E

0.20]0.18|0.14 | 40.0{ 30.0| 30.0 | ¥4 =

FE

[e]

FE

3
[}

[e}

H =2
T
Alo
3

F=
Al o
N
Al o
N

clay

E4(%)

silt

sand

Mg”*

Ca®*
0.381.10]0.46 | 30.0|32.5|37.5

(cmol/kg)

EX-Cation
0.4210.74 1 0.23 | 25.0|35.0 [ 40.0 | A ¥E

0.44 | 4.97|0.61|42.5|30.0|27.5
0.32]0.52|0.17|40.0 | 25.0| 35.0
0.53]2.40|0.54|32.5|32.5|35.0

K+
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PoOs5
(mg/kg)
2.20
6.40
2.60
0.82
83.2
1.38

Organic
(%)
3.44
2.51
0.75
4.98
5.56
7.55

nitrogen | matter
(%)
0.12
0.12
0.39
0.16
0.22
0.29

Total

pH
4.40
4.55
5.10
4.85
4.60
5.10
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2006¥ ] AAE A HE5o AAGA FAM], ASAIN] 20g B ESAIV] 20g
T 37k Aels AAskalh T 2007 o] F A4 AP HE dejre F

o AFAlE BEe| Wel ZolA FHO® o 10cm olstel, EFANE e

Wb Ao ARAHF FRHE 9 HBAY] A

ol

2007 2 A Alell ASAIH] 100g, 200g, 300g <] 37FA #&F AlH|E A A5}
o, 37FX] AM|EE HEEZE AH] Zlo|E HEo] By FofA 10cm, 20cm, 30cm
59 37HA AHEl= FEske] AAlsA T
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3. 2% % ug

7v. AR AHF R A Ve AE

1D AlH] A 2 AEe 2 A4 32 371

7hH BEE&

N}

oS8 2006 d5-E 2008 7FA] AAlE HEo] ths] AlH] e WE X3 HE
o] AEES vER Foluth(E 12-3, 4, 5).

ke

12=3. AlH] Agld m& 2 HE5o AEE(20061 2A])

A= (%)
Ao A2 e v ENC
|71 H(1-0) £7152(1-0) |71 5(2-0) EAHA-D
A% A 100.0 93.3 86.7 100.0
- A5 A 20g 93.3 100.0 86.7 100.0
= EZAH] 20g 93.3 93.3 80.0 100.0
o & A H] 60.0 53.3 60.0 33.3
A _
. A5 A4 20g 80.0 26.7 53.3 33.3
o EZAH| 20g 53.3 73.3 80.0 60.0
A A 8] 80.0 93.3 100.0 53.3
;10} AlZAH] 20g 66.7 60.0 80.0 53.3
s EZAH] 20g 86.7 80.0 100.0 60.0
E 12-4. A0 Aol w2 23y R AEL(2007d AA)
AEE(%)
A4 2] g U e
L715(1-0) =X E(1-0) {71 5(1-0) =2 H(1-0)
A H] 88.9 88.9 88.9 100.0
= = 20g 88.9 100.0 100.0 88.9
A7 = A
L 50g 66.7 100.0 88.9 88.9
3 Al
100g 77.8 88.9 88.9 88.9
BZAH 20g 77.8 88.9 100.0 88.9
A1 8] 77.8 100.0 66.7 11.1
Bas Nz 20g 88.9 77.8 55.6 11.1
o A 50g 77.8 77.8 77.8 0.0
o 100g 88.9 77.8 88.9 11.1
EZAH] 20g 66.7 66.7 77.8 0.0
FAH] 44 .4 77.8 88.9 44.4
A N= 20g 22.2 66.7 44 .4 44 .4
50g 22.2 44.4 77.8 11.1
Zlek AlH] 55 ¢
100g 11.1 55.6 77.8 22.2
EZAH] 20g 22.2 66.7 77.8 33.3
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¥ 12-5. A9 Aele] mhe Y R (20089 A A)

AE8(%)
2 2] = v AP Abg
£71H(2-0) £71H(2-0) £71H(2-0)

FAH] 75.0 100.0 75.0
AAE = 20g 100.0 100.0 50.0
- o 50g 75.0 100.0 75.0
- 100g 75.0 100.0 50.0
TZA1] 20g 100.0 50.0 50.0

< A A7 F=5% Zfol 7} glo] s =t A sl UE

[e]
=
ok ool AlR[A R AAEA ] BEdEY 94X, A4 =0 S By 2
AEE A O FESS 100g o AHE AA L Tk Al 9§ T3]
2

DECER RS

U 200656 200874 Al B Al Aol whE 23 HEo A
e E AHAgE R YEbd oIt (E 12-6, 7, 8).

3E 12-6. AW A wE 9 HEo A FH (20069 AA)

A F4 A5
A9 A€ A N
|71 1(1-0) |71 2(1-0) |71 H.(2-0) =AE1-1)

A A 2.240.8 1.6+1.2 1.6+1.4 1.1+0.5
=3 A SAH 20g 1.7+1.1 1.3+0.8 1.6+1.4 1.1+0.5

EZFAIH 20g 2.2+1.1 2.0+1.4 1.8+1.7 1.140.3
e A 3.9£1.0 4.0+1.1 3.1*1.6 4.4+1.1
3;& A1ZAH) 20g 3.5+0.7 4.6£0.5 3.8+1.4 4.3%1.1

EZAM] 20g 4.1£1.0 3.7£1.0 3.3+1.1 3.7+1.2
an A 2.8+1.1 1.5+0.9 1.1+0.4 3.1%+1.9
Aot A 20g 2.0£0.7 2.4+1.4 1.4£1.1 2.7+1.8

EZAH 20g 2.3+0.8 2.0+1.6 1.0£0.0 2.5+1.9
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A d4 A
Ao A2 ey ENENE
£7)15(1-0) =X E(1-0) £715(1-0) A H(1-0)

A H] 2.9+0.9 3.1+£0.8 1.8%£0.8 1.9+0.8
A= Nz 20g 2.2+1.3 2.840.7 1.1+£0.3 1.6+£1.3
- o 50g 3.0+1.7 2.7+0.7 1.8+1.3 1.7£1.3
R 100g 2.7+1.5 2.9+1.2 1.8+1.3 1.9+1.3
EZAH] 20g 2.6+1.5 3.0+0.9 1.440.5 1.8+1.4
FAH] 3.6+1.0 3.440.5 2.940.9 4.7£1.0
el Nz 20g 3.3+0.9 3.9+0.6 3.2+1.1 4.840.7
. A 50g 3.6+1.0 3.7+0.9 3.0+0.9 5.0+0.0
= 100g 3.3+0.7 3.7£0.9 2.4+0.5 4.6+0.9
EZAH] 20g 3.7+1.0 4.1+0.8 2.841.2 5.0+0.0
FAH] 3.9+1.4 3.2+1.3 2.0+0.9 2.9+15
A Nz 20g 4.3+1.3 3.6+1.1 3.1+1.5 3.3+1.2
Aot A 50g 41415 3.8+1.2 2.1+1.3 3.4+1.6
= 100g 4.0+1.2 3.6+1.1 2.3+1.1 3.7+1.8
EZAH| 20g 3.7+1.2 3.3+1.1 1.9+0.9 3.8+1.9

3E12-8. Al Aol wE 29 HEo A (20089 2A)

Ag P4 A5
A9 2] v AF 25 a=aRE
£7]1H(2-0) |71 H(2-0) |7 H(2-0)

FAH] 2.0+0.0 2.0+0.0 2.5+0.6

Aw = 20g 2.0£0.0 1.5+0.6 3.0t1.4
- A 50g 2.0£0.8 1.8+0.5 2.840.5
R 100g 1.5+0.6 1.8+0.5 3.8+1.5
¥ZAH 20g 2.3+1.0 1.5+0.6 2.540.6
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A7} = Al =
‘;}_4 f];] 50g | 28.840.6* | 28.4+4.1°° | 19.4+5.3* | 76.5+£8.8% | 3.1+0.7°
100g| 26.343.9* | 31.3£1.8" | 20.3£2.9° | 77.9+5.0° 2.9+0.3"
¥ZAH] 20g| 26.9+5.3% | 30.1£1.1%° | 17.5+2.1%®® | 74.444.2° 3.340.8"
A5
F-A1H] 13.3£2.9° | 11.3%3.4¢ 8.3+1.3¢ 32.9+1.8¢ 3.0+0.4°
20g | 15.8+3.7° | 31.8+0.1" | 17.7£1.9° | 65.3+1.9¢ 2.740.5°
ﬁt' Al =
ﬂj} ;1:] 50g | 24.3+0.0* | 28.8%£0.0° | 36.7£0.0" | 89.8+0.0° 1.440.0°
100g | 17.842.1° | 43.6+£1.1° | 42.3+3.8" | 103.7+£4.8* | 1.5%0.1°
FZAH] 20g| 19.2+1.0" | 35.9+4.7° | 18.840.9° | 73.9+4.8° 2.9+0.4°
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AR AlH] Zlo] AUF £718(1-28)
(&) (cm) Al B
10 100.0 100.0
100 20 80.0 100.0
30 60.0 100.0
10 60.0 100.0
200 20 80.0 100.0
30 60.0 100.0
10 80.0 100.0
300 20 60.0 100.0
30 100.0 100.0
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AlH] Ao e AEEL 52 o] W AR A 60~100%, 3524 0]
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(2) (cm) Al B
10 1.2+£0.4 1.0£0.0

100 20 2.0£1.7 1.0+0.0
30 2.6+2.2 1.0£0.0
10 2.612.2 1.0£0.0

200 20 2.2+1.6 1.0£0.0
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30 1.2£0.4 1.0£0.0
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— v = 1= u 190 ol g [e) Z) 7 A =Z(0

1; A: 100g—10cm, B: 100g—20cm, C: 100g—30cm, D: 200g—10cm, E: 200g—20cm, F: 200g—30cm, G: 300g—10cm, H:
300g—20cm, I: 300g—30cm
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F 12-13& AH] Ao & EdA Y T/RES HolFa gr)
AH e WE BEAAAES iR E 300ge] AH] AHFolA 7 E=9kom, AH]
gl A|H] Zolo wWE BAAAES 20cme] ZoldA] 7 4tk et

ARl A o] zteli= A vEREA] edgke, AW zlo]

ookt

200g¥ 300g9]
30cmol A= 2 =}o]7} YEL}HA

5440l BEW AN G vs) 19A ge BAGAAE o 5u) o ge we
FANGS BRoH, ol 2UA AABAN BAZ QAT 4H Bt 44

ol wet 24 Aol W FHE P o)

! T/RE(2007d 4 A)

R A

A e A L ¥ T/R&

zlo] 4 =7 e A

® (cm)
10 6.1+5.1° 11.147.1° 41411 21.4+12.4° 4.242.9°
100 | 20 9.846.5° 22.1+13.0° 5.442.8% | 37.4£21.7% | 5.7+1.2%
30 6.7+4.0° 20.7£9.7% 4.141.7° 31.5£7.6" | 7.1+1.8"°
10 7.8+4.0° 25.445,3% 1.0£2.7° 37.244.5" | 10.3£5.07
A' | 200 | 20 11.6+8.2° 30.1+8.2° 5.0£1.2% 46.7£10.2° 8.943.6"*
30 10.7£0.7° 26.0£9.1° 8.2+2.4° 44.9£10.2° 4.7+1.6°
10 6.6+5.6° 31.4+3.0° 3.4%0.8° 41.449.3" 11.240.9°
300 | 20 6.1+4.7° 36.1£4.6° 5.2+1.4% 47.4£10.0° | 8.3+0.9%°
ibf 30 6.6+4.6° 30.3£10.4 7.04£2.9% 43.947.1° 6.3+3.8%*
fj;;:) 10 | 56.8+5.7° 63.7+7.7° 11.4+4.8° 132.0+£9.8° | 12.0£5.0°
100 | 20 | 70.3%25.3* | 76.9£19.9* | 46.3+38.5° | 193.4483.1° | 42422
30 | 69.1£27.3* | 71.9+28.2° | 30.3£23.7° | 171.3%£77.5° | 5.9%3.1°
10 | 61.0%44.4% | 79.2£36.7° | 23.7£12.8* | 163.9£93.9° | 5.9+0.3
B | 200 | 20 | 94.2460.9° | 98.1£35.1* | 34.5+22.9° |226.9£118.5°| 5.9+0.9"
30 | 71.3£52.0" | 98.1+53.8" | 32.4£27.5" |201.8+£130.0*| 6.0£3.3
10 | 80.9£53.0° | 106.0£42.9* | 33.0£16.2% |219.9+£112.0°| 5.9+0.3
300 | 20 | 109.6£55.6° | 109.2+37.5* | 34.5£17.9° | 253.5£106.0°| 5.9£0.9
30 | 86.6+11.3* | 104.2£33.1° | 34.5+6.1° | 225.4+35.2° | 6.0£3.3"
Al SFA Aol waste] B N, B ste o] wEEA ke A
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200897H4 F 2~3d7F bS], AAxbE Aot FUHAFES BASHAT 20084

99 FTo BE Aol Ed T HES AF e o, 7A|, BElE FEEY AF
2 =Aet. ASH Ao os HEo F EAAGEY wjEH& 2 T/RE
(A AFE/A ) S Axrebd ), e 20083 712 dAAlel Had AE=L3 e A
Hq4d EAS s

3. 49 € 3%

7L AA A7) e AEE 2 A J2 FJU)
1) AEE

AAAE AEEM T BE AGAAA A5 A Al M e AEEE
HATGE 13-1). o= stgde] 7Hd 743 o5 Zl71E AAshiA £
AAE stel, & Eo JheHT sheA e FFAE AN 2HE HEel 915
A Qg7 wEolth B &7)He o)AaAdN ZAE BEdte] FE AE

2ol tls) ol Hre APES A Qy] gEel (118 A}), wee] ol

- 218 -



ojA Rk 7)ol AAE HAISHH F7]o] &2E o] viE AGE ALY 7 IS Ao
= g
¥ 13-1. A A 7o wE Z= BEo AES
AEE(%)
2 A A 7] 7% XA A | A& zlek
Al B A B A B

H(49) 68.9 95.6 77.8 51.1 42.2 77.8

] E(79) 88.9 97.8 95.6 77.8 66.7 77.8

7+4-(99) 82.2 91.1 66.7 77.8 37.8 53.3

AlS sl wekste] R AY, B $EA 0] wEa we A

2) B934 ¥4 54

T AGANAE BB Aol A BAGeN 58 Y dHE nlvh

aHy deE 1 AdAE BAIYgol AR dx@Age] F£A4 X3 4[]

el F4 A5
2 A A7) A% XA AeE A AR et
Al B A B A B
249) 3.09£1.47 | 2.16£0.93 | 3.49£1.04 | 4.20+1.01 | 3.89£1.12 | 2.82+1.37
o E(749) 2.78+1.08 | 1.80+£0.89 | 2.76+0.91 | 3.49+1.04 | 3.07£1.53 | 2.84%1.17
MECED 3.02+1.02 | 2.48+1.05 | 3.62+1.25 | 3.60+0.96 | 4.07£1.30 | 3.80+1.24

AlS S5l wekste] R A9, B $F4 0] wEa we A
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AR %A ol FolAWA TREC] ¥l Ao wdd & 9

(% 13-3).

¥ 13-3. A A 7)o e =¥ pEo EAAAEE I T/RE

e
N
o
o

= i - A5 (g)
T A9 | FE A7 a = o) A T/RE
=) 10.3+5.9* | 15.3+5.6" | 10.849.2" | 36.3£4.4™ | 4.0+2.6°
Al 95 15.6+4.8% | 25.1£6.1° 6.7£1.7° | 47.4+12.7* | 6.1£0.2°
A7 % 7+ 8.4+3.0° 14.8+2.4° 6.1+5.6° | 29.2+10.3° | 5.7+3.6%
22 5 20.9+1.5° | 23.843.4° | 22.3+11°4 | 67.0+6.5° 2.6+1.8%
B 98 50.045.4° | 55.6+5.2* | 17.743.5" | 123.3£9.2* | 6.1+1.1°
s 24.149.4" | 30.2412.0" | 8.7+3.7° | 62.9%£12.6° | 9.1+2.3"
B 4.8+1.9° 5.4+1.5° 6.0£2.3° 16.2+1.9° 2.0£1.1°
b A o & 7.4+1.9% 7.74+2.4° 3.3£2.0° 18.4%5.0° 5.3£2.2°
e | 4EF s 5.240.8° | 8.0£1.5° | 3.24#0.9° | 16.3+1.5" | 4.5+1.77
SO | £ 2.0£1.9° 3.3+0.6° 25%2.1° 7.7+1.6° 4.842.9°
(1-0) B 95 3.841.2° 6.0£1.2° 2.0+1.1° 11.8%1.6° 5.9£3.0°
7+ 2.3+1.2° 4.941.1° 2.6+0.8° 9.8+1.2" 3.1+1.3°
B 22.7+15.1° | 32.9+7.1® | 12.1£5.0 | 67.7£18.0 | 5.4+2.9°
A = 30.0£8.7° | 39.6+4.9° 9.946.1° 79.6£9.2° | 11.5%£1.1°
A5 s 26.4+3.2*° | 30.242.5" 10.1+2.4* | 66.7+3.6° 5.9+1.8%
2ok B 33.0£20.8" | 47.4£6.6° | 25.0£20.7° [105.4+19.4"°| 5.0+3.3°
B =3 45.246.9* | 56.0£4.5° | 15.846.5* |117.1£16.0°| 7.1£2.8°
71 29.345.9° | 40.249.6° | 10.4%6.1° | 79.8414.9" | 8.5+4.7°
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