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Abstract

[ Keywords] Yangmingshan National Park, volcanic soils, mycorrhiza,

xylem sap, ecesis

Yangmingshan National Park preserves particular geography site
and soils environment. The soils pH value of the place is extremely
acids in phenomena of post-volcanism all the year round, and soil
materials differ from the soils of forest. The ecologists point out that
soil factors is the most reflection vegetation successional sequence.
Therefore, the purpose of this study is to understand the soils of
volcanism area and plant ecesis relationship. The experiment area are
Tahuangtsui (200~250 m), Szuhuangping (300~350 m), Dahyukeng (600
m) and Siaoyukeng (800 m) four fumaroles according to elevation.
When the ecesis species of the place are recorded to choose, the
mycorrhiza investigates around rhizosphere and selects soils random to
mix at the same time. Then taking soils sample analysis in laboratory.

There are a few points that we made out on the research on
Yangming national park’s Tahuangtsui, Szuhuangping, Dahyukeng and
Siaoyukeng and plants’ adaptability, these are the points that we found:

1. The result shows that the pH value of soil of volcanism area is

extremely acid, the nutrients in the soil increases as from bare
land to bush land.

2. The nutrients of xylem sap in plants has a obvious change to

seasonal changing.

3. The Lyonia ovalifolia var. ovalifolia, Llex asprella, Cleyera

japonica var. morii and investigated plants are colonized by the
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mycorrhiza and the soil contains a great amount of spores.

According to the research of the project on Yangming national
park’s and plants’s adaptability, a few of strategies have been brought
out. Belows are the immediate and long-term strategies:

For immediate strategies:

1. If any trees had to be planted on a barren, we could increase

their survivability by the mycorrhiza colonization.

2. Administration of Yangming could hold a conference seminar to

deliver the knowledge about mycorrhizal, in order to achieve
the goal of national park on delivering knowledge.

For long-term strategies:

1. Preliminary result is taken out for the relationship between
volcanic soils and physiology of ecesis plants. Potted
plant trial would have to be applied in order to realize
mycorrhizais the key point to the plants to survive.

2. The plant of volcanic soils is found to be infected by
mycorrhiza and it contain abundance of spores. Yet, we may
discuss the mechanism of ecesis plants in accordance with the
molecular view. Therefore, a complete explanation could be

brought out upon the geographical distribution of the plants.
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SN ONTE 3 - E 1 §iﬁ;%ﬁﬁ9#ﬁkumm%
PoATAR R o X PN L TER AP LIS 7 R NGB AR A
P FRB LS IEAECR G AR R pH EE 1 K 1.7
e PR ETARB T AR ES 2 0 B A8 L ¥
WEHFTHEY > w3 A w2 £ (Yoshioka, 1965 ; Teujimura,
1979) M E M % 3035 F (1989) EH A F 34 » B FHFALE X
Hod2 B8 SO FHM kT2 2B EEA  FRI BT
B F BREEFFOAIIRL - HE (Koma) 7 p &% - &
b pAF IEFR S RFANABREOD A O FREBANL R
E¥ G o MERFARZEE LY F (Titus and Tsuyuzaki, 2002 ;
Tsuyuzaki et al., 2005) » 8@ » PR $#>3 v Lk B2 f 2 55 4 &4
WH G AR K

WL AT BN E S 2 kA s 0 TR
¥ 4 £ (Safiretal., 1971 ; Isaac, 1992 ; Querejeta et al., 2003) - &
gy CFPEF (F#He 2% E R 0 1998 Hankan and Tonie,
1999) o B @ i - L o DB EARMN o LA H AT 0 6
BHREEF O ZE L F > Eire E MBS O 2R E 0 d F
% X AR REF AL F L (Theaceae) = # 7§44 (Ericaceae) {24 ¥
MEP GRS R AR L 3 REYHRET > B e
P EERER A M 2L EH A LR £ EHF Bk B
fl*r e L €8 (g™ % #k4f4 > 2002 ; Entry et al., 1992) -

AFIRA R (xylemsap) & A~ chipl 2 > VR QKA R
Z hfE M p chg s (Starketal., 1984) o gairi® (1996) {1 * &
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Mt x> B E S AS4Eg S e 3k (Pinus
luchuensis) B P> TiZk > € MR FRE 343 T B E 40 H
BoAA ARG B MM A FR 2 FS (fungal mantle) T e E 1R
PR LIREFH R ORBEER O T EFRREE DA T
PR EIEAWFERAIE IR EORT o mLIESF AL DA R

CRAEZ - EEF R AR FAR SN R BY K
» 4 fpt (glutathione, GSH) - S e+ MpP FX R R AL £ 4L

i;ﬁ.

&
o

(Schuppetal., 1992) - ] » fiffehd E X 7P > FH 2 FHRE
HAiZajcg > Mp » B22EFP2 G2 E7 w72 F ’%ﬁﬁL# Y
- ARFEFR VLS RO ESF AR R BRI EY 2T
R T ;’gr} ¥ % (avoidance): % % (tolerance)® = ;* ¥ B ( Horst,
1991) » 3 Ffid i il 2 f o LWL AL LS ®
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LA R AHRFRZEBEBE R EH A4/ M F L5 AHRE
TR s X BLE R A R TR c AR LE a3
A 2 200~250 m; w om AT t g LAt ] o & 32 300~350 m; < d d
v bR EAM L 25400 = 2 0 A4 600 M ol et = B Lod At i
2. # Ao A 800m -

CEE N LR

G A BT R RIEMT A 0mGikE ) ~300m (F 4K ) 3
600 M (JE A3 ) o A W EWMEE I BB G A BERLEX 1R

FA TAHEE R AR RE e E T ABAT RE A 6T A
BAE AW ZEAR 3BaEN FEEAKL 4AXx3=12BF v P %

A o A5IE P Lt d ek (MclLean, 1982) -~ 3 sy > §
A 45 % ( Semimacro Kjeldahl method) ( MacDonald, 1977) ~ 2 3 3
»c/k (Olson and Sommer, 1982) -~ ¥ # M 1 33+ (Cation Exchange
Capacity, ﬁ’ CE.C.) Mz ¥ #¥ M2 mpi? (Rhoades, 1982) -
2. IR R H P
@ﬁwapiﬁuﬂﬁ%ﬁ%ﬂ@@ﬁ%%%iﬁ%ﬁﬁ’u
Osonubi % (1988) t& 4~ & 4 45 ( presser chamber) = ;& /& B~ & 30+
oo 133 k47 &k (lon Chromatography, IC) & {7 = & » 47 > # 3 &
o L3 hA o BRI A AR R F B4 4R

AN TR EFR A KRS T o
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3. ARA A A A A
S B g R N o R LI S [E S SN A R AN L

(). mp ez 1 AF s Atk R 82 v H LR
A vk EFBEERR-

(2) REFED2ARALE  MIHFEPERDTIFT » R %3 A 4 RFAR
% ¢ *» # (Koske and Gemma, 1989) - | * &S BR Z FTE
AR X ERBATEI T E L Y v F R 0 R 2R
f832 + & # ( Gerdemann and Nicolson, 1963) - £ 1 4% # & 4
A % $e B (Brunder et al., 1996) - f ** 23] & pe i Pt B 32
+ » 41 * PVLG (Polyviny-Lacto-Glycerol ) ¥ Melzer’ s reagent
¢ @ vy ¥ %5 (Morton, 1988) - I * sk ¥ A frd LRI+
B T RS EREET

4. =H L2 AP E  BEBRFTEHEL -



-8 VL2 3ES AT

2L AR~ Az e gl L ERTL T B
Sk v BRI SKE pH &5 190 ~ 311 2 F > L &
(extremely acid, <4.5); % » pH & 53 3.01~4.06 2 F~+ % &kt
A pHE 5 350~5242 BRI it o BRI Hik
PR AEAR YA B pHESR M-I 2 § £4¥ 52 005~
111962 & 5 ¥+ 5 0.12~2.99% 2 B ;i A 5 0.63~5.12%z2 & -
L P BT F EERF AR EIFREM T HEG BT
5 021~114%2 o+ byt EF S FTEF E ¥ 5 203~4.08
%2 B AP L 466~7.059%2 FF > 33 2 A 2 4G 8 F
o BudeF oo BB M o 2 G sk 5 1.21 ~2.63 ppm 2 />
A bt R R R o AT AR M X 5 6.45 ~ 12,12 ppm %
B b 3t G »ak b o /ST A MU A 5 13.17 ~ 31.11 ppm
ZRE M AREEIIET SRR e T RN PR R
BBk B M+ 5 058 ~ 1.15 m.e/100g 2. B » 12 = b o
EHMHET AR 0 LM B PRI L 1.88 ~ 2.84 m.e/100 g 2
o e il M3 g o B AR BRI 5 210~5.35
m.e /100 g 2. & » M| W3 H M43 53 o v BRIk E B
M43F 5 0.16 ~ 2.80 m.e./100g 2. B » ¥ ¥ B He 43T L 0.45 ~
5.32m.e./100g 2 B » g A~ ¥ 343+ 5 1.82~6.84 m.e./100 g 2
B3 REEREHHEIES U R REFEHHES ML
Btk BheAk s B M43+ 5 053 ~ 1.62 m.e./100g 2 fF > 12 < 4
BHPTE T AR ¥ ERMAHET L 117 ~ 548 m.e/100 g 2
B A B3PS L 261 ~ 913 me/l00g 2 & > ¥ ¥ 2§ A
Pl PG BB o BREEAR B MAEHESF S 035
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~ 142 me/l00 gz B » Mo A Y HE AT BoF o LM B R4
B+ % 1.48~242me/l00 g2 B > w B R P AR B R o B
A B H PR L 3.15~6.90m.e/100 g2 B o vz o] b 2l 4
W BB o BRIk 2 ET B H4E L 121.06 ~ 788.69 ppm z
B % g 3T R 48 5L 105.83 ~651.65 ppm 2 B 0 ¢ o] b BT OB
BAES BB O ARET EHELE MO EAK I ET B H4 5 8535
~230.02 ppm 2 FF > Bl b L7 B AR S B R 0 M R BT OB 4R
EE o BREDIET BT AR CE R 2 AR A T
2 ABH 0w B EE kK 2 RS A FE 5 5736.62 ~ 1918.52 ppm 2
B A B @ WBEAa s s AR FRPLERS K 2R
A5 A Fn 5 2863.07 ~ 1649.29 ppm z B o k¥ 3 3 & S AR A
857.40 ~ 271.88 ppm 2 FF » ¥ ¥ 2 Ay ¥ v BT E WAL K

l

B0l PR AT D B o



21 B S~ Fy AW ELE e BT iRt E N L A A7

- oH it N FRE |}l P T ﬁ%x%'rif’f%ﬁi(m.ez-ilooq) . TR 4R & 4 Ar

(%) (%) (ppm) K Na Ca Mg (ppm) (ppm)
AR (ARE ) 2.15+0.03 | 0.0620.01 | 0.21+0.06 | 1.38+0.24 | 0.58+0.12 | 2.80+0.43 | 0.53+0.11 { 1.11+0.04 | 21.06+1.38 |1918.52+125.64
(¥ #) 4.03+0.06 | 0.12+0.21 | 2.74+0.25 | 9.44+0.12 | 1.88+0.90 | 5.32+0.39 | 1.17+0.41 | 1.48+0.11 | 105.83+2.31 |1649.29+113.23
(i~ ¥ ) |4.03+0.04 | 1.49+0.37 | 6.16+0.26 [31.11+0.67| 2.10+1.22 | 6.84+0.72 | 2.61+0.52 | 3.15+0.62 | 235.35+8.07 | 546.61+25.81
b p (ke ) 3.11+0.01 | 1.11+0.57 [ 0.36+0.15 | 1.44+0.17 | 0.76+0.18 | 0.1621.56 | 1.20+0.11 | 0.35+0.04 | 788.69+18.56 |2901.83+149.74
(¥ #) 3.06+0.01 | 2.99+0.57 | 4.08+0.23 [12.12+1.69| 2.43+0.42 | 0.45+0.76 | 5.48+2.95 | 1.70+0.37 | 651.65+7.58 |2145.89+155.52
(i# +# ) |4.63+0.08|5.12+1.30 | 7.05+0.22 (18.48+1.62| 5.35+3.88 | 1.82+0.72 | 9.13+9.73 | 6.90+2.31 | 230.02+4.11 | 813.73+64.86
R NE T 1.90+0.02 | 0.05+0.01 | 1.14+0.11 | 2.63+0.18 | 1.15+1.02 | 1.23+0.77 | 1.62+0.31 | 0.99+0.27 | 68.99+1.05 |5736.62+309.53
(¥ ) 3.01+0.01 | 0.1620.10 | 2.62+0.04 | 8.38+0.09 | 2.78+0.57 | 2.32+0.11 | 2.11+0.24 | 1.87+0.37 | 135.48+1.59 |1834.32+111.07
(i# ~ ¥ ) |3.50+£0.02|0.63+0.17 | 4.98+0.12 |13.36+0.54| 4.78+0.66 | 4.07+0.69 | 3.36+0.32 | 3.41+0.21 | 37.68+2.00 | 271.88+21.80
A (R E) 2.79+0.01 | 0.05+0.01 | 0.60+0.02 | 1.21+0.23 | 1.04+0.31 | 1.16+0.71 | 1.34+0.14 | 1.42+0.24 | 152.13+4.55 |4669.79+333.32
(¥ #) 4.06+0.02 | 0.67+0.15 | 2.03+0.15 | 6.45+0.93 | 2.84+0.34 | 2.50+0.78 | 2.91+0.31 | 2.42+0.40 | 232.82+3.16 |2863.07+256.89
(# 4% ) |5.24+0.01|1.45+0.19 | 4.6620.08 13.17+0.23| 3.66+0.35 | 2.77+0.57 | 7.13+0.86 | 5.75+0.26 | 48.48+0.70 | 857.40+78.86
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$oE AP REENE LSS

LA REERETALEREBSR A ALAEF 3 % (Lyonia ovalifolia var.
ovalifolia)# % f i=(llex asprella) ¥ B~ A F 2 Rk » A {75 % i
HEBFAEY o DR SAD AREP LE RE LD LR R RS
Fhe-YL¥E ERFR AP BN AEFF 2 -+
B oBHETLAFH ABPLRL LT L BRITEEY o L g
ARG B 2 X4 ¥ > 1= ¥ (Miscanthus sinensis) 5 # & #4847 & 3
# A~ o L 2 7 (Dianellaensifolia) s f & fifE 4 5« 2 » =¥ 2
FAE ALY RRZFRATHRRAS AN o L AR TRAF
Fatirv LA A R A ARARBAAH R EET > NP X FARE
28 HAARALEAA~S PG bF E8 &5 - T B4R
BEPEREBE A LS &L k0 (Cleyera japonica var. morii) %
Beoh WA A A AT o R S L ERES  FAN LB

‘%5%,';[:1" %L—"?‘Zmﬂ‘g@

1. *\%‘?%K'}*:‘fé%/’a\

FAd s b2 BETAFI R pH B4 4 5 555~ 5.37
2 591- @ 1 5% 2007 # § T B X el ~ A g s
BEBFEHETATNAIRER IR LR AP FTEAN R DS
% 43.00 ppm 5 BB 0~ m R H T 26.80 ppm =t 2 0 < b Fe
R A 2270 ppm B 5 & B F R AR M L B e % 707.00 ppm 3
B o0 % puan g % v 400.90 ppm = 2 0 < A g AL T 373.80
ppm X 5 R I AE S R R 1L % Budh g X kv 40.30 ppm i B
B0 SR EHT 16.50 ppm = 2. 0 < K s % 5.70 ppm & i<
FARA A R R M A B D E AT 39.29 ppm 2 BB 0 A A et
19.50 ppm =t 2. > * b e S dz kot 1.82 ppm e M5 AR g iR g Ok



B4 R R AL 146.20 ppm E BB 0 4 B hs % 116.80 ppm
K20 kb Buan g N gt 31.64 ppm B X o

UL A SR T RS L REEEE > 4 A
=AM RN e pH ERaE S R o B R = B A TN R
FHFTERAAT R > F 5 - IR T RF i 2 7Y
ARDFEBREBFT T T EES E RIS DD
FOBRKRBFREF R0 RN RAEVERET A EFHP
kR ® -

Bl 2 5 2007 &# § T 5B~ b ruengZp N ~ A g age Bz
BREAFTINPREHRFT DF 2 kR - H8FRAR Y < 2
14.60 ppm % £ % > % % 12.80 ppm =% 2 > F = 9.30 ppm B K 5 4%
B+ kR 1w B 17.30 ppm G BB o BT 7.90 ppm =t 2 0 H R
j ot 5.00 ppm b i 5 49 8 0 & X vt 15353 ppm A kB 0 &
122.48 ppm % & i 48 4 k& 12 % % 23.00 ppm i B F o 4 75 6.00
ppm =t 2. > F Xz vt 5,10 ppm & K 4T EEF kAR e b 54.7 ppm
= BB 0 BAH - 9.50 ppm & 2 0 F % gkt 8.30 ppm B i e

+

:I“_:’_'_’,l,' {/féné’\i" R

707.00
700 = CEE
B o
600 B s mmw
2 500 r
g
: 0o - 408:90
% 4 373.80
o
EN
= 300 1
<
200
146.20
100 r
43.00
l:l 26.80 2270
0
- - - 3- -
F Cl NO3; PO, SO,
1 A+

B 1. 2007 & L % 334 duende Lo~ S B e P2 BT
AN R R kA kR

10



BELEROIEALY LIRS PEEF G RE2 AT

200
] B

180 I

160 SR e
~ 140
£
g
20
k54
B 100
o8 f
p=S
* 60

40

1730
20 | 1280 g5 1400 790
f i 5.00
0
Na NH,4
g

Bl 2. 2007 # L £ 5P c b ruende <o~ AR e hE BT
ARG R B & A ER

Bl 3 5 2007 & # F 5B~ % jb yuihg o~ FH T E oV 0 A
TSR cnd AER -4 43RS % 0.89ppm L A %
7= 3.59 ppm =k 2. > FH Kkt 263 ppm B K L & AT kR M EH
= 160.66 ppm 3 & & ° 3 % 136.48 ppm =t 2 » £ X iz % 78.29 ppm
B R S kR L B X 2k 351 ppm F &% 0 3 % 2.90 ppm
F2o0 BT 199 ppm B M BER T AL R R 7 s % 80.09 ppm 3 &
B 0 &Vt 13.98 ppm k2 o AL 11.67 ppm B M FR A4
Gk B M EALTE 93.92 ppm i kB 0 & 4% 50.53ppm = 2 0 F K kot
35.24ppm B 4 o

Bl 4 5 2007 & # % X B X b yuchia o~ BT E H L A
TS RBagT chd AR - 33 ER s % 1654 ppm 5 %
BAT 11.07 ppm =t 2 o g% kvt 778 ppm B K 5 & B Ok R Y 4
Xkt 1.55ppm 2 B % 0 s B 1.40 ppm =k 2 0 F AL 1.39 ppm &
ML 4 ap kR EA T 307.51 ppm G A B 0 = ' 230.31 ppm = 2 >
% gkt 117.94 ppm B it s AE 4R JE R 2 % b 9.68 ppm L B F o



BAHT 6.91 ppm =t 2 o FH R Kt 545 ppm A K R R R M e

¥ 33.50 ppm i B F 0 A& N kvt 9.14ppm =k 2

M e

“~

AT 7.29 ppm &

180 -

160 -

140 r

100 -

80

Atk R ( ppm)

20 r

359 263

160.66

7829

290 199 351
— —

NO;

o

PO,

167 3%

s- z-

SO,

Bl 3. 2007 & # F 5 B4 b bichis b~ BALTEE FoS e dor A PN

RIEHPF R L~ RR

350
m W
B g
300
B
250
E
g
— 200
o
-
&
o150t
=
<
100
50
16 107 778 o s 9.68
0 b . .
+ + +
Na NH4 K
a3

33.50

729 914
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Bl 55 2007 &M E 5P A gefchg hz BHETATN Rk
FenEk A kR oA B IRAE M s % 834 ppm G BB BEH T 2.52 ppm
B & kR s b 49.65 ppm & B 0 B L 1= 36.83 ppm B 1 ;
AR g S R R B AT 5.54 ppm F & B > s % 0.78 ppm & i< g
Fait g+ Jk & 14 % % 25.67 ppm i BB 0 E LT 22.68 ppm & K 5 AR
At gE S kR BT 44.92ppm B F 0 s % 37.04 ppm & K o

Bl 6 5 2007 & fc % 5B A chg Hha BAETA TS RBYR
% A kR BT ER e B 514ppm E & B 0 EAH T 3.07 ppm
Mo g s+ kAR s % 1.8l ppm i BB o EATE 1.14 ppm & K
B3 kR % % 14470 ppm BB 0 FEATC 122.07 ppm B i< 5 4 4
+ kR e $ 13.80ppm i BB o FH T 3.59 ppm kK C 4EEEF kR
"t 24.49 ppm G BB 0 E AL TC 4.93 ppm & i€ o
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N RO RN T S &} TR NCK,

225052007 &L FHAE LA G WA BALTTE A

=&

O AR A 2

BRSNS AR S Al R S
BERFEAFTRMSEFALRL S LA AT

’ /F’l i‘mﬁ:
R R AT REREFT RS ERERE AR e bR BH

b FL g S

TR ARG BT CFHT OB EARPRET FLE EE

W E o

22,2007 8L FENE S R BHTE D REL 2 A

Fivt g+ it L kRS H (= ppm)

¥ o | B & | F & F cl NOs | POs* | SO~

P . % % | 43.00° 707.00° 5.70%| 19.50"/116.80°
% 8.36°| 49.65° 0.78°| 25.67° 37.04°

Ch mpr ¥ % | 373.80% 26.80°% 16.502| 39.29°/146.202
Fo % | 36.83° 2.52° 544°| 22.68° 44.92°

PRI P ¥ % | 22707 400.90°% 40.30%| 1.82° 31.64°
A 2.63°| 78.29° 3.51P| 13.98% 35.24°

E BHE s 3BHE AT T Eiz A REY T2 (ab)E

% 3.2007 # R T AT AR BE FHETE
LA RS R B RS hE s RR R

Baye < A 2 gL

LG S O AT R B A R SRR R AR 2

LR AN SR k- S ARLES NG SR Ay S

FeRFTFaEFALALR

AEREEFTSR LA R

b

F_L

3B ¥ £ B p<0.05-

P A N 2t

Ao

ﬁﬁéﬁ\’%ﬁ‘%ﬂ J/&i{\&\/&fgﬁrﬁg‘; \é‘?%’g_:,_
EATMG PR ERFRRE 4 £ 253 @ EAEATINRA

EFAFHRARMZLSRFIRERDSE 2 AN 52 PG

2

F 2RIy 4 o F AR B IR R AR AERKRG M A
BP LR TR B8 Rt iEaly 2 BREMEY &
§ops

EFNFREAERFY o BPLE RBREVHREFIE LS, ZE

Pk A 2 & A o AN R & AR AR B
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KIEEDR AT AR I LRV BREED LR 0 LR
Osonubi % (1988) -~ Dambrine & (1993) %2 Saur % (1995) # 2% 4
SRR A A R S A
# i & & (nutrient supplying potential, @ # NSP) & » 2 R R

¥

R

Higg 4 0 i H I HEE SR A LA 2R 4 (Stark et al.,
1984) -
% 3.2007 # R F A FAREa B2 BHETE N Lo A
Fivt i aix kR % EA (H = ppm)
I3 %}_‘ 753]’ f;é_ ? 4% Na+ NH4+ K+ M g2+ Ca2+
o % % |12.80% 17.30%| 122.48° 23.00% | 54.70°
A A
#& % | 514° 1.81°| 144.703| 13.80° | 24.49°
, o % % | 930% 7.90?%|123.26°% 6.00%| 9.50?
R OERET
# % | 3.07° 1.14°| 122.063 3.59° | 4.93°
¥ % (14603 5.00%| 153.53% 5.10% 8.30°
Lo B [N
# % | 7.76° 1.55°| 117.943 5.45% 9.142

BEi3BHRALEHFI2Z TH - JERZIRFELF* (a~b)2EDHEFLE p<0.05

A SR HREFBEZ b BHETEES R AT RIE
P+ i A }Efi“‘ﬁi’%‘*/éiwbk’ﬂﬁﬂiﬁbpfﬁ% %o ¥R ER
PRLEREREE R (BETHEETRAGRSE > 2 b E 2
BRIV R Y B F]) SRR 0 AW PuA R gk
w3 2 Eﬂﬁ’;*}?,‘%ﬁ_—? » X g P —'\f\iﬁfé K2R EY B3 2 Ej&ﬁ;*?%ﬁ-‘}

BHERBHETOFTHET > TEHRBERFHEFLE  H 7 ke REA
*?%Kﬁﬁ%"v\%ﬁ"’ﬁ?%%&_f?%F'%‘g:_ﬂ°“i’<.f £ Sl A N UL
SRR X W PR X B AR ‘évﬂ\%fffﬁili%4>*+,};}i
S PR < R e o R A g iR
k=R %%%%’*L,ﬁ{
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w—

Fr e

B 7
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=1

/l

<J_
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Bom LB R BN L b B

Fivitie A2 5% o

2557 k4B ¥ %7§%~%ﬁﬁa%%z-w%?wiﬁ%
WrehE A ERVROBRZEEHET > AR B2 LTS g
W OER > X RRE A ABERETE A RES DA g Sk
B Awbis heng 3 2 483 kR B AREERLTTEER
PEHRERIHEFLA AL A RS BMEATIN L SRS 2
HReix it -

Osonubi % (1988) #£ 2 2 2 & AR > € BT A TR
mm%gkgoyéﬂéﬁm+ R B R LRI R
AFRARE LA T EREES LTE T R AL 2 FIB (Stark
and Spitzner, 1985 ; Saur et al., 1995) - & * B IR+ p & o gL
VHEIAEFBELREL SN 2 F RS NE LSS ET FRE -

AR EF R 3B BHETE L L AT RS D
RAERyER (HE = ppm)
BOE | FErER|OF cl NOs’ PO, | SO~
s e | 2765 44.81°| 1.16° | 26.12° | 37.04°
5 <@ | 9.89° 136.487 2.90° | 86.09" | 50.53°

< g% | 834" 4965 078 | 2567 | 68.61°

4 PR e 1.73° 48.63"| 7.75° | 28.28° | 27.37°
e g6 Loy s a a c c a
% T b | 3597 160.66° 1.99 11.67° | 93.92
) Ve b b b b b
A 252" | 36.82| 5.44 | 2267 | 44.92

ww | 12307 73.82° 3.44° | 27.89° | 35.24°
<@y | 263 7828" 351° | 13.98° | 54.33°

G BEE L 3B AL AR T

FrlcEit2zr2kE23* (a~brc) 27EFHFLE > p<0.05



253 FHEF B2 a B BHETEEL LA AFTIIRE RS D
%A kR (H = ppm)

B B | HFEFE | Na® | NH, K* Mg** ca’*
s e | 336 | 1.17° | 276.57°| 9.60° | 20.49°
5 « g+ (16547 | 1.40° | 230.31°| 9.68" | 33.50°
~mw | 493" | 514° 1.81°| 144.70" | 13.80°
#eew | 325 | 143" | 66.86°| 486 | 479
A < (11077 | 1.39° | 307.51°| 6.91°| 7.29°
~mw | 3077 | 1.14° | 122.07°| 359° | 4.93°
- HE e 11.61: 1.21: 177.13: 7.55: 22.29:
“@ye | 778 | 1547 | 117.94'| 545 | 9.14

A BHEES 3BHRALF L T 5

FrlcEisz22FE>3* (a~bc) 27EFHFLE > p<0.05
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2.EIRE L AT

265 AR AR A2 L BFHRSEEYBLAERFE A
A BRETE AN X ENRIREALACZZER - F ER
A2 e 168% BB SEERFET S @ Ee bR R
BN 1.18% 5 B oo FRE R M L b Fs W 0.969% 5 g 0 ¢ B
FRFZ H 2k 036 %5 ™o BRER M B FFHRFEHTT 6.44
mo/g 5 5% > * A s % 239mg/g 5 K o kR B THRE B
=1326mg/g = &% > * BEEHT 8.64mg/g i B o kR VA
TR EH T 1165 mg/g 5 B > < A s W 594 molg & B Ko 45
ER P B BRFZ Ny 77Imglg s kB B e 9243
mo/g 5 B M o EEAR M A B EAT 9.41mglg 5 BB 0 BRI RFE
f75 3.26 mg/g 5 B K e

FTLARE AR LR e SRR RS LY
W Fh LA R B REL B PR RS R ER FERNM
SIS 8.00% : BB 0 A mE LR 1.89%5 & i o Rk R M
L I 125005 % 0 ¥ 0709 5 M o BEER M
BEEE740mglg 2 BB 0 % FLiE LAY 3.87mglg AR K o 42k R
A FLE R 1406 mg/g s B 0 AL E I 9.76 mg/g & B L o
R R A Wy E g 877 mglg 5 BB 0w AT 6.48 mg/g i A
Moo 42k R 1MW ¥ 588mg/lg i &% 0 x A =% 3.13mg/g &
MogEik B A B Y 16.68mg/g 5 B# 0 4 AL ¥ 9.92 mglg
5B e
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206 ABE A B AL BAHEE Y RS RFE S
BRTE HFA LRV ERNTIRELS A FLRA
v om W 7 N S P K Ca Mg Al
(%) (%) (mg/g) (mg/g) (mg/g) (mg/g) | (mg/g)
ARE (3% 1.39+0.04/0.83+0.01(2.39+0.21| 9.98+0.81 | 5.94+0.88 |2.43+0.15|8.10+0.36
AT 1.18+0.02|0.88+0.05|3.19+0.40| 8.64+0.76 | 7.64+1.11 |2.63+0.16|9.41+0.28
SR 1.18+0.01|0.96+0.02(3.31+0.66| 9.84+0.78 | 6.43+1.05 |2.85+0.34|7.26+0.10
A 1.63+0.06|0.78+0.05|3.37+0.52|10.93+1.08| 7.09+0.69 |3.11+0.73|7.64+0.16
# % k%0t 1.18+0.02(0.89+0.02|3.30+0.38| 9.69+0.87 | 6.13+0.95 (4.96+0.65|8.03+0.33
ST - 1.68+0.01|0.56+0.06|5.48+0.47|12.06+1.06|10.47+1.30(6.24+0.66|4.42+0.96
Bk BT 1.52+0.00/0.4620.00|6.44+0.56/13.26+1.51|11.65+1.22|7.03+0.87|3.26+3.04
PB4 | &S 0 |1,4440.03/0.36+0.03|4.33+0.43(11.37+1.24(11.51+1.20|7.71+0.91|3.86+1.06
27OABE AR A RZ e B SR RESETT L E
BB LA ETHL SR PN RS AE 2 RR
vowm | B N S P K Ca Mg Al
(%) (%) (mg/g) | (mg/g) (mg/g) (mg/g) (mg/g)
CRE (FE 3.02+0.03| 0.84+0.05|4.50+0.66|12.07+1.43| 7.00+1.11| 3.13+1.26(16.68+1.09
L F @ [1.89+0.02| 0.90+0.01/4.85+0.22| 9.76+0.64| 8.71+1.34| 4.91+1.14| 9.92+0.91
A P | = E 3.96+0.04| 0.86+0.03|5.89+0.89|14.06+1.88| 6.73+1.25| 4.88+1.23(10.33+0.97
& i 2.02+0.01| 0.85+0.05|5.52+0.79(11.49+1.74| 8.77+1.37| 4.83+1.12|13.73+1.13
# L4 7.90+0.02| 1.13+0.04(3.87+0.13|12.18+0.66| 7.50+0.83| 5.11+1.24(12.20+1.14
P44 18.00+0.04| 1.25+0.01/6.10+0.28(/10.88+1.20| 7.58+1.08| 4.63+0.70|12.16+0.88
o B |E R 7.90+0.02| 0.70+0.01|6.46+0.86|13.78+0.85| 8.24+1.17| 5.88+0.82(11.52+0.79
AT | F 7.94+0.03| 0.97+0.02|7.40+0.30{12.66+1.02| 6.48+0.67| 4.17+0.72|11.06+1.07
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Glomus etunicatum Glomus etunicatum

Entrophospore colombiana Entrophospore colombiana

Glomus sppl. Glomus sppl.
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Glomus spp2. Glomus spp2.

Glomus geosporum Glomus geosporum

Acaulospora delicata Acaulospora delicata
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7 ¥ (mycorrhiza, 47 # 5 -zae # -zas)- #d 1885 # {f W 14
Hop 2§ 7 Albert Bernard Frank #f % > F'myco-, # % Z F(fungus)
d1g L > Trhizag Bl 2 L L 0 F {7 4R 5 fungus-root > & 4
RN Ad EPFEE Rk 2 e & (symbiosis association) o

A MG EG et d A (host)te 4 # &k £ iF
SRR CEP LRI R BRI RBRARAEFEE L FL
B F 2 B3 {5 4 (mutualism)shk % o

it ey 4

22 F X3 95/ml9lﬂﬁl‘“,i“,~l:ﬂl“ o ¥ BRET
A IR FIehiE > FI RV G L R § A
.ﬂg’%iﬁlﬁmlﬁ’ﬁm&ﬁtﬁﬁm%L#mﬁo

FAREADAFRA > A% FHLA[AASEFIINIVL K

(cortex) & RN fi i » M % 2 F&H L ﬁ#w%ﬁéﬁﬁﬁi’
3& AT A L0 2 F 1T (ectomycorrhizas) 2 sk 4 A TF A4

g R oo w2 gF r A R s Whlwie R w2 B A
oo A5 %A 47 X g (Hartig net) - 2. % 4= 7 12 (arbuscular mycorrhizas) #
Fs g5 » R kiwve o Gl ke T4 0 A8 e N S
(intracellular hyphae) » i 2} & & % jk 7 4< # (arbuscule) > ™ 2 & f
SR sh P BB s Ay e (vesicle) o v A F F 1 R F T
(vesicular-arbuscular mycorrhiz; VAM) L2 » 17 & & Pl 3R> & 2bpt 3¢
FA s n g A K e ¥ A5 e B Tt AL A FR G Rk
A1 e 3.0 b 4 F 12 (ectendomycorrhizas) # F sk RFE G o 2 AR S
PAFI L A4 AL 2 - 444 F IR HE 4 12 (mycorrhizas in the
Ericles) e £ # A ~ kh W AR ERFBARZ & B RfFkho
At -
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