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Abstract; The response of arbuscular mycorrhizal fungi (AMF) colonization rate to slope position and shrub species in
karst slope and the key influencing factors were identified, which is the prerequisite for rational utilization of soil AMF to
promote karst vegetation restoration. Based on field investigation of typical shrub communities and environmental
variables on slopes of a karst peak cluster depression. The fine root samples of three typical shrub species ( Vitex
negundo , Alchornea trewioides and Pyracantha fortuneana) were collected from three positions (upper, middle and
lower) along three slopes. The frequency, intensity and abundance of AMF colonization were detected and calculated by
the Trypan blue-microscope method. The results were as follows: (1) The colonization frequency, colonization intensity
and abundance of AMF for Vitex negundo and Alchornea trewioides were higher than those for Pyracantha fortuneana in
the same slope. The colonization intensity for Vitex negundo and Pyracantha fortuneana in the lower slope was higher than
that in the upper and middle slopes. The abundance of AMF for Alchornea trewioides in the middle slope was significantly
higher than that in the upper and lower slopes (P<0.05). (2) Shrub species had significant effect on the colonization
frequency, intensity and abundance of AMF, and slope position only had significant effect on the colonization intensity of
AMEF. Slope position and shrub species had significant interactive effect on the abundance of AMF (P<0.05). (3) Soil
depth and total potassium content were identified as the two strongest explanatory factors on AMF colonization rate
according to the redundancy analysis (P<0.05). Therefore, the rational use of soil AMF to promote vegetation restoration
in karst areas needs to consider the choice of terrain and species, and should pay attention to the water and soil

conservation. The results of this study provide a scientific basis for rational utilization of the symbiotic relationship

43 %

between soil AMF and plants and promoting ecological restoration of karst peak cluster depression.

Key words: karst, arbuscular mycorrhizal fungi, frequency, intensity, abundance
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W & F TR R A BRI AR 4 Y
HEE AE R
1.2 g EMEREE

TEHTI 78 43 V8 BIF 0 B Ak b T I 9 XN e %
Werm — B (B R PR 1)) AR e AT B R
AT 45 B I MR B 3 AR RELR IR T L
H U 3 AN e i B A TEYE PR A AR (10 m x
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JRAT KR B AR AR, A FE H b [6] — 4 ok
4 RAK R M —50(£0.05 cm) AR, 12
BUEPIR AR, 8 ER/NT 2 mm M40R (32 H ¥
45 2021) , FE0IRA) B 20 g B TR B EAE N,
BAETANERK S, 24 h i s =, RREHE
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Table 1  General situation of sample plots
N e LR B
Slope position Latitude and longitude Slope (°) Altitude (m) P ) ype

shrub species

15 L3 108°19'28" E, 24°44'4" N
No. 1 upper

1 S 108°1930" E, 24°44'35" N
No. 1 middle

1 5T 108°19'33" K, 24°44'35" N
No. 1 lower

25 by 108°19'4" E | 24°44'0" N
No. 2 upper

2 S 108°19'5" E 24°44'3" N
No. 2 middle

25 108°19'31” E . 24°44'0" N
No. 2 lower

35 bk 108°18'56" E, 24°43'21" N
No. 3 upper

3 B 108°18'46" E , 24°43'30" N
No. 3 middle

35T 108°18'47" E, 24°43'31" N

No. 3 lower

37 364 16.41> 7.15¢ 2.082
33 325 11.69¢, 10.53" | 8.85%
30 282 26.10%, 13.23  6.71¢
36 376 15.44>  12.88¢ 7.732
34 334 17.46% . 451> 3.48¢
29 306 29.91¢, 29.38% 9.16"
39 353 8.45  6.23¢ 5.77%

32 307 12.86% ., 6.74" | 2.50°
30 278 12.882, 3.71" | 3.62¢

T ® FoREH, P FORAF IR, © R kB,

Note: ? indicates Vitex negundo, P indicates Alchornea trewioides ,

¢ indicates Pyracantha fortuneana.
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1.4 FEARFNME ik
1.4.1 AMF 42 2 Faqml 2 SRAHMAIR Y05
K 1 ( Muthukumar & Udaiyan, 2000) , 4% 85 #L Y
PR TR e AT B I Rk g B £ P
30 SRARBLIEAT M B BE A, R A AR B B AR A7 Y
(43 M 0.<1% . <10% . <50% .>50% .>90% , X Jii
90 Ny N, N, N, N, NJ) Flyf 48 58 (20
0.5/ L k% 2 M A A, A, A, A,
) F 0 B AR B AR M AR e R O
K1, #iA MYCOCALC 4, i+ BAZR YL 10 S 4L
(RPN A2 Y B ARE B (R4, 2003)
TRYHTEE (%) ACKITA A H &85 R
REBNRAW LG, Hh RESH MR A R
AR BO B AR R PR B,

AR
%%ﬁﬁ=£§ﬁ¥§%mm% (1)
RYSRIE (%) ACRIE DR R T AMF 454472

IR
B = 0.95><n5+0.7><n4+0.3><n3+0.9?Xn2+0.01xn, +0Xn,

SRR B
x100% (2)

e ng RoR H ARG >90% (N, 9) 1AL Bt
B, BARAZ Y >50% (N, 2%) MR BB DL

KL BE (%) - AR TR AL 9 4R 3R rp AR 25
FIE LAY = B

A = (1xmA;+0.5xmA,+0.1xmA, +0x

mA, ) x100% (3)
0.95%A3+0.7XA5+0.3XA3+0.05XA3 + 1 XA, +0XA
mA; = - Y= - - ~Xm
’ AR G ML BEL
(4)

A A A7 A2 AL A ) ORI
F N A REBT Ny N, N, N, N, N B
BsmA, .mA, mA TR IR mA, s m AURR YR
B R AR YL B

\ SR B
m= %‘j’b E S =1 o Lt 11 Sl
A (%)

1.4.2 3t ey w2 3P Ak M R
BT E (8 BUAE2000) , A HLR
(soil organic matter, OM ) > FH 5 %% iR ¥ — &1 i 4
5 2% (total nitrogen, TN ) FE UL R 5 &%
( total phosphorus, TP ) Fl # %L B ( available
phosphorus, AP ) H 4 % $it It A 35 4 ¥ (total
potassium , TK ) Fl 3 2 £ (available potassium, AK)
K K e BE 1 £ 3 B % 20 (available nitrogen ,

AN) B 50E  pH ] Metro320 pH 31U 22 (7K
TR 2.5 0 1) ; 13K (water content of soil
WC) HIBET5 5 I F I AT & 5 3% 2 e e
£1 % & (gravel content) FFRE L
1.5 BB NG T o4

K H SPSS 26.0 HfF it ATt 9 IR A5 5 22
FEPERS B, 0 EE I 0 BCHE AT B 45 DU 2 20K
AN [F) 3 457 - 358 AP B R T B TR 2R 5 22 43 (one-
way ANOVA) 17 Z 5 HL# ( Duncan) 5 3 437 FlE
AR R B 28 HAE XS AMF (2 Q25 25058
M >R FH AU 2 5 22 43 1 (two-way ANOVA) 5 15 JF
AT Z E B (Duncan) , MW IHHXT B 21
B EEANITE R RIES vegan 11, R H
Canoco 5.0 % 14 3t 47 70 4 40 #r ( redundancy
analysis, RDA ) , 546 W A0 Fl AMF 523 % 15
BHEFHXER, BEEREKTE a=0.05, KEH
Bds N bR i 22

2 R 594

21 AEWMTIEEBUERNES

AL AR B AW pH S K E A
AT RSN LR FEER (F2), #HUL
SR ol N VAT Rl N7 G VAN SB 7 R AR €
AL A T A R A
RIS A > B AL IR T S B
F LY,

2.2 AMF 3% 5%

Xof TSR B B AR P AR AR 2 g 0 S5 E AT B R,
B 22 BURE A% 35 BT L 2% 1) DA S TR AR A TR 22 T
M EE R o 053 JEL IR) T 22 ) ) 53 Rk A B 1 3
R AN P 52— SR A K T8 10 E AR B AR
TEE RN ZLH L RRAT AR 2R v B A% 7 B )22 40 7 24
JY6L ) T 240 i PN U 5% 1) 9 4 5 b, O 2R B A vl B A
WEETE ([RJE K 5 TE AR B AR 45, o i £
ST AR SE WG B

O L0 LLRRAT | JOBAE b b R SR A e
e AMF =2 4% (R 1) o Horb, 5 kOB L, w0
(IR I: B) ML WRRAT (IR 1. D, F)MR RN
BB B Ry B S ) A TR AR 454
2.3 AMF BRI THIFE

[F]—3e AT, OB A Je A (1 1. A) Rl
Jua (1. B) AIAKCERE (1. C) ¥ i T
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Table 2 Physical and chemical properties of

soil in different slope positions

15k S22 ek A T
Hl Upper Middle Lower
Index
slope slope slope
HHLE OM (g - kg") 48.83+ 44.94+ 64.77=+
9.83 6.72 10.32
L% TN (g - kg) 4.96% 5.14+ 5.16+
1.06 1.01 0.76
28 TK (g kg) 2.05+ 3.16+ 3.59+
0.91 0.89 0.12
TP (g - kg') 0.85+ 1.13+ 1.07%
0.21 0.33 0.15
HALHT AK (mg - kg™) 79.44+ 82.55+ 128.95+
8.11b 11.12b 10.90a
AW AP (mg - kg!) 6.92+ 9.16+ 11.12+
0.70b 0.88a 0.84a
WA AN (mg - kg') 281.71+ 383.06+ 472.83+
10.88¢ 3.47b 8.05a
pH 7.90+ 7.86+ 7.80+
0.05 0.03 0.05
TS KR WC (%) 17.41+ 14.23+ 15.82+
2.00 1.25 1.66
T HERE 14.43% 18.49+ 21.10+
Soil depth (e¢m) 2.97b 0.86ab 0.15a
e i 10.00+ 10.00+ 9.00+
Gravel content (% ) 5.00 8.00 1.00

T AE/NG B R IR %48 bR R [ B 0L 1] 22 57 35 (P<
0.05) 5 AUAR Vb B H] F) f2 25 22 5

Note: Different lowercase letters indicate significant differences
between different slope positions ( P < 0. 05); only significant

differences between treatments are marked.

LS I RRFT B (P<0.05) ; [/l —#Fh T ,3 MK
SRR G R 21T L RRAT A 4R Gl o B DL
OB EEIR] B AAS TR BE AR A [R] 34 T W 3 25 S (P>
0.05) , B IR | KR £ Gl ok B R B0 R R Bl A I 3
e T B £0FF L RRFT B B B SR B
P BT LR YA (P<0.05)
2.4 AMF B3 ZHZmE R

P i AU X AMF {2 44 o B2 A W 3 52 0 (P <
0.01) , Wy BB 5 AMF {5 Y85 35 {5 L 5 J3 A
MG FE (P<0.01) , 307 5 9 Fh (10 22 A i 2%
S AMF A BE (P<0.05) (R 3)

TURGTTEE R (B 2) R 56 —FsE — 40 i
MR T 71.99% W78 5, 43 A i B T 42.14% F1
29.85% W75 F S0 AMF {2 %R0y 3 1 1
BT (F=2.8,P=0.034) I8 & & (F=

2.7,P=0.040) . b R IAIARXS R, W03 AL
HITTR

I 2 Al B 20 L RR A R 1R P L
SO Y ABE A= G 5 B2 S F B2 73531 5 1 4
TRIEE Sk 25 A5G, T 55 8 4 0 A 3 6K OG5 B
ZLF LLURRAT 4= G 0 B8 5 9 4 A S M e vy, D
5 R L UG BOR AR S IR
B S PS e

3 b

e ST b XL A R G K b 0 R R AR
S ] 8 57 43 22 SRR, R R e - R
W A (2R FR 45 2003 10 BB 4 2015)
ARWFFE Y, A X AMF (9137 e 38 B A7 5 25 52 0
Ji PR AT A 2 0 R 0 - M L B e A R
OYRIN T WA T LY, AL KR
ST AMF (A B | e 0 & P2 = AMF XA
PIAR R A2 Yo B ( F RS E 4 M5 ,2009) | fe 28
TR T Y7 B KB R e A T
e 2

Yrh i 52 0 AME 9 4= YL 050 B | 4= G 5i 5 F
IS UL AR B T AMF B S5
Wi, ASHFE ST, BEGR 20T 1 RAT B AMF A9 42 G
ATRE A Y o BE A ARG T2 B8 1 T KO, AT e S O
e B Ay FR R AE S IR A L
(MR Sr 55,2016 4246 % ,2022) . FEM £ RIES
b 5O e, B 20T 0 RRAT B L
TR YRS 2 U R Gk SFRRAE A7 R T a0 i R
PR IS | I RE AR 1E /K 4338 3 A F: 0 E 1)
RS, B IE I 5 I X T 5 IR 8% A 1 (2= R ol
18 2008 ; P2 HE4E 2010 FEH 45 ,2011) , TEAR R
TEAS b R R Z0FS LU RRFF AR 3R 4 700 8 g T St 7Y
SURAY SR (FRARSE 2018a) | T KCBAR 2 M £
BIE o Sobi R (R4 2022) , Horb, SUIR > S
KRR TG IR 2 0 L8 5% 53 FoK 43 78
T2 G R A S [ (IR ERAE,2018a) , 1
KIRFRE L5 AMF py32 il , A 5T AMF {2 44AR
R LR, S AR N EIH 4 L RRAT
AMF BRGS0 AR G o B A 5 B 34 8 3
TR

A7 55 Wy Fh %) 28 B AR S 2 e R A
X&R, WORTRIEAAL AT, S RV 4540 2 [
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3. THZZ AN,

A-C , D-F and G-I are the AMF colonization in the roots of Vitex negundo, Alchornea trewioides and Pyracantha fortuneana, respectively
(from left to right, they are the upper, middle and lower slope positions). 1. Hyphae; 2. Vesicale; 3. Hyphae and vesicale.

B I AEEKRGFHIRZD AMF S22

Plate I AMF colonization in roots of different shrub species

—B— ¥ Vitex negundo
—o— L IIBRAF Alchornea trewioides

—8— #jH V. negundo

—— 3 V. negundo

—O— LHURAT 4. rewioides —O— LW ILRHF A. trewioides
J:jﬁ A —A— i Pyracantha fortuneana —A— K P fortuneana —A— K P fortuneana
- = b E
Upper slope B Alla B b B Ab A
YL L L |
Middle slope AlA Al Aab c
Al i I
a
Lower slope B A A A Aa B ABb A
1 I 1 1 1 1 1 1 1 1 1 1 I 1
0 20 40 60 80 100 0 15 30 45 60 0 20 40 60 80

1245 Colonization frequency (%) {5458 ) Colonization intensity (%) IS Abundance of AMF (%)
RNIRKRE FREFIR [ — AL T AR R 8225, ARVNG 58208 [ — RN R B A 22 5, 23K P<0.05; AUFRIR
Ak PRI S 25 05 5

Different uppercase letters indicate the differences between different species at the same slope position, and different lowercase letters indicate
the differences between different slope positions of the same species, and the significant level is P<0.05; only significant differences between

treatments are marked.

B 1 AMF 231 3 MNMEALFN 3 N HFhadnm R EFIE b3

Characteristic comparison of AMF colonization rate responded to three slope positions and three species

Fig. 1
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Table 3  Effects of slope positions, species and their interaction on AMF colonization rate

12 YL 55 1R YL i LN E S
Wi H Colonization frequency Colonization intensity Abundance of AMF
e df F df F df F
{3 Slope position 2 1.99 2 3.99% 2 1.44
YIFh Species 2 136 2 49.50 % 2 29.20%*
i {37 x #Fh Slope position x Species 4 1.53 4 1.76 4 3.49%
1B ** RIR P<0.01; * FIR P<0.05,
Note; ** indicates P<0.01; * indicates P<0.05.
S 2008 ; S J% 75 45,2013 ), g 13l 350 Pl B i 11 4
B e (7 U AT, D T R R R LK K ) R
- S5 ORI AL ( 25 SE L8, 2008 ), 50 R X 46
N e g v RS G LR A AR R 5 AMF 364 (2R %,
- rewioides M 2008 ; M EWIIC,2012) , HL, B hi 5H A
2 . SIS B2 AMF (2% ARFs0h %
S| gy Lnen S 3 (2 A B 06 2 T A B A
21 oo ' NG ES Mﬁ*fﬁ%%ﬁ%?ﬁ%%% ?ﬂ
N T — HRLE e Bl 2 B 10501 @f B, 1R 0
o itcomea ARAL AR 2 rh MR 285 g W B 10 = R B (L T
| tormesemetdey) 2003) , FLARFEI A L1 AT L IRRFF 0 AL T BE A i

Py, tha fort F
AL Upper slope, Pyracan a‘/or uneana
oth 3 Middle slope
@3 Lower slope

TK (F=2.7,P=0.040)
3R ¥ Soil depth (F=2.8,P=0.034)

-1.0

-1.0 il Axisl (42.14%) 1.0

F. ZGH0 8 M. fRYLIREE; a. IR TK. 241 &5,
AR IR 2 5 W AP S

F. Colonization frequency; M. Colonization intensity; a.
Abundance of AMF; TK. Total potassium content. Only properties

with significant impacts are marked.

B 2 20 AMF 23R EHR

Fig. 2 Soil properties affecting AMF colonization rate

SN+ e AMF BF 3% 2540 (2 W48 ,2017) . 4K
1M, HATXT AMF {2 4L 352 i i i 8 ik 870, 23R
FE] P4 g b DX 7 3l 22 WA T, ORI T S
KR BB BRI AL, SR R
TS B (BB R AR A, 2013 32 AR A
2017) . W S b DX R 1) 25 T A A0 R T
T BCTCER /INAS A5 1 TR V1A 5 4 38 1T X 7K
Y FFR A — 2 W B VE L, S BOK [R) 3 A7 8] 7K
O3 VSR o0 1 B 25 5 0 M Ol 58 (2R SR AR,

P 3 T R A U5 A 7 TR b DX B AR
TR AR 22 i AL 45 F T 1 1 3 B8 X6 38 A7 5 4 i iy
ZEA ROV AT BESR I WA N, FEFE AE AMF = 3 R
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