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Effects of Arbuscular Mycorrhizal Fungi Inoculation on Soil Properties in
Plantation Forests under Karst Rocky Desertification
WANG Miaomiao'*, HU Yiran', CHAT Jiejun', LI Qiangiu’

(1.College of Life and Environmental Science, Central South University of Forestry and Technology, Changsha 410004, China;
2.Technology Innovation Center for Ecological Conservation and Restoration in Dongting Lake Basin , Ministry of Natural
Resources, Changsha 410007, China; 3.Forestry Bureau of Shaoyang County, Shaoyang, Hunan 422199, China)
Abstract: [ Objective ] To elucidate the mitigation mechanisms of arbuscular mycorrhizal fungi (AMF) inoculation
on soil nutrient and moisture supply deficiencies, thereby supporting the sustainable restoration of fragile karst
ecosystems. [ Methods] Based on an in-situ inoculation experiment in plantation plots of a typical karst rocky
desertification area in Shaoyang County, Hunan Province, fine roots at 0— 15 cm and 15— 30 c¢m soil depths and
soil samples at 0— 15 ecm, 15— 30 cm, and 30— 50 c¢m soil depth were collected from upper, middle, and lower
slopes. AMF infestation status, community composition, and soil physicochemical properties were measured to

clarify the effects of key microbial additions on soil nutrients and moisture. [ Results] The results showed that
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inoculation increased the infestation rate and intensity of root AMF. At the genus level, Paraglomus, Glomus,
and Ambispora were the dominant genera in the AMF community, and their relative abundances changed
significantly after inoculation, with differences across slope positions and soil layers. After inoculation, the
Simpson’s diversity index increased in the 0— 15 c¢m layer at all slope positions, in the 15— 30 cm layer at the mid-
slope position, and in the 30 — 50 cm layer at the mid-lower slope position, but the differences were not
significant. The Chaol richness index increased across all layers, with a significant difference only at the upper
slope position in the 0— 15 cm layer. The Pielou’s evenness index increased in the 0— 15 c¢m layer at the middle-
upper slope position, in the 15— 30 c¢m layer at the mid-slope position, and in the 30 — 50 cm layer at all slope
positions, but the differences were not significant. The mass fraction of alkali-hydrolyzable nitrogen (AN)
decreased in all layers, the mass fraction of available phosphorus (AP) decreased only in the 15—30 cm layer,
and the soil organic carbon mass fraction decreased in the 0— 15 cm and 15-30 c¢m layers, but the differences were
not significant. Soil volumetric water content (VWC) increased significantly in all soil layers, capillary porosity
(CP) increased in the 0—15 cm and 30— 50 cm layers, and pH and exchangeable Ca®" decreased in all layers, but
the differences were not significant. The AN: AP ratio showed a decreasing trend in the 0— 15 cm and 15— 30 cm
layers, indicating that AMF inoculation could partially alleviate phosphorus limitation in the soil. Correlation and
redundancy analysis indicated that changes in microbial community composition after inoculation directly or
indirectly affected soil physicochemical traits including nutrients and moisture. [ Conclusion] The results clarify
the response characteristics of soil properties to AMF inoculation in karst rocky desertification plantation forests
and 1dentify nutrient and moisture changes and their driving factors, which helps overcome the bottleneck of
delayed soil ecological function restoration and improves the service functions of fragile ecosystems.
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Fig. 1 Location of study area and sampling site
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different soil layers for control CK and AMF inoculation groups
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Table 2 Difference analysis of soil volumetric water content

(VWC) across different soil layers and slope positions

ARALTE WA TEADERIEH(VWC) EXF B CK

between control CK and AMF inoculation groups

T2 HE /em WA X HE(CKD AMEF 4% #h

T 0.1040 0.134+0.01°

015 g 0.0920.01 0.124-0.04"

T 0.0940.01 0.134+0.01°

Mgt 0.102£0.01 0.13£0.02"

Ly 0.112£0.01 0.15+£0.01°

1530 g 0.112£0.01 0.1340.03
T ¥ 0.1240 0.1340

it 0.11+0.01 0.14-+0.02"

Ly 0.12+0.02 0.14=+0.01

3050 g 0.1020.01 0.13+0.03"
Ty 0.1140 0.1240

Mgt 0.1120.01 0.13+0.02"

T B A 7 (A B 25 5+ R 3 5 R 4 B CK I AMF %
T[] p<<0. 05 Fl p<<0. 01 K P22 57 3 o

EE L (CPYE 0~15.30~50 cm 1 J2 4 JiF 1
Jin, W FE 15~30 cm £ 2 WA B BB AR L B R
F(p=>0.05) AR T (BD)JLF I8 Ak 15t 1 2 Fib

Mass fractions of AN, AP, and SOC across different soil layers and slope positions for control CK and AMF

J J 30 P R I A K A IR R I 0 R A T AR
Xf B e 1Y - W PR b B A AL B RE S DU w1 A B
o BHEpH Rz etk Ca™ 45 L2 B B REAUE S,
H2ESR AR . MO AW AN AP(N:P)FE
0~15.15~30 em L Z R R EHE  RERARE H
A R B HE R AMF 75— & 72 B2 22 A 38 P RR A .
24 XtRMEMATIESEEBEXXENERESW
B 7% & 2] AMF B % 41 5 H At & A8 X = B2 (H
R <1260, PR b A 98 4 4 1) i) A 56 43 B AR
R H 4 A8 Paraglomus . Ambispora . Glomus #1 Cla-
roideoglomus (& 6) o 45 R LKW, Joi ) B 240 18 I 2
M, SOC st 73 805 R WA T Glomaus YA X
F AT R E (p<<0.05) 8k B F (p<<0.01) IEAH XK,
H AR G HAROC R B8R W W . 5 X5 BRI,
e AN & 505 Glomus WA X 3= BE A7 7 1o 3
IEAH 2, AP i & 53 805 Simpson 22 FE 4 48 5017 75 B
FHH I AR IR M S pH FI A2 etk Ca®'
Chaol F & BI85 %L . Paraglomus F1 Ambispora W) FH X
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Table 3 Difference analysis of other soil physicochemical
properties in different soil layers between control
CK and AMF inoculation groups

+JRRE /em Ei=Y X} FE(CKO AMF $2 fif
N:P 66.62£21.65 61.93-£35.70
pH 5.8140.50 5.58+0.47
Ca* 1.2840.21 1.2340.29
BD 1.09-£0.06 1.10-£0.06
0~15 NCP 0.0740.01 0.0440"
CcP 0.3740.02 0.4040.03
TP 0.4540.03 0.4440.03'
SA 0.354:0.03 0.3140.02™
SP 0.8240.09 0.7840.10
N:P 81.48426.03  77.42440.11
pH 5.9440.52 5.6240.50
Ca*" 1.34+0.28 1.20£0.33
BD 1.14-+0.10 1.14-+0.12
15~30 NCP 0.0740.01 0.0340.01"
cP 0.3840.03 0.3740.02
TP 0.4540.03 0.4040.03"
SA 0.3340.04 0.2740.03"
SP 0.8140.11 0.6840.08"
N:P 66.71+25.26  70.63-+49.39
pH 6.0240.56 5.69+0.46
Ca*" 1.4540.25 1.27-40.30
BD 1.1040.08 1.0940.05
30~50 NCP 0.06=+0.01 0.04+0.01"
CP 0.3640.04 0.3840.03
TP 0.4240.04 0.4240.03
SA 0.3140.04 0.2940.04
SP 0.7340.12 0.7340.09

TE B T S R v 25 =95+ Rl 43 B 3 7R %k B CK Al
AMF #2 B 25 1] p<0. 05 Fl p<<0. 01 K F-22 F 3 ;N: P Ny
AN:AP;pH N B 6E 5 Ca® N 38 P45 85+, ¢/kg; BD
FIABUR AL, g/em®s NCP N AE B FLBR; CP oy B LB ;
TP A B ALK SA S+ HEGH < SPo HHEALER I
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O OGO 5 IE A G 5 AN A SOC Jit 43 2R
AR OGO Z i 5 BORH DG 7R O 1 3 AR W BORE OC L A
K FHCINAT B G0, 0B o B B A VR
2R 78 AL IS 23 5 W b SR W PR T, i — 20
H5 g A A B Z M A G G &

X} B CK A AMF 4 Fl 2 + 357 73 K 73 5 oAb 1
SRR B9 RDA S5 R R W] LR B AR L2 B0
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8 AH X = BE 5 A 38 7 43 2K 43 R Al R R T YOG R
CIEL 7)o AH EL U BE, 45 R B 2 2 22 SOC F AN 5
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Ik 1 28 7 3 S0 %) A 0 A ¥ 1 72 A R i ST R £ 75
PN TR £ 857 73K o3 A b
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Ca?t | ® o ) 039 033 0.6
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BD 0 v 04
NCP 0.66]0.54] 0.66 02
CP|eo 0.81[0.74]0.81
TP|o @ &8 o0 0
SA ° e 0
SP|e @ 0060 -0.2
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Pielou . 095 odos| ] —0.4
Simpson CN ) osqoss| ll
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CP o 0.95(052/095
TP 0@ i 0
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Z Bk 38 B0 Paraglomus i 2SR 48 55 J8 A0 X 3 ¥ 5 Glomus
Sy BB R AR X BE 5 Ambispora S XU A @ A X
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Fig. 6 Pearson correlations of soil properties in control CK
(a) and AMF inoculation (b) groups
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Fig.7 Redundancy analysis (RDA) ofsoilnutrients, moisture, and other soil propertiesin control CK and AMF inoculation groups
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