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Effects of Arbuscular Mycorrhizal Fungi Inoculation on Soil Properties in
Plantation Forests under Karst Rocky Desertification
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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 cm 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 O — 15 cm layer at the mid-
upper slope position, in the 15— 30 c¢cm 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 cm 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 identify 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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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
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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,
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FMAOC . A HL XS BR3P S pH FIAZ e Ca®'
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Table 3 Difference analysis of other soil physicochemical
properties in different soil layers between control
CK and AMF inoculation groups

Ik 1 R 22 70 3 80 P 0 A4 0 A 114 722 Al 2 52 i e A
A BN TR R 0 K o3 S R

+JZRE/em EiERAD X IR (CK) AMF #Fh
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 1.09-40.06 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 1.2040.33
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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  70.6349.39
pH 6.0240.56 5.6940.46
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BD 1.1040.08 1.09-40.05
30~50 NCP 0.06=£0.01 0.04+0.01"
CcP 0.364-0.04 0.3840.03
TP 0.4240.04 0.4240.03
SA 0.3140.04 0.2940.04
SP 0.7340.12 0.7340.09

JEESE ¢
(a) CK AN 055 0:80 029 0460121020009 033 0341 023 0.34 038001 0.06]0.09]0.16 [ 008012 g 1.0
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TP o @ @ @  092100017/009008 0.19-0.16-0.18025| |4 O
SA ° 6 @ . 0921015 0.14 0.15 0.21 -0.02-0.30 0.30
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S S
Q/W ?\0\.
05&
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Fig. 6 Pearson correlations of soil properties in control CK
and AMF inoculation groups
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