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Abstract: Grasslands disturbed by mining activities in alpine regions exhibit slow recovery under natural condi-
tions. Although organic amendments have been demonstrated to improve soil structure and water retention,
their medium- to long-term effects on soil nutrient dynamics and microbial community composition remain
unclear. This study investigated the regulatory effects of an organic amendment on the physicochemical proper-
ties and microbial community structure of grassland soils in high-altitude mining areas. The results showed that
the organic amendment significantly enhanced soil moisture retention and nutrient accumulation. After three
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years of restoration, soil water content, particulate organic carbon (POC), and total nitrogen ( TN) at a depth
of 25 cm increased by 17.07%, 22.86%, and 24.72% , respectively. Despite the gradual decomposition of the
organic amendment in surface soil over time, its beneficial effects persisted in deeper layers. Additionally, the
organic amendment improved bacterial community composition by increasing the relative abundances of Proteo-
bacteria, Actinobacteria, and Acidobacteria. Mantel tests and redundancy analysis (RDA) further revealed that
the organic amendment enhanced the positive correlations between soil nutrient parameters and microbial com -
munity structure, thereby facilitating microbial succession and ecological functional recovery.
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Table 1 Provision of basic physical and chemical properties of soil

R &yl q A Lk BA BT syl
Soil type P Organic carbon/(g-kg ') Total nitrogen/(g-kg ') Total phosphorus/(g-kg ') Total potassium/(g-kg ")
5 T 1 8.97 18.74 1.44 0.60 11.38

Calcareous soil
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Fig. 1 Study area and distribution of sampling plots, includ-

ing the control group (CK) , the organic amendment treat-

ment group (TK), and natural slope group (NS)
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Table 2 Performance parameters of organic amendment material

pH{H HiE Viscosity/(mPa-s™ )

Lt Proportion

K % % Evaporation rate/(kg-m *+h™ 1)

7.0~8.0 35.0~42.5

1.01~1.02 1.44
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Fig.2 Changes in plant diversity indices under NS, CK,
and TK scenarios in 2022 and 2024

T AN E/ING FRER IR 28 5 3% (P<<0.05) , T [H]
Note: Different lowercase letters wean significant diffence at the 0. 05

level, the same as below

2.2 BEFEMTIESKERBERNTL

B a, TKATES, 15 H1 25 cm I EE Y SWC
B3 E T CK 4 (P<<0.05) , 4r %I fin 7 10.99%,
12.97 % F110. 58% , R WA HL e B 7] i )i H 1 3% £2
1B S T B A o A 4 R OK BB (L 3AL 3B .
H2a, TKAR LS K ELES cm Ml 15 em R 4b
F T CKAL, 453 m 1 3.75% F12.37%., 1
FE25 em W, TKA R H & KR T CK4, %
AT B R 7)) 3R 2 A K A3 1 PR R A —
FERE E R T oK 4> FAERE (B 3A,3B) ., 3 a,
TK4 5 cm A1 15 em IR BE ) £ 38 & K im K g5 CK
HFEMH B EES HALE25 cm EE, TKH /Y& K
A ERR T 17.07% , R R ZA PSR K AT #E
KR ADTERRZ 3 A HLs R R R Be %
HRARFEK S o =W A, TK 4 30 cm IR &
Mt e S oK & W OE AR T CK A, B IR 0E B Y
5.19%~7.87% (K 3A,3B) . IL4h, A MLk K7 i)
it P R TIE RS 1 alRE 5 om FIEE 3 a iR
25 cm By T R B 1 0. 726 mS+em !
F0.116 mS-cem ™', R UG HLESC R X + 58 & ik
JE R AR 4 B B B R ) (&) 3C, 3D



1110 A U A it o34 %
A B
e CK of TK
: )
£ 35 e \ £ 3BF 4 ) PR |
~— :° . - 3 E‘ . N 3 3
=5 30 i \‘t:_ﬁ% =5 sof B 7B ‘5:‘.& >>
25omp oy CHNE - ®OET
®E 200 ¢ e : \ #5 20t ¥ R
HE st ;‘\é{: ;&?.&_% H2 st b i
% s M z Cs *' 5
2 10r i3 em & 2O0F 5em el
5+ 25cm 5F -25cm w A
0 +30 cm . | 0 <30 cm ) .
2022/5/31  2023/2/28 2023/11/28 2024/8/28 2022/5/31  2023/2/28 2023/11/28 2024/8/28
[} [a] Date [} ]A] Date
C D
~ 225 /\—/\/\ 225 /\/\ATK
T CK P
$E> 2.00 F g 2.00
2 L75F 2 1750 =
S 150F % S 1s0p 4 ‘\
¥z 125r¢ . #E 125 2
g;é 1.00F & : %é 1L00F %
= L g &l = '
5 0Br % : E o075t
= 050F ¥ / T 050 .
gooaspidam Wy = \ £ oasp iom & \
|51 . 2 S 151 . . cm
L% 0.00 *25 cm 2> % 0.00 F 25 cm ] (™ | —
-30 cm : .30 cm
-025 . . ; -025 . : :
2022/5/31 2023/2/28 2023/11/28 2024/8/28 2022/5/31 2023/2/28 2023/11/28 2024/8/28
[} [a] Date [} ]a] Date

3 202259820245 98, CKMTKALFEFNHH TIEASEE(A,B)MTEERSE(C,D)
Fig. 3 Soil water content (A, B) and soil electrical conductivity (C, D) of the studied soil profile under CK and TK scenarios
from September 2022 to September 2024
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Fig.4 Total soil organic carbon (A), organic carbon fractions (B), and fluorescence spectra of dissolved organic carbon
(C) in the NS, CK, and TK groups
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Total Phosphorus (C), and Available Phosphorus (D) across different soil depths (0~10 cm, 10~20 cm, 20~30 cm)
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