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Effects of different restoration materials on soil physicochemical properties and
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Abstract: The aim of this research was to determine the effects of different restoration materials on soil
physicochemical properties and microbial community structure in degraded alpine grassland. Three restoration
materials were tested: nitrogen fertilizer (22 g+m~?) , biochar (4 kg-m*) , and a microbial inoculant (250 ml.-
m ?). Degraded alpine grassland without any added materials served as the control (CK). The effects of these

restoration materials on soil physicochemical properties and microbial communities in degraded alpine grassland were
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determined. The results show that the aboveground biomass was significantly affected by the restoration materials
(P<<0.05) , among which biochar and the microbial inoculant had better promoting effects, increasing the total
biomass by 151.06% and 149.11%, respectively, compared with that in CK. The soil water content was
significantly increased (P<C0.05), and the soil electrical conductivity was significantly decreased (P<Z0.05) in all
the restoration treatments, compared with their respective values in CK. All the restoration materials significantly
increased (P<C0.05) the contents of soil nutrients (carbon, nitrogen, and phosphorus) , with the highest
concentrations of total organic carbon, total nitrogen, and available phosphorus in the biochar treatment. The
addition of restoration materials also affected soil microbial community structure. In particular, the biochar and
microbial inoculant treatments resulted in significant increases (P<Z0.05) in microbial biomass, bacterial biomass,
and fungal biomass, and in the relative contents of ectomycorrhizal fungi, methanotrophic bacteria, and saprotrophic
fungi. The results of variation partitioning analysis indicated that soil pH, total nitrogen, total organic carbon, and
available phosphorus were the main environmental variables affecting the microbial community structure in topsoil
(0—20 cm). Unlike other materials, biochar promoted a significant interaction between microorganisms, resulting
in good synergy between changes in the soil environment and microbial community structure. In summary, although
all three restoration materials improved the soil condition in degraded alpine grassland, biochar showed the best
effects to fertilize soil and improve microbial community structure. Thus, biochar has greater potential for use in the
restoration of degraded alpine grassland.

Key words: restoration materials; alpine grassland; soil physicochemical properties; microbial communities;

degraded grassland restoration
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Fig. 1 Map of the study area
BEF B AR BEUR AR A 4 1 IR 55 19 3 GS(2019) 3266 5 by o i L4 i 11 34 A TC 5 2. Based on the standard map of GS (2019) 3266 of the standard

map service network of the Ministry of Natural Resources, the boundary of the base map is not modified.
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43 ¥7 (Procrustes analysis)%‘Hﬁf%/\*ﬁ(redundancy analysis, RDA)fif 7 AS [ G0 A= W) 1 v 5 38 PR 05 IR 22 [] 1 ¢
% , 318 JH rdacca. hp 0" HE 47 J5 22 73 f#% 43 #f (variation partitioning analysis, VPA) , &4k 4% 3R 55 K 1 X4 50 4 9
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Hithith FAEY SRR
Table 1

year, and their interactions on aboveground biomass of

Effects of restoration material type, application

degraded alpine grassland

[ 72 %4 W Fixed effect i 1= i Aboveground biomass

#1 ¥} Material 38. 31k
AFEFE Year 2.83
H4 R < AF PR Material X year 1.02

%, P<C0.05; **; P<<0.01; ***. P<<0.001; £H M HFMHE, FTH

The values in the Table are the F-values, the same below.
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e ] N e . 4b 7 Treatment
fbAgbn HoA W3 52 mg (P<<0.001) . )2 R B BR X Fig. 2 Effects of different restoration materials on
ARG A A W KT A X Ay 4% T A S PR AR AR AR aboveground biomass
WWEABERR(E2) ., KHEHEAEMS . R A F NG T B R R ) — AF O [6) b 3 8] 22 7 e 3 (P<<0.05), T [,

n > N ° - B T Different lowercase letters indicate significant differences among different
AR AR IR O 1 198 B Ak 14 o 25 T4 Bn 24 2 S ) o

R R 204 R BN, 5 CKA L &= H R
TE— & B FR T T pH( 3) , JUH Bl & it AT 4F FR A 38 hn, C AT M #EAE TR 0~10 em + 1 pH 2. % /& T CK
(P<C0.05), 1M N A # X 10~20 em + 58 pH A B 48 FHEH (P<<0. 05) . M AL AR jta FH A9 565 1R SE 2 4F n) 1 35 %
i 0~20 em F 3L T3 (P<<0. 05) (HFE L HI 19 55 348 5 CK AR HL 22 5 K8 .35 s 76 N AL LI 565 2 RN 2R 34F , Ry
SR MBI R B, IR SR AR Bl A /ME . 7E 0~20 em 2 18 R R AL B B I T S K R R R
C A JAE it 1 J5 19 55 2 RN 3 4R 34 1 35 5 T CK(P<<0. 05) .
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O EAYE
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treatments in the same year (P<C0.05), the same below.

F2 AEABEMMERN EAER. IEREREHEEAMBAESEE M T EBEAERNF N
Table 2 Effects of restoration material type, application year, soil layer, and their interactions on soil physicochemical

properties of degraded alpine grassland

Il 5 250N pH % oK A HLRK kot AR MER AL AR
Fixed effect Electric Soil water  Total organic Total Ammonium  Nitrate C/N Available
conductivity ~ content carbon nitrogen nitrogen nitrogen phosphorus
k1Bl Material (M) 24, 61%% 91, 98%xx  38.00%*x  117.10%%*%  17.61%*x  105.00%%* 41,02+ 18, 12%%* 37, G4#xs
AR Year (Y) 75.19%0k 112, 45%%x 43, Q4% 9.81%#x  27.82%kx 244 Gdxrr 50, 64%kx 14, 5lwer ]2, §0%k*
42 Soil layer (S) 9. 49+ 3.74 59. 89wk 247 13%%% 39, 67k*x 334, 254k 38, 14wk 7, 44%* 74, 18%5%
OB X AE R M XY 5.50%%x  71.33%%x 12, 8]%xk 3. 79%x 3. 37 54, 64%x 15, 33%0x 3 43wk 3. 05%
MR X EZEMXS 1.32 0.77 3.45% 32.44%xx (.80 22.43%kx 11, 42%kx 6. 20%x 3. 55%
ERX LR Y XS 0.62 1.17 3. 04 15,89+ (.23 68. 27+ 18, 73wk 4, 4% 1.66
MBI AER X £ZMXY XS 1.66 0.65 2.36% 2.00 0.67 5.68%%% 16, 11%%* (.57 2.21

REEEMAERT HHER S REESREF (R 5 CKME, CHM AL B &8N T + 544 Pk & &
(P<0.05) , Hovpr C 4 B 6T 35 55 A5 BB 25 B A FH 9 Ay W A 5 N Ah 80 ok AL AR 5 B 5% 0 S K, A0 6 it FH 109 565 3 4 Xf
10~20 cm + 2 H LIk & B4 B F R TEH (P<<0.05) , KK A S CKAH LT B #2257, HHES R & 8
FAASTRIAE 50 R i 17 22 S 40K, C b3 N H 32/ & i, 5 CK A 28 5 18 35 (P<<0. 05) s M AL P 75 s F 114
S5 VAEXT 2 R A B A HEVE I (P<C0. 05) , T N Ah B0 3= 278 575 348 %+ 398 4 0™ B BUBRVE T (P<<0. 05) &
Mt FH A9 56 2 4E R 0R , C AN AR BT 8 8 8 A & 3 10 3 5 T CK(P<C0. 05) 5 1M M Ab B0 3= 27 Jiti F i 25 1 4F
X B SR A A W AR R AT (P<<0.05) o #1852 B RL XS - 43 i 25 A0 & A A [l 72 8 09 42 4R L X8 0~10
em 2 KU F 8 E A RHE G 055 3 4R RUR B dd: | 25 A3 A AL & 1 B35 m T CK(P<C0. 05) ;i 7€ 10~20
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Table 3 Effects of different restoration materials on soil pH, electric conductivity, and soil water content

SR + 2 AR fib B Treatment

Parameter Soil layer (cm)  Year CK C N M

pH 0~10 1 7.1240. 05ab 7.3640. 12a 7.3140.08a 6.9940. 08h
2 7.5540.03b 8.2240.22a 8.00-+0. 49b 7.63+0.09b
3 7.28+0.22b 7.7840.05a 7.66-0. 06ab 7.7740.13a

10~20 1 7.2440. 11a 7.3140.08a 7.35-0.17a 7.28+0.12a

2 7.4840.09b 8.4440.08a 8.25+0.23a 7.6540.07b
3 7.49-0.05b 7.8140.11b 8.00+0. 21a 7.78+0.01b

G T 0~10 1 362.76+46. 31b 502. 004 20. 85a 430. 00+ 18. 38ab 163.87£27.02¢

Electric 2 574.09+28. 54a 302. 58+ 31. 56b 210. 75+ 25. 26¢ 186. 53+ 16. 66¢

conductivity

(s-em-) 3 209. 80+21. 20a 220.73426. 97a 129. 79-+41. 39a 208. 834 32. 09a

10~20 1 324.914+11. 21b 419. 004 16. 06a 423.00+21. 952 161. 804 28. 45¢

2 605. 27499, 51a 282.62415.51b 107. 6547. 77¢ 202. 874 26. 05¢
3 197.53+14. 41a 198. 33423. 10a 97.65+8. 52b 171. 83+ 25. 92ab

ok 0~10 1 24.5240. 93a 24.3540. 83a 24.8540.91a 26.9741. 90a

Soil 2 18.82+0. 38¢ 30.69+1. 81a 30. 8742, 67a 24.86+2. 41

water 3 16.46=1.01b 27.0142. 66a 23.5440. 52a 24.1840.77a

content

(%) 10~20 1 21. 1440, 71a 21.89+0. 83a 22.68+1.91a 25.71+1.87a
2 19.85-0. 51b 27.3140. 75a 25.85+1. 21a 21.4341.65b
3 16.08+0. 81b 20.55-£0. 99a 19.01+ 1. 74ab 16.86+0. 94b

TE: R BE VB bR 22, AN /NG 50 38R [] — A AN [A] Ab B ) 22 53 1 35 (P<<0. 05) . Rl
Note: The values in the Table are means=standard error (SE), the lowercase letters indicate significant differences among different treatments in the

same year (P<C0.05). The same below.

em IRJZE LXK, B MRHE I 9565 248, A S A S i W3S T CK(P<<0. 05) , 5 34FE AT 5 CKAH L #) i
ERS L BEMEXT A B AN AU 0~10 em £, C 23 2 RN T B A e (P<<0.05),
7 N Ak A it T A4 I R A i R L f 3 BRI (P<<0. 05) o 5 CKOAM B, R [RIME 2 b bbb B 4 3964 R0l o 2 b 35 3
Jn(P<<0.05), Horpr C 43R A R40wl & & fe e , M AL IR 2
2.3 ARG AMHAERATRALZEFERLEREDG TR

ZIR R I 22T a5 T (R 5) KW B E AR AER | 4 2 BT+ il A W48 b B AT 035 5 R .t AF PR R
X LT A ) gk 5 0 R 3K B8 KT A AR A I A M s R B R e SR BT, B
AR AR BRXE - 3 Ao A 0 45 JOUHE AR 14 7 2E T 2 (S e o T % P 38 R B A A8 ke B A A A i A L R

Y5 CKAH LG 18 b 1 B A5 0~10 em )2 By f8CAE 4 6 M S 38 i e 34 (/1 3A) o o R R4E Ay C
A TR A+ HERA B R R B3 T CK(P<C0. 05) , N Ab B 75 jifi B A9 J5 W 4F S 4 2 6k 4 8 et 8 3 A0 18 b 4
F(P<<0.05) . 1Mi7E 10~20 cm ¥ 2 + X, 18 52 44 R X + i A 4 i i 2 VB A BR (I 3B) o 76 il FH 14 i 5
A2 MR XTI 2 SR W) B R T R {E B A B AR R A B i, C A M A B ) R ) e
B T CK(P<<0.05) o fH 5 1B M2, 76 AN () 58 DX AR W A 6 e R 349 1 B AE 55 34F 1 ML AR 3 b, 43 53 oK
14.79 (0~10 cm) F112. 28 pg+g '(10~20 cm) . 5 CKAH L, i A& & 44k i 25 88 i 17 % )2 £ 58 (0~10 cm) A9 4
BRI 7 B (P<20. 05) , L Fifi 25 il FH A7 BR A0 384 n 4 v 5 i 2 - TH i 4 (B 3C) o #E )2 38 (10~20 em) 7, M AR 3L I
C RN &b 26T - 538 4 7 A A1 F A FH O i, 7 bt 1T % 3 41 [R) 4 7 3 2 19 B 35 v T CK(P<<0. 05, &1 3D) . 7EHR
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x4 FTREEMHNLERSSENHN

Table 4 Effects of different restoration materials on soil nutrient content

SR + 2 AR 4b B Treatment
Parameter Soil layer (¢cm) Year CK C N M
A B 0~10 1 33.14-1.63b 57.43+5.43a 37.7340.33b 39.56+4. 49h
Total organic 2 37.92+1. 62¢ 63.54+2. 552 38.47+1.62¢ 40.44-+1.05b
carbon (g-kg ) 3 34.26+1. 04c 56.78+0. 43a 37.14+1. 25¢ 43.7340.87h
10~20 1 30.161. 40b 36.60=0. 87a 32.9942. 21ab 34.17+1.91ab
2 30.45-0. 68b 36.610. 70a 35. 09 3. 32ab 32.95+0. 55ab
3 30.190. 21c 43.35+4. 12a 35.76-£0. 86b 37.49+1.10ab
S 0~10 1 2.76+0.12b 3.67+0.12a 3.14+0. 25ab 3.67+0.27a
Total nitrogen 2 3.43+0.26b 4.84+0.17a 3.72+0.60b 3.64+0.02b
(gkg ) 3 3.1740. 24b 3.7140.17a 3.85+40. 46a 3.84+0. 30a
10~20 1 2.40+0.18b 2.8940. 15a 2.8140.19a 2.78+0.19a
2 3.03+0. 20b 4.00=0. 30a 3.58+0. 31ab 3.51+40. 71ab
3 2.69+0. 20b 3.17+0. 12ab 3.28+0. 11ab 3.33+0.27a
HBA 0~10 1 18.3340.83b 11. 744-0. 09¢ 18.1241.47b 23.13+2. 22a
Ammonium 2 35.05+3.67b 70.37-+6.75a 78.83+7.78a 43.1541.73b
nitrogen 3 26.13=1. 20c 48.35-+2.37a 48.834+9. 53a 28.39+2. 31b
(mg-ke ) 10~20 1 16.714-1. 50b 9.65+0. 43¢ 11.3841.45¢ 23.96+1.31a
2 22.17+1.31b 34.56+2.70a 36.50=+4. 26a 16.4242.04b
3 14.64+2.11b 36.06+2. 54a 34.244+1. 44a 9.2740.93b
i A& A 0~10 1 7.57+1.56b 21.62=+1. 25a 18.50=41. 59 6.47+0.47b
Nitrate nitrogen 2 4.9740.70b 5.77+1.08b 9.57+1.45a 7.5140. 33ab
(mg-kg ") 3 8.96+1.72¢ 31.70+5. 22a 26.57=+1. 45a 18. 25+4.49b
10~20 1 7.18+1.08b 13.2941.11a 4.7240. 46¢ 7.95+40.79b
2 4.94-0. 79¢ 8.01+1.31b 11.1640.57a 9.0940. 56b
3 11.0942. 99ab 13.79+1. 11a 10. 16=0. 37ab 9.90-+2.19b
BRA 0~10 1 12.02+0. 49b 15.63+1. 35a 12.09+0. 94ab 10.85+1.42b
Carbon nitrogen 2 12.02+1. 38b 13.1340.58a 10.3641. 10¢ 11.1140.31b
ratio 3 10.8540.57b 15.3440.58a 9.2941.01c 11.0840.77b
10~20 1 12.68+1. 38a 12.73+0.8% 11.80+1.16a 12.3340. 68a
2 10.0840.47a 9.22+40.82a 9.81+0.81a 9.70+1.59
3 11. 2840. 80ab 13.6741.00a 10.034-0. 68b 11.34+0. 92ab
A RO 0~10 1 2.68=+0. 24b 4.10+0.41a 2.62+0.41b 2.91+0. 36b
Available 2 3.0240. 24b 4.3740.07a 3.1040. 21b 3.2740.95b
phosphorus 3 1.5740.17b 3.3140.10a 3.0040. 11a 3.16+0. 10a
(mg-ke ) 10~20 1 1.7940.13¢ 3.1240. 24a 2.24+0.19b 2.83+0. 24a
1.8940. 36b 7240.12ab 2.0440. 05b 3.08+0. 35a
3 1.494-0.03b 2.3740.23a 2.1440.05a 2.2440.19a
ENGEZ

EMAE )2 HHE0~10 cm) WY FLEE A B A AS AR (0 s (I 3E) o BRI &, 18 & b Rk it %

TR S R HAA BRI U MAL A R AE Oy B RS T B & (P<<0.05) . X 10~20 cm

4 X, A M Ak B AE it FH 4 57 3 4 S RN T BT % (P<<0. 05) , H A& & M R HE i B S CKH
AT X AGE RIS
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x5 AABEMMEY EAER IEREREHEEEAMBUSEE M T EREYHZN
Table 5 Effects of restoration material type, application year, soil layers, and their interactions on soil microorganisms in

degraded alpine grassland

[ % 20N £ Yy Biomass FLTA /AN +/—
Fixed effect {8 1k ) Microbial 14 Bacterial #0 Fungal Fungi/bacteria

# £ Material 27. 18%%*x* 67. 39%%x* 19. 775 9. 19%*x* 147. 99%x*x*
AEFR Year 32. 00k 33. 10%%x* 2.50 7. 31%* 3.51%
+ )2 Soil layer 143. 02%%x* 297. 89*** 106. 11%%x* 10. 82%%* 6.91*
BB XAERR M XY 12. 73%%% 6. 72%%x 4. 88xxk 3.07* 17. 26
MEX H)JZMXS 6. 73%%* 7. 98%*x 0.84 0.21 9. 72%%x
AR X LR Y XS 4. 28%* 0.77 0. 64 0.69 0.06
R AERR X + 2 MXY XS 2. 62% 3. 15% 1.19 0.70 1.01

A=/ — ¢ B2 G P T /2% [GBA M T Gram-positive bacteria/gram-negative bacteria; F [i] The same below.

18.0
[ A 0~10 cm B (G-200m oo
2160 . I
. a

w 2140] 6 —

=37 120

5

}_Q\_

B
Microbial bioma

H A

4
Bacterial biomass (ug-g ')

HEEWE
Fungal biomass (ug-g ")

CK (€] N M

AP Treatment
E3 AEALET~20cmTEMEYEE AHEYVENEREYVENTHL

Fig. 3 Variations of microbial biomass, bacterial biomass and fungal biomass at different treatments of 0-20 cm soil layers

AEME G MR LA YRR S5 R s 2008 k. ERIZE LHEO~10ecm)H ,CAIM AL # i 5 3 5 T
BELTH /YN (F6) {0 7E CALBRAE FH T & 22 [QBH P T /55 =2 [C B B 20 & 3 B AR (P<<0. 05) . 3T Bray-Curtis 1 &
RO M eV 454 E R o B M, X F 0~10 em + 2, F 05 PC1 A PC2 L B 82. 78U BEIS Z ke A R
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(P 4A) 5 %5 T 10~20 em 4 )2, W%l 0 3 i B 86. 3506 M RUZE W) A8 A (181 4B ) o B A& Ab BRI [ (9 354 0, 30 A W) A %
ZRETE R o OB BE R, BLAE R )Z B rh RIS E MW . £E 0~10 cm £)Z B E M RAE I T A A AR B
Jot S8 20 T L A LT AR 5 R T CK, T CR A B v 5 22 TG B 1 T 750 4 i RTS8 2 G I A T 1 R X 55

x6 AREEMHNTEMEDHENZM

Table 6 Effects of different restoration materials on soil microbial characteristics

SR + 2 AFRR Ab P Treatment
Parameter Soil layer (c¢cm) Year CK C N M

ELIE /A 0~10 1 0.1840.02b 0.2240.0la 0.214+0.01a 0.24+0.01a
Fungi/bacteria 2 0.2040.01b 0.2540.01a 0.2040.01b 0.25-0.03a
3 0.17-0.01b 0.2140.01a 0.19+0. 01b 0.2740. 04a

10~20 1 0.2040.0la 0.2140. 06a 0.1740.01la 0.1940. 02a

2 0.22+0. 04a 0.210. 03ab 0.17+0. 04b 0.27+0.01a

3 0.16-0.02b 0.16£0.01b 0.1640.03b 0.2440.07a

+/— 0~10 1 1.4440.06a 1.3740.02b 1.3640.05b 1.5140.05a
2 1.554:0. 03a 1.414:0.08b 1.40240. 10b 1.4740.04a

3 1.2940. 04a 1.1340.01b 1.2840.02a 1.3440.02a

10~20 1 1.124:0. 22b 1.244-0.05a 1.1740.01b 1.2440.19a

2 1.2240. 04a 1.2340.05a 1.2040.01a 1.1440.04b

3 1.114:0.07a 1.124:0. 04a 1.1540.03a 1.1240. 14a

Mb
0.50 A I 0.60
Ef |
|
|
_ 0.25 o Sf] _ 0.30
X X
< | N
S An (=)}
Z IS
it ° [ Am = 0
6 Ak 3 Treatment 6
A m CKa N A & Am
025t C oM =
4 BR Year Gp - -0.30 -
o1
®2 Ab I
_0.50L2 3 Gn | Gn'|
-0.40 0 0.40 -0.50 0 0.50
PCA1 (67.04%) PCA1 (64.43%)

4 AELKETO~20cm TETIEMEVBHEZERS DT

Fig. 4 Principal component analysis of microbial communities at 0—20 cm soil layers

A: 0~10 cm £ J2 0—10 cm soil layer; B: 10~20 cm + 2 10—20 cm soil layer; Gn: # % [& [ ¥ B Gram-negative bacteria; Ab: J £k B
Actinobacteria; Gp: % >4 G B 7 Gram-positive bacteria; Sf: J& 4= H.F# Saprotrophic fungi; Ef: #ME B #R B Ectomycorrhizal fungi; Mb: H g 41k
41T Methanotrophic bacteria; An: K44I T Anaerobic bacteria; Am: M AR B H Arbuscular mycorrhizal fungi; T [A] The same below.

2.4 IEMAMBEAEZEMEIRFEE T X ESN

Mantel 43 B 25 B R W1, 5 HoAh A 34 L, C A BRAE TR AR 280 3R B IR 7 528 1 3 I IE AR GG R i A2
HET BB R B R S B S R 2 ORI B SC AR AR IR B (B 5) o AR, M AR B ) 3K
+ HEI 8T R 10 A OGP AR 55 o i 3 Procrustes 43 B & B, M AR BRRE AR T 4 58 R 5 R 7 AR W B U 00 A S b
(M*=0.91) , 1 C &b BRI {2 FE 1 4 HE R85 X 715 Gl W0 ave s 45 48 19 B[R] 4 (M°=0. 38) (181 6) . RDA &5 KW,
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Fig. 5 Mantel analysis of soil environmental variables and microbial communities in different treatments

TOC: A #L#K Total organic carbon; TN: 4% Total nitrogen; EC: HL >R Electric conductivity; SWC: 1 /K i Soil water content; AN: £ Z5 A
Ammonium nitrogen; NN: fiif & % Nitrate nitrogen; AP: # 2 Available phosphorus; Gram-positive: # >4 [& fH 4 7§ Gram-positive bacteria; Gram-
negative: #: % [P H Gram-negative bacteria; Actinomyces: J{Z i ; Fungi: B ; [ The same below.

- HEIR BT PR 0 A AR W BV R i AE 0~10 em )2 35 5] 52, 29% (B 7A) . 10~20 cm +JZ 35 5] 50. 04 % (&
7B). 0~10cm £ 2, HHEE S A pHIEM SRR 5% MR BEBE R, HHEMESEUR 558 i &R i
HYIWH R M AE 10~20 cm + )2, H A ALK B SRR 00 556 —MOC RN E D), A KRN 55
BhOC R R D) o Bt b B [A] (4 HE K C Ab B P R I IR B N T AR S N . T 2R R R 2R+
3 pH A HLER FAE A B BB T 0~10 em )2 23. 56 % .20. 77% 15. 43 % F1 14. 94 % A ok A= 4 B 9% &5 ¥ 19 A2
6 (B 7C) i 4338 pH A 208 | 4 0 - 8 9 7K 5 00 43 5 g B T 10~20 em )2 30. 11 % .16.25% . 12. 53 % Fil
11. 26 % Mt A W BEVE S5 A W28 4k (BT 7D) o B IR 0, & 0. 4 398 pH A MLRR LAY 25 S0 52 32 2 + 58 (0~10
om) TR W TEVE S5 H I R DR R T 4 pHL A RO 4 R 8 B KR R R 2 4 (10~20 em) BB W) ETE
S5 5 5K
3 iFit
3.1 BAHEZMM LAY F S L MAER R

B b My 2 ) R R S R G AR M I AR AR A AR MR T A R e R AR Y
AW 5T 45 B W VRIS TR 06 520 by A A ) i A 6 S TR R JEE R A T (L 2) o T = 36 P R o R
SRS 2 L ) A e A 7 ) i PR 3R 22—, AU 1 it ) 8 0% A AR v RS B e AR AR SR vt ] RIS T AR R Ak
B A XS AR AR A S A R — B (R, 5 R L A W e AR TR R B it R A AR
AR TR O B (181 2) o 3T B BN R AR W AN AR ) AR R A RO R T B AL A A L e T
3 v ] A R SRR A R (R 4) X SRR Y 5 e A8 A AR AR, AT O b AR ) Y B Y
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Fig. 6 Procrustes analysis of soil environmental variables and microbial communities in different treatments

M?*: @ 22F-J7 Fl The sum of the squared deviations.

o A A ) A R N — T T T 8% 8 3 4R R AR W ) T SR AR e A e 7 R ST R S AL A R R
R o 5y — 5 it FH A0 AE 0 TR R0 3 AT DA s - S 2 A (i R R R AR AR A G, DT B8 o AR 0 AR KRB 0 T i
= ) A RE A5 418 F B 98 v BT M IR T R A TR AL I 3R R SR S R IR Ah A A 2 I A A R 1Y i
AR TR A R G 8, 1 5 L e (LR 3R 2 WOCRE ) AR i AR 25 i AR R R A e B R AR
5T & I, 386 it A= ) e R0 B0AE 0 T R0 3 A 80 T AR Ak R b b R A W R I A5 R (L A RIER 6) A 2 1 A W0 1Y
B A R TR A
3.2 iBALF AR b 2 3E A0 M R AT S A A R 64 vh

FEA W e il ot AR b L H T AR B S A TT R TR A Bk R L (A A W e — M R (AR A
B G A ) E b s BRI A B, £ pH RSB TR S R MR R B (3R 3) L X 3R B AR W AR 1 it FH O AN 23 5
i 48 pH P FREE 3G 0 o ASHF 5T 2 B, 2k 9 o R et 39 pH B B AT — 8 B B TR A G PR T B U B AR A
S ) b 5 5 R A R AR AU BLBR Al B T R R OH LA R Ak HY B BT 1 RE 0% A i i Tt + 4
pH ™. IR AL i+ 3 5 K R AR B ORI R R AR B T B DB AT R R AR ) kT ) B 2 4 1 B
AR s 1 i - S DR K BB T I LE SR A TR R RIS (9 1 R L R AR R AR W e B SR A B A R TR R K A3
1 B35 BE 0, DT A A8 T £ 3 5K A I T AR AE R B

TR R B R A HEAC ) AR AR AR A A KRR B MR NG s B AR . A
TG 25 R R, 3F0 5 S 4 RE AR AT LR o 3R Ak B b 3 FURR AN 4 0 i, L b AR e n] - B U0 B T RUR B
oW U AR BN (3R 4) o AR W B A T A ok B b A B st A R B R A LR LN 43 ) 78 A AL
DL F R AR Tl U0 A: ok J5 FLAS B i 48 4 00 7 AILBR R0 38 30 £ B3 b 7 3 B M v 3 T 4 ey 1
WA S BRAh, AR R EA R A BH B 50 i 0 AR A L T AR S A o i A AR W et e P4
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Fig. 7 Redundancy analysis and variation partitioning analysis of soil environmental variables and microbial communities in

different treatments
A, C: 0~10 cm £J2 0—10 cm soil layer; B, D: 10~20 em + /)2 10— 20 cm soil layer; A B H L0522k N IR BT N1, 85 (0 fE 28 g 5 78 3UE ) The red

solid line in A and B represents environmental variables, and the blue dashed line represents indicator microorganism.
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FWIN T RZ LA (R 4) B P i ORI R T B, RO b A FLER A B TS O A RO R TE A
e ik 1 4 SRR Wy e I A A O DGR (B A TN3R 6) o LA, A= 1 0 0 sl A 0 v 9] 60 it D B B 4 S 28wl F) AR
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