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Abstract: The metabolic characteristics of soil microbial carbon source are important indexes to evaluate the change of soil
quality. Based on the scientific observation and experiment station of agricultural environment and efficient water use for
crops in Shouyang County, Jinzhong City, eastern Shanxi Province, this study used Biolog-ECO microplate technology to
explore the effects of film mulching (FM) and no film mulching ( LD ) on the carbon source metabolism of soil
microorganisms in different soil depths (0—10 em, 10—20 cm and 20—30 cm) in 3 key growth stages of dry-farming

spring corn. The results show that: 1) the FM measures can significantly increase the utilization ability of soil
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microorganisms to carbon sources, significantly improve the richness index of soil microorganisms, but reduce the evenness
index of soil microorganisms. 2) In 0—10 em and 10—20 cm soil layers, the utilization of microbial carbon sources in FM
and LD treatments were higher in filling period, while in 20—30 cm soil layer, the harvest period was higher, and the
differences were mainly reflected in 3 types of carbon sources: carbonaceous water, carboxylic acids and amino acids. 3)
The utilization capacity of microbial carbon source in 0—10 c¢m soil layer of FM treatment was significantly higher than that
of LD treatment at jointing stage and filling stage; However, in the 0—10 cm soil layer at harvest time, the oppositely is
true, showing that the utilization capacity of soil microbial carbon source under LD treatment is significantly higher than that
under FM treatment. 4) In addition, Pearson correlation analysis showed that under FM treatment in this study, the
utilization ability of soil microorganisms to 2 kinds of carbon sources, namely, carbohydrate carbon source and carboxylic
carbon source, had a good correlation with soil organic carbon(SOC) and total nitrogen( TN) content, showing a positive
correlation; The utilization ability of amino acid carbon sources is mainly related to soil water content, pH, SOC, NH;-N
and NO;-N content. Under LD treatment, the utilization ability of carbon sources such as carbonaceous water, carboxylic
acids and amino acids by soil microorganisms had a good correlation with TN content in soil, and showing a positive

correlation.

Key Words: film mulching; dry-farmland; corn; microbial carbon source; diversity
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Fig.1 Monthly rainfall of maize growth period in 2020

http ; //www.ecologica.cn



9216 xR 24

ARG T 144 h () Biolog-ECO ~FAR AL 68 BEAE#EATSE 170 M7 , F Shannon ZREPETEEC(H)
PIERR( D) SIS (E) AL TSR BUE DR IR Qi e 1, T80Tk

ZREMEARECH
H=-Y P, x InP,
A EIEEL D
D=1- 3P
P EARRE
E=HInS

Krf, PR | FLIOGIH 525 FORT BRFLIR A =2 22 FT A SO E FLIR S 2 22 Y LA, S /2 Biolog-ECO “F-
M A B AL R
132 TSR ERENE

3 KB SR FHHE VRN E  pH RIKIZHEHAIEE (155 B9 /K He ) I 384 PLEK (SOC ) SR FH H 4% iR
BR-AMMAGEINE 5 22 (TN) R B S ZR i , AR kS e e b)) 2 . H 888 A (NH,-N)
AR (NO;-N) ) S E /K L F 1:5 inA 2 mol/L B KCI %= 42, R H AA3 4 H 3% 22 i 3 43 B 1
(SEAL, fl ) ">,
1.4 Hdsiba

IR # FH Excel 2019 ( Microsoftware 2019) 3 5k A Sigmaplot 12.5 £, SR Origin 2021 #X R T
Pearson I HT S AER . FIH SPSS 19.0 B {FFEAT PRI ZE )7 22 ( One—Way ANOVA) 4371 F1 3 W43 43 #r , 7 25
I3 MT 22 H SR M /N B35 25 5 (LSD) 5, 7 P<0.05 7K T K e 22 57 i & 1k

2 ZHRES

2.1 AS[E) b BT A 9 B AR T ) R

A% 1 AT, 3 R AR K 4T I RTE S 0 - A MLk (SOC) U (TN) 73 i Fifl 4 J2 R 3 180 o 34 5 e
% RS (M) FIRRHE (LD ) AP AU [ R EE (1) SOC AT TN JEA S B I > HESRM > oIy 22 4k
G REA A (NOT-N) Z2IH I > 5] > SRR AR (e, i H 3R A (NH, -N) FEVE AN R 9 AR
B LA AN () 3R B A B B AR Ak A, H0 0 P 5t 4R T 0—10 em 2 EIES K E (P<
0.05) , SRIMTESR I FM ALBT (945 )2 L3 197K 43 i W 50T LD A0 iR FM 5 LD AbBET 148K 43
THEARMNH BENEZS . W5 LD A, FM BT 0—10 ecm £)2 13 SOC & (P<0.05,% 1) ;
1M 10—20 cm #120—30 em +/2H 13 SOC 27 A B3 FRER IS 20—30 em + 2, A& 2
TN SR B FM & T LD AFE . pbAh, 5 LD ZEEAH EE , FM 5t T NH -NAY 2 B S REAIG ; NOS -N ZE4TY
SRR i A RR AR (P<0.05) |, TE SR & i B 8 1 5 (P<0.05) . #54b P[] +4% pH (H2= 5 R BE (P>
0.05) .
2.2 AN[E AL PR A SRR MR A 5 K A S )

ANFIAbEE A48 AWCD (EARfL LI 2, Bl 55 75 B o] A 2B 4, + 3R ) AWCD (B B it i . 55 5= AT
24 h NAALFR) AWCD {HARfEAS 3% ,24—144 h £3E AWCD {HVEIE K 144 h JFEEH K, EEATRE,
PATHIEI 0—10 cm > 10—20 cm > 20—30 em HAEfLEH, HTE 144 h B FM .35 T LD 4b3; H7E 0—10
em 10—20 em P B EVEZE R HEIEIWAE 0—10 cm . 20—30 cm + 2 AR LI R3] 10—20 ¢m . 20—30
em +JZH FM ACH 38 AWCD {EXTF LD A8 M2 0—20 em )2 FIHH 0—10 em )2 AL IF
AU Z B LD AP FM AL AR T 35

http ; //www.ecologica.cn



22 4 NISEHE A M B o X AR AR TR T - Ml AR s DA 1) 52 9217

F1 ERNEXTIEEAERMZE

Table 1 Effects of different treatment on soil physicochemical characteristics

hbyq 141 Jointing stage WK Filling stage A Harvesting stage
Treatment FM LD FM LD FM LD
HIEE KGR 0—10 cm 19.6+0.6a 18.1+0.5b 20.6+0.2b 21.4+0.4a 15.5+0.3ns 15.7+0.6ns
Soil water content/% 10—20 cm 20.5+1.8ns 19.8+1.3ns 20.3+0.2b 21.3+£0.5a 16.0+0.5ns 16.4+0.4ns
20—30 cm 18.9+0.2ns 19.5+0.3ns 16.8+0.2b 18.4+0.4a 15.4+0.6ns 16.0+0.1ns
pH 0—10 em 8.4+0.06ns 8.4+0.11ns 8.8+0.02ns 8.7+0.04ns 8.3+0.10ns 8.3+0.06ns
10—20 cm 8.5+£0.03ns 8.4+0.05ns 8.8+0.09ns 8.7+0.03ns 8.3+0.03ns 8.5+£0.01ns
20—30 cm 8.6+0.01ns 8.4+0.09ns 8.8+0.06ns 8.8+0.01ns 8.4+0.02ns 8.5+0.04ns
A HLak 0—10 cm 11.49£2.34a  10.30+0.25b  10.39+0.11a 9.56+0.05b  9.62+0.16a 8.94+0.08b
SOC/ (g/kg) 10—20 cm 10.22+0.88ns  10.32+0.28ns 9.42+0.09ns 9.47+0.21ns  7.94+0.12ns 7.83+0.70ns
20—30 cm 8.24+0.48ns 9.33+0.64ns 9.29+0.68ns 9.14+0.20ns  9.12+0.84ns 9.06+0.77ns
2R 0—10 cm 0.91+£0.01a 0.86+0.01b 0.80+0.03ns 0.83+0.02ns  0.80+0.02b 0.83+0.01a
TN/ (g/kg) 10—20 cm 0.85+0.02a 0.75+£0.02b 0.71£0.03ns 0.73£0.02ns  0.80+0.02a 0.74+0.02b
20—30 cm 0.74+0.01a 0.61+£0.03b 0.50+0.03b 0.67+0.02a 0.58+0.02b 0.68+0.01a
AR 0—10 cm 4.18+0.16b 4.34+0.47a 4.61+£0.22ns 4.62+0.23ns  3.86+0.10b 3.91+0.28a
NH;-N/(mg/kg) 10—20 cm 4.19+0.07ns 4.21+£0.42ns 4.68+0.25b 5.90+0.62a 3.84+0.20b 4.07+0.30a
20—30 cm 4.15+0.18a 3.98+0.14b 4.59+0.04b 4.68+0.30a 3.56+0.21b 4.09+0.40a
TR 0—10 cm 24.78+3.30b 37.75+1.67a 10.44+0.96a 7.99+0.16b  32.88+2.07b 47.89+2.61a
NO3-N/(mg/kg) 10—20 cm 26.24+1.69ns  28.06+3.37ns  11.70+3.74a 7.40+0.10b  40.09+1.12b 29.01+1.88a
20—30 cm 9.99+0.77h 32.35+2.17a 7.36+2.72a 4.65+0.13b  27.68+1.98a 16.00+7.94b

6] —47/NE FREFROR A — £ H AR RIAL B (8] (14 22 5 ik 3 (P <0.05) , AR TE) 1 7 B R 7R 22 5 AN 1.3 (P>0.05) s FM: B BBAL L plastic film
mulching; LD M AR AL no film mulching; SOC T HEE VLR soil organic carbon; TN 4 total carbon
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Fig.2 Average color change rate of soil microorganisms with different treatment

FM . 78 AL PR plastic film mulching; LD ; #f3AS 7 AL FE no film mulching

http ; //www.ecologica.cn



9218 JAE = 24

Biolog F= U437 ATk fi /s - G AE W E T AEAS [R] A0 BT X 45 S B U 1) s L 155 O , 2 S 7 1 S 3 A= )
REIR ZEA IR HE O AT ST BT L AR R S5 35 144 h 9 AWCD B3, % 31 Fhas 8 A S B0 24T 35 020 0 (&
3), FEEMA M BEAR 22 0] B R R 30T | 6 W RE AR ) G A= B V& AR D B 25 S BN ARAIF 9 e B YT
1 RER ARSI TS TR AT T RS 1 (PCL) FI RS 2(PC2) o HorpJy 22 STk R 430l ok 44.
7% 15.7% .26.3% .23.0% .30.1% 20.3% , Rt 77 22 51BN 60.4% ,49.3% .50.4% , W] PC1 PC2 23 EY)
ETE B ISR FH 22 5 00 E 2RI, FT LA RECER /- i3 B o B3 R FM it A ] 4 2 A 33 6l A i U5 1
X} PC1 A PC2 AHIEABRIE R RE S AR, &AL HYE PC 4l R B WAy 25 5 R0 FM B & 0028 1+ 3E6%
AP RIR A HARE T . % AR TE X 43 fg 1 7 T 0 STHRSR R N T HET , SRS 3 A T Ak
PEHEAT AT, 45 SRR AR K 2R P AE 0—10 em . 10—20 em F120—30 em + /)2 PC1 AR HLE K, i LA
WK MRS XA AN [RIAL R SRR teAh , 5 PC2 AH G 1T I e - J2 VR B B IR I R R e 25 ik
FKMBIEIRIEHRIR, A X FM 5 LD ALBRE 5 — 8B 7 F B R A

0—10cmt 2 10 - 10—20cm+ 2
0.8 |
05
o]
;\? 03 ;\? 4 % E]
S S
) « 0 -
-02 F s L
-0.7 -1.0
| Il Il Il Il Il 1 1 1 1 1 1 1 1
03 04 05 06 07 08 09 -03 -0.1 01 03 05 07 09
PC1 (44.7%) PCI (26.3%)
1.0 20—30 cm 12
05 O AT
— © B MM
S O HERE IR
g or m R
& A ORI N
£ A KB
-0.5
_10 -
1 1 1 1 1 1 1

02 0 02 04 06 08 10
PC1(30.1%)

3 TEMEYBRREFANERS S (PCA)
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) RIS 2 Bl (y-FEE TR a- TR ) ; EIERRISA 2 Fh (- KAWL L0 &R ) s e 1 Fh (R 2 3%
Hie) s 5831 Fi(Acid 2-58HR) ; 2R W2 3 Fh (ki 40 a-FR0WEE RS o HE2RIAXT PC2 sEmdR K
WU 6 Fft, AP BRIKZRAGA 4 B (439000 B-H ZE-D- B WETF  D- AN/ DG D-2F 4k — 0 2 0 -85 R
1R S RIRICH | F(D-HAEMEIR ) ; EIEFREA | P (L-KABHEER ) . RN PC1 M K AIBRIEA 8 Ff,
Hr oK A 2 B (53008 N-CBE3E-D-1 %5 e R A - -0 IR Eh) s RIS 4 Fh (N ERHPR IR .y 5 T
M2 AKEMR \D-W2RIR ) s AAREA 1 Fi( L-ATENZR) ; 2R W 1 A (ki 80) . WOARIHXS PC2 52K
PIRIEAT 8 B, LR K IS AT 4 Bl (53 508 1-JR BEREEE  D-H 28 BE | D-£F 4 8% D-2P2UBER v- IR s R
A1 (DA LR ) s IR 3 Pl (L- KAWL | L- AR SE N &R L-J3 &R ) ; Z R W2 1 Fp (nk
R 80) .
#2 FE4LEEPCLE PC2 EHEHE
Table 2 Correlation analysis of different treatment with PC1 and PC2

Carbon source Jointing stage Filling stage Harvesting stage

PC1 PC2 PC1 PC2 PCl PC2

Bk B-FIJE-D-H AT B-Methyl-D-Glucoside L, 0.841* -0.245 0.816* 0.989* -0.453 0.024

Carbonaceous water D-AHH/ [ RERE D-Xylose 0.206 -0.364  -0.840* 0.917 0.247 0.135
T-7 S HE R i-Erythritol 0.804* -0.387  -0.103 0.255 0.394 0.942
D-H # % D- Mannitol -0.886 " -0.084 0.997 * -0.683 -0.300 0.936*

N-Z.BHE-D- %M A-Acetyl-D-Glucosamine -0.009 -0.335 0.986 * 0.307 0.971" 0.094

D-£7 4~ D-Cellobiose 0.986 * 0.621 0.974* 0.917* -0.535 0.935

HIEIE-1-BEAREE Glucose-1-Phosphate 0.946 0.010 0.170 0.900 * -0.735 -0.212

a-D-FUB# a-D-Lactose -0.085 -0.677  -0.271 -0.204 -0.5%4 -0.171

D, L-a-Hift L-a-Glycrol Phosphate -0.865 " -0.008  -0.820 -0.106 -0.582 -0.229
D-2F LI y- B D-Galactonic Acid-y-Lactone -0.080 0212 -0.047 0.110 -0.671 0.888 *

e TR F G Pyruvic Acid Methyl Eester 0.534 -0.473 0.174 -0.474 -0.753*  -0.535
Carboxylic acids D- 2P FLBHE R D-Galacturonic Acid 0.708 * -0.917*  0.268 0.095 0.041 -0.841"

D% D-Glucosaminic Acid 0.458 0.986*  —0.034 0.946 -0.265 -0.206

y-F2 3 TR y-Hydroxybutyric Acid -0.028 -0.082 0.897* -0.414 0.700*  -0.341

AKFREAR Ttaconic Acid -0.535 -0.065 -0.691 -0.233 -0.747*  -0.300

a- T TR a-Ketobutyric Acid -0.829 0.054 -0.738 -0.087 -0.659 -0.188

D-3ERFR D-Malic Acid -0.016 -0.255 -0.580 0.286 -0.753* 0.300

HHRE LK R L-Arginine -0.326 0.974*  -0.196 0.465 -0.406 -0.288
Amino acids L-REBERERR L-Asparagine 0.949 * -0.373 0.986 0.839 0.212 0.731°*
L-AHETI Z M L-Phenylalamine -0.118 -0.076 -0.183 -0.277 -0.771* 0.826*

L-# 58 L-serine 0.090 0.275 0.019 -0.428 -0.494 -0.288
L-# &R L-Threomine -0.793* -0.035 -0.711* -0.037 0.694 -0.788*

HEEE-L- A2 Glycose-L-Glutamic Acid -0.164 -0.027  -0.132 -0.123 0.565 0.659

e 23 Phenylethylamine -0.935" -0.099 -0.863 " -0.110 -0.441 -0.165

Amines/amides J& Mz Putrescine -0.665 0.090  -0.504 -0.055 -0.506 0.235

FER 22 R 2-Hydroxy-Benzoic Acid -0.956 * -0.093  -0.914* -0.130 -0.776 -0.129

Phenolic compounds 4R IR 4-Hydroxy-Benzoic Acid -0.200 -0.019  -0.455 -0.066 -0.618 -0.212

ZRW% I3 40 Tween-40 -0.131 0.847 1.038 * -0.490 -0.112 0.400
Polymers 13 80 Tween-80 0.313 0.098 0.159 0.090 0.931" 0.853 "

a-HR MK a-Cyclodextrin -0.899 " -0.100  -0.791* -0.163 -0.171 -0.147

JFHE Glycogen -0.865 * -0.102  -0.823* -0.138 0.100 0.082

# [REMTEAE =0.7;PCL; FS> 1 Principal component 1;PC2; Ef4) 2 Principal component 2

AT H A AL BE S AE P 6 ISR A IR R/IMKUCA 8K e > RIRK > @RI > ZRY)
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X > FHEEK > HPE(F4) , BB )2 R RN - 3 6l P 7 X [) — 28780 (18 i 5 %) ) FF R A7
W25 (P<0.05), EAAREHAE .5 LD AL, FM ZbHE & E 80 T #35H 0—10 cm . 10—20 em F1 20—30 cm |
HEHIH 0—10 em F120—30 em KA MO 10—20 em F120—30 em 425 350 DXk K2 FRIRIS K
FARIE IR (P<0.05, & 4) ;11 FM Al LD AP F 1 HERUE Py 0T RS 5 B 25 0 R 2t I %) 1) FH 80 b st
15, HLARFRE] R W P25 5 (P>0.05, 8 4) s I 0—10 em + )24, H 8GR M3 7S RSB 0 ) F 5 52
B FM AR FRAR T LD AbH, HARBH R 22 5 8 3% (P<0.05, &1 4) ,

— b B T B AL B
0—10cm 12 10—20 cm 12 20—30cm 12

E2 £S5 b

Polymers a

L pb
Phenolic compounds a
i3
Amines/amides

HHERRI

Amino acids
R
Carboxylic acids

Wk 2%

Carbonaceous water

P

ZHEK ==b

Polymers [— a

FEE B s

Phenolic compounds

b

]
127
. JER b ns § ns ns
Amines/amides f

HHBRE = Ee=—b b

¢ - ns
Amino acids F‘ a :
BRRE | H b Dia a
Carboxylic acids a b
ok b L Ha
a

=
= 18 ns

ns ns

Carbonaceous water

ZRE =—=1a b

Polymers M= a

) FER == a ns
Phenolic compounds f b
) Wk E=a ns
Amines/amides ff b

BERE =———1a s
Amino acids

b
AR |
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ok | 1 b
Carbonaceous water F b _ a
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B 4 ZAbIERT BRI S R R
Fig.4 Influences of different treatment on carbon source metabolic diversity of soil microorganisms

[l —A7/NE F R W) — A F A R AR B2 18] Y 22 53 (.25 (P<0.05) , AR TR I 52 B3R 22 5 AN\ 25 (P>0.05)

R T FM X £ IR [R] A 2 - i i AR 2 i S RO, AT T T MO
LD ZbFE Shannon ZFEVEFREL(H) MEHEFGE(D) A5 EIRE(E) (£ 3) . 45 R EH, AR 8 B7E Wi Ab 1
2% 3 (P<0.05) . BAKRE, 5 LD A, FM A FRAESR 5 51 1020 em .20—30 cm, #E 3 0—10 cm .
20—30 em LA WA IT A £ )2 1 19 Shannon 2 FEMEHE E (H ) AHXF AR 4T 1 0—10 em, HEHK I 10—
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20 em 1 JZH 1 Shannon ZFEPEFEE(H) AEXTHE R X TS BEHR AL, FM AL R 40 A4~ )2 RN 0—
10 em 20—30 em LASSHRI] 10—20 em ,20—30 em + )2 i+ e i A W 3 ) FE A8 B0 (B ) AR A 1 e 3 2
BIACRI] 1020 em 2 TSRV S AR B (E) M R . W TORREFREL(D) 45 R 3R, 7E4475 1)
10—20 c¢m . 20—30 cm , ¥R WIARTE] £ )2 DU ISGRIE 0—10 ¢m . 20—30 cm + )22 HH FM B R &5 F LD
IhPE(E3)

R3 TIEREMRE SHEER

Table 3 Diversity index of soil microbial communities

Shannon FE%L Pedh B HE 5L Y5 AR EL
b2 +JZ/em Shannon index( H) Dominance index( D) Evenness index( E)
Treatments Soil layer
FM LD FM LD FM LD
P 0—10 2.956+0.012a  2.873+0.014b  0.064+0.001b  0.081+0.011a  0.824+0.003a  0.850£0.004a
Jointing stage 10—20 2.739+0.003b  3.397+0.007a  0.084:0.023a  0.035:0.006b  0.783+0.002b  1.745:0.004a
20—30 2.876+0.022b  3.412+0.005a  0.086+0.003a  0.034+0.023b  1.121+0.015b  3.102:£0.004a
WEM 0—10 2.739+0.006b  2.893x0.052a  0.092+0.003a  0.077+0.005b  0.758+0.005ns  0.789:+0.003ns
Filling stage 10—20 2.639+0.060a  2.608£0.058b  0.112+0.009ns 0.102+0.003ns 0.784+0.002ns  0.733+0.008ns
20—30 2.256:0.007b  3.381£0.007a  0.220:0.028a  0.036+0.004b  0.814+0.017b  1.887+0.009a
IS 0—10 2.885:0.0.11b  3.069£0.025a  0.071:0.006a  0.055:0.012b  0.818+0.004a  0.777+0.004b
Harvesting stage 10—20 2.5340.029h  2.859+0.069a  0.083x0.006b  0.097+0.026a  0.877+0.010b  1.151+0.027a
20—30 2.739+0.040b  2.990£0.020a  0.103+0.010ns 0.099+0.003ns 0.886+0.012b  0.982+0.006a

Al —A7/NE FRpRIR A — A AN TR AR B 2 ) 4 22 5 1 3 (P<0.05) AR A 55138 22 5 A8 [k 3 (P>0.05)

2.3 HHEERUE YIRS PREE R A E O R

R T B AN [ A 3T 2% 4 )2 SRR i IR R FHBE ) 5 RS R AH O OE R g R A
( 485K E pH SOC TN \NH;-NAI NO;-N) 5 - 5854 Wi I A HAG 21T Pearson AHICIE R 401 (B 5) .
RIGZE R R FM A0 FRRK2E FRIRZE R IEBR IS TN IS A2 DU A 2 hk I 5 S B vk M e M Ay, Bk
LRI A IEAROCOC R LD A5 F T BRI RIDS B 28 W R e U5 5 1 S AL T A AR DG e R, ELAAR R R
9 FM AT 8k ki K SRV A A1 FHBE 1 55 145 SOC 50 F0 TN 5 AR B 35 W IE M DG 6 R 5 R TR
FERN TS AR IERRIZ A BE S5 SOC a1 TN & i B4 W I IEAIDCE R, 5 RS /K R B 3%
(A IEAH OGO 3 5 WP SRR ISR B A 8 1 5 1385 /K i 3 pH . SOC TN LA S NH -N 5 f: 52 B8 35 ol
FWIEA R M5 3 NOS-N &t 2 B E M X OC R W 2 R I IE R e 1 5 TN & &
BB WIEAEE R, LD 0T, RGUE YK RIS 2 HE R 2 1 22 TR 2 DU R 2R s 1) A1
AEJ) 5 140 TN & i S I 28 1 TE AR DG OG 3R W2 5 05 SR i) A T B 0 5 1248 NOS-N & i AR i 35 Y
IEABRRR (HE LSRG B W A AR IR D5 & 28R 5 pH 2 B E AR,

3 it

I W R T B IR ACEERAAE T LA S AN TR B A AR T 9 22 5, (R B - Sl 2k W e s M A P e
AR . AP E R MR 55 5 0 T L 3G W 7S R UR I ARSI
Ak B4 SRR T B YR A R B SR Lo TR A 2 A B - I SR 38 A 494 T T 2 B 3o D A
(P<0.05) (151 2) , UEAA AT o2 0] B o b S A 0 S A AU P R 3 2 L S W A P AT %
PRI AROCRFICIA A3 4 St 5 3 S8 T - S Al e T 1 2 S 2 SR A e DA 0 1 ™ A 2
S E PRl T SR ARCRREE G T R EROREE  fRHE T AR R AR KOR SR S 0E BR
b, A IR P AR A AR AL T3 B A5, E TR v T A W O AR PR (R B R Y
SE B RERE ™ A BV s/ , A B RS R AL BT 3Gl MR ISR HTRE ) 22 18] B9 22 53 B i i /1

Shannon ZFEMESEEC(H) MEHEFEEC(D) RIS BESR L (E) W $ AR RAE LIEBUE Y Z RS LT
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swc | SWC . & ‘ . & . *

pH 059 pH . e

soc | 029 -0.14 soc ‘ . .
® -

*
™ | 043 -017 083 TN e
NH,N | 047 075 o015 o011 NH;-N @ e

NO;-N | -0.49 -0.29 -0.13 -0.12 -0.37 NO;-N

CAC 042 0.12 058 058 024 -021 0.81 CAC *

- 10
0.8

. 0.6

PCO 038 -0.20 0.75 0.74 0.0061 -0.33 0.51 043 0.56 045 PCO *

AAC 075 041 044 053 050 -043 034 042 AAC *

CWA | 019 -020 072 064 0.044 -0.0045 CWA ‘ ®
*
*

AAM | 031 -0.16 0.049 041 -0.11 -0.21 -0.082 0.16 039 AAM

L 0.4
POL | 034 -0.093 028 052 -0.055-0.055 028 0.62 032 0.67 039 POL
@) as) Q Z z z < Q &) s o) ) r 02
= [ 8 = o il = < < < Q o
z z -0
L 0.2
PR 5 B

swc [swc @ - L BN o
pH | 051 pH O o O
soc | 034 -016 soc (& -038
TN [-0.11 0095 040 TN " ® e e e 1o
NH/N | 033 062 -0051 028 NH,-N

NO; N [-070 -0.58 0.19 042 -0.30 NO;-N e

CWA | -0.11 0017 024 060 025 038 CWA . ‘ ® e ‘
CAC | -0.11 -0.0044 027 066 -0.080 027 0.64 CAC . . e .

AAC  1-0.063 0.027 0.27 057 017 030 095 076 AAC .
AAM -0.50 -0.36 0.074 0.25 -0.20 0.50 0.62 064 0.72 AAM
PCO -0.55 -0.38 0.059 024 -0.23 052 059 062 0.69 100 PCO .

POL -0.24 -0.13 022 059 -0.14 036 070 097 0.82 078 0.76 POL

T
=%

SWC
SOC
N
NH,*-N
NOs;™-N
CWA
CAC
AAC
AAM
PCO
POL

5 TEEmMRS TEREMETERIRT A SHEZ BREXES T
Fig.5 Pearson correlation analysis between soil physical/chemical characteristics and soil microbial communities diversity indices
# FR LEA I (P<0.05) 5 * = FR B FEMIE(P<0.01), SWC: &K soil water content; SOC: 4 HLEK soil organic carbon; TN 4% total
nitrogen ; CWA ;i 7KZ& carbonaceous water; CAC ; JRZJS Carboxylic acids; AAC; ZIEFRZE Amino acids; AAM ; B¥JS Amines/amides; PCO: 35 &3S
Phenolic compounds ; POL; 2 H)Z& Polymers
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ZREEAR RO R B TN 5] FEE AR B A R 1 — A FE b, BEAE LU 45 4 1T Hb S e tB 2 E W i W il 2 615 D
2 FH R Al s R 95 2H BSOKOF fie i AR AR 22—, LB ) /N S et B 32 I 34 3 W s i 110 R/ INRR B S 6 A
FORFIRER RIS HE MR BEE TP BT R B A T R T S R T R
PIRRIEAR I O Z AR5, 5 LD A EE  FM SSRGS T 3R M A BT B (D) . X5 Huang %6 7
B R TR DX AT AN [ B i 1 T 6 K A L - A A RV s 0 T I A R 2 R AR — 3, Rt
FERICY | Y SR 13RSy pH K> R SR AN RS AR A A3 UG AR 1 TR ERATTRT L R R
B AL HAE 25 B AR A S0 3B T, REAS S 3 AR W ) — A ARG RR U T S ) 1 4 R
OYIREE PEIE T HIEGUE Y 2R TE . SR, AW ST FM AR FRAR L LD Ah A SR A W G 2 50 B FE AL
(E) ., BEWRASAE AR AR A0 X 04T A AS ()it AT -5 b 7 5 b 5 K L - S sl A 0 T 6 22 B B 9 P AR 9 485
W5 —2, M85 TR 35 41 R K A TCHLIERE AR F R E &, K2R E T REXT
A TR PR R B R A B0 A T 2 - S R RO S T B R 0 55, AT RRAI T 3R E i 1y
SJEE

FEARIF 5 B -5 A0 Ak B AR A 6t 7S R R RVR A AR R SR S R B K > RIS > H LR
X > ZRYAK > IFEK > MRS, EEEP TR FRIRISM IR = IR, & O 5s ik
AT LR 2R 200 i K B R IR 24 o5 3 A DL B R Y 59%—25% , Je H I AE A fE R EERRIESY | 5+
S W TG AR G e TR AT DR I ) S A 4y 7 R it ) B A MR VR R FE 5 T BB ek SR
SEHURST > R > WORIAE AR bk F MR 5 T I SR 0 3R ) S R A T R K
B RN L2 T = RSEBRIE A ICIHEE 11 (P<0.05) | TSI X 4% 285m0 5 i A Qi A 35 52 R I 2 [ AIG
P (P<0.05) , AT+ A P A AR S 358 SOC TN & i it I 3 sl B 5 A IE A SR G &R, 1Y
ORI )R RS B e D B A 0 A K A RE S A st 3] P 2 e A T R A 1833 40 i o 4 5 i
b X A HEFR A KPR B AR, -3 DL 543 VR F A s, 3 5 BBk 0+ 55 00 A R AR
117 e A MRV E IR R 5w B A BRAE L3550 , AR F E R AE YR A K 0 10—20 em 2,5
LD FHE, FM AR PR 4515 8 - 38300 My X 45 2 DR AR 8T RE 71 3 3 B 0 e inka 34 ( P<0.05) s 2R 1 3¢
SR TR R FH 25 5 R BN iROK e RIR ISR S IR 28 — R R 5 ORI LR B oK 2R R 2
B = RIRIE(E 4) . XV T 10—20 em HJ2H, HEGUEDRIEHY 2RI BEE MED AL B IS
Wikt & A= 5754k, Yang %57 FERI 5T 4 30078 o6 X 3 SR e - S e A a5 25 s iy )36 o % TR, AN ) 2
T AR A WA BE T (S WA AR 25 5 A R B0 S OR [ B S5 M E AR 2R A3 A 1 22 5 DA
B RAFIE S ETHEE S B EA . 75 2030 em )2, FM 5 LD 40 BE7E 4% I 3] - $983500 A w8 1)
B ) B2 2 R RIAEMK IS SRR ISR = RtIR A A L (B 4) . — 7 U FM H SR AR i 2%
v B Y 20—30 em SRR WIBIE AR T BE T, (H 5 A eCAE - BEUE W B A R TR AR I A s 5
— 7 T K 2 FRIR SN G IR S — RIS e 1 3 i A= i U5 A 179 2 BELAR U, 3X 5 ip A BIF 9 245 SR 3k
AR R ARG X R SR 144 h BIBRIERY AWCD {EFEAT 80 TR A A 40T, R A [ b B
1] - SR AR IR C I RE 1 22 S R B R EROK S 4 26 EIERRYE 2 28 RIRZS 1 3k 7 Bk (£ 2),
SERATHT AT AL, A A T i SR M R TR B R RE T, A5 A B R) 22 S AR, HOGHiROK S AR IR
RIS R HAE T ferms o FHIEL 1 FRATE & B, VEY A AR TR B3 P (T 01 SR RIS I ), FM
TG BR Y 0 A S A A S R FH A I AR o B G 45 U RO E W DR AR R T R R
0—10 em > 10—20 cm > 20—30 cm FASfLRaS H FM #5500 Wik IR R FHRE S 564 & T LD &b
B, — 5 U A B 2 UR B 0 3 I iR A RE 0 B 3 REAIC, 50— 7 T 56 B P 15 it B8 i 3 ke 1 4
TEREE e FE A MR IR S G M [RIAF,0—10 em A1 10—20 em )2, F 50 7852 301 - S iR Wy R FH i
18, 1M 20—30 em )3, IR IR BE 18, 25 73 EERBE oK 2R JRIRYS ALY —
KW , PE—2 R IR JRERIE AR IR = RSIR TR X 4045 Ab B = B PR A
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TE SRS R G BUEY R LY BRI IR SR sl i £ 22 53 X LR i WoR 5 AL 5
WEBAESERST . AR R WRIROK S SRR Z LIRS = KISR0 FM 5 LD b3 + 36
A IR A 22 5 B E BN ZR b, SRR AR W0 ik /K 2 FIR I 288 T DR 2 B 5 A4 0 FH RE ) 5 488 SOC Al
TN B i s X 2 AR ISHRIR A M AT RE 71 5 £ F K (pH SOC TN \NH-NAI NO-N 75 85t %f 55 i e 1 A9 1]
FHRES 5 235 K (pH SOC TN F1 NO;-N & I 52 3L 35 alb 2 AU AR SCSC &R . U] - 3 e A= W ik
FIFIRE S 5 EHERHOAEE AR AT B0 B UIMIDE  Spohn 551 ZEX T RE b A< U1 AL 1 e %ok 3 kA W Bk
PSR AN A Pyt S e O R (R e B, M SR 70 RE A A0 ) o 332 W A A 0 e A g e 4 ol - S e 1
W, B2z, A7 A A MR R 2R A ORI MR R SR Y R
BEA R DI RE LA R 5 ZARE W A B IR 7 b SR 2o i - S rh 2% Rl 95 0 AU PR e Al A, DTS2 i) £ 8
Fror HROR RIBAS

4 Zig

1) 7552 F AT b RS 7 o6 1 it 4 o T R R AR T - B A W e A I T B 2 R R A, 1 4 4
S X B IR R O R AR B S LD A EL, M RESE N T - S0k W i U0 A 4 45, TR AR T -4
A RIS ST RE R AR

2)FM 5 LD Ab3 3R WX 7S RBUR AR R SR B 2 B oK 26 > R > 2R > ZRY >
s > BiRp kS B FM 5 LD AP A 3R AE Ui IR B8 1 76 45 i 01 X B 1 2 i pE A, Ko re 0—
10 em F1 10—20 em )2, £ H - SEGI0AE P a5 A A% 0 2 R BN ME SR 48 =, 11 20—30 em 2, RN
WK R IR A e 8, H 25 53 R BRI 8 M X koK 2 R IR IS L Z IR R 2 — Rt R 1) )
ks

3)7E 0—10 em + 2 JATWIARES I FM AL+ SERE MBI A BE ) B35 T LD ARER SRk
DI A, B LD A B - 0 b i UER T RE T 03 5 1 P AR 2 i D0 e 1 5, 1 - 45
Tl W AV 2 2 - 835 00 BRI, 3805 0 - 5895 00 5 1 3R R DR R TSR BRI

4) BEAM  ATRIS Rk 2 R R 2R 2 B R 2 — R M U 2 M Bl 2 W i 5 R P 1 A U AL
pearson AT, FM AL T | 48500 E W6 i /K 8RR TR 2 W R AR IR 1 R BB ) 2225 14 SOC A
TN 7 A M By, 52 B0 00 35 1) IE M O 06 3R 5 X R SE R i R 1 A FH BB ) 222 5 - 18 & /K i pH L SOC
NH;-NFINO;-NF& A e, LD AR T , H et Ykt ik 28 BRI M IR IR A e 1 5 +
Herp TN & ARG RT, B IIEA CC R
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