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Abstract: The arid climate and human activities affect soil qualities in hilly areas northwest of Shanxi. Variation in plant
cover, human activities, and other factors are variation result from different land uses and management practices that
influence the soil qualities. In order to better understand the effects of different land management practices on soil qualities,
the research carried out in Wuzhai county of Xinzhou city, northwest of Shanxi studied the effects of different land
management practices on soil fertility, soil enzyme activity, microbial community structures and diversities, and the
relationship between microbial and soil environmental factors, which could support the union of land management and
ecological construction. The four land management practices in this research include the alfalfa plot (MX) , no tillage plot
(MG) , conventional tillage (FG) , and uncultivated plot (HD). Soil sampling and laboratory analyses were used in this
research. The soil organic carbon, soil pH, NH;-N and NO,-N content, soil phosohatse, invertase, urease, and catalase
activities, and soil microbial communities were analyzed in the laboratory. The operational taxonomic units and microbial
community diversity were processed by the information software of QIIME, USEARCH and Uclust. The soil chemical
properties, soil enzyme activities and microbial communities were analyzed using statistical SPSS and Canoco to study the
effects of different land management practices on the soil qualities. Different land management practices influenced soil
chemical properties, enzyme activities, and community structure and diversity of bacteria and fungi. Alfalfa and no tillage
plots significantly improved soil nutrients and soil enzymes’ activities. Nine and eleven members of Bacteriophyta and
Eumycota, respectively, were found in the four land management practices. In Bacteriophyta, Proteobacteria,
Actinobacteria, and Acidobacteria had the highest abundances, whereas within the fungi, the relative abundance of
Ascomycetes was the highest. The analytical data showed that the richness and diversity of microbial communities were the
highest in alfalfa and no —tillage plots, however, the richness of microbial communities was high, but the diversity of
microbial communities was low, in the uncultivated plot. The result of RDA proves that the pH, NH;-N and NO,-N
content, and catalase activities are the main environmental factors that influenced the bacterial communities, whereas the
pH, soil organic carbon content, invertase, urease, and catalase activities are the main environmental factors that
influenced the fungal communities. Alfalfa and no tillage can improve soil qualities; they are the two land management

practices that are most suitable for northwestern Shanxi.
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1.1 XA

ST XA T 1L U A4 T M 7 T 2€ B 25 & A H SRR, HAR BB B 111°28'—113°F F1 38°44'—39°17'
N, a5 ARG S TR A T R CRVD X, 32 DX Ty Bl A, 44 2232 58 7t U A R0 o e s ol i ™
€, HM S D FRET RN, A T8 BB b H &5 B i i XS 3R 25 K AR P 3 4.
9CA, 1 HE? (-13.3°C) ,7 A& (20.1°C) . ToREW 120 d 45, A RURIR 2452°C % XA V- YR B 7R
450—500 mm Z[H], FEAKZHEH T 7 A8 A 4 HAEREK TR 44% , WA E LSRRG 5 X 580
Wi+ | 5 eE A R SRR N AR, RN, FLIRE R B E kb AR IR G, LR
ML AR
1.2 Wik
1.2.1  FEHERE A

2015 4 8 H T AT LLPH A DT i #0258 B H Sk AN 16 836 DU R o2e 22 b EL A AR 1 1) - b R R 88 =X
VAT IR 2 98 TP HUAY 100 m (1) x 80 m( 58 ) AR | 76 5L Y Mk 17 1 2 i bk {1965 4FFFIh &
ZRV N R TH, ZHAESCIO T, MRS, H 2008 AEFF IR, KR AT T R . 24 3 3 LUAL S BB AR A
FokRE, HENZAFEERN T, AR 4 SR RS 100 m (1) x 20 m(58) ,4
Hesz i AE BRI BN T . — B M AR 2548 A, M 2008—2015 4E R BRI HEE (e B B Res MX) | 75
H 2008 EFMAEIS , FARRK AT TICR] , AN AT BEVERR il ; O3 — D AEHL T 2008 4F4 2%, 4T 5 ALY B A
2B TR FHE T 2008—2015 SEFHE £ K (Zea mays L.) (FIBHEEHL FG) , THRAEEZREFHT BIHE—IK, B8k
REEZ) N 50 em , FKBHFSNGR)G , M B RE AT T4 AR SR R b 55 = BRE T 2008 4E K2, K
PERERIBLIEATHE R, T 2008—2015 4F Gl Pl £k (et MG) , BRpF SEWOR G R A e i i o T
s B — R AT AR (dd HD) 338 EEAEACH & | HAEgE 50,
1.2.2 AR K filih

ARELIGAE R FEHLA S 10 mx10 m 75 3 A4S ERRET NS 5 MIURE R, SR 5 RUR G IURER
A6 HERE L BRI R R R 5 A, B e bR b R R T, T AR HL 0—50 em TR - HERE
i, N EZETT 10 em S5 [EBEEURE | B — A7 SRS 3R R BOR -5 AN RABE S + 5 TR =25 1, #5417 5 IR
G, B R TREE 1 5 AR AU R A TSR R I ARG R R AR N LSRR R RO 54, B
FEHL 3 AT, B AR LAY T R SV B 15 A4S, BERE S IBORE B 5 200—300 g, B T ECRY T 6 - R 4 Sk
Oy TG A B E, BT KGR AT 5282, F-20C FA~-F. 78 24 h Z KRR [ — 1 2
REER) 5 A TR IR A AR HAR N 2 mm WY BR B &R ALY, Hrh—3aXTEHT -
AL AP B I A 5 55— 53 A —80°C VKA ARAT , FH T - HE ity 136 P4 00 AR v 3 00 7
1.2.3 - HEfbA e o R s 0

- pH A (1:2.5) RAH AR E ' S LK (OC) R FHE 4 R TR EA 700 5 5 3N S AR
R4 A ShRIKAL 273 B AT 5E ( CleverChem 380, Germany ) o 38t 4801k &0 B A4 100 2 5% F KMnO, T4
FE W HIEPELL 20 min W g T35 0 2ok 10 S 22 e AR 5 T SRR A I E R 3,5 - A BRI
2o, R DL 37°C T REE 24 h J5 1 g 3 AR sl i A A W 22 e B0 5 SRR %) 00 7 SR FH R M3 ik — Yk SRR
btk HEPELL 37°C T 5% 24 h )5 1 g B3 AR B NH, -N 922 5o 80300 5 - S8Rl I 1 g D0 >R FH il e
TN S HEEYELL 37°C R SR 24 h R 1 g B AR I R Z e B R
1.2.4  FEf) DNA $EIBOR = 38 i e

15 DU AR b B8 BT R ERU 0—10 em IREERY 3 ANH AR - HERE L AT 10—20 em WRIERY 3 AR HHERE AL 124
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BAH—RER G, 4 FREL 0.5 ¢, T DNA $2E. A1) 13835057 & ( PowerSoil® DNA Isolation X7 &) %
PRI G E A IR B HORE AR (1) DNA K 3R ARG 2 R 2 DNA, B 514 7 51 520F (AYTGGGYDTAAAGNG ) Fil
802R ( TACNVGGGTATCTAATCC ) Xf 40 B 16S DNA & 78 X V4 X #F 47 ¥ B, ITSIF
(TCCGTAGGTGAACCTGCGG) il ITS2R ( GCTGCGTTCTTCATCGATGC ) X ELE ITS1 X 2 B9 14 A5
YIF5 PCR I 45140 :98°C A ME 30 $;98°C ZEME 30 5350°C 1R k 30 s;72°C #EAH 30 5327 PMEHR ; 72°C 1R
5 min, 7E 4°C FARAF . §HGEE RIEAT 2% BB HHEE R UK , S5 #9157~ W9 64T Hlumina MiSeq =538 7 U 5
30T o ASBESE I A AR YA B IR SS HE IR ARG AE R A PR A R SE AL,
1.3 AR5 orHr

AR OTU 4347 . B 4ciz H QUIME BRI BE )7 51 A4 50 B K B2 /T 50 bp 195750 DL K751
BT ERAEAE 20 LATF ABRE , FEXTHIR AR 2% B8 0P A A T 8, JSBR AL #1515 40 v i AR 4738 X 3805 41, IR H
USEARCH #6125 Bk 5 51 o (i &4, BRI Uclust 850X 45 & R 19 2 90 97% B9 AR B KF b R 17
OUT J2, IR H Greengene Fdi 5 Xt BT P S HEA T EL X430 HT , B0 LA 97 % B AFALPEAE Ry BB R o0 B A 43 2
HIL(OTU)

EE TR ZFEPE S0 AT R QUIME 14456 - S8R i h A BRI LR 1Y o ARV SR T 1158 eV
& EFEEL Chaol Ml ACE , BEVE ZHREMEAYFE L Shanon (H) "™ Fl Simpson (D) M

S
H=-) PlnP,
i=1

D=1-3 (N/N)?

Arb S BRUEMREE PR SECH . PO § BOARXS R B P = NN N SRR IR i SR RR
Bt N 2 AR N T YR R

GEVT oM W SPSS 22.0 HCA A AN ) R[] — o J22 0% B ) S A1 25 A~ P Jo ] ) S 25 2 S A T B
K2 253 H7 (one—way analysis) F1Z & LT (LSD) |, B E K150 P<0.05, W H Canoco 4.5 X 11
LA - SRS AL AR T 22 I 0C R UEATIUA T (RDA) o B Origin 9.0 #RAFHEAT R 2241

2 HREHSH

2.1 g A

1R, 4 ADFEH 38 pH 7E 0—50 em TR B2 AR 2 BUAHE (8.56—9.63) , 7E 0—40 cm K&, FI#kFE Hy
(FG) FFEH (HD) 138 pH JC B E 25, SR LB 2SS TRk (MG) FEfE (MX) FEH, e HLER & & A
PRI A G R o 5, e bR fIG, SRR b - G ML 25 5 LA i 35k . FLFE 0—40 em TR, HTE AR+
BEA PR S A W TR, 4 DA RS A (NOS-N) & = AE 0—50 em TR EEHR 2 B H S Bk A 4+
M (6.64—13.34 mg/kg) 535 1w T BHHERE HU RIS HE (0.54—7.49 mg/ke) . EfaAEHR)E T (0—20 em) A DS
Z(NH-N) & it 25 i T AR, BRI, THI7E 20—40 em B, S b a8 A & i,
Bii:h - [
2.2 T EERETE

S 32 B IR T S S A 0 A 1) 5 R L BR AR () S . E 0—50 em £JRIREE 4 ALY £
e AR AL S B TR B 3 0 AR A R S — S, RSB 25 )2 R B A B i Ak B FE ML 0—50 em TR
+- gt A A TR AR AL TS L R 2.36—3.95 mg o 'hT! W 3 T T ILARE b T FE b - 30k AR Ak SR PR AL
JEHH 0.62—0.97 mg g 'h™", B FH K T HABEEHL (B 1A) o 7E 0—30 em +J2 , A [ 4 Mk 52 85 2 % + 58 e
Pt 16 R W) — B, S B - P R A P R R T LA, 22 0—10 em NG MEE % R (860 mg kg™
h™t) T S b A Tl 5 P 5 M1 5 1717 30—40 eom , JREARE V6P 7 DU AR 22 ) 2 B0 S v 22 5, R BH . B> 1
fa >h>Tith (E 1B) . 4 Fp -k G AR, HIENREG AR R BN 0—10 om VREEVE Mdw s, B 16 FE b IR
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15 PEE 0—10 em 1 20—30 em B3 T HABAE L, M 7E 10—20 cm M1 30—50 cm, FHFFE b DR G 1 2%
AR, AR B A AR b R T T LA R R (] 1C) o AN TR b A T SO - 4
AR ARV 1 () B2, R 0—10 em )2, BIBFRE M 0 5 (K T HADFE M ; 10—50 em )2, BRI G pbFE
i - SR TR T B 1, ARG ; HEP AR 10—30 em F140—50 em , S iFRE i il R i 1 2 25 T A RE M
(K 1D),

F1 AEIHEEAXTLELFER

Table 1 The soil chemical properties in different management practices

v Pt il f AL AR i
Depth Sample pH value Organic carbon/ Nitrate nitrogen/ Ammonium nitrogen/
(mg/g) (mg/kg) (mg/kg)
0—10 cm MG 9.05+0.03b 5.85+0.54a 12.70£0.02a 2.95+1.29hc
FG 9.4420.07a 4.66+0.90b 0.93£0.20¢ 0.82+0.08c¢
MX 9.13+0.08b 4.53+0.07b 13.34£0.46a 6.29+0.01a
HD 9.42+0.06a 3.83+0.03¢ 7.49+0.13b 4.93+0.04b
10—20 cm MG 9.07+0.04a 4.83+0.20a 8.01=1.14b 1.64+0.09b
FG 9.42+0.09a 3.63+0.52¢ 0.76+0.10c 1.45+0.10bc
MX 8.82+0.05b 4.32+0.09b 11.16£0.95a 2.5320.31a
HD 9.60+0.10a 3.38+0.04c¢ 0.84+0.37¢ 1.38+0.06¢
20—30 cm MG 9.09+0.01b 3.5420.15a 8.97+1.08b 3.1120.06a
FG 9.56+0.05a 3.56+0.45a 1.08+0.04¢ 2.15+0.05b
MX 8.56+0.44b 3.5820.31a 11.61£0.32a 1.98+0.21b
HD 9.57+0.01a 3.00+0.08b 1.45+0.58¢ 1.31+0.17¢
30—40 cm MG 9.01£0.01 b 3.9120.31ab 8.37+1.21b 2.7420.74a
FG 9.38+0.07a 3.72+0.01b 0.67+0.23¢ 2.50+1.21ab
MX 8.89+0.13b 3.30+0.04ac 9.07+0.56a 1.86+0.06ab
HD 9.48+0.12a 2.56+0.13d 0.70+0.17¢ 1.66+0.02b
40—50 cm MG 9.18+0.04b 4.41£0.13a 8.61+1.23a 1.02+0.12¢
FG 9.36+0.10b 3.73+£0.24b 0.54+0.05b 2.11+£0.21a
MX 9.08+0.06¢ 2.52+0.10¢ 6.64+0.94a 1.41+0.24b
HD 9.63+£0.03a 2.47+0.00c 0.70+0.18b 0.84+0.22¢

0oC . A Bk Organic carbon;MC;ﬁE*#— No tillage land ; FG . F#1#F Conventional tillage land ; MX; B 75 Alfalfa land ; HD ; i #i Uncultivated land, AS[A]
FHREFRAFFRELFE — + )22 0] P<0.05 /K P F 25 8%

2.3 LAY A
2.3.1  [IKP SRS S A A

4 AREH I EYIAE T TKE AR AR R T 1%89388 9 N1, 435228 JE 1 1] ( Proteobacteria) |
L 1] ( Actinobacteria) R FT T ] ( Acidobacteria) 825 1% | ] ( Chloroflexi ) | 7% 2% I [ ] ( Planctomycetes ) 2§ L.
B 1] ( Gemmmatimonadetes ) . $E f# i 1] ( Verrucomicrobia ) . filf £k 2 € B ] ( Nitrospirae ) 1 48l T B ']
(Bacteroidetes) , oA ZRTE BT 5 BOAHR; 325 e K (21.4%—23.0% ) , LR R B 1T FIBRAT B 1], A% =F
B35 18.7%—23.0% M1 17.5%—19.9% , 4 MEHLHI A AL [ 1K b A FEvE 7 i frfE—E 22 5 . X F
JERRIVAEIL T ITE 4 DFEHUAARXS B2 RN  BIBF (25% ) STt (23% ) > E & (22% ) > 5k (21%) 5k
TR ] AT A RN 2 TR | IR S A AR X AR R (18] 2) o 4 AREHBTE T T/ b A DI 3 B RH X =F B2 R
F1%03A 14T, EEAFEFRE] ( Ascomycota) 4% 5 [ ( Zygomycota ) FI4H F B[] ( Basidiomycota ) ,
HIXFEE S BN 61.4%—72.8% 1.3%—18.6%F1 4.6 %—14.1% , KA & KT 0.7%—14.8% (K 3) . HAXT
PR IRCR I TR I 4 DREHD AR F2 B2 R B0 - B > et > BBk Tt . 365 BT )7 BB 2 1 AN
JERR (19%) St/ (1.3% ) 45 T T TSR AR X B RR (21%) (181 3) o
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MG : %8k No tillage land; FG: FH#F Conventional tillage land ; MX : & 5 Alfalfa land; HD : 5 Uncultivated land,, FHRREFH8EFRF—+ER
FIRE 2 7] P<0.05 225 ik 3%

232 K BRSBTS A FREAE

X R VR IS TR BT T (A) BRI T T(B) JBRFF IR T(C) ST (D) KL A BEE A TR 11 (E)
AT BT (F) METREEAKOT LA 5007 (16 4) 4 A REHr o= ST 49 ( Alphaproteobacteria ) 25T i
A X B A R I B, 249 5 L 1) 50.9%—64.0% , Hk & BB B AN y—7ETE A S-AE T TR 4K, 249 o5 L A3
3500 13.8%—22.2% 9.6%—16.9%F11 9.8%—12.3% (&l 4A) . LR R T TR EREA 7 40, MR 2 B 4
T M TR TR 4N G PAER 44 TR TR TR 4 R MB — A2- 108, Jilt 28 T 20 11 W8 A0 T 490 0 D 34O 1T, BT o L 910 4 31
38.5%—53.8% 1 25.2%—35.9% , M B TH T 49 F1 MB—A2- 108 FIf (5 Fb A% (& 4B) o BRAT BT T iPoAE X 2 B 4%
RS 6-FRFTF R Z9F Chloracidobacteria, BT (5 H A58 60.29%—64.1% F1 25.2%—29.9% (Kl 4C) , SR
I H 32 U IR AR 45 1 40 ( Anaerolineae ) 4425 18 40 ( Chloroflexi) \Ellin6529 F1 Gitt—GS- 136, H: A7 IR 48 40 A 4 L 2%
TR Ellin6529 AHXT R 409 18.5%—30.0% 21.4%—29.1%F1 18.8%—37.6% (&l 4D) , ELERE
EITHERE ] ﬂPEEﬁT*ET'ﬂ“éBJ( Archaeorhizomycetes ) T o AT = B EE 00 B i, 4 SRR BT A SR AS A [R) , Hk
W VERER M ( Dothideomycetes ) | H 2 & 4 ( Eurotiomycetes ) . 265 i 24X ( Sordariomycetes ) , T (& Fb 1] 43531 Ay 3.
37%—6.90% . 1. 60%—2. 24% H1 17.9%—30. 8% (& 4E), 4l M H T H T M N £ B4 4 HE N
( Agaricomycetes ) R H-20 ( Tremellomycetes ) , L S A 2 FlA5 24 5 IS 0 B 40, L rp <P D7 49 FIVER B 4RRE X = i 4
L A3k 33.4%—76.2%F1 18.8%—59.7% (&l 4F) | 5 Ah— AT =F BE i B4 A TR 1T, LR /KF B B ok
E .
24 HHUHEYRHE o2 FEE

TP 97% ALK Ei#E4T OUT R2E 4 MEMUE W a2 FEM L3R 2, Chaol Fll ACE R A it
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Fig.2 Bacterial communities and distribution at the phylum level

FETE 35 BEFR A, Te Bk, FL=E & 87, 177 Shannon 100
TR R, RIATEE SR s, K2 s, B
o Hb - 498 20 A B 7 <F & % BT, Chaol F1 ACE 5 304>
A 8064.43 F 8553.70, H vk K G B A, Chaol ANl
ACE F85053 50 7668.94 i1 8311.15, Jit i ¢ MK ( Chaol
J 5812.21,ACE N 5911.68) , T f& FEH + AN B RETS
Shannon 5 %0f% 5 (10.50) , Ui B & 7 FF M - 198 20 7] 7
TR R, R O T (10.45) A (10.42) , B
FHAE s - 18 200 o AE VK Z2 B PR B I, Shannon #8450 10.
32(#2) ., XTECHBEEHEAT T, S b Rr o 1 39 2 "TMG  FG  MX D
R LR, Chaol AL ACE 4550503l Jy 926.00 A1l B3 (IAFHEEEEHRST
106044, HUCR B4 FBFFE I S b i, sk i Fig.3 Fungal communities and distribution at the phylum level
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Fig.4 Soil dominant microbes communities and distribution at the class level
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Table 2 Richness and diversity of microbial communities in soil of four management practices
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Fig.5 RDA analysis on bacteria and fungus with environmental factors

Pl T R B I A A R L3R 3

&3 RDA A HRBEMHHERD
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FRFF 1] Acidobacteria
6-FRFF IR Acidobacteria- 6
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iiil-8

JRZEE ] Actinobacteria
TR TR 44 Actinobacteria

FE U 24X Thermoleophilia
PRI P 24X Acidimicrobiia
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FHEW ] Ascomycota
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JEZEBE AN Dothideomycetes
B 44 Eurotiomycetes
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B2
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D1
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D3
D4

F1
F2
G
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Ellin6529
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Fig.7 Correlations between diversity index of bacterial communities and environmental factors
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