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REORX LIRS RACR, A Y + BUEWERS E REORM RIS S % [ Fik ] AOFCRHIMEL
FREE (AMF), IBRARERE (TH) FMKRBCZHEME (BM) /EMBERER, I/ R RS, 8
Bt TRMEAL BEAT SRR B o A R e S A ORI I A PO R ) B B AR X% X - S A R A
Ko [ER ] BIES/RKEMA PS8 517E BM Hujii 5 AMF Bk B2 5 pH EFTHE F R 2L AMF +
BM R it 2H e e 5 ke SEIN 1k L5 R A S R B Ty U DI OG 4% R A B B S PR B T R R
AMF + BM 4k B - ERZR S P8 8 i, O 0.84. BIRIFCHGEAE it 1 LR 70 MBS MR, Horh, AMF +
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AMF ) . W5 % K% W ( Trichoderma harzianum,
TH) F B 28 fFF & ( Bacillus mucilaginosus,
BM) & IS i A H. AMF REMGEEY)
X RSN, SR PINE, SR
RMAERKBES, TH 2 —FA R0 ER, Bf
REY R A . w4 PuE D AR S PR E SR
M, Bk 3 B s IR 5 AL AR ) B T IO
43 U1, BM S0 LG -5 vh ik BR b ™y i) S 7 78
U TR, B MR, TR (L it
YRR AT, [FIEA] 2 A KR A2
SRR AR R T, DL R A E
PR R . [EE . IR IRE T, fEIEEY
AR, MRS, —EAIAE R AR —
FHEEESERYCR, AWM RZAL, ElitnT
AR RYETER, EAFSIERS 1, K
KEEFIE BAO -

HAT, ENAVRZE D TR YR
Jit IR 35 BRACRISE, D2 RAITRE R AR
P TR Bt A2 R B AE KUK i 32 5 DX 1Y
P, OO A RS B A0l 3% 2 1) 5 1] e A
MR . IR IR bR LIRS K 2, B —dE i
FERN IR AL EAFAEAR R i . F 14
PRAVAE AR AN IR S 4 T AR A A e i
LraTeE (SQl) Fit-HERGTE % (SED, PR
BTG TR A0 1 5 B 2R SR B AR LR A
- HEREGE VK A2 PR B ( ERI) F A HEFF 43R 42 18 %R
(NRI), FTLIEW ., w4 7R 135 0y 22 (KL
A RS LATR N TRy 3rop s RO A /N A7 oA
ERMY, @i AMF, BM, TH = #5718k
B BIE LIRS EE TAE f, RERAR]
AR P v ) R it =R - A3 B A SO R R P 1)
s, B/ NS SRR B G 2 RO 14
PR RACR, MY + BUEYER G E B EOR
I LIS S

1 B KL

WFFE XA T30 748 B 2k B35 VA A
Kk (42°26'15" N, 122°48'38" E ), HikbFIR
VDI AR EEER, BT RIX; KR HAES, Fk
KB RIIIE, I RRA, FHIRGE 3.7~
4.6 ms™'; WARI 2R, BB ENEE
t, DIEREEN, FEXFEKEARL 550 mm, JEl

AU AR B AZEE IX 5 AR SR 5.7 °C, fes
At 35.2 C, HwAR M -29.5 C, FAKE>
1200 mm, +T4EF 1.2~2.0, f#HXEE 50%~
60%. tIEX L KM, THEERUN R L
A B b 57 oy B AL S K& 14.02%,
pHE N 6.3, LHEAHLTE &N 162 gkg™, +
4 N, & PR 2 K& &7 5% 0 1.2, 048,
57.90 grkg™o X dk N A A S LA VD b HE BTN
n Bk 2= ( Semen pruni Humilis) . %3 X9 JL
( Parochetus communis Buch ). “£3 ( Festuca
ovina Linn.) . ¥ ( Agriophyllum squarrosum
Linn.) . 2 B2 X & ( Artemisia halodendron
Turcz.) %5, RIIF LR AT C X b AE Y 4T N T

HELE

2 HRF*E
21 g E

AW AR E R K (AMF) . B AR
W (TH) R ZEEFFE (BM) R8T
#;, Hr, TH. BM W TEBAEY), HREGFIRE 5
Wk 1.0 x 10", 2.0 x 10" CFU-g™"; AMF |3k
FH T AR P R Y JEE 7S sk B ( Glomus
mosseae ), WFHET A+ R, HARENSE
W T, P22 L) R et AR AR B A B AR 1
B IR AW 08 B BB TR Rt A
XTHR 3 ARG A, ELARED 2 R B 7 A =
1. sy 8 MR, ARALEE 3IRER, BHK
BEEEHN 1 MRE/NX, It 24 MM X, i
TN T BEAMREE/NX IR 2 m x 2 m,
RN NFIAE 4 BR/ANEAG, BRATEEYSCH 1.0 m x
1.0m, JPj /DX NIEAEYI RN ERE, &/NX
()8 2 m FEESH . T 2020 4E 3 HAE&/NX N F
M2 4E4: (Hiiz 2~3 cm) /NG, TELUERS N
s 30 om AbH 5 HE IR S oE AT i Ak
P, JRERTEATHEE A TIRE SR, Y
AR R R —1
22 HRXEE

T BRACHE 90 d J5 kAT RHERA, &g/
XN 5 S HRER:, SR 0~20 cm +)2+3, [H
X EFRA5, RBRELZE WA . MY
SRR Y, Wadiad 100 H (L42 1.5 mm)
7 T o BB %) A P 11 AR B A T8 JRCAR A 1]
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Table 1 Design of application and dosage of
microbial agent in experimental
AbEE T = TR it FH
Treatments Sample Description  Surueyed/(g-#k™")

%8 Blank control CK —
AMF 50
Hujifi Mon-microbail BM 10
TH 20

AMF + BM 50 + 20

AMF + TH 50 + 10

Vi Jiti Composite-microbail i 2 .

AMF + TH + BM 50 +10 + 20

e " RORTWFEH; CK=SA RN AMF=/Nit4g +
ARER A BM=/NHA7 + [RBUF AT TH=/NHA + RS
W: AMF + BM=/Nit#7 + WA R B + IR 2 AT 1. AMF +
TH=/NHA + MECEIR S + WK ARE T TH + BM=/NH A+ 15 AR
B + RRCEAFTE ; AMF + TH + BM=/hH4 + AR E + 14 %
RER+ R AT

Notes: “—”: No microbial agent application; CK= plant alone;
AMF= plant + AMF; BM=plant + BM; TH= plant + TH; AMF + BM=
plant + AMF + BM; AMF + TH= plant + AMF + TH; TH + BM= plant +
TH + BM; AMF + TH + BM= plant + AMF + TH + BM.

S, Ay 4 C FRAE, FHTIE A K
L RIERREMESE B O IR RO T S BTEE
FHFI 52 e AL PE
23 MEH*
231 ik palE SHEf+E (R
Br) DT 5 + e EAb R R, A K R AT
By BMERRBIE (pH) RATHNOIE, DIZERKIR
P4, WEh 51 R SR (EC) RH
5:1@H#%; HHEAEYLE (SOM) RAMKIRIMA
HHIRA A fb— ekl + 8% (TN) RH
AlUE A A, L (TP) . 24
(TK). 45 (Ca). # (Mg) RHEE FIRL 4
A (ICP-AES) 5E .
232 B iserEalE RASNEHRE,
1 mol-L™" NaOH i i e il e 07
2.3.3 ‘gmEma R IREF (URE) MR
FRE N s HERERE (SUC) 1R 3,5-—
S KM ek, e ERE (CAT) MR
R PR S MEEE (DHA) MR TTC
Ftaik,
24 TERESGEHMTEHEEAIEY

TE A PR AR (1 Ak L, SR IACR
POt LR A4 (SQI) A iERGLR G 48
5 (SEl), I¥G S0 a5 4 A F 0~1 Z [,

SCERFE BRI EALTE . SENTFE AT
SEI=Y " WxV,

Arb: SEI N HIERGHE S W, o 13580 i AL
o VORGSR, AR R SR
VFIAFESEN Ok, SQIHR AKX SEI)
TR —E
25 TIEMEEREIEE ( ERI) fnLERS R
SI8% (NRI)

FH SRR S F5 8L (ERI) PRI R B
FARXT IR TE R, DA R X B,
AU

_ (AR —Ap)
ERI = A

L. ARRLTEESEL, FTHRRIERKX,
D AARKERIX,

T HEFR RS FEHC (NRINPY LUK 52 B AR X
M, HEERX 4 SOM, TN, TP, TK, Ca. Mg
St 225, Do iR E B IR R
M, A=A

x 100%

NRI = M><100%
Sp
Xh. SHEER SQ, THRAIAERK,
D K& B AFEREHIX

2.6 HIESWELE

B | R SERIEIR A Microsoft Excel
2019 17 . R B E Jr 2 4t ( One-Way
ANOVA ) Xf A [v] 771 B it b 2T 4 198 A6 14 o A
Bt G PR T 25 S W 2 PR s TR S B
Mr3F & ( https://www.omicsolution.com/wkomics/
main/ ) FFE X R PR S A T AT TR
531 (RDA ),

3 HREHA

31 AEEFIEET/MNHERTENELER
=R

2 KW ARRALFR S KRR 15.60%~
17.91%; +3E pH (N 6.32~6.58, 4% kb B 1 4
pH A ¥4 i 2 & T XA 3%k 65.35~128.60
mS-cm™, E&x AMF + BM £ TH + BM 4b 3 = F %
HRAN, oAb b B35 B K F X IR AMF Zb3fY +
HEAPL & e, B T IR, #R
XTHREE R T 41.3%, HAb AL 5% 8T Il 2 25 5%
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AP HER) TN & 345 TR, BM AL L i
£, BXEIEET 19.1%, H5XEERAREE;
HAbH I TK & &30P X, Hof, TH,
AMF + TH fil AMF+ TH + BM 4b 3 5 %} 18 2% 5 g
Z, DHEET 8.1%. 11.2% #19.4%; AMF +
BM 1 AMF + TH b B + 3 TP S, 203l
et R R 42 5 T 51.5% #1 53.0%; TH + BM &b

Y Cadrfdcr, HXTHREFEREST 14.0%;
AMF + BM AZbEEfRY Mg i fii, HOXT 8 5 4
T 53.6%. S HEFAALHEAR SQI ¥ ETXE, H
1, AMF + BM, AMF + TH + BM. BM 4t i 3
TR, R T 56.8%. 36.4% F131.8%.
BRI, AMF + BM Ab B+ 38 i R 2 S R 8
Betho

&2 ARELEXTEEBAMRREFS I

Table 2 Effects of different treatments on soil physicochemical properties and nutrients

Fefh

Sample CK AMF TH BM AMF + BM AMF + TH TH + BM AMF +TH + BM
Al B
V;Qj; 16.700.38 abc 15.60+2.49 a 16.13t0.11a  17.91:054d 16.12¢0.07a 17.43:007bcd  16.32:0.18ab  17.7440.34 cd
Eﬁ% 6.32:004a  6.390.04b 6.4020.03 b 6.40£0.07 b 65680.03d  6.40:0.02b 6.48£0.02 6.54£0.05 cd
35 1 +7 .4 + 0.4 20+ 12 +1.1 72.00+0 4 122 50+ f 7 n
EC/mSem™) 06.60:748¢  65.35:0.65a 66.65:045a  96.20£0.60 d 8.60+1.10g  72.00:0.40 b 50£0.90 8.05£0.35
QA@ 2.06:0.00 abc  2.91£0.46 207:004abc  1.83:0.01a 187:0.01ab  2.18£0.04 ¢ 2.23+0.28 2.0940.07 bc
foEg_kg%) 1312010a  1.37:0.10a 143:0.34 a 1.56£0.32 a 148:0.16a  1.40:0.06a 1.38:0.18 a 144+0.21a
%ﬁffg.kgq) 066:0.11bc  0.48+0.14a 058:0.00ab  0.75:0.09 ¢ 100£0.09d  1.01£0.08 d 069:021bc  0.80:0.18¢
?ﬁg.kﬂ 6162¢329d  58.39:040abcd 56.60#4.26abc  58.06+2.70abcd  60.93+1.19cd 54.71¢6.05a 60.01+0.56 bcd  55.813.90 ab
ffa,(g.kg-1) 5362:2.89d  51.56:0.20 ¢ 47.22:0.18b  56.31:0.27 ¢ 57.82¢125¢ 46.04+2.35b 61.13:0.77f  4394+1.34a
ﬁg,(g.kg4) 6.612062cd  5.73£0.26 be 554:095bc  5.69+0.55 bc 10.15¢0.82e  538:0.71b 4264048 a 7.3241.86 d
LG AR
ol 044:002a  052:0.01ab 051:005ab  0.58:0.04 b 0.69:0.07¢c  0.53:0.03 ab 0520.09ab  0.60+0.05 bc

e RPEHO IS EL R, W TARNS FREFORA RGN E R 2% (p<0.05).
Notes: The data in the table are mean + standard deviation. Different lowercase letters in the same row indicate significant differences between different treatments

(p <0.05).

3.2 AEEFIEREI /NS B EFFR A0+
EEiE MR RN = 7

B 1 KB A BN R RE B i v T 3
P, PRt BM AbFE (Y - NP i i, HoG R G 2
T 42.7%; RjtiH AMF + BM A1 AMF + TH
AbFHL ] -SRI 2 5 i

5 TR 791 Ak L 1 O R P 2 R T R,
Hi, AMF + BM iR i kb P f i, X RR & T
34.8% (& 1), AMF. TH 5t F1 i B T it i) +
BERERERGTE YY) W TR, Hop, HuUiiE AMF
MIRCR BT, ORI 3 T 84.3%, Hijifi AMF
1 TH &b 38 Y A+ 38 0 &R 16 M B 3 S TR
AMF &b 21 Lb %t B4 5 T 39.7%. i, X
BM Ab B (14 5 Ak SRS M B s TR, R T
110.4%, IRt AMF + BM &b P it 40 b S0 T 1

=

fermr, XTI ERE T 179.2%,

2 DA A 3 Y A R 25 A R RO W R
AMF + BM 1y - 1RG5 80 =, o 0.84, LLXf [
ET 1.33f%; HUCh BM AR, K 0.76, Hoxt
TR T 1.01 1%, % AMF + TH fil AMF + TH +
BM 25 AR ESN, HA A a1 25 7 2
3.3 AEEFEAEX L EEEE RS 550 15
FNREIBENI RN

2 W ANFBEFB T, RS R E

BRI TR, i, BM AbER A 4 R TG
WEIEER K, H 206.76%, 2% IR 4.56 13 ;
R, AMF + BM AbBEAY + SRS T &= 76 80
K, K 238.89%, JexiliIY 5.27 fi5, £ RHiAbHE
1) - S i % MR 52 T8 B0 IR IR 9 AMF + BM >
AMF + TH > AMF + TH + BM > TH + BM,
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A7) Bt AN [ R A 4 T T R MR Wk 5 4
B, HASLIGEIN 104.42%~178.15%, FH 7
B X} 355 2 AT RAFHIFEEVER (&1 2),
i AMF, BM, TH &b % 38 35 3% 52 48 00y
Mk 110.94% . 104.42% #1 131.82%, L) BM 4b
PR ORI ; TRt AMF + BM Ab B - 58
TR Z e B m, N 178.15%, HEIRFR
P ARl 4355 IR A2 AR B AR fb a3 5 1
it TG MK 2 AR B R AR — 3
34 AEEFERET/MTHLERFSTEFR
BEEEERN TR

TOAR AT BTSSR ] LU U () fif AN [ A B X -3

BRI T 5 - S 0 R R P s, S A%
FebRim A St . B 3 WoR: AT 2 ANl AT DR
AN A AL R A S A R E BT . SRR Rl T
3&? S5t 78.46% HYTEIL, ,\EP 551 HE Ry %

LU Ry 42.85%, 5 2 HEJF 5k 35.61%. AMF +
BM #1 TH + BM PisbFE 2% 14 Ca, Mg, TK
T, MRS EYSHERREFEMEC. AMF
TH b EEA RS T AR &, HEEYS
- S SRR B M S A G . AMF + TH +
BM. AMF + BM #il BM =4 AbHilZi & & BN 55
W, FEEWpH, TP, &/KkiE. dEI/bEms. Ik
i F1 A T 6 ANFEAR
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1.5F
AMF+BM 4
BL
o ° K
TK ,TH+BM
- "caEC
_0sp : Mg
S A
H —~
45
% E or i~ PH
a2 AN
R g -0.5 AMFapyaA S?M i -\.\ wC --_ﬁ,x.._-_-__----“'"CAT
TH./ ) i
o \ URE
-1.0 ) \
: \ 4AMF+TH+BM
-15F AMF+TH a
L L L i L L L L
-5 10 05 0 05 10 15 20
ERE Rz

RDA1(42.85%)
TE: BL #Rih, DHA b -IEBEAE, SUC ek, URE Mk
fiti, CAT il b=,
BL: bare land;
sucrase; URE: Urease; CAT: Catalase.

B3 AEGETHERFSTEFRE
EgiE R TR
Fig. 3 Redundancy analysis ( RDA ) of soil factors,
soil respiration and enzyme activities under
different treatments

Notes: DHA: Soil dehydrogenase; SUC:

4 it
4.1 AREEFAAEX L REEL R

- SR 5T 5 1A T B AR A DDA
SRR S S M B AL T ) SR IR A A B
WAZ AR, EYTERIVE R 3 B
REAZ IS T S BRI M RN FR R4 AR
WFFT e, HitE AMF W35 R T T R R A PLTR
H, SEARIT AR g T 45 R —2. AMF g
IR RN CEN, AR EEA
FEAEA, MR LE T4 MU AR = 25205 i B
Jiti AMF 222 HERR R %) N P &0 i, Ju i
X PR, AHF5E H AMF A EE T 3 g
TP &H B FET CK4., B8 S%RPI sy ki,
XA LG, R E SR B AR T RS
KR, ARWFFEHRARR] T AU EE R R AT RE A
B R PEUE A IR B, IR N LR
Sk K/ . BM fE BRI RIS KK,
R YRE AR P RK, HA—ERNER
RBJ1, TEARMIFEHERA PTREL ., — i) B it Ak 2
Hi, BM AbFR EIEE K E . TN, TP #f5 &0,
4.2 FEFEFIAEX + EEE M2

AMF F1 TH #§ 68 3 /=& - 158 JIR Bl 0 55 b Bl 1%
PR, RO 2 PRI IR IF 60 C. N IR,

K,
%9
7,

RV RS, X SRR — B, AR
59, AMF Il TH &b B 5 35 82 80 1 B &0 0% 1
FUHIX 2 Fh g R AR 8 42 F AR e s
BM WX} + 3R ANt 8 AL SR A K, Pl RE &
Kk BM REAE0E + AR AT I, il 1 AR A5 5
WA, G E YIS R, SRR T
b AU B T2,
4.3 AFREEFIEEETIEEE PR RERER
AMF F1 8 ¥ #2 Br 42 4 & ( Plant Growth-
promoting rhizobacteria, PGPR) 2l ¥ i brA
%0 2 A o0, o, AMF (=2 QLA AR &
JETE BRI A AR, P RAR R AR, R kSR 5y
FIFREL, $EE PR, BM Al TH J& PGPR y{t
FwFp, AR, Wk, METise, JHredmy
WME. UAEZMEPRER., CAMREN,
AMF 5 PGPR B AT hlE s -4 | fedEma )& 5%
SR A K BN P2, AR TR T R B,
i AMF A0, AMF + TH YR it X AT A7 58 5T 1Y
TRy . T e B T 1 AR LA T R Y e
U, ARBF5EH, AMF 5 PGPR #51iC i) AMF +
BM Lb#H, 3SR R 2 48 KR - 3l R MK R 4R
Brm T HAB AL B, 0] BM R 4 58 354 1 B ik
55 AMF $2 = FE A% 3543 R SOY 1% T s 28 B [
MLl TUAR B R, AMF + BM £ 20 +
BEpH, TP, A LA . IR+ E0E 0 5 24
FEbn s T 3 R MERCR WK T AMF + BM 403,
R AT REAE T 3 B =2 B 7= T T IR IR A A e
AR —E R BE RS HUE T, X TR ARG SR Bl
HIHLEA fF T — 2o

5 %

HRI AN AL FE R, BM R T RS K
H, AMF B 55 T HHEAILE & 2; BMA
TH Bt i E 4 = T AP, JFm X AMF
TH Bt . E 45w T AN . A . TR
faALER, AMF + BM £ 0 1 pH, TP, it
AL . R R LTI SR bR . BRI
AMF 5 PGPR WRCHEIE & T R AP R, LA
AMF + BM SR fcf, 54T T R3S MK R
BRI L35I 1658, HARRIANHR - 4585755
P E F8 O AR A R A IS R 1 A
FAR—F, UEHE YRR S BC G BRSO B
PETL T RV AK e A2 R XA -3 BRSO
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Effects of Microbial Agents on Soil Physical and Chemical
Properties and Enzyme Activities in Populus simonii
Reclamation Area

HOU Xiao-meng', KONG Tao', HUO Hong-liang?, DI Jun-zhen?®,
FENG Ao-zhe', CHENG Hao-tian', HUANG Li-hua’

(1. College of Environmental Science and Engineering, Liaoning Technical University, Fuxin 123000, Liaoning, China;
2. Research Institute of Pomology, Chinese Academy of Agricultural Sciences, Xingcheng 125100, Liaoning, China;
3. School of Civil Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: [Objective] To clarify the effect of microbial agents and their application on the restoration of
wind and water erosion areas in the reclamation of poplar, and provide a theoretical basis for the soil res-
toration in wind and water erosion areas. [Method] Arbuscular mycorrhizal fungi (AMF), Trichoderma har-
zianum(TH), and Bacillus mucilaginous were used(BM) as microbial inoculum for remediation. Populus si-
monii was used as reclaimed vegetation. One or mixed microbial Agents were fertilized for soil reclama-
tion were set up in this study. The improvement effect of microbial agents on soil in this type area were de-
termined by measuring soil physicochemical properties and enzyme activities. [Result] The result showed
that the Soil water content (WC) and Soil organic matter content (SOC) were the highest using single
biofertilizer of BM and AMF treatment, respectively. The pH and conductivity (EC) under the AMF + BM
mixed treatments were the highest. Soil enzyme activities were closely related to the types of microbial
agents and application methods. The enzyme activities of each biofertilizer treatment had been improved,
and the Soil enzyme index (SEI) of AMF + BM treatment was 0.84, which was the highest. The microbial
agents promoted the recovery of soil nutrients and improved enzyme activities. Among all treatments,
AMF + BM treatment had the best effect, with enzyme recovery index (ERI) of 238.89% and Nutrient re-
covery index (NRI) of 178.15%. Redundancy Analysis (RDA) analysis showed AMF + BM treatment im-
proved soil pH, TP, Catalase (CAT), Urease (URE), and Soil respiration indexes. [Conclusion] Combined
application of AMF and PGPR improves soil physicochemical properties and soil enzyme activities in the
water-wind erosion crisscross region. Among them, the mixed microbial-agents of AMF + BM has the best
effect.

Keywords: Populus simonii; microbial agents; soil enzyme activity; soil physicochemical properties;
recovery index
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