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li] B b 5 B 7K P40 BE AR Ak A 8K 43 F 3R 43 04
A AMEF $2R U) AT BE s AL AT ) X A RS UR 1)
SRECAE J1 , B AR Y- AMF 1F 7] B4, AT 4 THEEVE
RARPUPE SR E T R IR AR AL
L3 CRIAS [R1HE A AR AR ) 5 AMF £ 70 19 BAE
IR IO RN RS i B E UL WA ok i & S B Y2 S
BRGAHPARE G I BA EEE L,

BRI, ARG DA 52 1t 2 1 5 o L X i A
AR ——WE R B8 3% (Clematis fruticosa) . 5% 11 Jii Bk
(Prunus mongolica) 1 + J& 45 & % (Spiraea pubes-
cens) KXT G LI Mt B i FOE AEAR , H 5 ML
PR R E R R A AR G &R . B 6 R ARATI
JPIR A 2 Ff AMF 2R A0 3, I 5 AR el 1 198 4k
Y YR REE R IEEN AR
P R ARSI 60, LG s A R 5 22
G3AT 22 U Z A 1 H 5 0 e /N R BRARBLAL, B AE
Fa R RS AMEF 422 8006 R Rl G0AE 58 B i AR A=
K9 BAE 59K S HLE] o A B 5% $0L A e Bk 22 [
MR T R XEAREEIKE b RS
AMEF $EF Qo] 388 o8 98 P2 AR Bl - 39k 2 1 5 BRAL
BT, T AR A K 53R R DHR A A R
T R IXERBR ) G B 5 AR SR PR
WA S5 HAR L%

1 #¥57FZE

1.1 e #ER

TR AT PN 5 PRI R T N S AR R A
SEEGVE ] (40°4847"N  111°43 " 16"E, 4K 1 053 m) .
5% Hb s T RN () YR KB AR K B
335.2~534.6 mm'""' . +HEpH K 7.59, LIHEAHHLC.
Bl A N AL P S B 4 R 9.96 mgg . 77.04
mg-kg"'.19.75 mg-kg'. T IEH AMF {1 1% FEH
it 354

1.2 iRIEEt

TR R B RN S T RIXKE
L E A R R M AR R 4R35 (G) 5 iy T Bk (M) Al
FESE LA (T) , AT IR A K, R i 3 R
(+AMF) FIAN 2 (-AMF) AL B, 3t 12 FR AR A
B b b P A 3 vk, 3t 36 Heak 56 /N X (1H X 200
m?) . JRARAE AT A AP R EAR LR A A (G-M

M-G.G-T.T-G . M-T . T-M) £ i 2 4E 55 F I il 2 #t
FPAT IR 5C (BRATHE 4 0.8 mx0.5 m) , T 2021 44
FEFEATHS = FEOR (AR o ARAE TR AR R/
DX Js R AT N 3 il 4 A =R OR (AR AT BE A
0.4 mx0.5 m, ¥ R AR AL H G H 0 (G-M-T \M-G-
T.G-T-M . T-G-M \M-T-G . T-M-G ) , KA 5¢ T2 £
S3ATT b A B AR T R AT P AR R A R A
AR

FEA T A AR A B e v, AR
3 e o AMF 6055 J3 5 i S0 B X8 98 A 4 T 114 Tt
SR b B B A A R AR ] - SR SN 55 1R
A W 7 (FAMF) 5% 28 5 i R K06 1R A 37
(-AMF) ., #E#HREB RGP AT i kiR
Y A3 PN AR 1 2 5 (Rhizophagus intraradices) Fl1EE P4
3|45 2 5 (Funneliformis mosseae) 1E i H ¥ AMF,
DL AL H 15 (Medicago sativa) N ia FALY) , 1E70 +
(B 3: DR G BT #E 7 i % k15
(TR AL T B i B R L AR B L TR 4
F PR AMF B 551 4% 55 LR G AR il 0 22 A i
Ao e A Ta] B DA 2% R 1ok TN T4k B O7 X0
%, DASRE A o 500 X0 T SR A W s VS A5 )

1.3 REFIEMEEmALE

- HERE S < B AR TR AR Ak B A B B 27 MR A
(BRI /INX ORK) , 2022 4R A= K450, SRAEHETE
AU 0~10 cm 78 Bl A AR [l -8 . RN ilge /N X
1) IR SR GBS EE N — A, FERE T
P TR A2 1] P 58 ot Al R 2 bR 2 g S 3 v S B
o 1 2 mm O ZBR AT W AR Oy RS R
PR3 : — 10 e A i T 4 °CYR 3L, FH T
W) YR B BB (MBC, MBN, MBP) Fl1 fif P
A IR (DOC) . —1n A SR, FH Tl 14
BRI R R ML EIEE A (GRSP) .

IR A TR 3000 2 45 A B A (i8N X
REALIER O bR, 2L 27 #F) B i R (& R RS FE 0.1 cm) A1
AR (R RS BE 0.01 mm) o B &R 560 /N X 1
HARBERRIZ W M SR . PR T g it
= R [ Dl 1 NP2 B 7 s o 1 o= W 0 172714
FE o TRIE SR AR R SR 2 RO RE T B AR ( B AR <
0.5 mm) , LB T/KIGEME 22 W5 T 4008
Bt
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1.4 TIEIEHRNE

Bl e W A 0 e PN R R P S8 T AR R 4 1 4
B, M TOC A 8143 #1{X (Liqui TOCII, Elementar,
) WRE . YA YRR & BRI R
P& B, R H % 22 3 3h 4 #7 { (BRAN+LUEBBE
AA3, T E . B EYEA HLEK (DOC) L ERE i
HK,SO, % W= )5 , FIH TOC A 373 71X (Liqui
TOCII, Elementar, &), 43R0 (A A M
SR BHRE R4 KCUR WSS , FI FHE SR 8h o
Hr{ (BRAN+LUEBBE AA3, f[) M. A 3wk
- HERE 22 NaHCO, W WROR $2 )5, A FH % 823 8h 43
P i (BRAN+LUEBBE AA3, 18 ) . PR
FEAMEHHEE T (GRSP) FHFF & R ANV R 52, 1l
FH % D521 G-250 Ll 22 5 $E R 8 5 K (EE-
GRSP) AL Bk % % (T-GRSP) .

1.5 ®EAKRIBFRNE

AR TE 25 ¢ 18 VR J5 09 4 AR A & f# F Epson Ex-
pression 10000XL £ “F k44 {434 , #1 H] WinRHI-
ZO PRO 2022 # 2 UG 53 I A o3 b, 3R BCE- 24
7RK (LRI ESE o E M T g
J& R ) FE & A8 o8 R 43 B {1 (Vario MACRO,
Elementar, 5% )l & 54 4t (TC) A4 A (TN) .
JET 45 R J5 B AR ) RE i 42 HNO,-HCI(IR R 1:3)
O T RS, R E 2L 3 93 BT (AA3, Brant+Lu-
ebbe, fEE )R FHAHEAPL L 1L 2 A9 285 (TP) .
BIARZEE TR AR AR« AR FE AR 6 HL 43 30l i s
WARZ AR A T A S5 AR e,
AT D3 B 2 W 1T AR 02 A0 s M B 3 23R DA R T AR AR
SRR AR . MR ARG AR S T E
(/[ (M emAfEmm)+(ETRERgRTE) |,iT
BZARPR AR LR AR E

1.6 ZHEALIE

fifi FH SPSS 23.0 AR {4 47 1R A A 2 5 2 1A Ak 28
(SR R 7 22508, IR LSD ¥ b A7 2 & s,
Ko7 6 5 A L ) B A AR P - S ke L R
BB AR SR MR S 2 5k,
R (4.3.3) 347 204 MM Hr . R FH i /)N
e pE AR LR (PLS-PM) 43 M T AR TR AS 25 2 TR
AhBE IR YN F | RERUE RN T R RS

ER NN NS (=L IO e NIt (=R aN N A ] R
AR i FH R 1B 5 (4.3.3) 19 plspm £, 45 2 (& fifi
H Sigmaplot 12.5 #4221l .

2 FER545H

2.1 R MR ERT T IEM A SRR

TR SR O L HE A 1 A W i A (MBN) Fl
(MBP) H A K 3552 W), I 42 7 Ak BRSO 35 808 1
MBP. A, 1A 25 1% Ak BE X MBN H1 MBP
FETE 35 1 32 H RN, AH 38 X 3 A W A ) ik
(MBC)¥C 3 %M (£ 1)

1E~AMF HI+AMF 4L 3T, M-G-T #¢30 MBN
PRI B B, 23 SR AR PR G-T-M A

1 ORTMATEE IR TR D BRI
Table 1 Effects of mixed planting patterns and inocula-

tion treatments on soil microbial biomass

R W MEEsE ke Skl
B AbBE C/(mgekg')  N/Amg-kg')  P/mg-kg)
G-M-T -AMF 66.19+14.90"  8.82+3.71*™  118.86+10.72™
+AMF  76.45£23.97*  10.91+3.42%  77.29+7.08°"
M-G-T -AMF 67.78£15.13*  11.63£2.54"  62.54+20.03"
+AMF  74.52420.75%  12.25+2.55%  112.14+23.38*
G-T-M  -AMF  59.56£25.63%  7.20+1.64%  141.47+30.05*
+AMF  59.84+10.21%"  8.85£2.43A"  91.59+11.63%
T-G-M -AMF  71.72+17.12**  11.56+3.79*  99.27+21.57°
+AMF  63.10£60.54"  7.05+6.45™  126.59+£23.05"*
M-T-G  -AMF  66.39£15.52*  10.37+2.70**  120.72+8.98"
+AMF  69.36+24.20%  10.78+2.72"  72.86+8.24°
T-M-G -AMF 69.91422.31*  11.62+1.96*"  88.02+15.24“
+AMF  78.94+29.97*  11.01+3.30**  88.58+8.57%
TRACHE NS ok ok
R NS NS ok
TR A
NS * EE T
TR

TR G M TR REE Sl bk LS54 3
FREA, H B S S5 U AR A [l R S S5, PR w5 Bk
AR AR 20 5, 3 = A>3 BE 7R 70 H SRRl 7 A A HE A Al
—AMF +AMF 73 SR A H i Ab TR T AR FT ., 36 h B8l S 7 4
(PRI, 25 20 BEAY SRR W A e B DL S = AE PR A 1 4R 2
BUARMISCHEBRBERT 20T o AR RS 5 B0 A ] 452 1 b 3 3R 52
PESE] 22 5 03, AN TR/ R R AT IR] IR S AT 4 T Ak i ) 22
S
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TR RIS AR R R

FERfO0T 5 DX A A KA iR R0 349

T-G-M iR B E 1 5 61.5% 5 73.8%., —AMF &b 3§
T, G-T-M = 9 MBP & i fc i, 0 3500 T HAB IR
R M+ AMF Zb 3T, P33 5% 48 ol T-G-M 5
A MBP &&=

1E T-G-M FI M-G-T #: 0T, +AMF 4 2 g 35 42
5 T MBP & (43 B30 27.5% F179.3%) s F 2, 7F
G-M-T.G-T-M FIM-T-G #5F , +AMF &b 2 52 1 i
MBP 7 i i 2 [ (P 53.8%~65.7%) o

TR A2 58 2 I 2 52 ) 1 1 ) 4 sk 28 5 R (EE-
GRSP) 5 Mk 48 KX (T-GRSP) & . #ERHALFH
FHE M T EE-GRSP & f& , H 51R s #1 X T-GRSP
FATERERN S EAEH(R2),

-AMF 4 # T, T-G-M #& 5{ f) EE-GRSP 1 T-
#®2 BXEAMBHLEMNKESEMELHERTOMNTM

Table 2 Effects of mixed planting patterns and inocula-

tion treatments on glomalin-related soil protein

. b S RBUR R SRR F AR

3L 3 N N

Bt b *E)ﬁﬂ%_lﬁﬁ j:t%éﬁ_r:l
/(mg-g™) /(mg-g™)

G-M-T  -AMF

+AMF

268.61£10.72

330.29+40.01"

1565.03+£142.74™

1734.20+125.28

M-G-T -AMF

+AMF

324.11+21.43M

342.87£25.74"

1887.86+132.86

1823.85+100.81

G-T-M -AMF

+AMF

271.06£27.41¢

310.52+62.24"

1648.39£120.86™"

1790.16£105.14%

T-G-M -AMF

+AMF

328.19+31.95%

321.95+52.92*

1893.69+104.44"

1784.45+106.55™

M-T-G -AMF

+AMF

287.32+47.95%

325.21+15.84"

1808.93+183.374%

1711.81£160.48*

T-M-G -AMF

300.62+21.288

1703.54+119.275

+AMF 310.81+40.34% 1690.01+149.414°
TRACHH ok ok
e Ab B kk NS
TR A >
NS sk
v b

TE: R G M T B AR BREGE SOl bk 5545 3
FEEA , HF RS R T AR F TR A, R A P iR
VR A 25, 55 = 55 B RN 7R H Gl _E T R AR HE AR B A
—AMF \+AMF 73 50 R A HE TR AL BRI TR AL B . 3 sp st Sy 72
TEEBRIEDR 2% A0 PG BR 9 25 3 5C L MR 1 SUE DA S = AR R LAY
VAR B AR TR BRIEAT /34T . ARIRS FRER A R HE R h B
TR 2257 0.3, AR/ NG PR 2OR AN RN AN HE b B )
PEURTE

GRSP &1 Jy e 5 s M +AMF 203 F |, %% 9 M-G-T
1, EE-GRSP Fll T-GRSP & - ¥ N e i o

£ G-M-T 5 M-T-G # X~ , +AMF &b # I 3 4
FI EE-GRSP % it , 43 5l 3¢ ~AMF &b B 34 /i1 22.9%
(P<0.05)5 13.2%(P<0.05) . G-M-T 5 G-T-M iz,
T ,+AMF &b B8 {d T-GRSP . 2 It , 43 51 Ltk ~AMF
A PR T 10.8%(P<0.05) 55 8.6%(P<0.05) .

TR AR 2R AR ] A 38 T 4 A LB (DOC) AT
AR (AN) B 20wk (AP) & ¥ A 252, B
SR S BEAEH (3R 3).

#3 RTEAMBEELEN T EENFS NN
Table 3 Effects of mixed planting patterns and inocula-

tion treatments on soil available nutrients

R W AEMEAENLR IEERCR AR
B b /(mg-g™") /(mg-kg™") /(mg-kg™")
G-M-T -AMF  3.14£0.52*  10.72£0.61***  12.71+2.55"

+AMF  3.62+0.54* 10.844.00%  16.54+4.46*™
M-G-T -AMF  3.04+0.49"* 9.91+3.19%  18.89+9.75%™

+AMF  3.34+£0.71% 10.67+1.78*  18.41+£10.60™

G-T-M -AMF  2.89+0.52* 9.58+2.035 11.79+7.54%

+AMF  2.96+0.49" 7.26£2.17% 14.57+4.03%

T-G-M -AMF  3.03+0.38" 12.18+1.88%  21.90+£14.01"%

+AMF  1.84+1.43% 10.9243.11%  21.90£7.02*

M-T-G -AMF  3.25+0.71* 7.5442.71°> 11.49£3.96>

+AMF  3.30+£0.67* 9.84+2 87 14.70+£5.96™

T-M-G -AMF  3.36£0.95" 7.18+1.61™  28.53+19.54"

+AMF  3.17+0.59* 10.73+2.36™ 14.87+5.40%

PR AL B NS NS NS
TR A <
BEHAL Y
VR H G OMUT AR ARk % B2t bk L IE S5 2k 45 3
R, L B S M PO AR R (TR AR B A B
R R HE AL 35 = 5 B 6 7 2 FU L b 3 MV A A
—AMF +AMF 43 311t 38 AR 392 10 b B0 A2 b B0 36 bR 78
(BT , 45 A T 0 -+ HEA RO AU LSS ARG 1 4R A
HISAEFRIEAT AT . RIS R s M 422 B b B R A )
F R RF/NG TR IR S T B A I 2 B %
~AMF 2L # R, T-M-G # 2 f) DOC 5 & i 5
M+AMF A ¥ 5 , G-M-T #:21 DOC & #4 T-G-M
Bk B 2 55 96.7% (P<0.05) . LIt R EHE, T-
G-M ALK AN & =Y . ~AMFAPE T, T-
M-G A AP 5 i dx 5 s FAMF AL BRI A #p =X
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EEAS A T-G-M AL

T-G-M#530F , +AMF 4b B g &4k T DOC &
i (8 -AMF Ab B F [% 64.7%) . T-M-G B F
+AMF b Bl AN 75 1 i 54 5 (+49.4%) , 1T +AMF
Ab B G-T-M #5230 AN 7 i 8 35 B R (-31.9%) .
G-M-T B0 T 218 B 2 5 T AP & & (5 -AMF
A FRIE AN 30.1%) o

22 ERBRATHEHELENEARE RN
T2 P A0 B U TR AR Y EEAR R L SR T

0.4r

0.0
G-M-T M-G-T G-T-M T-G-M M-T-G T-M-G

0.010

o4
o
S
o

(g

2 0.006

0.004

Lo

0.002

0.000

BUE D o AU T-M-G BN B0 B BT B
% (-33.3%) . £ G-M-T .M-G-T, T-G-M Fl M-T-G
BT, +AMF 231 2 42 AR K 5 e R m AR,
H G-M-T B Y AR K (+386.8% ) A M-G-T F 2 f1Y
L 2R TR (+440.0% ) 3 iR B K5 A4, G-T-M Fil T-M-
GHERAE+AMF J5 1 & R %

M BEAE T-G-M BT, +AMF 4b 3 b -AMF
Ab BRI AR R (+2.4%) , T 7E G-M-T #5318 25 F%
R (-4.1%) . A G-T-M IR T, +AMF &b 1,
—AMEF Kb 3 I 25 AR (- 12.8%, %K 4) .

351

FEAR K/ (m-g™)

0
G-M-T M-G-T G-T-M T-G-M M-T-G T-M-G

G-M-T M-G-T G-T-M T-G-M M-T-G T-M-G
B -AMF  [E+AMF
TE: BT G OMLT 3 DR St b 1RG5 488 3 FIEA , 5 B e SR MU AR RS [m) (R S, P i i 4> 5 B R AT
BRI G A F RN AR H IR 1B E AR Bl -AMF +AMF 43 IR A AL SRR b HE . 25 AR FR G T AR IR RIE S
BUE LIS ZAEFRLAY 1 AR 2L BOARMSCIR AR AT 204 . AIR/ING P RER R AR ) TR ST R b B ) 22 5 25
P TR AT HEBAL B i AR AR AR R 25 1 52 )

Fig.1

G-M-T #i 20 & , +AMF &b B8 5 3 &A% % &
(-37.9%,%5), 1£G-M-THIG-T-M ¥ T ,+AMF
Ab TR AR TR LY (+74.8% F1426.9% ) s M-G-T F
T-G-M BT, +AMF b BRI 2 10 i AR 5 e (9501
1% 50.0% F11127.3%) . 1 M-G-T £~ , +AMF 4k
PR R S R BT E (+111.2%) , {H+AMF 4b 3
BERAR T G-M-T F1 G-T-M £ =8 1 1 A o & 45 %L

Effects of inoculation treatments under mixed planting patterns on the morphology of fine roots of seedlings

(FENRE 4508 197.9% Fi1 113.9%, K 2) .

23 BARBITEMEBSSEAREKBXEFH
KBRS
B R TR A RN BR A A e L R S T
R EE L 2 BARE I A MBC 1 MBN 2 5
+ 5 DOC . AN . AP } EE-GRSP & i & [F A %, 8k
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F4 BXEATEELENHARFESRENZN
Table 4 Effects of inoculation treatments on nutrient con-

centrations in seedlings under mixed planting patterns

Rz W Tk i AU E Tl
LS N ] Ng-kg™) N(g-kg™) Ng-kg™)
G-M-T -AMF  442.1848.88"  11.3330.72°  2.99+0.96°

+AMF  424.85+17.63"  11.60£0.33"  3.00+0.68"
M-G-T -AMF 415.85+5.82°  11.334#1.53  3.10+1.05°
+AMF  42638+14.80°  12.3042.53°  2.65£0.57°
G-T-M -AMF  464.78+5.63"  7.92+0.95"  1.85+0.59°
+AMF  460.00£9.79°  7.02+0.50°  1.86£0.45°
T-G-M -AMF 457734584  647+0.75°  2.50+0.71°
+AMF  468.85+8.80°  6.63+0.90°  2.51+0.86°
M-T-G -AMF  440.77+13.18  11.15£3.90°  1.78+0.55"
+AMF  447.1247.82°  10.6241.53  1.61£0.30°
T-M-G -AMF 437.75+5.65  11.4842.43*  1.67+0.31°
+AMF  439.42+44.77°  10.88+1.74°  1.96£0.55°

T GOMUT AR A R S5 bk LR 2544 3
FIEA , g S 5 MU AR 3 R IR R A 2k, G i A g
SRR AL A, 585 = A7 2R 0 FEIE R L5 R A R
-AMF +AMF 53 SRR AR SE AL SR AL B AL 3T . 3 rh i A -3
EEERRIETR , 45 b B 15 A T 4V BE O USRS = AL 9 1 4 T A
HCHEBRAEAT 30T o [R5 TR S8 T 48 i b 3
I 2 5 B

Ifii ,MBP ] 5 EE-GRSP & i # A1 (K 3) .

AN TR T A AR 2 R 42 B A BT A v £ (8105 43
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Table S Effects of inoculation treatments on the height
and ground diameter of seedlings under

mixed planting patterns

Rk R T m/em 4% /mm
G-M-T ~AMF 21.44+6.56° 3.09+1.10°
+AMF 15.55+3.74° 2.11£1.13*

M-G-T ~AMF 24.34+4.05° 3.66+1.41°
+AMF 21.81+10.54° 3.68+2.20°

G-T-M ~AMF 62.84+14.44° 8.63+1.24°
+AMF 62.31+13.26° 8.02+1.37°

T-G-M -AMF 29.31+11.65° 4.92+1.17°
+AMF 32.92+6.59" 4.69+1.07°

M-T-G ~AMF 62.44+7.49" 7.68+1.98°
+AMF 59.87+7.28" 7.56+1.60°

T-M-G ~AMF 40.13+5.49° 5.06+0.54°
+AMF 42.93+9.07" 5.73+0.93"
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Fig.2 Effects of inoculation treatments under mixed planting patterns on the comprehensive quality indicators of seedlings

&
2 3
© Z o 8} & o4
&8 @ a4 3 =z 5 O
= = = A < m =
*k
BC| »* ’ ‘ . 1.00
MBN s , ' - ' 0.80
0.60
MEF 0.40

DOC s ' ‘ 0.20
0.00
ke ’ 020

AN
AP m = -0.40
’ y -0.60
wegrse s @I 1,50

T-GRSP w | M-1.00

% [{* MBC \MBN \MBP . DOC ,AN AP .EE-GRSP , T-GRSP /}- 3|
REEREY E Y R BUEY R B R BUEY A R AT
AL ARE AR D PEBOR S R AN I R
SRR RN LIEE
B3 R AR Y 5 R B A R I T Y
FHRAE 34T
Fig.3 Correlation analysis of rhizosphere soil microorgan-

isms and soil microhabitat related factors of seedlings
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Table 6 Multivariate linear regression analysis of the
morphological construction of seedlings and

soil microhabitat related factors

[RIAE P i Frifefl . »
it I mIHFREL

AD TR 0.225 10239 <0.01
MBC -0.001 -0.357 -3.132  <0.01
MBN 0.004 0.259 2.158  <0.05
AN -0.006 -0.301 -2.972  <0.01
AP 0.002 0.313 3232 <0.01
SRL W -6.861 -1.381  >0.05
MBN -0.687 -0.383 -2.552  <0.05
DOC 2.505 0.313 2370 <0.05
EE-GRSP 0.044 0.287 2495  <0.05
SSA W 0.001 1.241  >0.05
DOC 0.001 0.271 2.898  <0.01
SH W 37.874 4372 <0.01
MBP 0.174 0.254 2755 <0.01
AN -1.595 -0.234 -2.532  <0.05
GD Wi -0.089 -0.042  >0.05
MBP 0.033 0.387 4010  <0.01
AN -0.241 -0.281 2321  <0.05
EE-GRSP 0.015 0.248 2.007  <0.05
HDR W 7.981 12460  <0.01
MBN 0.194 0.374 3.697  <0.01
AN -0.251 -0.385 -3.805  <0.01
RSR W 0.515 2,027  <0.05
MBP -0.004 -0.231 -2.544  <0.05
DOC 0.174 0.272 2990  <0.01
SQI W 2.018 0429  >0.05
MBP 0.121 0.359 4121 <0.01
DOC 2.644 0.221 2299  <0.05
AN -1.297 -0.385 -3.992  <0.01
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Fig.4 Mantel test correlation analysis of nutrient carrying capacity of seedlings and soil microhabitat related factors
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Fig.5 Drivers of seedling quality based on the partial least squares path model (PLS-PM)
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Fig.6 Total effect on seedling quality
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Synergistic effects of mixed planting patterns and
arbuscular mycorrhizal fungi inoculation on
the growth of shrubs in semi-arid regions

Wang Jiameng', Hao Longfei', Liu Tingyan®, Xu Jikang’, Zhang Shengxi', Yang Haifeng'
(1.College of Forestry, Inner Mongolia Agricultural University, Hohhot 010018, China; 2.Inner Mongolia Autonomous
Region Academy of Forestry Sciences, Hohhot 010010, China; 3.Inner Mongolia Helan Mountain National Nature Re-

serve Administration Bureau , Alxa League 750300, Inner Mongolia, China)

Abstract: In ecological restoration in semi-arid regions, both shrub mixed planting and arbuscular mycorrhizal
fungi (AMF) inoculation are important measures for enhancing vegetation rehabilitation, yet their synergistic
mechanisms remain unclear. To investigate the interactive effects of shrub mixed planting patterns and AMF inoc-
ulation on the rhizosphere microhabitat and seedling growth in semi-arid regions, this study selected Clematis
fruticosa (G) , Prunus mongolica (M) , and Spiraea pubescens (T) as experimental species. Six mixed planting
patterns (G-M-T, M-G-T, G-T-M, T-G-M, M-T-G, T-M-G) and two AMF treatments ( +tAMF) were estab-
lished, resulting in 12 treatment combinations. Soil microbial biomass, glomalin-related soil protein, available
nutrients, and seedling morphological and nutrient indicators were measured. Data were systematically analyzed
using two-way ANOVA , multiple linear regression, and partial least squares path modeling (PLS-PM ). The re-
sults demonstrated that: (1) Mixed planting patterns and AMF inoculation exhibited synergistic effects on the
soil microhabitat. Under the M-G-T pattern, soil microbial biomass phosphorus increased by 79.3% with inocula-
tion compared to no inoculation. In the G-M-T and M-T-G patterns, easily extractable glomalin-related soil pro-
tein significantly increased under inoculation. (2) The root morphology of the seedlings exhibited significant
plasticity. Under the G-M-T and M-G-T patterns, the specific root length and specific surface area increased by
386.8% and 440.0% respectively with inoculation compared to no inoculation. (3) Soil available phosphorus and
dissolved organic carbon were identified as key drivers of root architecture and seedling quality. Path analysis fur-
ther revealed that AMF acts as a "system regulator”, indirectly promoting seedling growth by improving the mi-
crobial community and microhabitat.

Key words: semi-arid region; mixed planting pattern; arbuscular mycorrhizal fungi; rhizosphere microhabitat;

root plasticity; synergistic effect



