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1.1 iR R

W5 DX B AL T P9 5t [ 36 X 0 04 T 467 2 R e
13, P14 (43°03706"N, 1199437 59"E) , #HiAb B SR I0 vb
PG 2% % X TR R R R A,
ZTELMERNT , MKERFTT—9H , LFiBK
T, Z4EF R K i 300~400 mm, 4F 35 iR
5.5~6.4 °C, IS J b I+ 498 s M bk EEONHEAR
MEARREY), BA MU ARG T 2" %
X T 2021 4FF 25 A T CHRAE Hi Bl 3% Hb Bl 5 AE AT 45
B XG L— A AR AR TRE R 2 mx2 m. 2023 4F
HEAT AP AR BN L R A 2 2 3 KU 1) 4 IR
FE V- G N 50 m, 5 B ek — A K
JE AT B B 5~10 cm.

1.2 REAFE

2024457 HAEVAE S ARV AEREH N 70 ) i 3
SRR AL LI E 4 1 m Ry, JE3) 24
AEETT o 10 S BEFP AT A 1) 1 BE (Vegetation height,
VH) . i J& (Vegetation cover, VC) % & (Vegetation
density, VD) , F Tt AW BES AR 50 15
T3 PR 5 AR (8] S0 2 TR 65 °C
TR A AR Y A= ) (Aboveground
biomass, AGB) .

TEREAE T W] -5 53 R B2 (0~10 em) |
H1(10~20 cm) AR (20~30 cm) 3 2 - HERE & 5 7] —
LN - Z R GIR G i 2 mm 405 25
Ao 1T AP 0 W = o w1 P (5 e ¢
WAL FUAR T, T S B O 5 5 — &R0
BT W EOE M E R A T RAE, T 16S FIITS
e 8 A o A ER D AE XS B R R AR B
R A T 005 - 18 5 7K 5 (Water content, WC) Fll
%% (Bulk density,BD) .

1.3 EHRE

+ $5E 6 A% 2 (Alkali hydrolyzed nitrogen, AN ) >k
FHB A 5O 00 7 , 3 %% (Available phosphorus,
AP) R BT L 740 2 | AL ET (Available po-

tassium, AK) R H LR E = P - K Ia G BRI e 5 42
% (Total soil nitrogen, TN ) 3% FH#JL [C & &L & , 4
% (Total soil phosphorus, TP) % H 41 6 Pt Hb €815 )
iE , 428 (Total potassium, TK) >R FH Kk ke ot BE 16
%€ , A ML#K (Rganic carbon, SOC) K FH % ik £ &
A~ 2 VK o . 8 pH P pH I B
M2, + 3945 5 (Bulk density, BD) i i3 35 J] 1% K HL
JFOR - A AR R T T A A KR
(Water content, WC) WA 105 °C N {HIE 4T 24 h /Y
R H A R

IR & (Magen, 7M1, A D) 4 B A= 1 5
DNA, 43 3R FH 514 341F/806R I ITS3 KYO2/ITS4
XTI TR 16S rRNA JE[H V3-V4 R EC B 1TS2 X 1 T
PCRY™ 4, 934 7= Wy phy ) ] Jik i B8 A Wy BB A R
) 7 JFE -7 Tllumina MiSeq “F- &5 #4780 7 . 0
7 7 91 46 DL 97% AH ALl B 3R 2K S 484 4 2K ot
(OTU), 343 B % T SILVA Hl UNITE %4z 12 % 20
HHEEMCRT T KR

1.4 HE#HSHEMEERTE

FEAH I
HEAH = (XS EE + AR SRR + AR EE ) /3 (1)

K ] Shannon-Wiener 5 %4 (H) . Simpson (M) #§
0 Pielou #5854 (J) \Margalef #5850 (R) LN FL W BETE
R

Shannon-Wiener ¥ Fl Z £ 1EFE %k -

H =—jP,.1nP, (2)
o PSS iR AT 2 S =R B
Simpson P FI L HE %K -
M=1- i(Pf) (3)

Ao PR iR AT 2B 5 SRR AR
Pielou ¥ i34 5] BEFE 4L«
J = H/InS (4)
A : H /& Shannon-Wiener ¥ F Z R 5 S 2
b BB
Margalef ) F0 = & FE 540 .
R=S-1/InN (5)
Ao SRR R NIRRT P G AR

1.5 TESREITE

+ 5 Z U RE P (Soil Multifunctionality, SMF ) J&
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1 R B AR5 2 B AR R R S U R IR 55 19 fig
7, NS R 5 Ak AR W) 2R LR L S OK
T OREFSE . AR A E R L 2 6
P, B4 48 b br 1 16 J5 78 SMF #4) 2 v I3 AH [R] AL
Y A B A BRI I B P 1Y Sobs | Shan-
non.,Chao 1 f1 Ace ZHEMEFE 8L, LA S+ HESR 43 AN,
AP AK.TN,TP.TK,SOC.pH.WC F1 BD #t 17t
B PR E R R 25 6 B R bR T IH — e Ab
LK (o), i HEUE N 0~1. B J5HEFTHE 45 7 1]
—5fk - +3E BD Y] Ry D My pH X A PR s,
HApBmy ety HE2 Y itH
= (7).

f(X)=[x—-min(x)]/[max(x)— min(x) ]

f= g 2 ()

PR IR DR s r R B o B, T 2
REAE e 0 TR A 5 g AUER A TR iEA sl 855 FOZ 0 4
HIIRERL.

(6)
(7)

1.6 HELESSHT

I ] Excel 2024 X &ii b 7 8 81, R R
TR o ZAEPETR R, (] R 15 5 00 Bodls A7 583
53T, i I Origin 2025 X £4is HE17 /T WAL o 43 7
BT, 0 04 Y L AR 7 22 SE AT AR 5, X T
T 2 LE 2SRRI 7 28 55 ) R0 AT 0 RO A, LA
AIIHT AR M REEF AT RN R 7 2 b
(one-way analysis of variance) , % F iz /N 25 57 1 &
% (Least Significant Difference, LSD) i#F 17 £ & It
B, o3 A 90 AN [) A B ) - 39 SRy R TR 2
VSR RO L 2 D REVERY 22 5%
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Fig.1 Effects of coppicing measures on plant community structure
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IR T SFL MYIREE 2 AEA RO —AE A BRI
HHEARAM R D TER AL B, —4E R
ZAF A BT 1 L 40% T 60% ; 7ESF-FE AL L, —
AR AR RUR R Z AR A B 3 01 5 LG 25% F75%, Z24F
AR HHEE(E 1A) . TR (Amaranthaceae) 455}
(Asteraceae) FI R A& £} (Gramineae ) 32 A A s Hp B AC
PRI EAFE (E1B) . P SATFAEA B
Ve 1 5 (Cleistogenes squarrosa) 5 %% T 3% (Salsola
collina) TERFIE S TP B BER R (R 1), PSR
S Ak S AR RV 0 e L R RN 2R RN

F (I 1C~E 1E) , i A= ¥k i 48w (&1 1F) s 48
YyEEV% 1) Shannon-Wiener 8 %% . Simpson 5 %% . Pielou
FERUCF Margalef 58022 5 A .2 (181 1G~)) .

B/
7

22 FEEEXNTERSHZN

SFFEAR B R R R (R 2) . SR
SR EE SRR TR )= AR e e R
T = A PR & 8 2 2, = 44 pH R
F N, RHEGRMEANTE L )R A A A B
FEF-HE FIR P FE AR B b Bl I ER FE A, +
S AWM 3 K i 2 B

F1 DREBUEMEEIEFEWEEEHARK
Table 1 Composition of vegetation community structure after 3 years of restoration in sandy degraded grassland
) ‘ EEE
Yy hi T4 B ARG AL —
KPR R
B Artemisia frigida 4%} (Asteraceae) SRR 0.13 0.18
v Artemisia desertorum 258 (Asteraceae) APHEAR 0.20 0.22
Vi Agriophyllum pungens R Amaranthaceae ) —AELE RO 0.33 —
it S Cleistogenes squarrosa AAF} (Gramineae) ZARE R 0.43 0.39
EiYSEEE S Corethrodendron scoparium 7B} (Fabaceae) AR — 0.25
ES Leymus chinensis RAF}(Poaceae) DARLERUA - 0.14
P Portulacaoleracea S5 Rl (Portulacaceae ) — AR R 0.18 —
B Salsola collina TR} ( Amaranthaceae ) — AR B 0.47 0.52
F2 TEEENTEFRSHZMN
Table 2 Effects of coppicing measures on soil nutrients
e £ e e i i 4L A AL EERIRS - K A
/(g'kg) /mgkg") /(gkg') /(mgkg') /(mgkg') /(mgkg') /(gkg!) P 1% /(grem™)
[E A S < 0.1+ 108.48+ 18.42+ 12.86% 2.54+ 28.70+ 0.82+ 711 2.89+ 1.73+
)2 0.00Aa 0.61Aa 1.38Aa 0.66Aa 0.23Aa 0.33Aa 0.09Ba 0.01Aa 0.12Aa 0.03Aa
e 0.13+ 115.65+ 20.78+ 12.63+ 2.58+ 28.39+ 1.19+ 6.88+ 1.52+ 1.33+
0.04Aa 3.77Aa 0.61Aa 0.57Aa 0.68Aa 0.86Aa 0.13Aa 0.11Ba 0.35Ba 0.52Aa
o RPRE 0.10+ 102.01+ 19.03+ 10.04+ 1.87+ 24.60+ 0.55+ 7.16% 247+ 1.63+
)2 0.00Aa 2.13Ab 0.56Aa 0.89Ab 0.18Aa 0.08Ab 0.05Ab 0.14Aa 0.01Aab 0.02Ab
- 0.10+ 107.62+ 20.39+ 14.39+ 1.87+ 29.62+ 0.76% 6.90+ 0.65% 0.65+
0.02Aa 4.24Aab 0.46Aa 1.43Aa 0.36Aa 3.44Aa 0.07Ab 0.10Aa 0.05Bb 0.05Aab
W R 0.09+ 100.70+ 20.20+ 11.58+ 2.30+ 24.63+ 0.61% 7.09+ 2.07+ 1.65+
)= 0.00Ab 0.57Ab 0.64Aa 0.86Aab 0.47Aa 0.97Bb 0.01Ab 0.13Aa 0.22Ab 0.03Aab
T 0.10+ 102.51% 19.84+ 10.68+ 2.01% 28.47+ 0.70% 7.00+ 0.37% 0.37+
0.02Aa 3.17Ab 0.01Aa 1.21Ab 0.30Aa 1.36Aa 0.14Ab 0.12Aa 0.06Bb 0.06Bb
AN NG FREF IR [R]— b BT AN ) A 2 8] 35 00 B i 25 5 2 (P<0.05) s AR RS TRk R [R]— 4 )2 T AS ) b B4 8] -3 55 00 &5 it

# 5 % (P<0.05),
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2.3 FEEBX L EGREYE RN

AL AR A T e (B2) .
S T A WU RE TR AL T 2 T4 A 1] (Actino-
mycetota) . JE 1# [ ] (Pseudomonadota ) 7% 25 [ ]
(Planctomycetota) , 7£ -7 5 AR -FE AL B rf, HAR XS
FREE SR L 50% . ARFFEA B AR IE T T TR
WIZMARN S T HhESRE, FELAH A
TR TR 2 B AR A TR RE AL F (BT 2A) .
TR YRR L1 PR T T (Asco-
mycota) , 7E£5 AL BR TP ARXT £ BE S I 70% . A
- A: TR

IS4
w

Ab PR BR 4 FE ] (Glomeromycota ) 7E ¥ )2 F AH XF
FEMTHE. FHELP T E] (Basidiomy-
cota) 7 HJZ MR N E BE 8 TR 2EAL BE , TN BRZE T
I THE )23 0 A = B UG T R Ab 2R (K 2B) .
AST] Ak AT 4 2 8] 4 HE A0 T -5 B REVS 1Y Sobs 15
% . Shannon $5 % .Chao 1 #5%% . Ace I8 R K H
%25 (813) . Permanova £ 45 7 , £ 40 B [H] H
R Y R AP 3 25 5+ (]12C.D) o FARR
Br (PCoA) 45 2R R P B S IR JZ A1 2 1 4%
2 T N EL TR A P 5 R T 2E A B AR S v A e, TR
J2 - T A TR RN L TR AR ) 5 oA O 2 A B A AR (L
B LS

O Unclassified
[l Other [ Unclassified
8Ok B Gemmatimonadota 80} B Rozellomvcota
& [ Patescibacteria 5 [ Calearisporiellomycota
% 6ok Egac?ﬁroidota % 60k EMonoblcpharomycota
acillota M ta
*:" [ Verrucomicrobiota *" O Cllll;girgir:)lr};l;(::ota
g 40 =Clhloroﬂexota g 401 [ Morticrcllomycota
P to! tota HE Gl ta
I Bl Acidobactoriota I W Bssidliomycots
20 @ Pseudomonadota 20 ] Ascomchta
3 @ Actinomycctota p
£ & & 8 & K £ & % 8 & K
BMos R o O M B R o O oM
FREREE FRER
C: 13 Permanovas: i D: +3% B Permanova it
140 R=0.3991 P=0.119 180 pe— 3870 P=0.003
120 | 120 |
gloo | ‘:] gloo L O R PE-2
K2 \ 2 gk O R FHE-H
é 80 . | § 0 e O AR PR
z 60 | | L 0 O -FFE-%
E 40 F E B DEF‘E‘EP
20F 20 | =——— e DEF‘E'%
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Fig.2 Effects of coppicing measures on soil microbial community composition
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Fig.3 Effects of coppicing measures on soil microbial community diversity
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Fig.4 Effects of coppicing measures on soil multifunctionality
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1 £ RH OC 5C &R MW 1 7 19 Shannon 45 %X . Simpson
FRECS Pielou $8 45 T4 &K & (WC) 2 I B E 1Y
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FARAT AP AP T SCHE R A R BRI pR, Bl R
AR R R F R T (H i TR A
Yy b g FE -5 9 TR 2SI Ta] , B 2 AT LA DA
LD T, NI o ZREPEIRFFIEE . XSRS
B R A TE ALK U M /N SRS LN AR
R A B — B, BIP2E R R 2 e AR A e (H
X ZREER AN 3 o BEAh, P FERN 32 St 5= Y
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Fig.5 Relationships between soil multifunctionality and environmental factors
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ek p B4R T, B ZE X - 22 A ThRE AR HERL pine steppe[ J].Ecological Indicators,2021,131:108197.
7 ] B8 BT 45 BT AL A R FE R A 0 I (2] sRmsk, XA, ISEE R . b B Vs fe KR 2 [ M) et #)
2, 1989 1-7.
3.3 FEEIEEI T EREYR RN [3]  Zhao HL,Guo Y R, Zhou R L, et al.Biological soil crust and
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Effect of coppicing in artificial shrub plantations on understory
vegetation and soil multifunctionality in the Horqin Sandy Land

Meng Ru', Mi Wentao', Zhao Yuan', Li Wei', Ren Weibo', Li Xiangchen’, Zhang Jinqgi’
(1.8chool of Ecology and Environment / Inner Mongolia Key Laboratory of Grassland Ecology and the Candidate State
Key Laboratory of Ministry of Science and Technology, Inner Mongolia University, Hohhot 010021, China; 2.Inner Mon-
golia Chifeng Forest Ecosystem Positioning Observation Research Station, Chifeng Forestry Science Research Institute,

Chifeng 024005, Inner Mongolia, China)

Abstract: Coppicing, as an important measure for the rejuvenation and renewal of shrub forests, not only effec-
tively curbs the aging of shrub forests but also serves as an effective approach for the ecological restoration and
quality improvement of degraded shrub forests. This study took the three-year-old artificially planted Caragana
korshinskii shrubland grassland in Wengniute Banner as the research object. By analyzing the changes in vegeta-
tion community structure, soil nutrients, and microbial communities in the Caragana korshinskii shrubland un-
der the treatments of coppicing and no coppicing, and integrating these results with soil multifunctionality, we
examined the effects of coppicing on soil multifunctionality in sandy land. The results showed that: (1) The cop-
picing measure significantly increased aboveground biomass of the plant community. (2) After coppicing, the
soil available potassium content increased significantly in deeper layers, soil organic carbon increased significant-
ly in surface layers, and soil pH decreased significantly in surface layers. (3) There was no significant difference
in the diversity index of soil bacterial and fungal communities before and after coppicing. (4) The coppicing mea-
sure significantly enhanced soil multifunctionality. In conclusion, the coppicing measure effectively promotes
plant growth in sandy lands and shows measurable benefits for soil improvement, suggesting that it can be an ef-
fective management practice for sandy-land ecosystems.

Key words: sandy land; coppicing; soil nutrients; soil multifunctionality



