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Effects of different restoration approaches of subtropical degraded forests on

bonding materials and stability of soil aggregate
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LI Zhongqiang' , WEI Lifei', YU Haiyan®

1 Hubei Key Laboratory of Regional Development and Environmental Response, Faculty of Resources and Environmensal Sciences, Hubei University, Wuhan

430062, China
2 Bodaofeng Forest Farm, Luotian County, Huanggang 438600, China

Abstract; The restoration of degraded forest has been a hot topic in forestry and ecology. As a basic structural unit of soil ,
soil aggregate composition and stability are important indicators of soil fertility and quality, and the formation of soil
aggregate relies on aggregate bonding materials. However, the relationship between aggregate bonding materials and
aggregate stability is uncertain. To explore the effects of different restoration approaches of degraded subtropical forests on

aggregate stability and its underlying mechanisms, we compared the secondary forest ( natural restoration) as a control
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(CK) , with three different common subtropical plantations which were; (1) first-generation Cunninghamia lanceolata
(P1), (2) second-generation C. lanceolata (P2), and a Pinus. taiwanensis plantation (P3). We measured the aggregate
stability and the contents of different aggregate bonding materials, and then analyzed the influence of these materials on soil
aggregate stability. Results showed that forest restoration approach significantly affected soil pH, C/N, available
phosphorus, as well as the composition and stability of aggregate. Among all the forests, the aggregate stability was
significantly lower in CK than in the other three plantations, and P2 had the greatest proportion of large aggregates and the
highest aggregate stability. The forest restoration approach also significantly affected soil free Fe oxide content, mycorrhizal
density, and easily extractable glomalin-related soil protein ( EEG). Aggregate stability was positively correlated with free
Fe oxide content and mycorrhizal density, but negatively correlated with EEG. For subtropical degraded forests, the results
indicated that artificial restoration was better than natural restoration to enhance soil aggregate stability, with soil free Fe

oxide, mycorrhizal density and EEG being the main bonding materials that significantly affected the aggregate stability.

Key Words; soil aggregate stability; soil free Fe and Al oxides; glomalin-related soil protein; forest restoration;

subtropical forests

UEAER VB IE AR TR BB Bk 2 MR R AR S 22 i 5 AR E A H, A MR A
TR A AR A PER AR s AR AR R Tz R A FRE RN M A e K
U NP 22 TR e 0 P B A 3 A R A 2 A R AT B U TN TR A, o A2 R
( Cunninghamia lanceolata) JE PR BT AR R R 38 R R 1R FOEAY- ¢ v c ENBMAES ARG EE
YRR IY 2 — , FHERA YLK T B IR A e RPN AR AR K & B A BB, I R R
T IRSE Y B FEAR BATT AR R FLRSE A TSR AR T 25 - AR ) 8 IR IR 8 >0.25 mm IR
IR (R, s ) AR V-14 5 B P42 (mean weight diameter, MWD) FAEH B IALE MR E " . HEEA K
WS T AR MR E N b E A 4 2 RE e A R R R E T R, (T AR bR
PSR A R AR G Mg i AT i 20, BRGSO [RI R AR 2 0 20 AT SR AR AR e A B 1 B B R AR 2
Xif - HELEF B RE R, Ry AR T A 2o R AR AT A LA

39 ) P SR AR 25 0 T - 396 A A S R R 2 R R o S AR A W R A A T R A
BASEALD ) T EAE A R ) SRR T AR 1 PR R AR A W 2 W S5 0 R R R DA AR L T
T 24 53 WA R BR 885 22 M ¢ 1185 [ ( glomalin-related soil protein, GRSP) 4532 )¢ . 24 85% I AME A fig
TERBEARR | BAR T LA 2 FURG A 500k, MOT B o T SR A Aese k1) . GRSP U3 s Al 45 - 50 ) U 1
TR B A4 | LU SR 484 11>0.25 mm BB MWD A BFFE 3B, GRSP & FI2E 2 i 25 i 4]
RURFREME H A AR GRSP X MWD AR AR B eah, IR 5T 22 M — [H 2 40 A [T SR 1k I
HRaE RTINS R 1 Bz 2 B LR T . BRI IR SE AR AT b 5 SR A 6 i TR i
R F i A BRI R R R e TR 3T i DA 3R A AR AR K 2 4 LR A

ST AR G008 - 1 PR SR R AR P P i 18 S35 2 TG 45 00 D %o A1 SR AR TR o ) 4 D i S B iy, AR o e 25
Wy % 1A SRAA T F R R Tk A R B FHATY TG i — PR 5 WA SR TR B AR AR A 1 2 I, fh ke, AR F
FELA A SRR AZ (R Uk A ARAE g 36 R, R B 3 i N TR, B —ARAZ AR N AR L A2 AR N TR B 1M ( Pinus
taiwanensis ) N T (R E LLAAJEBIFSE XI5 30 B2 0 iy PE AT IR ) | B 7R 58 0 JA7 1R Ah ARpR 1) S ) 1k 2
T3 O AT SR A 2 by S HAG S E PR 52 e, AR SCIRE, (1) B AR ARAR B9 TR S LE A SRR SR 118 AT SR A4 RS v P B
5 (2) TR H A R 4w A R TR SRR, BT AR AR AL AR %5 EE L GRSP 2 5 I T
P TR P A B R R E v E BN R IR TR R ke i
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1 #REFE

1.1 ISR AL

AR5 XA T RO LU XU DX L 2 (X 2 H D0 [46 K375 (30°10'E—32°30'E, 112°40'N—117°10'N) , J&
PG 2R R, AR 12.5°C B e s AR 37.1°C, i A IR AR - 16.7°C A - 4 B K £
1832.8 mm, F-IAHRHEE 79% ,4E -2 H BRI 1400—1600h, BE5 H AL 52 RE A4, 138 B A e
K7 (0.05—2.0 mm) K3HL(0.002—0.05 mm) FIKHL(<0.002 mm) & 24354 45.9% .39.3%F1 14.8%

T — R ZE X R T8 KB, 20 T4 60 4R, TFIE A T Ak Ap gt kAR 0 M4 52
HESAY IZ X D2 AR B B AR ( Pinus massoniana) 9 3 5 R AR D EZER AR E R RIXZ 0 E
XI¥K ( Cyclobalanopsis glauca) LR (Albizia kalkora) . PRIZHIRRARER T 1EH BN TR BEAD i i 4% R4k |
PO R EMBE T L 3z N Tk
1.2 FEMIREE SFE SRS

AHEFT LA A SRR B R AR (CK) S B e 88 3 PO R 7 = N TR, B —ARAZ AR N TAR(PL) (=
RAZARNTAR(P2) FIEE IS N TAR(P3) B 3 NERE (R 1), L ERMRERI 5 5 E 3 4> 20x
20 m [ [EEREHL (BOEE 25 50 m DL L) o & FRARIYTE 20 tH2g 50 AR QA I 38 K, 76 SR8 - Je i
o BR AR ) CK Ah, N TARIITE 1960 4224 i AFh . BAKTMI S, CK 7E KK G H AR A K I i
B RZAEM A S T, EZOLIHAF A EXIER, A SR BILAA S, PL7E 1960 4F 7247 3 AZ AR
P2 Fl P3 WEFE P1 55— MRS AT (29 1997 4F) | B RIEA AT, 20 R A AZ AR FEL LA B L —
REARNTAFE LN TR, P1L.P2 Al P3 kAl E 3—4 45, R f7ad — R A 28, £ B 590 E Ml Ak
MFHERE . % 2020 4F 10 A HHERFERT CK (P1 P2 Fl P3 (IR RZIHN 60a,

R1FEHEER

Table 1 The overview of the different forests

FRMMKIZ J7 3K Forest restoration approach

CK Pl P2 P3
2% Longitude 115°35'34.16” 115°35'08.53" 115°35'13.03" 115°35'11.81”
2 Latitude 31°07'50.19" 31°06'45.88" 31°06'51.14" 31°06'53.49"
54K Elevation/m 846 1079 1088 1110
51035 Slope aspect N5°E N6°E N3°E N5°E
MR Average height/m 20.13+4.22 23.57+1.45 19.35+2.36 21.06+7.81
X HfE Average DBH/ cm 14.62+4.55 20.53+2.16 18.72+1.81 12.45£2.36
MAFEE Density/ (£R/hm?) 1541+12 1675+43 1569+56 1632+34
fiBHAI B Canopy density 0.65 0.60 0.60 0.60
MR YR B Coverage/ % 40+4 45+3 48+3 575
ERRA ( Rhus
hinensi. ik
‘ . chinensis) WS gy s (Wiseria SR BB SE REEAL S BTN E
FEMT MR (Lindera glauca) Jeik = L L e . o
. . . sinensis) A MEAR  ( Melastoma normale) . 1 ( Stachyurus chinensis ) |
Main understory vegetation ( Viburnum erosum) . . e e . .
X ( Loropetalum chinense) JEE MEAR #2511 ( Maesa Japonica)
1 ( Uncaria

rhynchophylla)

DBH : }i§4% diameter at breast height; CK: X E#k secondary forest; P1:—fRFZ A MK first-generation of Cunninghamia lanceolata plantation; P2 : —AX;

2 Ak second-generation of C. lanceolata plantati()n;P:‘?:j&"llfU.l*/AM Pinus taiwanensis plantation

2020 4F 10 H X HEHL 0—10 em TIEHEATHURE . R UIBURE RS, B i T 70 B HILOR B2 JIR 338 i 4
AT E H3EZ T, FH HH2 /K453 ( Delta-T Devices Ltd, Cambridge, UK) & 38K FIREE, B FEH
o LA REPLICEE 6 4~ 0t SIBR AR R A MBS fE Y Rk IR A 505 KT, T 4 e 1A R {4k
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S FRAE BT A AR ST A
1.3 ETr ik
131 RSEBETE I HER AL I 2
KR T A R T B K, SR AATHE (K = 1:2.5) W 138 pH {H, RHITCER T
Y ( Vario Macro Cube, Elementar Analysensysteme GmbH , Germany ) W5 345 HLi%k (SOC) &% (TN) & &, 4
SR R £ - SR BEDT H (0 T5 FOBU R IR - SH B P HL (2 00 5 + 82l (TP ) Akl (AP) ™,
SRR O 9 22 0 5 A AR A, BIDRE I () SR SRR it 8 mm 07 JECR XU - R O AR S04 (U B
P 2 mm G L, KRR 5 min J&5, L F 30 10 min, 7HF% 3 cm, 30 /min, LIRTH>2 mm  1—2 mm 0.25—
1 mm <0.25 mm /KESPEA SR AA . BTET T E B8 9 A RAKTE 60—70°C BT FRE, 71534 R Ae A SR AR 1Y o &
I38.>0.25 mm HERIA LG (R, 05/ % ) AR A E AR (MWD/mm) 40F

r>0.25

14
Ry, = W x 100

T

MWD = iEZXm,

LW, 1005 4>0.25 mm AR 5T 2 5 W, oAy 25 B4R P SR 0 bk R 5 0 S BR  GRATBR AR s n O LR A 2R
Bon=4; d A | RIAREBURLI Y B m, N5 @ PSRRI BT 748
132 TIEPREAY) AEA RS B i e

ite B3 SR AN i 2 SR AR 7 R DCB B R iz 22 BV P 2 0 T A A T A -k P A 42 B
Fi-H] ICP-OES ( ThermoFisher, USA) MM %E & 09 Fe A1 Al & &, 1115 H AL 5 P e s S0 4k i B8 84k
RN

AR 23 SR P R 2 e 6 — A 3 SRS T RIS 2 mm B9 4 ¢ HIEFEAIR A 100 mL ZKAT 12 mL
3.7% N ARBERR AT, 22953 30 s JE#HE 2.5 min, 33 0.05 mm i, AT Bt iEPIF 0.22 pm fFLIEAERhIE
R W e 5 S S WL AR T 22 5 O AR I R S S IO T R TR 22

GRSP A4 Wright () )7 2R FH% Sy W i He b AT e > . 22 DAAERIFSE ) 43 5000 5 i Rk 5 35 A
X+ 3EHE H (total glomalin-related soil protein, TG ) Fl.5) HEHUERE S K A ¢ 3% 8 [ (easily extractable glomalin-
related soil protein, EEG) & i, KM TG 5 EEG 19 25 (A 1E Jy k£ BBk 28 25 2 A0 ¢ - 58 88 11 (difficultly
extractable glomalin-related soil protein, DEG) % & ,
14 Hdaotr 55t

KRR T 225081 ( One-way ANOVA) Fl Duncan 25 5 FLEAS B0 A [R) ZR AR YK 52 7 =X 0] L3 BiAb i o | £
A RARZE ) MWD 58 ALY A% B2 GRSP #2040 (0 25 5%, J5 2543 BT i 43 992K FH Shapiro-Wilks Fl
Hartley's F o 56 o Z040 1E SRR 7 2255, FIH R 3KF“ Vegan” ALY “ varpart” R EXHE 1T I 25 53 % o0 A
(VPA) For 56 P SR AALE 4 5 1 B A W B 245 90 B 9 DX 1A SR ARG PE R ARG BTk . SR FH TR 48T (RDA ) | e
M AT SR ARG S M 1 B AE It . SR FH A [m] DA R o 4% AT SRR I 259 5T 5 MWD Z [R] ) TE AR SC G &R
PR 5T A2z PSR R ORI Origin 2018 HE AT, W PR P<0.05 /K-, B R8s o I fE AR 22

2 #R

2.1 FRMRIRE T S ERIh R ) R

AWK 7 2 2 5 R - R pH {E .C/N F1 AP (P<0.05) , ifi%F + 4 /K& %55 TC TN . TP . TK FI
AK TC R (P>0.05,% 2) . ARG 77300, CK B3 AP & fie s  C/N K,
2.2 FRMRMR S NE A SR AR AL KRS PR 5 M)

AT S T X 2 5 ) AT 2R o i O A SR AR R 1 (36 3) o RS XA R AR 1 >0.25 mm S 2 (/5
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98%V 1) ,<0.25 mm R RIARALE 1.01%—1.74%, 5 CK M, AR TIRE BEH S T>2 mm F1E
R HBI(P<0.05) . [AEF, P1 P2 FI P3 i MWD 4351 b CK &340 T 8.6% 13.8% A1 19.3% ( P<0.05) , P2 [
MWD . P15 4.7%( P<0.05) ,{H P3 5 P1 Fl P2 Z[a] 1925 545 AN B3 ( P>0.05) .

®2 HMREFXI LB R0

Table 2 Effect of forest restoration on soil physicochemical properties

e FRMAKZ J7 3K Forest restoration approach

Soil properties CK P1 P2 P3 F P
FaiE & /K E SM/ % 16.43+3.98a 16.31+1.34a 18.35+2.34a 15.53+1.40a 0.229 ns
R ST/°C 11.39+0.56b 14.68+0.43a 13.63+0.48a 15.07+0.24a 13.791 0.002
pH & 5.05+0.06ab 5.20+0.05ab 5.39+0.19a 4.73+0.11b 6.027 0.019
A BD/(g/cm?) 1.15+0.11a 0.98+0.03a 1.10+0.09a 0.75+0.02a 0.935 ns
FHHLK SOC/ (g/kg) 64.85+3.27a 59.65+13.90a 49.12+2.57a 68.24+6.68a 1.092 ns
BA TN/ (g/kg) 5.61+0.24a 4.25+0.66a 3.47+0.25a 4.56+0.47a 4.018 ns
A L C/N 11.55+0.20b 13.72+0.99ab 14.21+0.29ab 15.02+0.44a 6.774 0.014
2 TP/ (g/kg) 0.94+0.17a 0.86+0.11a 0.62+0.05a 0.63+0.05a 2.341 ns
M AP/ (mg/kg) 11.8+0.35a 7.99+3.94ab 4.31+0.90b 2.61+£0.32b 4.051 0.050

SM ; 38 i 2 & K & soil moisture ; ST ; 4 BEE B soil temperature ; BD. & bulk density ; SOC A PR soil organic carbon; TN : BUA total
nitrogen ; C/N : % LL ratio of SOC to TN ; TP ; £ total phosphorus ; AP ; # %4 #f available phosphorus ; AN [/]/INE - AE /R AS [ WK & 77 20 A4 AR AR 4 3
JRAE P<0.05 /KF2 5+ 23, ns FIR P>0.05

£3 HFEMHREFXARGERIRE SN

Table 3 Effect of forest restoration on aggregate structure and stability

FeY N/ A S i 435 Mass fraction of each aggregate/ % R SEHE R AR
Forest restoration approach >2 mm 1—2 mm 0.25—1 mm <0.25 mm 02577 MWD/ mm
CK 62.06+2.44¢ 15.60+0.34a 20.59+1.88a 1.75£0.22a 98.26+0.22a 3.47+0.11c¢
P1 69.13+0.47b 13.61+0.07b 16.04+0.52b 1.22+0.02a 98.78+0.02a 3.76+0.02b
P2 78.89+1.99a 7.53+0.92¢ 12.58+1.25b 1.00+0.18a 98.99+0.18a 4.14+0.08a
P3 73.68+1.03ab 11.93+0.19b 12.72+1.05b 1.68+0.22a 98.32+0.22a 3.94+0.04ab
F 18.257 47.245 8.796 3.976 3.977 16.787

P 0.001 0.001 0.007 ns ns 0.001

Ry55:>0.25 mm [ B A4 B % & number of >0.25 mm aggregate;MWD;llfl%ﬁiqziqﬁgﬁfé mean weight diameter ; A [F)/NE F R R R A [a) 4% &5
77 I AR 3 PR R AR E PETE P<0.05 K225 3% ns R P>0.05

2.3 FRMRWR ST AT SR AR 15 285 0 Jo - et ) 5 il

PR J5 3 S R T U B AR AR TG Z M A R R 45 9 1 5 £ (P<0.05, 18 1) TEIRAE e 45
Y, 3 RN TR 1 B A Ak S e B S X IR (P<0.05) , H P2 5 P3 Z M JC R 3 22 5 (P>0.05)
X AEYREE Y, 5 CK AR EL, P1 AT P3 (W TRAR % FERE AT BE 1 (P>0.05) ,{H P2 A & 34 (P<0.05) . 5
Z M ,P1. P2 P3 ) EEG % CK 2398 R 5.1% 11.3% 26.8% (P<0.05) . P1 i1 P3 3 DEG & i
FET CK 8 P2(P<0.05)
2.4 AEAY RN AE A R 2R T AT SR AR R A 15 )

VPA 45538 W 5T DX 1A SR AAR 45 I & W I T 32 A D AT SR AR e e P 1) B BT iR 58 72.08% (1 2)
P BRARAE A W S5 M T A= M B 45 ) Jo B e B 1 21.66% F11 10.76% 1) 1A R 4R & P28 S | AR 2 By A W e
458 R A AE AR IR T I R AR FE VAR 1Y 39.66% , A5 27.92% W A1 B R R E P74 TR e gl e, )
F, RDA F0H | A SRR A W A AE ) R LR T R, A1 MWD FOZAESE . Hob UiFss ek IR EEG
S EFE R, M MWD 9 LK (P<0.05) (K 3. 4)

AT TR, MWD 5 25 A A 5 i AR AR 2 1 35 IEAHOC (P<0.05) , 5 EEG 2 W3 FAH G (P<
0.05) ,fH MWD 5% 4k48 TG 1 DEG (A A B3 (P>0.05, /8 4) .
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FibRE J5 2 Forest restoration approach

Bl1 ZFAREAXMTEREELK FEELA IRERTE CRREFEXIERES  SRIREEFEX LIRSS HERIUKR
EREXIEEEEENEMN

Fig.1 Effects of forest restoration on soil free Fe oxide, free Al oxide, mycorrhizal density, total glomalin-related soil protein, easily
extractable glomalin-related soil protein and difficultly extractable glomalin-related soil protein contents

RN 58 5 AR IR 52 97 20 B0 - 3 S (R S48 9 e P<0.05 K22 R %
3 e
3.1 BRI E T O SR AR e e B A B A R
R A BARTE L3 5 F ) R e M — @ R LT LS e+ HEZE R 3R Sl R, A1 MWD
K, T A R M, e ME PR IhRE Tl > ARBFS R, 5 AR E AR AR e, A TR E S +
B RIRFE T &, FE RN TR EA LR AR 200 3 KA SRR &S 0 MWD (52 3) , 3 Fl A

TR, A AR R AR 5 A MWD 2R T804 BEA 8 AU 9 3 AR A — AU AR TR, S R 2
B AR AR PR X 5 AR IS b A AR TR R £ 2 >0.25mm A R AR 3, A1 EE T
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&4 RDA S FIRERE Y Bt ARG E SRR RE
Table 4 Interpretation rate of aggregate bonding material on aggregate stability in RDA

VSRR 454 i bR DHRAE p
Aggregate bonding material Explains/ % Contribution/ %

Wi B AL 2R Free Fe oxide 33.1 35.9 0.001
B B2 Mycorrhizal density 20.6 22.4 0.004
Dy PE ROk B R F MK L EEH EEG 19.2 20.1 0.001
W E AL Free Al oxide 8.3 9.1 ns
BRRBERFARC LIRER TG 8.3 8.6 ns
MEPRIURPE R FAC T 1T DEG 3.7 3.9 ns

EEG: 2 $R BUER % 55 2 M1 % L6 ZE 1 easily extractable glomalin-related soil protein; TG ; &3k 28 5 2 A ¢ 1 HE 5K 1 total glomalin-related soil
protein; DEG : YEFE IR B A5 A -3 difficultly extractable glomalin-related soil protein

HoA AR+ 38 R s s 25 3 — 30 2 X T g AR AR
S TEARN TR R Z AR, iR Rl 28 4
B AN E S S5 AR AR I T R A AR L, Rl
FEARES ARG, DA Y SR 58 2 R B T 355 4 (i R
B+ ORL S SR PR T O P SR A 2166% | 39.66% | 10.76%
B IRAEARARE N WK L SR B T e i 1A 3R
PRARE P X T A SCHY R 1

WA BRARIR 5 07 X R & S 1 3 AP A C/N
(£ 2), HELMFH, NTARL 5 pH R AP 24K, T3
H {5 AP G HA S FFUARIE R e kg B2 ERGEEDSEnR e RRBNRERELERN0T

o N EDESIH(VPA)

R LSRR AL . FRIEFREE T, R IE AP AERIER . Fig2  Variance variation analysis ( VPA) showing the variance
%Eﬁﬁ%%?,}ﬁ@iﬁ ﬁgﬁ E]/‘J Iﬁ% ,T/EJEHBO] , Mﬁﬁl}%ﬁ%i in the aggregate stability explained by the abiotic and biotic
SRR RCRE . ATFSE LA TARR ARG, gh e PRETeRees Pondine materials
TP AR GAEIIXT AP FoR R R L 135 AP
EARMR N Z — WA C/N B, X5 DL R 5T 10 .
SRR Y 8 C/N U, LR R
AT GRS R, BRI+ 5 FHERER
G N TR L IE 3 25 5 B E SR I & T AT
(£ 2)
3.2 ARMIKE Ty 2R A SRR AR S 1 A

VPA Fl RDA 15 3% W A1 544 25 Ji 45 ) Joi S HE 22 .
VE FsE o A SR AR e v, FLARZE DI &5 W I A F R
PRI (2 B 3) ik 5 DATEWR T4 RARML * .
JESE T AR R 2, TEARA I EE Y B T, 5 AR
PRIZARLE , N TR 1 5 3 1 -l S f ik i 12 o
X B SR R T L S e (PR 1) Wi AT AR R 55— Hl Axis 1 (93.20%)
PIERVIEIE, 5 MWD 2 BFIEHSC(E 4) 0 XHUE @3 mmemenfdBREREEOTRH(RDA)
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