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RESTORATION ECOLOGY THEORIES AND THEIR
APPLICATION IN LOW-SUBTROPICS

Peng Shaolin
(South China Institute of Botany, Academia Sinica, Guangzhou 510650)

Abstract Restoration ecology theories are very useful for revegetation in degradation eco-
system. In this paper, the application of restoration theories to revegetation in
low-subtropics are discussed. It is a best way for revegetation in degradation ecosystem fol-
lowing vegetation succession law. The theories, which relate to spatial, matter, energy and
biodiversity, should be used for the construction of revegetation in degradation ecosystem.
Key words Low-subtropics; Degradation ecosystem; Restoration ecology theory
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7 km?, TR R RB T E M X R, JbH 081 BN+, B B8 PR 8™ E R
- ARt R LAY KR T E RN IERE AR AL, o — B B, KT B B KR Y
FREAK WK, RMEIASRABAN ERRE, XRBUESRE LRI, KBS, £5F
BEA. AT EMRMAERLETHRBNE WAL EFE MM RER, FHXYEER
500—600 77 ha 8y L3R ZHA M. WAIEITHE RS, R ESRABUKE, I-IEH
REAN BEESHR EREBURLEAN. SR BURERRNER, HHIBEHEME,
BRI 10 Y3 L P T A it , BV WA MR, BR T B TP D2k At AR E R R K A SN, =43
ZP P MBSE VR E, QAR RNV B MRV, DL R G, B, BT R
VES, Rt F ERAROVE. FD BN, WA KSR EESRAKEMERE B AYEY
BESE, Xt R FRHE TR EENE L.

BUHESAANKESEERTRESFERNK S, AR BUESRARTNAESYHE
WMBERFHE. B TESRANBREME HUBIBNFEIBYRAEHEE. BRI Watt
(IR R, KBHESHTOEATLUEIA NI ERWESTR: YR, BR. 2/, B
EAMEHHES, BAESRANKE SER, B0 RXLETR, RER FESHAMAX
WA AR PR SR ER" 7,

1 S9SN A AR ER i B2

1.1 ER&EXFEAFRE
ESRENNBRESHTHEMR, XEERNAESE TR, HORREAEXBRMERMN, HH
EFESHT. BRBMEESRARENEENBHYE CRBRRELMF, EXS WS BME
BETH, BEMEFESET, A X2 SR TM5K H i,
 EH A B AL T B KRR AR, BT R 8, B 4 o T B XIFHE, —F M FY
#1 BESSSKREXQ3° 07N, 112° 35 'E, 1954~1970)

Table 1 Climate of Gaoyao county in low-subtropics

A 1 2 3 4 5 6 7 8 9 10 11 12 Ty Bt
Month Average Total
H A4 % Insolation (%)

37 24 19 22 35 36 53 53 54 59 53 47 41
EHS Total radiation (x10* J cm?)

280 280 280 578 431 431 552 535 481 4.60 3.51 3.08 49.67
YA B IES Photosynthetic radiation (% 10* J cm™)

1.38 1.38 138 155 209 209 272 2.64 234 226 1.72 1.50 23.05

S Temperature(C)
11.0 125 161 200 234 252 259 256 237 204 146 120 19.2

HMXBE Relative humidity (%)

77 79 85 84 85 84 80 83 80 77 69 713 80
[k Rainfall (mm) 340 610 1010 221.2 317.1 272.1 240.3 2614 187.8 1457 10.8 25.9 1878.3
#Z X1 Evapotranspiration (mm)

360 339 523 642 1021 1037 134.0 1287 987 834 478 36.8 921.6
AR Q7 Fit, FHEEIIK) 5 12 27 27 24 10 3 108

Times of typhoon
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ZERZW, RHEMBREXNSE, SR AEBFE . ERAR,. TR K, £, Bk
K, N E SN, A2 TAENAEEN, HEEXNEMN.LAFBEARILERN. L EHLE
SARBEHE., TESREENE 1 PR,

£ 1 ABPHSLE HESTPRRHESMBEAE AR, BERXABRBEHALN. WEE
4-9 A . BHENELFEMN 74-80%, M H HEFEH 64—68%. WEMAZTEARFMY, LR —F
IR T MERBANERE, - EERKE. MWUANESEP, EESHRBRMBE K
E. ;T ABEKERCREN.E-1R4-6 FNERENN. BN 7-9 ANERERM,
SR EFHRWA(AFBEAR 80mm MU E)E0.6—6d 2F., REBEMRA, UHARTWHFT
& 150mm Pl E) A KRN (H TR 300mm A b ) B35 0, B 8 Al Bt 22 %, DABCBESR 1Lk, oh
WARH, BERETR R R TR RE. HiL, ERBENKGESEFS, —FHEHARXE
HWARGEFTRUESRENKE, H—FHKEMBRDSMERAESRAEN T MER, BN

BICERRARIIOKERE . WA ERNOREBENREZ — X MFEEH 4 KEH 8 BU LR
e, BRAEARBIRER, MRS ENR T TR RS, M A G E BT, o HEH
MR R R R RH P RIER.

EERBMBESEAP. HTREESIETEN KIREK, ARSI ILAF EEN
Bohrb, HA A TR BN E, R AN A X R E LR AR, HER
P ETE 21.48-216.1kg m?a™, "EMNKLRAABREL IR L HHORER B E 2), HE 4
S5 L AR A 22 B, RTTAR R LA AE SR AR TR AR LM TR E BRI,

BAE B9 4SRRI DAR M, A s B AR A B T o, A 06 IR K TS M 0 R — T, th A B R & KU
ZMERFHEE HEARU, FWRCESRARENEREAEHFRLBEF, T ER +1H
JEA AN 138K Gy, S TRBBAMAESRE AR T E R, DRHFEET™EHK LK,
THARE R, TIREWMIEEKENRKESE RERENFHN B, BKRERTRD BERXTS R
WERERE, MEEEEREHKBRAZH, SREYEERHNKGREFRT. WX
SR, R KHBESNERAT, RLBREATRAR, UYMW ERKRERAAN. Hik. RER
HESRERENKESER, F— SRR EHALRA. BB LBENM LR BN IEFEL
BB Ay HEEHLSS.

%2 PRBALENRERNSESR (21°27 'N, 110° 54 'E)

Table 2 Soil nutriment of Xiaoliang degradation ecosystem

THCRBEE ¥AH# Barren land TR WH BRI Secondary natural forest
Depth of BRE (%) & (%) Depth of BRUK (%) £ (%)
soil (cm) Humus Nitrogen soil (cm) Humus Nitrogen
0-17 0.63 0.030 1-7 4.14 0.212
30—40 0.37 187 10-20 2.09 0.120
100—110 0.35 SR 35—-45 1.55 0.078
60~70 1.06 0.043
FERESRARKERBP, ERESAFHARAEN, AERTETERERRNH

SrYT BT, B0 E BB R #i A TBRARE SR S8 AL A ES (L R FBR 45 6 A
AT R R RIESREMEMERZNRBRRS N ERET. B — EREEREF -,
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HEL RS AR =, KR EMMRR EN, SRR E SR AN EH, NS
HITE GBI

1.2 TREEESRE

FAEEYAIGED RN AYTEAR, FETENTEY S THHREXEE, B
MAEEMEAGURE £ ARTENERESFRESHEEN RN

RS ZEER S HEOTE R EE —MRIEEE, RER R XA, X ATE
BUANA SZTER XMERS IR BIER 24, B, REEXNEEN, — W siEay
RAAFWRER. EXMERN. A —NMBERERR N MEF BRI (Preferendum). FEZWRE TR
AREERR. SWERTELMEETRE, M TEZIEORZMAIEESET R,
LRER L ERE, M d FouRd 8t Sk,

BOBER XNEHEEHFEILEEE-MHERAKN. R RARFTAXBITRE
BRI RERNEYATREFER EREEZRERMYXHTRARE: IR, MER
A-FXBTREASHEENEE, HY AR,

XANRESBEAESARAEEYMHEEURERWARTEENHEIT N, BWERE
B R R GO TG B IR R R e R, 2 B3 B IR (A6 R, K. IE) B 2 X R 1R
KEFhE, M BAAESR GRS UE, RO P AL R, f et iie. 52
SUT AEFF MR RR X EH.

2 SReEAXNASEBER R

P WA R G ANIRBI B R A SHERR R HHE. EMAEYHALARK L. BF
EEBREIAFTEMRAAHEMESILR, UXH T ALBREMAMER. MEEBLESR
FHEFELE, W RBRFHESBH IR, CHESAAEERENRYNER, FYHTEL
AEREVERRGEHA.

o IR B S L e AL, AR B R R, MR R ERE S AT R A, B2
£ DB LT LS M K Rk, AR SRS I Y L BR R R A, 72 4R 44 B B9 L BT b
BEFEMRABELFEY, EILNLMAE KA, EXDMRAS, FEFERKEEEERF
1, S FE AN T S VA S0, SV BRAE Do 1L B SRR A L TOUR A9 HE R, LU TR 9 8 50 9 9% 4 th BB 4B
W, XEESENDHEERRBERHD, BRRNESBBENSFHE. R ER LR
0 R e OF i

3 HZEEf ki AR

EXRZPEYNAHR, WAEBRRKETAANSRGE. BLESRANER, WEKBT
XA 3 23 ] R A FR A

MBTESANEE 4B L LY Bl #) G J 2 (Allee’s  Principle), #F 8% E it KR
AAR, ER AT BB AL Rl K R BRI £ . 7':55’1‘,E%&’%R—F,ﬁ@’l‘ﬁ‘%ﬁ@ﬂﬂ)ﬁ?@ﬁﬁ%ﬂﬁﬂ%
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BT R T BB, T2 B0 T ARt R M, T 40 R 28 A/, M &P 2 R R 0. 2 BBk
MEHAZE NS, MWK FEY P, WA —MRTP=KS? K N¥% HRMEARKE. #
B 0 60 44 SO AT B T RAVIAESE AL 2k AR SEE B 0 TR A R MR, A RO S B B
4R,

MBNTESHRBRE  AROSEMRRERE AL SN HRRS
FE, — RIS SRR SR, SR AR ERE R R LA T REN LR,
 HBMEEE RARSREAEE KR H K (Ecotone), XA X R B, 0 E
YR ERA M B A0 R B, G ACHE K Y AL M RN SRR LRSI BEE &, R = e 2 B, XA
R FRN NI (Edge effect)l'®, wBAESEENERN, XBASH N WRE, #HiLdE
FEMRHE, BB ARG, TR £ DR KN AP AR R,

EAMEE  EMEYEESRA RS SH RN, AN AN BT MR R
g EME AR, BAESEANKE SEE, HIENERYRHSHENE SESR
G, 8 &R AR R G, 1 R% B WK T2 0, R HZ AT RE N ESLNME. B
R B AR A AL, DR S BRI E ST AN T SR ANBIELE.

R AR, REMYESREESRARE SER T M A FABEYHESLS
b BB R £ B 2 Fh O BETE 54, ST AR R RO AR IR , VA 0 T 5 A 1 3t T T 4 T A B,
BB TR R DR AR R, Bk LRk B AR E IR RSN, U R4
W B AL 24 L (R 3 T R ETE RAEL, TR R IR, K PR EE S A LR RS
BRAZER, & RAES NS, REESRAEYEEENE R C. RAASKEE, g
FLAT LA R VK R Y A A I 4 5 A O BETE, 3800 B B eh g A, S L A R LR B A 3,
B E B AESRA.

4  SntEA KA RN A
4.1 BIERFHRHREEL

BEERENHERRE, BT HEWHEEZ, ﬁu%ﬁB’J,ﬂﬁE F R E AT AR, R B AR Y
EEBTMALNASNEL. EENESRAREYRES 8 ANRERUE P& BF—EWEN
W ANTI AR — M A TERS. B ASRENGEHMARAETRNERTRAEMDB
(Displacement), {7 B G R ITH T IRA SR KM TERES, R AN SWMIIEER 4 280 B
BEABAUESRBHBER XN ESRERANEHRZ N EEFESER LK (Damaged
ecosystem)', ZEASRFNILLEIMLIAE L, ATLIERAES R FLRL R TN R BB, HBAAES
AOEREABHXBUERZ — REUTHREHENBRLERMENESER WEH XA,
BE L BUESREANKE SER, BA NN RS 718 R E SR SRR EER BRI,
ERNMEX P AFR KRS ERRE SEMESAAERNERZNEMERL.

BALAE SR W AR, R DO 2 M A it A R 3. 5K R b A B SR R PR AR Tl

V= f(t)cl. pr.opy
KR A HRBESH, p FERESEK, r HHRSE, o WEVSHE, py WRESH. ZLS
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BAShRE SR B V8 EH AR, EENRERODTRNZTHERN.
BAFEEE AR, B— R ABAS —ERA, —PBRRBEERAS - BRHBEE R
. EARKGT, FARKEE BEMFEEFUNE, NEBERELE —RIIFEEFH B A+
AEVETURRE T, B A 8RR 0E SR TR M B M RARESR AT, B EHRE X, RAE
B R, EHR A TR LT, — B 7800 T By g g 2
H—BB HBE BB B S B EREB BAKEB

WEHE otk LRghrtmify  DARItERmHR LIMAtEY  DUhAEY AR
(EHREELE  HLMEHRE HAEHEE IEHER HIENER (T%)
BT rHRZ A MHEZA R Bl A

LR BB WS T ARETRAFREEN R, KL BMEE TR, HESSE
PLERRE T, SRMSH TR T ST RA WA I E KRR, HRAKE
S, FREAD, BRER, BRI, DROREERA. AMHARK M H AR, &
HESE., T AR5 RALEIF A IR, X 26 [HAE M A R e M I AR A RLIF, MR S /546 A A B4
fEiim, SR, CEMBARERER AT, BAh AR, ENEEEMARERESNET
BEM R R R, BE E A 0, W5 A PER R 8T T o, B 98 1 T DA op A R4 R D9 4R
BB SRR B TUR R, IHEX KB PR EEIE. RAENNER, NEEX
M.

42 BFIANFAEERENMBEHTERRY M
HYBENEE LSBT A D/RAE KRR R, HEWAMEET T LE S D IRERIR.
MRRMNEEINEBHNHERAI N TFREAR—TMRE. HYBENEBTRIIKE—TFR L. &
AR, —PMHEAN TP BEEENS IR RERE -NEEN—DIREER S —TR
=z, BUE—-ADRFAILHSX), MEFSEMFHE, B LAXNRARZLERLA:
S[r X (1) + 0 Xo(O] = 1, SIX()] + 1S[Xo(1)]

EXPMARP, M R2EE XA XGERERE., BENIMAUEERAR - TTHEWHE
B, MERBEZH 2N ER, B 3BAHMAREt, KEBERER @), WHKERAD
FTRATUHRME 1:

®) ® ® ®) ® |

X — X — Xy — — Xz > Xz -
TR K WEN b ERE WEM
Bl REESERATHE

Fig. 1 Linear succession system
E:Z X]-Z= 4737%51——2

HTHREBERP)MRE, RITEEMREHY LT REAL, XEWRE ZHEERA LY
WEMTIRER, W35 LR A, FEAR R Y i 8] /58 o, 388 15 — SRS T R i /T — RSB
BE. HEFRN: X,=P'X,, X,=P"X, %, ZHERMNEHN-RAKX: X, =PX
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XA, i=1,2,3.....n; PT= BBEKEP); XiRH:

Pooy
Xk i RS mE, A& P, Py, 0 P i INZIBE P m R4 % S /R E S,
TREpAER,
M—AREAE N 55— AR W B GERE 7T LA s AR R JRSR I A L BA . AR 46 S, i Aol
R X5 BE 4R A7, B WAVR A FIR R (O R RNk 3.

XEWREPHENT: %3 BEASHERSIEAAESERE (%)
0.26 0.66 0.08 ) Table 3 Regeneration rate of species in succession in low-subtropics

p={ 001 056 048 SR GRRE MR GREE AR RRERE

REE 254F SfEfh  HEZWEMRE  ShadEsEH R
O 004 096 E%FL}%%%W 20+6 66 8
WMEHE, EDRMREGIER ERaRSHEY 1 44+12 0
118 - A o

B Ak b, SRR RE LG JE 590%, pan vt
ﬁ"l‘:"’ 10% %i&%l@%ﬁﬁﬁﬁﬁiﬁ{ ifid B PL o 2R e 0]t
RiFh, BI\REHELARAP, EEa T Fxt s R A BE R %A TE 25 EFRIEE AR L 25 &R K R
BRRRRRAE AT,
IR A R B (R 4), FUMEE R BMNEAGE S).

%4 WEABHRAEETERE N RO MY S

Table 4 Years for different stages in succession in low-subtropics

0 4 69 +27

Fri 0 <25 25— <50 50— <75 75— <150 150 — 0

DRME DUAFRHFRARME DUER. FTRS I DURE, R DUB R, BRER pAE%E
s SGEHEE HMHRITER ERMESRN CHRRNE gAY EERARYE R

Brge % REM rlicha kg g ZS palithogedalg o
A
5 gL s £5 BEREFRABEREIEAARSRERM (%)
ﬁlh‘tﬁﬂﬁ_%?ﬁ%mﬁ&’ % Table 5 Linear model of tree succession in low-subtropics

ﬁﬂﬁ&@%ﬁﬁﬁﬁﬁ%%t$% isis 025 50 75 100 125 150 175 200 ----- ee)
ERERLEHERTRATENY. F ogpaemmn 9024 7 2 0 0 0 0 0o 0
St b, A A E X R RAKIILR), MR RS HEERR 10 65 53 36 23 15 11 9 8- 6
T R R fERAE. EARSMN B HREREES 011 40 62 77 8 8 91 92 94
TR RFEAER oM B AR S0, — R S8 U RE LR BT IR AR R 4, R MW TR R .

EAURENTRERBEL. R, /EGEANEBERIELER, T H 4§ BT LA R R4 8
REE RN, TSR M EESBYENETERE, ERBHREL. X, TUAX,=PX,
X,= P X, HRUE, H—RAR: X, =PX

KPX, HEETEN RSB, PITAi REFPHHBERNEEER, 1=1,2,3, =
Z(Z H W ERE ). XEEA Ut R R A Sh S AT W (& 6).
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® 6 BUAFERHHEREIBRHRESERERR (%)

Table 6 Nonlinear model of tree succession in low-subtropics

EA L BT 5% R 7R w0
MRBRE A — BT AR ML 5 R
PR 0 25 50 75 100 125 150 175 200 - ©
L, AR R v TR A BRMEAENR 9027 7 3 1 0 0 0O O - 0
BB ERAER, MBS BN AREMEE 10 62 55 39 28 15 10 7 5 - 4
%fﬁﬁ@ﬁﬁiﬁ,%ﬁﬂmﬁﬁﬁ B, MRS 0 11 38 58 71 85 90 93 95 - 96
B RN — B, A T RS, BB A SR B

5 EZEMA xRS RLA
SR, WS R A A WA S HRHE, SR EM R SRR ESREREE
FrRERPRE. BAESREMNER, ERIECT 0 £ SRR IR,
EHMSHREN REARAS¥EXTATRAASHHSRERNXRFTNRSS
W EASREN R YELS MR, TREFTUEASREEBMBRE. Wb, BN
WAL T FEOE AR RBESAANRE. BUESRENRE LR, ZILHI5
BT ABREE DR E R, BREAESR EM BT B0 T RS Mt wrE TR SR
EMERMRESREGHTEMSHENEN AR AP EREELEHRY
FHENEM L. EYPHENEEA=A T ENEEBENESRENYREEE B 28
HHEY I EZFHH RS, R RS RERMATY B, SHMEEHE S RRER, A RSy M
BAEYRMES E = ARAEBHWHEY ., HESR KBS HK S RZ B, AT EENES K
Y. ATESRANEYR E-BE5HSHEERLE, BEHENESRERA RN E™ T,
WA R ESMEFTHE. BUESERANKE SER, SSMESSHERIT AR, X
BB Y S AR, DO R R T R (R SE 4 5 R IR LB R Y B AR R T
B ERR AR SR ST A THEIKE S Y2 R R IBARR. flin, IEAHEEECW)
WRDRATRIAR RART ATHEKFAS, ARZROFRD 525 A EEAEME
FEHREBREBHFE, HEHEEROCEREORKE 7). BEATKIRMEH A THES

REAERHSHHED,
R7 MRFAATHES SHEMSENSHIENX R

Table 7 The relations between plant diversity and biodiversity

B 32 H Mixed forest #%#k Eucalyptus forest  tAfiih Barren land

FEAFH(100m?) 11 2 0
Number of tree species
FFARANEI Number of individuals 64 72 0
SW* FrARE Tree layer 2.176 0.221 0
AR Shrub layer 3.006 1.213 0.201
HAxR Herb layer 4,121 1.891 1.316
B Aifh 2 Number of insect species 300 100 50
58 Number of bird species 11 7 4
AP E Microbe number 4.74 3.55 0.36
(%107 g'dry soil)
PR FE Number of dominant 7 3 1

species of soil animal

S
*SW=3.32190gn;~ (1/n)Endgn] Fhn HEAMEE, s HRE, o BB MRE R
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