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Abstract: Based on long-term monitoring data, the dynamics of plant community biomass, species diversity, bio-
thermodynamic health state (eco-exergy) and soil properties of Castanopsis hysirix monoculture, 10 native species and 30
native species mixed forest plantations after planting 13 years were quantitatively revealed, and compared with Eucalyptus
urophylla monoculture and the naturally recovered shrub and herb (SH) ecosystem. The results showed that; (1) the plant
community biomasses of all five restoration modes exhibited a fluctuating increase tendency during the study period, but
with different development rates. The biomasses of the E. urophylla monoculture and the two mixed-native species forest
plantations at 13 years old were significantly higher than their own states at 1 year old respectively, besides significantly
higher than that of the SH ecosystem. The biomass of the C. hystrix monoculture developed slowly than that of other forest
plantations but quickly than that of the SH. (2) The plant species diversity ( species richness, Shannon-Wiener index, and
Pielou index) decreased progressively in the five restoration modes from age 6 to 13, and the downtrends of the 30 native
species mixed forest plantation were most significant. At 13 years old, the Shannon-Wiener index of the two mixed-native
species plantations was slightly higher than that of the two monocultures and the SH. The Pielou index of the 10 native
species mixed forest plantation was slightly higher than that of the C. hystrix monoculture and the 30 native species mixed
forest plantation, but was significantly higher than that of the E. urophylla monoculture and the SH. (3) The community
bio-thermodynamic heath states of the four forest plantations significantly increased from age 6 to 13. Up to 13 years old, the
plant community eco-exergies of the two mixed-native species forest plantations were significantly higher than those of the
two monocultures which were significantly higher than that of the SH. (4) Among the five vegetation restoration modes, it
was the 10 native species mixed forest plantation that had the superior characteristic at soil nutrient accumulation, with its
soil total nitrogen content significantly higher than that of the C. hystrix monoculture and the SH at 13 years old, but not
significantly different with that of the 30 native species mixed forest plantation and the E. urophylla monoculture. (5) The
results of redundancy analysis showed that the correlation between vegetation and soil was gradually established during this
study period, and the explanatory degree of soil properties to the change of aboveground vegetation structure gradually
increased from 73.3% at age 1 to 82.0% at age 13. However, only the correlation between the soil organic carbon content
and the aboveground vegetation structure indices reached a significant level at age 13. The results showed that the
development of the native species forest plantations followed the same laws with the exotic species monoculture and the
natural recovery ecosystem in the pant community structure, the bio-thermodynamic health state and the relationship
between plant community and soil properties. Comparatively, the mixed-native forest plantations were superior to the
monoculture plantations in plant community development and soil nutrient accumulation, while the monoculture plantations
were better than the natural recovery ecosystem. However, the initiative plant species richness was not the higher the better.
After 13 years development, the 10 native species mixed forest plantation performed better than the 30 native species mixed
forest plantation in both vegetation structures and soil properties. The establishment of the relationship between vegetation
and soil is a long-term process, and the effects of different vegetation restoration modes on soil properties is hard to emerge

in a decade.
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( Castanopsis hystrix monoculture, CM) ALK M £ LRIFP AT 2K 10 FAT 30 FR-DYF0F & B £ LRFD
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10 Al 30 AP PR E R £ IR SR K H AR RS RE R 5 HIAR A5 33 00 RS B A s Ao s
5N TB, ARSI A S R GG I R JEEh S T B AME RS- A e i T Bik 5
R A TR B 3 A F A, FEHR IS R BENL A 2 AR S 02y 1 hm? AR AR AT
HEA 2 mx3 m, P ELIN 1667 ¥R/ hm? ([ 1), 2018 45,5 BRI T A2 A BRI A AR ML L L3 1,
13 U i, P AR S ML AT (9 & Bl (N D9 A 1 6 A, 23 33l D 48 I R ( Machilus chinensis ) \ 0 #
( Liquidambar formosana ) . 1 & ( Cinnamomum burmannii ) . JX K 3% ( Manglietia glauca ) . Z1. 5 ( Castanopsis
hystrix) B34 ( Castanopsis fissa) , 70 2 FHALAER) £ ERFIIR L& 5 ( Michelia maudiae) 5 ‘K S ( Michelia
macclurei ) 7£ 10 BIFHRASHRFBEDS A SR 1A=

2 WRAGE

AW AW AR AN LB A IR R Bl M A 25 R SR SEACRHIE , B A O A S R G R A SR
LR R AE B A i AN A 2 R TS B S R IR ) A B R BB A A S R G R S A
HAR2 . ORT, AWt WAl Z R AL MR 5 AR S R G KT Z I B S AL DC R WA R

http ; //www.ecologica.cn



3672 JAE = 41 4

AT IX — DL, A TSR AT I JBE AR A v A W i W0k 2 5 AR R [T, ST 2540 (eco-exergy ) 1
&, A R S AE YRR B W) SRR 55 R R MU RTINS 23 M AR ) 7 5 A8 1 A ) A 2 i R K

5 AL MR ] AR DG AR, o DX A AR A S B P B 24 Bl
£1 5 WEEREEAFARERMETN

Table 1 Changes of tree species in the five restoration modes after 13 years

*EWW,E%@ 2005 4f 2018 4
Restoration mode
. W4 F ( Litsea cubeba)
FH(SH) WP ( Towicodendron succedaneum,) x
JEM¥% ( Eucalyptus urophylla) 8 W #5 ( Ficus variolosa ) | I%
AR ZE T (Litsea glutinosa ) AT ( Schima superba ) | JE 3 AH
JE M- Fieali bR RNt H( Eucalyptus urophylla) B (Acacia cms?icarpa) JH L'F A ( Cmi(:xylum Acochinchinense) .
(EU) EH W (Actinodaphne pilosa) 11 & T ( Litsea cubeba) . %F
% ( Toxicodendron succedaneum ) . 1 # ( Cinnamomum
camphora)
ZT4fE ( Castanopsis hystrix) AZ W5 ( Ficus variolosa) 17K AR
1 (Litsea glutinosa) |11 A3 ( Elaeocarpus sylvestris) | A
1 ( Machilus chinensis ) \ﬁtF/[\( Cratoxylum cochinchinense) |
LTHEAIAK . . K1 1 ( Michelia macclurei ) | W& B 1 77 T ( Garcinia
214 ( Castanopsis hystrix) o ) ) . )
(CM) oblongifolia) . 5 F& ¥ ( Pinus massoniana ) | LI & F ( Litsea
cubeba) FEHLE( Schefflera heptaphylla ) P (Toxicodendron
succedaneum) REE Aporosa yunnanensis) | A7 ( Carallia
brachiata)
AENAIR ( Machilus chinensis) WA ( Liquidambar formosana) |
@(*N(Bischoﬁa Javanica) SN ( Machilus chinensis) M B &F ( Cinnamomum  burmannii ) | JKOAR ( Manglietia
F ( Liquidambar ~ formosana ) | FA 7 ( Cinnamomum  glauca ) ., W AR ( Tsoongiodendron odorum ) | AR
10 Fl' & LA Ff burmannii) . JK K ¥ ( Manglietia glauca ) . . Y6 K (Castanopsis hystrix) . # 3 HE ( Castanopsis fissa) . K 711
1RAZH(10NS) ( Tsoongiodendron odorum) . HAE S ( Dilleniaceae Salisb) . ( Michelia macclurei ) \ T 111 7% %% ( Michelia maudiae) | A faf
W 78 # ( Jacaranda mimosifolia ) . 21 4 ( Castanopsis  ( Schima superba) | 1145 ¥ ( Litsea cubeba ) | LI} ( Symplocos
hystrix) B A% ( Eucalyptus urophylla) sumuntia) . 1% ¥ AN 2 T ( Litsea glutinosa ) . & M #%
( Eucalyptus urophylla)
KA ( Bischofia javanica) =N ( Machilus chinensis) X
% ( Liquidambar formosana ), B} & ( Cinnamomum
burmannii ) . K K F# ( Manglietia glauca ) . W & A
( Tsoongiodendron odorum) . T A 5 ( Dilleniaceae Salish) .
WA B ( Jacaranda mimosifolia ) | 0 4 ( Castanopsis
hystriz) . K F1 K ( Michelia macclurei ) . 43 W #t 3 1l #k JE ( Elaeocarpus  sylvestris ) . W& B 11 AT F ( Garcinia
( Elaeocarpus apiculatus) | LI ¥t 3E ( Elaeocarpus sylvestris) . oblongifolia) . 1§ 7 1 Bk ( Syzygium hainanense ) | i 3 4%
Wil & & ( Michelia maudiae ) |, ARG ( Ormosia  ( Sterculia lanceolata) IR AR ZET (Litsea glutinosa) (s
30 fh £ - Fh pinnata) . R K ( Delonix regia ) . 18 3% % ( Sterculia  ( Litsea cubeba ) . & LI T %& ( Michelia maudiae ) . ‘K 71 fifi
1A (30NS) lanceolata) W&’ LU AT F ( Garcinia oblongifolia ) . LIk (Michelia macclurei ) . % 18§ ( Machilus chinensis ) . R &

( Bennettiodendron leprosipes ) . M F& A ( Dolichandrone
cauda-felina) | B AF 254y ( Pterocarpus indicus ) | NS
( Dracontomelon duperreanum ) . H A ¥ 3L ( Elaeocarpus
Japonicus) . 7 1% ( Cinnamomum bodinieri ) | 1 7 =% 5B
( Radermachera  hainanensis ) . x & & S (' Michelia
chapensis) . 1 74 3 Bk ( Syzygium hainanense ) . F 3 £
( Castanapsis fissa) JBM#E ( Eucalyptus urophylla ) 5232

U (Acacia crassicarpa)

( Liquidambar formosana) . B & ( Cinnamomum burmannii ) |
IRATE ( Manglietia glauca) Z1HE ( Castanopsis hystrix) \F 3
HE ( Castanopsis fissa) JFEMHE ( Eucalyptus wrophylla)

Y SH: Shrub and herb ZLHEZIAK CM ; Castanopsis hystrix monoculture; 10 1 £ - HFIIR A (10NS) ;10 native species mixed forest plantation
30 Fl & LA FHIR A AR (30NS) ;30 native species mixed forest plantation ; B F£4MK EU: Eucalyptus urophylla monoculture

2.1 MR SHEE ST
ARG 1 #2006 4F) 4 (2009 4E) 6 # (2011 48) Fl 13 # (2018 4F) (AP BETR P & 5098 . M
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Table 2 Allometric regression equations and the statistics

Y N A
Aboveground biomass Underground biomass
YIFh Speci & g P
pecies N 1
[l 75 % 5 EE Y )
. . R . . R
Regression equation Regression equation
Mz Eucalyptus urophylla y= 0.1691x07 0.9462  y= 0.1723x%6 0.8942  Fr A MfE > lem
JEIEH I Acacia crassicarpa y= 0.4171x"62! 0.9750  y= 0.0562x""» 09141  HHEME > 1.5m
pilks Liquidambar formosana y= 0.2894x0-7405 0.8598 y= 0.1360x673 0.7850 (Trees:DBH > lcm or
Y2 Michelia maudiae y= 0.1419x"9 0.9932  y= 0.0640x"64* 0.7139  the height > 1.5 m)
JRATE Manglietia glauca y= 0.6355x"47! 0.8123  y= 0.0635x"66%8 0.8994
WA Tsoongiodendron odorum y= 0.1466x"8% 0.9367  y= 0.0442x°7% 0.8846
131844 Machilus chinensis y= 1.14475"5820 0.9500  y= 0.3663x"%%! 0.9693
FHE Cinnamomum bodinieri y= 0.3760x"5""! 0.8521  y= 0.1017x%6883 0.8714
K F1H8 Michelia macclurei y= 0.201040-8013 0.8022 y= 0.038x079% 0.8593
BHF Cinnamomum burmannii y= 0.9665x"301 0.7535  y= 0.3376x%% 0.8446
LL4E Castanopsis hystrix y= 0.2926x"712 0.9555  y= 0.1017x"%% 0.8238
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LA AT
B Speci Aboveground biomass Underground biomass “i
pecies N ‘(3:—:
ETEp e T .
. . R . . R
Regression equation Regression equation
R AR ZET Litsea glutinosa y= 0.1518x%7435 0.8130 y= 0.0337x°7913 0.7500
# Wik Castanopsis fissa y= 0.3778x"0" 0.8782  y= 0.0718x°7%% 0.9548
H A Elaeocarpus japonicus y= 0.0938,0-8589 0.7841 y= 0.0289,0-8469 0.6712
I Litsea cubeba y= 0.0497x"%5% 0.8348  y= 0.0019x'5% 0.7549
LLEHN Pinus massoniana y= 0.0245x 029 0.9711 y= 0.0126x0-20%4 0.9685 TR 1t < lem
WA Liquidambar formosana y= 0.0407x%9147 0.9879 y= 0.0336x"77% 0.9997 HHEWE < 1.5m
ZIHE Castanopsis hystrix y= 0.1388x0-70% 0.9457 y= 0.0013x"3% 0.9871 (Trees;:DBH < lem and
AEAEH Machilus chinensis y= 0.0587x98 0.9991  y= 0.0319x"763! 0.9930  the height < 1.5m)
‘K 118 Michelia macclurei y= 0.0039x"4% 0.9629 y= 0.0020x"%% 0.9192
IERIAREF Litsea glutinosa y= 0.0227x"01% 0.9319  y= 0.0022x">% 0.8381
EIHHE Castanopsis fissa y= 0.0506x"5 0.9724 y= 0.0082x%%%%3 0.9844
HARKLBE Elaeocarpus japonicus y= 0.1316x%9% 0.7827  y= 0.0423x%8%7 0.6945
LIS Litsea cubeba y=0.0043x"37 0.9080  y= 0.0004x '8 0.7597
MM Mallowus apelia y= 0.1004x"4'8 0.7590  y= 0.0364x°3" 0.6466
B ardenia jasminoides = 0.0556x""" . r=0.0295x" E HE rubs
HEF Gardenia jasminoid, y 0.9636 0.8814 0.5991 0.6635 HEA (Shrubs)
Yl Cassia tora y= 0.0267x"37 0.9649  y= 0.0117x"!16% 0.8955
k&I Rhodomyrtus tomentosa = 0.4571x™" . = 0.2144x7°° .
Bk 1 Rhod y 0.7346 0.6964 0.8813 0.6270
Wit P} Melastoma candidum y= 0.0630x"% 0.8260  y= 0.0420x°%* 0.6940
p2475 Ilex asprella = 0.1569x" . = 0.0498x" .
g4 1l sprell. y 0.3899 0.8355 y 0.6248 0.8192
KT %€ Clerodendrum fortunatum = 0.0351x™ y=0.0092x™
YHTFE Clerodendrum fi y 0.7675 0.9201 y 0.6673 0.8393

* RFME (R “mm*ﬁ'ﬁ’ﬂfﬂ(iﬂ ) PR, R T 1 om ELRES (T 1. Sm 0 x P AORIEE A2 biomass /BB T 1T
(kg) o BEH VR ;. Chen & ﬁ‘—

2.2 HERAEYIPIIFERTE R

A (eco-exergy , Ex) , BIAE R R G083 5 H [ R [F] A5 4514 T AL T3 22 P S 1 R e iyt B v oy
Dy, BN AZS R GEAIXS B BT A 1 F AR o VR T2 00 A A A e R R e A R B S R
G5 HI PSR Y RE R 22 fi@?ﬂ’]m%%l_% I RS IR RS 2 TK AR RS R SR H 44
SERPPA AT VRN A A R G A R R R A M R M R AR, R TR AR S AR A A R (g
PEA 2

TETE 7L AT REE A Rl A e 5 i Rt (5 B R Z A AR

Ex =187 x Y, C, (3)
i=1

Horp 187 MBI & A SR IME (K /g) , C ARG i DRI AE Wi (g/m?) By 3 @ WIFP IR X T 16 B
YIRS R 7, il il LR AP Rk 1S
B =1+1In(20"1°%) /7.43 x 10° (4)

Horp o EURAYIARSASASE L DNA BB (pg) o ASBESE o (B R IR T35 [ 2 AW P A ¢
{EHHE % (https . // Cvalues.science.kew.org/search ) ; T 5| B K ER > ¢ EEIEHE T 2R K FE, AEK 28
1, ISR AR RHE IR e B

TETE B A= W i 1) A 2SR 25 F4 J ( specific eco-exergy , Exsp) , J&REVE BN A W) WAL & W0 AP s A4 {5 B
HYRAE, AT
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R4 HtEABRFBREKRFRE

Table 4 Allometric regression equations and the statistics

F4: ¥ Trunk biomass A4t Twig biomass AWy Leaf biomass R4 ¥ Root biomass
fA) Plant Il 5 o R o R o R o
Regression equation Regression equation Regression equation Regression equation
W=~8E~06x>+ W = 6E - 062 + W= -3E - 05" +
A= Shrub: =0.2216x 10018 0.9033 0.8058 0.6843 0.7774
HEARE Shubs—— W=0.22161 00374 0.0325¢ 02424

W Rt biomass AW T (kg) v AREMIAE (AL om ) B SR (AL m) OTRFL, B IR . 2R TG BRGNS (hitp ://1s.cern.ac.cn/)

K5 BREREEKFE

Table 5 Allometric regression equations and the statistics

i o Y Aboveground biomass i AW underground biomass
Plant (w177 7 ) Bl =1 77 )
. . R . . R
Regression equation Regression equation
ey 1 = -4.224+0.986 x1 +2.689 x 1 = -2.451+1.301x log +1.516x
Wi Ferns og (g) o(n) 0.8600  los(nue) os(n) 0.8160

log(h) log(h)
W ﬁﬁi%i(u}g A b I, wug MR ,n ﬁ%%&ﬁ(*ﬁﬂjﬁ) Jh ﬁ%}fﬁh(cm) biomass NAEYE l“i(kg) o BRI W R 2 TR ( http://

rs.cern.ac.cn/ )

Exsp = 18.7 x 2 Ciﬁi/i C, (5)

i=1 =1

2.3 HHERERM T

55 b1 AR A ARG I A AR K S AR A SR L 3 SRR T 2006 412009 42011 4EFN 2018 4FE YT
Z, REETRENE I 15 ANSLE e EAR 3 om HESRENLREE 0—10 em B9 1AL 5 ARG TG 10
H 30 5 2 0E A B4 PR — MR AR MR 3 MRART 45 NMRAFE, WIS EE,
SR T KR (SMC) 5 pH AGIE , 38 & /K R ML TV E , 38 pH R A HR A7 1R300 5 5 o 450
Oy RCT R BT 3 100 H H356% T 3G L% (SOC) 5 H 4 (TN) I & , 384 HLGR R 3 4% 1k
SAAL-HMIMBRTE DN | 434 R F 2 o T TR D
2.4 BRI AT

BAE & Excel 2013 LIS, 7E SPSS 23.0 HR I HLP 2 75 2253 1 ( One-way ANOVA) 5 2 AL
( Tukey B8k Kruskal-Wallis H 1‘&3@,Jﬁ%ﬁﬂEE@ﬁﬁﬁﬁ%K?‘?’%ﬂ?ﬁﬁﬁ)ﬁj‘*ﬁxlﬁl‘@?’ﬁ%f&‘—ﬁxlﬁl
WK 2R A R I 5 M RRAE A 3R ) 2 A KPR R AL MR 22 A B 22 Sk . R B R 3 AN EE
Ho T B S F0R , BEMKTIE R a=0.05, RATURST ( Redundancy analysis, RDA) ¥ 4347
HE YT TE SR AN AR A AR K -5 R AE MR R A DG OC R o RDA M RO 5 8452 0
HAb PR Origin 2017 1 A4FHI1E ,

3 HBREHSM

3.1 5 FRERSAEYREE AW RS 5 A
3.1.1 5 PR EECHYIREE Y R R s

WFFEHIE], ARV HE R (SH) MRS 5 4 2B W ¥ 0 W A (1 2) 4 BN TR, R4 alibk
(EU) FriAEYas K, 78 6 #aT O 2 S T 1 @7k 6 %5 LAY 3Gk g2 WiFh £ IR ACHk
(10NS 30NS) HifitH (6 #4HT) A= Wy e K818 (B R REF) 13 I3 WD £ HIRSSHA YEbE B TH& A 11
B AR 7K s LA ZIMR (CM) 2 i K HU R Bt kb 13 RIS 1 IR K e B 25 5. 4 B N TARTRAR
EAE YA A S R B Y e —E, B 13 1 09 EU 10NS 5 30NS FeA 24 m 3 m T HA A
1R AY7KF- o 4 BN TAREA)Z A W i 3 BN S s /D A A 3, 13 #4119 CM. T 10NS FEA 248 W i 0301 i 3511
THA A 15 4 WA ; AR 2 AP R 2t 13 4FR R BN SHA [ 1B RS2 5,
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Fig.2 Dynamics of plant community biomass in the five restoration modes
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