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Abstract

Evergreen broad-leaved forest (EBLF), covering a lot of area in China, is the zonal
vegetation type in subtropical area. However, under long-term human disturbances,
this forest is shifting to include much more degraded area dominated by secondary
forests, shrub, grassland and plantation. Unfortunately, plant-soil interaction and
forest nutrient dynamics remain poorly qualified, despite the growing view that these
processes might be extremely important in helping us understand changes of
biogeochemical cycle at regional scale in the context of the global change (particular
in the change of land use), and shedding light on the conservation and restoration of
EBLF.

To understand the impacts of the degradation of EBLF on soil carbon and nutrient
pools, and nutrient use strategies of dominant tree species, we first quantified soil
nutrient pools and net nitrogen mineralization and nitrification in these forests. Then
we related soil nutrient dynamics with the characteristics of litterfalls. Third, we
described nutrient limitation with emphasizing N:P, nutrient use efficiency, and
resources response efficiency in different types of degraded EBLF. Finally, we
discussed different nutrient use strategies of dominant tree species under the
pressure of limited nutrient availability in the typical and degraded EBLF.

This study was done in Tiantong National Forest Park (29°52'N, 121°39'E, 200 m
a.s.l), Zhejiang province, eastern China. Although all vegetation is secondary in
character, the mature forests can be thought as the climax monsoon EBLF partly
because forest area around a Buddhist temple in the centre of the park is believed to
have been protected from complete clearance. The EBLF outside of this area
represents a range of all degraded forest types. In this study, we chose mature EBLF
as the reference climax forest, and secondary forest, shrub, grassland and plantation
to represent different degradation types. After examining the plant-soil interactions
and nutrient dynamics, we obtained the following results and conclusions.

1. Degradation of EBLF decreased soil carbon and nutrient pools



(1) for soil organic carbon, organic N and P concentration, mature evergreen broad
forest>secondary forest>shrub>grassland>plantation; (2) soil inorganic N didn’t follow
the same pattern; (3) soil organic carbon, N, P pool were consistently lower in further
degraded forest types. The comparison between secondary forest and mature
evergreen broad-leaved forest showed the largest difference (soil organic carbon
-37.71%, N-48.39%, P-35.17%). While degradation usually lead to decreasing of soil
organic carbon and nitrogen, soil N pool increased 1.31%, 4.56% respectively when
the forest degraded from secondary forest to shrub and from shrub degraded to
grassland.

These results suggested that soil carbon and nutrient pools decreased gradually
during degradation of EBLF, and mostly negative effect was presented in the stage
when forest degraded from mature forest to secondary forest. Therefore, mature
EBLF can be considered as both a major carbon sink and a huge nutrient pool in
subtropical region.

Processes leading to reduced capability of reserving soil carbon and nutrient in
degraded EBLF are complicated. Based on different types of human disturbances,
land use history, and shifting of species composition, however, it may be contributed
to the following reasons: (1) logging and forest managements such as harvest of
understory and forest floor have removed huge amount of forest biomass; (2)
changing in forest structure; (3) degradation of soil physical quality; (4) altering of the
biogeochemical pathway to nutrient elements and carbon.

2. Changes of vegetation structure control the rate of nitrogen mineralization /
nitrification, and accelerate loss of nitrogen

Soil nitrogen ammonification rate followed the sequence: shrub>mature
EBLF>grassland>secondary EBLF>plantation>secondary coniferous forest. Nitrogen
mineralization, displayed a similar pattern. In contrast, soil nitrogen nitrification showed:
mature EBLF>plantation>secondary EBLF>secondary coniferous forest>grassland>
shrub. In addition, plantation had the highest nitrogen mineralization and ammonification
but the lowest nitrification rate when its’ neighbour natural forests was compared in our
study. Through the comparison between logging forest and its’ control treatment, the rate
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of nitrification exhibited a significant increase, but the statistical differences of the
ammonification rate and the mineralization rate were not founded.

It suggested that, during the degradation of EBLF, different ammonification and
mineralization rate were mainly due to the differences of vegetation type and community
structure (i.e. the proportion of evergreen broad-leaved species, deciduous species and
coniferous species). Forest composition and different nutrient use strategies and
functions of these species affected nitrogen ammonification and mineralization. As for
nitrifications, its’ pattern in various degraded vegetations related well with characteristics
of community such as structure and species composition. The highest value often
presents in typical mature forests and typical degraded forests, and the youngest forests
usually have the lowest value of nitrification rate.

Overall, the results have shown that, different nitrogen mineralization and nitrification
rates at different degradation stages of EBLF were caused by many factors. Among them,
abiotic factors had more influence than biotic factors in typical degraded forest while biotic
factors had more influence in mature forest. Despite their difference, both biotic and
abiotic factors affect nitrogen mineralization by controlling litter decomposition. Meanwhile,
the changes of these two factors in different communities derive from the shifting of the
species composition and the plant community structure.

3. Decreased litter quality led to reduced nutrient pools

Degradation of EBLF led to significant decline of litterfall biomass, nutrient
concentration and therefore total nutrient amounts via litterfall return. Litterfall biomass
decreased from 13.24thm™ in mature EBLF to 4.15thm™ in plantations. Nitrogen
concentration in litterfall was consistently lower in further degraded forest types
except plantations, which was significantly higher than shrub and secondary
coniferous forest. In contraries, phosphorus concentration in litterfall exhibited no
consistent pattern among degraded forest types. As for nutrient return amounts,
nitrogen amount via litterfall decreased significantly during the degradation process
from mature EBLF to shrub even though it displayed a slight increase in plantations.
In contrast, phosphorus amount via litterfall showed a significant decease during

degradation.



Litter layer, located on above-ground as an interface between vegetation and soil,
plays a significant role in controlling nutrient turnover and soil nutrient dynamics. In
our study, nitrogen concentration and total nitrogen pool in litter layer showed variation
among degraded forests. Nitrogen content in the litter layer of mature EBLF and
secondary coniferous forest were significant higher than the secondary broad-leaved
forest, shrub and plantations, which were significantly higher than grassland. Nitrogen
amount in the litter layer followed the pattern: secondary coniferous forest>mature
EBLF> shrub>secondary EBLF >plantation > grassland. P concentration in litter layer
of mature EBLF and plantations was higher than other degraded forests, and the total
P amount in litter layer showed: shrub> mature EBLF>secondary coniferous forest>
plantation >secondary evergreen broad-leaved forest> grassland.

These results indicated that, the degradation of EBLF, which characterized by
the simplification of species composition, the homogeneous of community structure,
and the aridity of habitat, not only decreased litterfall biomass but also reduced
nutrient return via litterfall. Correlation analysis demonstrated that both soil nutrient
pools and soil nitrogen mineralization (nitrification) were positively related with litterfall
production, litter nutrient concentration and the total nutrient amounts in litterfall. The
positive relationship suggests that the characteristics of litterfall have a major impact
on soil nutrient pool, soil nitrogen mineralization (nitrification) rate. With the
decreasing of the litterfall biomass, and litter N, P concentration, soil nutrients pools
became poor. Different forest types exhibited large variation in litter quantity and
quality, mainly due to species composition shift during the degradation of EBLF.
Consequently, decreased litter quantity and quality reduced nitrogen mineralization
(nitrification), which further reduced soil nutrient pool.

In addition, correlation analysis also demonstrated that there is no significant
linear relationship between biomass in litter layer and soil nitrogen mineralization, but
the linear relationships between characteristics of litter layer and soil nitrification was
statistically negative. It is indicated that there are more stocks of nitrogen in litter layer,
less nitrate are founded in soil. This relationship suggested that the risk of potential
loss for nitrate from forest is large, and the characteristics of litter layer play an
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essential in sustaining soil nitrogen availability.
4. Effects of nutrient limitation on different degradation vegetation type

Many studies have documented that plant ecological characteristics, vegetation
type and species diversity might change as an acclimation to different nutrient
limitation. Plant N:P ratio, is an useful indicator to investigate N, P limitation.

In our study region, increased human disturbance has altered species composition
and ecosystem function in EBLF. Increased nutrient loss, including decreased soil
nutrient pools, accelerated N cycling and reduced N retention. N:P ratio in plant
biomass have changed from one vegetation type to another. The average N:P ratio of
coniferous forest and coniferous-broad-leaved mixed forest in our study was 14-16,
suggesting productivity of these forests was co-limited by N and P. In mature EBLF,
secondary EBLF, and shrubs, the average N:P is higher than 16, suggesting
productivity of these forests was limited mainly by P. Among plantations, the average
N:P ratio in Cunninghamia lanceolata community and Phyllostachys pubescens
community lower than 14, implying N is limiting forest production. In contrast, the
plantation of Myrica rubra community displayed a high N:P ratio (>16), which,
indicated P limitation.

Human disturbance not only leads to the decline of soil nutrient pool from forest
ecosystem, but also alters species composition. Consequently, N:P ratios in plant
biomass might change due to different nutrient use strategy of plant species and the
different biogeochemical properties of N and P.

Besides N:P ratio, nutrient use efficiency (NUE) and the resource response
efficiency (RRE) of the plant community are often used to reflect soil nutrient
availability and plant species’ nutrient economy. During the degradation of EBLF from
mature community to shrubs, N use efficiency (here after NUE y) and nutrient P use
efficiency (here after NUE p) generally increased. It suggests, with the decline of soil
nutrient pools, enhancement of NUE is a strategy to adapt to poor nutrient
environment. Considering RRE, our results showed that secondary coniferous forest
exhibited the highest RRE of N (here after RREy), and shrub had the lowest RREy.
Taking into account NUE and RRE in these two communities together, it is implied that
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soil N availability in shrubs is lower than the secondary coniferous forest. Although soil
N pool and N mineralization in coniferous forest is lower than shrub, but availability of
N in coniferous forest is significantly higher than shrubs. By contrary, RREp in shrubs
and mature EBLF are higher than coniferous forest, implying the production of these
vegetations is P limited.

Comparing NUE between plantations and their neighbor natural forests, our
results showed that adding nitrogen in plantations have led to the significant decrease
of NUE (e.g. Phyllostachys pubescens community and Myrica rubra community), and
NUEy in Cunninghamia lanceolata community was not altered by no treatment of
adding N.  We speculate that reduced NUEy coupled with increased soil N pool is a
common phenomenon that widely exists in various vegetation types. RREy in
Phyllostachys pubescens community and Cunninghamia lanceolata community is
significant higher than the control forests, but RREy in the Myrica rubra community is
statistical lower than its’ control ones. The results demonstrated that N limitation exists
in the plantations of P. pubescens and the C. lanceolata.

5. Dominant tree species have different nutrient use strategies

We studied nutrient use characteristics of Castanopsis fargesii, Schima superba,
and Pinus massoniana, the dominant species in the typical and degraded evergreen
broad-leaved forests. Our goal was to yield insight into the mechanisms of the
degradation of evergreen broad-leaved forests by exploring the different nutrient use
strategies of these dominant plant species under the pressure of limited nutrient
availability. The results showed that: (1) with the decreasing of soil nutrient supply, leaf
life span, N resorption rate, N use efficiency increased while leaf N concentration and
leaf litter decomposition rate decreased. However, leaf P concentration, P resorption
rate and P use efficiency showed no correlation with soil nutrient availability; (2)
among these three species, C. fargesii had the highest taproot diameter to shoot base
diameter ratio while P. massoniana had the lowest. P. massoniana had the highest
root-shoot biomass ratio and taproot length to shoot height ratio. Further analysis
demonstrated that P. massoniana used ‘conservative consumption’ nutrient use
strategy under the infertile soil conditions while C. fargesii took up nutrients in the way
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of ‘luxurious consumption’ when nutrient supply was not limited. Based on the nutrient
characteristics and root-shoot ratio, we consider that P. massoniana is not only the
nutrient economist but also the resource exploiter, therefore, P. massoniana can
dominate infertile environment. On the other hand, C. fargesii from nutrient-rich
habitats has set of traits that lead to quick capture of both above- and below-ground
resource, therefore, it can prevent nutrient-conserving species (e.g. P. massoniana)
from invading these habitats. The attributes of S. superba is intermediate between the
other two species, which may contribute to its coexistence with other species in a wide

range of soil conditions.

Keywords: Degradation; Evergreen broad-leaved forest; Litterfall; Nitrogen

mineralization and nitrification; N:P ratios; Nutrient use efficiency; Nutrient use

strategy; Resource response efficiency; Soil nutrient pools

12



F—EF i

il

1. IR EBFIEX

NET PR BRAARBI A S L3RRI ) 2 755 3 55 B AT ¥R 5% W (Brian et al., 2002;
Foster, 1992; Wilson et al., 1997; ¥k & Z=J040, 1999), EIKS)FHE. FEAFAESRGIEL
(M85 K 5)) 712 —(Noble & Rodolfo, 1997; WHERT & 7=, 2000), IBAAEMYLHITEHHRAA
FRITH LA (Lamb et al., 2005)o  ASETHRAUAL AR 25 28 58 1 ot 2L BN 25 1) 2 1 e
4= 4% (Brown & Gurevitch, 2004; Bunker et al., 2005), 1 S8k LS RGN HER, XA
U T AR A RSB 1L HERE (Pimentel & Kounang, 1998; Wardle et al., 2004b; X~ F-4%,
1998; /B & KK E, 2004).

TIE-HY AR RHARES RGN AT N, HA IR D)8 C R
(Porazinska et al., 2003; Willis et al., 1997). —J51fi, TIEIIWIEE . 1b 2= R0 A 2 R 1k e e 4 1
EAEYIREE ORISR TGRS BEVABIAS . E TR 53 TOA% JR) A SR (K97 43 ) D 3
% %% (Aerts & Chapin, 2000; Chapin, 1980; Fitter, 2005); 5 —J71fi, FLIIFEDFHBCE

(nutrient use efficiency). 7= IR I (nutrient resorption) . 75431~ 34)45 B I} /i) (mean residence
time), M-7idr Cleaf lifespan) DL PHVEMIMIAL AR J3 s e 48 A0 2o 0] -+ B ot 1 Hi
52 MH(Chapin et al., 2002; Chapman et al., 2006; Knops et al., 2002; Templer et al., 2005). [Xlit,
3 A AR GU AT LA TR G SO I U7 17 23 77 AEAR RS2 R (Fisk et al., 2002; Van
der Putten et al., 2001; Wardle et al., 2004a). [F—"EBM N, 76 HIERRT . MBS 240 [F]
I, 3RO P RIRER 2 A B R, RN AEARER AR ORI v E A
% (Bonanomi et al., 2005; Finzi et al., 1998). {HJE, AJET-H0h 5 HARIBCR (1 - 3R I A2t ik
AR T W R RE YR 173 A ks JRI AN 45 749 (Foster et al., 1997; Fuller et al., 1998), HiMEE&RIZEA
TR AR sz st ok SCsg i 3 - 358 1 ORI k  3ERE (Dupouey et al., 2002; Herbert et al., 1999;
Wadsworth et al., 1988), tMMRA FoAs 7 H R AT & 2 AR AH BoR &R

BRMGRACE Z 7RI, MRS 32 (R FR I SR, IR w1 ] FAL
BN R RE, TIEMFR&EhbE e B TR (Adams & Attiwill, 1991; B[, 2002). EA
FRRACBT B, BT RSB R 225, FaIRAE TR B B R AR e, Ik e -+
HEFROy & B0 RS SR (Grunzweig et al., 2003). 7RI FEA, FEMRETE M AR ARI N T 1E N
TIETR TR, R T WIRAN R (57 3 M S A Y 77 73 A2 A (Herbert et al.,
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1999; Thierry etal., 2003). [Klit, 7EARpRiBAERES, WS 132 MR AR B 50 AH
LT N FRIRFAIE (Porazinska et al., 2003; Van der Putten et al., 2001; Wardle et al., 2004a).

2 My VAR AR S AR AR T AR S A IR AR BEAN T R RN, THURRRE & R AL 3A b
KRR EET I, B U AR S S AR i« e AR DU i T R R T L s
REVE RIS R A T HEAYE (125078 (Dupouey et al., 2002; Grunzweig et al., 2003; Grunzweig et
al., 2004), JXEE5E AT TGMEVERI RIS, WX AR R G DR L T 58 A F #5200
(Herbert et al., 1999; Koerner et al., 1997), {5145 AS [RI38G 2 A 45 48N BEK IR G a4 B AE
AR, MIMTCAR T R PE R AR 23 AL (Fynn et al., 2005; Knops & Tilman, 2000); 41, S RHEAY
(V138 22 DA T SRR I A R AL 22 A1 21 & 12 (Dechert et al., 2004; Jaramillo et al., 2003), %fH-Ff
IR INAERE& IR A AR 3 2 R ] T AR RIEC(CEA 4%, 2004a,  2004c), KKH
DT RIRI IR R R e N MO AR BRAL A AR A (1R 0 S s 2, AT B A5
HHOREM Y E G, LUK EFR S 0 SN (McGrath et al., 2001; Powers, 2004).
IR, ARSI AR T 5-H) RGN TR0 2h &S B AT HEE 0

L B R 0 AT AR R M DR — R R A, EAE P E R AR, AR, 2R
MECh AR RS MR A DR B DB B4, SRy RIS, R
IRHR, ANVAE D KA, PRI NS TP BOX AR Zgdi b, S5 L AR
FraRIIe L, 2 i A 2 KT AR AL T AN R AR FE AR S SR A HE A L R B AN RS (1
AT, 2005; AIKEAE, 2005). WMAKE, ERKWIKASETHR, o 6 S i Ak i 2>
ATTAR I 28450 FER AR Ah B 32 20 gl b B AR Rt RBLH — R AR AR AL, 4
eV AR a T 5, SR KIR AN TR 70 BE )ik, LA, fEBERE R, MR R4
ISR HEL T DX AR ) MR E R IR A, O T MR PR R AT 0, B AR
T B B L AR IR PR OG R o [T, L W e i i AR A AT P B ) R AL AR 52
Wi 5 B RE T (R R S AL BRI ) AR AE

R, 5 2o ] AR IR AL 555 70 B K INFIFR 23 J e s 257 A 1 g A5, A2 L3897
SENARAEBR G, WA, JEHGR L FM SR T BRI IR 70 F ] SR A& N 7 53
JHMIE B 9 TR 3 BEUR, AR LA FIE I o6 1K L8 o) AT 45 T A I AR, — LR B = R4
ARGV P, AU SRR HE 2 I ARAR AL ) D SRR SR 1 DA 35 R
IXPEARAL, DL SRR RN/ AR I A IR A, 0 BT e P RR AL R e L
R IR AL S H 38R 0 ShA R R, IRR LR 0 BRI R, 2 W7 3857 0 AR
WA EAC I BRIVE ], ZEBLIERL b, 38 s A e v o ol B+ 357 73 AR AT R T R 75 20 A1)
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I, DLRCH WSR2 MIUHT SRS, 5 A8 A S ARGR A L) - TR R G970 8l
AREIALE, Bkl COUHGE BHOR ) B3N, WS AR A A b ER 1 25
PEIA AL TR PE S, o DRI RIACR 3 2 il I AR Y S R S A1 B T Al

2. W% etk

WHANN, T EMBEHER )5S BT TR E AR, DR, SR AR AR By B
T EACRH R BANBE R I BRG], R BB R 277 0, AR A IR 14 el
2H % HAA FE A vk 2 A H (Aerts & Chapin, 2000; Chapin, 1980; Chapin et al., 2002; Vitousek,
1982), JUHOEAEIRMRIRE T, SOMBER FRGIE T SEOG W e X ARk U, AR Kt
FHEREAMBEFR > R RS, Pk, AW DARMIBON R, LR =S5 T R %
PRV R G, DL RO SRS AT 58 R 3 AT (1D ARMGR A XS -39
IYENASHIEN . (2) ARMGBARHYIRER IR IHIE B2 (3) H33g8 7y BRI S i 72 7y
A SRS
2.1 FIIR U3 LIRSF 5 3SR M

WFFE R, KT T SR AR R AL T X IR R SRR A s Jm B AR A
P () 2438 (Brian et al., 2002; Foster, 1992; Foster et al., 1997), 484555k &AWy ERAk 241
PRk 4% 52 31| 1 B2 5% Wi (Dupouey et al., 2002; Fraterrigo et al., 2005; Guo & Gifford, 2002), -+ 1%
T 5 2 R R K <2 (Lugo & Brown, 1993; Luo et al., 2004), 3 & #4557 00 K &
(RT3 KSR K ek (Feanside, 1996; Powers, 2004; Verheyen et al., 1999; Wilson et al., 1997).
FEH PR D, T8 2 NPT 3R A Y A s g B — AR il R, RIS M ke
Wi TR R AR TR R AL, DROKORIER K BEIE AR )R B, Pkt iRy
SGRHIE(GR L, 2002) .

AR R R R 2 05, R AR T (i FERAR . AN S R4S 2 1
LSMER BN ZRZ —, IR AR I SO SEH) T8 324 5% (Brian et al,
2002; Compton et al., 1998; Erickson et al., 2002; Fuller et al., 1998; Latty et al., 2004; Osher et
al., 2003). S Uity FHFE AR OB IT s, RRARAR A5 ~F- 2509820 1 46 5 F2:40-50%(Davidson
& Ackerman, 1993; Guo & Gifford, 2002; Johnson, 1992), ~“F-Jy/b 1 3% & &:-8%(Compton et
al., 1998; Guo & Gifford, 2002), U™ Hb 4 2 FIi A 34 2 5 76 W) 3 #R 2 14 i1 (Holscher et al.,
1997), FEBEAEW AL S A, KR S RA BEAE e, AR 7 o) i i

B 7 2 2% (Montagnini & Buschbacher, 1989; Neill et al., 1997). ZEA&ZY &N L5,
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BRI T B s S s 08 3 A  T B(Neill et al., 1999; Verchot et al., 1999), F
B RS B T REARE R SR, P, EJIRF KM TIE T,
i F R A IR 2R i 2 4 250-909% (Hughes et al., 2002; Kauffman et al., 1998). £k 2 ({11
FAEW], B RN N T KUV G, BEE R R 2 K E W35 Ak
(Knoepp & Swank, 1997), @i g0 1wl f Al i &L & & (Neill et al., 1999; Osher et al.,
2003). . hFEHi R RESRAN TR, fELd 755 n, RE HIEIR BA R K pH
- AT B AR A HLTCS 2, A (U SERE) U o RS2 AR 1504 Je T
SRA7AE(Koerner et al., 1997; Latty et al., 2004). fEARM [ B AR IR RE A, AR R PE AN
AHAE 2 S 30 T LI TOHL U FH AN A B0 n) B2 A R UZE 1R 4% 4% (Gallardo et al., 2005), {HJE, 7&
B 5 IX Al Beas v SRR B AR FE e BRI E R R ST, H AR AT WA I
Z5i%(Verchot et all., 1999).

BER A= 2 PRI R DR R, fEARMRAI], IR R
141 (Garcia-Montiel et al., 2000; Juo & Manu, 1996), {HFEFEINAIHERS, +3efl & B 2 1%
i, Blan, eV S IR aEUE T, X TSI BEAL fS , R A 2 35 1T N (Gehring
etal., 1999), HUBfE T3P BEr b, M EAERE APy m o TR, (RISt I T S 65 A fle
BB AE AR FEINAR o FERAAH MR AR, ARl e 3 i, 30 P B R A 1Y
IR, EREERWABEERIRE, RPN ARG, ihh, BEA L R
Mok, SRR YR DB U A T E

IR TC IR LR R PR AT R O N AR, BRI e R /N aT B
S e 3B B USKY-, AERARAR AR 0 s 0 2 s A AR v A D O B A I A U T R
FE4y s A HAEMEFR 5> (supply nutrient) (Birk & Vitousek, 1986; Killham, 1994; Tanner et
al., 1998). A MM 245 L3 b G R AL I FR 2 o3 A S e, w LLRE
file Ay AR -3 rh S RO R R R e 3R Bl S W) AR B B RE ) - BIFSER T, R TR
P S0 PR A G il X RR AR 38 PR AR 7 ) i T PR 3R (U 0A%, 2002) o A1 b P AR AR
SO A N AR CREBDRZEFIHAR) S5, AR AR B I 2 AR, R AANRE, AR R LR oy #0AE
PR, R EE TR EICINK r, ANE T RUEY ik o AR MO TR B MRS, 2B
ARG 2 5 32 TR R RN, RIMANO 3 MR /K KRy %, X2 P A F e
HIE T W BE 7 (Nasholm et al., 1998; 77345, 2002).

IR, AR AT — AT i 2 A v ) SR 9 -3 R ) 3= 2 B 6 BFE
R, IR AR 22 AU A (SRR AN ) 45581 (Klingensmith & Van
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Cleve, 1993). FRULZ Ak, AFERLAIF, AS[RIAE 4 SR DL R AN R ) e AR AT DL
W AGAE I 5%t AN [F) (Binkley & Valentine, 1991; Knoepp, 1998; #51i4%, 2002). & £xbkiB 1k
PR, NRIE R APBCRAAREOR SR T 38R . W 2 DL v Y i, NI 3R
EIWH AR ] & =281k (Frazer et al., 1990; Rhoades & Coleman, 1999). WktkA)E, +1EiR
JEE PR TR PR B s Ty, 3R R T 2 R s b i v, i ELRARARAR A A T4
AR ARGERATHUR, IXLEHATH TS e AR ] 52 s (Frazer et al.,
1990; Puri & Ashman, 1998). 5T W], A e HARBE (CUnBlBE . ke REHAE) #0F
T I A W LA 4 T (Binkley, 1984; Neill et al., 1997; Uria et al., 2003). 48 #2570
KA, AFERFS R TR PER A, B SRS RRGL B R
R (EZHRCIN, ARFTERIN) , IRV S (npH L R38R AR ESE) , +
SES S DR R AR R R SR D Z AN RS, X R I sh At 2b R I R
(Burns & Murdoch, 2005; Grunzweig et al., 2003; Van der  Krift & Berendse, 2001),

FENFET A5 5 AR AR R R T, S8 WU 38 . ORI B R I R PR e RS 2
BN (Paschke et al., 2000; Pérez et al., 2004; Richter et al., 1999), fEHTHIX, 4+ Huh & 7
Jai s UEAR LA BRI 7 70 (PRS2 348 38 % 1R R (Knops & Tilman, 2000), % 20 42
JE AT ], JXANBBETR I3 (K 103 SR S e i 4 L fee s ) (Brown & Lugo, 1990), A
TR S RAEANE] 20 IR TR) AR B T AR AR TP R KA1 (Rhoades et all.,
2000), HEMIBFTTRY], AR EIRAEARNE S WE, LR B LTI A /5 EEAK 1 I
8], AE NIRRT A A IR AR I RE o, AR 2 8 rh (R & AR ] 10 45 R REAR
WRIEL, SO B R AR AR ) KRR 2 50 4F (Wadsworth et al., 1988).

2.2 FFBULEMEEF AL

L KD 9% 70 VA 3 3 42 2 A0 A5 b b ) v ik 55 ) AR S 12 )5 T B R 5B A4 (Woody
Debris). 1~ 404, LU R KOS A8 et 45 2 B (60 ol - SR AR e =R . AR 4N
ARIFE A AR WL IDEAEAREVE TR A R A BRLRIATY, (H il TRVE Y e i +F L
71, ARHERMAZS RS W) SUE R AN IR 7P 5 A B R goe /e, Dk,
I IREE DI VA IE AT U 7 0 U PR 1) B B & 42 (Bloomfield et al., 1993; Vogt et al.,
1986). #hafltivh, Hb - VE T U - ) SR by L3 TR FH A 1K 79-87%(Chapin et al.,
2002; Harmon et al., 1986); 74b, HiRIHEVIEIERARMES REFTRSMEIA . WEN A7, B
T SR LSO e AR R AR 8555 T ST RE AR A AL 47 (Aber et al., 1998; Currie, 1999),
PRI, PR AR RS % 03 Ik A T HAT 835 T ke iR A7
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TERRMIBAGIERE R, PEBEA RIS B A, A AR 358 1) 57 70 B0t A o it B
R, P, BRARIR N HIE RS D R A FL S5 R . AERRAR IR R
NETPARMATT 0 R FRSEN AR TP RE ) S50 I V& P B A st BoAY
FLEGEM, W WORYE ) SR N BRARAS 2 T3 USSCR PRI BIOR, (I ROk b 257 A R
5% (Covington, 1981). HITMIRFFCAE RKN], WEKIEVEYE RS RGRAR T 44-T3%107
wFR AL, T Had o AR b A aE B 2 B R GOV & fLIERE, 1997; SEVL 4R,
2001) o AHR, TERZ TS MBNARMA, HAR N EEDEH IR R, AT
RIS TR A5, 53— 71D, AEREIPERITR , ARV 0 70 AR TR 57 0 H 1
m, AR TP R EIE T (Aber et al., 1998). i1 T 3T RE B LA Y%=,
PRI, FHARMRIR AL U 3355 0 5 BN B SOl R S PRAR T R B U ¥ ) 5% 53 VA i (Aber et
al., 1998; Currie & Jadelhoffer, 2002; Harmon et al., 1990). -3 S #x bRy Vi 5 1) S SRR 85E [A]
1, RO AR FIERE A AKIIRIL FRIIRG S EYE SN, TR e ARk
TR, RWPUR, THBE S, FROPROLRAF, AR R R (Harmon et al., 1986).

(R, DIAEIIWERRHS A0 T 52 W AR iR o i (R AR 2R e DDA, ik S R i Ak 2
], PR R ek ], RIAEA L Mk S I 5 Hk B WA IR . FREE
HARMRAIRAL, R I SR P P 9 o0 IR A R DOE PRSI . AR, TR,
MRS, FH YR S BA SIS w8, FRE, ek iy s R 5 5
SHRRIREIBTR Sy o DRIBE, b — AN 5, ARMRIR A A R — I A S AL [ 5 — R v ok
FRAWTEAG SR CRAS BARFI N, RS R, R A 06 2 L] o5 o 2R Wl 35 A
FFRE T P B FE M BTSRRI AEAE BRI, AR T, 11
AR5 P AL PR 7 B RN ZH B IR b (T IRAE, 1996, BINATAE, 2004; $&5%, 1993;
SRAEDRAE, 20005 FKOCTHAE,1999) , TRHE IR 38 Ja R ¥ 157 0 VA 38 W AE LR I 5T
A5 LW EM.

2.3 TIRFSIREI SEYBFF S T KR

FEZ BRG] RO PR R ) A ) 2 g PE DS (Aerts & Chapin,
2000; Reich & Oleksyn, 2004; Vitousek, 1982), - W AHY A R BIPE RN, W]
REAEBE NP K /N K J B (Gusewell, 2004; Gusewell et al., 2003; Koerselman & Meuleman,
1996; Tessier & Raynal, 2003; Verhoeven et al., 1996). W57 WoR, SHBHINPS RN T 14
I, DR WA A A R SRR 52 B SR I IR L, oK T 160, T S ke e 267 ) 52 i 3%
BRI SE D sm 20, A TPy v () 2 W] 52 21 U o 28 i 3L [R] BRI Y (Drenovsky & Richards,
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2004; Gusewell et al., 2003; Koerselman & Meuleman, 1996; Verhoeven et al., 1996), [Alit, #i
BEINP S B4 2 HIRAZ W R A 1 L R 0 A2 25 3R 4 10 U 9 2 B A6 4% J=) (Glsewvell,
2004; Zhang et al., 2003, 2004).

R, fENHIZIERRN, DUET LIRS, B fE AR T, Ao s BRI AL
Il St4i Ceritical value) 38 W A LS SE, BOATRN 2B, NPy — 7 Ae s, AU
DR BRI TG 2200 R A0 A K PR A ) A B P R B # (G tisewvel |, 2004) . FR A O A IR FU LR,
T RETE (FINPAI L3 5B IR 20 & 5 W), DA SR — A A E AN [ PR INGP -5 000 I ) 388 5% 53
R A RE LA, XWMAER], AR IN:PREDS S S0k 70 200 R A A PR A
AT NP 255 5 SCLE T WA R A0 RV sORE A B0 2 7 ) S 2 B A 5% 73 T5 3% 1Y)
BRAIET, R 7EBEZRARN MG, AN F 5 AT, MY R R 2
PRI, A A N INCPARDS B s AR, R MR, B3R 5 IR AR 458 S 1) T 3 I 4
R BRI RS, NI 2 R IRy, RN I BER S R W T, AN
I T FE A IN:P (Giusewell, 2004; Herbert et al., 1999; Shaver, 1983).

R HINGP K /N BE 08 S AR W) AFE v 32 28U 1ol 0 3% PRI R A e A i T X RE RO BE, BT A
YA 1 U B LG R R R AR KA LB U R 40 TR PRI — R 4R 7R, tRRDS
RAEFYIN SR BOWCIR DL, 25 P8 A RERE AT BN L I, 4% A BT SR o & G
TR, PR R R AR O 4% — g LI EA T, T B R R R AL TR BOIRAS, 5 —
TR AN 5, RN RINPE GRS A AR, & i NIRRT 2 1, Z0cR
AR T PR RE A A K T BR 4 K] 2% (Gusewell, 2005a; Verhoeven et al., 1996). Fi#iN:P
b ) B VR A A T8 [ A b Ak 27 SR e A B B /N BRI R 78 4, 1 T8 AR B AR RS
ARG, FABHE IRBIRY AR EEIRouR, B, HRERESE LG, LUK
A BRI I T 7345 21 T BRI

N:PRIAT Dy s AR ) AE A 52 St e 3% IR AUAR R (AR, A EAG 2 T iz k], R
KIS RGN AR RGN UERIHE 5, B2 U H K2 Wr i A= A A 1) 5l 5% O
BRBIR 5L (Gusewell, 2005a; Giisewell et al., 2003; Koerselman & Meuleman, 1996; Tessier &
Raynal, 2003; Verhoeven et al., 1996). 7EN:P/IN, 6+ s Ul B k% Jej Il SE Ccritical
value) HIHffizE , EAFIITFEH AV —2, Verhoeven (1996). Zhang (2003)#1Koerselman (1996)
K E14-16/0 X [, TTGlisewell (2003,2004,2005)f— R AR A T 10-20/91X [, 4K,
Je AR EAT RS, (HI R U AN BERG I SR 1], BOREVR N A [ b ) 1) 22 5 5
T 7 BEAE ELBLRA U] R o0) VR R AR Jmiadb AT DX 0 MU T, BRI, N:PRI14-161X ) 4453 31 K
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G, EAFERESRG S, AR B b S W U PR TIPR DL TLAR AL .

ey L, HARH BT R A AN R BRI, ANBOMZ AL BRI R R A2 2 2 AL
HATE W, WA REVS (R S R i B A Ao L P ], g i ahas, Bl
BERRGET NI TFERRZ — Bk, TR ARSIk, e ARG P sL
BRI, T RS ARS8 A BB SR 20 1O AN (R B T4 P BA 32 FIR B 0 2 B 0 S AR,
FROOS Tt E RIS A 15t 30 00 5 A A PRI PR s R e 2 7 () R 0 BRRTBIPR L, R — N I
B PR TR T8, R AR IR AR TR AR ES RS, LR AT E
MAESRSE, W IERBINP, W DL I FRADN X 464 2 R GU A5 PR AE

EARESRET, B EENERTR S B RS )E, PRI 2 7850 5
i SR Y IX P 5 AR (Fynin et al., 2005; Mclendon & Redente, 1992; Paschke et al., 2000), 1 #1:
FE TR RGN, HEVIREVE 2 5 m IR 70 MU RAE N R 20 2R A5, A, IR R4
R BTS2 A5 TR RE S AN 2 2R 770 B IR )4 T (Aerts & Chapin, 2000; Aerts et
al., 2003; Birk & Vitousek, 1986). +He77 5 FRIGIAPIFIALSE B RAAER S UINC R, 57
IPRRRE L HARA — £, SR BRAIECR RN, AU T i AL WMl e K9 AE A P
TR R, IR LSRR YRR 77 2> M HI4F1E (Cordell et al., 2001; Daufresne &
Hedin, 2005; Grime, 1977; Miller et al., 2005; Tanner et al., 1998; Tilman, 1985; Vitousek, 1999).
FEANR] L3I0 5 AT T, DIRORE SR 3 a0 S S Z2 AR, — 0N, ST AR R AEAE R
s R, VR IR R AR FR o MR . R e A, WHARdn i, MRS AR AE )
RS 4 B TIBIR AR CAnster Ja 01D IRR S — i B AT i o0 il . IR0 A
WORAG S TR AR W 25 A 2545 1iE (Aerts & Chapin, 2000; Grime, 1977, 2001; Reich et al.,
1992,1995; Wright et al., 2001,2002; Wright & Westoby, 2003).

FELRE T R I7 0 R R A F a0 I BT 0B s 77 0 i R T S A i, o T ik
RN 358 2 T AR A I RE ) — AN A I 245 FR (Berendse & Aerts, 1987), BT
RG34 (R R G (Bridgham et al., 1995; Knops et al., 1997; Pastor & Bridgham,
1999). 7RI M IR AR LA IME I IR 2 BRABIPE RO, IR TS 5 SLR P ) R IR 5%
Iy SRR e AR E (RE— 2D T ISR S R BB, B R, AREIFRY
MM BCRF R 2 A A KR IR AR S BN, TR E L3RR S ER S
(Aerts, 1990; Aerts & Chapin, 2000; Harrington et al., 2001; 7% et al., 2000). Y5 R R,
SEARHER A R IRIR 0 FE TR Oy B R B NKCP T B 2R D0 KN B 5 A 7 e (Herbert &
Fownes, 1999; Hiremath & Ewel, 2001). ‘& Wt T 138 YR 4E et P EvE AL 7= 1138 ) it
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TR 703 0% R B Y5 A3 P EEARE, RT LU TR P R MRC SR DR R g D /N, T
LSz L35 53 (A RO, it 13E3R 5 e RS w i, TREE 057 4 R BT8R 1
i WE R AR IR B 2, R A ORI TR )

— AR, R RAEA AT LA S B A KRB I 3R 40RO, (R AT LARAE AR o0 ARG
[KI3& Y P (Birk & Vitousek, 1986; Luo et al., 2005), P PR R E9R7R THEMIAT
N FILfE(Aerts & Chapin, 2000; Wright et al., 2004), & [ A4S 53 I FH SR 1) K 4 F e
(Valladares et al., 2000; Vendramini et al., 2002), 1: -5 A ALK IE N L fE
R ARAG B KON A7 B A5 v AR 3 R BT FR PV I S (SRR & D RAF, 2004); 1 9%
Gy EER AR AL GVE R BTG FR 00 10— AN RIS, S ARFFF% 0y Gl R I B L 2
—(Aerts, 1996; Killingbeck, 1996). 7EXTF753 BEUa ) se g+ FE NI R, MY #7550 FIH 3K
gt 1) AT — 2 P BB, BARIR A RS SRR 03 R I OR 1) R — 2 IOAR DG, (HadEd 42
150 5 R BRIy 97 43 SR M I 43 R R 80 2 W i A7 ZE T IR 4 (Aerts & Chapin, 2000;
Knops et al., 2002), 1E241 Berends(1987) AN HIKFE, {EE XA I BRI RN, N 7asr
2 IR EAE R VR P (S350 e B e T, LA e S T BRESE rh 3 43 m] R PRI i, I S
7 i Sk 2 IEAH DG

TERE R LR, TR SR (RO BICEAY, T — o A I
it 3% (Reich et al., 1999; Wright & Westoby, 2003). %53 B Az db AN S M, IS A2 RERS 4
Hoer TR S AR AE e A G R A KT B, IR A i SR A Rh R
Ik TS AR KRS FE (Aerts & Chapin, 2000). A1, A 8 FEM R LE 5% 53 i 0
WPEDIINE . M, LR LR R e 4 R A RSB R, Rl X
I P PR B R ARRE 1 AR AT R G XU, BRI, FROERVEY)
IHIEIRAS L5 2 g R TG . 450K KU R EEANR R 3R B R (Aerts, 1997a). S5 WL, 1
K FARIEFRIE R R b p, SRR AR T 1A w Lo O AR ), It
TR IR ARARIRITE HA BRI IE NN, TIFR4S MRS ISP S ) TR PRI )18
#1t(Aerts, 1997a). HIMEAT WL, ANFBACHEEE RV AL T A FIRE TR 70 A IS o0 R, A
IR EE IR 53 B 036 T BAT A% 50 R F S (R A, BRIG,  ASIR)Ap R 55 43 R H)
SRS BN T REREE IR AL Z 56 F(Fynn et al., 2005; Sollins, 1998).

G4k, WARIT R, ALK T RO A B A — B L R TR AR5 e R A AT A
HEZE Lt (Aerts et al., 1991; Chapin, 1980; Grime, 1977, 2001; Tilman, 1985). — i\ A, 4tk
() BRI A R 0 T, A 24 S8 2 1A TR ot B b3 o3 ey A, T S A 280t o
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ARV AHR, MRS M BREIE PRI, R — MR Sk B 2 () I TR T
WRIEK, HKH R T 4% 6 (Comas et al., 2002; Eissenstat & Yanai, 1997; Hendrick &
Pretitzer, 1993), BE KFEE 1 A R i - 338 v (1) 4 B 5% 43 W5 U5 (Aerts & Chapin, 2000; James
& Cahill, 2002; Tani et al., 2003). A~ [ R AR BEARRR 25 EERE AR 2R T 42 B U5
BRI, R T BB U BRI MK/ (Agren & Franklin, 2003; Casper & Jackson,
1997; McConnaughay & Coleman, 1999; Sami & Anna, 2002). [k, HiM)HIARZE K /N
A K A2 S AR R 97 4 B U () — AN SF g (Comas &  Eissenstat, 2004; Gedroc et al., 1996;

Reynolds & D'Antonio, 1996).

3. AXHEEMRAAE

TEANRIESNIRE TR LB, BRI AT AT & AIAS IR AL B R A G bRy AL
IR CEAREE, A I A B R AR e A (R A v i SRR bk CEAS2E4%, 2005). 1X
BERE AR (AR, D BIFI0HE St il i AR R A X - 3380k PR 5% 23 P PR S S A3 (SR o AR 3L
5 By T AR IS TR0V, 0 ol DA e i P AR R AL I R o 38R 0 PR B P PR AR AR AT, H I
AW AG/AEARAE, Mo ERER TR VIR, ARARER (TR R R, DR WA
(%23 ML SREms AN T T EAT W AR, 5 AR 7S S ARAR AR R o - R R ¢
(7% BHASHFAL, Rk e W] 52 45 2o P AR R JRAG L BR SR AR, -tk 0 o o P AR A B2 512
IR S

FESCEEGE b, ARG BRI LU AN B8 1) SR ARIR A O AR REAN L E
RN, B NG, 3R RISR 3 P 1 S P S G o, 5 5 B AR TR AR - e 1
I SR PR K BRI D) REFN IR 4 FEDI e ? 2) A G MR A ik R, IR 0/
TR RE QN T, ZEAN TR A R BRI A% 52 3) (RS MR R, b
EAHAR SR VI B AN R SRR AR A, TN g AR R B A B A BRI 2 4)
P55 G i ARIR A I R b, 2 B3R TRO RARAL J , RIS R 3R 00 SR IR E 2 A4 2 5D
FEH SRR AR IR A Ry, SRFAFI ISR 35 5 s A5 (e R AE 2
4. MRMBORESBUERLEHE

WG I T A T AR (R&121° 477, Jb4i29° 48" ) BIR#E (RL121°
39", Jb£629° 52" ) DXk, WAESMNXKIARRS . LS HNREMIBBMIEL S . 12Xt T
ARG R R AL, R & AR BKFIVY B LR T S A SEA R 23, BE N384 Fe b3,
H R F AR BB, Ay 2 g ) P AR RRAR, dl—RAE200m /e AT, dieis e K 1l OB
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WK 653. 3me ML L3O B2, S RO T AR TR S R BRI K e A S AT
WE ML b I . R EH AN, —RAEImEL R o 58N e v Rt i 2 X
AU, RRE AR, AEPEIARLE. 2°C, AR REK 1389, Tom, AEJCRE 230K 240K . M
PERERI S DRI . KREFIA T A U Bl AR CROK S & ERERE, 1995)

RS PEAN B A, D M RO AT AR SE TR AR VT ) i, S A BRI AR
TARTT ARANEERZE, T RURRAZ X 2t i i ARRAG SR I A 524 UK JURR: (1) B
PR FASARA , SR P FEAT e AR SE BT, AT T B A2 PR e B VR A bR DA B 2 I AR
X BERAY P AR B 73X D A AR SS s (2D ik S0 AR MR TR AR T R
Mt HRTTZ 20 AR S RS HERE I (3) PR T B ks U A W ARG 2, Pl
KIAEINTAR, 2 0 A B S AR . A2 ARMRAATIRAS; (4) JEAERRAR A RE AR A R
M, —MAERACAAE, BRSHIER T BR, USRI 3PS R S R AR A i
Do Si4h, o™ E AN TH7 20K L B bR s A i, LR A5, th T4
SR 30 EARRAAN A TR, DR e (1) R AN AR L

5. THREKL

Oy T 4R A PR Ao R P R R LS BT S A 08 PR B LA
SRS, ABFFOBT N : 1976, LARCH SRR MR TRV Ak, L 4
PRTIA 22 52, FUC, AR L (LT B LR RIS TR 2 5 e PR AR
THRAN TARPIALI M (B 7 5 0 785 R R AR UK B EEE,
TR 5 3 R PR AL R op 3032 40 2 A R RE S 92 00 S L IS A B . 855 530
A 00 B AR R A P, IO LA P T s A 9 40 A 3
T OV T R TR AT o AR L, S5 T 4 AR R A TR
FH ARSI GBI PR L R e, RV 1003 4000 0% B L3 IR0 95 50 U
Sl EARTFAC e 1 BT, A FR PRI L LR
6. FEiIEIR

BT ABRR B T = A0, Mk, (PR, AR T A 5 SRR 15
. o e A T T A X R A 80 1 - R PR FR 6, A BIF S bl PROR A
SRR eh A SR BRI PEASACA B, B A T HURE K BRI, AR SEANE SR, I
AT 0 AR /D B BEHAIR o 6 28 MR M P8 R RE M 1 23 S A A1 F

&

Ir
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Figure 1 Research process of nutrient cycling in the typical and degraded evergreen broad-leaved forests; A:
method; B: experiment design

6.1 BEAHMBHER EHEERR

N BAT DXBACER A, Prade UM 5 | F BERRVE TR AT REEARIX L B AR AR
P LLUPR XIS AR DXCAE P PR T MR, A A8 S I ¢ ] P 10 TRUAIRRE 9% 1) 8 5 AR AL 11
HEPRRDL,  ASHITFE T A TR AT =N, ST BEORRE G DL B LA M

J A S R PRI PR TE AR IR RV s P EARAE R MRS 20 I LB B T ARG R«
PRV, KB ARATHERE 3 B N TMAERIEARIX B TR AR, . BT A
WK 3 AR, fEH RS T AN TR T RIS RAAE R 3 KA AR 2R B
T ANFIFFRAL N 7 AR, AERFEARIX B THEAR - BREI | AN JEREAER
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FEARDCIEI T 2 A4S, FEAREGHIBDCEE 3 A LLBR P HOW RIS R S I o A DR 4%
T 23 PR 5 AN FIR AR L 1) SRR MR SR, RS SR 4 MV TR

CHIFR 10X 10m"), FEFEHLRIEEE 5 K LL L, SR 92 4. FEHLIEREIT, b T3 r s
DRV ZIE B, TR RE SRS 2 P RARARALL, BIIEACE - [F ey, [F)— e dc i i, 10

BRI SRR A [
xR 1-1 PIAERE LI ERIAM R AR R H A AFAE

Table 1- 1 Degraded types of evergreen broad-leaved forests and characteristics of selected plots

in hills of mid-subtropical of Eastern China

R TEvE R ) e TR
A
Types Community types Altitude Age Disturbance history
ok FER TRV ZRY, TAETI
Castanopsis fargesii  Comm. 200 4,5 150  Protected from  human
Old forest .
disturbance
A TR IRFTA B L, K
) 163 4,3 100
Schima superba Comm. J5 E SR
WA LRI s Lo 6o Clear-cutting  prior  to
Second forest ~ Pinus massoniana Comm. ’ abandonment, and then
A KRG T protected ~ for  natural
160 4,6 20 i
Schimasuperba- Castanopsis carlesii Comm. regeneration
R TR ¥ S
i ) ) 157 4,0 17 FRmR, RF S AR
AN Loropetalum chinense - Lithocarpus glaber Comm.
. Fuel forest, regenerated by
Shrub NEA e %
110-140 28,0 17 natural means
Loropetalum chinense -Dalbergia hupeana Comm.
HERA 7S R TR Ry i: 212 WO AR OB — X
120-150 20,0 2
Grassland Dicranopteris pedata- Miscanthus floridulus Comm. Clear-cutting every two years
RN TR
176 12,6 30
Pinus massoniana Comm.
A%
145 4,7 25
Cunninghamia lanceolata Comm.
NTH DRI 930 03 o T IR AR MR 2R S5 A
Plantation Pseudolarix kaempferi Comm. ' Afforested after clear-cut
S
118 4,4 15
Phyllostachys pubescens Comm.
Wk
125 4,0 11

Myrica rubra Comm.

*a, b FRFHEAEL a RABIRANERESEEL b A5 HIFEEE Number of plots, a is in this study and b is cited from literature and documents in local

forestry administration
TAN B AHX CA LR CRAKE A, 1995) FIALAR ] ) 3500 A SO T
TSI, Dy I D FOE e, 5 ARMEZ AR AE 250m AR, 100m PAE, HiFP
WA B i BAE) HAWI IR USRI, H A RIORE R 0-20em
JZo HrERAE: ORI 5 MERRER, 3 DUCEARGREE, 5 NRAKIE-ARFr ik, 3
ARSI LR R JRH B2 REMRK 3 DB 2 MR, 34
TR, 1 KR ARG UCEREE I LT85 R F AR 0 1 A RS AR

25



B ERXE 2 S RMRN TR, 1 ADBTRESE, XX R 2 MRS, 34
LRI N TARRER I LIB D HT 42 . DI BORIIL 34 A, LA 126 4>, KR4
LR R R IR 11
6.2 FHRIEKIXARTI

FH T AN DX ] P AR A 1R 2 2 S KA N R IIRARTHA, BRI, e Aol i B Bk k
AT P AU AOD A BN AT S B BEAE b, AT PRIk ) 92 AMFEbh ik 24
AFEHE, 3R T 6 SRR, F BB B 3 AN R TE A R A SE S . BRI
TR ASTUFORE R AE G

Bl ARG SRR

AAF A TR ARl A7 77 300m ZeAy s ARIE EJ7 100m &b, ihFk 163 m, JEE 20° .
BRI =2 FoRE, FEUARSGNE, SR AR, Ry 12-20m,
HEEN 80%; WEARR FHLULHUE, (LI RLLAS O 1, EA SRR, Bl AURLES %
RGN, JEIEN 1.5-5m, ¥ 60%; HEAE TEONMERE S M. HLERRESE.

ARA =K AR S 20 SERTMIA IR WA AR TR o WA T R 0 4 R R AE AU A 1
%, B G IR IR ARTER, IR IR TINE , BT BOY BN 2 25T
B, MR BHTE. WREESHRIERG , TN BROARAT . KEE BRIk,
AR FIREAAE:, s 2308 b 12 2 DABR B AR 200 2, VR RERUS T 1 S8 . IR 2 i
12 KFEA, DIRGEHRAR A 325 AT REAR LU SRR B 1, P R ZEEER
RREEHLREARTIIE; FARRZ WA . R

WA DRI BB E TR

Oy RAMREEAL T KTEA W, HER 135m, R 15° . BEEAIP AN =2 JeRZE, 2L
RS Fob L R R RS SR RS AR AT 2L, B 10-16m, 7 80% o WEA LN 1. 5-5m,
Wi 50%, FEHMEA. DRAEAILNA R, B RmARAL, FEMIONERAE, WK
B R, T2 S RME, IR .

BRPUIH TR PERER (0 H S R S AN R, AR HO S T TR AT I A
2 A, B EIRFHT I AR . MR SIRIERG, RS Bt oA T
W, BRARRITH . . DERAEREY, W In A, SRS, LT R
HuTHT, HE R R I AR AR 2 IR M R

W= OBV R P - LSRR

MR AR AL T B G A, R eo - XSO F 7, 4k 164 m, 3 22° . B
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VENNZIR B R E USRI BRGE. TRAARAERAL, S 5-Tm, J2 L 60
%, B REBEMA. TR AR S LR, R 2-4m, SRR 100
%, BEJRNEARRE, FEMRE BRI R WIERAEOR TR, iR, t
1L .

R LSBT (T B b A MR- AT, P T LR LM, Oy T 5 B 2 4 3
U ARPE ORISR AR A A S, R0 S RS AT s U PRSI R B 7 P L
BRI A, DA PR . BRI MRAE 0. 3m LLF, BRI 15%.
6.3 AL#FER7I

N TR X G SR R N T4 75 30, ARS4TR8 6K X ) A TR T
FERy: EARBE. BYTREE IR

IARBEEAE T N T HGE, 2R RS AT KBRS, 71 1964 R 5 il h
WK, I AR E T SO R L AR BT, 1976 EREAZEE G, o
FEAKK, SRR 7 Rt A B, Bl A —4F AR AE R B, S DUSE R 5 A
FIECEIRE K, 1996 AFJEIFUA TR MR R B SR BRh ST . RN, AERPAE S 005 AR R
+JES AR, R AR AE 90 BRAef, 4 IS U EIRGIEAR, ANTEEAT I
o HATHER = BEAE 16m /iy, TR REREN AR, WHRERAG LA 20, FR.
vkt RBETEM L BEERTARRERISE, SRR, SO MR, HE MR
B Lo, RANE. HE. R, SRR,

BT REG T S B AT OKRERETE, 1960 455 iR A T BT HRE N, 76 1978
LR, HEWMM R K. RS, RIS E A, RERIE—
W MAME—K (BRRREBNHHCOs, AR 20kg), RRAEIENIS, AFDULESERTIIfR 25 4k,
G Wi BT H TR AT 16mAAs, 3RS0 i — BT, AR CHEAR)ZAEAE,
BORIZLAAT. AT 0 E, WA EE. A SR KB,

MEREE AT S Bk, LT H AT A MR- AT S, 1972 R A I o A ity
MR, MISRIUARRE T STt ORRIT B HRi 7, Rk, ARERIR 0 Mk
(BRIRAFE-NH4HCOs, 1T 20kg), RAMMMF—I RN N TA PSRN m, T R80E, R

g, FITREA B Tnids, RIRRION S —ilg, W RTFI, JEHEAZ, BEALLATH k.
1. LWHE

S L AN TR LA T
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F_E BERAMMKEBUIREFIIRAESE
FAR% EE RYFFAE

RS o A 25 2R G o T OB R AN % 9 R AR PRI AL I MR AR 28 R R N 3743 T
R . AR Cnd BERAR . ANdE 4 R 48D 2 SRR IR I I 32 2EAME K
R, (R, IR B 2 MPOR R KR, IR R TR U R AN R 1T
N BRARKIS, FECT SRR AR 3 B 8 BB 08, isE— 2 IRl T AR AR R AR
AR FERAA NS NETHRI T sREEAF R R ARG, W e 2RI e A AR A Ja W b 2 R
RV R DR AT R o AT S MADCIRUBE o) 0 gt i i R A e P o R i P R 97 ) P 2 B AR
WRFAEREAT LA 7T, IR, R, ARG, DUt i AR TH007 X (GRAk
RPN IR ) % LR PR35 43 PR (KIS D Ah 78, R St MR A i R v - 48574y
B R 1) A2 AL RFAE

T TS 2R B 2 R R AR R o S RN TR 23 E R A, DSOS AR TR A
RN TR 5 38R P M7 23 AR AR AR ) 70 B, A BT 0B I B DU R AN ) 1) H 4k
i P ARIRA R AR HEAA L REREN, B NCOARSS, L 3mk R AN IR 5 e (R AR AR AE L e 2
2) SO0 SRR PR SR 3 AR I 32 S TR R R A 2
L AR5 7%

1.1 HEiRF T RRIR

WA 1 & (0T,

1.2 HAXEMERNSH

ML RE, 3T 2004 45 7 NN 10 FAEREE B 92 AMFEHLNEURE, JESRAGEE i 460
A o KRR, SERR 25 MR R 4, SR 5K 4% 7. 5em, K 20em [f) PVC BRI 138, $KHX 0-20cm
ML SRE s, FEBL S 5 5 NIRRT M R AR AR, T 24h BRI SR 5g
HEAT LSRR BEL, RIRAEAE S A KT, AR R I U AT R e . 10, AR5k
NS FFIE A HURE . SR . 7ERRER, SN R BERLZ R 3 AR, AR
AL 12 ARG, BT ESEATE T (105°C, 24h).,

TR TCHE SRR AL R B A AR IS, 5 EAEUKFEHEAT Vo, — A2 31N 8 it s 1Ly
[ ZR I K27 AT 2 A R A AT o 13 U I e R AR HELIVE . LI R
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AR B S BT, SR 2 (VELP) SR AT, e 5 i 5 75
JEHHAT I AT, LA 20 W7 1] Skalar 7843 i 40 WA e 3T WURBIN 52 5K 4
B ) M
1.3 BG4S

T8 R i TR RO, A0S T HEANUR S &, FIRHU T

THEA RERG 51 H B8Rk 13875 2 (Guo & Gifford, 2002).

100
%O0OM N 100—-%OM
0.244 1.64

Ferb: BD O RBEACH, %OM AP
T3Ahs SRR YA R AT 2 il i BRR AT 38R R AN 5% 20 7 AL A, Gl AR 2

XA

BD =

Xe = X¢

R(%) = x100

Ferr: Xe Fil Xe 43520 i S - BRIB PG AT IS 2 AL R B (sR3%50) PR i PIAMH,
ROGWARIZ, (EER R, SUERRIED, (BRI AR BRI 2 L8R 880 .

GETH MR B IR 3807 25 0 Bride CANOVAD 43 531340 W7 5 45 i ik PR SE AL AR [R) T bR
U SRR IE . IR0 PENIREIR, 7 25 A0 MR, 1 SR XS 0 T 25 BB 2 15305 2 TR 4
A LA KT 22 HA T, AN AL, UG AH S HEAT Log i 45 LA A2 5 P8 38 )5 2 40
HIBGE AT T NTEias, R Tukey KL Ko EAT 24 KPR BSE RE X ELERR 3 . 7 2250
Frid#ed, A A RBR AR BRI [ N AR R p 0 AR i, I LR 285, s
Bl B SRS RR LA S M AR R o TR S A R LR R, AR AR
BRI SR BEVA (0 LA, SR UR B0 R AT AN e B S B IR B AN 57 43 PR IR 22 Sk 3 . |
Ry Al i SPSS11.5 ittt se e, A, A FH SASER AR % G vl A 56 ik B dEA T 36 0IE

2. R

2 1 BEFEMMHARER U X IR 5 BEfnfRE

FEAFLEAERI T, 3RS AR BRI R O SRRE AR, JAERR, EM
REFLNAIN TR (R2-1). ANOVARRTR, 4k il i MOB A A T 30T 388 2 5 12 1) W 3%
N (df=4, F=14.77, P < 0.001), 380 T FA7 5 & L3RS R W TR (df=4, F=22.21,
P<0.001), FE—DRATRE G RIN, bk S H ARSI R], UOAERR S bk, HE BRI
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NTEARTE], EMRITRGEAMR . N AR, 5 A AR A bR ), N MR bRy k2R

PRFIE A 8] 1) - e e & A AR W 22 5% (P < 0.05), HRECH (a2 7 AN 2% (P> 0.05).
He2-1 R MANFER AR A S AT LR A RIS 3 P

Table 2-1 Contents of soil carbon and nutrient pools in various degraded types of evergreen broad-leaved forests

L ke HHL SE 2R HA SR Pasiy
B . )
Organic C Total N NH,"-N NO3;-N Total P Bulk density
Degraded types 1 1 1 1 1 .
(tha™) (t.ha™) (kg.ha™) (kg.ha™) (tha™) gemd)
K Old forest 9 131074779 12134+133* 8609+1114%° 3474043* 1454043* 1.1440.04°
WL Second forest 21 81.64+5.83°  6.264+096° 5873+395° 4.13+078° 094+0.15°  1.334+001°
M\ Shrub 28 68.30+241° 624+059° 7469+35%° 1784+014* 079+019° 1.31+001°
HEET Grassland 20 60.63+3.06% 550+105° 8357+929% 1546+296° 0.82+02% 135+.001™
A T#k Plantation 44 5511+219°  446+108° 640+085%° 4224078° 069+0.12° 1.38+001°

* HEH % Number of replications, (#3517 Data are means+SE
+[f] —H bR AR R TR BUE R R ARAE B 2257, P<0.05. Different letters on the same column indicate
significant differences at P<0.05 (Tukey)

N LB A S 28 1] - 38 R S S 10 /N 2 P o ol ke i, LIR30 R TR AR R HE
PN R AN TR o 3 23t B AR IR AN 2 30T R U B 1 B35 1 [ (ANOVA: df=4,
F=117.12, P<0.00D), tfiifFfrmie tIEA SRR N (ANOVA: df=4, F=189.63, P
<0.001), BRI 45 R LK 2-1.

e S R /NE SRR AL I R A A LT R A AR IR AR S BT IR
(ANOVA: df=4, F=33.06, P<0.001) Fl&.f7 & 45 & (ANOVA: df=4, F=51.69,
P<0.001) IR R MR SE R W &2-1,

B EAE R LI R R ARERE N HE . NI AERR il
FNLERE S FER R, FLkr o N TEARS AR, EBRRIE M, R T 546
BUBR . BB R E A FR K SR . ANOVA R, 4k MBI S8 T HIE LA
JES R %48 4k (NH,™-N: df=4, F=4.61, P<0.01; NOs-N: df=4 , F=11.94, P <0.001).
PG 6 45 SR W6 2-10 T A, s S ] I ARIE AR T 350 T 125 1) S5 3 4 i CANOVA: df=4,
F=30.35, P <0.001), B3t s i,

2. 2 BEAM R LD FE B LIRS 5 B FNhk EE BY A iz 2R

il i g ) P PR A DA TR AE RO SRR P TR RN B K (-37.719%), LUK HE A K
N AR (-19.31%) FIIRZEMGEAL A HEM (-16.34%), DLACHE MGBAL M HES N (-11.22%),
TEARH ERRL N AR AR T LI % (-9.11%).

WN2-27, ARG AR ORI A AR R BERE R iR (-48.39%), LAk
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Wk Ky BENSGE 9 N AR (-28.59%), #EFABE 9 N AR (-18.98%), FIEMIE AL A #E
TN (-11.83), ERECHFERIOIN G AR A Ry iE A 3R R0 B BT (+1.31%).

F2-2 HER A MBI FE T IR RN I 2R (%)
Table 2-2 Response rate of soil carbon and nutrient pools during degradation of evergreen broad-leaved forest

EB B MUK BMA AR THA pisyr
Stages of degradation Organic C Total N NH,*-N NOs-N Total P
AR A AR

-37.71 -48. -31.7 19. -35.17

Old forest- Second forest 3 8.39 31.78 9.00 35
UEERR-TE N
Second forest - Shrub -16.34 131 21.17 -57.02 -16.19
FE-FERN
Shrub- Grassland -11.22 -11.83 11.89 76882 456
HEM- N TR

Shrub-Grassland -19.31 -28.59 -14.31 137.27+ -13.12
SEE NN T
HERED AR -9.11 -18.98 -23.42 -72.68 -16.3

Grassland -Plantation

LI ARG AT U SRR OB AL AR AR, RN S TR, A0 A
AR R AR T 3k AHS, AEMGRAE A HEIN, S IR A R RERE TS T IR S A K
HET R AR T AR R IR (KR A B A A B A LRI AR, LU TR AR bR
HEAET MR REN R, SEEAGR O REREA (+768.82%), DAICHE A it AT
P (+137.27%) BIMEAREAR S RRAE T WEMER, [, BRI RAEKR B T T
AR RAIRR (£2-2).

- B 2R AR BIE AL N VR AERR (-35.17%), WKAEMGEAL HEMN (-16.19%), itk
R RN TR (-16.3%), HEMSGE A A TR (-13.12%) kR =2 1 By, HA
U DGR ARy HE RIS S A T4
2.3 REIHEB AT TIRFF 9 EFRRE

I DX (RN TMRARRS s G AT 5 TR R RV AN, IR AL, AR B A
AR S, XA 2 R T SRR R R TR 43 P ) R o X A AN AR
BEAT 7 2650 M IR (362-3), ANIR] (R AP R0 2078 5 B R 3 350 T T3 e 1 | 2 72 5
(F=2.692, P=0.045), 38T HEER% (F=7.148, P<0.001). #&% (F=242.16, P<
0.001). A% (F=37.14, P<0.001) FIREF#E (F=11.518, P<0.001) ME#E 2% . #AHl
BRPEARL, BTGB B, AR MRS f SRR SR AARE ,
PP LR B S, R BT e AR A A 2 72 57 (P < 0.05), LB 2RI 8 3%
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Z=5t (P >0.05). fERFEARZINTTHKEIE, BB RTS8 EESEBAIE
PR A OG, ML S, BIRREEEH MR, AEWRIE, MRS, ART -
SRR ZE 1) A B 22

xR R, MR R S R R R T e R (P <0.05), HLARSERN SR
AK (P >0.05), XEMHERER AL A O¢. LI & BALIR AR (R2-3), &
AT B AR B RS AT MR R, JLR I BN AZ A . M A 55 R R A
s ARG BB, LRI DI ARRG BYTHA S BAER, SRR
R AR IR AR, AR RO LR S R R e MR 2-3,

F2-3 AN AR 358 e 524y 1
Table 2-3  Soil carbon, total N and P pools in different plantations

S HH U B HA HE SR
o~ Organic C Total N NH,*-N NO5-N Total P
Types 1 1 1 1 1
(tha™) (tha™) (kg.ha™) (kg.ha™) (t.ha™)
EATEEE be a a a b
+ + + + +
Phyllosiachys pubescens Comm, 63.61+4.31 3.57+0.27 24.5140.31 1.58+0.31 0.76+0.02
ﬁﬁﬂsgiﬁg 56.14+1.94° 6.360.27" 22.3740.18° 3.98+0.25" 0.66+0.01%
Myrica rubra Comm.
*’A\Efﬁé . 57.58+3.64° 4.42+0.35% 22.69+0.16° 2.55+0.21° 0.78+0.03°
Cunninghamia lanceolata Comm.
NI
iﬁfE*AﬁTéé . 47.68+3.33° 4.410.15° 13.6440.52°¢ 0.46+0.14°¢ 0.60.06°
Pinus massoniana Comm.
SRR

+9.228 +0.76% R R 000D
Pseudolarix kaempferi Comm 61.97%9.22 4.62+0.76 0.64+0.02

* [7] —F R AN R 7R R BE R A7 AE B 3% P25 5%, P<0.05. Different letters on the same column indicate
significant differences at P<0.05(Tukey), #i#i 4 ~F34{E + #5225 Data are means+ SE

e N DRIV 5 EL R8T FAR BRI AT X R LS GRE AR [R], (LA 2 7 =0
PR AR, ATRURIL (B 2-1), +HIEFR3 FEFBREAE X P Z B B R E R AL
PR A3 U AR T L AR ) BRI, LT A2 AR I EL AR B AT HE ¥ AH LU U7 &5 8 T B
JEH W (P <0.001), BATHEE MG L AT & T (P<0.0D), HAMHER
FIABIUT IR FARTE AR EL F A3 (P > 0.05), IXEES MMM LR A O¢, 5N
VAR IR, A IR M AT G, (EARERIE, BYTREE B A MR, R EE
HRELLAC T ARARE, R ARG LT AREF N E B, TREARNEZH K.

TR R A BAE AN TR F AR BRI LA T BRI AR W, wI L, AR TR
KRBT HIRE R, SRR BT RICRE . FIFE, SRS B
NTARA =4 T W2 TR, MESIA MR 1) IR A R S 5 2 T LA, X
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MR AR (LA i), Fabos Ao, iz AR T, A
MY AT (& 2-1), MR, A TSI N TARK LA
LAE BARRERAILE, AR RUER 2 PR R . A 2-1 nTBUEH, =R N THY
RRIL A PRAF VAT PR 2 5 PR 3, m L, SRR N AN - S5 28 (R A SR A
S, AR F AR AN 880 e (O A SR BAT AR Wi, N AR5 ZE 1 A1 St DX = ]
DVEEPS RS 7k e TP VWS SN Tk 10 i 7/ P P

T RN
NN IR
| / \ / / i
EE I
%ﬁ: - ; | | . . ‘ I fﬂ%

b
Z 0t ]
10+ / / d

o

ﬁ:‘
o o
o

120 —2 Ja ] Control I - PR L el 14T
o 77 Plantation treatment E: / 7 1 / 0
£ 100} I // 0
c ~—
£ {10 >
G &t . // >
3 b : // log 2
g 60 b b Q0
G 7 T ko]
F % %’ 106 x

40 J 2

/ / / Iz
o]
2 // //- // 1020

o

00

A B C A B C

Kl 2-1 NEARSHHAE B RT3 IR 0 . il e R 8 5 T 1) 22
A: KA HET (Schima superba Comm.)-5 A% AR (Cunninghamia lanceolata Comm.); B: A fnf ¥ (Schima superba Comm.) 5 BT HE 7%
(Phyllostachys pubescens Comm.); C: 1 ¥k-HE A FETE (Loropetalum chinense - Lithocarpus glaber Comm.) S HFREY% (Myrica rubra Comm.)  *
[l — 2 b AT AN TR 7 BER 2 A7 AE S35 P 2 57, P<0.05(t test).
Figure 2-1 Differences of nutrients pool, carbon pool and soil bulk density between plantation and its’ natural neighbour forest;
Different letters on the same column group indicate significant differences at P<0.05(t test)
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2. 4 FReRTH XS L 18 5F 57 B FN R R RO 20

8f L ' 12
& T J Ta wa P +2 7 7 2 110
A "V / / 7/ 1k
£ 5l / | ! // ??'ME
z I / a / -
5 7, / / [
5 3l // // // g
o {048
i / / / 2
| ) ) A
. 00
T T T . T ' 20
[ CIControl 118
N‘,-\100- b 1 [ [Z Treatment /l 116
: ‘
< g b b / '142
< X
S // [ / 10z
s .a a / 18 W7
: 0
Z 4 / l / 16 Z
20 / 1 [ 2 q / K
1R8] ma
0 0
140 : . . . - ' ‘ ' 18
120} T 212 Iy o 19
100} : r | 7 : / L // '1'25
E 1
< wf 2 ra I / / -1.3%
2 T b L / / 108§
2 G "’ i / / 052
'9 40 / | / / -0.4[]3]
0t / i / / 102
. 00

A B C A B C
B 2-2 TR Ab FR 5 = 20 G i AR IR ATV I 00 P . iR P R g R 2
A: KIFEE (Schima superba Comm.)- 5 ACTi7 - K A 4 7% (Schima. superba-Castanopsis carlesii Comm.); B: Zh EEAAFENE (Pinus
massoniana Comm.) ST Hi- H T TV (Dicranopteris pedata- Miscanthus floridulus Comm.); C: A HR-HEAEEE (Loropetalum
chinense - Lithocarpus glaber Comm.) 58T H- LI XM (Dicranopteris pedata- Litsea cubeba Comm.)  * [f]— 4 FR kG AN ]

FRERIRATAE B E MEZE 7, P<0.05(t test).
Figure 2-2 Differences of nutrients pool, carbon pool and soil bulk density among three logging treatments in

degraded evergreen broad-leaved forests; Different letters on the same column group indicate significant
differences at P<0.05(t test)

MZAU IE, Ao H3EFR 3 P L B PR AN I TR 0 % (K12-2). I MESR
Sy EECERR AR AR BRI R B s, (A MR- AR 5k - LS AR (L5
FrohCal) [rFRANE (1=0.884,df=3,P=0.442), TfifEARM#EVE S A M —KEEH T (SRR
AL T, T RAMER S B - TSRS (SRS FRONBAD) AR BEARE W (A
t=5.23,df=6,P=0.002; B: t=5.88,df=6,P=0.01). #HJ, HRfk /5 T3S &bk LA T,
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BARALFIBAL AR (A: t=-2.15,df=6,P=0.076; B: t=-2.07,df=3,P=0.131), {HC4L T}
P 2 (1=-80.15,df=3,P<0.001), X L BERAERUEIRE MR R EA 2%, mEmA T
P, MR MR LI P A MUY 2, 020 BEORIIRLRE S5 FREE R 3 10 50k, nis 1
WO, DRI AR AR A BT S S P o R A TR (I %

5 R B AR E AL, IR AR E R I T K. NHT,-NTE
YR R R A T AR B N TR (A t=-11.32,df=3,P=0.001; B: t=-12.71,df=3,P=0.001;
C: t=-3.79,df=3,P=0.032); NOs-NE/EAH T m A2 (t=-0.32,df=3,P=0.772), {HAEH &
WAL EA BT (B: t=-2.89, df=3, P=0.023; C: t=-47.47,df=3, P<0.001). " ., B
AP, Il T LR EREI, JEHRNO 3N i T B 3 w7 RS
PN o

LI U & i 5 SR A R IR AL, UG R T R R, AR
)R AT P2 5 (A t=25.06,0f=3, P<0.001; B: t=3.6,0f=3,P=0.037; C: t=3.29,df=3,P=0.046)
WRARARAR LA o b A= R R, B80T T HURR R & SRR M. At
KE, WA B R T R, AR, NECARAET BERS
(t=-542,df=3,P=0.012), TfifEI P4l (A: t=0.77,df=6,P=0472; B: t=-156,df=3,P=0.216) %5
B3R o MO AR R AN R b 38 75 AOK R, CHLZ D IR ARSI o CRHE— 10,
M3 AL R AR e N F-CAL, WL, SBT3 35T 3 d 0 n i1y
JRIR, AT 30T e s s, M TRy EE AR ) A KT T R
3. 7R
3.1 BREAMERILITIE P L IEAIST 57 EFNIRESFE

FEH SRR AROR A A RAERR S FE . FESE AR AR R p, E e a2 00 R AL
TRPE I 5 i A0 03, AR TS, SRl bR TR AR 9 3 B K (9% 40 P e R LG
PERCER (R2-1) WM, FTRGA, 64T Fe s HhX A 2 R 2 R, St b o AR T
BEE HA oK) TIEFR 0 BRI B 0, RIS REUR K INFR A EERIIO 2 —, X 4EdF
DX S 1) AL b BRAY 24 AR R T AN ] 6

RN MR A S — AN AR R R, AN [RDE A B 48 P R 43 P F) AR A0 52 A T ) P
FHUE, FFE RSN R AT
3. 1.1 FEAEERFFMMGR L AR+

AR RHB LI — 3 S BB 2 70 )5, AT L B AR e SRR T4 AR
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R B RO, ST R SR (P=0.001) MW FRE (37.71%).
T SRR B A SR R Sy i, AR B, MR B R v (R R v D
BRI T 380 T R 35 % 1 (Guo & Gifford, 2002; Osher et al., 2003); vk, 4HuAkb 5T
KIHIPE B 8BRS 3 B S R AN B AWK AL R L DR 3R, 3 AP B M A R 28
A, BN UHEAR, JEAEBEI R VA DAE: Si8h, W aRiAMMRAERAS, AR AR A
Ly RANSE R R A, AR R TR, O RAY LT BRI, 1 ARV T ) i
18 CEAHAE, 2004a), AR EEHIHRED (XK H, 2005), XEERAEHAF T+ s K

JFR IR AE A BT R AR5 R R T (-48.39%, P<0.001), 3
HCR IR S R E R N (=35, 17%, P=0.019), IXJ& A MR ARG, G,
WEETHR, I T RIEER ML (Hughes et al., 2002), K& TR TCREAA THIE
A, ARSI T19. 0%, (EREGRZ AR, NAEHCRARRH RIS T, AR
AMETE R R R e, B S . ¥ R i3 IRSE 7 451 2k (Montagnini & Buschbacher,
1989), BRI AR/ T FIER RN TR S Hk, WA T 038 B A Rt
TR BRI CRRIRUR, I TNRAEE RS R, Pk, OGRS BB e AE
[RINE B2 :50-90%(Hughes et al., 2002; Kauffman et al., 1998); [, mTHIZEAFILA
O AR LA I G R R 5 AR DG F) [ U SR A A B8 L 7 SRR P fif 47 (Currie. & Jadelhoffer,
2002; Fisk et al., 2002; Harmon et al., 1990; Harmon et al., 1986), [Klitt, 43tuAkob e 3 #5017
W) B ARG B I, BROKHIRBER T R R B Fe okl e D38k, BV R SR AL i e e th
SRR - 35540 B R B (1) 58 5 K (Herbert et al., 1999; Powers, 2004), Ell: %% 1 it
RARFAFIE L A REU 2 IR T IR RIS (CEA RS, 2004b), AMAFRMHER ARG,
RIE IR F R CERESE, 20040), 1M HFAEYHELLGE, FROBINENE (FA L%,
2004a), IXLCHFAEFANK) T H I TRy A B A
3.1.2 REMNRUAEMNSEEMN

MUEMGBI N HEN S, T3S R R 116, 34%, (HZERARE (P> 0.05), MEEM
GRSER A A HE S AR P BRI B E 22 (—11.22%, P> 0.05). #Ha s ) 2 bkl
BN GY, %30 D LA 35 R PR ASORAE R 1L B /ST — I, SRR IR R e i
Fhm, S ECT B K Dechert et al., 2004), BSLL7 R GG R L,
DRI P i BB AT R R, (AN o IR, IR R A A R A S B i T B A i AR A
b E AT, SO BT L T P A5 S AR P R ik BH A P 7 T RE AR SR 3 5 R R A
RIHL 2y, IR e B A A i A I, IR IR ROTRIR 2 , A7 R T L3RR A ) 4 A\ (Conant et al.,

I

48
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2001; Dechert et al., 2004), 34b, —LEAEHMFARARAAEI RIS, RISELE P AE — IR AR A4 31
N FREARR BRI AR R AR K, R LR R RE ) . DRI, B AR,
FEFE R X, T R KRR, 78 N & TR M IRAR T TR, DRI R M 2
bb I R AA R AR AR ELAT S SR R B ZE S P BE 7 XA 3 T AR IAE -3 P 1Y) i N D T

URAE MR A A E R 3 e S U B IR 3 N B (P> 0. 05), Mg A 34 m (+1. 31),
— 5T TAE R SR RN, ARSI R A B R, PR AR A NS, 2R
TP S P AEAT B A SRR By ARG, Qs hE WA AR, SRR R LA AU AE )
TosE ] LUk 76 3 0% S B (Herbert et al., 1999; Knops et al., 2002; Knops & Tilman, 2000),
T AT LABR AR A k14 U0 4 (Jaramillo et al., 2003). 55— J7 i, WAk itk v i 2
FEMIZE, N RENPDOG ISR, I T PP 73 il # 2 Juo & Manu, 1996; McGrath et al.,
2001), MFfHARS BN (27 17%). fkal i, BEACRAARR R AN iR 1R
WX, FARHHLEIE AR, TR A RGN T HUBE T4 W i R — b bl . 5
S, WA BOO R, T3S AR RS, AR B, KRR A
R Z, PR — e R P T R R R N a2

T 49 A AR AR R S N i, B T T R BIG B3 (P=0. 016D, {HEUE
TR RERAC (-11.83, P=0.082). HEHIBHSE, hT AL, e Lk
T EBEEENYESR, FAEMESE D B IN T 11, 89%M1768. 82%. {HENHSR &= 1)
18 22 RS A R 1 KU 15 K (Hughes et al., 2002), Ell: 7R MW, M om
MG, AR A 5@ R AR B IR AR AE 16T 2k (Montagnini & Buschbacher,
1989), A FHECEEA S BRI, (H TR S R P AR LA K,
DRI E A4 9 U 2 )T PR AR I 35 A fak

T A E RSO NS N RS (-16.19, P<0.05), JoBE, KM B4
Wy i 4 2 e R R R R A RGNS, IR R
RKAETE TR (P>0.05), RIMISHHRIIN (+4.56), X 5HEREMNLRL, FWEDDIEDL,
H H) T8 2B sA 5% (Garcia-Montiel et al., 2000; McGrath et al., 2001), 1 5 #h2E A 25 5
SRR RS FRATOC, B 40T LaRiE A R RSO R
3.1.3 JEN., EEMNUUEN ALK

KL, MR IX A T G2 PR 5, TR DR (R O AR PRORIEE DAY B, S5 50
NI MWAHFFEX SR, E A 08 N AR 30T R & 1 F 19, 31%, 2 AR
B3 (P=0.001), TI7ERER M BN TAK BRI B i PE & 5 R R (-9, 11%), {H3¥
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WA (P=0.802). fEMCILRE, TR S ERAE T B4 M (-28.59%, P <0.001;
~18.98%, P=0.001), FAE SR FHET 14 31%F123. 42%, FHA R & & KRR SE
AN IR B (=72.68%), 111575 #E MG 4 RIS ) SCIf 19 n 77137, 27% ., Bf7 4 1
SERET AR PR (P=0.012; P=0.033), {HGALIEBEA S PR R (-13.12%,
P=0. 128; -16.3%, P=0.07),

N ERR 30 e 55 95 3 P R I B R 5 R R R I S 06 (B 0 Bt RDD, B
I S R N B HE M T 75 (Osher et al., 2003), findlf, EEL AL BRI R T%
PAE, XN TP S0 R T SRR YR AN R 23 KU ) BRI (Knoepp & Swank, 1997). 534t,
HI T NGB ZY, R S B R S ok sy, Rk R S5 KA fk (Alegre et al., 1986;
Hughes et al., 2002; Kauffman et al., 1998), 1 #F/K g 11959 MRS HeThREER , kT4
k. Al R B IRSE 7 2 2k (Montagnini & Buschbacher, 1989).

X IEFR PR, MR AR S B S T H e R (P<0.05), HARFKMNZER
AK (P >0.05), XATAES MR I IEHS A7 OC . HIgmh e & AR iR B K (322-3),
BT R . ARG, N TREAS L% . F2 00 AT B sm, Hl 14
PR R 22, AR A%, HOMUAAE DL R . (O B RAR IR 1 R AR BEVR LE AL,
BRI N TR . FR0 A B3 T (P <0.05), BIMEAHIST IS K KBTS M
TETE AT I N, (R G903 AT B S I T ¢ ol b PSR LA B e b T A R
PRI B B I A s R BRI, DAL, T DA N A IS T A 1 N PR S R R 57
JEEAT S P-4 1) T 2K LT (Dechert et al., 2004; Knoepp & Swank, 1997).

3.2 HMBEFEAMHKLIRFT O EMREFIENETERE

L R MR A AR TP TR R BRI K N AR, AR BT A
FKFPT7A IR 7 s S HAE A S 2 R A A AL ] 7 AR R, NS AR Ok 2 AL LA
NATT (1) AR B R AR A R RS B R S s (20 AE AR SR A B
Ay (3) HIEYPEIME B SCA: (4) FRIP N LR ) A A R A R A A

AN R S 5 B ST L PRARARAR B0 2B, 2 AR ARAMRBGR AR I A, s /Bl
W HS 2 AN [ P FE (1) A% (Brown & Lugo, 1990; Lugo & Brown, 1993; McGrath et al., 2001). #
T, AN HRRAR A AR AR AR 400 EE 1SR ARARAR 30-80%, T 75 1t XA = M AR b 1) A 0 1 B ] X
() HARARAARA0-50%, ~FEJiME, ALl “AERK-WEk” FE, &AM I AL
SERZTHARAMII30%(Cooper, 1983). ARSI HI204F (0] L3 & & — H 2 PR, 20
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5 A TG N (Black & Harden, 1995; Covington, 1981). AR5t tRH (Kl2-2), K
AR Rt B R I O, ST LR PE R R S I R R B
RS R e, BAR TIROHV R & it 2 3% LT, AR I RG240 1 U 2R AU e 3%
R, R, KIS, A 5800 IO HU RS n SR BRI %, 7R/ DRI
WSO, RS 0O RGNt IS8T BRI o U B 35 R

V34 < 30 e B DX Py sty PR AR A 6 S B AR, (EAE I AT IR R, bkl %2
IR AT B A A R AERR . BEN T RRERE NG, TRARARETE R 3R SR 2 2R
B B LS RLEmRS G« m B LR A SRR RIS T 4, RS MR R
TAHUATEI 254 (Dupouey et al., 2002). X 4858 AN [T TRRAPARFEIAIE, WX RS RS
Dhfier=t T 5 AN 5% (Herbert et al., 1999), {541 74 (1) 2 A 13 B AL 1 e A g 42
Eefsi) & 2R 548, TSR T B 22 R B B B (Fynn et all., 2005; Knops et al., 2002; Knops &
Tilman, 2000); S ARHEYIFIIG 2 S0 T BRI R 22 53R & 1% (Dechert et al., 2004;
Jaramillo et al., 2003); %t - HIM IR 2 (EFHIEE (K IR MR &4 S 2 R T AR K TE X
(CEMARAE, 2004ac), RAIED> T 0 LHEMTRI AL 5

FEF SRR AROR A FE D, i T AR HOR, Al L S S e i, S 8uE )
MRARRIIRRE ) T B, LK IR M UAAT e e J) i), ATk — 20 S BT 3 Bt
PR IR AL (Eden et al., 1990), JXFh AL id T LA HUFTANFR/F TR VK (Alegre etal.,
1986; Kauffman et al., 1998). A4k, +TIEIRE. Ko &AL E AR 7oA, A
51 T LR LIRS IR SR A B SR AR A, AEIXEE R IR T, L3
HUBR AN R F7 03 0 3R ) LB R A e AT 32 31 1 O, L Bt 37 ik 3 7
iy, RIEECRY RS, IR AERY O, IR AEA N I IR S BN PR A% (Jaramillo
etal., 2003), XLEREFRPE IR T IR0 TC R MK R KM -

B, WELE Al LR, BT PR T A YU REVE 1) 7 A1 4% J=) H 4574 (Foster,
1992; Foster & Zebryk, 1993; Fuller et al., 1998), AEAHETE PS4 R () 2504 i >k S ma 21 +
158 (1) 1 BOFN % & 3R (Dupouey et al., 2002; Herbert et al., 1999; Wadsworth et al., 1988), M\
WA B ESUE T TR PERIBR R R /N o (LI R, AR AR R KRR A S R 4
PRI A HOBOR , [R)INSOOR R SR CAN ] 2535 S SRS AR R RAR N 2 TP (AL 2 K
(Latty et al., 2004), WA LA RGEI P HER A AR KR HBOR,  IX LA 4 0) 457
3 PERVE P () S )2 8 25 11, DR e 7 L BRI 400 2 1) S A 1A AH ELAE FH DG 3R (Herbert et
al.,1999; Juo & Manu, 1996; Powers, 2004),
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F=F FREAHKBEUIREFLIREIEA
R LHHE

THEFR N SRR B AT RS KN AR, BURIR 0 /N T A S ke 8 1)
BV KT, AEOCT R AE ™ 0 o D2 S A 20 AP 5 T P e S B P 116 ) ] ) ]
774> (available nutrient). A% MWL, KEHESRGHE CRTFTT 2R WA A
W DGR AR R B = 538, AT AIHIPERE (available ND 3t 4 IA O o BRI A4 2E
KA BRI J A P PR A, AR bk 3 rh bl 2, i 2 DR R S0l R P
A CIREAE, 2001) o AEAEI AT R B2k T B R L S e, i TfH
MUELED L S AL SINRT,-NFINO 5-NJ5 . 7T e gl L E A LI sn MR . OF Rtk
h E 5 A S A 43N [ 47 (immobilization) , PRI, R0 BT BE R FH (1) 00 ™ A0 sk 251k
AN - S (1 RUR PR AR A A SRR

TR BT/ T ZRAEA [ AR () AR AR OR,  BIME 7 B A A 7] -3 R 1 AH
AR 2 1At BAT Bk 2 5 (Klingensmith & Van Cleve, 1993). 7£ 52 W& 016/ L1
W2 R, BRSNS R AR RO, FIRET RN AL SRS 2 S 2 ) 13
A EZAEYIIEN R RS, 2002) o AFEFED 2@ HTRRGL . A A T
Wy s AR (F2EARCIN, RFTEIN) , LA HIEZhY . AR SRS PR A [ 52,
Sk ik — 25 5 ma -+ 38 77 43 1 £ (Bengtsson et al., 2003; Berendse, 1990; Braisa et al., 2002;
Chapman et al., 2006; Hawkes et al., 2005; Knoepp, 1998). F4b, AN[a]fIARMAE FHHE ji th it 2%
BRI EAERIA, AR, EUR I SN A E 30 AR T 2 19 hn(Holscher et al.,
1997), FEBEET FALE S RRIHIR, XA S WUERANRERAE IO, IR 2 5l il i3
75 2 2k (Montagnini & Buschbacher, 1989). 7ERHIFING LA INIG, ZofMIRER LS,
BRI A2 T %(Neill et al., 1997; Neill et al., 1999; Verchot et al., 1999), S48 Fitk
R AR

XF AR AR, HE2m ST R N, TR A S BUEY RN R R R T BRI
A, WA T3 U AR T ORI A By, G I A B bR e G R S BRI M
BRPERIHIIN . AIET TR, RS R ) A (1) AR AT P i) A A
s (2) MYIFRSAR Cnt B AR G RE ) BAT AR IPERD Ja, R CRLERH- R4
RO BT AN (3) MR JE RER IR T R R VLR I BE ), RHESZAM R R AN e )55
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{EXEER R I RVEIT T, AN FRR AR L3R R R o e, JC R SR Bt rT R PR = 1
AE 7 BREHIAR A A O RE 3 U /N T EIATY, (L, — HBOR, WL E A
BEATIE VEAN BT o AR 2 DL S B i PROR AL A v 1 3 038 R AR AR I T ZERIE S
2 RN TIFER T, R TP L e b A 55 i DR ) 398 20 38 O B e 4 P11 R S M A LB
N HE—2 T iR e i MRORAG RE  E SUE R B AR AR, B R B IR W WA
YIRS F7 03 R S R A TR v (77 00 R BCRSR E 2 2% . AT wF 50 B 4000 [ 25 DA R 2
AN 1D R SRR ARG RE R, SRR I A AR A R S D SR AT A
2) KSR AR A TR R LB A (T 5 R 2

L AR5 7k

1.1 R

AT L =5 T3 A LR I/ AR AEREA TR, B FEAE SR IR
R AR A ARAG, N OB LSRR A o 2T 2R B AR DX sy 48 57 00 P EAT
FERT AR b (55 2 55D, MRS Sk AR R AR GUNDR 3% 3 R R 5, DU fE
TSN, ARROIFI A BT R EH . Rz, BT 11 Fh AR
RA LR RIS R (BB BT IER) 23 R A ), AU 6 PR,
SIS SRR BRSSO S AR TR R T RO R o, Ik
BEmEAR CEFRET RS K5 RAA R FIARAT— 5 AR, IRZEREA AR BR AR
PAERERON CRUFE 2 AP FO P, N LA CRIAEAZ AR . BITREE R .
X1 MR R AL AN RN 2L 5 7 A 1T AR DUR I 5 % 51 BT i) 3 AMFITZ IR, fEdk
FFRFFEIT, AR REAE SRR VR 4 AMPEE A T (AT 10X 10m°),

1.2 EFSMEST

12004476 J1 42200546 J 1], R ¥ 4FPVCE T i #4555 7772 (PVC tube closed-top
incubation method) HEAT TIBEENMIEH, Wk RA R BT, AR TSR
#i(Robertson et al., 1999). A T IREFREN L BB IR BIE O, 2 AT IX <R
AGRIE, fE—fEP LRI TR H W, HARN B AR 3-1.

RN A AL I, 7R P 3 RO A BRI O RAE 1, BRI ELNPVCE (N
#£7.5cm, mi20cm, BEREVE R AIL20N TR D . fERF SUEIPVCHE I0-20cm )2 1
A HAERIEENHT ,-NHINO 5- N FE I , AR5 I 1A o, S mT BEAS AR L 5 A7 4544,
FIEERRE AR b, IR 4L AT, F D MR e b A G dr, [ AR B FL AT, PR N
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L, 8 H B R BCE BAE . AR AN, HEE LR TAE, AR R ILE
BH THMNIN (R3-1) o AEREAT HIEIUREIT, SEHI TR i i s bR, LR AR
JE LS 1l A RUERT B I A2 AR RO TAR#AE — REPTR A S8 e IRAh, R

HORFR 2 WA 6, FEREFHR AR S 20 HAE LI & 1A & (105°C, 24h).

R3-1 LIEEEN L/ AEUTREIMEERH
Table 3-1 The field incubation periods in the experiment of net N mineralization/nitrification

BRI B
Incubation period 1 2 3 4 5
2004. 6. 7- 2004. 7. 26- 2004. 10. 4- 2004. 12. 4- 2005. 3. 4-
H# Date
2004. 7. 26 2004. 10. 4 2004. 12. 4 2005. 3. 4 2005. 6. 7

1.3 T RBREFLFESH

HCH A CRUISHIAARERIES B FE) A% 5 5 B AR EELS, N4 AR L
FE3/IN I P Al R B AR AU IR AE R4 C I UKAE R, T LAERE EOR (BERIL4404FF D, A
U BB AE = R A 58 J30 I AT 1 S8R i FRINH = NAINO 5~ N2 I
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mineralization rates in typical and degraded evergreen broad-leaved forest; Data are
means (SD); (mg-N /kg, dry weight)
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Figure 3-5 Nitrogen ammonification, nitrification and mineralization in typical and degraded evergreen
broad-leaved forests (mg-N.kg™.d™, dry weight); Data are means (SD); Different letters on the column
indicate significant differences at P<0.05(Tukey test)
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Figure 3-6 Differences of soil nitrogen ammonification, nitrification and mineralization between
plantation and its’ natural neighbour forest; Different letters on the same column group indicate
sianificant differences at P<0.05(t test)
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Figure 3-7 Differences of soil nitrogen ammonification, nitrification and mineralization among
three logging treatments in degraded evergreen broad-leaved forests; Different letters on the
same column group indicate significant differences at P<0.05(t test)
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AIE, AR (t21.172,df=3,P=0.326), fiffbsA 7t 3% (1=-3.758,df=3,P=0.033),
B HCR B T, M MG (t=-0.574,df=3,P=0.606). 741 HR—HEARRES SRk H -1l
A BRE Y R, K R B ARtk (t=-0.064,df=3,P=0.953 ), i ki K th B Tt
( t=-5.556,df=3,P=0.012 ) , #" fb M & H Wg H J+ &, H KW & 2 8 F = =+
(t=-1.66,df=3,P=0.196).

AT W, ARARERARN R R B AL R A L R i N, e A R 2 8
HRW, [AEL, TR AEIRRUE Y, BRI RS A 1 R S AL RS A AU
By H A5 R 7 T
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3.1 BREAMHEBE LIEAF AMARNEMN

TR PR Cavailable N> 2R i RE FLEEARD TR I G EUR L, AR
GRS, AR P 2% T A A i BRI 4 2 R R s Fh AR A 7 ) B B A e T
o HARBUY AR IE B, ORBUA E R AR A S (R0kAE, 2000 o REREE
SRR B R R 32—, R, R TR AR L A E A RS BB A U AR Y
AR AATFTEN (LA, 1997). SRS ERR TN AEY RS, A EH T hE
MBI PR . PRI, TSRS EE S T IR iRt R, 10 d TR AT s,
Sy BT H B B 7 A Hefib T 22 1 T b i o, AT, 25 2R T LA I S A A AR
K G FERIVSARTI R M, AN AT A AR R, 50 S ity 6 A 1) 3R
PRBTR M, DRI, TSRS R L S TR, T AT 3 R BUEAN 2R
T A E AR T AR A

AT, 3 R AR R AL B R M S S A B MR (P <
0.05), fEEF/KMF LM T, LR ZHBHMIHESRAHEHESE T BEE T AF MR
i, MAEAZFILFREMERAKT FERET, KB MU R B 2 ]
MZEA 10 5 /ih, AWAER AL, X 55T —2(Binkley & Hart, 1989), i
AT R TEH LU (K285 S AR 5 doe /M) 5 A5 S oy o A A R B S U 2 1 AR A
LI HIAEE R Z LGRS R, TR EN I TSRS 5, m i)
PRV A R R /IR P 5 S 3E L V0 P S PR B DR R UG, Itk T
MLRE . W4k / A (P IH Jg 2545 P 22 5 (Nasholm et al., 1998).
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o, HAE S MR HILE 7 IR S I, A5 1 e 10 H, X5
PSR MG R RFIEAT O, IR ALE o S AR K T v, AP e e, BV PO L P 1R A A
SRR, A LIRS AN G E D KR N ARG, PR A L e T R R PSS B AR
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ARG . MR- BR VR SRR TR AR S A BN E A (P <
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AR TR — 2

A =Ty RAA R 55 T AR (K vT R A 0 o S B0 O Y [ 2 YA S, AT LA
VAR T A 2 o S I R P OUE R A ), IO FR TR BT 3R 2 1 AR T B R
PEIE IS5 0 o 5 AN & AR TSR ACTTR I T SRR TP R S B A, 500 7 oK
A FE ARG A5 AR, IR0 TR SRR BT R B A, B, O TR
A RIITT R, By R AN E BRI T AT R B kA AR T -3 A U A I
BB B A (Gobert & Plassard, 2002; SLVTHI4%, 1997) J37h—N R A] G55 B AR &40 fif
B, W HERAEAT AN EHESR BRI, P LR R, 1228
eSO ) R PSS A — AR L T PN IR M

L R BRI Ak X BV S R R R R B P S A T RN, SR I E T
A T AT UR N TR, OB T S W R R (R A, TR, Al
B T - HU A VAL R . AR O & R 3 21l (A
R, BTCHUES B St PR AR B ST 2 50K, AE MR AR B i
PRAR: B A AR B VA IR AR 2 1 3 AT TR T 1 K a3, (Rt A T AR TRV R A
—FIRRREVE I BT BRAG, AERER A SGZ DK o 10 f T AEAN IR AL B B 3 T AN ] )
AL, & 3 B ARE G RF AL, Xl Fe R Ho—, J%0 AL
AP K% 5 (Gallardo et al., 2005); 3=, BRI A AL R 45 B 2 B0 (S
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ERMAES ARG, TG RGN AE ) EEIUE TRANY . MEMBE a3
P o W R AE SRS DA E I A AT DA WL SO AT HLAS SRR R ] W 1R 4f
B AR AT WL R A W A S AU A P A PSR (Van der - Krift & Berendse,
2001). 7EHRF, KPR — AN BEAT . ARAR 3 A RGP HR R B 25 A ] 2
JRIIT R AT R) B, ERFZRE LR R FEo B RS T
PG BN S5 50 (Pérez et al., 2004; Puri & Ashman, 1998; Sierra, 2002; Van Cleve, 1993). X,
FEH SRR MR R T, H R R I AR R 2 — MR SR SR el i, A
ARG DL AT T o
3.2.1 HEMMAEARM M T N LIERRT 1L/ A LIF RN

FESS M IR AL/ AL 2 I 3, BRIEEERNR AR B 320, RRE i 1)
VIRh 21 AN ¥ BhaS e P B A R AU EZ AW PE 32 (Van der  Krift & Berendse,
2001). ANFEIREY S0 BGPIRDL . AP R R AR (CEZHECIN, RJBERIN)
DB 350D S E R RANE PEROAN RIS, SRtk — b 5 3857 40 1R 24 (Bengtsson et
al., 2003; Berendse, 1990; Braisa et al., 2002; Chapman et al., 2006; Hawkes et al., 2005).

RTINSl A A M A s 3 I AR N R s, T
PAEE I EAR IR EL R K, BEE RIS SO A TRRANE RIS o AL HE 2R bRk
U, FERARRE T, M RR I . ST R R W 2 s AR TR R
P HE O LE BN, B RSS2 o IXBRSE A AN R T TGO PER AR, R RS R G
DRer- L T 5 AR IR, R ot IR ECR IO /AR IE EAT BRI (A, 41
WS R R 2 880 T LR ECGR I ARG R, BRSO s> TR
BRFR o Vi

AHEFTHIL KB, R M R AL A B RS I TR /NI AN A 4 1 73 AT
R ge 4 — 80 W R R AN R S AR 22 5 A R R AR R R B 22 5,
i A L PR A R B P g A S5 A0 20 RN 38 SR 38 ) A R R i 3 AT T 25
Wi o B A T AT AT A i PR REL A SR IR 0 31 DAy JS I o W PR 2B 2 R AR JEE AN
BEREIN, TR KR e LU 2R B AR A o5 R D35, 5 PRI PR R LAY AR AR A A
FAY0 2, FOL RS s R R R B B R 03 & AR IR 2 Fe A8 28 ORDR T A
Yo M, FRAE AL EY AR ARSI Y LU R & P 09 il 5 R
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B ARG T RAABEE AN AR A2 A REY, X R AL RS o S T A R R R R e
AR, Bl IR SR, RO E.

FOETT L, A IR SRS RAE RS 13 SR M R AE AN SR IE B A M, 7
SRR MO RE T, B TR RN SO, AR AR AE F7 43 I AR AR AE 45 77
HIFR) 28 5 v LA 0 S AR IE I = IR 3R 22— fER Stia T pRaB A, gt
TET AL AR LA S B R b A (A bR, 3L R AR AR AR . KR A RRA
FERAAE, X B E AR B R B B AT RS K SR S AR IR O e R (A
7,2003; FAIESE, 20040), I VEVA RIS TR FROMRRT L, PR R TR R A
RIOH A R o 78 A ot R b ey, LSO SR IS B RS AE O Lo i S o o o A B
(R % 03 S BRI SR K IR A e o 3, DRI B s A ) T L3R e R0

FEIR AL ™ 1 E S AFIE RETE o, AR AN — S BH A Pk B A 1) LU o1 il 23 22
HARERANG EEA A, H WA T, % 20, R, Bt RAE
B L2 ETLF A AR, HORHMEY Y B, O BN R, W
s ARk WAL FELE . (A AR KT B TP . B
IR LET A (R IL IR SR AR ) BT S s i R0 S A AR IR Ay e, iR iE
IR 2, DR S ARl IR AR I R . MR, FEIRALER AR, EER AR
TRKS, SRR CAERTT 2 0 S, HARRPEAR AR T 08, TR0 R ZEtG, PR
YD, NI 2 32T IR ECRT M A 1) R B

B2, H R AR S BT AR AL UR AR RN A, IS R R AR R
RAEFR VB RNFR R IR LRy B 2253, NI 30T A RE v o T4 75 03 e B R
IS, B SET LR R R, ST MR . TR ET ek
MEAIRLAD RN IR A RAEZ T BAR N FEIE R, BAE S T P e I i . D34, s
R, AEABIFTT, BT I 4 38 KA A1 o 2 5 e 2K R 1 2 S 2 T L AT IR e ) &
(IR, X T RS R R I A 2 M G, B JR IAAE 3.2.2 1.

3.2.2 MR FIX LIRAET 1L/ AHLFFERI T

TERRMIBAL I R, A H RICRM A B S8 T -3 8 08 LA S P T A
T, IS B I A R AR GRS, 383 PR T X B A 434 i ot
i, AR AR A R AR R kD B T AR AR A A 8 RS AL
XA R T AN AL/ T 52 = (Frazer et al., 1990; Holscher et al., 1997;
Rhoades & Coleman, 1999). 5T, B4k e e rh b3 (lnEidh. ke, S #8H
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AT I A HRIHALAE I (Binkley, 1984). FEBEED Tk S AN, XL A
WA REMAE YR, WHEH 2% 5 it 830w 77 X & (Montagnini & Buschbacher, 1989). 7t
VIR RIS, ORISR, B E R A TR, S mTE
R m /> (Neill et al., 1997; Neill et al., 1999; Verchot et al., 1999).

WA LI 45 FR A, AR T3 (0 A AR LI AR B R s (P
>0.05), {HPEHC T A A 22 THm (P < 0.05), it X Al 5 ) Jit PR 3= 4 w) LI &5 0 B
TNIUATII: D SERRAAT IS BCEERKRE sy, LHOKD T, HEESHEERA
L%~ % (Burger & Jackson, 2004; Burns & Murdoch, 2005); 2) Rk, MBI,
i f3 KA WU SR E T I R, AIB e T IR BE I CoN, BE i 3 8RR
FALEAR) N FE(Burger & Jackson, 2004); 3) TSNP ECE D (525, 2005;
%%, 2006), {FAFAIHEMIER LA (dissolved organic nitrogen) /b, FECTIEAH
MR B B b, a3 AR RO LU Bl ik 90% AL, BT,
WA P BT AR A

T SR SRR A T A RN A E AR B S 2R S b BT DUACEI, T AE A AR S 2R T 4 73 AT
W RS IR B BT — 2 R AR, B R A A e (1) B A AR AT ) IAE o B 3
(RIAE AR A 5™ B AR, AL T2l ARV SR I HAT S/ N AR AR o Bl
ARG R R IR AR EL LT LR ILFEGE, B A i R gesitia T 2%,
TIERFFR R FRR, LG B [N, BRI M = e,
e R o, S0 THALIRES, BRI, AR AR s A PR A A P A 25 1 K
FB, AEIRA ™ H R T, B R R R AR R B S MG A R S, e A 3 B A )
THRRMEAA R, WG AR AT K, MM EOR AT R e, 1-158
B, MRS, YR, AR RS SRR RERK, MR RN 2N, DL
BRI G BERARE I, X L8 A RENS R L %A AR AL (Hughes et al.,2002).
FED AR MR A 2R B AR, UR N AR, H SR AR e T rp 28Kk, Bl Ay
J g e A R ¢ B T BRORIT SR (IR AR VRE AR AR 2 (], AL T A UK 22 e, AR HEAf 2 2
WRLE A SR R PUEE ], 7 D T LRI

AW RS A A (1 ) N R, Fods M DR R KR BRI A, 0K
LZSRI R A T, R E3ETR A IR SRR . AEIZR MR, SEZ AL
RAEN LS RUn o FARAEY N, ROREREERAR A A S SR R R, A, 1
S WA SR T R SE A R A R e I, RIS R, KRR
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THEYE S, 2 AR B IR YA I [, DRI B 2 AR T =R I AL
% (Bengtsson et al., 2003). Hees (ISR RIS oL, Bl BRMZHAR TS, 1EEd]
YR AR IS, 28 R R TR B U H3E 3 A2 B (Neill et al., 1999; Verchot
etal, 1999). [FJIN, XKML, THATA, @AEE, AU, Bk, S5
T A ARG 0, Rk S B R R A R ) R . 534, R I E 2
NH" 45 [ W B AE St b, 3 DA Ay SRR A L3 A A= A 0B i S LU S, R
e FERE LA T R R o

3.2.3 AI#X LIRAET 1L/ AR

Mt PERRARAB IS N AR CRE DB IEAR) i, R AR 2 BBURE, A4,
AR 3R ARF RS, R AL TP ) C / N K, ANE TR . i
PRIERRLET MR, S BRI 2 5 3 TR R IR, B RS S KO i
TR, IXIEPUAHAAE IAE YU T T AR BE ) CIR4E, 2002),

AWFF R (& 3-6), AR TARSECT LR R a4 ) 25 IS,
AT FE R R R B E T (P <0.000). 2R AT R FFEES AT
PRERRAE T U O, ARHEDCAE R N TARZ B, — AR HEAT TIBE KA R Ll . R 5%
s, T A0 A A B M A g, BORIIBIER T TR 3RS
Ak 2 M2 KGN TR A EAE IR, SECCRANR . A LS seT, ik
TESRRA MR SN AR TG, HYREE A M RE AR 2218, Iz A
TAMCRZ BB Rl, i T AR SR IR PR AR T H IR R I e fod %, R, 8tk
TR S AR A AR R R G, N TR RO, ARk, MY I
PR VR SE S AT 2 82, AEFERRAE S 4 B DU, KRR SR IR AT 1 1
S, NI —EFEE LS T B3R E R AL (Vervaet et al., 2004). B T2 AL ELE ST L
B AARKIEE], PO SRS TR TR S35, N TR R
TR E TSRS RN, BRI N BORE A RS, BN, e
JE EAARAY T AN TTARRI U A, D 7RSI 548 N AR a5, v RE AT LA R B 57 e 31,
XA A A AE LU R S5 b S50

WEFTIESE (Adams & Attiwill, 1991; 5VTH] & fLEWE, 1997), A TR HRERE LA
R E A, FULRK, B ZIRRR AT IME. B RERRAR, W
R N CA Oy AU T R R IR R . N AR A M0, s, R
RIS WO IR L OIS, AMECCE TAK R ROEI K AE, thilide T 3esi i
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NACTFRFE CHpHTT D, X EEPRZR B A A TS AL 40 B AR RO 4G, AT B T 42 5 50
If) B A% 1 Ak 38 % (Kiillham, 1994; Uria et al., 2003). 34k, JIZI N353 S 814 5 s
FEOR Ry, TR EIREAL, T2 INH 5 e B R AR, LR A
IR LA A ORI L RUEAS, R AR, A S ) T e R A AL
ST Y B REIRINO 3B 1~, AT B it it 20 32 AF A T 4 1) S AL A o

(AT R, BT IR A MR B R AR AT M AR A 2, {H 3L R R I A L
B R TR BT B AR, AT, SRR N MR PRAR T L3RR T 4 1
AR —HATRICRE, X HH2R X TR TR0 R R —3. A
TR SRR I A AT 55—, NSRRI PIats e i) e NS SR e 4 ) OB 28
=, mERRBNER FEEIERR WAL WS MRS SR & A T Ak,
MR T AR AL PR AN AL, IS A5 38 508 (0 gt Az i 22 T AT 2R
3.3 BRIFMMBUITIREET L/AHLHLF BT
3.3.1 WHIEARE MW (W k) HHIaIRMm

THERERNEL W) 2 IR R R, U E R N R AR A
HLERICHL R AT e vk, S A A vk St SRR FRATI G 75 SR NS . e T S LR
EREEAMN W) MEZEYFCRIE, 1iREY) SO TRA PRI EZRIE, ik, FH%Y
HC AN R B R IR AR R (W) R, Jidh, fEARSD, TR R
BRI RERLD AT 38 Jot 25 e 5 R v o A 1 R 25 PR 3R, R
LG K] o, T sk A s () B2 A A R = AL (k) T #E (K13-8) (Pérez et al., 2004; Puri
& Ashman, 1998; Sierra, 2002).

LER SR MBI AR R, AP 0 T R () R E R
(e il R 2%, DRS4S T U3 A A I R R A T 5 o i gt o] e AR AR A e Wl 25 (R AR Ay
PR 1A, R 7 i P DA A 3 AR A, DT s P KR s, IR
SECEEE AR ETE, B, A AT LSRR LU TIPSR
UL ICE s B B A i aE s (K3-3, B,

320k, W ER R MR H R R A (W) T RR RN 2k B TR RS
AR, TR AR S ol 5 A 5 M 398 e 3R U e e ) = S o ) v 4 i i ™ A A
o RGRH S bR 32 AR AR R Ak R ) R s ORI EFIERRD, BRI,
P TR R ZA R = TR LB vE ) SRR R A (DD EE TS
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RO PTAT ELA S5 LUR ZANJ7 I 55—, AR SRR AR A 5 (U5 i, HHvE D)
MEUIE R R, TS ECNLE R, AR TR A 0 3 2RI 7, X R
7 P2t T A 0 B 2 BRI R A A LR A2 8 54 15 5 5K (Chapin,, et al. ,2002),
FESCIERE, FEREE E) M E SRR, R R T BRI, 5, O o
i P PROPR PN 38 L (R A et T IR, IR T RIS R =
TIERCEY A I SR R e T RS R B e, AR B A R R
1 ANITTAN P36 i ) 3 B2 A SR TR R FR) T o

KIH¥EH] Long-term control < > JHIH¥ES] Short-term control
(VIS L F Tl s B
State factors Interactive controls Indirect controls Direct controls

Plant _— >
44 — functional F’lakntf -
ISES types upta e 0 \
/ Litter - Dissolved
i ] quantity organic s
nitrogen ]

\ Soil g Net nitrogen

resources Carbon mineralization

L Sy, quality e .
- — (_)‘ (Ammonification)
2 B C:N
i » Temperature

H,O

3-8 LA A A RIS AR SR s 5 RN, 7 ) s 1 [ 5

(-)FoR N ;. 5] H Chapin 2% (2002) Figure 3-8 The major factors controlling ammonification (net
nitrogen mineralization ) in soils. These controls range from the proximate control over nitrogen mineralization
(the concentration of DON, physical environment, and microbial carbon to nitrogen ratio) to the state factors and
interactive controls that ultimately determine the differences among ecosystems in mineralization rates.
Thickness of the arrows indicates the strength of effects. The influence of one factor on another is positive unless

otherwise indicted (-). Redraw from Chapin et al. (2002)

ok 2 AR I (Chapin, etal. ,2002), T3 MR R G A FZ0 R B LR
JrHITREAT, B AOGE I & 5 R A LR K C o, (3 s 42 o R o 2 A
KA AR B R R L. B Bkl SUERAT) CIN BB 10:1, 7ERZE
PIE LIATHUTIN KT 409% (KI5 2B A= T T, 80 4 ) 609 DU 1o PR A/ i
BN K, F2 00 A0% I IR E R 2051, Bl 5 1E R AR K (A UL T CiN
KREyHy 25100 MUY CIN K TZAER, FRBN R AT R, i/ T ibil
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FHUERS, FERMONEBE THAEDT R, 2ROEESPRIEIEA L3 (Van der  Krift &
Berendse, 2001). KM, 25:1 3@ #AE A C:N MG S F K S -3 R 0162, B 4
KM SIS, 385 AAEAE SRR AN IR B0, i/ T S, AR SRR
HE R BRI . WAWTFRTE , Ak eh 5 B AR PR P ROk & f i i i T e w4
fE ARSIV RS (B, RAREH), MRS BN N HEREE CARITTER
), LEPIE BRI ZES N, SRR CIN B3 T SRR - Fh s A
&, T REEYFE IO IR R R EE A e, L, SRR R R R = (k)
R AR T BB R RRIE M

3.3.2 X HIRARAELALH AR

K H#E I Long-term control «————— 3 S | Short-term control

FOERZE e BEEAEH
State factors Interactive controls Indirect controls Direct controls
Plant

Plant NH,*
W) —  functional / uptake =)
.%% types
>- Litter quantity Ammonium
concentration
- Carbon quality

i 1)

Soil
resources

Nitrification

+- 1% respiration Oxygen ‘

) concentration
BEJ Temperature a
H,O
S i Soil texture

K 3-9 IR AR PRI S T # SR AR R RS KN, 5 R AR IE R N, (-)3Ros ST

mi; 5] H Chapin 45 (2002) ;Figure 3-9 The major factors controlling nitrification in soils. These controls range

Root/microbial

\/\

from concentrations of reactants that directly control nitrification to the interactive controls, such as climate and
disturbance regimes, that are the ultimate determinants of nitrification rate. Thickness of the arrows indicates the
strength of effects. The influence of one factor on another is positive unless otherwise indicted (-). Redraw from
Chapin etal. (2002)

Wk 3-9 o, P R A AT R 1) BRI B B R A AR ] ks PR L s
g, AR S R B . PRVE DB & s R SR A E A F PR
DA R o R 3 PSR~ 98 i M 25 1) 2 PR L o 47 7 LA P DA B S iy - R R I AL e ; 5558
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Wi+ R A (W) L, RN LS, DAK P Ta] A AH LA P 3 D% BAE 1]
PR R AT H W, a4t T3 A id 2 5 Ak () 2 (1) 5% i (Bengtsson et al., 2003; Berendse,
1990; Braisa et al., 2002; Chapman et al., 2006; Hawkes et al., 2005; Knoepp, 1998).

FEW SRR MR A RE R, PEREA LA, RIS, HESEEN, +
e R4 2RI (Neill etal., 1999; Verchot etal., 1999), IXFP5m 2H T 1 HEmifk
A PR AR TR W2 TR (2%, 2006), IR A 45 38 3R AR A e KR ydb, il
WG HENRIY  (HE, AP 3-9 WU th, A2 52 W 38 R IR ORI PN AR M 3R
T ARG TERE R T RS B AER], R, HZRRgoRk U, TR A
AR T e R, nREE R TR RS R AT e Y EA 2 T DR, I 3.2 ik, %2R
R A R, DRI T R 5 A 0 T T ) B A R S A 2 i 2, I — B R B
T RS E AT TR N B

XMPRAG TG R R U, L3 SR R A 30 o0 IR R Y, Y B Ty
R ER G SR . X 55—, BT PR, R0 2 e, DR A n
THREPREARS R, B, TUUNE TR, S SRS R =,
R R E Y B D AR T, NI R R R, PRI SRS I AR R0,
HEK 4y N R, TR B4R & B in(Frazer et al., 1990; Holscher et al., 1997; Rhoades &
Coleman, 1999). [AIFf, IXFPEZMLERAE N TMRE (53R & A= 7 FH (Adams & Attiwill, 1991; 3%
L] & ALIEHE, 1997), FIAAHIFT RN ARG AR T LU AT I B SRR

JRAH ¢ R AR BAT e ) IR R A AR, BRZR AR e T T R, AU Y
R SEMR AL, P R S BT E O FEEE, IS 3-9 W LUKEL, ARSI IR R A
R | L1Ee 3PS St SR R 7D Te o e w5/ e I AUD e SN S 2 R RN
TR, A RRBAL, AR HIER RN AN D e, g n T b SR
AR, Dyt tb A P gt T R L B skl B BT A R W T I R R A

gi EPTiR, MARZ HISEM A 3R 70 A i DU HY A8 Sk RS [RRAE BT B, el T4
KU 2SR, VAR EYR RS R A, ANFERRIRAIRN R R R (D) FIiH
W KPR LM A ], AFRRAH B E MR 2 ot 2 R 45 R . (HE,
FEA BRI AL R], S I SR M A A 1) 323 A A D), R B SR AL 28
R, ARZEYIDN 2R 2 m B A s A, T AE BN, AR R B B s 2, L]
Mo, IREEPR FR A L R 4 R T 20 DR R i R R R M A A
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FHE BEFIES IRFSHSHXER

P B B RIE U B 5 3 0% ¢ il PR R A T e v 3857 0 PR R I R s R SR 1Y
FEFE R NETIRIRS, LU Z A BE A RS A i i, 3o, 7EANRIRALER
JERIRER T, TR R SEIR R R 22 53, AR R BRE AR L T 5895 4y K
ANEIANTR], SEIRIE R T TR I AN R S R e R e . DIAEIWT AL, AERE)NS L0
TR BN E LR AR Z IR o, PRI (litterfal ) B0 R 52 vk e IR s A 0 3%
S TR YR (Vitousek, 1984; Vitousek, 1998), #Hiuflivh, b ¥ H -4 1338 (1) Al |y 1358
AJF M B 79-87% (Chapin et al., 2002; Harmon et al., 1986).

BRI e & E RO LA O B R R PR AR K 7 4, o dm A A
VAR AR BURIYIRIZER B A S I S AR R A A LA T R
USREZ /PR SR 7/ 0 0wt 71 A S M i I V= 7/ NS we = L AL DN 5 10 i 223
T E A RE R 1, IR PR R SRR . AR R AR R IR ),
TR LS R G IR IR 7 A LA, & LIRS PRI L) A7 I SR AR ) o
fith, A2t EAEREIRIE IESR Oy PR R —, P, BRAKIRVE IR — e R e
HRARMES RGN A ) MEE R AE(Wardle et al., 2004). [FIF, 387840 2 5 ik >k
SCHRFUS W AR AR . BRSNS, DAL, VR AN — NI B T R Y
2RI I T) R 1) RORE B i AH B4 (Fisk et al., 2002; Zak et al., 2003).

HRPHEY) = itterfall horizon) 1EARRMAES RGN DNEHLEL Y, WAHE T
FEMEH, EERIAERIRKIERIFE DGR T7H MR PR ZE N RS RS
TR —DNEEY) TR, WAF T REREFYIL SRk 13 B RIE R ERE L —,
P I L 38 SRR A B R IR, BRI PR T, AR R
W BRI ORI O R o RIS I A B, R AR A A R G
WIBERE /L A VUM IE 3 TR AR R, [N, MBS U Y 4 e T 28 s L R e AT - 38 1 3
PRRIFET, R AEAE A AR R RO X 38 R ) ANME A T3 B ) R i A= B A S
Mo, - IESRCEI Y R R, I, RVEY R4 NS 5 v A AR
EARGITE I AT I Pl B4 TP R A (KT 4545, 1990; &I [ 4%,1991; i
W & “EIE, 2004), R BB A RGP TR IR AN BE 0 e, Rk N 5 B AR pk 11
SRR B AR AE
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XN AR AE RS — PRSI 1) ) — R SR T ) AN AL 1
CRAF SRR, FESbdfEry, R A4S R LB o kAR 2 e, It i 3 BUAvE Y
PERSAS, LUK T M0 AE L AR SRR AR B AR IR 0 3 22 57 o AR SR I MOR LIS RE T,
PIRE RS I FR 00 VTR RFAE R PR VE WAL S IR 0 A 22 5 L M SRR G R ?
PV PR VS 33 5% J0 R AR AL R U A AR 2 3 7 R I MRGR A R T 3R ) IR AR
e, LR SRR I H I AR AL IR SR )2 — o eIk, AN DU A& PRV e A0 12
TITTEA > 5393 T A0 U1 S AT R 8 0 2= A PR U i 2 il A 2 RS [ IR A
HEVE IR ZE 5, [R]INS DS 2B AR 322 (R IFFT N A A Bk, %9 W SR i MORAL I RE P, ANIF]
TV AR DRI S LRI . LI B Z AR R

1. 5 xiE

1.1 JEEM R FILLE

T HE S I e LA e, R, ST 2 TERIEL, A TES IR T AR 1 P2
THNTIEE 2 A JE Ut - ARABA JR ) 7 0 B R 560 ST, 230l ik 4% T 9
PR BRSO BRE AL, AR 6 PSR, 43S e FRCH: S B W PO R IR R
AR 23 R AR AT FREV AN Ay KRR, AR AR (LR T RRTRACHO 1 A RE
VE RN~y REAARED , UCEME M- FIRRRED, N DA CRESIZEAREE . BATHE A
MRV ). 2003 4F 11 ] 4% 2004 45 10 X ARERA FIRALSE AL 9 AN REE HEAT VR P dk,
TERABERBENLE I = AFEE N AL, MRS B R 3 MRS . U di k2 18
T K, R, B OmEBZh 0.5m?, K/ 0.2mm. FESCE, g
PN 22 [ 58 A BB, ORIFZD I ds S e 10emBL b ARCEZ B, & H HIRIEE
MEP TS, W ARSI Gy, e de . RS, BEL. W BRI Sk i A AR
X re KX Ar e RS FE A E T TOCHAEM T R E AR E, o iR, REaENTr
R SRR TR, AT
1.2 BEMEREMLE

71200445 H 5 H. 8 45 H. 11 4 5 HAI 2005 43 H 5 HIUANZSE, 43 HIELL LA
MRER R NBGR L R )2 (FELL AR RERE b, B0 1 1 ARSI - L RO e AR
M, WK, FEREAMEEE R N BIALBEE 20 NIORE L. JAVE R E 0.5mm, 5
10Cm T2k e K 42 s TR g 20%20em? () DU 7 T SRAEHE . AEREANIURE S SRR V5 P S
SR RAEME [ & AT, IR D)) 045 T B AR TERES 0 U 5 A 105 B il fR
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REME—ERRIN I DB . RETEER)S, B SREM RN EEE, IR, W
[l 525 % N7 200 5 AR (R T, RSSO, {E 70° CILTEIEE, WHTE, §15
T R

TEBEATIRAY AT AP HTRT, i/ TAR R, K Lh ERETRE AT T &R HE, 7 T
Hoe, EEABEERAIN, KIUATREE 80 M AR 20 MR HIR, AE 20 MRS
FRRERLEI 2 AN nt, RGP G T, SRR B R RLRE SO0l 10 4. B, #F
BT VAR o R R
1.3 FERABI S

FEODENE, B S RARR S [ 7 (VELP) Rt AT, WA VR bR LI
7% (Amin & Flowers, 2004), Hll: FrHX 0.2g £/ ah CREHA 2 0.0001 g) NS . BEH
BN SmIIKERIR, FRIX 2.5 i R4/ BRI (%2 10: 1IRS) IMAE T, $85, {E375C
AR 3 NI, AR HAS B R CER MR w2, SRR Skalar JiEhiE
SO M DGHAT R BT -
1.4 HURLE

KRR 307 223110 CANOVAD 43 I AT &t B MROB AU AR B i %03 A8
R PTEYE VARG RS R ANGE R, T2 TR, 1 SR X 0 G A 41
BUE AR WL ES I AR T 2 B BA T, W RANE 2, WX AH RNEUE HEAT Log# 4t LA
AL R T ZE AN IOBGE e fh e 7 2 T A RS, R Tukey K56 HEAT 4 7K P T B3R PO L
SRR S o Ty 22T I AR o, A AR RLE A BRI B A A AR, RIRTR Y RIS
IHIE R P A L IR0 A AR D PRI AR B o R N RGBT [ AR TF & 1R 0 TR B AL
KR Hefh, RAH—TCERERIH A WRE WS RER 352 Al A C R, Bk

3 Hril i SPSS11.5 M1OriginG.0 4 5¢ /.

2. 88X
2.1 A& IAEFFE
211 FEREERAEMAERRFEEATRE

2 4-1 AT UL, % B RV AL ) AR S e SRR AR ST, 138 I SR A
FEHAY, HUOBIRR, e FESRIREE R AR & LU BIR R 594k, 53
TSP EG, HAER A TRV 0 7% 0 B SRR A R AL S B W] 5, 1 ZEIR AL
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W, LRGSR BT L S AT AR Y, RS REE b, YRV I ORI

HI T VR RS 22 5, DRI FE 5 400 et AT AN TR) (KDL R AIE o W5 A V& V&
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(7.43%) e (3.53%). MALSBITEMFIFIKE , PERPRERTE I &R 68.27%, W]
Jo RGBSR PR S AZAE R I R I A gy o SAEVE T R S AR A
J, BEARPITE IS ST 10.8%. FEHERE (K ) — S W RHE A . RSP e
i (14.79%), X5 MR R SEARBR NI B AR P A %

ARATHER RV R (42.22%) B/ TR (40.6%). i (14.19%). H5L (1.8%)
e (1.11%) s 2 F, AEAT SR R PR i 0 2 53 v 1 dee T 2 20 )i 7y o MDA i -4 A
KA, ARl BB VA I 1 EEEALSGH Sy, R R 69.23%, k)
Bk DR (13.36%) FIfHE (8.71%) 4.
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KRETEATTENT S (55.21%) s Thik: (23.74%). Fhg (10.18%). f& (8.72%) IS
(2.119%) IR A1, FERVE PRI BT, A AT (48.73%) #5H (20.39%) A14% (9.75%)
FKH# (8.48%) 4 L BEAL BBy o A — Iy AR TR JH () S (56.74%) T A%

(22.41%). #JE (12.04%). {£ (7.51%) FIIRSL (1.3%) MPHE TR, MIHE 5
I AKE, MR (36.35%). KM (24.37%) FIL RS (16.6%) Ky EA Y.

Oy RAARER 975 (63.8%) W KL (15.75%). EE (13.86%). f& (4.44%)
RIS (2.15%) (KR4 B2 A0, AT PR AL LR, T R4 v s B (1) 49.16%,
At i 39.45% . FEMEA—FARIEAN, FITET (77.59%) & 2 i TA4 A% (11.13%) #E )5 (8.15%)
6 (L57%) FIURSE (2.19%) (TR, a0 o 3 o (X Lo o 2 1 K. 76D
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RIS BRI R, PRV A T 4% 214
%41 EEEHGR LTI R RS R E R RS 8 (Lhm?)

(TR RANEE 16w PN Ao

Table 4-1 Composition and annual amounts of litterfall in typical and degraded evergreen broad-leaved forest

Bt it i b 1k PN 53 Miscell- St
Types Community types Leaves  Flowers Fruits Twigs aneous Total
sk FE TRV 5.36 0. 46 1.93 4.32 0.97 13.24
Castanopsis fargesii  Comm. +0.27  £0.01 +0.05 £0.16  £0.02  £1.19
Old forest
WA A AT 4.95 0.13 0.21 4.75 1.66 11.70
# Second  Schimasuperba Comm. +0.12 +0.05 +0.07 +0.03 +0.12 +1.28
broad-leav itk 4.72 0.75 0.18 2.03 0.87 8.55
-ed forest Schima superba - Castanopsis carlesii Comm. +0.04  £0.02  £0.02  £0.02  £0.03 £1.05
UL EE I R - SRR 4.77 0.63 0.11 1.88 1.01 8.39
# Second  Schimasuperba- Pinus massoniana Comm. +0.14  £0.01  £0.05 £0.14 £0.08 £1.22
coniferous  LhERAREK 4.74 0.33 0.03 0.13 0. 04 7.43
forest Pinus massoniana Comm. +0.18 +0.02 +0.01 +0.03 +0.01 +0. 86
HE REAR- AR 4.96 0.1 0. 14 0.71 0.52 6. 38
Shrub Loropetalum chinense - Lithocarpus glaber Comm. +0.81 +0.01 +0.02 +0.02 +0.02 +0.87
AR 4.43 - 0.35 0.68 0.33 5.79
Cunninghamia lanceolata Comm. +0.12 +0.01 +0.07 +0.01 +0. 11
NTH BAERE 5.28 - ~ - ~ 5.28
Plantation Phyllostachys pubescens Comm. +0.16 +0.16
Pittetek 132 004k ) 0.03 - 1.38
Myrica rubra Comm. +0.03 0.001 ) ) +0. 05
W Bl ST H(E (bRME 5 22, n=3) Data are means+SD (n=3);
s 1 A} s O Nk Noalkr=A 4
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Figure 4-1 Annual amounts of litterfall in typical and degraded evergreen broad-leaved forest; Data are
means (SD); A: JEVH AL OId forest; B: ¥ i MH-#& Secondary evergreen broad-leaved
forest; C: k%P Pk Secondary coniferous forest; D: #EM Shrub; E: A T#k Plantation
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ANOVAZE TR, Sl M AR A R Wl 2 A T PR P M i) A 0 % = (df=4, F=209.32,
P<0.001), Bll: MV 4 e bR (113,24t hm™ R B 2 TARRER (194.15thm™? (J&4-1), 3t
L LLRA I R, R g A PR R A St B AR IR AR P P8 AT W e (P <
0.001), 435 013.24R110.13thm?; YA 8 Sk i ARRICAE T bR I 77 4E ) 0 2 22 5 (P <
0.001): 43 2410.13F17.91thm®; YA MRORIRE A ) {5 A7 153 2% 5% (P < 0.05), 43431l 47.91
F16.38thm™; HEA G N T AR 22 A AEH B3 (P <0.001), 434 46.38F14.15thm™.

MIATED L5 KT, B 5 SRR AR DR, AF T A |- 2 03 P e,
FAEBLANEA-1T7R . T BRI ANMRFIE S P ERREE AR BT 5 LB, )
ARAL S5 SR P o LA, 1 B LS 2 AL R ARAR IR ) P o LA 2 ek
2.1.3 BEREAMMHARLR L LB EEIRIFR 5 VAT 4FE

M 4-2 TTLLE SRR MO AL 2T VAR S IO B AR, R A
MEN B, TP E S RS TR, MR, NLHWREEDMESERET BENTHm
(ANOVA: df=4, F=21.273, P < 0.001), #-E8[u] (1) 2 k2= et DL LI 4-2. PRk & &
bt i o ORI R AR T B AR AR (ANOVAL: df=4, F=3.468,P < 0.05), fH&A &
L Z MR AU, 1T IR AN PRIRAS, & ST R () 2 S FE g A ] 4-2 TR

14 T T T T 140

Old forest
Secondary broad-leaved forest |

| in | a Secondary coniferous forest
12 -I- Shrub 1=a
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10 | B = 4 100
a = iy
N —I— :I'__ r "E
"= g 2 b a5
=8r oS 7] I 7] =2
s | S - g
B o
B 6l % - = 4 s0 E
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N
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Figure 4-2 Mean nutrient concentrations and amounts returned via forest litterfall in different
types of degraded evergreen broad-leaved forest; Data are means (SD)

PEVE D AR ST B EARAE N TR B ETF, (B Ak b o g i AR A S B R
DT At (ANOVA: df=4, F=35.815, P<0.001), &RMAINGFAELEER, B3

Ko 4 2R DL IE14-20 S PGB AL 3 80T R B S A R R TR, P LR AR 5
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Yo, R SRR AR R AR Sk i AR R 25 R B2 (P < 0.001), (A Sk AR R R 2R
AR ) B ) AN B2 (P>0.05), RAEEFHMFIEEMN ) 2= 5 3% (P <0.05), 1M#E AR
ANLTHNAEZE (P>0.05),
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10k I L - , ocarpus glaber Comm, log —
2
= g = 1 o
E 8k ]a g l . E
2 a a o £ 06 &
5 l l l /) b g
z 6 |E Tal/ 2
I 1 Lt o 8
g ) i , p i [ o
o 4k a
o / /
2 71 11 7 |
; L / 402
oL /
0 0.0
100 T T . . T T 6
Ta Ta
Ia Ia i : 45
80 | =
o) 1 E
E Tb 9
£ - 44 X
2 el 1b L £
g L I Ib {3 2
3 Ib I 2 s
E 2 L o
s 40f 1 /
-4 n 42
A ; 18 : !
0} % / X : . . )
/ b f / g
, — 4ﬁ
0 - - . . 0
A B 9 A B C
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Figure4-3 Differences of mean nutrient concentrations and amounts in litterfall between plantation and
its” natural neighbour forest; Different letters on the same column group indicate significant differences
at P<0.05(1)

PN TR 5 L AR ) A AR IE BT X LU B S GRS RURHTA] (R BT AN RD,  \f
PLEHL (B 4-3), N TARETEIIN S A A& B8 T L AR K (AR B, b ARG e
FEABE A S RERANLE (P>0.05), BFEEERN (P<0.05); BIHE S AN
REVEAREL, 2B BN (P <0.05); Wi AIME NRERAREL, R EBEEN (P<
0.05), Mif& EAMARZE (P>0.05). N TARIAD IR0 & 5N 32 5122 %m e
PN A 5, R RIE BRI .
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LR SRR, WRIIFR A RS, N T RZAR AR AR R (P
<0.05), FAIZAEZHEZEF R 4-3 s, FRordfm, s s s AR s

RS A TAKIE 5 0 5 B TARAB I B AR B (3% 4-1).
2.2 R EYBISE
2.2.1 BEEAMHARELE LB EYE N E Y BT ST

5| A ] B 7
b i 420
0 ] la I S
= l i l 16
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£aofl * l Ie 1 l 1 1s
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D I rd I
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c
E 25}
=] ] 2 l Ta l ac -
. o b I Lb Lh .
55 1 ]'b I
= i J. l 0.4
10 K y 1
5 1 s = 402
0 - - a L 1 0.0
14LE ° ! L | m I v [
I |
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B l | I\ Shrub
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0.0 L 1 1 L L 4 |
| I 1] v Y Vi

0

P 4-4 5 2t ) AR [ R AL ST T 2 ) R BEAN SR 00 AR AL s B o VA (bt 22); TR)—

W AR A RER IR ATAE B 25 1 22 57, P<0.05(Tukey test).

Figure 4-4 Biomass, nutrient traits of litterfall horizon in typical and degraded evergreen broad-leaved
forests; Data are means (SD); Different letters on the same column group indicate significant differences

at P<0.05(Tukey test)

I 4-4A ] UL, i SRR P ARIR A MR PR V& ) 2 A ) B B 25 520 (ANOVA: df=5,

F=52.39, P<0.001), HuiHvY LW AEiR AL e i 2 i i Ak, IR AR
YR AR IR TG B35 22 57, AEMENSIL Rl , BEE D IiB L, (ERES
BB R R, S-SRI A 1 S PR AG 56 45 R LI 4-4A

S R PR AN
AFN AR

PV 2 R B R U et B o 2 MR A R 7B T B 324k (151 4-4B, 4-4 C)),

R R B LB R AR B NI, A ki AR R R R RS R A
MRS, SN TS, HAREZER, MR AR i)
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JREAH S AR TE 25 2 S, MERE AR (ANOVA: df=5, F=35.85, P <0.001). %"
SR EABBEIRAHERE B2 N B, AR AR B S U Y ) U e v, O A ¢
] I BRRE AN, A S ot bR o, N AR B MU s de /N, 5% S ) Jak 25 PR 6
gh e 4-4C iR

FLBET S, W b MR Al AR P T 2 1 R B A R e (]
4-4D4-4E), WS TBE AL ARG, B 7 A S AR AR d g, 3L
WP T 4x 28, I ] 1) 2= S 4 B 4-4D s (ANOVA: df=5, F=16.12, P <0.001).
B AR M IR i, LU R R SR AR L R AR N E AR A S AR
BEE N EAK (ANOVA: df=5, F=41.91, P<0.001),
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goe - /
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Figure 4-5 Differences of biomass, nutrient traits in litterfall horizon between plantation and its’ natural
neighbour forest; Different letters on the same column group indicate significant differences

BN TAREEYS 5 HLEL AR I AR BE VR HEA T I LU S GREASAIE], AP AR, T
PLRIL (B 4-5), =N LAHREEY) 2 A0 8 B AR T F AR LEAR B AR BV (P
<0.05). MFEMHEMZE G EAAAEEZARN TR T BE TR (P<0.01), MiEB#E
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FIMMERE A M TC B A8 (P>0.05); {HJE, =N TMRHRFEE Y IR0 & 5 0 B 1)
LAR EARAEEANLL,  FREARIL RS (P <0.001).

o B U R REVE R KA B E 8K (P>0.05), LARPIBEVAHE &1 (P <

0.05), LS, HIRFVEY) 2B B AR AN N TR KA T BEFEL (P <
0.05), MAEBITHERNMALE (P>0.05).
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Figure 4-6 Linear relationships between amounts of litterfall and soil nutrient concentration in
tvpical and dearaded everareen broad-leaved forests
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Figure 4-7 Linear relationships between soil nutrients concentration and nutrient traits in
litterfall in typical and degraded evergreen broad-leaved forests
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Figure 4-8 Linear relationships between soil inorganic N concentration and litterfall traits in
typical and degraded evergreen broad-leaved forests
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Table 4-2 Annual amounts of litterfall in evergreen broad-leaved forest and it’s degraded

community in subtropical China(t.hm?)

PER R IR IR BRAR, B 3801

AR I BORKUR
KM Community
Forest types Annual amounts Source of references
G R ¥ 7% Castanopsis fagesii - Comm. 9.27(13.24,5.31)" AWFA, 5K KB 1999
Evergreen % CHE R AR B V% Castanopsis kawakamii Comm. 11.01 (M5 etal., 2003)
Broad-leaved % I B2 N T ## % Castanopsis kawakamii Plantation Comm. 9.54 (VR etal., 2003)
forest i YL 5 B V% Cryptocarya concinna Comm. 12.16 (WU etal., 1994)
HE TR 1 78 ¥ Castanopsis chinensis-Schima superba Comm. 9.06 (%% etal., 1993)
i WL R 7 B BE T4 Cryptocarya concinna Comm. 8.28 (FK{#55, et al., 2000)
HEBE— R fu 7% Castanopsis chinensis-Schima superba Comm. 8.45 (ENF] etal., 2004)
5 XIF7% Cyclobalanopsis glauca Comm. 5.5 (THAUE etal., 1996)
At 7% Schima superba  Comm. 7.94 (11.7, 4.18) ST, KPR 21999
TRAHR ALy 2R Schima superba-Pinus massoniana  Comm. 5.9 (8.39, 3.41) AHIFFT, 5K PR 21999
Mixed forest Iy JZ A~ K B Pinus massoniana-Michelia macclurel Comm.  6.28 (KR, 1993)
EFIHHR L ERAMPinus massoniana  Comm. 5.26 (7.43,3.09)  AW7T, 5kIKF71999
Coniferous ) EFAREV% Pinus massoniana  Comm. 2.7 (453K etal., 1993)
forest 1 kA # ¥ Pinus massoniana  Comm. 5.65 (KKK, 1993)
1 2 fA BV Pinus massoniana  Comm. 5.48 (B0 etal., 1993)
1y FARE Pinus massoniana  Comm. 6.36 (BAmni, 2002)
o FAEVA Pinus massoniana  Comm. 5.83 (#iA&A etal., 2000)

A7 BR—HE A Y% Lithocarpus glaber - Loropetalum chinense Comm.

4.47 (6.38, 2.55)

AT, KK DE1999

*a(b, c) ra ) PFIME; b AARWIFE; c H19994EMI5T{H; ais average value; b is the value in this study; c is the value in 1999
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Giisewell et al., 2003; Koerselman & Meuleman, 1996; Verhoeven et al., 1996), [X 1, FE 4% IN:P
TR ARSI AR A RIAE S RGN AR 2 BRI R (Gusewell, 2004; Zhang
et al., 2003, 2004) .

A, T SRS LR R R IR S5 A A SRR R ) A S R AT Fe R g, Pk, HE
WIAEE NANR] 77 73 BRI AR, IR R T AN SR 70 R T SR, ANTRISR 73 BRI B f R i
TR AT AS[R) IR 7520 R FH %% (nutrient use efficiency, NUE) I8 5 i N 0% o 35 0 R FHR0E
TR IS L S H AT WA IR E T BOFR 23, Hoil2 N P AETR VISR 7 IR P AN i 4%
IR ) 43 RO A8 20 o A4 B R R AR A AR 2 TR G AR 1) — S R 1 (Bridgham et al., 1995;
Knops et al., 1997; Pastor & Bridgham, 1999). &4 H &% ] LA} 5 () 52 Sk R AW e oAy
FRo B ae - AL AR R, (2 U TR LRI T AN FFR > AT SRAG LK ()
M5 (Aerts, 1990; Aerts & Chapin, 2000; Harrington et al., 2001; #J4%, 2000), 4K, {EAH
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[l ) 33 5R 0 ZAFT1  % 03R T R0 RO ML) S E 78 70 MU T EEAT BRI 9 20k 5 s 5
e, DL, T HR IR A R R A 5 2 (1 A ) R RGN TR 7 SRS A (P
25 4+ 4§51 (Bridgham et al., 1995; Knops et al., 1997; Pastor & Bridgham, 1999), filln: i
Vi (R RFR A R A e 7 LA IR (17 70 BRABITEROR, A B ARIR 2R Rk [l 4
FORZESTP A K2 IR B 1 J7 %)y (Aerts & Chapin, 2000; Birk & Vitousek, 1986;
Bridgham et al., 1995; Chapin, 1980; Pastor & Bridgham, 1999).

FELAIREV (BT R 8%, RV N IR 2 PR R 20 I LN KT T, I 2 )
KA, BTy sedsr=ie E R T ISR YRR R e v A 109 0 o TR SR 2 A 2L
HRGE G R R P, mT A TRV AR Cuptake) BRURBE T IR/, tm) BAJ
W ETR I AT K, B, REEIR TR S R, R R M R AT R
WURIER -3 R o Ak v 22, R HE DAAT SR0le IR 4> (Herbert & Fownes, 1999; Hiremath &
Ewel, 2001).

XS S R BT 5 0 LR AR S E R IRaR IAE , AE AN AR T-HR7 s T
Bt LR PR RE LRI, DL IR A R ) B, R IR AL et
BT RRIEAS, [FI, FEYIRE IR IR BOR A SR R TR RS, B2
T RIEFR I RO BRI R o AR — R AR R o, SR R BRABIEF AL T 2 0 i 2 R
TR SRR DS BAT SRR, TR R 0 R R AT BRI 22 57, AR LA
PIRPSERAL T 75 REII SR 73 M T SRS ORAE SAN R SR 23 (R BR A 1 P 2 I 28 o) i A 15 4R ke =
ARG Tl FeFIt, AT R 5 LUK Sr A IR RE PSRRI 1) NP SRR AR, LK
TR 5% 73 PRI 2803 RV B 50 20 DA T2 R 5 P9 2, MARELRE X 33857 7 FR el i i 2 40
St Bt WORR 7R TR 00 B R T AR A R BR AR AL 5 A8 O s 2o ] I AR IR AL LB
WFFUER BRI A RS . BEFC A CAELL RPN : 1) W R IR A R A R VR 1)
N:P AL2A AR 2) ARALH SR MR IRV (1097 00 A 280 A DR U N2

1. M5 x=E
1.1 EBE RN P BT
1.1.1 {EEEEN: P EMARAHE
HH T SR AR VR S5 A S, AU PRI VA 1) NP A BV LRI ) N:P
FRIER TR, DA e AR 4 eV N W R R DL 3 g et s L3RRSI NP 3= A i
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N KT 2 AE A ACIEZR A Fy NP RFAE o AR AN S, #E B REVR 1B PR AL AR SN
PElE, AATREEOARGT. MEW . ThRAA . ERERIATRR, -5 AN R AR . AR
ikl SRR N SR . ARAT . SRR RE, BEMN G RIA . ARer. SERE . BRI AR,
ARA-KAERETE AR ORBERIRERE, IZARBER NAZA, BITREE AEBNT, HIREE .
TSI AR A AR 2o i MR A I R R R NP ZED PP AR IR AIE , A5t
MEPE T 0 S AR IR A 25 W B A 0 AT R 20 R, R NGP ARFAEREAT 1 I SRR —
RO B BB BUR LRI B PE AR, ToARMRN 3 R . ARar. RS EhEAIAFR, W
RIS AFESES . LIRS AR .
1.1.2 BARREMERLLE
KFRRTEAR, T 2004 4F 7-8 HRIMIEKIES, 754 URBRE BIHLE R A K IR0 4
MeiE KTeA B bk, FFHEE G J7 1A ek 2R PH R AL AT 35 5 AN SRAR I Fr AR A e ) S AR
&, R IR, b TN TAER, R A 5 A4 BRI
AR B Fy TR B 5 AT A T AT SO, AR A S R DY SR i B i
FENARER, Il [ 9286 5 % ] o WEA I B SRS AE L A B e BB 58 1, AR 75 1< 0A) L
PAEFE S RS20 %05, LRI AT R A8, s8R Ja/E 70°CIEIE ML T 28
q, RIEEE, RO, EBESR R T 5 4 B U R IR AL B2 AR
1.2 HEYERRIFE S H AR R
1.2.1 oA RMERMFRMEARMITE
Fr4y MR # (nutrient use efficiency, NUE), J&Fa#E% P T R B 55 7 Fr RE
AN, ABF9TE Vitousek(1982, 1984). Killingbeck(1996)F1 Bridgham(1995) it
E XI5, W

NUE, =1/N

litterfall

NUE, =1/P

litterfall

Her: NUENFINUER 3 3l 27— 4 H REV 3 T R0 AR RO R T 2403, Nierran 1
Plitiertan 73 1| 28 75— 45 A BT A R A0 9 0 v BRI PR 5 o El TR v AP A S5 A R A AN 4
FEREVE AR IR A3 IS T AR P I AR A, DRI LT v A R R i, DA S A R
PRI o AWFFUAE T SRR R IR0 MU RCR I, BRI BT 97 20 & B2 Rk I T
TYRIRTE T EME, BEE IR 23 RT3 A AT R i) T 244

BR YR N 3% % (resource response efficiency, RRE), EE1E FIEFRFEMLNKE T, B
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RN, BV r= (Bridgham et al., 1995; Herbert & Fownes, 1999). ‘&t T 1
R oy UHIRAE R A (0 ). LB, R R T B

RRE = Blitterfall IN

pool

P RREZZRAERF 38 TR 70 BRUR N K, —SE P RE AR R R U 10 i 803
Biiterfar i 45— 1F YR A RE TR E L S IR AL KT FUVEDIIAED s N poort i LIEEUE R,
T TAF TR TR — TR MAFTER, Blina s SRS ESE, St
R AFIEATR 7 TCR IR, SRIANFFRD TR KIFR FEAK-o FEARSH, Fek
FHTEII A B S IR R BRI, B AR S AR FRTE Y . Jrh e v
TR 8 A 4 PN A5 B A B A~ 2R
1.2.1 FFYEE. ERANMRTEFDENE

PH ISR R AL BTV W BB AR AT R SIIG T HIRSR A EINE o625, HIRA R
AN S LB 33 (A DG S T 1
1.3 GEitath

Gl MR R 22 07 Z2 0 Wi CANOVAD I 43 ] I MRIR AL 23 TR VR N PRFAIE,
DA AETE 553 P3R5 03 0 N AR IR RS 0, )7 26 0TI, 1 56 SR PR XG50 Ja 5 £ i
ST EA A LA R TT 2208 5 BAT T, WERANEAL , WD AH S AT Log e 45 A 2
BRI T 2 M MBUE 45 AF e T 22 08U, SR Tukey Rr 50 54T 2 /K1 (] B4R PR S EE
B . JrZEor il i, R AN FRRAGR ARy B AR, BEVENCPRFIE . IR0 AT A 9
VR R A g A . G54, TN TARANARIE AR BEV IR INCPARAE . 2750 AL A
BEUTIE Y SR T BRI ek e S fa s SR — TG BRI 3240 W 57 0 00 T 2803 R U
Wi B 5 H IR A IR AR, LI il it SPSS11.5 H1OriginG.0 # A 5¢ fle

2. X
2.1 HEPEEERIN: PILF T EIFE
2.1.1 EIEYIMEH NP LT EFHE

i 5-1 FTLAE Y, EAR SRR — BB (H—REE D 1 NP RA—, HA
FAEIRMI B AR o A iR, AR TR R — Sk AE U SR Ik, 4k
ORI NP #OKT 16, T/EOCEEN AR Gaig b ], SR IR B, e NP — R AE
14 516 28], fEREMNRBAGRAET BT, 165016 Ll b XF 5 FiIrACKUL, Toie & B
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TERIABIIE, Bl ARer 5 SRR, L8P B A EEARERR, W A
AkR, AR IR B NP 0 AR iR L T — S22 fta (18] 5-1A,B)o TR A M 5E
EANF =R YR UL, JE NP AR AL 5 R KT AR A, RIS 25 1) — Bk (&
5-1C). HIMtAI W, AWEFTH P KA TEARTIIE . FEAFHSRAEARTIR,  HREAR L3 Jx
W o i PRI CERUCEERE ) IR, R 1) NP AT IE AN AL AL % . Wi pTidk
IXPHLGRIRAE , IX L3 ISR N:P 23 ATF AL A REAR 4 Hh S RARL DR v 52 RUBE IR 20 TE R I
BRABIIRDL o

—

24 T T T T T T T T T T
LA T "~ Castanopsis fargesii s B = &~ Schima superba 27
22 LD e Pinus massoniana B <o - Castanopsis sclerophylla
o === Lithocarpus glaber
20 b i 24
L l N A F.y
18 . A . -
T ‘\I E T ] - 21
: < A
16 N e - 1 st I //,'-‘1.
3 4 =TS - . ==l s 118
14} ) ; i Tmn : ey e J
| i : Mool T e
3 , ]t i o

10:— .';‘:.. J L ([ % 412

= &f

o L 9
:? 24 — . . . I 1] 1 \ \

= + -1 - Cameliia fratema

{1l »nl = &m- Symplocos sumuntia

o - o= Eurya japonica

= Vs

L
| J
b ‘-‘_"\. ., - 5
18 | i e l - 1 | : Castanopsis fargesii Comm.

o s 1 1I: Schima superba Comm.
16 - e T 3 4 lll: Schima superba-Pinus massoniana Comm.
B 1 IV: Pinus massoniana Comm.
R | ‘_{[ 1 V: Loropetalum chinense-Lithocarpus glaber Comm.
10 [

I ] 1] I\ v
P 5-1 HERRR M ARIR AR B L83 WA N: P AL TR AL Bl P RE (e %)
Figure 5-1 N:P stoichiometry of common plant species in different stages along a degradation

gradient in evergreen broad-leaved forests; Data are means (SD)

2.1. 2 RENR L L BVEMRHERI NP (L F T EFHE

N 5-2 WP LA HH, Gk R BRI IR A 0 2 T TR VA T NP AR, P Sk i
P(20.13) YAz Gt AR (17.72) FIHE L (19.96) 2870 N:P BT 17, FUA IAEET I (14.24)
T 14 16 ZN0), R EERRAT 0 o, sty o AR Ly o A e o] T BRFHEE A2 TR 1)
To e 7 5 (P>0.05), [HIS 55 AR B IbR ) HAT A Sl 3 1) 22 (P < 0.001).

RAECAH KT NP E5E, AT SRR NP AT 14 71 16 2 0], H LR
T 14, EWA BRI g IR 52 30 SRR MR (3L R BRI D, (LR 1 PR
PERISE o2, MR = MR NP #OK T 16, — @ REE LRI 2B 2 I BRAIE ] o
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25 T T T T T ; T

‘o
2 15| b =
=]
l
o
=Z 10+ -
5+ i
0 1 L 1 L 1 i 1
| Il 11 A
| Old forest Il Secondary evergreen broad-leaved forest

I1lSecondary coniferous forest [V Shrub

B 5-2 2 R RO [RE A R BRI BEIE 1 N: P AL SRRl s B0 4 P EL (bR 22) s [H)
— AR ANR) PR OR AR B M 25 5%, P<0.05(Tukey test). Figure 5-2 N:P stoichiometry in
typical and degraded evergreen broad-leaved forests; Data are means (SD); Different letters on the

same column group indicate significant differences at P<0.05(Tukey test)
2.1.3 AT REM NP {LF i+ TR LLEE

FEXF N TAREETE S LR AR I IR A VR 1) NCP SR IE AT R L R B (] 5-3), [
WEREE (22.24) 40, HLARTIAN N THRBER K NP 3 5 35 T LLAR 10 (A AR B BEVA (P <
0.001), Hrb, MABEEQ.72MENHEL (.71 EELT 14 (P <0.001), MMHEE 5%
116 (P < 0.001). XFHLZREY], ZARMBIT N THRER L™ )52 B R R IR,
X T BT R, MM AEA LS AR B0 T, S R AR R BRI AT SR A R 2
B RN ARE S, X R BT AR, R R R R A G AL,
WM R A RS s N, A NeP AR &, SR 3R B T MRS (20.13) 7K,
TESH 4 SAT CMERE P II R S B 2 20 W R, W RV TR VA K 8 B 1K
TR, XKW, WRE RA RS AR R, BEMAARE 787y, X Rhas R
TERIFEFIRE LB N BRI BUZ T 2 20 2 10 SRR .

SRZARBEERYE, T %R TR kel R 2, R i FIRE M A £ o
BAR, TP LL R, R, AL SRR S BT LUAR I F AR R, AR
N:P B W (T AR, Higim T 14, RUNZRNTHZ ZE N RGIE AR 3. X
AL AT (1 ARG T 7 THI A5 3] S e, 13 8 MK LAty b X AZ AR N AR PIT IF R R AR 2 A5
FFENESE, B AR N MO ) B FEAR R R, XA FE W] 8 B0 22 M A A 0 T3 2R
THFE L
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25 | -

WL L l. 2]

N:P ratio (9.g™)

b’ . _
idn k Ib

0

A B C
A:[JcControl Schima superba Comm. B: [ Control Schima superba Comm.
[ Treatment Cunninghamia lanceolata Comm. [__] Treatment Phyllostachys pubescens Comm.

C: [ control Loropetalum chinense-Lithocarpus glaber Comm.
] Treatment Myrica rubra Comm. * P<0.05; **P<0.01

5-3 NLHREHHAE BARBE N: P AL B EFIE Z 5 * W P AR R R A
1A 2 1 22

Figure 5-3 Differences of N:P stoichiometry between plantation and its’ natural neighbour forest;
Different letters on the same column group indicate significant differences

MELEXS 2RI AR NP RFAE 5 N MR BRI, DA A N AR DR P ) 20 B i) LU
o, NI BARBUER R UL, T AR S BUR ARy i ok, MR I8
HOMEE 367 <55 N e we = 15197 €= A5 78 IO 1 K ey 11 15 74 1 0 P € £ s i e w2 73 DR 7
KFR, PG, N AREE 52 ) AN R 5% 55 70 3 0 BRHVE I .

2.2 HEYBHERNFO A AYEMFRmEZHE
2. 2.1 AENR U EBEMREERIFT 7 F AR 5 RN M R

MIEL5-4 TTLAFE HY, s 2o bR AR 3R A Sl 25 1 I 1 AL AR 10 2 R L s At 5 R
R, AERHE G AR e R (R IR A HERE T, U A 803 25 15 K CANOVA: NUE,,
df=3, F=670.03, P <0.001), JX LEAARSG Srrs, Jlithy iy 2o il I AR 55 A o AR TR A
B ARRIE M RIIAAAE B 257 (P<0.0D). [FI, fEUGIRALIE R, SR i ik 520
R BRI T BRI (ANOVA: NUE,, df=3,F=811.84, P <0.001), #f—L &
K LU0 R T, S 2t B b 5 2 A S B PR e R R D AR 1) B S (P <
0.01), TMHA &AM HAT REZR (P>0.05). 7E5 17 LE FIHFFSE Foxf b a4t Jim T LA
RI, AL Gk MR AR, WA 57 20 R AR (3K b 357 4 PR S B R R )
10, BV PERE L3R40 SRR e, ARARE VR G T B 3R 40 R O SR [N 5% 4 R £ 11
Wb .
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: : . : . : . : ? . ; . ‘ . 3000
350 Td -L
i T 1 |I=
.- _]_ L 2500
300 | 1
b
250 |- e L L 2000
e Ta T
=200 |- 1 T : G
= Te i H 1500 2,
ur . ‘ oF
> = Ib L =]
2150 1 =2
Ta {H L 1000
=
100 H i
1H Ll 500
50 H =
0 A1 A 1 A 1 A Il L 1 AL L O
1 T 1 I I T i v

P 5-4 % kR i ARAN[RR A SR B R o 1O TR A AU R0 Bl o PR (e 22) s [R]— 4
AR AN A ERER R B2 5, P<0.05(Tukey test). [ :E#ubk Old forest; 11: vRZAEH4¢
WA Ak Secondary evergreen broad-leaved forest; III: ¥4 H-#k Secondary coniferous forest;
IV: #EM Shrub; Figure 5-4 Nutrients use efficiency in typical and degraded evergreen broad-leaved
forests; Data are means (SD); Different letters on the same column group indicate significant
differences at P<0.05(Tukey test)

AE— 58 TR GRS BEAE N KT, 3 S R I AR AU R 8t 45 75 3 [ e 7 7
JEZE S, [, W —IR ok UL, AR i R AN (] 5-5). ANOVA 4347
BoR: WA MR A R, SRR R o LR AU Y AR (df=3,F=17.71,
P<0.001), X3 Ef (df=3,F=31.93, P <0.001) (MM EA T BEAR,

St = 4 SR 1 25 R e PR A2 R U AR T bR (P 5-5A), JLCh YA SR AR,
HPH I REEZER (P>0.05): Sob, MEIATLLE i, s Sk i bR e st 1
SR U N ORI E B 22 5 (P>0.05), BFEE RIS (P<0.01). MFIE LA
RF R BT U, RAEER AR AR ) 3 B2 B R BRIE AR AL
—E PR AN ACE R, AT AR R R, AR, HE MRS S MOR R
S AT W RN E RN, B %R BEE S R R M BRI

5 5%t~ A SR ) 7 AR P A S, 5 TR A S TR S A A £ e 280 g v 1 U IE 4y
Ve TN i s Ak (18] 5-5B), HIE G 2SR (P>0.05), W3 m IR AR AR K
A AR (P < 0.01)0 I AT WL, 86 gt i AR5 3R AT 6 0T 8 ZE0RH Sl ) AR K ~F-
SEAAHI, MR BET S 13 B RO R R i, xR A MR P AR, X
IR o IXFIAH OGN S AR R - 1 AR G0 R BRI 3R 1 P PR PR BRI A O
Bl AH 2.2 Bries®RIARER 1 NP AL R O, 3SRl FO R 2R 7 ) P
TS R A AL, TR Sk - BRORIE A2 ) 3 0 BRI, PRt o R A v, T AR
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HEF R TR B BRI IR, T LA SR W N AR A e o S U N R I 45 R
BAUE T A AT KAWL NP AL AT R IE I 2

1400 T . . v : . .

L3 L] b T
A B
i I 1+ - 10000
1200 | C -
J. - Z|
bc ra
1000 | I I | . H 2000
"o ] b
=) ab 1T T bc g
— L &
= soo0 |- 5 IE< E
B Ta . T Heooo 2
wi 1 wi
o o
o o
600 H 4
1H H 4000
400 H H
g H 2000
200 H -
0 0

K 5-5 gt AR AS [RIR A SR R M RE T 1R % 20 B U 803 s B b P I (bt 22) s TF)— 4 by
AR FR RN R E V2R, P<0.05(Tukey test). Ik OId forest; II: RAEF 4@ Secondary
evergreen broad-leaved forest; IIT: X%l 4k Secondary coniferous forest; IV: #EM Shrub;Figure 5-5
Resources responsive efficiency in typical and degraded evergreen broad-leaved forests; Data are means (SD);

Different letters on the same column group indicate significant differences at P<0.05(Tukey test)

2.2.2 NITHR5REFRT 53 F B RS F0 55 0 Mk o 50 R B bR A

R N AR L EEAR I R A VR EA T IR B BUR GRS AT I, (B B SORTRR SR 4 e AN
D, ATRAAIL (&1 5-6), N TR SEGEA R L IELEAR I A AR B AT LLsy S 8L 1 s,
b, BRARMENEMIAZ AR FREA AN (P>0.05), A il bt AR it i) B AT B B A Mg i
PEEARR B (P<0.00). NTARIIBERFAIBCRERBT R B34 PSS (P<0.0D), A
FER AR S N (P < 0.01), BRI — &bk, JLrh, BATHRERILH Ay
PET e BATI D R O, BT AT VEY IS A T E MR GR AR
BIUED) . BAKRE, WERAIERBITRER IR RTESN, N TARRE 5 FLLERR ) AR AT LL,
FEEA IR S B2, W3R T RR S B 8 I R, RPN A S, IX 8
T R BRI ] AAH L AAT K

ALBEUR I MR 5 5 AR MO [R]— R oy RA g mig AR 22 5 EOR, BAE
BRHEAB] (B 5-TAD, FZARBEEA BT REVE K0 0RO B &% (P <0.01),
TIAAME IRV ) S T 2 R R #s (P < 0.0D). LA REW, HARBEAR BRI FEZ 3|
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RARPBEIEI, R A B R R o s askin s (& 5-7B), ARREEBER

MR TC AR (P>0.05), 1 AR 2 0  A TXE IR B ARAE (P < 0.01),

T T T T T T T T T
400 |- 4 -+~ - 4000
'|' b
L a 4 L ; 4
I 1L Z
300 l . % 3000
— a
= 11 T I % 1 =
3 b ) o
w200 |- T4 F H 2000 w’
= xa % Ta / =2
L Iz f 17T / % / |
100 H % % Z H H % / %— 1000
0 / i / . // ; / 0
A B C A B C
A:[Jcontrol Schima superba Comm. B: C__Jcontrol Schima superba Comm.
EZZ Treatment Cunninghamia lanceolata Comm, EZZZ Treatment Phyllostachys pubescens Comm,
c:[Jcontrol Loropetalum chinense-Lithocarpus glaber Comm.
EZ=Z Treatment Myrica rubra Comm., * P=0.05; **P=<0.01
Kl 5-6 N AL AR AARRER SR AT R 225 * [ — 4P b A RO AR 3%
25+ Figure 5-6 Differences of nutrients use efficiency between plantation and its’ natural
neighbour forest; Different letters on the same column group indicate significant differences
A T ¥ T T T B LI L] I
1600 |- . 4 L B
Tb .[ 10000
- a -4
- ]_ - 8000
1200 b =
e ezl = =
i | a a 1 U U] ‘o
=4 T I T 6000 >
= a - 4 a
=800 H . 5
al l a - 4000 wi”
g | - B
=
400 H 4 H - 2000
I el | b ] o
0 L L |
I I 11 | I 11
I f—Jcontrol Schima superba Comm. Il : [ cContral Schima superba Comm.
[ Treatment Cunninghamia lanceolata Comm. [ Treatment Phyliostachys pubescens Comm.
I{__J Control Loropetalum chinense-Lithocarpus glaber Comm.
[ Treatment Myrica rubra Comm. * P=0.05; **P=0.01
K 5-7 N TAREAHAR AR B N A () 22 5 [l — b A AR P RS A AL B Ve 7
Figure 5-7 Differences of resources responsive efficiency between plantation and its’ natural neighbour
forest; Different letters on the same column group indicate significant differences
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] I AR DR R R SR AL A R 5, R 1) NP R AIE A T R, it id, Al
PIRE IR NP R T LU 3877 70 (K BRI, 3 E R4 NP ARFIE mT LU B R
RWETR I BRI — AR o

12F ' - L—
1.0 | - o
5 " ]
o 08} N:P > 16
E e
: i A -'.-"f.". o s %] Fe -
S i O 4 oA cdg ™y 0 O
e ® A i : _
o 04} . ": g , o |
[ e . NP>16 EH  N-limitation
0.2 | e : 14 <N:P <16 ZBJLFIPR% co-limitation-
ol N:P < 14 W B P-limitation
0.0 L :: L PR U TP | I PR I | . | |
0 2 4 5] 8 10 12 14 16 18 20

N-content (mg.g™")

® W89 Castanopsis fargesii Comm.
O A Aif B 7% Schima superba Comm.

A A qur -5 2 KA BY ¥ Schima superba-Pinus massoniana Comm.

s Oy RREANPEYE Pinus massoniana Comm.

< HEAR-F1HR B Loropetalum chinense-Lithocarpus glaber Comm.

o kTS IE- R W BE Y& Dicranopteris pedata-Miscanthus floridulus Comm.

K 5-8 HLkREM AR S ILRACREA MRS B S BES EAICR, YRRERIN: P HL LR
S BRIEFE, BETZ 6N N: P 251 14 F1 16; Figure 5-8 Relationship between vegetation
N and P content, and the nature of nutrient limitation in typical and degraded evergreen

broad-leaved forests; Dashed lines depicat N: P ratio of 14 and 16, by mass.

MEIB-8RT LU Y, s 2R AR YW 2 AR NP R K T-16 CELZeA IR 70D,
R AR BB R BRI o OCEET AR AR R NPT 14M116 1 £k 2 [,
HLAR 2 A TERAL 114, ORISR K 257 7 R I 52 1) 5032 At 2 A9 3K ] R AR
A ARRLRECER BRI I SE 5 2 B RVRASARA A - 55 AN BV (RINCPAE K HE 0 PR A /N 14
(LMD, DRI TLARLI6Z 18], FRWZSERE 52 2R A MR AL R BR B . A2
HEINBTBL  HDIREE ION:P R 116, RS2 BIWERR K LR 6 TRE RS20
YL, —J5 R SR R, R IR, XREIR IR R, I R A
Fetg, SRFMUAG G, W HHDB A BEA AL, IS THNPI T
— 7, BEAE MR o R A AR T AT R TE G URAR UL 2 T B, SR
RIR DA, St 25 BRAR, DRE, AA T RIS &, (EAR T IR TR R ORI, A
1113 S 8 STt B AR (KGO, A B BRI A O DRI TR IR ™ L (R
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MN:PHR/IN7.38), LR T 14, UEWIUEB B AR K2 B RCR IAROR IR BIE T o phte ] WL,
17 KNPICHEFR PR LAFIL61) F o, AEARIFFCHIX W3 Y, BE B U I A W) BE v () U 97 0
BRADVIRGL, B0 RS RA AT IINP R T16, RAEZ 2R EH], DN TLARMEZ A FE
BRI, A e )52 38 9 2 3K [R) AR BR A4

CATERIBETER I, R A ORI 7 2 BRI A A 0 22 g PR DX 7 (Niklas et al.,
2005; Reich & Oleksyn, 2004; Tanner et al., 1998; Vitousek, 1999), —H&ik\y, WA gRbLAIIL
JT AR A7 3052 B 53R (R 1Ty RPN I A4l i S b 110 A 77 3 3 s 32 389 147 B A
1§ (Aerts & Chapin, 2000; Aerts et al., 2003; Birk & Vitousek, 1986). fEASHI5THT, FREFH-Hk
FEE R VR AT PR 2 2 R AR B 2R A SRR BRI Sh s VE DA SIS TR ¢ ] - A 52 30 198 35 1) B ok A
HI, X5 VLRI E I IA S, B B TR i AR, iR A, AT
RULRMGRZ ; F34h, TR LR A K™ 2, ATERAHE2E, DRI I T ey T
Py M X 3 A BRI ] o AEAHIT ST b A LB i AR, AR R S R
r IR, AR R FE, R RESREN TRERIPURES, Prelfif
N:Pfi s, Bk B A KRR I A G LB K o TEREA T, BUR - 3R PR R 2 L
B, E TSR D B AR T, SRR R R LE IR AR R, R ER
RAHEAR T2, AIMTAENPHE K AERH AR FR IR A bR b, U7 T E A
AR R RGBS DRI R, 2R R T 2 B[R] BRI PR R AL o

o, WAUNRE], LLEESHRR MRS, B, 72 ARSI, oo s e
AL S Ceritical value) JE W 3EASE, BOA RIS, NP ARG — M2
i, DU S R SR G FOR AR A A BRI PR B AL B AEE (G Usewell, 2004), BI: REHIHE
NP DU TR T FE R A BRI e A3, FLUMEAE THRm RO AR T W
FEL)RRE % SRR A [ A 7 g 2 52 WAk IR 20 JC R K BRI A T SE s 20, e AR SR AT
B, RN A5 RS, R B RS R 2, AT, R A R NP ARDRE R
s MBS, W R 0 AR R ST ) T RIS N R R M AR RS, AT 2
W2 BRI, RN 025 5 =4 B3 T, AN B T A 8% 1) N:P (Glsewell, 2004;
Herbert et al., 1999; Shaver, 1983).

X1 ki R IR A RE P AN R 3 52 SR 23 IO AN R BRI, F228m) BUREE
PUR LA TR R o 58—, FHusm e a0y TR 75 40 e = AR 1 R o B ™
(IR R VA — BRSSP IR M N ()BT, 3B SR 2) PR FE R, HLAEH ERIBOE
ARG, LI PR R NI o« AR, SRR A RE Gl AR LB e 4, — T
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i1, AEYRIE - EIERRVE YRR (RIRPE, 1999) RIAIRIAEE L (i /], 2005), i
AT IR AW S BB N S —Jr i, AT PRUNRTEOLY, RIEEIR N EBUR N DI,
TEIXLEPR R KSRGS T, AL T AN RRE A B R R o H AT AR 1 33857 03 P 3%

B BBOURIERGIRIEAR . LIEBER R, JFHZE, M BN
PP SRR R AR L —, (E 3R ER (R BRAT BRI T A I KA MR, e — A2
18 ) A s RAL S AR PR L R, T SRR AR AT AR 2 A, H DA T 0 T2 HIE T,
AL, PIEAERAFIRARMARAG R B2 EOK . AR 2 RN R AR B, BEE B 3%
FIREVE S5 A, T 3R e s AR ig A the = A 1 B R, AT BT 3 ok
Feor eI AT o AERAARIY], i TR BR B I BB, MK AR s 2, Rtk 5 S8t
HEBE ORI A0 T R (MR, TR, MO RATRARVE I SS, F5 R Bk RIS )
PRI, NI AE AR (KA RAFE KR B 0 T R EOR UL, T R4S B SRR
A, TR 8 2, I, BER BUR S IRAT S AR AN B 22 1T 35 W R 5

=, RABCRMBUERAR . R UARIIMRER BB, MR R, BAF
TWER A A IR TG RIR L, HAR 5 S BRI, il SRR IR, I AL
ZAALH b, EEM IR 2, LRI B D) it i 3 R 1 SO A R G 3R
VB IAE , A8 LU EIE S PIJT I AL R TR S A A3 B B I S 3 AT B A i T i %,
PRI, R Tz IR LA 2RI R T, IXAMRFE BE— 20 [ RAE R K
N:P Akt BERFIE T (7.38) 0 FEHEMETBE, BT MR A Y) i (O3 ORI v T 1 450 J= I
FITERG HIRARR B TR, BRI XU 25 A, PRI, AR T 3 R i
HANR) T L3RR TP B3R FR I, AN T i - 38 EUWf LU AR IR 1K, A9 Bl 3 BRI A A K
PERDEILE 7 o SR BT I ARAN B R AT AR NCP IR, SRR A R 3 1] PR A 1
HIE N 8.

S0, AN RI R PR SR 0 e AR AN TR R . — BT, AN FIRR AR BUR:
AANF AR AL G, AN IR R H T 5% 20 TR 9 SRS O ANTR] . AT 5850 T IR
IR FR B R R AR, IR A BT LIRA BRI LU KA (Andersen et al.,
2004; Elser et al., 2000; Forrester et al., 2006; Gusewell et al., 2003). ZEAHFFTHY, WEM T2 i
—UO AR AR TSR SR T AL, W SR AR, XA
AR RE S, Tohenl LA B3RV & i, AT IR A ) S R A (i 5 i, A
TN EEREIME TRy o AR AR BRI R AS AR BE (5 RAABEE 5 A1 Rk
RERD, TR T IR AU, R0 I 3 SRIBCK) S OR ~7 77 70 M e, AN
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EIRT R AR, RETEEERD CEAHE, 2004bc), HIHEDIMELLIME, TR0 RIRS:
& (EAvfe, 2004a), IXSCRFAEHAN] T HIEFR I S BRI .

T4, ANFELRRACH BRI VR iR AR 5 (R m A IR TR PRI L] o BT R
AP BB S5 R ST A%, Fhia)Se e IR (1222, 1999), X HHEFR 0 AT FESR: hy a2y,
JEH XS B R T KB A A, TR T 3855 70 S i TR, JCLLRER I R R FE il
B, BT IR R Rk BRI A A TR 0 T0 3R o AEIRAA] S IR R e i -
WBEE N, AR BRI RIARG A AR, MR RS i aE & G,
2003), VDR R (GRIRR, 1999) FIFRIIIL &, LARANIRIR M It Citid . 2005)
B TRACR IR AN, R, Rl LRI B R N, e T IR IRI
PR AEZERER T, BAR TIRE AR T B, Al TR a3 ki
WAL TR, 9 LA R SRR A LR BN, R, FYES A R, b
IR TCHR WL — Mt — & eI dkAT , AR BT SR A1 FE I 5, SR I ) b4 1otz v T 32
DRI, W ZORH A AR A BRIV E HDE L T 503, IF e AR NP AL Ry il 75 21
TR

HIAE AR S e iy S 250 NP ORISR, BEREAE N AR Y | SRR REVR 10 i rh 43
BISF I, ZEABETUH, WMEREA 1 N:P(22.24) 5 2 1 T X TR RE% (19.96), HLARP A
MR ) NP 2 B2 IL R A SRR AE R e, U, AR (9.72) MBAT IS
(8.7 R EMLT 14(P <0.001). XFILRKW], HEALM IS 47 )10 F 2585
JUE, Mewis, XEZRM 7 BRI, B R 0 SR, 52,
MABEERBTREE N NP BB ERT 14, RAMARBT N TAHRBRER A5 ) 52 815 %
PR BRI, 0T BATREE R UG, RIAELEA T IERE TG B0 T, 30 R R 1 BRI 4 1)
PisRARH s A, F B R AR, X e S BT A, WRER FR LR AR
AR, Jbh, Wi 4wk, BT emgn prh iR g AR w, B 5 H A S
R A G

AT L, AEA) R SR 2 B S AE R e W 77 70 2 B AE S R M A [l 22
AR T AR A IO B AIRS S5, RO, AL 1 NP A AP I 1 398 R0l AN [R] B A48 T 7
45 . (Gusewell, 2004; Giisewell et al., 2003; Koerselman & Meuleman, 1996; Verhoeven et al.,
1996). MANTAR N:P HIZRARFAE W] DL Y, 5775 BRAIAK S BT A S AR 20 122 1k
RAREY), Hrp A SR S S B0 — R A SCR I EE KA R, Bz AR
K, ARl A4 T S S A K, AR N IR T R T IR K
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RSy, MMEERLHE R TR, W se T R e &R, Ptk BRI
PN T2 BUANR TR 2 T 3 A BRI o

MK E i AR AL 2B B A 0 A1 (0 — SR T LR H (18] 5-1), BT R NGP 23
ARSI Sk, PIaRAA R, B ERRAH SR AR BRI NP 28, BB R
B, AEDE N SR MM AT AR BOZE AL AR, JFIERIRACE, MAEREM BOL BT
IXFP G AR J7 S R AR NP AR IE AR — B, gt i, iR iig sk, ik
PEEAN I EERATAR, DLEH WHEAR, 3L NP AR HELE IR b A B B (R I A — Bk,
AN R R IR A A A I NCP ARFAE RN S e L S U (A b e

HIBETT L, AR AL [F] B4R B (IRl HEE D 1 NP ORANAN—, (HAEIRABR B
BRI ATRFIER B T RiBE— B0k 5 PR AKEY R ARair s SR S5 REAIAT AR,
DU AR IS R SE AN K = FEEAR GEFZR . MRS L) 1 N:P 235 ALK A 25 10— 3K
Yo AHITEH P KL ATEARTISE FEAERSRMBEARTIR, HOBEAR I Hh e i 2 i i AR IR
W GRUESEE) WA, FYREE NP AR IEA AR . g2 v, IXEe AR
N:P 73 A1 L AR FE S AR v 32 RUBE TR 70 0 3R IR IO e AR DA B B2, A ]
MBS FERF, P AR R R S 7 0 0 AN [ REVR AN R BRIV T A B T T et
REFF R RIS TR 7 S IR AR, BRRE N JT e i 2 i) i ARGR AL W LB A O 4 25 BRI BF
FUEf A, IR A A R G S B S PG S 4
3. 2 LR AR L X B & 5T 2 7 F R FN TR i L R B =2 M

IRV (117 70 R T8RS e 7RI 97 90 IR PR DL (Vitousek, 1982), i e i 77 7>
AR AR 58 22 (K A 0 B A AR DA N 57 23 SRS A 1K) — Fof T 22 54 (Bridgham et al,
1995; Knops et al., 1997; Pastor & Bridgham, 1999) . H4#1# ¥ A % U5 i 3 R0 e e 1 - 43 5 st
YEFF IR 2L HOWE )0 o JE LI TR 23 M T AR AR Y5 83 O B, 7T DA THRE T Y
FELAIRSC RIS RE T BN, AT DU e 55RO AT P AKF, Biltn, 35770 o3 5 s,
1A V& 1% 03 R BCR AR e, WEW] L3 72 0 A e 22, R A LAAT 280 e 5% 53
(Herbert & Fownes, 1999; Hiremath & Ewel, 2001).

XTSRRI S I AT IR, i AR REVE IRl AL SR S5 40 A A=
TR AL, LR 23t ] bk 22 E SRR R AL BERE T, UM HI 83 R gt 2 R D 280
BFERKR (B 5-4). 5 2 % LR PEMBTITSE RBEATZ LIl 87 o L, AR
HRFEF RS LR A (RS EEFTCLE D oA B2 (P>
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0.05), fir i 2 A F AR AR L3 7 5 ) B B A% Ak (R=-0.908,P < 0.001), E
B PR R RPN RE S S 3 3 IR A Z AT AN 0 H J5 KB, =)
R R A A B B RS OC (R=-0.7796,P < 0.001), 1f 55 %5 1%
HIHTC BFLNERR (P>0.05). XK AEH Sk MOR LI RE D, FAWIREE R E A
S LS IR R R T ISR TS A 0%, B AE SRR A AR,
TSRS ERRRAREOUN, MRS R m R R A RGN WL, IR
FEVE, AIAHPER R, JCHOEAES RN R RENS A Rl i 2 B B .

HAMMRRS HEEA TR EEZT R AT B E AN, 7, FEf
LUNJUANs T 1D SANFRRACHT BRI I PR A R LA 0%, AEAT I ARAN T i TR AR
BB SRR SRR R R RS R KR R RE YR, SRR RN
AR RE MR R R, SR Sk, T AR AR R, SR AR I S B LT e
IIEFIE: 2) ABIFFT R BT £ (0 AR B H A 2o ] W A SUD A AR v O 0 A PSS AL
Ak, ZRBAEDIUN N AR R NI, IR T R %R S B BOd i 3)
BARRENII ) TR0 e AL BT, (HE R IR 2 Bk m, X5 0
ARG Br2Es], W BEEIREETT m, R R 2 MICR e TRE, A
WFFE R e AR IR A0 S BUAR S PRI Jod » ST g PR R R SR AN [ 1) 5% 23 R S A 5%, D
TR RERAFAEAT %, DAL, (049 23 I RR AN L 38 U 2 T ) Ze PEAH SRR i » dlad ot —
AR, REANRIY R R EIROR B 25 T AH AR (BEM: 60.46%; SR FAMK: 27.19%:
At B RRAAMR: 42.34%), DAL, WENRVEVIR R &R E T AR, AR A T
BEupAke xS THEMR UG, TIERE S R, R0 B, DMz R R ERMCRIR, (HAE
AWFFEBAT LRI IXFPRAL, X ] 5 L2 S REACIIE R R TIA S, SR B,
WA T YL % BENS 3 B R OB K6 w5, 3R mi 7R 70 SRR R MR T 1 — P IR 3 2k
i 11 55 1 (Aerts & Chapin, 2000; Reich & Oleksyn, 2004; Vitousek, 1982,1984).

WA IR, S IR 0 R R AR R P e W R A O LA, T LA TRV A R R
YRARESIHIRAN, AT DS e -3 5% 0 BT KT o INASHIESE AT EAFR H 6] 398 S S
g IR R T A B AT AR (I 5-BA),  IRAERT ARG 3 U I 7K SO d5z
TPIREVEAE— € LA RANCE T, TR AR AR R 52, BT 3R R
PRI SRR RN TX IR AT A AN AT e v O SR M TR A5 3 o, ) AL
R N R TT A B Sk o IS 2 TERIBFITE AT AN, WEAABLEN AR BAT B m i TR
AR 7R A R S B bR, S G20 B A3 /N T B AR, SRR mT DL W AT
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FUPREMR I 3R R A RS, W BAR RS B, E ] S A oL AT
R PERZE, AR BAR BEUE & R FREA, MAEAEA RS TN, THEES &S
Fe TN B 3 50D, MW R A I BOBC It e T e A

ABFFF N TARTT S W, B R BIE AL A B R IE BT S MRS, A
[Fi Jt it Ah B N bR A L AR ARV % 20 R T R IR 22 5 R TSRS toer N AR
YAV 7770 M RARSEMA BOR o« R NEAZ AT 1) SR A IR B AR B AR BV AT 2
FA, AR ZEHRTE T, BT RER R ARERER (0 2 3 T A 25T % H A8 B
SRR (P<0.0D), IXULWIRESH TIRAE ML e, Y W T, R A
IR AT TR, DA R AR N AR

AL, IR S RO R R R MR B A W25 5, Skl vt ke
R T I A TS R AR AR IR R /IN R Y B8 5 O3 B B KN IR A, o IXRIREAE A i AN T
MRESIE R TR0 MU R EAT B e, BRBATRER B RSN, R AR R ARV 2 )
PR 3 T2 F AR SRR, SR WRAT i PR v 8 28 2 30 9t 35 1) PR 4
I, TBATHES ) e S W SR KT, A T RAVIRAS . WETPng, BATHE
Vi LR i S DR R SRR R (KR DG, B VR R B i A2
REEH GRS LIRS B, — 2R IR 5 EAC, BERE R IEIR,
G4 A LR SRR IR ZEAT G, TERAIRIEID (MO0, L3R 3R el
PEAH e, DRI, REPAEa A T I i v B 3 M) T A0 R B S 2R A AR TR A

MNBEUG A 53R R T, AL AR AN B AT R 11 33 200 [ 200 5 I 3 =5 1 11
¥ (P<0.01), MAZMERES N IR TGS (P<0.0D). XEIZARRMEITRE
WP EER I MREIER], TR R, HA2, WHring, BITRREIEEZ AR L
Hy, X LU, BRI B BRI g, HMEER AR BT,
it R e S5 1 B T IR B R ORI T B . BATREVA FIXPRAAE, — J5 T2 BT
ARG, BRI G SO, BT ARG B, Fh AL —, LT
SEREIREVE 2 X G, Hol sy, HeRAemonsy, Bk, IRAESEMERKTK, A
M3 TR AR PR, R BERARREPEE IR 53 oh— A HE 2 L AT & 2 i &
WA e, B R BB R &8, EROZM AR NP, W0
VHRARFET F, ABER AR T RS, S IE R R BREIVE, BT R A X AR
A8 i NI - 8 G 1 A0 % LVl ) S DA B A o ot A AR, i 1 A
IR W] T3 ECR A BRI AR E 25708, WATITA, 1280k T2 BRI, X5 1
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TR T MRS IR NP RFAEAIFR 70 BRGIAS SR A 418 58 42— 2K

BT, JEe AN TTARIR 23 R M8 5t W 2505 (R 5 v i BRI, ST, A
TAHRRMELET AL AE T, 5 B RBERAT L@ R EAPAERE Ml B R R U 3R 17 ik
W&o HPRNEAES 2 EAPHE, Bl SRR T BAOC R BRI EE,
A Z 38 J8F7 53 T0 3R I FE R I R, AT T A2 R G A A g (R BRGNS aB B
Go Tihh, KPR AR AER], @ REE e T R 7 U s K 5 B LU P4 1
In N:P A%, ANIITIE B E s rh A — IRy U R I AR m i, ) — IR TR B R
BEo DAL, AENTTARBEACH, B2 s R TR SO R A LEG RS, % L] & PEGAL,
SRR, A RE T b A4 01
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ENRE BRIEAMKRBRUHZTEEMEM
RO 7 53 ¥ F SR B

X H SRR AR S, AEANR KT PTG, B 3570 FE s RE S K, A
Wit RO R A SOR B T ORI, A, R IR A 3 ) SR o o M T R A T B3
RIFRAR, BE—2D el T 3857 0 O BRIVE T o AELId R, 5 WAl S 1) 5% 23 M H S
i 2 0K i) AT SR Z L B T A

DAE AT IE s, AEANR R38R0 2600, W0Fi0ns 9% 23 JHpAE ) S B 22 53 K (Fynin et all,
2005; Mclendon & Redente, 1992; Paschke et al., 2000), — ANy, FURS A8 o0 A R4 2
IR EEYR 7 ISR 70 BEAR TR0 M T R vt IR e B 2 v A I TP RS R ORI TS (Alerts
& Chapin, 2000; Reich et al., 1995; Reich et al., 1992; Wright et al., 2001; Wright et al., 2002). it
R IE—FEH W A S5 K “ARSF I 2% 7 2 (conservative consumption)Z&4)FH S5ms, M, 4
K NER A B AR R — AR “ 3 4271 2 7 714 (luxurious consumption) 773 H s
fhn, RILH R EH IR SR ARIITRIF R MK 753 iy 2545 1iF (Aerts & Chapin, 2000;
Grime, 1977, 2001; Wright et al., 2001; Wright & Westoby, 2003; Wright et al., 2002). (11t w] I,
BT BRABURRL RS IK 77 70 R LR T A AE S B DI AT EL R R, IXPh R R I A7 AE T %
PR R, W, FERFE MRS AAE T, i TR A SRR I 0 B R A TR R 2250, AT
UE T A YRR (M Rl J A7 (Cordell et al., 2001; Daufresne & Hedin, 2005; Grime, 1977; Miller et
al., 2005; Tanner et al., 1998; Tilman, 1985; Vitousek, 1999).

Ak, AR, O AR R AR A IR A LS IR AR B R AR R A BOR R 2
Lt (root-shoot ratio) (Aerts et al., 1991; Chapin, 1980; Grime, 1977, 2001; Tilman, 1985), —&ik
s OGRS AR S 2 (R BBy, DIREOE
LB TAEFR o BRI R D 2 1) BRRIAE I, R B0 B 50 8 S S UK B E ) AR
{EH R #5 4> (Comas et al., 2002; Eissenstat & Yanai, 1997; Hendrick & Pretitzer, 1993), Ll K
BELFEE ) R B 75 ) %5 U6 (Aerts & Chapin, 2000; James & Cahill, 2002; Tani et al., 2003), [k, #4
W BRASRR 25 BEO/INHO T 33897 23 SRS A e BRI K T 25 ME AN EE < (Agren & Franklin,
2003; Casper & Jackson, 1997; McConnaughay & Coleman, 1999; Sami & Anna, 2002). 7EHHE
ZE RN R S AR T AR TR 0 RDG LR BE IR RE 1 KNI, BEAR AN [R] 2370 R R 2 TR W A 22 931
(Aerts & Chapin, 2000), {HARZELLFRARISRME) V2 FRARIUAE D) (1) 08 Y 5 S S . DRIk, X6
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AN FI R AR ZE LG /NI 3503 R IR AE IR T 8 A7 B T FRATTBRARAE AN R % 23 BRI 25 A A
Yt 7R RIS, DA SR B 8 A5 R My 2 ) ) S22 AL (Comas & Eissenstat, 2004;
Gedroc et al., 1996; Reynolds & D'Antonio, 1996; Tilman, 1985).

FEH S R MORARES T, BT L3R 0 R R B K, TRV AL A A (b
W RAT) B, FEW K, MR I L A R SR B PR RS, T R AASE
KIALLK, XX LeRh A BESARRAE (1262, 2001; 12X & KK E, 1998, 1999), ZHHkE
ME(CEA B4, 2004; MRS, 2003) 5 MHFRAE (X RAZSE, 2004)5% D4 TR TR Z A5 L
8, FEFR 3 FRFAETT I, BRSSO AR BEAT I WP T 93 (CE A 4%, 2004a,2004b, 2004c;
WA, 2001 HAEE & EAVHE, 2003), HELZ REMBES ST, SEHZ X LEYFh 2 AH B
BAE LHFR BRI, DL IR R R SEE G R 7 I e BT AR R AR T 0, 7E55 5 5
RAEPIREVE F753 ) FH R0 A0 G [ A A T 5 45 SR IR At L, AS FERIF 9 B 2 i b SR
TP AR T AL L ARG FI L AR AR G, 2R )y 7R 0 R AE AR 2L LR AiE
BEAT LU AT AIIT A, B OER R St b IR R o, B IR 4 B i R R, 2R
FATN A T IS 7 73 I T SRR AN 7] 57 230 SRS 5 e S s AL A 77 3 R D S s ) £ B3R L 1)
VEVDUARTS, il bR SR AR R A LRI 2 %
L w857
1.1 Rt
L1 HRFDEE

2004 1F 7 IR EACHE AR, 7EARERHS SRR ARIRAL % B BURHEAR AT AREE AN . Th AR
FEVE . ARAT— Ty AR . ARATRER SRR, 23 0 BRI A I RAF R A% . A
AN 5 bk, JFhRice R HICH R G BT 455 I IR AR R AN R R AR MU R 4%, B4
PR AR IS AT B TR G RE 20 DAL, RN RE RN RAT 5 MFERL . B T ERE AR Y
WP SRR I, AERENRE B A, DRI, TN T U6 SR AR AN A
T T hid BURFE

KA G I ol | sese 5, SLRIHAT R AR B S, A TOCHUAET P T REE . RS
K T RELADRE o S FA A, T 7 A B IS 2B o AL 27 2 BT IR) 385 4 5 DR S ) (R b 3 5 o
1.1.2 AR

2004 4 10-11 A, 7ELL_EFRICES (AR AERR A R 20 s e B e g v i ORI, R v
RBYAE T B R i TR, WO S8 J5 I v (i (o R AR AR A IR o W WSO (1 Ak 38 753
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IR EER P o B A AR A A A HE Iy R v i 5 20 & = R 22 e v IR M e &,
ST WA AL PR
1.1. 3 A& 5 %

2004 4F 7-11 7, {EMERERE . AMTREERI T RAAERE, 0 MIBCEMR . ARG A1 2
BT e, AR, AEAEAETH . ERAL & o 3o iR H 4835, 2005 4F 1
JIHIHRE TR 4.59 3N 14X 15cm Y JE L RIAE, K (4R A S0 5, RIHIR K/ 2mm X 2mm.
RIFBFERBCE T AT (N29°48 7, E121°47 7 ), FESWBCEN, FITRETEM 2, 150
L oA . 4300 E 2005 4F 4 14 HL 7 J1 4 H. 10 H 4 H. 2006 F 1 H 4 HHX
[, FEXRIEFPFES 5 AN WA A S 2K R RIEE S, /8 70°C P REE, adskd
e,

1.1.4 MHEHENE

2005 4F 7 H, X ULEFRICEFRIRRR, B TCR M B BT 455 B IMELER S AN R FA
RAEMAR A, BEATH R vh 8, O TR BAHESC S SR MR Fe iy, ARG R A% B 2R BIRE )
TR R A AE ARJE PO FISER R B R B, DA 1 4E—AMERY L, E M 4E R
JRRIH g LW, R 2 Wert, WRSSHE, SR i il R A dir e o S B AR iy o
TP A5 A 0V 55 SR (T A ARAE, 2000). AT Rdn i, BT S MREARF T
B BRI ZE AN K, BRI, B a i) 46 RS2 AN RLR A B B P 241 (Luo et al., 2005; Wright &
Cannon, 2001).

1.1.5 RELLAFE

2004 4F 5 J1, {ERERIBEG . ARGTREE RIS RAMEED, BENLIERES AR AR, Adif
L RIAIG 15 MRAiAT, —RGmiELE 0.5-3m oAy, ERREH, TEI AR . i
SEFRRAY IR, ARJE IR MR TR EMRER. R LS AR K
B WS RS KEE, WA 70°C P AR EE, JFRE &80+ E.

1.2 H#@math
)55 4 VR %93 D5E -
1.3 BRI S
IR i 229 nE iUl e o oS 3 RV PRl OB S e R A /A W

AKEERI IR R - R R

N 23 (%) =
TR o0 ERRERBIT A &

%100
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R FHy=ae BRI A 4 74 IH- AR 43 it 72 b ik B S R I7] 96 2R (Ollson, 1963), X
iy W ERRH R (%), ahRISE, KB EMRERE (g.ghab.

Gevk oIy, A7 25T, SRA Tukey KI5 BEAT A R 20 (8] % 3R 43 Fabr, LA SAS
[F) A2 24 TR 5 AL A T 1T LR 5 o 85 R I 52 TR T 0025 R 9 A el Pk B 15 i) 17
KFR, LML SPSS11.5 Gt sE i

2 ZEREAN

2.1 FEEKTEM R BFE S FHE

TEAR RS0, AR (R TRE 4SS 7E 36 b T B L L VA 436 1 T
FAMEIATR, e FERFBECLIT RS BETE . RS . AT A BRE A 0 R A BETE o
FATRERAME IR, AR5 T R KA.

#6-1 RGBT IR Ay IR SR SRR R AR i R A
Table 6-1 Leaf life span, leaf nutrient concentrations, nutrient resorption and leaf litter decay rate of dominant tree

species in typical and degraded evergreen broad-leaved forests, Eastern China

, JAGA TR L Z S
(LN A Ir i R . S BN
. ) Nutrient concentration (mg.g™) Resorption efficiency (%)
Species Leaf life span(a) Decay rate
N P N P
*%*Xj‘ a* a a a a a
. . 1.21£0.49 1.636 12.21£3.13 0.68+0. 12 25.59+2.16 29.41x3.07
Castanopsis fargesii
*(ﬁ a b b b b b
. 1.3540.63 1.353 9.05+2.23 0.47+0.11 38.81+2.27 44.29+2.33
Schima superba
YU/
R 2.35+0.14° 0.669° 8.72+2.52° 0.71+0.27°  45.07+2.60°  35.99+2.35%

Pinus massoniana
* A REAE RSB0 MEM 64, A7 162, TEHS 29; Number of sampling for leaf lifespan (number of
branch ): Castanopsis fargesii 64 , Schima superba 162, Pinus massoniana 29
Byl P E(E (b5 22) Data are means=SE; * [il— 41 s AR AN i) RE B 47 47 4 1 25 P 22 5+, P<0.05.

Different letters on the same column indicate significant differences at P<0.05(Tukey test)

HIER6-1r W, WM ARdn i 5, IR RO UE PSR B R A SR I, T iy T A
MACAFH G RAS T, A7 1A Ay BARLERE BRI, (E 5 2 T &tk =5+ (P>
0.05), MR 5SS M Ar dy SO I o3k Jeg, B WM SR, OO AR AT AT S AR
HJEWI#H 2 B8 Z5 (P >0.05); Wi BINGE S RIn SN RE, PERCEEZR (P
>0.05), JERFETAL (P<0.05), MAREERDRIMRE, B&E TAGAER (P
<0.05), HALEEHMEEMEZS: 5 /S B IR RS R B RS 5 e iy AR
FERII R B RAAARER, By R AASE T hs, H A PERURG RY JE B 125 . =4
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FRREJR T8 0 o e AR IR RSB, R — - 750.5314F, 40 fi#95% %5 1.9394F, ILIKIEAAT, 4
RS MR I T AR, "B ATI A R95% 44 T52.284 RIAB074E . WAMR REUKRE, —# MAF(E L 3%
22 57 o

AT W, B SRR MR R AR, FER RN R A SR I RIS, AN BY B ()
DEIAFOIAHA (K 1y IR0 R PRSP AT 2 38 2 5, IR 2 S — 5 T S W 7 R[] 2R AR )38
IS AN [R] - S5 A A A (038 P S, 53— THT U S e T R A0 A3 3 77 3 ) 5 s ) e 2 ke 3
— R IR A R

2.2 FRIRLH M o5 & EF5F 5 ERITAI I H4HIE

v, T ¥ T . T T ¥ T b - T * T
. B} B
20 |-A - <= - Castanopsis fargesii 4 [ 112
A - Schima superba |
18 | —4— Pinus massoniana
1F 41.0
o 6 - 'g
D £
£ =
= 14 4 F 408 o
S =
g £
£ 5
g T 1 g
§ = 406 2
10 | 4
= I I 0
sl s .
I s F i 40.4
6 | 1 47T l
1F 402
4} 4
1 1 1 1 1 L 1 1 1 L

Degraded stages

A: Castanopsis fargesii Comm. B: Schima superba Comm.
C: Schima superba-Pinus massoniana Comm. D: Pinus massoniana Comm.
E: Loropetalum chinense-Lithocarpus glaber Comm.

6-1 HEA A MRS BE= USRI K S TR 0 2SR, 2t P (hrtfE %)
Figure 6-1 Dynamics of N and P in mature leaves for three dominant tree species along a

degraded gradient in the evergreen broad-leaved forests; Data are means (SE)

I 6-1A T L, = AMEFAF I R (R i S R e S s ki ORI R
LIRS AR TS, BT KBRS R I BRI AE, U T R A I
ARG TR AR AE A3 S A, BT LURIL, R IR AL BRI EA
SIS R R B LU R NS BB ARG TS RS, AAETS AR
VR BORAT RS B AR, 7EWE BB AR B i TR o 0 R Bl e (1
6-1B), = MLHALMAZ IS T IEBEPE S B A — 50, 7R TR AT PR AR
B =AMUARI S B A b s, RE T, UL R R B . B
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AR APPSR SR ANKRF, AEANFIRER oAk SR AN, PRANTS SL Qe 6-1B Frs

MU EARRFAE AT LU HY 5 Bl 2 B MR A R v S R S, — M9
PO IRV & Bt 2 R T AN IR, W RER UL, TEiR e IR B, =& 1)
RN AR ER R A A, X S 73K = AMEFARH IR SRR I BE )R, TiAER
AEHE AR G R A R RS R R AT, R UIE IR, ) AT SR RO e 9 AR
i, BRI R IVERE, ARATIRS Rl T SRR, R EWRRY, FEH A
il AR RO (b R 1, AR R IR R T SRR, PR Rt gk, B, Xt
ERM S, AEREMB B AT - AR I BL, R R o BEX B 3 (MW e Tz iz v 134
EWE TIAEARGTRER AT T T B AERE RS 2 8], A0 B R ol se ) — B T

R Py IR Ut 2 e R B S 7 A ST i) IR AR, (RS2 B AN R R
AR>S RN, e R EARBL TR BB IR 2 (K RE ), BIAE AR, DU A
R B AN AL LU WA A0S I7 70 A HPIR L o R P AE RV BT IR 0 e B8 (iR 70 B
o) I MR PRE K — M BER I PRI, B mTRART (IR0 K, T Seil 1 IR o M
PRMIHFEEE 2 O RE R, KE 0 RAE M R R AT, 2K sh R R e A 5R 2 e 21 3L E
P, DMIORFEREATH] . DIk, AR 77 20 EROBCRF IR R PR, S A b e AL
YR RWEFR > ORI RPIRDL, ARSI FR 7 BRAPIR DL s[RI, S AN [k SAEAN ] 37 3 E 57
Oy SRR ML I LA, AT DAZRE I WA RIS (1 77 7 1 Y SRS o

&0 LA ' ' i ' ] [ " "~ <= 'castanopsis fargesii
- g - 55
2o Sehima superba
55 | _ —a— Pinus massoniana
I I Wi P
so - i A L,
T 7 iy
T o - & - 45
45 + P 1 I . T - J_ - o
g : - ; . £
5 4ol k: I N I S I . J40 B
g _ ; s i s
o . ~
g8 Ir I 1+ ST i Jas 2
= ; £ o
30 | §" H
1 T
. _g--- i F 430
25 [ I.-- J »
I ey %
<25
20 | J_ N
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15 L 4 L J_ g T 420
10 |
s 15
n 11 I\ N | I I I\ b
Degraded stages
| : Castanopsis fargesii Comm. Il: Sehima superba Comm.
111: Schima superba-Pinus massoniana Comm. IV : Pinus massoniana Comm.

\ : Loropetalum chinense-Lithocarpus glaber Comm.

P 6-2 LR IR I B = AMIUARI I R SR 2 FR B b P SE (bR v )
Figure 6-2 Leaf N and P resorption for three dominant tree species along a degraded gradient in
the evergreen broad-leaved forests; Data are means (SE)

FEAWITTH, W 6-2A P, AR ISR EBCRAEIR AL %55 B 4 AR T AR AT Ly
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SRR, JUHARRAL S B B MR R TR AR BOARHE 3s ARar fm b () Az, o R
T (DURGTHRR RSN o 38— A BERFILE . PR R B LR R R o e
ARG WA 2, B MR (P >0.05), BI: 3508 Sxh i i i A R R 5
W AN M AL B R W - S S ) B AL T v CH I R ] JR AP - 35
AR, EREE LR, )RR A SR A I CR S TR, il A8
JEE BRI ORI RV AS AR, S R A 5 AR A I 2 25 5 v 7R 2 g A i R B T
SRLFRIY “NTR T AL, K B AR AT RENEAE N SRR TR LS M IR O)
A FH SR o AKE B S8 TSR AE 2RI BUR AR R R T, o AE HIR R A S s
B, R A BRI ES T, R ERORCR S B AR H L AR 2 HERFAE BT
A FER IS, R AR R E R TR 2 07 30 E, R RGERECT Bk A K.

)T IVUPIE=TR w2 5 13 7N [N I ) et VST S B RS 2 W S 0 Py @ DA SRR AT S ST R 7
FAERF B B I G N EMAAE ), S, B AR AR A K 3 R AR 1
1N S N (i ATl WM PR 1 DR U i B p o 2 7107 I B 1 P v S T L e S RA R E
IR R BT, B R AL AT ) R R ESCROL S 2 T HISS, kst TAER
R R “ 2 B g, ik, BIREERMR R K. Si4h, 5
5 I TR, 2k AR R o AE TR A BRI AR (10 32 BRI N 7 i
HT T RR M A S R B i TR A R, I NGP LE] (25 A, AT A3 3R
T PRI A B BRI TR 7 o AERENE DL F, = AMURARR S 22 EIOBCR BURON T R
S WL RER DR p i) — N 3R

L 6-2B FTLUAEL, EARAER IR, AR5 5 R AR Ak SRRz i K
AR s AELLE T 2o ] VA TR R AT THORR AR, % £ S o2 i~ Sl R 7 100398 K 349
Ko M RS S RIAREE TR J35h, MK 6-2B I n i, n 2R A IRAISES A BE K
H, MR RE R OB SRR, R T R E RN A AT AT AL P T
RIS, (BT R B BER AR T A 1 B RRAA ARG BB AR B,
i 2% IRORT A I T - SR < B A (08 5 1T BRI o 2R = R e 22 ROMCRFIE
AR B R L5 18, AT LUREL, e R AN s EEOSCRFIE B 2257, IEMF 3L
A R P I RO R A IR

WIRATHTIR, LERF R AR AR By, 9 IR E MR, T SR ARATE R R
FIRBAFAERIPE S DI, XA RENS AR AT FRE MR TR 70 BRI A A, TOAE TSRS I 0T
H g R AR TGTRR ARV B B, BN 1 NI BRABIPE TR 23 % e DU Pt 38 SR SR A A

it

A
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HFEILS . W, IR W SR MR (BORA) R dy - 3 U BRI T (AR
FEAL , DAL LSRR PE SR 0 S SCRF AL PR 22 S R A, AEASAEAS [ R SR 20 BR A2 A T
W T AR IR

2.3 HREELLHHE

£ 6-2 WG IRIRAGIE AR T IR IARN AR ZE LR
Table 6-2  Shoot to root ratios among dominant tree species in typical and degraded evergreen broad-leaved forests

LB EEL7/h i FE N KR ZELE FEAEMZERE
Species Root-shoot biomass ratio Root-shoot length ratio Root-shoot diameter ratio
¥ h Castanopsis fargesii 0.9+0.28° 0.79+0.24° 1.4£0.32°
R farSchima superba 1.04£0.28° 0.980.41° 1.20.38%
1 2 #APinus massoniana 1.5520.52" 2.1220.44° 1.06+0.26°

Kot A~ BIE (FHETS Z2) Data are means + SD; * [i]— 81 FRARAT AN [ B B R A7 78 ik 5 M 225+, P<0.05.

Different letters on the same column indicate significant differences at P<0.05(Tukey test)

FEH ZR A MOBAE R R, = AMEAFH AR ZE LR AL W3R 6-2 o, MR AN LT
TR R, SRIAIE S TS ARG, LU KIS ftr 0L, fELh BB
Ly AR R A BRI oY, X BRI AR SR 23 Bk (KA B R SE A
A BAT RANRFAE, (R B LA DA /RO AR =5 B P B8 S, DAL AE A B BOIC T3 57 03 B
RISE - EFA DT AESR 7 Bl R I RS AR 85 2 R AR AT ) AR MUARAT o 4 fI 3

H2, MEMRERME TR LIRS, Woea LB RNRY, B
Ly RARMBAR, AR 07 Pl XS AR IR S8 4 SR R R i 2 (steady), BRI MR
RNEWEAZ, (HERA ROV BRLER EARROARE, RICT “RLRIT” IBEs K
Mo 1y FRARE ST TT At LAk s R 22 e), “ %07 H SR BN, BRI AR
ANAEYEARK, (AT ZRIE AR AR AN RE R4, SRR PR AE TR 70 2O KA B B
SRR I SE G I IS o ARGar AT P RIRF R, SRR T %, Dk, JCRAETR D 3
RIAEE, TR 70 AT T RE WLBIAAT 1 558 . By R AARE L T A= LSRN R
WA I — PG AT N AR RN T L2 B B ek (3R 6-2), Sy RRANIZIE i T A5
A, bl WL, EAMER AT YR, B AN R SR TR TR

3. Wik
3. 1 (LAMBFFE S FI KRG

AR AR FE 3T LIESR S E IO, EbEE LIERE A SRR
[, FR UL HEML AT N 75 508 B A4 R 0 Rl Cln 5 A0 ) D BUAR T 5 2 il - AR TR A8 TR RS,
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R BRI CUAER D, TP RE T I S MR A A A T AR E R 3 . A= 1
FUAT LU M, p T ¢ el PR G A T e v 48 Ul PR 4 P O AR EL R4k, DL R S i P AR T
FAUYF IS IRAREVE DL AP TR0 R SRS AN, PE T A FRAAF AR M A 2
B ZE S, BRI T BAAE,  W0AoRs AN [R)97 70 i RS2 Y S J A 1 TR SRR A0 4 Fl ) o
LA (Aerts, 1999; Knops et al., 2002). —#IN Ay, PIFE T3EF% o PRl 0 N RIL IG5
s CLAE BRI IR R . VR TS L 2 R BT B S, RIS B ] &l 78
Sy RURIBEUR S SR F 45 B I ) A I o 58 2 A B 97 43 PO AR ERATL RIS 45 1
fi# 255 (Aerts & Chapin, 2000; Reich et al., 1995; Reich et al., 1992; Wright et al., 2001; Wright
etal., 2002).

ABFFCHT, B H AR IR, TS BRSBTS, DU AL 3
KIMTER, IBABEE PO AF D RS (2.186a) [y i T S o - PRI R B T b 2k
W (1.207a), FUIETHARAEE AR ASAT (1.354a). AL, SEK I3 B AR IE N3R5y
M GRS AT I — R SE 4 Sems, RO : Sk A I Py A ek (D £57 B9 IR T AN T LA 78 23 1 P BAT
(Shaver, 1983), /754341 2k (Eckstein et al., 1999; Wright & Cannon, 2001), 3 ] i i 47 5%
or A 2 I AR TR (Aerts, 1999; Killingbeck, 1996), & i M AR HIE SR A3 b BE I 1T 44
AVYIFl, SXFWREAE 78 43 AL 1 G0 0 R R SR T T

HHBFFTE R AT 5, 7R gt R I R, B LIRS R N B, ARF P
RS BRI B R R R (P<0.01), T RFARIAS IR R R B35 kb
B (P <0.01)0 AN Kl 3% FEMRSCRE AE 75 5 2t i bR S VA 15 AR AU O (1) 2 IR
JEACRAE, AL 2k AR, WS PR 2™ 1) PR BIVE R 7, Xt — R
JEEIA T 55 5 R NoP RIE4y BRAHIDC R AT G5

FEARACEE AR R, 2 IR R SRR BRI D0 R, S5 AR RIS 0 20 A9 A AL 21 7 K
FTaN” WRERE, EATE 2 M B BRI A RS i AR R VR TS 7R e R AR i R
IR RARAE T B LL— R 3 2 0R 57 "B 1 J7 307 3 % (Cordell et al., 2001; Jonasson, 1989;
Mclendon & Redente, 1992), A5 7E HIRE R AN O T, RIFLE A &S H®. BRI
Feor R R T B, KU “HTkIRSe . “HE 7 AL 2 )70 (Aerts & Chapin, 2000; Reich
etal., 1995; Reich et al., 1991; Reich et al., 1992). M ZKF, HARIBREE T8 R 0ES &/

T AR MR R, (L RCGR AR B X R A Jay s[RI, IR AR I 2R U L 2

N:P Iy, WS T R BRI A 3. AEBEIEOL T, PR X B (N SR e 1 2 2 v T
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Apr 5 RN, R, ZEBER AR AL, PERIREL T “WA BREIE. ZRE Bik
JUT7 THIRI PR 38 R 5 1E A bR T il i PR AR Al R o U 7 20 PR AN [R) BRI R 4 P S DL AR
ANy AR R R MR PR MR AS R 9055, BRI, AR B Te A SR AT R A
FIME LU, PERRENS LR UL S, T E AR R SR PR 6 2038 i3 205 R “ 1
FFAE R B AR FIA A B A SE 4

T =N FER R R R BRI 27 A 2, B80T J Y 0 s A i) 2= 5 . A
FREAKT LTI il REORTE, B T35R 0 & I N RE, 0l R BB 1.636 T 1%
P RRAAH) 0.669, M REE BE TR, XL W T SRR EEMBER PRI i £k
RIEFEUNEIR, M. T2 MAEBIIR D WIRIAE R E SRR TR0 & 2 B R, A
M-S 30T RV CIN [T, BEMTIREE 1RV Y070 i 135 (Aerts, 1997a, 1997h; Aerts, 1999;
Aerts & Hannie, 1997c; Hobbie & Vitousek, 2000).

X =A B ERBFHIMR S S, S RMAEE DI BT 4 YR, 2
BRI YR, B AMEBE “I5R7, WEE TR, ERRM TR AR )T
I, AR B TORGT ARG, At i, R R A AR B B R iy, (HE,
AR AR E AR AN F, G RAAAEAR, XJE T RAATESE S F b st LA 3 3
A, R REIR O B B G, BEURBAMH PIRAR BB R AR R, H
FH oK A AR 28 (0 K B A EE 1 B, 90 8 MR %8 U5 T K RN IS By 9 4% (Comaas et al., 2002;
Eissenstat & Yanai, 1997; Hendrick & Pretitzer, 1993), IXFH5IEAETED A H B A 554
f#(Aerts et al., 1991; Chapin, 1980; Grime, 1977, 2001; Tilman, 1985). iX 4t ] \ FHR
B 0 = T v 2 B A3 31 [ B (Andrews et al., 1999; Gedroc et al., 1996) (3 6-2).

PER BRI PR A E AL, (HERA R R YR TR AR, ]
MR EARM AR LR/ NS B S, B MR ERRE) 2“8 7 BFRM T
i B RBRRMSEEE “RILIT”, “DBE 7, RMBBRMCA AT N T R4
R, DT, AR SRMAIE T, e RE A NI E 2 B IR B, AT E 2 Y
HHWR (Gedroc et al., 1996; Reynolds & D'Antonio, 1996). #H4t, AbTE%E 5 WY RE
W, BEAREVE AR P R 0R, DeZe ol 1 IRBIRE AR AR T 2 BRI 1, BRI, SRR
I RAM RIS AT AW B L2 (R Be R By, Dl KBREERISRIBOG 2 B8, 124
W) ) BE F KU (Agren & Franklin, 2003; Casper & Jackson, 1997; McConnaughay &
Coleman, 1999; Sami & Anna, 2002), MIX RiKF , FEHERILAIHR 25 USRI WARIE A T LA XS
JGE 9 F T A AL A PRARE %
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X S R PR TR A RS B /B0 5 RS e ) 2y, TS AR IR SRR, T 645
(1998) K FIHZ A W& AIAFAEAE AR OEAME RL BE: BERERDGAMe: RUR T S 2, B,
FETTIRR ARV O B i L PR 00 1, PR LE 25 AR IR B, i 320 T 5 BAR Y 5 1k e
JIEAR, I B AR BT IR o AT I Y8 2 1) R 73 20 R ] SR 5 5 40 g R
PN U7 i 2 S80S RAM R, M5 SE S D i 2R 3R 195G, MERAHEL S R Aa BAY
BORHIEARMRZELE, B BORHAH T AEY A I, (H BRI EAR E AR, X g
A LA DR FC R R B2 3R A3 R 0 L S 0), O SRR i OB AR 37 o4 i 1 S 28

ok, FERHE LS s AN A AR 2 LRI AR 25 L, S SOt SR W, #5
b BRa 57/ = {0 5 AN =T ) oy Yy NP A o S 03 £ P -3 W 1) e 23 e = I L1 P O 1
I, XA e b A R DA, A A Sk R TUTRR R v i KB BE RO 2
BV, AN DR A% B 40 i J ) BE R . XA 8 R AT & LR MBS, B R SR 2 4R
PR B LAY, R TR R IR W A A R 3RS 584 (Poorter & Remkes,
1990; Tilman, 1985); £ BREIVE L 72 BRI, A ARIESFA R TR e )
BB LR 5B 1R 2K (Aerts & Chapin, 2000; Chapin, 1980; Grime, 1977, 2001).

BB RGN R IR, R, AERERI S 7 A T,
3R 2 BRI, b A0 T BOR $ mi s IR, AT $ m i< AR IR, AEIX P 3L
FIVEF R, BRI IR 0 ] 3R 3 T &AL, b3 ORI BT 3R A M 72 00 Ve o M ot
R EL . AR T AR KRR A AT SN TR T, AN RETRECR] T 37 23 B A L)
0 BERACUE SRR, DI, 784 i 08 I T I 5 s, st Bk BRI A K
iE R ER . BRI, R SRR AR TG b, MBI RERE SE 4 il o XPRTR B, BB
IR A, ISR S, AR T HAT B AR RIS B B PR AR AE , SRIR ) 2 4 07
5, WHINEROR, DR, ARG E PR P TR AR e SR AT A A, (HICR S RIS, B
T AR S P TR A B A 3 AR AT PR A Ao

I P EX =R AR 2R ) 7550 R HIRAAE , LA 25 LU A5 R 70 FOG e se FrRe IR IR 255 73
BT, ALK SRR PR AR AR T JRAS b5 A A B8 6 LU IR A5 e prey b b B AT K 1K
A AR ZE O IR ZE L, 30 th TR 70 BRI 6 S O BRIIVE TN, AR B0 40 o 45
SR AR B A SR A R0y, UK IR EE 3R ISR 23 B2 U5 (Aerts & Chapin, 2000;
Chapin, 1980; Grime, 1977, 2001). [A]ff, XEERPSAEXT AR (1) BREIVESE 3 A |, SR
A2 AR BB AE (Aerts & Chapin, 2000). METRAREEY, — MR R AAERLL
T AR FIEBIARRT 5, R AL TGRS GEXEE A A AR, BRI
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98D (Aerts, 1999), HEEEMIL, ekl Yo Bae YR 1) EE IR R, Bl
FEADIE H AR AT A D) R 2 1K) 7 B 213 17873 (Tilman, 1985), BTLURZE LG/ . bl L,
TR 1 AR 25 FE RN AN T 388 5% 23 B i it 4 MRS, MO T D62 B mT k45
P4:(Agren & Franklin, 2003; Casper & Jackson, 1997; McConnaughay & Coleman, 1999), H 177
PEF — AN EAR 1) LG % (Sami & Anna, 2002) .
3.2 &5 F| R 8 Bt E 4L
3.2.1MH&Ef. ANDE. HOEBINA

— RNy, R RFAE AN AT LS AR AR IS R R R, [ IS ] LR A AR AR A 85
[ 1 (Birk & Vitousek, 1986; Luo et al., 2005; Wright et al., 2001; Wright et al., 2004), [Xifi
MR PR — s R B koE TR BEAAT T RE, 2 SR ) 75 03 R FH S (1) R AF 4R AR
(Valladares et al., 2000; Vendramini et al., 2002), #1: - Z5 Al Ay 2 A7 38 ik F o
N ERAF I KOG A7 S AERF e 857 5 P T TR I 1 S (T bk & 2P ORAF, 2004); My 57
IY RS AR AU UV E R I 77 20 1) — A BRI, R ORAFFR 2 Sl 4 K ) i T AL 2
s TR SO TR SR IR RO, 3 m 77 20 A AR R R Y 57 00 2 = 2E
I P 5 4 SRS

MAHIFERTE , HREAS A5 A iy W 3 1IEAH D (r=0.75, P=0.019, n=15), 5 7 & & &
3% A O (r=-0.87, P=0.003, n=15), X5 I MHFITL, 185 A —%(Pugnaire & Chapin,
1993), . 7EFRI;Md A AL KR Frdn IS, (HFR> S R ANLAUIS, R
FAW) B 22 1) S i ot S K 1 (1) 455 B IS 1) R 8 K 7% 73 A1 H R4C% (Eckstein et al., 1998, 1999;
Wright & Cannon, 2001), A& 58 i 1595 70 & & (Aerts, 1999; Killingbeck, 1996); fIK7F
Oy AL 35 4 vh 23 AT SE ORI, R BLER A (K 9% 03 v LASISE R IR 22 AT HLA, A
A4 2 T RN W R L2 4 L 3seAT ) (1 A (Aerts & Chapin, 2000). S 4R, 78 3857 00 # ok
SAEN FRAMFI R e W RSB A B e i L 0 75 20 RS SR AR ) L B S T B
EREFR A A BRI IR KA - 2 AR, DL, 32w d5 o0 R S RAad i 57 73 38
FEPREE K — P S g (T4, 20000

UG RS DL, 70 55 43 B 5 1) 5 e RO Sk R v, A 25 75 23 R FH SRS TR A e 52 IR
VAL, LR g A A R BRIy 7R 20 B R N IR 2 R R 2 A7 AE LG (Aerts
& Chapin, 2000; Knops et al., 2002), 141 Berends(1987) I\ K IR, 7E i XA M & ZEFIH
BRI, A5 75 R R AE R A A R~ 38 e B I ), A T S e 17 BRI v 9% 20 T R AP
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v, JF T e B 2 AR
3.2.2 FHAEEWFIRFMRLRE LRSS E

TEM gl firh, S IR R CGERIBO BITEIZR, o) —or i vk
J13£ 1 4% (Aerts & Chapin, 2000; Reich et al., 1999; Wright & Westoby, 2003). 774> T I I 25 40 AS
HMG, S RE L E A HE A sE AR B A SR A KL, N R A
e ST (R R 10 - SR OB O MOBRE R o A S, BEAT BRI R S L8577
AUBREIRAIE . o DS IS A e Srid R A Rens gt A - IR
KRR B R N ROE R T ANBEAE T AT A, TR, FRMETRVE A

AR b A I E AR TG L 451 2R USSR A5 AN DR 2% (1) IR A (Aerts, 1997a)

RIS W, ARG NI R, IR TIENANFIASEI TR KN, EH
KIRIPVNEIEAE A MAF K, SR, FEFRD A B BA SE IR 41
e e LA ) SR AR, 1T R0 FEAR PR B R R L AR SIS AT ) I8 R R Y U A R A
(Merts, 1997a) . AR, 730 AN LB =AU TR 73 iR 12 EAF #E
H RN IEREMR, GErt Mkl DUARHSRIR & i R B S R B R a5
BEMFARCLNE I R (r=-0.79, P=0.012, n=15), /& i, TOR B RARI DL BT 2
RIE ¢ TR ISGR AR T 2 M SCICRUER AT BRARS 3R 0 Al AR A1, 3 55 LT 9 T R 703
GRIRFAEAT 20 i LR A 35 B (K% I D0 B80T 1 3 PRV IR I AR S R 3%, AP
AT 5 ARG AETR VIR BR AR A BB SR TAE R, RIS 2 MR I i ) ) 1k i At A T
HA MR
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FLtE Fit

ARV SCAEXS W SRR AR IRAL I RE b 3R BRI AR RAAE, DR H SRR 1
SHEACRAEBEAT W A AT IR A b, R R 1 b BRI RFIE S IR0 B (K2R
R, BWORRZS T LIRS R A A AN TR BR A1 AR S SRR 2R 0 3
ISP R ZEATTP S i o R 1P 1 VAR I LN 2 O s S R[R89 T R TR < N ) B
JHIRI CGRLED Proeth oA SR N, IR AR SO LU RS 54518
1. BEAEANHIRLSE T LIEBREMSF S ENTM

H R A PGB AL R AR FEA L BRI AR R ey, TR Sy PRI B i A0
YR, ARSI, 5 ERE I AARAL IR AERR S, O TR O R AR e (R S A AN R, TR
WOAFE R, WA PR T IR A P i, DRI, R DA A A it PR T 25
TET I AT P s L X B K 3%, 2 XA 25 R G de KBRS HERF X I
WA R TR 53 I 88 DA W] o 5 i h ARRAad Ri h 13853 43 P BRIV e — N R %
(RIL A, AN R AR5 2 3R g S e AR RS 2l (R A2 A A5 S ) 7= A 5 i
MG OR ARG LR 4 7 (1) B T SO R A e AN AR b B I PR 55 (2)
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FATHEERL Apocynaceae
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Eup Compositae
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KRR Euphorbiaceae
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FERY Castanopsis fargesii Franch.

133



Kk
ik
ey
FIRR
SR
%N
WA
THRER}
W
Rkl
1
A
AR T
WA ZET
R FE
SR
FE0UN
NIFED N
iy
ik
WiktiEL
Pkt
55 LR}
AP
R
RAR
HeER
ART &
R
1%
LS
B
TP RFI A
FE1liHg
Y S
AR
L
RN
EATES
P
1P
o
KA

C. carlesii (Hemsl.) Hayata
C. sclerophylla (Lindl.) Schott
Lithocarpus glaber (Thunb.) Nakai
Quercus fabri Hance
Hamamelidaceae
Loropetalum chinense (R.Br.) Oliv.
Liquidambar formosana Hance
Juglandaceae
Platycarya strobilacea Sieb.et Zucc.
Lauraceae
Litsea cubeba (Lour.) Pers.
Sassafras tzumu (Hemsl.) Hemsl.
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Leguminosae
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Myricaceae
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Menispermaceae
Cocculus trilobus(Thunb.) DC.= C.orbiculatus (L.) DC.
Moraceae
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Rosaceae
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Styracaceae
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Symplocaceae
Symplocos sumuntia Buch. -Ham.
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Theaceae
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Schima superba Gardn. et Champ.
Verbenaceae
Clerodendrum cyrtophyllum Turcz.
By M YN
MONOCOTYLEDONEAE
Gramineae
Imperata cylindrica (L.) Beauv. var. major (Nees) C. E.Hubb.
Lophatherum gracile Brongn.
Miscanthus floridulus (Labill.) Warb.
M. sinensis Anderss
Phyllostachys pubescens Mazel ex H. de Lehaie
Indocalamus tessellatus (Munro) Keng f.
Pleioblastus amarus (Keng) Keng f.
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