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Abstract; Community regeneration and the environmental causes of Abies fargesii forests in Shennongjia National Nature
Reserve were studied by sampling plot method. Results showed that (1) forest gap regeneration was an important pathway
for regeneration of Abies fargesii communities, and broad-leaved species such as Betula albo-sinensis Burk. and shade-
tolerant species such as Abies fargesii in gaps differed from those under canopies in their regeneration characteristics; (2)
Abies fargesii was most predominant in the early gap regeneration but gradually displaced by other species with time, and
accounted for 45.7% of the seedlings below age 3 and 6.3% of the saplings older than 7 years; (3) principal component
analysis of four types of environmental factors by SPSS indicated that the controlling factors of growth and distribution of
Abies fargesii seedlings were ranked in the order of gap area, slope aspect, gap micro-environment, and tree-shrub-herb
cover; (4) correlation analysis of the gap micro-environment suggested varying controlling factors of Abies fargesii
regeneration with developmental stages, and that irradiance and soil water were the most influential factors on growth of
seedlings and saplings; (5) correlation analysis of slope aspect and population density showed that Abies fargesii seedings
were more abundant on the northern slope, and the shrub-herb layer was a potential barrier in the process of Abies fargesii

regeneration.
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Table 1 Quantitative characteristics of major tree species in gaps and understory
FAXFEERE (% ) FAXSIRBE (% ) FAXBEE(% ) HEME

4 Relative density Relative frequency Relative dominance Importance value

Species N T N T N7 HT A T
Gap Understory Gap Understory Gap Understory Gap Understory

E N4 Abies fargesii 53.17 79.17 24.30 66. 49 37.73 93.09 95.45 257.9

ZLKE Betula albo-sinensis 12.22 8.53 16. 11 23.53 30.21 4.25 92.52 28.42

BIZLHLRS Rhododendron 11.98 7.98 13.40 5.54 4.12 0.91 32.42 7.53

oreodoxa var. fargesii

DU KR Acer oliverianum 4.43 1.94 10. 13 3.44 3.41 0. 69 21.84 6.12

i 4% Buxus sinica 3.83 2.38 7.43 - 7.41 - 10. 31 -

S JEK Viburnum henryi 2.12 - 6.11 - 4.21 - 8.82 -

BHA . L. 1.94 - 5.15 - 3.22 - 7.52 -

Symphoricarpos sinensis

WIHLAERK

Sorbus hupehensis 1.56 - 5.19 - 3.06 - 7.57 -

R M TF

Fuonymus oblongifolius 1.34 - 3.89 - 3.12 - 6.41 -

Ji MK Acer flabellatum 1. 60 - 2.68 - 2.31 - 4.71 -

MK Acer davidii 1.74 - 1.31 - 1.98 - 4.36 -

ZFMAe

Eurya distichophyllas 1.52 - 1.19 - 1.02 - 3.43 -

11#; Populus davidiana 1.63 - 1.21 - 0.62 - 2.34 -

Bk Cerasus pseudocerasus 0.93 - 1.90 - 0.34 - 2.23 -

2.1.2 FERLYE LR I B IV A2 4l AR 4 AR

TEAB IR A2 N LHF B AR RIAROE T EZTR A4l i Ml i ) 35 BE BB AR A ik 2 4 Fh &=
S SEH R, B LV A ANLIME U5, CEAR T AR T 3 B e e 0 4 B A0 e BRI , ey £k S A I B 4
B A BCE A BURR AR . HEMMENE T ke W HBA BE LR RYARYHF AR
B B AR RO — AR A9

X 2 UV B DU BRI , AR B AR XS TAEAR A F T RE R AT 5 REREKSHE, FlR
/NEFH AT RE T (B R RS 1) 3E R E . BILRIZRRG RIS “ " B (& 1) , 2R R
AMRBGED 3 BARBCRIE I s B 24 AR A1 (18 2) R, i MARBR 2, S AN ER R T3E
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TR PR AR R RS (R R/ N MAL B R 2, FF BRI 52 -7, 2040 AL BRI DU AEARAY K AR
HHHMLLR BE o FEE PR RGN, 2 AR I TE 3a LT G — 2 (45. 7% ) BRI 3 Rl b, K
F Ta KRR (6.3% ) o BERHILNE PERF AL, H A REBRAIEA BL4r A9 BT , Rk a9 58 1 e 1 BLAE
LRI, Sl BB EL 4l B R B>, AR B LV A2 RE T HE A SRR R O KA

R2 FARYBENFEMNE
Table 2 Quantitative characteristics of major tree species in gaps and understory

PN 6 LRI (% ) 4T BE (n/100m”)
Seedling number Seedling frequency Seedling density (n/100m? )
Fh 4 Species
R T R KT R T
Gap Understory Gap Understory Gap Understory
E L& Abies fargesii 876 212 65.2 34.2 37.4 21.2
Z1KE Betula albo-sinensis 479 161 24.2319.2 26.45 12.13
MBS Rhododendron oreodoxa var. fargesii 111 35 13. 83 9.42 11.42 4.17
PUEHR Acer oliverianum 47 21 6.31 4.18 6.35 2.21
400 - 5000 -
3509 ~ 0 kB2 Gap
£ ® AT Understory
< £ 4000 |-
g 300 ]
- 5
g 250 % 3000 |-
Z 200 5
2 2
2 150 & 2000
j*3
e 100 %
= "5:1 1000 |-
& 2
50 &
0 Loy 0 e L 4
4 8 121620 24 28 32 3644 48 52 54 60 64 68 72 76 4~5 5~6
124% Diometer class (cm) AE Age (a)
BT BRI S 1 B2 REDGRAEST BILR A2 AR AR
Fig.1 Diameter class structure of Abies fargesii Fig.2 The age structure of Abies fargesii seedlings

2.2 ABERE X E BRI
2.2.1 FHBEREEHEF ERS 5

RS EHARH 4 BIREH FH#HT ERS 8T (PCA) o 4 KIFEEHEF C, ~ Cis e : O RE K/
EREF: ERE IR T RAEER AE ERSHERZ ;@ [ERF: B FHRE (C) . B R RE
(L) £k 4r(L/m’ ) HbRIERE(C) JHUF 20em ZMREE (°C) ;@ LA T M4k (m) JHBE(°) B i (4K I
MR 1 ~8 ) 5 @ METE MARRE T TE AR BB FEC T B i S B R B R IE AR AR B A
RIGER . AR I RHEE Bt E 2 R T 70% MET 5 S FE M. &3 Bn T E&AREEF B
I3

H# 3 AIA, C i \C oy F CosXF PC, BTk B K 5 C, . C, 1 C, %t PC, TTHk IR K 5 C .C, F Co X PC, BTRRER K5 Cy
Cs.Cyo Fl CoXt PC, BTHRE K ; C, Tl Co X PCsTUERI K . HIUML A UL, PC, S BR T AR TE A RHAE (JE S 1 o
B IE A BB T A R RTE R ZE AR 5 PC, R BR T AR R/ NFAIE GREARE AL AR AR R E B2
EMEEZLI) ;PC, FE BT ARG IR AR ¥, (8182 S B R TP 58 B S 3857 43 PC, S B T b
T F (3R S BE A ) ) s PCs B S BR T ARG K/NHDE IR . AR TR (3 1) AR TR 58 TR R o
BERIR B e B L AZ 4 i A K A i i B R T
2.2.2 FRIFFEAMMTZEXE IR 2L S0 16 R

VA RN, 2 KPR 25 1 22 AT HESEL T, J Bt ST AR AR P9 K BESR e B 4, (B0 /N AR T4t
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CREARE/NT 100m?) , B L A2 FE X A0 3B J B8 5 40 %3 HLEESEEN
%‘Zﬁo ﬁﬁ@j%\@WXﬂ'%ﬁﬁ%iﬁt%ﬁE%uﬁlﬁ ’ Table 3 Eigenvalues of correlation matrix
AT BB A A 25 SR AR T BT RS AP A 25 5% PPWUEME Varable  PCL P2 PG PGH RCS
GEH. SRR KB B EMENMFERT O -0.128 0.506 -0.07 0.168 -0.535
BT IR M A 4 A Q2 -0.177 0.507  0.032 0.210 -0.123
c3 -0.099 0.250 -0.173-0.209  0.152
EF MBI 24 2 &K (P <0.05) , FHR c4 -0.155 0.453 -0.111-0.227 -0.220
XFE LR 24 S ERA EE A cs 0.091-0.234  0.065-0.431 —0.147
EARBAEESE, BEILR R ERZMAF 6 -0.026 -0.078  -0.452-0.183 -0.477
IR, BB B A 3K 4040 RIS 4 i Fngh it i e . 7 0.053 -0.001  0.542 0.233  0.134
B B, A4 TS S LA s -0.126 0.076  0.418 0.085 -0.151
co -0.187 -0.057  0.286-0.262 —-0.371
LR AR, KT SR IR 2L E 2 REE C10 -0.316 -0.269 -0.134 0.383 -0.125
PR o FEAZE T B B B AR T ) R B B T AR e ~0.158 ~0.207 -0.273 0.529 —0.097
Tt ARG, B EE IR ERREHF  c2 -0.331-0.079  0.306-0.036 -0.223
N BREEENFERE, mFdeRukkr 8 -0.468 -0.059  —0.033-0.097 —0.287

lﬁ%fﬁ)ﬂ,%?fé%%)ﬁﬂﬁﬁiﬁﬁﬁﬁﬁm%%@ Cl4 -0.464 -0.133  -0.07 -0.135 -0.201

gt - U cis -0.432-0.08  0.022-0.166  0.042
M o= y i/,
T4 2 B3 UMK, P E AR B e Figenvalue ~ 3.546 2.795  2.287 1.471  1.032

YW R, EIHKSENENBEERRRREIAE, s proportion 0.236 0.186  0.152 0.098  0.069

{E%ﬂﬁmiﬁ%ﬁgm*ﬁ%’ﬁ%TE@Wm&ﬁ zﬂ%%ﬂﬁk% 0.236 0.423 0.575 0.673 0.742
- = : s umulative
EIRSA T B AR E ARG T AR IR G i o 7 BEHRB B AR L7 5
ﬁ*”?@mgﬁko B2 R B A EE Cl — CI5 represent respectively the
223 B ”J%?\*Zggﬁz: Iﬁﬁm E/‘J@}’ﬂﬁ canopy gap area,expended gap area,the ratio of gap diameter to gap hight

BTk E LR, ETE LR EEZES and number of gap formation trees.

> £ E 2 % A Ju

ﬁlﬁ“ZIE—d E/J;é/%% [:E ‘:J‘:/E:‘ b&ﬁ%%ﬁ%%ﬁgl N o i 4 ﬁ?kﬁ}]ﬁi}]ﬁ'—iﬂiﬁ?ﬁ’\]ﬁ*ﬁﬁ

lﬁ lﬂﬁ s Zth L)Uﬁ['ﬁ] ﬂg *ﬁiéléh#‘ s DY IJJ ;1/% B@jﬁﬂ‘ S @JW ﬂ:ﬂ Table 4 Correlation analysis on main tree species seedlings and
AR B BE AT AR, SR RIS EELIL environmental factors

?A?\Bgfg %E'ﬂﬁ*ﬂﬁ ,%%JFLI»IE 3, 45 F Factors 4T Seedlings 414 Saplings
GRFY B EEEI S RERILAMGL TR Canopy cover ~0- 086 0198
N N e HWEAZ % E Shrub cover -0.451* -0.415*
O L WAERTL B EKSWRICEARA,
TMEA J32 DA 41 5 48 % DR 34, 5 2 ~ Sm, BB 1~ Undergrowth cover e
Dem, BN 60 70 H/m’ FEBH, I TIE M ILHKE Ligh densiy 060 o.0m
REA RS R . B, VUG R R Soll moistore 0.00 0311

* i FEAHF0.05 /K Means correlation is significant at the 0. 05 level

BRI B2 EAR B
3 g
WRET (gap) |2 40 T 204K, RARME RO A, R B B R BB —FEENH . EE R4
Frizt X BN 2 M BN E A AEZIEM . BILREZAH B AR, R T BT E AL, Bt F
BRI SRR AR R G B0 SL M AR E M, ZE BT R A AR E b, B ILY A2 B9 BE B LA (4 ) B9
RAMFRE N 100% , HEFEZIHEMMZESMRE , X Ui, BME R g, K4 wiER E K BTER
A ERETE . AR TR B EIARKZE , BT ERFISE TR RS , B, BB SR,
TS A IEER A, B AR N RO RS , JRT B LU A2 AR I 25 B A5 , AT 2 B2 LA A2 R 37
PRI B A BOR B R B, AR T AR FL, AR P A0 BB S04 0K, AR P9 IR IR BE L IR B 46 /)
SMEHE T & A AR AR e B 5 TR R 0 4y B S ) AR S, D 4 BRI A R AR K AR L S s
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B MR AR N E SR o AR R R E A L
PR R ER A KA RIS R S0 Seedines Sl Al
WRAAEN . WRERAR A ARENAAR ol % .
FESERATHE WS ME IR, B B 3sp o0t K
PSR G PRI E ), SRl 2 o[ lags J s
WAL XA R, 2op aAd :
WEMELAPERS e KR TS, S D ‘
T EUSEHRHIOEK. BLURERan_5g % o]
B B A R R AR ST R Ve BF 17 B 7T B
RFR R BV R R, B T i1 TR A Sampic spec
HERBCT SRR EME IR TN ERRRL  ms mumwpom oo mumses s 1o
A, X3RRI R T R R E TN EERRZ Fig.3 Density across aspect for Abies fargesii

—, Y T R T E . NABIE B
HRHEAR 2 B 2RI BSCR AR AE X AR AR P e S B R T B A A, B O B LR 2 B B i AR P TE AT . 7Y
RS 1) SERT O A2, R A AR R A VRIS R, Horh EUB I B AR , BR A AT 4, HLE AR 1 2 BE AR AR
%, ST B B I T EREARREE . KT AT R O — M E R M A AR O, MO S
BB MAE, LR T KRR . HERZ UL T AT AR, AR | 39800 B2 DL R R 3 W i
A, x4l BN RE S 9 T IO (U B 5 AT RGeS, T EL [E) R w74 B0 (97T O, BT R &l F) R
JEPEA R R, ST ARG AT RO AT R T AR LI SR . AL TR HE
AR ELI, T AR LA EINTZ LA E RSB, S 2 b A BRTE RS P fe , R 2, AR 4 i A A
RN ERZIMG . FL, AT E L AZRE, 8 1m LB 4 LOBA 5 MG . TE4h I IHE , B
MIZE AR, KRR F TR B B IR O AR, —EZE IR
ARG EE BN SN IREEHE T R, BARY IR R E 74 ﬁﬁ)?%,w%%ﬁ@ﬁﬁ?ﬁ%%
AR R AR SR IS0 ARG A T I J2 5 ZRAR R AR BT A R AR ’%&‘%ﬁEu&
XN [ R/ INPR B /AR 558 B U A 1 AR 50 2605 T 140 PR IR AT o

References :

[1] Zheng W J,Fu L G. Flora of China ( Vol.7). Beijing:Science Press,1978.

[2] Duan R Y,Wang X A,Huang M Y,et al. Study on intraspecific and interspecific competition in Abies fargesii on Taibai Mountain. Journal of Wuhan
Botanical Research,2007,25(6) ;581 —585.

[ 3] LiB,Ban ] D. Studies on farges fir forests of Shennongjia Nature Reserve in west Hubei. Journal of Wuhan Botanical Research,1988 ,4:345 —356.

[ 4] LiTY.Preliminary study on Abies fargesii community in Shirenshan Nature Preserve in Lushan County. Journal of Xinyang Normal University,1991,
4(1) .80 —85.

[5] LiulJJ,LingZ Z. A primary study on farges fir (Abies fargesii) forests in the Taibai Mountains. Journal of Northwest Forestry University,1995,10.
9—14.

[6] YuQ,XieZ Q,Xiong G M, et al. Community characteristics and population structure of dominant species of Abies fargesii forests in Shennongjia
National Nature Reserve. Acta Ecologica Sinica,2008,28(5) :1931 —1941.

[ 7] FuZ].Preliminary studies on Abies fargesii in Taibai Mountain in Qinling. Journal of Baoji College of Arts and Sciences,1997,17(4) :60 — 63.

[ 8] LiJX,Zhang W H. Study on Abies fargesii population structure and spatial pattern. Acta Botanica Boreali-Occidentalia Sinica,2001,29:115 —118.

[9] Fan]JS. Comparison analysis on essential oil of Abies fargesii and A. chinensis. Journal of Northwest Forestry College,1998,13(3) :42 —44.

[10] Zou L,Xie Z Q,Li Q M, et al. Spatial and temporal pattern of seed rain of Abies fargesii in Shennongjia National Nature Reserve, Hubei. Biodiversity
Science,2007 ,15(5) :500 — 508.

[11] Ponge J, Andre J, Zackrisson O, et al. The forest regeneration puzzle: biological mechanisms in humus layer and forest vegetation dynamics.

http ://www. ecologica. cn



83

FRUEE 4 MPRZRBILREREENE A L HE R 4185

Bioscience, 1998 ,48(7) :523 —530.

[12] Wang Z. Beijing: Larch forest of China. Beijing; China Forestry Publishing House, 1992.1 —265.

[13] Zhu]JJ,Xu H,Xu M L,et al. Review on the ecological relationships between forest trees and ectomycorrhizal fungi. Chinese Journal of Ecology,
2003,22(6) ;212 —217.

[14] Li B. Brief analysis on the fir forest contabescence in Montain Emei. Journal of Nei Jiang Teachers College,1995,10(2) :47 —50.

[15] Li L H,Dang G D,Wang T ], et al. Study on coarse woody debris in Abies fargesii forests in Qinling Mountains. Acta Ecologica Sinica,1998,22(5) :
434 —440.

[16] Zhuang P,Peng Q X,Liu R Y. Study on the population of Abies fabri in Montain Emei. Journal of Wuhan Botanical Research,1995,13(4) ;317
—328.

[17] Ning S H,Tang R Q. A preliminary study on degenerate mechanism of the population of Abies ziyuanensis in Yinzhulaoshan , Guangxi. Guhaia, 2005,
25(4) :289 —294.

[18] Li X S,Peng M C,Dang C L,et al. Research progress on natural regeneration of plants. Chinese Journal of Ecology, 2007,26(12) ;2081 —2088.

[19] Ralph A, Bungard, Shirley A, Zipperlen, et al. The influence of nutrients on growth and photosynthesis of seedlings of two rainforest dipterocarp
species. Functional Plant Biology,2002,29(4) :505 —515.

[20] Brian Beckage,James S. Clark,Barton D. Clinton, et al. A long-term study of tree seedling recruitment in southern Appalachian forests; the effects of
canopy gaps and shrub understories. Canadian Journal of Forest Research,2000,30(10) :1617 —1631.

[21] Tabarellia M, Mantovani W ,Peres C A. Effects of habitat fragmentation on plant guild structure in the montane Atlantic forest of southeastern Brazil.
Biological Conservation,1999,91(12):119 —127.

[22] Howe H F,Smallwood J. Ecology of seed dispersal. Annual Review of Ecology and Systematics,1982,13(11) ;201 —228.

[23] Shen Z H,Hu H F,Zhou Y,et al. Altitudinal patterns of plant species diversity on the southern slope of Moutain Shennongjia, Hubei, China.
Biodiversity Science,2004,12(1) ;99 —107.

[24] Chen L Z. Present situation of biodiversity and its protection in China. Beijing;Science Press, 1993.1 —243.

[25] Ren Q S,Yang X L,Cui G F,et al. Smith fir population structure and dynamics in the timberline ectone of the Sejila Mountain, Tibet, China, Acta
Ecologica Sinica,2007,27 (7) :2670 —2677.

[26] Miyadokoro T,Nishimura N, Yamamoto S. Population structure and spatial patterns of major trees in a subalpine old-growth coniferous forest. Forest
Ecology and Management,2003,182(9) :259 —272.

[27] Nicholas V. L. Brokaw. Gap phase regeneration in a tropical forest. Ecology,1985,66 :682 —687.

[28] Zheng ] G,Dong D P,Zhao D H,et al. Relationship between vegetation community characteristics and its environmental factors in the west slope of
Helan Mountain. Acta Ecologica Sinica,2008,28 (9) :4559 —4567.

[29] YangJ,Ge J P,Liu L J. Gap phase regeneration rules of conifer broad-leaved mixed forest in Wolong Natural Reserve, China, Journal of Plant
Ecology ( Chinese version) ,2007,31(3) :425 —430.

[30] Denslow JS,Newell E,Ellison M. The effect of understory palms and cyclanths on the growth and survival of Inga seedlings. Biotropica,1991,23:225
—234.

[31] LIN F,HAO Z Q,YE J. Effects of bryophytes on plant natural regeneration. Chinese Journal of Ecology,2006,25(4) :456 —460.

[32] Wang H X,Li G Z,Yu D M, et al. Barrier effect of litter layer on natural regeneration of forests. Chinese Journal of Ecology,2008,27(1) :83 —88.

SEHk:

[ 1] AY,MLE. S EHEYE(ELE) . U Bl it 1978. 1 ~572.

[2] B, 3%, BMOR, 4. S0 K E L B LA R AR R SE 4P AR PR IO B 5T . RO 58,2007 ,25(6) :581 ~585.

(3] Z=id, PEaefl. SRpumiRAE B RS X BN AR, IBUEYIADF5T 1988 ,4:345 ~356.

(4] ZXRE GLEAALABARY XE R ZHE KPP, 5 HBEB (B ARERR) . 1991,4(1) .80 ~84.

(5] XU@%E, K. KA LB LRI, FItkER R, 1995,10:9 ~ 14.

(6] T, B, R0, 5. MURBE A (Abies fargesii) WIEEFHIE BILUHFIREL M. 44554, 2008,28(5) :1931 ~1941.

(7] &% KA E M. FXGCBER (B AREER) ,1997,17(4) 160 ~63.

[ 81 ZEsfl, sKIOH. Wik BUEHYI AL BRDRE N AR IO SE. PYJLAd Y4 ,2001,29:115 ~ 118.

(9] #EH. BUSREINEERIT. bk BaEi,1998,13(3) 142 ~44.

http ://www. ecologica. cn



4186 B Ox ¥ R

29 &

[10]
[12]
[13]
[14]
[15]
[16]
[17]
(18]
(23]
[24]
[25]
(28]
[29]
[31]
[32]

AR, SR, ZEECHE, 4F. MURZEE LR SR TR N 234 ). ZE YRR ,2007,15(5) :500 ~508.

FHR. o E AR, U s E O AL, 1992.1 ~265.

REE R, ER . IMEERE S M NHERR. A%, 2003,22(6) 212 ~217.

AR WRJE IR AR T IRAT. WYL %244],1995,10(2) :47 ~50.

TR, S E R TR, 5. BRI B IR I MMFE AR TR AR TFIE. AR A2, 1998 ,22(5 ) 1434 ~440.
B, 8 2%, XM T R L A2 ZRAR BRI 5T . IR B 5T, 1995 ,13 (4) =317 ~328.

TV, SR TGRS L IR AR BB AL ML PR, [ VE RS, 2005,25(4) :289 ~294
2N, WA, SRR, 5. Y B ARSI AR 44R 2007 ,26 (12) 2081 ~2088.

LR, W, A5, 45, MURIE R BAR YIRS 2 REVE AR SRS BEMS R A= A ,2004,12(1) 99 ~107.
PR 2. o A 4 A BRSO X 3R JU st  Bbaf kL, 1993. 1 ~ 243,

B I /bR E R, . VIR O TERLIL AR R SRS 5 30 25, AR89 ,2007,27 (7) 12670 ~2677.
AR, AR, B, 45 B2 LD PE R YR L B L S R D F I G R AR 25 H, 2008 ,28 (9) :4559 ~4567.
WlR B S, XIS , 45, BN B AR X B FETR SOMOR B SR AL, 4B A 354 2, 2007 ,31(3) :425 ~430.
TR, 85 5C, M3 . B EER YRR Y RARTE BT s . AR5 245K, 2006,25(4) 1456 ~460.

EBUH, FARAL, LM, 5. Wit 23 R AR TR I 09 A 252 2%k ,2008,27 (1) :83 ~88.

http ://www. ecologica. cn



	08b33.pdf
	08b34.pdf
	08b35.pdf
	08b36.pdf
	08b37.pdf
	08b38.pdf
	08b39.pdf
	08b40.pdf

