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Abstract; The differences in light conditions between forest gaps and underneath close canopy in plantation forests, can be
an important factor affecting leaf morphological and anatomical characteristics of understory species. In this paper, the leaf
anatomical,, stomatic and morphological characteristics of eleven understory species grown in two different environments

(forest gaps and underneath close canopy) were studied and compared in a 60a of spruce plantation in Miyaluo located in
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western Sichuan, China. The results showed that eleven species in forest gaps had significantly higher dry weight per leaf
area than those under close canopy, and most broad-leaved plants in gaps increased leaf thickness, palisade parenchyma
thickness, the palisade parenchyma cell layers and the ratio of palisade to spongy parenchyma ( PT/ST). No significant
difference in thickness of leaf epidermal cell and spongy parenchyma of most species were observed between two
environments. The palisade parenchyma cells of the broad-leaved species in gaps were significantly longer than those grown
under the canopy. All studied species appeared a similar trend of reduction in the stomatal density under close canopy, with
various degrees of statistical significance. The stomatal length of all species except Aster ageratoides Turcz were not evidently
changed by the contrasted environments in our study, mainly because leaf stomatal characteristics were related with many
factors in natural environment. Our results suggested that species in same community had convergent evolution on adaptation
to light condition. The average leaf plasticity indexes were accordant with their light-requirement approximately, and the

photosynthetic parenchyma was greater than non-photosynthetic parenchyma in same leaves.

Key Words: leaf anatomical characteristics; subalpine coniferous plantations; understory; light acclimation

FIRR R R AR SR W L4 AR R E P B AR X R ARG R, 533 60a BRME , IUMAZ K E A
LA A% (Picea asperata Mast. ) Sibk' . FIRT, 346 A TAKE LRI %L M, A Fh 8 —, 2w
AT 2R, R S e T LA AR 5 RIS AR L 22 BE B R A B o FabI PR B 3R A 40a N TAKBFSE
R, TR AR M TR AR R TR EEARR T, RO, WFHBENAT
MR E R, R R R E Y 2 JE SR Y 0 BB KT RE IR ) AR K
Wik BUEREERE T SN EAAEERA . ik, BT Poh KA T A AR AK T R A 7 2 58 938 B
P DO A TARE BRR R IR GRS

MR RAEYI S AR N R BB A B R — , RSN S SRHE ) O B BRI S R T i
W B R RE R . BET, EWANE SR W Z X TR A A 551 DB A IR 6 IR 3R 5 1 38 B
PEBFST. HlI0, X2 Bk E KA S M- SRR AP P R RN KRG B A M B2 S A e o, b2
GUABRG, ZEE WS B RA LTI, - RZRL s NS0 A HrE NS T e R 1
st ;e R R A S ILR/NVE BERWE, FOREUK RN SIS AL B 8w BR, B
BRI L REE A TEG RS AR FER M THOLHEE, REXRMR T EE—ERE AL
HERERTH T, BSEBRER TEYIERMENL IRA —E XM, 23520 08E LR A THE
VIRV EER 5 BARARMF T B S RF A — 8, B AR EF SR Sr M AR 1 T 3 N AR T AE 8 2 A FE DL EA T4 3
AR EBEHEED

YA RESUREIRE T RN T RAARE A% R R I iR E R R Sy . KB B 1
KWEEREW, BRI TE LS MAEBFE RS HE T Z R TGS, BN RA i S 8 5
SEERAE S (BR, XTI RE RAEERDIERIRI A TR, MtZ E55h A RA 4T Rt
BAE, B BHRSST i SR ERHE T B IR IGEFF A Z . B, AR ERRE: (1) RAA
[ Bt B YrAE I A S AL AR 5 SRR 77 T R 5 X e3P 3% R A R B 7 B9 DL 3 5 (2) A
FLAFH SARIEA T, BB O Y IR Y R ERm T8 (3) WHid &t i SIL A 41
FRAE AP, R SERPAE S8 RESE DL EFR SRR AR AL (BR AT SE ) * DA A TARE BAR R R R 2%

1 #H#FzEE
1.1 BHIERHR

WEE X I T 09148 P SRR SE TR B 1R M B EL K P 55 bR X, S 37 B Oy E102°48" ~ 103°027,N31°43’
~31°47" IR 2 3200m , B 38° 31 SW75°, AXE T HBMRBRUEXEE, K FH BEHERT RS
JR 3 KA, A3 6 ~ 12°C  4F /KB 25 600 ~ 1100mm, 4F 78 % 8 2y 1000 ~ 1900mm,, IR HeH b 72
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60a AT=EMN, EBEREM =42, BE D)V =42 (Picea likiangensis var. balfouriana) (3] B K2 (Abies
fabri) £TH#E( Betula albosines) ; JEAR Jy BEH 2 WK 5 LBk ( Quercus semicarpifolia Smith. ) | B &) %] F ( Cotoneaster
adpressus Bois. ) \ B #/N8E ( Berberis dasystachya Maxim. ) k2% LLIM] ( Clematoclethra lasioclada Maxim. ) | BF#E#k
( Sarcococca ruscifolia Stapf. ) %5 , BL A B 3K3E (Vicia unijuga A. Br. ) . =R K&K 5% (Aster ageratoides Turcz. ) .3}
24 & W B ( Cacalia tangutica ( Maxim. ) Hand. -Mazz. ) . & 5 B % ( Fragaria orientalis Lozinsk. ) |, K & F}
( Gramineae) 4175 ( Artemisis japonica Thunb. ) %f,
1.2 szmbfet

ABFEEEEN VW R IR F AKX 60a N TEFMHARH LY 11 FART Y R RXTR, Kb IR K4
BAL4 A RS AL BA 2 R, RIBAMEMAEEERE Y S RERS T2, 10 FEHAEY
H , BRHAERK (Sorbus koehneana Schneid. ) \HBE/MNEE \E BT B LK EH 0 M0 78 FHIK RS ARG A 55
o, SREEFRE ; VK1 258 (Ribes glaciale wall. ) \#EMSE2K ( Viburnum betulifoium Batal. ) 3= 43 A 7E I 3T R |
Ao LA bR AR S b, BRSO SCRBTR B, 9 8 BE TS B AP s B 3R 3L (Smilax stans Maxim. ) | 8 F 5) L&
( Berchemia flavescens Brongn. ) i AEM.( Acer laxiflorum Pax. ) \ =8 K &% T EDMENRG ST JENSFHR
b, HBRET AR A2 BRI R EIR, BAT 7L R R A S P B, RN B, BRERL
£ 1,

£1 JIBEKIET 60a AT #ERIE 11 FHTED

Table1 Summary of eleven understory species which on trial in the 60a coniferous plantation forest of Miyaluo in western Sichuan

M HHER PHRE I
Species Life-type Family and genus Habitat
=¥ Picea asperata Mast. BHHR IR Wi, s R ENRTEHERER
Bt FEAK Sorbus hoehneana Schneid. #EIH AR A AR FAMRA PR SR PR
HEW S Viburnum betulifoium Batal. #EIH AR BAR EER ARAPER LI M
BiE AR Acer laxiflorum Pax. HHRA BARR R e
B B8/NBE Berberis dasystachya Maxim. AR INEERL NERIR 1] P L S A
BT Cotoneaster adpressus Bois. R EEA HEAL TR I3 AL | P
UK)IIZKRE Ribes glaciale Wall. HEHEA REEHN ZETR L BRI A AR PRk
2 JLE Berchemia flavescens Brongn. RS A RER, g LR Mg ST JEARBRE AL
BMRIRSE Smilax stans Maxim. AR BERLRER AT AL R AL
k3K Vicia unijuge A. Br. ZEERER 2R BHER M. S TIEE S R
ZFBRKEETE Aster ageratoides Turcz. ZEERER HF, IR T bk JEM AR
1.3 SRk
1.3.1 FEMigs®

FEJPRIE B MK 60a N THAZHA, BEH 3 N R/DZ 10m x 10m BIARE A= 5, 3 AR B L b
RIEATERL, 4y 10a 7270 o 23 A8 [ Mg B s 300 X SR LS 3 SR/ 10m x 10m B AR P A2 54
Mo BFEMURA BB R RS B AR BRI B S A RA B 2R, K ARE AR £,
WRERERBER, EARRRE, FEYWE : A2 T (Pinus tabulaeformis Carr. ) \ZLHE A2 T R LI R
L0 DL M-S (0K 2R B H R K AR T RN BT R B SEPER , AU LA S} (Leguminosae) |
ZiF+( Compositae) RAFINE, BH BB ZTR 0 KIS TEHRE, WA E 2, EREREXRER G, R
T LI EOUH Y, Z 24T H 45 HEE W B30, BB Rk
1.3.2 SRR A S0 KT E

FEZREH A FEDLEER 10 AR & FEARIT, 3RJH ZDS-10 JEEHH( B W B e BN R ) &g 3d £ R —
I TE]BE(10:00 ~10:30) X & HE AR I AU B 3 S0cm ALEERBEATIN B 1T 3%, I [ A ZE ARSI IT A s A A5 208
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Mo SRMAIDLIG EBOWEDNERORY o0 .

SHGRE GBI . WA ARG THAAE 2 | |

FERERRS I BER (8 U KEN TR S |

(32.93 £3.94) % BEBTFHIHMABAF (8.6 57 I

£1.61)%, s | ’l‘

1.3.3 WIS ’ HE Tn gap | #kP Under canopy
LEAREHIEG 11 VBRI | BEAL M EAE KR 25 Habita

DLRCF RIS IR 3 A2 O DRANERE o)y o0 A T mpptisvan iion s Pt
YRR 18 ko REGMARR TR HFEERRLE  Fe1 Average relative light intensity in gaps and under canopy in the
BB (— B B R TR ] FEUSE 3 B 4 /¥ 60a coniferous plantation forest of Miyaluo
H)1~2 B, 7B FAA(S50% Z.B%:38% FifE:99.5% WA ARFRFEKFSRESR B3 (P<0.05) The bars with
VKEERR =90:5:5) BFAME &, B TR A, Kb o different letter are significantly different (P<0.05)
A2 (Picea asperata Mast. ) R4 HHFs, - BIRER, i
BEAL b 30 st B TR BB RY FAA(70% 2B 38% FIRE: 99. 5% 1KBER =90:5:5) e,
1.4 JEANZE
1.4.1 HEESSE

158 H.H 2 (leaf mass per unit area, LMA) .} JEJF (leaf thickness, LT) B M BRI MESE, *
FAAH L . UTHSCSA B 225311 &4t (university of texas health science center, San Antonio, Texas, USA) B i
M AR R R B E AR TSR E s M R R R A
1.4.2 HERESILBE

M-h M FAA BEEB B, BOKRIR TS RER LR, APl T ERETFRRET
I BRFhl Bie B KR B, 6o B3 85 (LEICA DMLB, germany) T U8 S HAR N SALEOEE By AL
( stomatal density, SD) \SF. 554 (stomatal length, SL) 384517 | HepZA2 et Y, SALE R
FATLA P, B S TLER B DL K S LSRR
1.4.3 MRERNEHRSH

BB rEY R, B ERA S BT, ek &8 FRBEBBK, —RRHETE
B, R, A, BRI (B 8 ~10pm) , IR HME, FA-FERNELRE, PHENKH A, 0%
BB T UM 2% 5z 40 B 2 (upper epidermis cells thickness, UET) |\ T 3 52 4l i )2 JF (lower epidermis cells
thickness, LET) , #i£2 4H 4R J& & ( palisade parenchyma thickness, PT) ,#tF:2H 2R 40 i (1) & (palisade cell
length, PL) = 20 g 98 & ( palisade cell width, PW) .t} 40 ffg )= %5 % 473 4 21 )2 & (spongy parenchyma
thickness, ST) I B M JE B (leaf thickness, LT) %3843,
1.4.4 w3MHEIEE

BBHTBHEAHH SR Valladares 2559775

FAIRPRH T B e 4 = (BRKE - &/ME) /B KE

1.5 ¥Rabs

K Student-T R 3 3 A FEDEHEE T M 5 RHIES B 2 R 4247, P<0.01 A RRB#,0.01 <
P<0.05 HhERBE,P>0.05 HERAEFE,
2 HREWm
2.1 My M ERME

ZYFp B (R M E RN T B, LMA) AR, EREERT, 11 # A AR B4R
FIREL Y ) LMA 2 B R T AR IR Y (B 2) , BB ot A SRR it Jr LMA, 55004 5E I REAIR LMA,
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X5 HA— SR R R A R -5, Eil
WHTE BARESE P JER T BER T &0 F - B ARk
BIREEE R, LMA B3 W2 & YRS B A DB A 3R 1Y
AR —,
2.2 MR SILEHE AR

11 FYH S R mfEn 5 R ihim,
HARENAEKW &R SILEE (SD) B R K
THRNAERSE PR B (B 3A) , Hd BEHE
Pk MR JE5E BT K2R LA B ARER L 5 Fivid
YKy SD 7B AL BA B & 1 (0. 01 < P<0.05) , T H
£ 6 PN SD A ANE — B Mk ik B E K F
(P>0.05), BP2BEAEYFh <718 B XA 55 1 el
BERR, XTREHTRALASEZ R K
A0 R RS AR R R R L

Xt 11 Mg SIL KRR R RN, 280E

W AKET Ingap O #kI4 Under canopy

PA  SK VB

AL BD CA
HiFh Species

RG BF SS VU AA

El2 KIEF 60a A THIZHAREFMRA LR 11 FiEH 5
Pt E
Fig. 2

species plants grown in gap or under canopy in the 60a coniferous

Comparison of leaf mass per unit area (LMA) of eleven

plantation forest of Miyaluo

RS A AR F RN AR LR ER B (P<0.05) The
bars with different letters of same plant are significantly different (P <
0.05); PA: P. asperata; SK:S. koehneana; VB:V. Betulifoium;
AL:.A. laxiflorum; BD: B. dasystachya; CA.C. adpressus; RG: R.
glaciale; BF:B. flavescens; SS:S. stans; VN:V. unijjuga; AA:A.
ageratoide. s; TS [A) the same below

PISAIRKRBE(SL) EWFERT LB E LS, N =RKEE | MEFEYAERE P IALBTER(P<0.05)

(& 3B) , BiBAM f SL ZMPRAESTHIHHIF AR,

B HE In gap
“E 250 A ns
=200 ns
& ns a
= 150
Q a a
A ns a b
o 100 b By . bus
50 b
- }
=
g

PA SK VB AL BD CA RG BF SS VU AA
Pofh Species

O Bk Under canopy

ns B
ns
3 ns ns ap

5 ns ns

ns

ns ns

AILKAR SL (um)

PA SK VB AL BD CA RG BF SS VU AA
HF Species

B3 KEF 60a A TREEHMENRALREK 11 FEdH F RSB ENSILRRLE

Fig. 3 Comparison of leaves stomatal density ( SD) and stomatal length (SL) of eleven species plants grown in gap or under canopy in the 60a

coniferous plantation forest of Miyaluo

FIFEIARE AR RN ARR SR ERBE (P<0.05) ,0s: TR EZEF(P>0.05), FF The bars with different letter are significantly

different (P<c0.05), ns; no significance(P >0.05) , the same below

MR R BEARAE LR

MR R (LT) £ —RERR B b AR KB HH A W) 3 30 58
BRI, 10 RN EYIFEARE TP Y LT ¥R TEAA
AR FEREY (B 4) . Hrp, BESRRBH R B3/
RERIZ BT MM 325 3 FiAE Yk IR 83 KF
(P=<0.01) ; BStRY A T\ B L3R 2 MYk 22K
F-(0.01 <P<0.05) ; T BE TR B Y vk ) 1| 288 A R BE TR
HOBAEAR B H A LR BETRER A =B Bk 58 5 FhEY)
R LR, TARBBEKF(P>0.05), HILH
B ESLYR SE R A T A R SRE LA R A2 5, B
IR D AR T2 b B e

2.3

W k% Ingap 0O #k4 Under canopy

ns ns

IR

SK VB AL BD CA RG BF SS VU AA
Pfh Species

B4 KIEF 60a A TEEHMME A LKE 10 FEWERIH A
BB

Fig. 4 Comparison of leaf thickness (LT) of ten species plants grown
in gap or under canopy in the 60a coniferous plantation forest of

Miyaluo

IS AREFWE A B, 10 FAKT Y AR b TR ERE AR K, AR A ILRE
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AR P 2B HEAKPY B R M B A, T vk T R A SR SR B3R B A MR TE AR T B3R R (0.01 < P
<0.05) , BRH 7EM X B/ R T R B A IE MR B o B & )R (0. 01 < P<0.05) , BEAMa 4 2 B W = B2 4
JRBEEMFER T EZRABE(P>0.05) (B 5) IR R A A REEY M & 54 1R E R A
—o XEMAWRERRERATLYA  JRETRER AR AR H AR AR, AR 2
Bk HAn 2 Fp TR R R

W HKE Ingap O #kPY Under canopy

B 2.0
52 ® gL
o 2o 10
R ®Q o5
70 =T
PA SK VB AL BD CA RG BF SS VU AA PA SK VB AL BD CA RG BF SS VU AA
HiFkh Species YiFh Species

B5 KEF 60a A LEEHMEAMALKE 11 MESKH B TREBEILE
Fig. 5 Comparison of upper epidermal thickness (UET) and low epidermal thickness (LET) of ten species plants grown in gap or under canopy in

the 60a coniferous plantation forest of Miyaluo

2.4 M PYEHISARAIE LB

FBGEH, WRAES B EHER T 2K TR HRURE (PT) . 10 MM YRS T 89 PT
WRTFEMP AR FI Y, H b AR =48 Bk 55 2 M IR T e Fh s 2 B34 7K F (0.01 < P<0.05),
HAR 8 FYA R B&KF(P<0.01) (5£2),

R2 KIEF 60a AT ZIZHRMETIRA & KT 10 F5R Y I PY R 30 5 M5 AE EL B2
Table 2 Comparison of leaf anatomical characters of ten broad-leaved plant species grown in gaps or under canopy in the 60a coniferous

plantation forest of Miyaluo

4R =4l HH= 4l BHRAENR HH= 40
Sﬁ:‘;e Hﬁi X ERF PT B PL R PW B ST PT/ST BE/ R Wﬁﬂi)%ﬁ
(jum) (um) (jum) (jum) PL/PW
pieH 7E#k SK e 7.00£1.05A 4.09+£0.24dA 1.25x0.06 5.10+0.85a 1.50x0.40 3.37 £0.25A 1~2
A 3.07£0.26B 2.76 £+0.36B 1.16+0.09 3.64+0.52b 0.92x+0.16 2.42+10.18B 1~2
HEr3ERK VB e 4.81 £0.12A 2.78 £0.09A 1.33+0.05a 3.05x0.51 1.68 £0.33 2.1510.08A 2
A 2.51£0.13B 2.4210.21B 1.45+0.01b 2.84 +0.36 0.91+£0.07 1.69x0.14B 1~2
BiEHE AL e 4.831+0.93a 4.8310.93a 1.16+0.08 4.20x0.39 1.17 £0.21a 4.23 £0.59a 1
A 3.07£0.31b 3.07+0.31b 1.16+0.07 4.57x0.35 0.69£0.05b 2.71 £0.23b 1
B /N8 BD e 7.1£0.74A 6.81 £0.53A 1.62x0.06 7.94+£0.45A 0.90x0.10A 4.48 £.41A 1
A 3.3910.51B 3.39+0.51B 1.66x0.14 6.07+£0.40B 0.57x0.07B 2.12 £0.31B 1
FEHT CA e 6.24 £0.41A 4.87 £0.10A 1.04x0.02 5.03+0.14A 1.27x0.02A 4.87 £0.17A 2
A 3.86+0.09B 3.72+0.20B 1.05x+0.03 4.55+0.01B 0.86+0.02B 3.60 £0.13B 1~2
WKIZ5EE RG e 5.5310.75A 4.95+1.22 1.21 £0.08 7.14 £1.28 0.78 £0.06a 4.65 £0.43A 1
A 3.30£0.29B 3.30+0.29 1.32+£0.02 5.50x0.71 0.63+0.05b 2.54 £0.20B 1
HE ALK BF e 5.4510.84A 3.34+0.36a 0.93x0.06 2.25+0.28 2.56 £0.11A 3.69 £0.41a 2
A 3.07£0.25B 2.68 +0.11b 0.95+0.03 2.421x0.36 1.37£0.26B 2.89 +0.15b 1~2
PYHRTE 3L SS e 6.851+0.50A 4.08 £2.09 2.01£0.16 7.02x1.40 1.00 £0.13A 2.17 £1.33a 2~3
A 3.60 £0.56B 2.44 £0.32 2.01 £0.07 6.53+10.33 0.56 £0.06B 1.26 £0.19b 1~2
ZEL3E VN e 4.83+0.48A 4.9410.42A 1.33+£0.05 4.8910.62 1.13£0.36 3.65 +0.44A 1
A 2.6210.31B 2.62+0.31B 1.33x0.12 3.82+0.93 0.72+£0.10 2.01 £0.16B 1
=REKEHE AA e 4.40 £0.39a 4.1210.35a 1.34+£0.03 4.2310.95 1.15+£0.10A 3.1510.27a 1
A 3.30+£0.24b 3.2110.12b 1.35+0.15 4.04+£0.45 0.86 £0.16B 2.48 +£0.16b 1

B UP-39ME + iREEFRIR ,n =3 Data showed above is means + SD, n =3 RMEYKF —WIFEARERPHEEZRBE(0.01<P<
0.05) AARR/NE ZRIRE , Z2RR B3 (P<0.01) AR AE FH4rH Different small letters significant difference of same parameter among same
species under different habitats(0.01 < P<<0.05), as different capital letters significant extremely significant different( P<0.01) ; F[7] the same below
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7 R AR RAR R (ST) R AR P ILEEZR , NEEHBH B/ BRI a8l T1E
ARE A R RAR(P<0.05) (K 2),

LB BT SAR P 10 b A 4 B M e AR 4 4R 5 g 4 A SR R L (PT/ST) 2 BRI T R 354 o —
BRI E P AR A PT/ST KTARNES, b 7 fiE Y R PT/ST EWMER T ER B
& B BE (P<0.05) , ME R B H MK B 3638 R BB T B9 R M ek S T R = B @& 14 (P >0.05)
(%2),

BT A B, BH TR A Sk A aM T BB A LR IR ZE 5 Ry e RE W H R ()
RAREEN 2 RRE T2 R) , BEREERNERKH AR ARNEZEBERNERET 21 ~2 R, H8
B SeApR R MM A AR SUR TR 4 A A, A 4 R B TR B A R S e USRS 40 M B TR, O
WHEA AR B VTR I/ FEREAT TIE AT . Z2R3RM, 10 AR S N ALY AR 20 e AR T AR SR T 2
B TEAR N AR SR R, (B PR AR T M A 08 22 e A AR, ELMR T w2 A R DR 240 O 8/ SEJRE Y L
B (2.01 £0.16) ~ (4.87 £0.41) A% MKAAESE P HN Y Z L ETEEAE(1.26 £0.19) ~ (3.60 £0.13)
Il BEUAR Bt 10 FhAKT MY R A SR P I A I AR R KIE , ERHIERFERE TR A
AP BB KB A ok ar 554 a7y T B 20 e T ASR M A al e e (e ) A T e
BUAS BRI ISR E R, REYN T AEREN ™ , BERBITH, AR LIHAM T R
MR ERIY, HAGER BN BERE DA TR B 50645, XM R BCE —EH A T Hot AR+
SRR AR B BN, A TR — PR R I

Z#%( Picea asperata Mast. ) J& T H &4 HF , K F SAA R TR HEY . =2 A RITEAEE ,
PITLHA B B S R S W AR R 4k, T 2 MR 20 MO T 4 R, P IR e B RS, 2R AR
BEMFESETARFR N BEZR (B S) BEAFER T a2 A BEHSARE B HEM, TEMN
M EEEH S M R (R 3) , WAERE P, s EREY, R 5 ELHB BN E
P

®3 KIF 60a AT HREAMKNE KB ZLHE M RS SHRRELR
Table 3 Comparison of leaf anatomical characters of Picea asperata M. seedling grown in gaps or under canopy in the 60a coniferous plantation
forest of Miyaluo
Y1 Species A2 33 Habitat HEHLAEE PT MEHREE ST
Tk P. asperata HE 11.91 £0.51a 12.60 +.99a
A 9.15x1.02b 9.63+1.27b

2.5 MRS RIE R B

TSR BN /N RT USRS A % R IR R FR BE RSB RE B H 0 T R BRgT i i S AL B A
GiH%F 12 NSRRI T BN - PT > PT/ST > LMA > WHE A M=%/ S8/ > W2 4w % > SD > LT >
ST>UET > LET > SL > WH=AE 50 % (R 4) o HAPETHEIS S PT.PT/ST . LMA W 40 i 0/
TERE MR R X 5 MHIESE 5 R S YU B X, Sl LB IR AR b at, M B AR T
TR S AP R K SRS HORE NI 5 TR LA MR R FS B WA/, A S AR RE
/NEEEEHLR) BIRMIES HO0 5 RO A SR 18 D BE D X 55

BE— 2270 LA 10 7o i AR i) VT BB R/ N R B, BRHT AR MK B/ INVERE VT3 LUK 2R M ST B
WEREL B ALK AR T BB =48 BkcaR5E i T 28 A8 Bk s/ (B TR Z MR HRF R, =
A h T BETES ST EMILE) (R 4) o HPaBEHENE R B H B ERN8E B LA E
JE ;s T BN B EE R A1 LR LR AR =8 K 558 Dy TR BT B 5 KT 2R (M IR R R Tt
Bifh, AT E TP EAKF. UF | BEStHEY a2 #-F i EE S 85, {08 0. 196, FHit
AT, BRAEM TSN, AR 9 iR YR A SR B FIE RN S HE R R A &
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F4 KIF 60a ATZZHMETIRAEKE 10 BN EW R ST 8T8 b
Table 4 Comparison plasticity index of leaf characters of ten broad-leaved plant species grown in gaps or under canopy in the 60a coniferous

plantation forest of Miyaluo

Y% Species SK BD VN RG VB SS BF CA AL AA ;I[z ﬁ
WHEAR B PT 0.56 0.52 0.46 0.40 0.48 0.47 0.4 0.38 0.36 0.25 0.432
PT/ST 0.39 0.37 0.36 0.19 0.46 0.4 0.46 0.32 0.41 0.25 0.365
HE LMA 0.41 0.37 0.49 0.40 0.39 0.23 0.38 0.30 0.27 0.30 0.354
WMEAREE/ g PL/PW  0.28 0.53 0.45 0.45 0.21 0.42 0.22 0.26 0.36 0.21 0.339
WHEGIE E PL 0.33 0.50 0.47 0.33 0.13 0.40 0.20 0.24 0.36 0.22 0.318
KILEE SD 0.34 0.01 0.11 0.31 0.61 0.30 0.45 0.39 0.14 0.21 0.287
R EE LT 0.39 0.32 0.25 0.29 0.25 0.22 0.20 0.19 0.12 0.12 0.235
BHANBEE ST 0.28 0.24 0.22 0.23 0.07 0.07 0.07 0.10 0.08 0.04 0.14

L RERERE UET 0.22 0.11 0.16 0.21 0.06 0.09 0.08 0.10 0.03 0.1 0.116
TREMREE LET 0.19 0.13 0 0.04 0 0.06 0.09 0.01 0.05 0.04 0.061
KILKEZESL 0.09 0.04 0.07 0.01 0.03 0.03 0.02 0.05 0.12 0.08 0.054
WM E PW 0.07 0.02 0 0.08 0.08 0 0.02 0.01 0 0.01 0.029
SEHHE Mean 0.296 0.263 0.253 0.245 0.231 0.228 0.219 0.196 0.192 0.153  0.228

PA. P. asperata; SK:S. koehneana; VB.V. Betulifoium; AL:A. laxiflorum; BD.B. dasystachya; CA.C. adpressus; RG:R. glaciale; BF.B.
flavescens; SS:S. stans; VN.V. unijuga; AA:A. ageratoide. s.

3 whigFgig

BANTIRRN, AEREENSEEN/ER RS AT OLRBR RN, AP krm%
SRR BRI 2 B 2 R AR OB BRESGE AP , X AL R BB S £ 8
ZHHF. RE, FFHESETEFAENRE . K ZREESEHEEFRKEEZR, BXLERH
BRBCRRE TOLRBE AR LHER AN, U AHREREHOEYI 5 85X LOGR R 4 £ 31E
FRRIAS[E] A BER 38 DL o
3.1 BANEELEHER YR 5 858 D

AT P8 W LU TARY 10 FFAR T R B S50 B & R SRILETE 12 NSE0ET T ERM
ST, SRFW A KENRE LR TSR ERR I AR A 5 8RB L3 A2 2R B Rt 4
M/ K, I T BA AR E R YR 3 Besd o Fo - 28 M 20 29 5 P R0 AT A 40 R T2 IR f e 2 R 8
AERDEAESE, B U o i H 2R B R 4T IR 7T BE R R B4R (R R g 2 X )
BN REARRZ —, TS5 TN E SELBWEREXRZAE,

Ak, 2 ER I R B AR R B L PT/ST M 7 BB . 3R AR R B S AL 26 B AR AR A B AR A i iy
B TEARN A P B RN A S B ECRHAR F i Yk S8 ok i 8 8 & oA R R . s e
B, M40 RS i B TE PR AR SR i 2 R YRR B B E KT, AR 4 B BB B T B R RB A S K
FAREWER TS, i PT/ST EWRAER TN ER B BE KT, PR EL LR EWNE R K fEE
BEKF. MERBERP LREBEFERSAREREEEFNYRZ A ECREIFA—B.

HH I BB AR 5T H BRI R AR SR TE N R e | RO S, EOR MR E S M AR
JE A 40 e S o3 A (R B 6 A B, R B T B R 2 R 9 35 PT/ST S5k E BB AE 55 5 B R B ok
PEA [E R P , AR e TR LM B R A R R 4 TR IR R 16 DA [F] B AR 5%, 2 Bt [R) — B %
H &Rt B AR SRR RS M
3.2 MYELFEESTEERXR

GAM FTER G ERIVRES 12 H2¥0RE , AR P& YFEH BTN SHE SERF TR
AYIA, B ENCFPBEHAEK RN RSSO BB , BT AR vk | 255 Rotent kR, 3
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Bl6 St¥BMET 11 MEyH b @RS E A ( x1200)
Fig. 6 The metallograghes of leaves anatomical characteristics of 11 species( x 1200)
L: vK)IZRBE(ARET) 5 2. IR (AR 5 3: MEAILFRORE); 4: HEFILROERA) ; 5. BIRRL(HRE) ; 6: BHRREHKRA); 7:
SBIKEFERE) ; 8: ZREKEIE (PR ; 9: BERVMRE(HRE) ; 10: AB/PMRRA) ; 11: BLREME) ; 12: BLROGEA); 13: &
FEROPRE) ; 14 TAEMOPRA) 5 15: R T(RE) ; 16 FEMT OWRA) 5 17: BEHIERK(HRE ) 5 18 BEHIEMOPRPT) 5 19: #EH-3E%
(WRET) 5 20 HEMIEHE (FRA) 5 21 TRE(HRE) ;22: TR (FHRK)
1: R. glaciale(in gap) ; 2: R. glaciale (under canopy) ; 3: B. flavescens(in gap) ; 4: B. flavescens(under canopy) ; 5;: S. stans(in gap); 6 S.

stans(under canopy) ; 7: A. ageratoides (in gap); 8: A. ageratoides (under canopy); 9: B. dasystachya (in gap); 10. B. dasystachya (under
canopy) ; 11: V. unijuga(in gap); 12: V. unijuga (under canopy); 13: A. laxiflorum (in gap) 14: A. laxiflorum (under canopy); 15;: C.
adpressus (in gap) ; 16 C. adpressus(under canopy) 17: S. koehneana(in gap); 18: S. koehneana(under canopy) ; 19: V. betulifoium(in gap) ;
20 V. betulifoium(under canopy) ; 21; P. asperata(in gap) ; 22; P. asperata(under canopy)
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R AR T AL B =R KRS T B R/ . AP R SRS S AR, B
SMARAF T BE T BOUEY) MU BEARY) B S8 B T B X — WL, B3 B VT BB R T 3 O BRI AR AL B
1T R B LR A R SERIEE RIS . AT R TR T B, O I BRI R (R
4) ENX T BB S ZYME AR AESA X, RAAEEN YRR B E T M F Ko SR Sk M ROt R
AR,

PIREGRER, &S8P PT,LMA,PT/ST MV 240 o 5 58/ 5 8 L AP 40 M w5 2 P 3% W7 P 4 K, UET
LET.SD\SL % Z ¥ B/, Horp PT\PT/ ST HIHAS 40 Ja 1o JEE/ 96 B8 AV 200 i s S8 L R AL DB B AR
WA SEE AR , i UETLET .SDSL R T A6 B S5 B9 A= SEE R AE Ty , b MU A M A SE BRI O L A 2
JEA DU R E LA R B Y65 , A6t A 4 U 7 ROt A SRR TE R RE ) AT B8

FEEASH R TERSHOLM ' (LMA) TR, KR BE AR &4 T b 3 7 4 22 57 9 45 1 60
ETFIA B BREERL o ARG, SARP RS A KR e ZEARE T A ART R A R 41 4
JRERA (R 2) , MRS E R (18 6) , Mg 4 R K B A MR B AR A B, o R BA 4B 0k
BERGMEME AL BN A M EREEUHRERRR,

3.3 4k

ALEAZYHE BEREE, W FEKREB K 60a N T2 2 FARF A58 (A& AP ) B9 11 F
YL B R RS RILE S S RTS8 00T, YO B R LR R E LR AR S ) 22—
TEFRE b XA F YRR RA B FEREN M, BA Y £ ZE S AR M b A G RE A R D6 A 58, HE B AE
TR FPNEHENR RS E .
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