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Abstract; The relationship between light conditions and saplings’ functional traits is of great ecological significance to the
regeneration and succession of natural forests. In order to reveal the relationship between canopy structure and understory
light, as well as the response of undergrowth saplings’ functional traits to the light, we investigated three natural evergreen
broad-leaved forests of different ages ( young forest, middle-aged forest, old-growth forest) in the Nanling Mountains of
Guangdong Provinces. The results showed that: (1) The leaf area index of the middle-aged forest was significantly higher
than that of the young and old-growth forests (P<0.05). Canopy openness and light transmittance gradually decreased with
increasing forest age. Light transmittance, R/FR (red/far-red ratio of light) and Bw/Rw ( broadband-blue/broadband-red
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ratio of light) of evergreen broad-leaved forests significantly differed among forest sets (P<0.001). (2) A significant
correlation existed between light transmittance and light quality in natural evergreen broad-leaved forests ( P<0.001). As
light transmittance increased, R/FR increased while Bw/Rw decreased. (3) The functional traits of undergrowth saplings
differed significantly among the different light environments ( P<0.05). In the old-growth forest, leaves of undergrowth
saplings had higher nitrogen content and were less overlapped than that of the young forest. (4) In the experimental plots,
the changes of R/FR and Bw/Rw showed no significant effect on the height-diameter ratio and photosynthesis of understory
plants, while the light intensity greatly influenced the maximum net photosynthetic rate of the same species. In general,
structural differences in canopies and the light environment across the three forests can explain the variation in the functional
traits of saplings to some extent, which may facilitate an understanding of the influence of light on understory sapling

regeneration, and provide guidance for natural vegetation restoration and forest management.
Key Words: light quality; canopy openness; forest age
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Table 1 Characteristics of the experimental plant plots
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Forest Forest Geographic Altitude/ Slope/(°) Aspect Average Stand density/
type age/a coordinates fudesm ope spee DBH/cm (#k/m?)
YF 30 N24°39'11.7",E113°52'35.7" 550 32 eIt 7.32 0.57+0.044a
MF 50—60  N24°42'28.6",E113°50'08.0" 250 30 At 9.45 0.18x0.019b
OF >100 N24°42'01.7",E113°54'28.8" 480 34 [kl rEld 6.35 0.46+0.061a
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ANOVA) MIZE AL, XTI 2 AFHIEE, R Welch’s ANOVA Z3#7, 45 5 H 4% ] Games—Howell , F1J
HeA BT version 4.1.1 BAE HEEAHESEL, originPro 9.0 FAFAER
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Table 2 Woody plant composition and importance values in forests with different ages

T+ AKJZ Tree layer H#EAKJZ Shrub layer

T4 Species

YF MF OF YF MF OF
B HiHE Castanopsis fissa 18.98 7.12 19.11 7.02
2K Cunninghamia lanceolata 9.86 9.98
% #Hli Diospyros morrisiana 9.30 9.43
ZAEAEHY Rhododendron cavaleriei 5.03 3.99 5.12
Kk Castanopsis carlesii 4.39 4.84 4.47 4.66 3.79
FEFHE Castanopsis lamontii 3.84
AEYAHR Machilus chinensis 3.85
I A IAAE Machilus kwangtungensis 3.38 3.45
#E Castanopsis chinensis 23.18 22.54
LM Ormosia hosiei 9.09 9.32
BAF Cinnamomum burmanni 7.76 7.50
¥ %€ Diplospora dubia 6.86 6.63
AT Schima superba 6.46 6.03 6.22 5.88
1148 Lindera reflexa 6.26 6.75 6.05 6.56
AT Engelhardtia roxburghiana 5.82
BSANB Neolitsea chuii 4.77 4.60
B PEHE Castanopsis fabri 15.99 15.88
BRI Itea chinensis 4.10

B EE/NT 10% 595

32 RIFARE R TIRAEH 5 T I
TSN 3 IR , MR 207250 HT 90 M IE  RSEEAF B P RS SO R R B i B A
R(P<0.05) . HHHRARETFERLI, I FTBUESUR T, SRR 2 b 2 LA 201,

£3 TR EREAM KBRS LR

Table 3 Comparisons of the structure of evergreen broad-leaved forests with different ages

M53 Forest type MIEFFE Canopy openness/ % T FAFE 2L Leaf area index
YF 6.3276+0.164a 3.4742+0.070b
MF 5.7496+0.153b 3.7091+0.063a
OF 6.2265+0.276a 3.3968+0.048b
14 0.021 0.001

NEVNG FRHR R T B P<0.05; B MEAC R T2 b5 iR
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Fig.3 The relationship between transmittance and Bw/Rw in age gradient forests

4522 R ¥ O 40 %
Shiak Ak Hikbk
1.8 - B 1.8 _ 1.8 _
e y=0.077In(x) + 0.823 e b y=0074In(x) + 0872 | y=0.106In(x) + 0.805
Lal R2=0.155 Lal R2=0.106 14 R2=0.169
0l P <0.001 0al P <0.001 02 P <0.001 w
1.0 =
0.8
B o . 0.6
5 0. 043 . 0.4
5 0. 02 * 0.2
&) 0 ! | 0 L |
5 0 0.5 1.0 0.5 1.0
;E} 1.8 y=0.016In(x) + 0.495 L8 y=0.079In(x)+0.703 18 3 =0.114In(x) + 0.643
2 T R =0.002 161 R =0.051 16 2-0.197
A 05 [ P<0.001 ol P<0.001 L4 P<0.001
10| . e 10
0.8 LI 1 W 0.8 |-
06 F ét‘:-».:s'. e 06
04 09° .0 a0 o, “ee 04 -
02 ‘.t" '. 02k
0 ‘ 0
0 0.5 1.0 0
% Y63 Light transmittance
B2 HiEETENREES R/FR ZEHNX R
Fig.2 The relationship between light transmittance and R/FR in age gradient forests
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Fig.4 Differences of understory saplings functional traits under different light environments

YF, 43 HK young forest; MF, HiE Kk middle-aged forest; OF, ##&HK old-growth forest

FEIRBE ST 1A AR, B8 d S e T I R A X iy e 1y ol

3ABIFEARFIGIAEE T P, -PAR HIZE M R IR R AR AR L, DFERE P,-PAR HIZe 1 S RAE ARG
WEE T Bon MR 22 5  7E [R5 PAR B P AERIUA D> rpib bR> ik pk, Hor, P {ELTE il MR & i
M2 AU HE P -PAR IR R IREAFDEIAEE T o IR R 22 5 76 W55 PAR B P HR I N #
B RS IS RS LIS M AR Fif P, -PAR MR AE AR RIS FIE W25 5% 0 3 /MR ISP (R, FOGI AN
ML) TEARFEDEAEE TR E 25, DI i KGR (P, ) TEARFRIJEHEE A B 25 (P<
0.05) , PAERAESIIBMAR T P, {HER K, N 5.958+1.001 , MTHELEZIBMART P, KN :5.924£0.796, &

http ; //www.ecologica.cn



&
H

4524 2 SO Eire 40 %

TTHY P, FEAFEDEI S 0 #2255

10 WAtk Cinnamomum pauciflorum 10 #E Castanopsis chinensis
9 9
8 8
7 7
6 I
5 5 ] =" . o .
4 4 IID' ?___*:r ....... hee ¥ ¥ X I :
wi
~ 3 3 % M
K 2 |7
_S 1 1
g 0 0 ' ' ' . . . . . . !
3
< | { 200 400 600 800 1000 1200 1400 1600 1800 1 200 400 600 800 1000 1200 1400 1600 1800
QS - -1 L
% B ATHERYT PAR/ (umol m™ 57
® 7
o KA Schima superb
ip
R 6
&
5 [ =]
4 —O— bk
N e B e T S R
- - 0O- - Zi#Hk
2
1
0 " " " " " " " " " J
1; 200 400 600 800 1000 1200 1400 1600 1800
-1

6B RS PAR/ (umol m™2 s7")

B 5 ARESLINET D MR S 0m AT 2
Fig.5 The response curves of net photosynthetic rate to light intensity of Cinnamomum pauciflorum  Castanopsis chinensis and Schima

superba in different light environments

4 itig

4.1 SEREH ST IR R

A X TSR S R OR35S 6 IR B RRAE A T AF 5% 1T 240, Wit o MR 1 18 0 , Akt
JE IR SEi /b 5 BN, b T AR BRI R SIS 08 B R R A MRS B KR TR AL, R/FR L B
TRBEACA S, Bw/Rw W BIRE IS, LAEMOE - SER SRR 00T, AR B S I b Mo J 2 &5 44 o
T CIREE R, — R e 5 R T ORIRBERAE . A W5 % BU . BE 2 MRS A 38, AR 5eE T A
LU/ N B T R A AR B BRI ST 2 SRR A, AR ORI AR A R AR A,
MIEFF BN 5.75% , M HTRRER B Ko 3.71, %G EERBE R, PRI LAR T 6 RRAR S | B R eIk, i 21 T
LI PRB BEAR A BE RSN, i AR RO D, X T RES TR AT TRE B A I RS T i R B BEAT O, BOAN T A
T ARAN TR AR 7 A2 i TR S R 5% it A AR T A J2 T AR 45 2 o T 4l R A Bk

MBI ST W, BRpR e 2 I T RS B 38 KRB 5 R M B RM F R AR 9T 245 5 /R B e R 5t
T FRFEEU AR AR I A — B, & 08 MR 23 i 1T AR UK T i AR, F2: 8 6 AN T i Ak, LB A 1K
0.328 ,3X 1 fE A2 R Sk S 08 MR BRI A i 30 24 5 300 P DR O JRim B 1K, 22406 B B AR, MR i D R S B I
TR MR A AS AR R R BRI TR 22 5 B (B 1)

W E AU, 52 7 A A R AR E, A B 5 )2 T T R BH A G 1 A %) 1 43 o AR X
B, [RIIF2T 7, (650—700nm ) B0 88 i, 182156 (700—750nm ) B W34 hnt* o I HAK TG BEsR i & & 20

http ; //www.ecologica.cn



13 4 HRIF A AR B KRN Lk B AR T SRR AT 4 S BE PR A 4525

6, GRS A E S E LML FRATI R Z AR R/FR FLE I SR T 408K, & 8 Ry i Rk e
EL4H s MR JIIS AT , 5 2 X6 21 ) WRSORE G T4 s i 20 2 HLIB S T 234100 . Ak Bw/Rw L {E I
T 1R 70 N T = R 17 ¥ o NN N 011455 (A B 8 WA T ) = I A o S5yl N 0 K 7 SR 3
MO T Y 5 17 D PT B P MORE LR 2% B (0. 18 #R/m?®) &I T4l ORI IS MRET B, 35 A PR 2% e e 1%
AR R/ZFRY RL, B AAFIZ AR 5 R/ZFR HEAR AR, 25 LTk, RARMOR )2 S5 e AR KRR RE 1 Xt
MRS A A R i RS EOR MORE T BE AR AR AR T O RS BB SS , R/FR BRAIK, Bw/Rw B

TEXITHEGEH B S R/FR Z AW 3 IEAHE (P<0.001) ,3X 5 Leuchner F1 Menzel 252 it 7 [ 15 35

Al 2 A2- 1 BRRIRASARIE G R/FR MIRFSE — 2, BEE BECRIGMLE S g £, 38 TR & R/FR
B, BEEFM R/FR ZR A FRAEH Z 2, IR B LA E . Leuchner ¥4 T 45 T XU 25 R BOK i 1 iR
R MOBEIGHR A R/FR Z AR, HaBEX) R/FR B BEEAE 80% /- 47 ; Caper Fl1 Chazdon 2 1 7 —
o3 0 i P BRI R/FR R IPA B 56ROk TR &3 5 R/FR Z I SC R 2 X 80, B
BRI BL B A RECE K 97% . ARFREER T IENE S R/FR ZH X R WAFEXEREOCR AR T2
i R I 2 B R ARG R AR AL S5 | o5 R AT BB KRR I3 20 S A BN T OB A S S . AR A5 R R ]
#EIHE Bw/Rw Z IR 3 A C (P<0.001) o EISMEE X 242 5 Z R IR 9E /R G R 54040 T
I 25 A B Y6 B8R 3 D 559 , AR 16 o7 AR T2 i ) M 51 T Bw/Rw ELAEL A3 i, A= SCAY
FELE I R TCIE G KA S PR, I 3RHE AR S I GE E R AR F A 255 S Bw/Rw (381,

CEARF b2 T RS B RIS R I, A B BOE R N 23 Bl 3 MOs B S 2 AR . AR
IS 5 R A5t A S AR AR BT , 15 6 FR A 2 B W IRl AR 206 R b Hos b | i
2106 IS 2 S8 R/FR B O A7 UL IS R, T30 Bw/Rw B4, RERARIBE G5 06 I 2 (A7 A 1 2%
AR R (HEA R —

4.2 T SRS AS [) 6 ER 5 114 1 iy

AR ZIPARE X AR Ao B S RO I 9 ) R A7 A 25 5, R 203 0 i R D BB MR AIE RO A A AR 1 AN 7]
e sEH,

LRI G B EE R B AR T A AR, T I AR E IR MR T 408 LNC 8 35 5 T4 pk . 4l pk
AT GRS T2 AR S i e 1y i i B S ROk s R DGR, BUR S Z 066774, B ARAR T S
TG BB FE BRI, SRR ety S R R R I, RGBS B I TR 224 45, LNC R K
JE EYeE THIYIREARES ™ BT 2 m a3 e T i AR S BRI E o AR i
HA BRI TR FFRE T FIIN R T o MIAELNIRAREDCIR PR T AR S A] R ] TR 2 B4R o T
PP L DA 1 e T 45 At BE G K 0 3 R B BR AR SR ke it 2 RS A B A, RS
FIST AR BERL], RO 2 AR A B RN, G IR T AL A AR QA LA AR A A, A KR
RS AR (R A1 AN Hl , JEORR I B SRR E AT A A 0 i R | BB A TS 32 T 1 AR 58 AL 7 X
FRIE AT REXT HOG AR = AE — 2 O Rg M, FRATT 38 A X S [R) MRS 6 B T S ol ( A A6 i FNAC AT ) Sl i iz
MR AT I, EATEARRDGIREE T B RO G R A W3 22 7, FEZ IR AR 5om , 3
BT RN 0RO R R P RS b B B 0GB BB T, A 9 1% i D3V A ' R i B 5 55 ) PR v
BAB MGG R, B T R AR AN R A 6 BSR4 T O G BRI .

R FCEREE (14 m AR IR v 5 D RE MRy 1T, 7E BRI 285 T A W o7« AR T S50 BE  , 200k
FIHE YR | S 2T GRS AR AE 5 A A BRI 8 & A Y R/FR Ak 2 A2 ffi A P A i A= 1 1
ATIGE A ) =A% EUAEARE R B T 25 5 N 0 3 T RB 2 PR R AR M 35 2 24 A e 4%t & 2 B LA R 3R
(CAnJATE YRR FARREE ) BRI

BN TERIRH Sk A MR MRS B SR R T, AT g i 5 3 & SR LNC B % B (90855 , &
FF/D  LNC B, AR G T REPERIR (AR fb 22 RGBSR I (52 . BLAh , bR S R e 64 m 18 T

http ; //www.ecologica.cn



4526 JAE = 40 %

BT AR XU OGE AR TR RS2 OGBS AAE S R SRR S
5 #ig

2 X i 0 XIS R AR R I MOMRERS B FEE T it J2 285 4 MR SRR FIAR T 2 Tl e R i o, FRAT1 %
IR I 25 PR 110380, 2 A A L O S I A R it 3840, ARSI 22 0/ 5 PRI A6 B ' R B 88 R G S
T — 5 BIZE 5 O BRRE Al A A5 AR R 65 b & A T 384k, 40 R ek /b, I 41 631 22, R/FR {E %
I, Bw/Rw 34001, B CERGTT LG Z A o 2 A0 OGO 3R (ELUR 3 G 38 0 T 9 A e R BEARAIR, wT B2 R R 3%
AT 1 2 R SRR N TR IS 18 o0 167 B A TR S bR, ' B 32 1% 0l 553 (A5 AR T 4 v 3 28 ol /b LNC 3
%, R/FR Hl Bw/Rw HZRAEXTART 24 1) =i 428 L O S8 3 52

25 LT ANl AR B BE 602 25 R FIUAR T SRR LA 25 Sk S — e R g AR A i A K
AR, il X e 2 S5 F AR T YCEREE A 5% , 78 B TR AT AR T 2l o RE MR 48 A 9 25 S0 DA
SRR ARG T T AL SR LA 14 35 b SR W B AR 1) R I SRS . X T AR R S B A
A ARt A A AR, IR R BRI R A K A B8 UL SRR AR AE S R 1 nT
S AR ML AT SR A PSR

52 3L HR ( References)

[ 1] ZiEa, i E. ZRAMOEIRS5 0 5T RE MO = AU S ik Jig. Ml AT e, 2004, 17(3) : 12-16.

[2] WM, spkke, 2B, DHE—. REDCIRE T IR 5 20 R FIE e -0 R 4l i i R S RDG A A AR AE. £ 255440, 2008,
28(7) : 3262-3270.

[ 3] Chazdon R L. Sunflecks and their importance to forest understorey plants. Advances in Ecological Research, 1988, 18 1-63.
de Freitas C R, Enright N J. Microclimatic differences between and within canopy gaps in a temperate rainforest. International Journal of
Biometeorology, 1995, 38(4) . 188-193.

[ 5] Press M C, Brow N D, Barker M G, Zipperlen S W. Photosynthetic responses to light in tropical rain forest tree seedlings//Swaine M D, ed. The
Ecology of Tropical Forest Tree Seedlings. Paris: UNESCO Paris and The Parthenon Publishing Group, 1996: 41-58.

[ 6] Downs R J. Light and Plants; A Series of Experiments Demonstrating Light Effects on Seed Germination, Plant Growth, and Plant Development.
Washington: Agricultural Research Service, 1961.

[ 7] Lieffers V J, Messier C, Stadt K J, Gendron F, Comeau P G. Predicting and managing light in the understory of boreal forests. Canadian Journal of
Forest Research, 1999, 29(6) ; 796-811.

[ 8] Montgomery R A, Chazdon R L. Forest structure, canopy architecture, and light transmittance in tropical wet forests. Ecology, 2001, 82(10) :
2707-2718.

[9] Mejia-Dominguez N R, Meave J A, Dfaz-Avalos C. Spatial structure of the abiotic environment and its association with sapling community structure
and dynamics in a cloud forest. International Journal of Biometeorology, 2012, 56(2) . 305-318.

[10] DXARv, Jhaise. WAL E St AR B A TG S Z 4 ST BN, A2, 2012, 32(18) : 5637-5645.

(1] AT ol W SR bR 2 25 S HOL PR E[ D] FF5FIAZR . FFFFIRR R, 2015,

[12] R, MW, G, e, B/NEE, 2203 M, XD, IMICES. ORI LIAR AN CAOE FOLFREERMIE 52 450, B mtpkoll R
4 AP, 2014, 38(2) : 169-174.

[13] ZhuJJ, Matsuzaki T, Lee F Q, Gonda Y. Effect of gap size created by thinning on seedling emergency, survival and establishment in a coastal pine
forest. Forest Ecology and Management, 2003, 182(1/3) . 339-354.

[14] #EAEE, BMbl, TR, k3, BI5HT, TR BRI ARG XIS )2 4540 5 30 SR, PEAEMABerdi, 2015, 30(4) .

45-49.
[15] #4b, Bt R, KA, SKETT, WTE, KRB ST ARMBEE M Z M ST OEFREE R ZR. g Rk B R 222240, 2019, 39(9) :
53-58.

[16] Wassink E C, Stolwijk J A J. Effects of light quality on plant growth. Annual Review of Plant Physiology, 1956, 7(1) ; 373-400.

[17] Dengel S, Grace J, MacArthur A. Transmissivity of solar radiation within a Picea sitchensis stand under various sky conditions. Biogeosciences,
2015, 12(14) . 4195-4207.

[18] Perot T, Marell A, Korboulewsky N, Seigner V, Balandier P. Modeling and predicting solar radiation transmittance in mixed forests at a within-
stand scale from tree species basal area. Forest Ecology and Management, 2017, 390, 127-136.

[19] Bellow J G. The overstory book; cultivating connections with trees. Elevitch, C., Wilkinson, K. (Editors). Agroforestry Systems, 2002, 54(3) ;
245-247.

[20] Leuchner M, Menzel A, Werner H. Quantifying the relationship between light quality and light availability at different phenological stages within a
mature mixed forest. Agricultural and Forest Meteorology, 2007, 142(1) . 35-44.

http ; //www.ecologica.cn



13 4 HRIF A AR B KRN Lk B AR T SRR AT 4 S BE PR A 4527

[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]

[30]

[31]
[32]

[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]

[44]

[45]
[46]

[47]
[48]
[49]
[50]

[51]

[52]

Hertel C, Leuchner M, Menzel A. Vertical variability of spectral ratios in a mature mixed forest stand. Agricultural and Forest Meteorology, 2011,
151(8) : 1096-1105.

XIS, HhyeF. MY REMOIRII T e, hEBLE . A arBles, 2015, 45(4) ; 325-339.

ARSRE ) SRAR, BOHE, TRk VERCSAEET ST DI RETERIT R KB BE I B AL, A TS, 2012, 36(2) ¢ 136-143.

FEEN, BHF, XA, T8 ARDERIR T 6 i xR di i py i shag k. ol Rk, 2012, 48(11) ; 23-29.

R, XUHHER, K&, AR ARG BTN R 4l v A R A AR 2 . T AR, 2005, 32(3) : 420-425.

HEEE, KT, RGN, RO, W, XA, AN [RGB X B0 SHOBURN 2 i 4 B A I R AR BRI L [ 2R 4R, 2009, 36
(5): 663-670.

Johkan M, Shoji K, Goto F, Hashida S N, Yoshihara T. Blue light-emitting diode light irradiation of seedlings improves seedling quality and growth
after transplanting in red leaf lettuce. HortScience, 2010, 45(12) . 1809-1814.

Yorio N C, Goins G D, Kagie H R, Wheeler R M, Sager J C. Improving spinach, radish, and lettuce growth under red light-emitting diodes
(LEDs) with blue light supplementation. HortScience, 2001, 36(2) ; 380-383.

Baraldi R, Rossi F, Facini O, Fasolo F, Rotondi A, Magli M, Nerozzi F. Light environment, growth and morphogenesis in a peach tree canopy.
Physiologia Plantarum, 1994, 91(2) . 339-345.

Beaudet M, Messier C. Variation in canopy openness and light transmission following selection cutting in northern hardwood stands: an assessment
based on hemispherical photographs. Agricultural and Forest Meteorology, 2002, 110(3) ; 217-228.

Fielder P, Comeau P. Construction and Testing of an Inexpensive PAR Sensor. British Columbia: Ministry of Forests Research Program, 2000.
Capers R S, Chazdon R L. Rapid assessment of understory light availability in a wet tropical forest. Agricultural and Forest Meteorology, 2004, 123
(3/4) . 177-185.

1 B EIERAT (5B =) . bt ERE A, 2000.

RAER, ¥, HIUA, T/ME SER KT X BRI AL B bR KOS T & it p s, 2R 2524, 2005, 25(5) ¢ 1159-1164.
HREAL, AVARSE, VLA, WAERE, RE, ERE. SBI0 3 FEA BB L C N P BUR RS, Pl R R AR, 2017, 25
(6) : 523-530.

BRE, BT R, WRE, T 0. KIS ARG & A SRR RO T B A S AL, aa kol B2, 2011, 40
(2): 13-20.

Ye Z P. A new model for relationship between irradiance and the rate of photosynthesis in Oryza sativa. Photosynthetica, 2007, 45(4) : 637-640.
TXE, e, 2SR, KGR b St R O R B BORESOLPR AR LA, A48 40, 2005, 25(11) ; 2862-2867.
BOERAL, WA, MPRUE, mIS%E, KON, BRIE, BREP. Sb)2 A R R IR Y I A AR Al S5 B AT AR RRAE A SE . N A A A
2018, 29(7) : 2129-2138.

I, ARRR, XD, R, RN AR IR T AL Y H K i 2 R0 5 AR RS RO OC &R. PU R AL R ik, 2017, 37
(6): 91-98.

PEZZIR. TR N TR S 20 0 A LR B A K i WFFE [ D] BRJRIE : ARJUMl R4, 2010.

TUNE, hakse, KA, ST, =M TG ISR S S EC S AR T ORI TR, 2011, 31(4) : 473-478.

Leuchner M, Hertel C, Menzel A. Spatial variability of photosynthetically active radiation in European beech and Norway spruce. Agricultural and
Forest Meteorology, 2011, 151(9) : 1226-1232.

Combes D, Sinoquet H, Varlet-Grancher C. Preliminary measurement and simulation of the spatial distribution of the Morphogenetically Active
Radiation (MAR) within an isolated tree canopy. Annals of Forest Science, 2000, 57(5) : 497-511.

ZEPRE, Thyi V. APREE R T A A A A R RO IR I R A, R AR SR, 2002, 26(S1) : 9-19.

Navratil M, Spunda V, Markova I, Janous D. Spectral composition of photosynthetically active radiation penetrating into a Norway spruce canopy :
the opposite dynamics of the blue/red spectral ratio during clear and overcast days. Trees, 2007, 21(3) : 311-320.

Casal J J, Sanchez R A, Deregibus V A. The effect of plant density on tillering: the involvement of R/FR ratio and the proportion of radiation
intercepted per plant. Environmental and Experimental Botany, 1986, 26(4) : 365-371.

SRS, S, Rk, KR, M AR 16 FORAAE Y L AR IESEUN AR EOCR, Sl R AR 2R, 2009, 17(4) ¢
395-400.

B, VNG, 2B MY AR E TR A BA R, AR, 1998, 17(2) : 37-42.

TRAR, B RAF. AEW A5 i AR DGR B AR 22 P T R . A A A5, 2004, 28(6) : 844-852.

Ammer C. Growth and biomass partitioning of Fagus sylvatica L. and Quercus robur L. seedlings in response to shading and small changes in the R/
FR-ratio of radiation. Annals of Forest Science, 2003, 60(2) . 163-171.

FRAEWR, EFg, A, P, XIS, Xy, SAEBEXHDARMRA AR KA. TR IXHISE, 2013, 30(6) : 1049-1055.

http ; //www.ecologica.cn



