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Abstract: The purpose of this study is to explore the survival strategy of Phoebe bournei seedlings in natural communities
under extremely low light environment. Two-year-old seedlings of P. bournei were used as experimental materials. Leaf
morphology, anatomical structure and photosynthetic physiological characteristics of P. bournei seedlings were measured by
simulating different light environments (100%, 35% and 10% light transmittance) , and to explore the internal relationship
between seedling morphology, physiological plasticity and light adaptation. The results were as follows: (1) The leaf length,
leaf width, leaf area and specific leaf area (SLA) of seedlings increased with the decrease of light intensity. The leaf
thickness, palisade tissue thickness, spongy tissue thickness and palisade/spongy (palisade tissue thickness/spongy tissue
thickness) of 10% light transmittance were the minimum. (2) The net photosynthetic rate (P, ), stomatal conductance
(G,), transpiration rate (T,), light utilization efficiency (LUE), photochemical quenching coefficient (g, ), non
photochemical quenching coefficient ( NPQ ), effective photosynthetic quantum yield ( F,'/F ') and potential
photochemical efficiency (F,/F,) of photosystem Il of 35% light transmittance were significantly higher than those of 100%
and 10% light transmittances. (3) Chlorophyll a, chlorophyll b, carotenoids, total chlorophyll and maximal photochemical
efficiency (F,/F, ) all increased with the decrease of light intensity, but chlorophyll a/b decreased with the decrease of
light intensity. (4) The phenotypic plasticity indexes of seedling structure and physiology showed that photosynthetic
pigment content characteristics > morphological characteristics > photosynthetic characteristics > anatomical structure
characteristics > chlorophyll fluorescence parameter characteristics, among which, the phenotypic plasticity indexes of leaf
area, SLA, P,, G, , LUE and photosynthetic pigment content ranged from 0.455 to 0.755. To sum up, P. bournei seedlings
are not suitable to grow under full light, and perform well under about 35% light transmittance; under extremely low light
with 10% light transmittance, P. bournei leaves can improve light energy capture by increasing leaf area, SLA, P, and
photosynthetic pigment content; the seedlings of P. bournei mainly adapt to the low light environment by adjusting the
plasticity of photosynthetic pigment content and morphology, coordinating with the changes of anatomical structure,
photosynthetic physiology and chlorophyll fluorescence parameter plasticity. This study can provide theoretical reference for
the management and selection of light environment of P. bournei for future cultivation.
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( Phoebe) W 2% A, J& T/ 7 HE B2 5t A B
ot A A B %) 3 AR el R S A R i A KT [
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Table 1

Effects of different light environments on leaf lengths, leaf widths, petiole lengths, leaf areas,

specific leaf areas of Phoebe bournei seedlings

4 RIS 9 A - T AR EALNTIEA
: Leaf length Leaf width Petiole length Leaf area Specific leaf area
Treatment 2 2, -
(cm) (em) (em) (ecm?) (em” - g7)
CK 8.76+0.03¢ 2.33+0.12¢ 0.73+0.09b 14.14£1.25¢ 68.24+7.21c¢
Tl 10.87+0.03b 3.17+0.07b 0.70+0.06b 23.56+3.23b 108.39+5.02b
T2 13.07+0.83a 3.90+0.10a 1.13+£0.23a 31.92+0.72a 148.67+5.41a

. ANFEFHREFROR AR 22 53 3% (P<0.05) . T,

Note: Different letters indicate significant differences between treatments ( P<0.05). The same below.

THTRR | SE A A It 2 ke e ORI AR T 22 11901
RE , I A5 ) P A M
2.2 AEFIREE X (B 4 4h B It AR S S M RO BT
PN TR) IR ] At I e 000 i 350 235 ) L 558 245
RKUI(F2,K1),CK REBAH,TI 5 T2 %
FZ 6, T AL BE ) M A 2 20 B T 4 A SRR
R JE E ROV L (B A A 2R it A A )R
YRS T CK M T2 AhBE Horh T1 &b BEAY &%
FEFR B CK & 33.2% .7.6% 25% 11 38.7% , T2
AP S A bR B B LT CK(P<0.05) . A
1 ATHT, T2 b it T B 55 0 4% 1 v 2 4
gl i L M L B R T CK R T2,

xR 2 ARG B AR SRR
Table 2  Effects of different light environments on

anatomical structures of Phoebe bournei seedlings leaves

M 2 21 A
E4i =5 i
1 BE e BRI
Qb Palisade Spongy S Palisade/
. . Leaf thickness
Treatment tissue tissue (pm) spongy
thickness thickness ® (pm)
(pm) (pm)
CK 65.73+ 61.74+ 151.87+ 1.06+
0.27b 0.47b 3.28b 0.01b
Tl 87.58+ 66.46+ 189.83+ 1.47+
10.43a 0.69a 10.03a 0.0la
T2 49.87+ 54.43+ 125.71+ 0.92+
0.79¢ 0.79¢ 1.9%4c¢ 0.0lc
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Cross sections of Phoebe bournei leaves under different light environments

Fig. 1
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SR b HEMHEFE THEER a,
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b & bR ISR E LR E a/b (RN
PEFEEIITE 0.455 ~0.755 2 [6), 2 PR H 550 5 il 6 A
FIEAME AR A RRAE v, ok TR R L e T AR SR R )
IAVEFR RO, 43 35 3 0.557 F10.541, i & 3
TR ] YRR 4 B/ I 5 7 R F0) 45 R R AIE v A 21 21
JELRE T SRR AR B (0.431) B, LU MG L, 1T 1
MAHLE R R )RR/ LA FETT I P, LG,
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MR A EAT O A B S A SRR AT
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A B U A% B (L) 2R 55, 2019) . ARARAE Y
TEARTT 55 G FREE H 18 A A7 R0 A= K A 335 0 2R
BEde PR ny 25 R, Mt B A ot 7 i 8 28 A
FENE 23 52 0 2] G4 4R 68 77 ( Dutilleul et al.,2015)
AT S S A LA [ DG IR B T i R Y ml 98 1 A5
JUhEE, A (SLA) & B0 5 T AR
YR/ B R ) L - T AR, R A B R i i AR
HEHEAY T A ( Giertych et al., 2015) , HAR AT 4 4 55
G AR B v Bk IR A R0 AR ((Wright et al.
2004) . OGN AEY) A5 5 00T o i
K T AR, AT AR A5 B 2 B9 O BB (15 5 AE
2010) o AIFSE ) A i R i 2 25 3R B R AR R Y
CIE R 2D S Ll A B R U ) | L) o SN
S 14 IR Pt TG BRI Bl i T AR O A K AR LA AR T
ZWPOLRE, /A5 & IBE & GRS, R
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Table 3  Effects of different light environments on photosynthetic parameters and fluorescence
parameters of Phoebe bournei seedlings
e PEL e pUES AL Jala] CO, ¥k & ZE KRR JEREFI 2
Treatment P, G, o T, WUE LUE
’ ( pmol - m? . s]) (mol - m? . s") ( wmol + mo]'l) (mmol -+ m? . sl) (' pwmol - mmol'l) (%)
CK 2.89+0.098¢ 0.06+0.001¢ 286.41+2.835a 0.93+0.015¢ 3.12+0.088a 0.40+0.000 1c¢
T1 6.34+0.049a 0.12+£0.003a 232.83+1.557b 2.64+0.051a 2.67+0.023h 0.80+0.000 1a
T2 4.82+0.130b 0.08+0.006b 219.98+4.807¢ 1.72+0.118b 2.98+0.162ab 0.60+0.000 1b
x4 AEAXFRENEAHEHEHRERALSHEXRCBIIENZMN
Table 4 Effects of different light environments on chlorophyll fluorescence parameters and
photosynthetic pigment contents of Phoebe bournei seedlings
= kA S H = 2
e = 7 TS o wmme owmzy SO "R naE
™ P ES R RH TR e sy Chla Chl b " m /b
reatment q NPQ FIJF L A (mg - g") (mg+g") Car Chl Chl a/b
" o F./F, F./F, (mg - g") (mg - g")
CK 0.33£0.009b  1.58+0.056b 0.61x0.009b  0.78+0.004c  3.55:0.053c  1.52%0.155¢  0.43:0.002c  0.69£0.085c 1.95:0.200c  3.54x0.082a
1 0.41£0.009a 1.85:0.068a 0.66:0.009a 0.81x0.004h 4.62%0.112a 2.09+0.103b 0.85:0.037b  0.90£0.037b 3.06+0.139h  2.430.051b
vl 0.31£0.022b  1.50£0.098c  0.59:0.005b  0.85:0.00la 3.89+0.058h 2.79:0.016a 1.76+0.142a  1.58+0.002a 4.55:0.126a  1.58+0.058¢

(4545, 2014 ; Puglielli et al.,2015; Catoni et al.,
2015) . AHIF5E & BH 6 AR ) 1 (B CK 4h) IRl %
O REA Bt o B 5, A A A1 ZUR B W4 41 4R
JE R M/ He s o TR 100% 325 56 3 3
Be (CK) kB R EERAIR T T1 40 BE, HovT 58 5 1
A AT N 4 IR S R o) WA &, [
i, AHIFT 45 5 WoR , B AT B 7E 10% B6HE T,
WA ZH ZURT I 28 A8 e 4 2 2 B R (L
FEAROEIREE T REHY 5 i 5 P B2 S S R0 o A i
W, A R Tk R A BRI 5R T 3R A5 2 1Rk,
X5 5 (2014) HFFE 5650 R ok A 45+ n) ¥
P R AR A Bl 25 TR R AG Gh B RS
SEFFE bR e 3 e R A i AR e AL
JEL R R A AR 2H 2 S B R iy 59 6 FR B AR A
FEYITE 25 S50 1) 3 B 75 2 B o 1 S % , R AE
JCEVER B EERERCOR TR, R AL LA
Rt Bl et f bt 2 B AR (ZE A,
2006; T4 545, 2018) , DA, [oR) A T2 2 445 4 119 28
R &5 G ARSI 2257, FEARTH,
T1 FHEELEBESE (P, .G, . T. .LUE) fix K, £ B
W RIFROEA REYE, BEAh, A 1 i B AR
SIHT T 55 6 RE T FL T SO A RE 18R, 7E 10%38
AR N H P, T AR B F) T 5 G iy
76.03% 1 65.15% , 426~ H P, T AGKE] T il

HeoR i) 45.6% F1 35.2% , 4R RS 5HYOCEE
FHIEE A4, 2 (Sano et al., 2018) . AHFIELE R %
WY A A e BN AR TG AR R,
Eckhardt 45 (2004) 1Ay, it 4k R R TR a N AU Bl 2 4]
(CAO) IR R a AALIE M 28R b iV iE4E,
JEMERE b YRGS AR H O HERG , AS TR AT X
AR CIREE T [ A &) 1 S 2 858 o A R B, T2
PSR ER o F AL P43 b 1 CAO R B 2 I
JHFIK (An et al.,2022) %A L5 A 5 )4 4 v 7E
SO NS ER b S E A G AE 2, [,
A0 28 B B B AR 25 5 ) I XA (R Y H
RRET MO AR SR (LHCID) th it 4 b & &
)1 IR 2 e AL 6T W 206 I R TR, 4R R
g8 1A Z A Re P (kR 7755 ,2011) o H IGHE
DN, R Al 40 1 R 55 6 IR BE T R 4 G RE T Ik B
ffifg 0t 5 ita 3 b BN ER SR a 3G
FRA X5 E/NF R TS (2014 ) B0 5T 45 A
o, 55 AR &I B 7E 55 T OB e R AR (B = A W)
Gro [ ZEEAE 2 EAA OGRE I AN CR IR B
PIRIIBE (PN /NS5 2010) , 9478 4 v 78 55 G R B8
T2 MR MR, L H T Re R A B g R
EHEINILE S il

2R AR DG Bl 1 2 R AR YOG AR 5 B8
Be R RN TERRER , AT AG I R 90 78 AS TR 34 58 2% 1
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Table 5 Morphological and physiological indexes I, of

Phoebe bournet seedlings in different light environments

TR a] ¥
4 i A RA B
) iR
Trait
L,
K Leaf length 0.330
T2 G 5% Leaf width 0.430
Morphological I Petiole length 0.381
trait T FH Total leaf area 0.557
et AR Specific leaf area 0.541
SEI{H Mean value 0.448
2 g ML ZUE R Palisade tissue thickness 0.431
RS FREAE .
Xna?omical AL LR Spongy tissue thickness  0.181
structure I FJE B Blade thickness 0.200
trait
HiHE L Palisade/spongy 0.374
F-34{E Mean value 0.296
HotaEE P, 0.544
LR 6, 0.541
JCEHFIE A co,iREE C, 0.232
Photosynthetic
irait AT, 0.350
KT FNBCE WUE 0.144
JtREFIH % LUE 0.500
SE-I{H Mean value 0.385
TR KRR ¢ 0.244
iR R,
SeB R ADLIAEE K R NPQ 0.189
Chloophyll st Sk F 7 F,/F, 0.119
fluorescence
parameter WTE ALK F/F, 0.232
trait 1 L
o B FOALERCR FL/F, 0.077
SF-341E Mean value 0.172
4¢3 a Chl a 0.455
HEER
FrRRHIE M4%% b Chl b 0.755
Phot?synthetlc KW NE Car 0.560
pigment
content 23 % g Chl 0.570
trait
o -4 % a/b Chl a/ b 0.553
SF-341E Mean value 0.579

RGO R, R T I E RS BN
(Calatayud & Barreno,2001; Wang D et al.,2021),
Horp AROCE R (F,/F,") B PSRN
HCER 3 T L T SEBR iy PS T GRE FAR (5
J7EAE,2003) MG K (g,) BT PSIT R
TR WU GEE T TG4 2% 4% 138 1 1) 451 ( K At
F45,2017) . ARWEFEH, BMAGAIE R F,'/F," q, %3
16 T1 638 N fe i, CK T2 b Bk 22, 260 T1 &b

P [ AR G BEAH RSO i, X 5 T TG R
(P,) DLREAM M2 (LUE ) {H fr e M — 2, UL i 24
s A R T AR 4 OB T BE, R D
GBROF, B K (NPQ) 3Rk PS I K& (&R
W Z 4ot Re A GE I8 AT RE R 40, 1R
WYt E RGEr A KRR EE ) (Wang D et al.,
2021) , ARG EIAE T1 ALHF  NPQ % CK Fh,
FHDCREFE AL A AFE TN LU &, 7E BRI 55 T
Al DA G SR LS BeAh, F o/ F BET PS
I B2 7 R G RE R e AL R TE A ) 1 3 AR K A 1
BT, F/F, — 8T 0.80~0.85 Z Il (F K4,
2013) , AR T, WAL H CK 554 F F/F, 0
0.78 H P LT T2, #ED = f ) S 7E 2L IT AT RESZ
B O H CK ARFER 3 B 40 M HES ZE L, ATk
—UESSRAS IR . FOCHEE T T BAEAEY) F /F, 3
1£0.8 Dh b RUIHIETE OGS B8 Ty Boom (22 [
55,2017) , RIHCHEI TR 10% 3563 F , 4 6 411 475
Prds o DG REFALRCR

AT RPEFE bR 9 /N AT LA WA B % A 5% AR Ak
& W RE S AR 55 ( Valladares et al.,2002) o AR
WA 2H 2 4 B A 5 RE A% 325 5 0 T B4
[HIBR Y B G BE 1 4% 5 1 2K (Lee, 1987; Vogelmann &
Martin, 1993) ik R A4S 2H 2 3 R AT ¥ PR S 8
(0.431) fmy T HoAh fife 51 25 44 | 3 WA BUHA 20 208 B %
JEFA A I IO 1T BE Bk, T B S
AL, HeH i B A J 38 W e 2 2 2, AN HE )
R PE LIPS R TS S R & I TN AR LD
HRZ AN 1O 7 F 803 A B S (2 k1
( EMESF,2002) . TE 10% 3% 63T A= 20 2 Rt
PR AR A R AR RO AT
REIG 9 I R PSSR D6 RS O i W i, A R T e
FTEA FRIOGHR T 2845 B Z 1Y O6RE,, X 55 Urbas
I Zobel (2000) #F 58 55 Ot & fF T A9 #8 JIF &
( Hepatica nobilis ) . LI #& ( Lathyrus wvernus) . 2
( Sesleria caerulea) W 25 44 AT ¥8 M %) i o7 155 =X AH
ol S9CEREE N FIAE ) i oG e ) SIS
TERE 71 Z [A] A7 75 46 AU 5 & (5 )3 I8 45, 2008 ) .
BT A O A 6 R S RIE SR SRR
AT IR RS UGG B R 5IE SRR 15 AR X
JCIRBE B I T BE SR o BT A TR Sy i B A e
ZHT TR S OC I T AR KA KR oy B A B
LS AT M S A RO A B R & &, A R AR
A A BT B A ok B9 R 2 ( Valladares et al.,
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2002) , I S5 (2013) B WF 5T 3 B Tt B A (AT
( Picea meyeri) %I fi 7EAN [ G R 5 F BHAT 388 18
ASTTEBE . ASHIESE ) A &)y v T AR EE i T AR
T EBVERR T P, UCEIE TR IR T

] A 413 e A S — o s B A, O 3 A
TG ARG HM RS R IES 5 Z5 0 R
P KOG Az B E R0 B OE IR AR AL, RS5O T
FHEERI T 2 E0b 6 R BRR 1 R m BUA L
I T B 5 DR 365 7 55 DI PR AR 1) A A7 SR

SE k.

ANJ, WEI X, HUO H, 2022. Transcriptome analysis reveals
the accelerated expression of genes related to photosynthesis
and chlorophyll biosynthesis contribution to shade-tolerant in
Phoebe bournei [ J]. BMC Plant Biol, 22(1) . 1-14.

BROWN RC, LEMMON BE, MULLINAX JB, 2015.
Immunofluorescent staining of microtubules in plant tissues:
improved embedding and sectioning techniques using
Polyethylene Glycol (PEG) and Steedman’s Wax [ J]. Plant
Biol, 102(1) . 54-61.

CALATAYUD A, BARRENO JWA, et al., 2001. Changes in
chlorophyll a  fluorescence, lipid peroxidation, and
detoxificant system in potato plants grown under filtered and
non-filtered air in open-top chambers [ J]. Photosynthetica,
39(4) . 507-513.

CATONI R, GRANATA MU, SARTORI F, et al., 2015.
Corylus ~ avellana  responsiveness to light variations:
morphological, anatomical, and physiological leaf trait
plasticity [J]. Photosynthetica, 53(1) ; 35-46.

CAI JG, WEI MQ, ZHANG Y, et al., 2017. Effects of shading

chlorophyll
fluorescence parameters in leaves of Hydrangea macrophylla
[J]. Chin J Plant Ecol, 41(5): 570-576. [ %2,
L, B, 45, 2017, BEPIXEEHOL SRR RO
SR (1], HAASA, 41(5) : 570-576. ]

CHENG XR, XING WL, YUAN HJ, et al., 2019. Phenotypic
plasticity of lllicium lanceolatum in response to varied light
environments [ J]. Acta Ecol Sin, 39(6): 1935-1944. [ i,
Mz, RSCEL, suigHE, 55, 2019, Begtmmid xR kot
RSB [, /22440 39(6) » 62-71.]

DUTILLEUL P, HAN L, VALLADARES F, et al., 2015.

Crown traits of coniferous trees and their relation to shade

on  photosynthetic  characteristics  and

tolerance can differ with leaf type: a biophysical
demonstration using computed tomography scanning data
[J]. Front Plant Sci, 6(172): 1-13.

DU N, ZHANG XR, WANG W, et al., 2011. Foliar phenotypic
plasticity of a warm-temperate shrub, Vitex negundo
var. heterophylla, to different light environments in the field
[J]. Acta Ecol Sin, 31(20) ; 6049-6059. [ #:7*, K754,
FHE, A, 2011 FRI AR R B A AN [R] Dl PR 1 2 1
ALk (9], AARA, 31(20) : 6049-6059. ]

ECKHARDT U, GRIMM B, HORTENSTEINER S, 2004.
Recent advances in chlorophyll biosynthesis and breakdown
in higher plants [J]. Plant Mol Biol, 56(1) . 1-14.

EICHELMANN H, 2011. The rate of nitrite reduction in leaves
as indicated by O, and CO, exchange during photosynthesis
[J]. 1 Exp Bot, 62(6): 2205-2215.

FENG Q, LIU N, WANG D, 2010. Physiological and ecological
responses of Spiraea pubescens in different natural light
environments [ J]. J Cent S Univ For Technol, 30(9) . 27-
33. [ 5, X, B, 2010. AR FROEHREE T 2T
G A TS NE [J]. e AR B R 241
30(9) . 27-33.]

FENG XY, LIU N, GUO JP, et al., 2013. Morphological
response and plasticity of seedlings and saplings of four
mixed tree species in the mountainous areas of North China
under controlled light conditions [ J]. Sci Silv Sin, 49(11) ;
42-50. [igate, X7, FE-F, 4F, 2013, DG
PR HEAE L3 4 TR A T )y v 2] 18 250 7 F AT 98
P [1]. Mol Br, 49(11) ; 42-50. ]

GIERTYCH MJ, KAROLEWSKI P, OLEKSYN J, 2015. Carbon
allocation in seedlings of deciduous tree species depends on
their shade tolerance [ J]. Acta Physiol Plantarum, 37(10) .
215-239.

GIVNISH TJ, 1988. Adaptation to sun and shade: A whole-
plant perspective [ J]. Australian J Plant Physiol, 15.
63-92.

GRATANI L, COVONE F, LARCHER W, 2006. Leaf
plasticity in response to light of three evergreen species of
the Mediterranean maquis [J]. Trees, 20(5) ; 549-558.

HAN H, 2020. Study on characteristics and natural regeneration
of natural forest groups of Phoebe bournei [ D]. Guiyang:
Guizhou University; 1-64. [ﬁf%, 2020. [HJ AR IR AR TP T
AR SRR ST [D]. 5ERH . SRS 1-64. ]

HU QP, GUO ZH, MA LY, et al., 2008. Advance at
phenotypic plasticity in plant responses to abiotic factors
[J]. Sci Silv Sin, 44(5); 135-142. [#HEME, &k, &
JE—, 4%, 2008. FHyF AL A BT AR AR M PR A T 10
W SR FEHERE [T]. Mol Rl , 44(5) ¢ 135-142.]

LANDE R, 2010. Adaptation to an extraordinary environment by
evolution of phenotypic plasticity and genetic assimilation
[J]. J Evol Biol, 22(7) . 1435-1446.

LARRUE S, DAEHLER CC, VAUTIER F, et al., 2014. Forest
invasion by the African Tulip tree ( Spathodea campanulata)
in the Hawaiian Islands: are seedlings shade-tolerant?
[J]. Pacific Sci, 68(3) : 345-358.

LEE DW, 1987. The selective advantage of palisade parenchyma
in bifacial leaves [ J]. Amer J Bot, 74. 618—619.

LEI G, BO L, LIU WY, et al., 2013. Inhibition effects of
daughter ramets on parent of clonal plant Eichhornia
crassipes [ J]. Aquatic Bot, 107 47-53.

LI HS, 2006. Modern plant physiology [ M]. Beijing: Higher
Education Press. [ 2= & 4=, 2006. P ACHH ¥ 4 ¥ 2%
[M]. dbxt: ma5HE . ]

LI N, YANG Y,YE ], et al., 2016. Effects of sunlight on gene
expression and chemical composition of light-sensitive albino

tea plant [J]. Plant Growth Regul, 78(2) : 253-262.



31

LA BRI A 1 V55 G PR A ] BB PR A 5T 509

LI ZF, PAN J, WANG ]D, et al., 2014. The effects of light
environment on the growth and the phonotypic plasticity of
the seedlings of Phoebe bournei [J]. J SW For Univ,
34(6): 65-69. [ FHEHE, W%, £&IF, 4F, 2014, OLIF
X} M)A 2R 4 B LRI nT $AME s [J]. DU REAR
MR, 34(6) : 65-69.]

LORETTA G, 2014. Plant phenotypic plasticity in response to
environmental factors [ J]. Adv Bot, 2014. 208747.

LU FD, XU DC, HOU HB, et al., 2003. Comparative study on
chlorophyll fluorescence character of five kinds of Camellia
[J]. Econ For Res, 21(4): 4-7. [ B35 {5y f5Ee1
W, A, 2003. 5 FEL L2 2% R PEOE R Y L AWF 5
[J]. &TEAIITE, 21(4) : 4-7.]

MA HL, ZHANG TF, ZHOU RL, et al., 2018. The changes in
photosynthetic characteristics of Leymus mollis (Trin.) Hara
leaves from coastal dunes having an environmental
heterogeneity [ J]. Acta Ecol Sin, 38(10): 3504 -3513.
[ thoxy, sk R, JAERTE, 45, 2018, ¥ AN A 3l 35
AOCERE S N T BRI CR (1], ESER,
38(10) ; 3504-3513.]

MONTGOMERY R, 2004. Relative importance of photosynthetic
physiology and biomass allocation for tree seedling growth
across a broad light gradient [ J]. Tree Physiol, 24(2):
155-167.

PUGLIELLI G, CRESCENTE MF, FRATTAROLI AR, et al.,
2015. Morphological, anatomical and physiological leaf trait
plasticity of Sesleria nitida ( Poaceae) in open vs shaded
conditions [ J]. Polish J Ecol, 63(1) . 10-22.

SANO T, HORIE H, MATSUNAGA A, et al., 2018. Effect of
shading intensity on morphological and color traits and on
chemical components of new tea ( Camellia sinensis L.)
shoots under direct covering cultivation. [ J]. J Sci Food
Agric, 98: 5666—5676.

SUN XL, XU YF, MA LY, 2010. A review of acclimation of
photosynthetic pigment composition in plant leaves to shade
environment [ J]. Chin J Plant Ecol, 34(8) : 989-999. [ #)
AN VREK, ST, 2010 KRR R R F AR
XTHEBIAIIRNL [J]. HEMIPEAS 24, 34(8) : 989-999. ]

SUKRAN D, GUNES T, SIVACI R, 1998. Spectrophotometric
determination of chlorophyll-A, B and total carotenoid
cotents of some algae species using different solvents
[J]. Turkish J Bot, 22(1): 13-17.

TANG X, LIU G, JIANG ], et al., 2020. Effects of growth
irradiance on photosynthesis and photorespiration of Phoebe
bournei leaves [ J]. Funct Plant Biol, 47(12) : 1053-1061.

TANG XL, LIU GZ, JIANG ], et al., 2020. Effects of shading
on the chlorophyll fluorescence characteristics and light
energy partitioning of one- and three-year-old Phoebe bournei
seedlings [J]. Chin J Ecol, 39(10) . 3247-3254. [ J& &2
R, XDBIE, 232, %5, 2020. 38 FFIX] [ — 454 1 = 4F
G- ER R DOURE M BE R MRS [J]. A3
ZRi&, 39(10) ; 3247-3254.]

TIAN XX, WEI XL, AN CR, 2017. Ecological
adaptability of Phoebe bournei seedlings to light [J].
Guizhou Agric Sci, 45(5) ; 36-40. [ H 5%, F5/hmi, %
W, GF, 2017, MIRGL XD A ARG ()], 5%

et al.,

AR, 45(5) ¢ 36-40.]
URBAS P, ZOBEL K, 2000. Adaptive and

morphological plasticity of three herbaceous species in a

inevitable

multi-species community; field experiment with manipulated
nutrients and light [ J]. Acta Oecol, 21(2) : 139-147.

VALLADARES F, JOSE C, ARANDA I, et al., 2002. The
greater seedling high-light tolerance of Quercus robur over
Fagus sylvatica is linked to a greater physiological plasticity
[J]. Trees, 16(6): 395-403.

VALLADARES F, SANCHEZ D, ZAVALA MA, 2006.
Quantitative estimation of phenotypic plasticity; bridging the
gap between the evolutionary concept and its ecological
applications [J]. J Ecol, 94(6): 1103-1116.

VOGELMANN TC, MARTIN G, 1993. The functional significance
of palisade tissue: penetration of directional versus diffuse
light [J]. Plant Cell Environ, 16(1); 65-72.

WANG D, HUANG XL, CHEN JZ, et al., 2021. Plasticity of
leaf traits of Juglans regia L. f. luodianense Liu et Xu
seedlings under different light conditions in karst habitats
[J]. Forests, 12 81-94.

WANG HY, WU F, LI M, et al., 2021. Morphological and
physiological responses of Pinus massoniana seedlings to
different light gradients [ J]. Forests, 12(523) . 522-538.

WANG Y, SU XH, PENG ZH, 2002. Research progress of
plant shade tolerance [ J]. For Res, 15(3): 349-355. [
HE, IR TR, B2 AE, 2002 AH ) B P BF 5T E R
(1], MolbBl220F5E, 15(3) « 349-355. ]

WANG ZX, 2012. Physiological and ecological characteristics of
Phoebe bournet seedling under different light environments
[D]. Fuzhou: Fujian Normal University; 1-66.[ EHR>%,
2012. 4] i 4 B 7E A [\] O BF 58 R B9 AR B A SRR AR
[D]. &M AR 1-66.]

WEN J, MENG LL, ZHANG J, et al., 2014. Research progress
on the effects of low light on plant photosynthetic
characteristics [ J]. Jiangsu Agric Sei, 42(7): 22-24. [ 4]
B, T, SRR, 4F, 2014, 355X HEY G AR W
MFTE R [J]. YL R, 42(7) « 22-24.]

WRIGHT 1J, REICH PB, WESTOBY M, et al., 2004. The
worldwide leaf economics [T].
428(6985) ; 821-827.

XU DQ, 2013. The science of photosynthesis [ M]. Beijing:
Science Press; 94 —95. [ N é, 2013. Yt & 1E 2
[M]. dbat, Bl st 94-95.]

YAN XL, WANG DL, 2014. Effects of shading on the leaves
and photosynthetic characteristics of Ligustrum robustum
[J7. Acta Ecol Sin, 34(13) ; 3538-3547. [ [E/hA], £48
P, 2014, TR T AR T - RRAE KOG SRR Y5 e
[J]. A%, 34(13) : 3538-3547.]

YIN DS, SHEN HL, 2016. Shade tolerance and the adaptability
of forest plants in morphology and physiology: A review
[J]. Chin J Appl Ecol, 27(8): 2687-2698. [ BZZ 4=, Ik
g te, 2016, ZRAAEY) M B B A 25 R0 A B R P bF
FEHERE [J]. BEHAEAS A4, 27(8) : 2687-2698. ]

spectrum Nature,

(RfEHIE FEZEB)



