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Phenotypic plasticity of Illicium lanceolatum in response to varied light

environments
CHENG Xiangrong, XING Wenli, YU Haijing, XIONG Jing, YU Mukui *

East China Coastal Forest Ecosystem Research Station, Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, China

Abstract: The phenotypic plasticity of plants in varied light environments affects their distribution, growth, and
regeneration in the understory environment. To investigate the phenotypic plasticity and adaptation mechanisms of llictum
lanceolatum in different light conditions, five light conditions (100% , 52% , 33%, 15% , and 6% relative light intensity )
were simulated in the shading experiment. The changes in leal morphology, physiology, anatomical structure, root
morphology , and biomass allocation of I. lanceolatum in different light conditions were studied. The results showed that there
was no significant difference in leaf biomass between the five light treatments, and the leaf area and specific leaf area
increased significantly with the decrease of light intensity. The shading treatments enhanced the contents of chlorophyll a,
chlorophyll b, and carotenoid. However, the chlorophyll a/b ratio decreased with the decrease of light intensity. Shading
reduced the contents of non—structural carbohydrates ( starch and soluble sugar) and soluble protein, and increased the
leaves’ nitrogen and phosphorus contents, but the nitrogen/phosphorus ratio of leaves was less affected by light gradients.
The nitrate content of the leaves in 52% and 33% relative light treatments was the lowest, whereas the nitrate content was

higher in the 100% and 6% relative light treatments. Root biomass, fine root and root length, root surface area, specific
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root length, and specific root surface area were not significantly different among the five light treatments. The content of root
nitrogen was significantly reduced in the low light environments (15% and 6% relative light intensities). As light intensity
decreased, I. lanceolatum adopted a conservative survival strategy, which did not invest in leaf biomass, but allocated more
biomass to the branches and trunks to store energy. As a whole, I. lanceolatum had a wide light ecological amplitude and
could grow normally in 6%—100% light intensities. Shading was beneficial for the accumulation of aboveground biomass
and total biomass for I. lanceolatum , and the optimal growth condition was 52% relative light intensity. The plasticity of the
root traits and whole structure was relatively lower in the different light environments, and the plasticity of the leaf

physiological traits played a key role for I. lanceolatum to adapt to varied light environments.

Key Words: Illlicium lanceolatum; light environment; phenotypic plasticity ; ecological adaptation
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o PRI RAE R B a] SV S S A BT SRR S A5 T YA — SeRIF ST R | i G A A A R AN 4 Al T SRR
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BRI EL G 25 PR, BATE kR A% USRI B DR, I £ 00 2 R w400 ) 3 e ki e K i 1fi A% 7
S, B — LU R AU G A rh R AR B A BT H N AL B AR BRI R
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PRI 150 #RAE A RAFAY 2 AR AR BOEH I B2 e, BERL ORI 5 40, 76 3 H rh A 20l A T 5 MR BRIXA K]
FERT 50 em, EIAER 1A H G, TRAG AT BRI S50 SR FH I8 BH 0 £5 2 B M50 4 SO HRAL 3L, O R
53 A B IR Y 52% 33% (15%F1 6% , 73 SMBLE. 1 A A SAOL AL BE (1009 56 I, AR ) o Ot BRGR B R
ADERET(TES 1339R, G¥8) 7ERE R TR IIE 5 U, SR 5 BOF SR, A7 D' H o B2 Ak R A= 4 A9 207 1 R AT
[F A4 75 8 B it
1.3 CREEAIINE

HELSLEPTRE T 11 H PR E5 R fE A b PR BELIE$E 6 MR BRI, T TR S A ) &= 548 An
JE,FE TR A% DA AR v BE AL R B4 St R 2 RN A B S #4  B . SERRMSOIR B B RERR it A
FIARFRHUEE 5 BB AL B R BN FE MR B9 i FIAR 22 2R . WinFOLIA ( Regent Company, Canada ) 73471 &
G RE A AR R TE SR, 45K (leaf length, LL) ([ 5E (leaf width, LW ) (MHH</ % (LL/LW ) | - [ 7
(leaf area,LA) ZHHR (fine root FR,0 <2 mm) AR ( Coarse root CR,@>2 mm) B FmA, KRG &4k
PRI B FAIRAE 105°C AT 1 /N E7E 70°C TR 2AEE | o35l kit A TR AEY &, FNHE
THAFESE AR 7 H (root biomass/aboveground biomass, R/A) = MR A= ¥/ [ 30 43 A= Wy &, b i i fR
(specific leaf area,SLA )= HLik G THIFL/ BARE S EE , AR K (specific oot length, SRL) = HLfK AR R K/
PR E | HEAR 2 1 X (specific root surface area, SRSA ) = FAFR B 28 22 T AL/ bk BAR B, HSGE o Mt fd i
AR AR R 2 mm B, 1547 4% (total nitrogen, TN ) Fl14H ( total phosphorus, TP ) &l & , TN 7t
HBEIR -3 AL EH & - LS RS, TP & & FH MR B RR -k AL S0 2 - AR e L ki 2 Y

I F 2% 2 a( chlorophyll a,Chl a) 4§ Z b ( chlorophyll b, Chl b) F1Z8#] % |~ & ( carotenoids, Car) 7% it
K0 - TN B R 5E | AT I 2 1A R (soluble protein, SP) 2R % il i G-250 Yeykiilig | iR id i
Jiff ( nitrate reductase , NR) 5 5 FH 4 GG EE LI 52 | Y€K (starch, S) 25 52K FH 5 G R 7K fft — LW LY o sk i | A
T BE (soluble sugar, SS) 7 &% H B b a3 22 | 8 B ALY 57 fL B ( superoxide dismutase, SOD) Jif 14 B4l 22
KR PO M | AR ER (nitrate, NT) &5 2R FH e @ gk b A7 @ 2

VAL 3 B e i A R R 2.5% 8 AR S 1 % MR A WA T BE S, 0.1 MR RR 22 v
RS 3 YK, RHK 30 min, #235 FH 30% \50% \70% \90% ,100% (PR RZ K, R 15 4340, B S BK G
HEE AR ALEEF S H TR LR 301 1.3 IRE W, BREE, BN 4h, F)n B AR EHE R B E,
&I LKB -V B D) R HLEE T U0 R, U1 S BSOS Sl AT 2 IR A5 VA W oo | e 4, B J ] H- 600 2 375
SRR SO ( A H ) g A
1.4 Hdsiban

K H Excel 2003 H1 SPSS 22.0 B B ATGuit 004 . ARG GRS it il B IR A AR B W)
TSR 22 5 R SPSS 22.0 B4 B 2R 5 225001 (one way ANOVA) K556, JE#E4T Duncan 28 FL LA
R A B 2 ] 22 S ARG 56 40 AT ( P<0.05) B4 a7 & D E IR A9 35 143 23 T ( Principal Component Analysis
PCA) R R B AF40 (R 3.5.1) 58, MG Valladares 251" i J5 ¥k 1155 5 — 48 B 4 7 98 1 45 % ( Plasticity
indices,P1) : PI= (FEARFRTEAS [FIDGHR T 09 55 KV BE — /N8 /S KO YME . = Th8E 8 7 ¥ E < 5
%,
2 BEREHW

2.1 AFEDERGEE TR R AR e

XPAS R R BT 45 4 i 1l i R TR A AR AE 0 B 2 B S T A B T R K 59O R
(6%—15% XTI REAL TR ) I F- 3724 5 g v T HL Ao BEAL B, 4/ 58 LU AEFE S TR G B A 1 F 22 0K 1 3
(P>0.05) , -4 A v FEURI L e R R4y B ' FE o 8 ok 55 SR 4 KOk 3 (36 1), TP AR R (339%—52% #H
X HRAL ) | B i AR L I T A3 ) e ' BRI 46.6% A1 18.9% ; 556 EREE T B i AR Eb I 1 A 4351

http ; //www.ecologica.cn



4 JAE = 39 %

Fe 4G RN 76.9% F1 45.7% , JVE T AL B PR Rk S T AR L G IR I T 7.1%—24.8% ,{H. 5 FpoG e Ab B
Z [ FARE S AR B 22 55 (P>0.05) o M RIS TE A A St i AL % nT 8 PR K (P B, HoA R AR P1
YIRAR, i R TE ST AR S35 PLoA 0.34

F1 TRXBEGHTAEEM F ST

Table 1 Leaf morphological characteristics of I. henryi in different light treatments

} A PR Treatment AT YA PERE AL

F8F5 Index .
100% 52% 33% 15% 6% PI Plasticity indices

M4 Leaf length /g 7.9+2.2b 11.0+£3.1a 10.3£2.1a 11.4+1.5a 10.9+2.3a 0.31
5% Leaf width /g 3.5+0.9b 3.9+1.5b 3.5£0.7b 5.4%2.1a 4.7+1.5ab 0.35
WK/ 5% Leaf length/leaf width 2.4+0.7 3.0£0.9 3.0x1.1 2.2+1.1 2.5+0.5 0.27
AT Leaf area /cm? 13.2£0.9¢ 19.3£2.2b 19.4+1.3b 24.9+2.4a 21.8+2.3ab 0.47
ST FH Total leaf area /cm? 2623406 3111261 3273408 2808:+268 3143+474 0.31
Ho M- T AR Specific leaf area /cm? 65.9+5.3¢ 77.3+4.9b 79.4+8.2b 96.2+7.8a 95.8+9.6a 0.31

M2 2 A R ARG A e I B G bR, AL B AT 4R 2R 2 PR b AR N R SRR
ACERAE AR RRBERE N, W5 CREAL R T (6% X Y REAL R ) | 4K a MERE b TEEE a+b FIZREAE N E &
R, TR a/b WERAR, MERE S DR & ETE 15% 33% 1 52% FHX G AL 2 [R5 A7 I 2% 22
S (P>0.05) ,H#4 & 5 T 2EHR (100% ) 4P ( P<0.05) .

I RS AB AR K A0 P mT VP i s iR 0 559 8 PRI, 69%0—52 % AH X' IE A 3L 11 U oy 1% o
Yl AR T A REAL R {H 529% 33% 15% F1 6% A1 G FR AL #1223 & i 22 R 3% (P>0.05) (£ 2)
I RV 2R 1 e G R A A A A S 3E M — B, 6% —52% AHN ' BE AL B T I | 0B o 2 B 3
e TG HRAL IR it 260 B AR a8 S I A I S TR S2% AR NG IAL T f . 6%—52% A1
Xof S B A B 260/ I LB S 4 R 3 2 (R AT 18 35 25 5 (P>0.05) |, 52% FH 6 6 BE AL 3R i/ il LU A
BT 33% 15% 1 6% AHX G HRAL B (P<0.05) o AHHRER & 5 G 1R 0 I s M 19 28 A RR IR AR — 30, 7
33% 1 52%AHXTCREAL BN | IR £R 7 i 5 il R 340 L BTG 1k e A1, R R 15% A X REAR B 7E 100% F1 6%
AT REAL P T AR R B i 55 R SR BRI M e, e S A A 06 Al % T A AN (RO HE A B 2 ] 25 S5O i 3
(P>0.05) , WA AEEFRTIFLRER a MFERER b, LR a+b JSHAE MR RTIPEME A5 R FIAH R 140 [ i
PE) PLEIRT 0.5, HAFEARAY PT AHXTEAR , it A= BRES R A9 -3 P1 2R 0.43

F2 AEXBREETRSHEEHHEEERTL
Table 2 Changes of leaf physiological index in 1. henryi in different light treatments

B AbFR Treatment
FEF5 Index Pl
100% 52% 33% 15% 6%

4% % a Chlorophyll a /(mg/g) 0.88+0.18¢ 1.27+0.09b 1.17£0.01b 1.24£0.22b 1.83+0.05a 0.52
44 % b Chlorophyll b /(mg/g) 0.17£0.04¢ 0.27+0.01b 0.26+0.01b 0.29+0.05h 0.46+0.02a 0.63
42 a+b Chlorophyll a+b /(mg/g) 1.05+0.21¢ 1.5320.10b 1.44+0.01b 1.53+0.27b 2.29+0.07a 0.54
4% % a/b Chlorophyll a/ chlorophyll b 5.18+0.71a 4.76+0.37ab 4.46+0.19bc 4.25+0.09bc 3.99+0.12¢ 0.23
J5#HE M & Carotenoid /(mg/g) 0.22+0.05¢ 0.34+0.04b 0.30+0.01b 0.29+0.05b 0.46+0.02a 0.52
AV MEBE Soluble sugar /(mg/g) 95.36x13.53a  55.72+8.16b  58.66+3.68b  28.47+5.67¢  29.80x3.10c 0.70
JEH Starch /(mg/g) 28.30+5.24a  19.91£1.75b  21.58+5.19b  20.49+3.72b  17.22+4.09b 0.39
A SP /(mg/g) 8.72+1.67a 6.05+0.56b 6.58+1.65b 6.24+1.18b 5.20+1.30b 0.40
M4 Leaf nitrogen /( mg/g) 13.20+0.57¢  15.40+0.14b  17.05£0.21a  16.15£0.35b  17.15%0.07a 0.23
% Leaf phosphorus /(mg/g) 1.24+0.12d 1.56+0.05a 1.40+£0.09bc 1.34+0.02¢ 1.45+0.06b 0.21
&/ M8 Leaf nitrogen/leaf phosphorus 10.76x1.51ab 9.91+0.41b 12.25+0.96a 12.10+0.07a 11.88+0.57a 0.19
ARSI Nitrate reductase /ug/ (g« h) 21.53+3.37a 10.27+£0.67b 10.33+1.35b 16.32+5.22a 20.87+9.64a 0.52
T FRAEE Nitrates /(mg/g) 177.27£26.71a  87.90+5.34c  88.34x10.68c 155.89+41.44b 205.32+29.47a 0.57
HBE ALY AL Superoxide dismutase/(U/g)  502.6+72.0a  287.8+132.8a  310.8+120.5a 349.8+141.5a  385.2+139.2a 0.43
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I 5 S P A 20 A S A T TR A BRI RE L AN [R] O MR 8 Ak B A v i 0 o e A s
ZRAT . OFE 100% G RAFET (B 1A) RN 5, ISR 4510 50 8% IR R G e 4% i AR gt
W W E AEE A B HE L — 8, A EDE , 00 SR RS R R AR 22, 1 €8 1 U By Uk B 4R
b QFE 52% AR EREAL BN (] 1B) , 4O A% 5038, 2R UT 25 40 i BE B8 HE S L YRR & i G 2 Al
R ; BTE 33% X EHRALFET (] 1C) , 2R u 5 i B HES , B2 KARIE , H L ye ke & 2 ;@
FE 15% AR EIRAL BN (] 1D) A SR AR ATV A0 e % HE S (R - S 22 (B HE S AR 8, 350 9 i S AR A AR
B, H b e B B — 2B BRI OTF 6% A Y RRANH T (& 1E) |, 40 P 40 i 48 B0 i /D, i A HE
GVE  Z M RE 53 Ai B REEIBUR R /D | Ve R b o3 A A A0 A% N

E1 AESLREETHSHE SR HRBREY

Fig.1 Leaf cell ultrastructure of I. henryi in different light intensities
(A),100%YCIRANHE; (B) , 52% 1% Y6 IRARHH; (C) , 33% ARG IRAL B ; (D), 15% HIXT 6 BRAREE; (E) , 6% AR X6 IR AL 2L ©, -2 i
Chloroplast; N, 4% Nucleus ; OG , B ITAL Osmiophilic granules; SG, JE L Starch grain

2.3 A[FEDERGEE AR R ERAR L

ANTR] S REGR FET HR ZRRIR 0 40 BT 2 B, AR RLAR A 3 R 2 T AR LA R ERAR A RN H e TR AE 5 FhoB HE A
P2 [ 4P 225 (P>0.05) (£ 3) o AR (15% 1 6% ) # R A & & R (P<0.05) R A&
TE 529 AHX G REAL BT fie g, FoAth 4 Fpo IR AL B 27 [RIAR R85 & WA B 22 5 (P>0.05) . MR R A/ B LA
529% FAREIEAL B R B Al FORH 6% ARG IRAL B 100% 33% F1 15% AH R IR b B 2 7] 25 S A 1.3 ( P>0.
05) ., MRAMRTIESIEIRE P1(0.36) B 7 T R F 55 & & P1(0.29) , M RILEMFE 80071 P1L
0.34,
2.4 ARPDEIEGAE T A i KO BUREE

AN BRAS AR T Bl e A SR A A B AR R A AT R W RAR AR Y R AE 5 RO BRARE N BA B
5 (P>0.05) B E e b &G I AF R (52% 1 33% ) 3 i T HA G IR AL L (P<0.05) , T 4B 9B Fifi G
SRS IR T AV EAE 6%—33% G AN T B35 5 T 100% M1 52% AHXHE AR (P<0.05) (£ 4) .
Hiy b A s RLEAE A BR R 1 AR A R S AR — 3K, 6%—52% AE % Y B AL BB I T S bk b - A ) e R
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S AL 52%F1 33% ARG RRAL B A Wi 3 T AL (100% ) o Hb AR R/ B A Y A AR
SEHE ARG IR I F 258 3% (P>0.05) . HHAT UL BSR4 A T o 1 7R e A 3R, T B T 40k
PSR T AR IR, B I T B A5 38 B AR W AR bR T AUBZE W PL R 0.5, o 4845 PSR T 0.32, 4
Yy FHOCTEBRAYF- 1 P1 2K 0.26,

x3 AREEREETHIHEFRAEREL
Table 3 Changes of root traits in I. kenryi in different light treatments

- AbFH Treatment
F8F5R Index PI
100% 52% 33% 15% 6%

AR K Fine root length /cm 3356.4+576.3 3667.3x1968.2 4388.8+161.0 2589.0+1280.0 2791.2+726.5 0.41
AR JE Coarse root length /cm 167.2426.2 237.3+168.8 215.7+63.9 186.9+54.4 224.6+68.6 0.30
SR K Total root length /cm 3523.6+596.9 3904.6+2118.4 4604.5+1626.2 2776.0£1327.8 3015.8+792.9 0.40
AR KT Fine root surface area /cm? 661.2+¢90.5  699.4+395.0  794.5+301.6  456.7+234.6  498.5:141.5 0.43
HIAR Z 1 AL Coarse root surface area /cm? 182.9+90.5 290.9+200.5 267.4+80.6 259.1+52.6 296.5+92.8 0.38
SR E T Total root surface area /cm? 844.2+126.0  990.4+575.8  1062.0+313.0  715.8+273.3  795.0+231.1 0.33
FEAR K Specific root length /(cm/g) 106.9+27.6 87.6+38.8 133.4246.2 89.9+43.3 92.8+28.9 0.34
FEAR R T Specific root surface area/( cm?/g) 25.7+6.6 22.1+9.0 30.5+7.3 23.2+8.7 24.0+6.4 0.27
HRZ A Root nitrogen/ ( mg/g) 8.22+0.21a  8.3120.37a 8.52+0.55a  7.35+0.07b 6.89+0.09b 0.19
MR Z W Root phosphorus/ (mg/g) 1.03+0.08b  1.31£0.10a 1.04£0.16b  0.82+0.03b 0.96+0.04b 0.37
R Z A/ B Root nitrogen/root phosphorus 7.98+0.40ab  6.34+0.21c 8.26+0.72a  8.93+0.39a 7.20+0.18b 0.29

F4 FEABEBETHHIHEESREEMERE
Table 4 Characteristics of biomass in different organs of 1. henryi in different light treatments
AbPE Treatment

845 Index PI
100% 52% 33% 15% 6%

AW Leaf biomass /g 39.8+13.8 40.7+13.7 35.4+7.6 34.0+9.5 32.5+6.1 0.20
iAW) Branch biomass /g 6.6+5.5b 13.2+6.3a 11.1+4.8a 8.6+3.0b 7.3+£2.9b 0.50
T Stem biomass /g 35.3+11.2b 42.5+9.7b 48.2+10.3a 48.2+4.1a 50.0£10.3a 0.29
AW Root biomass /g 32.1+9.4 46.0+21.7 35.7+11.2 31.1£5.3 32.5+10.1 0.32
b AW i Aboveground biomass /g 81.7+29.7b 96.3+25.5a 94.7+21.4a 90.9+7.8ab 89.8+18.7ab 0.15
A Total biomass /g 113.8+30.1b  142.3+39.3a 130.3+29.8ab  121.9+12.8ab  122.3+27.5ab 0.20
iiﬁiﬁﬁi e total biomass 0.72+0.15 0.68+0.24 0.73+0.08 0.75+0.03 0.73+0.08 0.09
MR 5E . Root biomass/ aboveground biomass 0.39+0.08 0.48+0.09 0.38+0.04 0.34+0.02 0.36+0.05 0.29

TR F6 R R R P i A 38 IO REMRRAY T 5o a0 M 2 BA 1 2 A4S 32 A4 1T LR B[R] 0 e
JE R FRAAR R B 221 78.5% , Horh PC1 ] DUERR BT 2209 42.0% , LI T AR, Al v Pl R 2 2555 2 BTk
K PC2 AT LIRS BT 251 36.5% , A= W o e Ay et RIS 1R 340 L il 56 1) DR R (1 2) o 1009 )6 HE i
JE A B D REMRIR S 6% —529% FIAT 6 AL FR A B0 22 S 45 K | 529% il 339% HHI X A &b B iR Fifi O 1R
SRR EHET | 15% A1 6% FXTHIE B AR B R IR BE G HR A A8 AL R AE 20 . 1009 6 IR n] s Mo nl i
PR R S A A 06t P e 5 DR -5 b Y B A B2 [ 25 S 350K, 52.% il 33% AN G RAR B N AR RIEAS 22 FE
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Fig.2 Principal Component Analysis (PCA) of functional traits of I. henryi in different light treatments
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