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Effects of light environments on the phenotypic plasticity of three shrubs
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JAbstract] Phenotypic plasticity is a crucial pathway for plants to adapt to the heterogeneous environments. It is essential to
investigate the adjustments of plant morphological traits and biomass allocation patterns, which contributes to understanding
the adaptation of plants to different environmental gradients. In order to illustrate their adjustments of morphological traits
and biomass allocation patterns to the two comparative environments of high light (outside of the forest) and low light (inside
of the forest), we studied three typical shrubs (Salix etosia, Rubus setchuenensis, and Hydrangea aspera) at the Qishan pasture
in Chongqing Municipality, southwest of China. The results indicated that the plant height, crown width, crown length, and
crown area of H. aspera increased significantly under low light, while S. etosia and R. setchuenensis showed no significant
difference between the two light environments. For R. setchuenensis and H. aspera, individual leaf area and specific leaf area
were significantly higher in low light than in high light, while S. efosia showed no significant change. Furthermore, H. aspera
had greater new branch biomass allocation and aging branch biomass allocation under low light, while S. etosia and R.
setchuenensis did not. In addition, root biomass allocation of R. setchuenensis was significantly higher under low light, while
neither of S. etosia and H. aspera showed significant difference between the two light environments. Higher logarithm of root
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to shoot ratio (R/S) of H. aspera was observed under low light, but not for S. etosia or R. setchuenensis. Finally, morphological

plasticity indexes were higher in R. setchuenensis and H. aspera than in S. efosia but biomass allocation plasticity index

showed no significant difference among the three shrubs. The results demonstrated that the adjustment of the morphological

traits and biomass allocation patterns for the three shrubs is species-specific under different light environments.

southern China grassland; Salix etosia; Rubus setchuenensis; Hydrangea aspera; light environment;

morphological traits; biomass allocation; phenotypic plasticity
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Table 1 General conditions of experiment plot

A g R JeB A MR G D M5 e T AR B =9/ s
Type of habitats Photosynthetically active Light intensity Soil temperature Soil bulk density Water content of soil
P radiation (P,/umol m?s™) (20 000 1x) ) (plg cm™) W/%)
Mok O 735.93 £ 13.20a 482.75 + 1.48a 20.65 £ 0.12a 1.61 +£0.15a 37.47 £ 1.10a
Na R 216.42 + 6.76b 162.10 + 0.26b 19.94 +0.12b 1.58 +0.20a 37.22 + 1.74a

[RIFUA [l /N5 5B e R AE AN A A 58 FRBE 4% 0F 2% 53 2% (mean £ SE, P<0.01).

O: Outside of the forest; I: Inside of the forest. Different letters denote highly significant difference (mean + SE, P < 0.01) in environment conditoon between

the habitats.

6400-02BZT #% Y6, A2 Y64 504R 55 (Photosynthetically
active radiation) . I 5E B [E]¥F 10:00-12:00, M2 78 24 °C, #H
X B 60%. F6 A AR PRI AR 2 58 UG , SR 21215 IR
MRAEY &, REEMRER, Kb L 5T 8T T EY
H43°0-5, 5-10, 10-20, 20-30, 30-50, 50-70., 70-100, >100
em/\ 2, 472 ARBUR R4 9 8 IF 0% e i k. AE AR M _EAE
b AU N T S 1 20 57 3 S| B 2 o O . i 1 f L
%, 105 CAAH 30 minJ, 7680 CAcMF MHET 248 i 4.

JEARWE NS EEHE: R, B ERARVEA B & B, B
Sem. s, BRI BLRRE A MRS BE, B0y Fem. i T8, RIH
MREE AR L R 58 1, B Aem. AR, BI0.25n x & 585,
B hem?®. G, B BRRVE R 4 (RS A A AR )
T, B g R, BIsASr 8, 0 e Sk
LRSI B T A, B4 Shem?, SR A Canon Scan Geardd
iR RR &L, FHPhotoshop CS4 FllMatlab 7.9 5., H M- A,
B L I T A AR, B Jgem” g
1.3.2 42 ME A L BRI AR R R A
YR E ST L. B E Y BRI R AR G R
BAYENES . B R E: AR Y RS
FESAEY BN E . R AW B SRR A & Rk
BAYENES . S EAY R R Ay A
Y. HTR T B AR R R iR AR .
Wi AR LR R A R/ AR AR X R
fH: lg (RAY &) /g (M A ) .
1.4 BIRSH

DIFERR N BAIT, W 32 SAS 9. 25 {4 g — il £ e A Y
(GLM) , 45 53 % 37 5 A 25300 I 5 8 A 3F 47 44 o F0 6 2R 5%
R R Iy 225307, 2% 7 3% (P < 0.05) 99545 i Duncan
R 56 E 17 22 L Be . AR 4 Valladares % i) 7 15 P 5 45—
FEAR IR RS M FEEL, RIZ AR AR AE AR ]G HR AR T I K d
AN B 25 5 SR ORI E Z . TE S SR HUE OB
1 A RN e B8 A 8 FE bR I VPR FE B SE M AW oy
R BB PE R How SO AR R IE . BTR AR i o T A B A AR

R2 AEBSLIRE TIMBARSIETNAES N (PE)

O O A 8N b b R R RO P R (L R A R AR SR Y
IRV BOE SO TE 25 SR A8 B0 A W) 4 e SR A 4 B 7
YA 5 W) Ao ) 8 P 5 R 22 ST A 3% (One-Way ANOVA)
J5 2253 WK . IR 4 Origin 8. 5HAF22 .
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JANER PR R B T RRURD H T R AT O 25 0 d. FR R 2
AT UL, B A S e iR R AT A, 3Fh T AR TE AN [RGB R B
BEFHE D224 53 (P<0.05) . BEikE s, KA SEIEE
TG 2% (P < 0.01). 7858 K, BT, B
AR AR AR b, S BRRNAR Y 058 HAE 23 m A
£7(P<0.01).

SMANEOE IR A L, BRI B RS L e TE A e
RS RN EZ R AR E (P> 0.05), MiSRFEERMN
PR L et T8 e T AR S 3 T (P < 0.05) . ELAIY e 7E 2
PG T2 SRE 2 (P> 0.05), JI|EAEMOLR TR
N (P <0.05), LLARSME/N25.0%, T3 BRAERCIE T
WEHER (P <0.05), LLARIME K88.5%. JII&:HIH 558K
I TEROE IR T BN (P <0.05), 43 SIHARIMNE/NT
13.6%. 6.3%, MEMFE2MEFETEZRARE (P> 0.05).
TEARSEEREE TS, 1155 A1 T 3% 25 Bk 60 20 - T AR HE i T AR 1 35
B (P<0.05), MEM2RAEE (P>0.05) (£3).

TEMANEDOET, MRidetn, 3R RE AR WA BE 2 (P
>0.05), lWHE RS, RGBS LM%, AR/,
HATESREE, NN BERTEMMERER (P <0.05).
EMRNMEOET, tRETEdr, BMIR)INE  DRERERANL
F(P>0.05), HOREREERTNE,; EKBW, IIE
MO RGERTC D 2225 (P> 0.05), HEZERTEM (P <
0.05) ; e 5 A I ARFE b5, BN, SRFEREF AL
FE(P>005), HEREREEFRTEN (P<0.05); HBIEH

Table 2 P-values for the morphological parameters of three natural shrub species growing under two light regimes

Yo% B JERS T TE AR JSLRis Ey BT A AR
Morphological parameter PH CL CW CA TLM ILM ILA SLA
S8 Light 0.017 0.452 0.585 0.800 0.045 <0.001 <0.001 <0.001
HFf Species 0.710 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
J&H8 x B il Light x Species 0.227 <0.001 0.011 <0.01 0.134 <0.001 <0.001 <0.001

PH: Plant height; CL: Crown length; CW: Crown width; CA: Crown area; TLM: Total leaf mass; ILM: Individual leaf mass; ILA: Individual leaf area; SLA:

Specific leaf area.
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Table 3 Morphological parameters of three natural shrub species growing under two light regimes (mean + SE)

Eitn AR EL0 JI %% 5Bk
Index Type of habitats Salix etosia Rubus setchuenensis Hydrangea aspera
TS PH (hlom) Mok O 80.98 + 6.75aA 76.12 + 6.31aA 75.96 + 5.11bA
" PP T 93.33 + 12.09aAB 83.40 + 5.30aB 115.60 + 4.34aA
K CL (lem) a0 53.52 + 6.50aB 144.24 £ 6.50aA 56.44 + 4.48bB
~ ¢ P 1 62.83 + 10.57aB 108.20 + 9.19bA 106.40 + 4.84aA
9 CW (blem) a0 40.44 + 5.46aB 90.16 + 9.09aA 44.56 + 2.69bB
Tk 5 PSR 48.50 + 8.46aB 62.40 + 10.87aAB 80.80 + 6.64aA
P 2 ok 0 1846.85 = 481.47aB 7942.39 + 1537.24aA 1695.52 + 193.62bB
SEEB CA (d/em’) MR 1 2128.56 + 577.95aB 3429.36 + 826.34aAB 5266.25 + 823.91aA
20.61 + 4.86aB 74.40 + 14.49aA 40.33 + 4.65aB
eyl e ok O
B TLM (m/g #7) JINCR 21.97 + 5.17aA 18.55 +2.32aA 22.91 +4.94aA
a0 0.07 + 0.00aC 0.44 + 0.02aA 0.16 +0.01aB
1}
L ILM (mg) R 0.06 + 0.00aC 0.38 + 0.02bA 0.15+0.01bB
15 +0.17aC 48.15 + 1.78bA 23.12+0.71bB
T A 2 ok O 8
SRMTETRA LA (i) BRI T 8.07 + 0.19aC 54.61 +2.67aA 42,65+ 1.53aB
134.23 £2.11aB 114.41 + 5.45bC 152.15 + 17.09bA
L AR - ok O
G ET) STLA (elort ) ARIA T 130.95 + 2.16aB 152.86 + 2.76aB 325.09 £ 16.37aA

] —FA ] NG B (abe) F7m AH R FEA ] AL B 2 ) 22 5 (.35 (P < 0.05) , [W]—43 ARS8 (ABC) s MG AL B F ARl A4 2

[B] 22 582 (P<0.05).

PH: Plant height; CL: Crown length; CW: Crown width; CA: Crown area; TLM: Total leaf mass; ILM: Individual leaf mass; ILA: Individual leaf area; SLA:
Specific leaf area. O: Outside of the forest; I: Inside of the forest. Different small letters in the same column indicate significant difference between two light
regimes of the same species at 0.05 level; different capital letters in the same row indicate significant difference among three tree species under the same light

regimes at 0.05 level.

Tekr, SFHE AR 22 R B2 (P> 0.05) ; B F1 AR - AR
BhR, A>Tk > M0, A/ ot BUE bR, O
W& 22 AR (P> 0.05) , B E/ N RERR (P
<0.05) (£3).
2.2 NEFEIME T3MEREE 57 ECFE

FEAS DGR BT T30 A 04 45301 25 ) 43 e F8 A b 4 70
ZEONT. RATT UL, 30V A A5 AL 2 b b A i T HE R
EARRDEIHE TR AR BEME2ZS (P> 0.05). B EY s
Sy Z A0, Ay Y o Bl AR Sl LU A E R RDCERBE A B
PR (P<0.05). BRERAYRATE AN, S0 -4
AT HC B R AR e A3 TE RN AR S B R AR A It e M 2
5 (P <0.05). 746, BRopis 5 ARy R s R Y =
SIBCAh, S RERURE B (14 38 TAE FH X 45 6 b 35 B 1 O b 35
Z5(P>005).

5RO A L, ELA R 1 B i o L AR R
HHWBEAEHIE2ZRARE (P> 0.05), HDRERREEF
ik (P <0.05). ELHIAIL) S5 BRAE MR OB b A B L
RIE2MAEHRE T ER AR E (P>0.05), 1)1 8 &AL
(P <0.05), BEAR53.0%. 3R AR R EA G HE - APy it LE 3

R4 TEEE TIMEREME S BIRHTENH (PE)

AR BT B R 2FPOEIREE 22 AR (P> 0.05) . L)
BN B AL A oy FLAE2ROL IR P I 22 R A B3 (P >
0.05) , NIEM L EHSH -, MDRERAEMOCT BE
(P<0.05), ARSI RLSG. KOG, NIAEAHRR AR
AR AT B (P < 0.05) , S ARAMI3.9R ;1 B AN AN
AR ZEFRNEZE (P> 0.05). EMIF 25 H 56 1L X 50E
2RO T 2R AR E (P>0.05), MHRSREMET
W (P<0.05) (K5).

TEMANENET, b LAY 2 R, BRI 2, 5
REREFALE (P>005), HNHBERTLRER (P
< 0.05) ; Bk i DAY R R, DRGEERMEAN, 1524
SARZE (P>0.05), HEMRERT)NE (P<0.05); &k
i B R R, NEMEN, SREREFAEE (P
>0.05) , (AR GGk B ERFEMN (P <0.05); MAYRES
Bl , B2 SRR (P> 0.05), (A EERT LR
FER (P <0.05) ; BAFRAEY &N, 3FEAR2ZEF AL
% (P>0.05) ; MR LG BUE, EAAIEE 2 AR (P >
0.05) , A¥ B ELFHRSEEK (P <0.05). ZEARNIOLET, it
didh BAEY R R, BT A2 S AR (P> 0.05), 0

Table 4 P-values for biomass allocation parameters of three natural shrub species growing under two light regimes

i T

B

MRAEYIR BRI ERCEY RAEYE MR EE
i S 1L

pa Wik AMEEE  ABREE SHRC oy X

LB/AGB NBB/AGB ABB/AGB LBA NBBA ABBA RBA 1gR/1gS
S H8 Light 0.077 0.183 0.695 0.978 0.019 0.06 0.036 0.005
4 Ff Species <0.001 <0.001 <0.01 <0.001 <0.01 0.091 0.019 0.021
G R x W Al Light x Species 0.109 <0.01 0.094 0.797 <0.001 0.089 0.014 0.066

LB/AGB: Leaf biomass/aboveground biomass; NBB/AGB: New branch biomass/aboveground biomass; ABB/AGB: Aging branch biomass/aboveground biomass;
LBA: Leaf biomass allocation; NBBA: New branch biomass allocation; ABBA: Aging branch biomass allocation; RBA: Root biomass allocation; 1gR/IgS:

Ig(Root biomass)/Ig(shoot biomass).
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BRERTLESER (P <0.05); Hk b FAEYRILRM
Bk A AR, BB RERERARE (P> 0.05),
A B ERTFINE (P<0.05) ; B EAYR LR, IE
MSZFGERERAEE (P>0.05), BHEERTFEM (P <
0.05) 5 M-A= 4y e 43 i FIKR 76 LU o B0qH, 3FP A [H] 22 R
E(P>005); BREYESE, NEMEN, DRERES
REE(P>005), HLESERBERTON; AW
B, B S RFE kA AR E (P>0.05) , (H¥ 5 E/NF)
# (P<0.05) (325).
2.3 ASTEME eI Rt

FROWAFIER AR MEM ., )M RERIFHS
B nT SRR R PR R 22 T S R R W NI S
FEHOR0.10, EUMIA Y A B ¥E PEFE BOR0.17, I E T 22 R
B3 (P=0.184, P>0.05) . JIl& LA MHFEHCN0.31, )4
YIE S TR EUR0.29, Wi (M 22 AR (P =0903, P>
0.05) . DR FERIL A I MEFEECR0.43, T R G5 BRAEY) 43 BT
SAPEFRHOCR0.33, HE M ZER AR E (P = 0.251, P>0.05).
Uk VA AN (R B 58 358 0 38 [0 SR W, T 2524 S ) s
PR AE AU R 4, 1 3 78 3 TE A R R 4 1 VR A 2.

TE 25 T S0V 7 3 A B 1] 22 574 2 3% (P = 0.004,
P <0.01), ShZHER)IEE B0 25 T S8 M A 42 3 v 1
A Wy i T T 9 S R R A ] 22 S R B2 (P = 0.312,
P >0.05) ; ThRG5BRAN)I &5 5 R mT S0 PR AR B 3 S T A (P
=0.003, P <0.01). ZEFAMRE L (FEUE) Mm@, 5
RERKTOMANZEE, DR TNE. JFH, SREHREE
WY 3.44%, 2B 6.2f5; BN L8R5 Hit, ik
1 F, DGR AR YCI ST 2B i 36 A n] 9
‘ﬁ.

RS RENIME TFIFERNENENEIERSELLR (FHERERE)

24 WTIRAEVEERHHIFE
241 FRFAIFEBTRIMEARRRBITE ORISR h3Fh
AR R Y BRE 0 RAhE T AR . 2R
T, MR T HEHE0-100 cmfY2980%; 7EFK NG,
R 24 1E 1 IE R 2 0-50 cm it K 2980%, 434 K B % T
AL, BHIRTE, ISP EARIR R I, M TS
(7).
242 ARIRMETIMEARLIERAZAEYETDELIFELL R
FIELATLUE H, B 2R EE A3, MRAMR AR 4B
Wy T L 051 XAy 55 0 U MR R A EAS [R] i IR B 5% X 3
HEAR R R AW f 5 A AR JE AT A 25 5%, ELAI R B AR 10-
20 emt 2, NEMERFHERFEBZEPFE0-S emt 2, HARN
VIR =TSN (P<0.05) . 44512, Rl—HEPEARRDE
WEZ ¥R EMEER (P>0.05).

3.1 SHEARZSMENE S BN E 5

L) A= i 15 Bl A SN A BT TR 25 Ry o . 3550 5%
PF A —E R LU RY) AL 2SR E A0 AR B 3 BC A Y
SPECEOCHYIZEFT M, PR S, B S BUR AR TE I IE
AR L A gyt G T B O PR R R A A T A A A RE
TERTRC IR R AAF I 2RI S AR L, AROP T3
G5 R BB BN BB A W i 2 T R R, TG R 1
MEESNFE, &5 1 ABB (Self shading) /K-, A 20
INT R R R A 45002,

LSRN EE, BRIA B 22 55 BRI BT 2R S
AWy AR (LB/AGB) B/, 1 W 7E — s R B b2 1
LRFERI A I, bk, K, 98, ST AL

Table 5 Biomass allocation parameters of three natural shrub species growing under two light regimes (mean + SE)

it AT LA Pk LR R

Index Type of habitats Salix etosia Rubus setchuenensis Hydrangea aspera
e e R
o omn oomn oo
SE rmny pery mEn
A e it szie3tmn  a666+5otA 1445 <0954
o r maEy i
BEST menew maams monm
e e S et
AR Gl

[i] —F R [H] /NG ) (abe) 27 AH RIALY) FEAS ]G AL 31 2 ) 22 53 W 3 (P < 0.05) , [R]—AF ARIRIKRE F 8 (ABC) R ARG AL 3 R AR A4 2
6] 2% 57 2. 3 (P <0.05) .

LB/AGB: Leaf biomass/aboveground biomass; NBB/AGB: New branch biomass/aboveground biomass; ABB/AGB: Aging branch biomass/aboveground
biomass; LBA: Leaf biomass allocation; NBBA: New branch biomass allocation; ABBA: Aging branch biomass allocation; RBA: Root biomass allocation; 1gR/
1gS: 1g(Root biomass)/lg(aboveground biomass). O: Outside of the forest; I: Inside of the forest. Different small letters in the same column indicate significant
difference among two light regimes of the same species at 0.05 level, and different capital letters in the same row indicate significant difference among three tree
species under the same light regimes at 0.05 level.
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Table 6 Morphological and biomass allocation phonotypic plasticity indices of three shrubs under different light regimes
$6%5 Index B Salix etosia L2558k Hydrangea aspera

J11%5 Rubus setchuenensis

¥k PH 0.132 0.087 0.343
EK CL 0.148 0.250 0.470
5 CW 0.166 0.308 0.449
ST AR CA 0.132 0.568 0.678
HHE TLM 0.062 0.751 0.432
i ILM 0.143 0.136 0.063
B AL ILA 0.010 0.118 0.458
Hor- R SLA 0.024 0.252 0.532
JE 25 ¥8 P48 % Morphological plasticity index 0.102aB 0.309aA 0.428aA
5 AR LR LB/AGB 0.058 0.003 0.450
BEGh E AR ) LR NBB/AGB 0.240 0.531 0.318
EA N A s R ABB/AGB 0.218 0.221 0.065
Ay 43 . LBA 0.031 0.022 0.124
B A= ) ik 53 i NBBA 0.294 0.588 0.528
S Y 43T ABBA 0.074 0.187 0.352
A=Y 5Bt RBA 0.379 0.743 0.485
R 5 L X £ fH 1gR/1gS 0.083 0.045 0.283
He ) T ¥ 4 F8 %1 Biomass allocation plasticity index 0.172 aA 0.293 aA 0.326 aA
AR IAPEFEEL Overall plasticity index 0.137B 0.301 A 0377 A

[ —FARE /NG 8k (abe) 375 A [FAE P AN 7] 3% B W] 98 1 2 0] 25 57 . 2% (P < 0.05) , [ — A7 AR KEFHE (ABC) 3 /n AH R 2 B 0] ¥ M R R A4
Z 25 E (P>0.05).

PH: Plant height; CL: Crown length; CW: Crown width; CA: Crown area; TLM: Total leaf mass; ILM: Individual leaf mass; ILA: Individual leaf area; SLA:
Specific leaf area. LB/AGB: Leaf biomass/aboveground biomass; NBB/AGB: New branch biomass/aboveground biomass; ABB/AGB: Aging branch biomass/
aboveground biomass; LBA: Leaf biomass allocation; NBBA: New branch biomass allocation; ABBA: Aging branch biomass allocation; RBA: Root biomass
allocation; 1gR/1gS: Ig(Root biomass)/Ig(shoot biomass). Different small letters in the same column indicate significant difference between two phonotypic
plasticity indices of the same species at 0.05 level; different capital letters in the same row indicate significant difference among three tree species under the

same phonotypic plasticity index at 0.05 level.
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Table 7 Cumulative distribution of root biomass in individual level of three shrubs

HRZR RT3 (P/%)

THY) HE BT TR AR Cumulative percentage of root biomass
Species Type of habitats Soil depth (6/cm) Sample size B /ME Min Bl Max f{f Median
0-70 24 14.53 100 79.93
e SO 0-100 25 14.53 100 80.92
Salix etosia BT 0-30 6 19.21 100 77.89
0-50 6 19.21 100 80.63
0-70 25 1.87 100 86.39
JIIE:: A5} O 0-100 25 1.87 100 88.3
Rubus setchuenensis BT 0-30 5 39.29 100 87.62
0-50 5 39.29 100 88.19
0-70 25 12.65 100 78.90
LR G5k k0 0-100 25 12.65 100 79.57
Hydrangea aspera B T 0-30 5 30.8 100 79.06
0-50 5 30.8 100 87.93

O: Outside of the forest; I: Inside of the forest.
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B, R B D8 I 5™ 4y 1) 25 14 2 BE LR A3 A0, ri) o )
e LE B AN 7 2 AR, LI T AR . AS IS 5 2R 3R

I 3 5 BRI TEAROC PR 85 pofs 3 22 19 A W i B0 A BT T 4 45
F B LR A B S5 00 S R o CETBCRIE D), $ i 1R E B IR
B3 HRE ST, TS A b LG A0 ) 145 B e b 3 O F O B

5509 5% Fil Valladares® (2000) (A58 45 51— 2, BiAE %)
5506 PR B 133 N 3 B 4R R 5O PR T 4R A A 1 B
A3 R R IGR AR 1. TR 45 Bk 201 B B4 & e
B, WBOR S ERE, DT AE AR G A5 1 T KR RE B AH X 1 H
A, 33X TR0 26 W X 55 016 HL A BRI 52 1k, BOA R
A & TR AT 9 1

SO, PRRY)N R A BRI BT AR
Pri L (NBB/AGB) W35 i /b, S 1ri BRF LE I AR A
I 2 O IR A T A5 T AR 3 o A T e R 2D,
A A3 A AR B /. FE AR I AIRE IR IR T, AR (9 A= 1y # 43 Bd
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Fig. 1 Comparison of percentage characteristics of root biomass
allocation of three shrubs at the same soil depth under different light
regimes. Different letters denote highly significant difference (P < 0.01) in

percentage characteristics of root biomass allocation with the same soil depth

under different light regimes. O: Outside of the forest; I: Inside of the forest.
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