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Response of clonal morphological plasticity of Fargesia decurvata to different

forest canopy structures and light conditions
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Abstract; Clonal morphological plasticity, closely related to the maintenance and regeneration of populations, is the ability
for a plant to adapt to a changing environment. In a field experiment, the Hemiview digital canopy analysis system was used
to measure the canopy structures ( canopy openness, CO; leaf area index, LAI; mean leaf angle, MLA) and light
conditions (direct solar radiation under canopy, Dir; diffuse solar radiation under canopy, Dif; Total solar radiation under
canopy, Tot) in three typical forest types ( deciduous broad-leaved forest, evergreen and deciduous broad-leaved mixed
forest, evergreen broad-leaved forest) in Jinfo Mountains National Nature Reserve, Chongqging. The clonal morphological
plasticity of understory dwarf bamboo, Fargesia decurvata, was also measured. Moreover, the relationship between canopy
structure and morphological plasticity of F. decurvata was discussed. The results showed that: (1) With the development of

forest succession, the CO and MLA decreased, but LAl increased, resulting in the increase in light interception capability
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of forest canopy and the decrease in the light intensity under forest canopy ( P<0.05). (2) Forest canopy condition had a
significant effect on the morphological plasticity of F. decurvata ramets. With the decrease in light intensity, the culm
height, basal diameter, leaf area, and biomass of F. decurvata ramets decreased. However, decreased light intensity can
increase the specific culm length, leaf area ratio, and specific leaf area to improve the utilization efficiency of light and
increase the branch angle of spacer and specific spacer length to adapt to low light environments. (3) Under the low light
environment in an evergreen broad-leaved forest, F. decurvata reduced its investment in rhizome but allocated more biomass
for culm and leaf growth. However, in the deciduous broad-leaved forest, F. decurvata reduced the allocation of branches
and leaves and increased the investment in rhizome growth ( spacer length and diameter) , which can be considered as a
foraging behavior to searching much more water resources. These results suggested that the morphological plasticity of F.
decurvata underwent significant change in different forest canopies, which is the result of adaptive response to different
forest canopy structures and light conditions and enhances the ability to acquire and utilize light resources in heterogeneous
light environments. Moreover, the communities may be able to coordinate and control the development of dwarf bamboo by

controlling the change of canopy structures and light conditions.

Key Words: typical forest canopy structure; light condition; clonal plant; morphological plasticity; Fargesia decurvata
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Wb E S A SRR X (28°46'—29°38'N, 106°54'—107°27"E ) , (i T 5 PRI RGN IX., Ja 7 AT 3R 11 2= X
Sk, n% %, BB RE SR SEE R, LR 3l A R A2, 8 T I (g R A, LD A 1R
ZARFRR 8.5C AR PRI 28 1434.5 mm; (KT 5P 10 16.6°C AR PRI AEZY 1286.5 mm,
HEH £ 1400—2252 m, FARE2E K HUBEKTRIA AT , 28 A MKy LL MBI AR (R R BB 2% SR8
TSR i 2 ) TEAS B 5% X Jak Y , 5 I R R R R 2 A TR A RS H A ( Carpinus viminea ) HE 7 HE
(Betula utilis) A1 K A6 WK ( Sorbus folgneri) . T VE W (Acer davidii) 55, & 2% [ M AR Fh 35 2245 0 bk A1 B
( Rhododendron coeloneurum) .4 111158 ( Rhododendron longipes var. chienianum) 84 ( Machilus pingii) 5% , X
SR IZ A AT AR Z T
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LHEE, SR AR, 2R RIS AR SE A L R 25 Jm SR DA o Y
AR R AT SR Y e, EEARKEER 1150—1610 m B35, 76 V5 5 L X L R ARy )32 40
JERREM EEREMNFZ 1
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openness, CO) M TAIFLFE X ( Leaf area index, LAI) SEXJIH{0i f ( Mean leaf angle, MLA) AR H 5} % ( Direct
solar radiation under canopy, Dir) | il & % ( Diffuse solar radiation under canopy, Dif ) F1 & % # ( Total solar
radiation under canopy , Tot) % ,

R1 EMERFE
Table 1 Summary of the plots

Ui H Item De Ev+De Ev

L4 Location 29°01'18" N 107°09'01” E 29°01’18" N 107°09'05” E 29°01'18" N 107°09'09" E
K Altitude/m 1520.0 1529.0 1527.7

5B Slope 25.4° 26.3° 35.7°

Wi 1) Aspect 33.9° SE 75.4° SE 13.4° SW

Wiz Slope position i rhg e
#1749 & Bamboo density /(#£/hm?) 133500 296700 58000

WP Stand density / (Bk/hm?) 12875 10050 6622

De : 7% M & MK, Deciduous broad-leaved forest; Ev+De : % 2% 7% I [{& IR 3 A, Evergreen and deciduous broad-leaved mixed forest; Ev : % £k & -
K, Evergreen broad-leaved forest;SE ; ] ,South east; SW; 7§ E4] ,South west

232 EHSAT MR ECR AR

(1) JEAPEMR 8K (Culm height, CH) FF3£4% ( Culm diameter, CD) (FF715 [8]%X ( Internode number, IN) FF
A4 (Internode length, IL) | Fb 25 K ( Specific culm length, SCL) = 25 K/ZE A= W) & | 43 K $8 ( Number of
branch ,NB) PRI [ FH ( Single leaf area,ILA) 3k A %% ( Leaf number per ramet, LNR) I [fj f1% ( Leaf area
ratio, LAR) = MR AL/ B AR Wi | Ho I 1T B ( Specific leaf area, SLA ) = M1 AL/ A= 9 & MR & ( Root length,
RL) HHL4H ( Root diameter, RD) \#2 %% #& ( Root number, RN) | B 55 4 K & ( Spacer length, SL) | b B & 4%
(Spacer diamater, SD ) | B 2§ # 17 [8] 54 ( Spacer internode number, SIN) | f# 25 25 17 [8] 4 & ( Spacer internode
length, SIL) | FEP# < ( Specific spacer length, SSL) = [ B 44 K B /P& 2 & A= W= | 43 K%/ B ( Branch angle of
spacer, BA) /1 H{5# & ( Branch intensity of spacer, BI) = REg 255 7= A4 i) 1 b 5 8 B0E

(2) A=Y R E MR FFAE ) 5 (Culm biomass, CM ) A% 2 ¥ #& ( Branch biomass, BM) | fA: 4 # (- Leaf
biomass, LM) B 25 & A= & ( Spacer biomass, SM)  H32E # & ( Root biomass, RM)  Hi | 4= ¥ & ( Above-ground
biomass, AM) ) . i F 4% & ( Under-ground biomass, UM) | &4 %) & ( Total ramet biomass, TM) ,

(3) A=W oy Ee R 25 A Wi 43R (Allocation percentage to culm, CP) ; 4 4= #)4 H 432 ( Allocation
percentage to branch, BP ) ; M i 4= #) i H 43 % ( Allocation percentage to leaf, LP ) ; Hi ' 25 4= ) & A 43 %
( Allocation percentage to spacer,SP) ; #34E #1843 ( Allocation percentage to root, RP) M1 I A= ¥ i H 43 %
(Allocation percentage to above-ground, AP) M AE4) 5t H 434 ( Allocation percentage to under-ground, UP)

B EARERE 1) ] ¥4 48 %4 ( Plasticity index) 2% Valladares 4§ SO B SR AR AR bR AT SRS
= (B RME—fR/IME) /5K AE

FH one-way ANOVA(P < 0.05) s Al i i B el IZ 45 i RO IR BE AR I 22 57 | FUAUA [l el R 4540 T 52
BT R Fh B B S AR IR A= 5 B R AR DL S A= Wy f o3 BC A A TR 1) 25 S v, OFAE LSD 2 8 [ AL
Spearman AHIEIL , 73 M e SR S A FFIE RDGINE A 5C 2R 5 I AR SC 10139 %08 58 HLg AT PRIR R AR 5 0 JZ S5 4 A
IBER S RIEAT T, A B AT A SPSS 22.0 52K, 3 H Origin 9.0 FXAFER

3 ZRE5SW

31 AFMAESE RS FDEIR R
AN [RIAR L] (70 = G5 AR RDEP B R EAT AR 2257 (I 1) o SR JEJT B AR B BIUR e R R B 5
FRI), BI B - v o ] b AR > TR S bR > S e i ik bk, T P T AR RO SR B R 5 B AT S e 9, HL 22 5 3%
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(P<0.05) , P-4 LE 7 I bk b o, T S AR IRL 8] T 235 22 57 . Spearman A 3BT (36 2)
R, EREITE SFRH U AR B HERDCRLE DGR, P2 52 B 2 AR G (H e A1 5 i
BRI R A A (P<0.05) .

90

75

60

45

T B
Canopy openness/%

30

60

50

40

30

20

BRI
Mean leaf angle/(° )

10

—_—

a
15 - T
T
12 +
=55
b S 09}
- gm S
x % 5 b
s =2
=5 06
—
C
03 - c
1 ] 0 1 1 ]
2707 [oir
. pir
E 7500 - .
= =
£
S
X 6000 -
o b
e
= 2 4500 - T
Q
b b eyt a
T z c
T T £ 3000
I : b
= 1500
= c
@
1 ] 0 1 1 ]
Ev + De Ev De Ev + De Ev

B 1 AREWEERESML IR R L ( FH{E+SE)

Fig.1 Comparison of canopy structure and light conditions in different forest types ( Means + SE)

Dif . S F U, Diffuse solar radiation under (:anopy;Dir;*/]‘Tﬁﬂﬂ‘j“ﬁ,Direcl solar radiation under canopy;**ﬁ?ﬂi’é%%ﬁﬁ%

*x2 BEEHIAIFEHFE Spearman X 5317

Table 2 Spearman correlation analysis of canopy structure and light condition

Z ¥ Parameter co LAI MLA Dif Dir Tot
co 1
LAI -0.983 " 1
MLA 0.433* -0.520" 1
Dif 0.984 " -0.990 ** 0.496" 1
Dir 0.942** -0.939"* 0.571** 0.947 ** 1
Tot 0.955** -0.952** 0.538" 0.961 ** 0.994** 1

CO: &2 TR, Canopy openness; LAI; I |- 17 FH 48 % , Leaf area index; MLA ; -1 115 £ , Mean leaf angle;Tot: MR BOGHE | Total solar radiation

under canopy; * P<0.05; "* P<0.01

3.2 EHAFAT AL S AL

AFEIMRBLT S HEEAT 0 MR A b A0 T AR R R B 35 22 5 (P<0.05) (£ 3) . #1 BB
S EAET TR A TR R TR BE R S T AR B A R SR AR ROLE R B bR R
Yk d/ s AR R IR | O AR AR B i R (P<0.05) o Horb A FFA19 A1 R S0 AS 8 v i I b
RO, TR AP T B B A ERSSAR P IR B R (P<0.05) o M B SEH ST 70 MR e ) B 2 25 1
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JE PR EAR R I B TR R AR AR AR A X A 5 I AR — SR SR — ki AR
WEWN(P<0.05) o HBA AN AR 2R f AR ik B R (HIMRGRE R b

%3 REHETEEFH R BENTARE T SE)

Table 3 The morphological traits of F. decurvata ramets under different forest types ( Means+SE)

JEZSHFHAE Morphological traits De Ev+De Ev F

¥k CH/cm 68.897+1.691b 82.911+1.368a 44.72421.090¢ 185.855 **
A2 CD/mm 4.503+0.085a 4.042+0.050b 2.835+0.046¢ 175.262**
FFA5 )% IN 9.160+0.249a 7.880+0.139b 7.850+0.155b 15.758 **
FFAT I 1L/ em 8.252+0.542b 10.935+0.200a 5.814+0.135¢ 78.835**
HZE K SCL/ (em/g) 20.403+1.057b 24.269+0.939h 43.846+2.637a 56.504 **
34 NB 9.020+0.638a 6.680+0.280b 3.760+0.239¢ 38.844 %%
AR LAR/ (em?/g) 26.805+1.565¢ 33.009:+1.068b 39.317+1.954a 14.943 **
Fer i A SLA/ (em?/mg) 0.308+0.013b 0.262+0.003¢ 0.392+0.020a 31.937**
BATH R TLA/ em? 9.668+0.360b 11.158+0.245a 8.693+0.304¢ 19.470**
Sr#RT A LNR 26.130%2.057a 25.770+1.317a 10.630+0.831b 33.270**
HWEKJE RL/cm 10.843+0.514a 11.051+0.320a 9.106+0.349h 7.267**
AL RD/mm 1.571£0.050a 1.325+0.051b 0.868+0.027¢ 44.932**
& RN 11.520+0.501a 8.540+0.290b 6.690+0.255¢ 39.995 **
P E K SL/em 21.858+0.991a 18.333+0.543b 6.928+0.577¢ 111.342**
Fer s % 4% SD/mm 3.371+0.059a 3.072+0.039b 2.193+0.031¢ 168.868 **
P8 3 T A8 SIN 28.492+1.031a 25.629+0.533b 16.529+0.936¢ 54.993 **
P 3 W AR B SIL/em 0.747+0.025a 0.691+0.012b 0.361+0.012¢ 146.485 **
FERA & SSL/ (em/g) 27.191x1.144b 27.474+0.772b 40.799+1.160a 56.806 "
SIALFAEE BA/(°) 52.430+3.534b 47.890+1.838b 73.170+4.362a 19.392 **
AR Bl 19.498+1.830a 17.254+1.051a 7.420+0.755b 28.303 **

CH: ¥k, Culm height; CD; #£4% , Culm diameter; IN ; 715 [B] 54, Internode number; IL: FF 77 [A] 1 J& | Internode length; SCL: 254K, Specific culm

length ; NB : 23850, Number of branch; LAR ; T 138 | Leaf area ratio; SLA ; FLMTI L, Specific leaf area; LA ; LTI, Single leaf area; LNR ; 7k
F 8, Leaf number per ramet; RL: H34 & , Root length ; RD : B4, Root diameter; RN : %3, Root number; SL; 2§ & K Ji , Spacer length; SD ; b &
FHA%  Spacer diamater; SIN ; i 25 & %7 [ %, Spacer internode number; SIL ; % 55 % 45 [&] K J& | Spacer internode length ; SSL: H B K, Specific spacer
length ; BA ; 734 f1J , Branch angle of spacer; BI; 458 B | Branch intensity of spacer; [RIfT AR FRFFRRERE BE; * P<0.05;** P<0.01

3.3 CEREEIAT R A A R SRR AR W i oy B ARAE

ANTR e 2 S5 48 S HACER BN 58 LA 43 Ak R R 1) 2 40 s AR BRI AR W 2 A O RRAE 24 52 1) 2 2 (P<0.05)
(BE2), WEEMHAT , SEHET o RA A AR it (FF B, i B2 AR o A B A Y 2y
B FRTF B AL (P<0.05) 5 T 7E 7% I R I ARORITR S8R SR B Ei AT o bR FRRE AT A= & B s & A2
B ORAYE b Y E RS R YRR 25 (P>0.05)  (E A AR Wy H SR IR - TR A RS V& - i bk
(P<0.05) (K 2A),

A ECRHE S (B 2B) R RIARE S B 5 B AR A= 0 o o 18 LU Ry s K, ik 50% , AR AR W i o
W LB R de N o AETE I R po SR B PR S B ER 2 1 A W ie F TR A I AR T xR AR
AL (P<0.05) TR ASHH S BT o B 2 19 AR Wi PR 09 ) A 1 ( P<0.05) 5 # 2RI pkrf, S H
BT 43 B A 22 (0 A= Wik FH AR RRR JR 0 A K, T RRAROG A | Bl 25 2 A Wt () 40 B ( P<0.05) o MRV A3t 15
BURFE RSN A K I S EL AT AR 2 10 A i FH T 3 0 R A AR Y I Rl AR I IRk A 2
B AE o T R R4 AR (P<0.05) | (HH 5 8 i i kb 9 0 B 35 25 7 (P>0.05)
3.4 CEREFIAT R R IR AR A T S 4 5L

R T SR LA 43 RN (0 25 PR ARAE X 5 25 205 ) e A8 S B 1) 2 S, o A8 PR DR AR AT 174 7T 28 P i 4
AT T HEF (B 3) o S5 ST F 0] S8 8 B0 KA R ke T 58 BM(0.816) , AT 98 48 £l fe /N 1
AR H A REE 3% AP (0.034) , SEEETATRYAE D) BAVRAE v S MR RO (E R AR W] B M 0T
P A o B A AT S PR SO Y5 5 0.816,0.683,0.419 -t 5l 2 Ui 28 H- 85 47 LA Hi A= - ERRRAE
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Fig.2 The biomass and biomass allocation of F. decurvata ramets under different forest types ( Means + SE)
CM . FFH: 1, Culm biomass; BM . /£ ¥ , Branch biomass ; LM ; M4 ¥ i | Leaf biomass; SM ; i 25 % 4E ¥ i , Spacer biomass; RM ; AR £ ¥,
Root biomass; AM ; 1 [ /¥ # , Above-ground biomass; TM ; & /=¥ & , Total ramet biomass; CP ; FF4E ¥/ H 4338 , Allocation percentage to culm
BP . A5 £E 8 4%, Allocation percentage to branch; LP ;' i ZE ) #8435, Allocation percentage to leaf; SP  F% 25 35 4= ¥ 2 A 434, Allocation
percentage to spacer; RP : fRAEH# H 433K , Allocation percentage to root; AP 3t A= ¥ H 43 %, Allocation percentage to above-ground ; & H [i] —
PERAN R B R 25 52

X S R A O REURR B e R IR SRR R 2, A W BC R A ) SRR e 2

3.5

SEH AT MR RO 76 2 S5 RO BE AR IE Y C R

b2 SRR DR SRR HE X 58 HE A AT PR AR A A 3 52
JE PR v P 5 B B R R T E TR ERSR RO S0 IR A3 i i 52 B S, s B AR A 3 (H B F 2
U A3, S B Je R AR, R g a3, o HLI7E IR AR s Bl iR R
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Table 4 Relationship between clonal traits of F. decurvata and the canopy structure characteristics

SH AR il I TR R
Item Equation Corr(?lallon Item Equation CoT‘n.%latmn
coefficient (r) coefficient (r)

CO-RD Y = 16.176x-0.299x +0.002x° -248.510 0.830 LAI-RD Y = -12.416x+124.967x*~97.071x>+11.538  0.799 **
CO-CH Y = 0.146x-0.003x*—1.140x>-1.833 0.674** LAI-CH Y = -0.825x+1.945x>-1.266x>+0.971 0.675 =
CO-CR Y = 28.640x-0.526x2+0.003x> —447.290 0.809 ** LAI-CR Y = —18.474x+207.859x2-165.602+°+19.280  0.779 **
Tot-RD ¥ = 0.126x—11.640x%-6.103x>-211.193 0.722** MLA-RD Y = -1.731x+0.030x%+40.457 0.652 =
Tot-CH ¥ = 0.002x—15.181x%-6.605x> -2.502 0.652 MLA-CH Y = —0.008x-23.260x>-0.874x>+0.974 0.704
Tot-CR ¥ = 0.242x—15.907x°-3.352x°-411.277 0.730 ** MLA-CR ¥ = —2.653x+0.041x%+66.656 0.629 *

CO . 5&/ZTF B, Canopy openness; LAT; T F135 4, Leaf area index; MLA ; =34 -l ffi , Mean leaf angle; Tot: #K T &5 &, Total solar radiation

under canopy ; RD : 77K % & , Ramet density ; CH: #£ 5, Culm height; CR ; 5% , Coverage; * P<0.05; ** P<0.01
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Fig.3 Plasticity index of F. decurvata ramet traits
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