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Abstract; Understanding the relationships between twig and leaf traits provides valuable insights into the adaptive strategies

of plant species. There are limited studies addressing the shade tolerance of woody species regarding trade-offs between twig
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and leaf traits. However, there are two contrasting hypotheses regarding the characteristics of shade tolerance; whether
shade-tolerant species prefer maximized light interception and low respiration in the shade or are characterized by tough
structures because of a reduction in organ turnover and promotion of plant survival. In this study, our objectives were to
reveal whether the twigs and leaves of shrubs exerted trade-offs in the shade. Thus, twig dry weight (TDW) , leaf dry weight
unit twig (LDW) , leafing intensity ( LN/TDW) , specific twig length (TL/TDW ), leaf area supporting efficiency ( LA/
TDW) , and individual leaf area (ILLA) were measured for 11 shrub species, which have a relatively high ornamental value
and limited management under the canopy at the Beijing Forestry University campus. In addition, the relative light
summation of photosynthetically active radiation ( PAR) and spectral ratio of red light and far-red light ( R/FR) were
measured for the habitats of target shrubs. Relationships between twig and leaf traits were determined using standardized
major axis estimation (SMA). Effects of shade on relationships between twig and leaf traits were estimated using a multiple
regression analysis. The study showed that (1) light (relative light summation of PAR and R/FR) has significant positive
relationships ( P<0.01) with TDW and LDW and significant negative relationships ( P<0.001) with TL/TDW, LA/TDW,
and LN/TDW , whereas no significant relationship ( P>0.05) was observed with ILA. In addition, the interactions between
licht and traits were more significant for R/FR than the relative light summation for PAR; (2) furthermore, there was a
significant positive correlation ( P<0.001) and allometric relationship between TDW and LDW. A direct relation was
observed between light and biomass of twigs and leaves, as biomass of both significantly decreased with decreasing light.
However, shrubs reflected a relative bias in investment of leaf biomass; (3) LA/TDW also showed significant ( P<0.001)
positive correlations and isometric relationships with TL/TDW. However, the steepness for TL/TDW-LA/TDW relationships
in the lower R/FR decreased, indicating that shrubs presented a relatively conservative strategy for light interception in the
shade; (4) ILA showed a significant ( P<0.001) negative correlation and allometric relationship with LN/TDW , implying
that the twigs of shrubs tended to be made up of many smaller leaves in the shade. Therefore, together, the trade-offs of
ornamental shrubs were similar to the hypothesis that suggested shade-tolerant species exert trade-offs in growth performance.
However, generally, the shade tolerance of these shrubs was too weak to allow them to grow in the shade as ornamental

species.
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Tt FFIARS ot F4) R R A2 22 )2 RO T AR AR S 19 B, 7 MK TR 28 T B P 2 SN T3 T R AR AR o 22 1 1)
ARFB, SRR B ERAE SR SE UL TN (B2 B B 7EAR T A RO T 2 R &R el 78 AN
PERS AL B B A ATHE T A2 20k PR SE 3R T AR MO A T AR IR T AR B 22 H A, Ak ™
Hh R T R 1) S (] R

T0 B /N R AE ) 53R 72 Gt foe ELAR 16 1 B9 43, /N PR 2 R 1R 4 T 55 T 2 ) R AR ) A 1 sk %o SR F
FMEBENEZ " AR A F PR IET A 56 2R, 20 tH42 40 4R10A, Corner 481 T AL, — 2
RO, & A TR BRI IE (M AEF RS0 UK ; — A BOsas 5 /SRR AT 4, 35 AR 70/ VB B 1Y
PN, sk RS BEFR A Corner 350 ( Corner’s Rules) ' o Z I AY2E A TXT Corner 32 1) A f) A 1
PRI 5 RAE AR RIPRBERERE S AP R R FIFD N B R R B 225707 BAE )R B A 5 A A7 R g )
SRR AT I RS, XS R, Corner 35 U E 28 18] A9 A RUEE AI/INRUBE 1 48385 3k 16 FH '), /B R/
FI/INKE I T A3 3 77 7 L AR S A8 S A R G R Y IV I 50 R I R /N U323k 7 1 5 1 A 5%
F AN YA e S B R AR A A R A2 2 E T R A TR D ) 6 FR o LA A7 R R A B )
P AT 2 T B AR IR, T LA /IR 55 R ] B4 9 2R 1 005 AR 1 b A B8 00 ) A 58 A0S SO SR ) L LT, 6 TR
Tt SF) 24 B3 35 A Xl 7 R 1 P 5 110 355 17 AU 9 F 9% 22 B v A dn B TR S S g i S e B ERNST S A
JE , A - Sy etk e 1z ML 55 A A DG 2R AH 285 B 9 A BE AF A AR X S ) B 45 38 07 1 A 2 2 TR e 1 i

http ; //www.ecologica.cn



224 JesEI AR BREA/ IR PRAE AR T R TR P A AU G 2 3

AN ST AR R A A T AN SRS A E PR . — 2 A AR R AU B, LA Ay it B
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Table 1 Features of 79 ornamental shrubs

- - - 5 JEL i JEL i Crown brea(mf/m ﬁﬂiﬁ
Species Numbers Height/m Crown R-P8 m-lt Light
thickness/m East-West South-North environment
HEH: Kerria japonica 2 1.90+0.07 1.85+0.07 2.75+0.49 2.600.01 A
AR Physocarpus amurensis 5 1.36+0.41 1.31£0.41 1.92+0.36 1.70+0.48 A,B
SARA Lonicera maackii 17 3.94+0.82 2.70+0.62 4.96+1.95 5.12+2.20 A.B
BRE Weigela florida 4 2.7820.71 2.7220.72 2.53+1.25 2.28+0.62 A
R Forsythia suspensa 10 3.04+0.42 2.95+0.43 2.8920.80 2.84+1.17 A,B
KFEAE Philadelphus pekinensis 3 2.0920.35 1.86+0.17 2.17+0.35 2.3720.50 A
K ABAE Viburnum opulus var.calvescens 15 1.93+0.26 1.73+0.20 2.20%0.76 2.14%0.53 A,B
1852 Kolkwitzia amabilis 7 2.53£0.51 2.00£0.39 3.06+0.78 2.59+0.66 A,B
/N B Deutzia parviflora 6 3.05+0.71 2.55+0.74 3.24+0.93 3.7120.56 A,B
JNH 2L 0T Ligustrum: quihoui 4 3.40+0.59 2.21+0.41 5.55+1.15 5.08+0.82 A
2T % Syringa oblata 6 3.62+2.46 2.77+2.17 2.86%1.84 3.20£1.96 A,B
it 79 2.87+1.16 2.32+0.87 3.28+1.66 3.27£1.75
A BRBR, gap ; B : MIEE T, understory
PAR AHX] RBUGE = WA B L AR EE 10 PAR S2EDGE/ WL e B XTI PAR REDEE (1)
L0/ LT (R/FR) = 206 Yt/ m a6V 24 (2)
3 FhEREE ER I AAAEMN 1 35 (P<0.001) 255 . SRR SMOE T, A%t BAL Y PAR AHXT BERUDE LR
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EZ Kfﬁﬁﬁﬁﬁ /J\ﬁnfﬁ%‘) }J\ *E ﬁéﬁi L%ﬁﬁ%ﬁﬁ Fig.1 Mean of PAR relative light summation and R/FR under
K25 B Y B R ) 5 T B B , EBRMARZ the tree canopy and in the gap

Ja A FRA RGBT B S, ITF Image J #0043+ + + 308 P<0.001; % * 3% P<0.01; * %R P<0.05, PAR:JG
*ﬁ@@ﬁﬁ’ﬁ%ﬁ S ELAC F P B % A i AR , I E47 %% 58 B, photosynthetically active radiation; R/FR ; £1 )t/ 41
DI F- 5 42 0 15 31 % RE A f 80 - T B (individual leaf Jt, spectral ratio of red light and far—red light

area; ILA) , P FH BRI 7 BRI LB /A 50 i, £ 345

FZFEAR R AL AR, B/ INVER BRI 7 57E 105°C HLEAR h AT 30min J5 , #H 3) 80°C HYHLAH
o Bt TE I A BT H (twig dry weight; TDW) FIER MM a9 S8, BACRMEMN F iy ST &
R A g R AR A AR B HAF S T PR LA A 51 2 e | A AR BNZAE AR B AL/ NEH: T (leaf
dry weight unit twig; LDW) ; [ FR 3 3550 (leaf area supporting efficiency ) "' H} 5 B (leafing intensity ) "
ALK (specific twig length) M 2 HRIE A (3) ((4) (5) 5,

T AR HRFRCR (LA/TDW ) = iz /M i TR /R T 5 (3)
5 B (LN/TDW ) = B 7V Bt/ /s T 5 (4)
A K (TL/TDW) = /K B/ /N (5)

1.3 FdRabsl
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Tl st 1 R 3R 26 S F A A0S [R5 ) T4 . SRS XARIEAL IS AP ERARFE AR RO R BEHR R AT LA 10 RIS Y
Xof B R BRI e 48 5 32 T Pearson A DCAG I8 43 BT G PR 58 5 5 FIHE AR IR 22 18] (4 A DM 5 9 AR PR R 22 8] 5
ZoKH log(y)=log(a) + b log(x) #ATHEA , 20 « Al y FARA AR BIEIR, o MR RBIEIE, b IR
AR AR RYTERL, 2 b = 1 I RN I R OC R 2 b = | I R RV E R, il
A KIS B TER PR AL £ 4h 1T (Standardized major axis estimation, SMA) J5 " SMA Flal ) 4H%
51 8i-1 B MR8 AT R A smate” B2 )7 58 1 (hitps ; // cran.r—project. org/web/ packages/smatr/ ) ;
iE HZ T R MR R T A HERFE PR A DGR . AR SO R.3.3.1 1 Sigmaplot 12.5 #1744 43
Br geit A &

2 #R

2.1 FEAR/INEE IR AT R ] B 56 2R

TDW 5 LDW S4B E EM KR (2 =0.79, P<0.001) , SMA &3k 0.724 (95% 1) & {5 X 7] = 0.648—
0.809) , i . /N T 1.0( P<0.001) , 1] TDW 5 LDW fE7EH% B3 (P<0.001) iy S A= K6 &, H TDW [y
KHAKT LDW PG H4 LA/TDW 5 TL/TDW 24K i 3 IEAHE O R (1 =0.56, P<0.001) , SMA #H%h
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0.947(95% M B {7 X 8] =0.778—1.152) , 55 1.0 T #E2Z 7 (P=0.581) , % LA/TDW 5 TL/TDW f77EH 2
2 (P<0.001) 253 A K R R IR LA/TDW (934K TL/TDW 545 B4 K ; ILA 5 LN/TDW 2 4% i 3 17 A0
KFKZF(r'=0.27,P<0.001) , SMA BHE K —1.302(95% ) &5 X 7] = —1.483——1.142) , W i /N T-1.0( P<
0.001) , 8 ILA 5 LN/TDW FE7EM S 3% (P<0.001) A K e £, H LN/TDW AYZ8 4L R KT ILA AY7221k
HAE(KE2.3),

0.4 - slope = 0.724**
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B2 MREMFEERKIER
Fig.2 Allometric relationship between traits

w %k % Fosn P<0.001; = * /R P<0.01; * F/R P<0.05; VEEBHE MR E s

2.2 JEHIEFR RN MREE bR 0 A S S B

PAR X} BRUEES TDW LDW #BE A W& 1IEAH X (r=0.320,P<0.01;r=0.483,P<0.001) , 5 TL/TDW |
LA/TDW _LN/TDW WIJ#R 4% 52 571 A ¢ (r=—-0.480, P<0.001;r = -0.386, P<0.001; r=-0.371,P<0.01) , 5
ILA AHCHA B3 (P=0.329) ; R/FR 5 TDW  LDW &R 2 4% 5 25 1EAH ¢ (r=0.427, P<0.001;r=0.540, P<
0.001;),5 TL/TDW ,LA/TDW .LN/TDW NI# S 4% & 2 5 A5 (r=-0.594, P<0.001 ;r=-0.477,P<0.001; r=
-467,P<0.001;r=-0.331,P<0.01) , 5 ILA fHCH AR E (P=0.536) , 7390, R/FR 58 EARMIR(FR T ILA)

FIARPERR T PAR ARXT RBUGE S SMOR AR (3£ 2) .

2 HIMFIBIRES KA Pearson HHE R E

Table 2 Pearson correlation coefficients for light environment indexes and traits

TDW LDW TL/TDW LA/TDW LN/TDW 1LA
PAR X R 0.320"* 0.483 *** -0.480 *** -0.386 " -0.371*" 0.111(P=0.329)
R/FR 0.427 *** 0.540 *** -0.594 *** -0.477*** -0.467 *** 0.071(P=0.536)

w % % FR P<0.001; * * FIR P<0.01; = FIR8 P<0.05; PAR: Y& A %5E ST, photosynthetically active radiation; R/FR : L%/ 4156, spectral
ratio of red light and far-red light; TDW NG T , twig dry weight; LDW . i{ﬁ/l\ﬁﬂ[‘qzi,leaf dry weight unit twig; TL/TDW . AR, specific twig
length ;LA/TDW;Dfﬁfﬂ}zj%i‘ﬂl%?,]eaf area supporting efficiency ; LN/TDW ; M A ,leafing intensity ; ILA ;—L‘Flﬂfﬁﬁ:l,individual leaf area

2.3 JEXFHEA /ISP EIR AR 18] 1) 56 28 B4 52 )
R/FR 5 TDW-LDW .LA/TDW-TL/TDW F1 ILA-LN/TDW (4506 2 ¥H2 3 (P<0.001) , Y& RECH
0.46—0.83, 7£ TDW-R/FR-LDW =4 ZH  LDW 5 TDW . R/FR ¥ 24 83 ( P<0.001) IEA XX R, TDW
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Fig.3 Correlational relationship between traits
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WFFETCIE T X A A P 2R, QA [ o i) 35 4% 22 S5 S R AT 0, SO RETE DX IX ML A 2 KN i
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A B R RO T AR (18] 2) 15— BB T A AT A 22 57 X SEAT SN RO AR AR W i At A= )
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Fig.4 Covariation of R/FR and traits
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