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Abstract

Aims Leaf age is an important factor affecting trait variation during ontogenetic development of plants. The
variation of traits across a gradient of leaf ages can reflect the response of plants to environmental changes. Our
aim was to investigate the variation of needle morphological traits of Pinus koraiensis at different needle ages and
the influence of latitude and needle age on the correlation of morphological traits.

Methods In this study, adult Korean pine (Pinus koraiensis) of four mixed broadleaved-Korean pine forests in
northeast China was selected as the research object. We measured the leaf lifespan, as well as specific leaf area
(SLA), leaf dry matter content (LDMC), needle density (VD) and needle volume (NV) of needles at different ages.
The correlation between morphological traits of pine leaves was discussed and the effects of latitude and needle
age on these correlations were examined.

Important findings (1) Leaf lifespan of P. koraiensis significantly varied with latitudes, and showed a unimodal
pattern with increasing latitude. (2) Needle age accounted for the largest proportion (34.2%-80.1%) in trait varia-
tions, and had a significant influence on all the four leaf morphological traits. SLA, LDMC and ND of the current
year leaves showed higher plasticity than other age classes, while NV showed high plasticity at all age classes. (3)
Most of these trait-trait correlations were significant at different latitudes, while the patterns of slopes of the re-
gression lines among traits did vary across the latitudinal gradient. (4) The correlations among traits within dif-
ferent needle ages classes were all significant, but showing different patterns across needle ages. For example, the
regression slope of SLA and ND decreased with the increase of needle age, while the regression slope of ND and

ek H Received: 2020-10-26 5% H #l Accepted: 2021-01-29
HETH: HEAAREH4E(31971636) F ZFHE 3l 55 U5 18 & % I1(2019FY202300) 1 v [ B ) 5 4 A A #6244 LI H (2018QNRC001) 6
Supported by the National Natural Science Foundation of China (31971636), the Special Foundation for National Science and Technology Basic Resources
Investigation of China (2019FY202300), and the Young Elite Scientists Sponsorship Program by CAST (2018QNRCO001).

* J@ {5 1E 4 Corresponding author (1iuzI2093@126.com)



2 MAZ2ER Chinese Journal of Plant Ecology 2021, 45 (*): 00-00

NV was opposite. The results showed that the variation and correlation of morphological traits were significantly
influenced by latitude and needle age, the collaboration among these traits responded to the environmental
changes at different latitudes, and the resource utilization strategies of needles were different in different ages.
Key words Pinus koraiensis; needle age; latitude; specific leaf area; plasticity
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(Messier et al., 2017). FEITTVEAE Ry —Fi i 550
ISR T R (e v, R &N RN 38 B BN R
B A5 5 0 A B 1254 R8I (De Kroon et al.,
2005). TN R PE B A MR 2 TR iz f kR
6 2 1] B # AT 28 1 B BY 0 4% (Anderegg et al.,
2018), H LAER 7T X 38 R BE R i B PR 1 A2 5 R
ST EEVEAE B TR ON Tl X3 [ P R AR 45
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Dong M Liu (2017) H)#f 7t 25 5 2% W 2144 (Pinus
koraiensis) ] 2 A~ T RE 1R 52 4 FE A [F] By 3 21 34
BRI . 2 AN B MR S A AR TIAR R,
it B BL A 24 B v e, B T AR (SLA)
AV 75 i B8 26 B2 T v T 3G R (FRAR AN 2 R AE, 2004,
De et al., 2013). M7 fr 5 PR B35 A OCPE
ZHEWR, WAL E S B S 7 a4
KR R (KA KA, 2004; Mediavilla et al.,
2014; Osada et al., 2015), SLAREM:75 v (138 K 11 ik
/INKikuzawa & Lechowicz, 2011; de la Riva et al.,
2016). HefllYan (2018) 1A Ay H LR Bl IR 1) — 70K
RIS, (HOAH 2T FIESEAE) 2 EY)
I RN TR 2 [A] I PR AT E 4 3 AH 5% 14 (Reich
et al., 1999; Wright et al., 2004; Niinemets, 2015). £L.
FAEFHISLA S M JE 5 2 0 2 1 IEZRPE AR G R R,
B 5 H-T9 5 & B (LDMC) 5 5. 2 1 2R PE A 56 5%
#(Dong & Liu, 2017). M HISLAGAFIRI
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2008). FHIFFEEE(2013) I8 I X LRl 24 A AT 2
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NDFINVAW v H S E BRI AL B F DL
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Table1l Details of the sample sites

Hh @4 A IR PR K E
Sites Latitude Longitude Elevation MAT MAP
(N) (E) (m) () (mm)
PNEN 42.38° 128.08° 852 3.6 700.0
Changbai Mountain
21 Muling 43.48° 13024° 611 2.8 513.5
FHM Fenglin 48.06° 129.12° 351 0.5 640.5
JIELLI Shengshan — 49.30° 126.48° 510 2.0 519.9

MAP, mean annual precipitation; MAT, mean annual temperature.
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RRIH AR AT UM . BRI RS T SLA
5 LDMCW & K42 5 UL KX ND 5 NVI¥) K3 5 28 5%
(SLA = 52.3%, LDMC = 80.1%, ND = 46.7%, NV =
34.2%). B RUERE T NV B KL 7:(51.3%), NDIP)
KA R EARAT B RE(48.4%, 1K12).
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Fig. 1 Comparison of leaf lifespan of Pinus koraiensis
among sites across different regions. CBS, Changbai Moun-
tain; ML, Muling; FL, Fenglin; SS, Shengshan. Different
lowercase letters indicate that there were significant differ-
ences in leaf lifespan among sites (p < 0.05).
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Fig. 2 Variance decomposition of leaf trait variation of
Pinus koraiensis. LDMC, leaf dry matter content; ND, needle
density; NV, needle volume; SLA4, specific leaf area.
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Fig. 3 Variation and plasticity of leaf morphological traits of Pinus koraiensis along the gradient of needle ages (mean £ SD).
LDMC, leaf dry matter content; ND, needle density; NV, needle volume; SLA, specific leaf area. Different lowercase letters indi-
cate that the traits were significantly different at different needle ages (p < 0.05).
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2011). 7E 4 B X 32 6 i) Rl A ge ) BT
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Table 2 Differences in leaf morphological traits of Pinus koraiensis across different regions between the mean values of the current year and those of overall

age classes (standard deviation)

P Site 2% Age classes EEH AR SLA (cm® g ") MR A R LDMC (gg™) M3 ND (grem™) &FHAEFL NV (cm?)
KAl 44 Current year 105.6 (8.06)*° 0.29 (0.01)% 0.32 (0.03)5 0.05 (0.01)*®
Changbai Mountain Fra kg Overall age 89.7 (4.29)% 0.36 (0.0)* 0.37 (0.02)"* 0.04 (0.00)®
v M4 Current year 88.0 (7.37)"° 0.34 (0.02)® 0.29 (0.01)® 0.10 (0.02)"*
Muling iR Overall age 72.3 (5.24)%° 0.40 (0.0)** 0.36 (0.03)"® 0.11 (0.02)*
ERIS M4 Current year 113.7 (9.06)* 0.34 (0.02)%¢ 0.26 (0.01)%° 0.07 (0.01)®
Fenglin it Overall age 85.3 (8.17)™ 0.38 (0.01) 0.34 (0.02)" 0.08 (0.01)
Jk L 24E4 Current year 104.2 (7.26)*° 0.31 (0.01)% 0.32 (0.03)% 0.07 (0.01)"*
Shengshan Fra kg Overall age 78.1 (5.27)% 0.37 (0.02)"* 0.36 (0.03)™® 0.06 (0.01)%¢
EIEZElca MEEA Current year 22.6 16.4 19.4 51.5
Plasticity (%) FrA L Overall age 19.4 9.5 8.9 64.5

LDMC, W58 & ND, B NV, SRR SLA, Lem IR P i e i L4 . A FRS 7 RE0R R —H s IR 45 AR AT A e 2%
WEZEREE, NR/NGFEERR PRI 2 AL B R R IEAEANFE S ZE 57 B2 (p < 0.05).

LDMC, leaf dry matter content; ND, needle density; NV, needle volume; SLA, specific leaf area. Overall years includes current year. Different capital letters
indicate that there are significant differences between the mean values of the current year and those of overall age classes in the same site. Different lower-
case letters indicate that the mean values of the current year and those of overall age classes differ significantly between the four sites (p < 0.05).
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Fig. 4 Effects of latitude on correlations between leaf morphological traits of Pinus koraiensis. Different lowercase letters indi-
cate that there were significant differences between the slopes of different sites, and the solid lines indicate that the regressions
were significant (p < 0.05). CBS, Changbai Mountain; FL, Fenglin; ML, Muling; SS, Shengshan. LDMC, leaf dry matter content;
ND, needle density; NV, needle volume; SLA, specific leaf area.

i SR IG NB Ak B (Suzuki & Takahashi, 2020), 1745 J¥ HH T AEAS R K SR AR TR S BRA [ 1) 3 S S, R
T i I BB R R G S I TR S B AR TS AR = AR X i iy SR K (BR AR R,
F A, oA AR R DURAIE A 2004), {HAHT T A 5 i KR B R G SR ARORT K
FEHFTRBRANE RV EE A G d xR T &RG51T m)FE (852 m)ifEk
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Fig. 5 Effects of needle age on correlations between leaf morphological traits of Pinus koraiensis. Different lowercase letters

indicate that there were significant differences between the slopes o

f different needle ages. The solid lines indicate that the regres-

sions were significant (p < 0.05). LDMC, leaf dry matter content; ND, needle density; NV, needle volume; SLA4, specific leaf area.

1 (3R 1), 1X 5 Reich %5 (1996) X} BX 75 A4 (Pinus
sylvestris) FI B 2 2 (Picea abies) I FL 45 R AH—
B, BPOR R B MR S itk e B R E AR O, T RE
F& BT IRFHROR PR AE W) ) 1) A8 S S M B, 17
PN S 5T . 8K 7 P R SRR 2 7%
156 M 8 5 (Hulshof & Swenson, 2010).

T i I S (201 5) 5% Hh [ 2R 30 e AL RE A 1) 22 P
WA 4 M7 J5 R ISLAM LDMCAEE W 5 1 46 A%
JRi, T AEASTIE 5 o 21 KA A T 25 MR A8 A [ 26
BB RZH BEER, (HIFRRIH A ER),
ARSI E T XGOS R AR s%
PERBESFHMEE R, AU B S5

DOI: 10.17521/cjpe.2020.0352



8 MR Chinese Journal of Plant Ecology 2021, 45 (*): 00-00

A TEAANRE SR AR, (HSLAME e/ H 5 HoAt A
MR E ERER2), X5 SLAEMRN K 1)
3 258 (Gratani & Bombelli, 2000; de la Riva ef al.,
2016; Onoda et al., 201 7)AH £ & - WithingtonZ(2006)
BTk AR MELm g, WEAEH. K
SLA~ AR FAL T 2 AR FE AV G A R ) Al od &
RIH K I F iy i B 5w I SLAIE & 5
AT AR B 5 BB DR AR />, AR PR B TE AR, FTDA
RSLAMI: Fr BAT A 1) 73 iy v DATE B 41 285 44 o
g BRI AR PN 2 Bk, A e AT B RE KA A B
Fifp i AN S S )y £ (Sakschewski et al., 2015). %
P B e F L RE A 20 RA NV BN ND R R (R 2), 1X
A B8 A BEUR A 77 BE ) A4t B SR A T PR 35 PR Ak
AR, BICNVAS /N, CLRA Py 45 55 SR B [va) 575 0 5
EHE 7 ARSI R R G2 RIS A K R 52
(Buzzard et al., 2019), HNVIAS T 3 KT T
BN R R FBNDE K.
3.2 SHIHAEE XTI 7S AR B B2 0

B R X EH K B E DL SR R T R S
MRS 535 5 (Eimil-Fraga et al., 2015), AHF 7045
TR TR RS TE MR LU AN TS MRS S 1
HEHAL(EI2)o ZORAER I (1) SLARE £ 04 39 in v
BNE3), X5 AR 45 5 (Anderegg ef al., 2018;
Liu et al., 2020)F 7 o #4018 A BRAS AL AP AT
DAAS [E) 44,57 B 53 FH 25 465K 53 Bic BE & (Villar & Merino,
2001), IR kA AR U By SRAT A
YR IATER V8> (Kuusk et al., 2018b; Gilmore
et al., 1995)4R /2 S BSLARE E1 H-4FE 6% 18 Iin i v /N )
HEJAK . FAh, MRS /N Y R AR AR
K k1w A RE Y K, 2 B BUSLA 1) AR A
(Grotkopp et al., 2002). LDMCHINDS BE4T H-4E 54 18
Jn TG 34 K (&13), 5 Eimil-Fraga%(2015) f1 Kuusk 2%
(2018a) X ifg 5 A F = K RIFA (Pinus  pinea) S5 P
W R RF . LDMCT] LUAR 7~ S5 FI 4 & 2 5
RN & 5 (Kikuzawa & Lechowicz, 2011), Xf4H i
BERENTE 2 DL R 2 (AR I F & LDMCt i
S TR TN T 3 K R (R AR AR, 2013; Kuusk
et al., 2018b). MM FEAFES G N Ak f vb o 17 38 n
I, 255 0 11 2 R /S T A A 2 41
KHEIH N (Evans & Poorter, 2001; Kuusk ez al., 2018a;
Poorter et al., 2009), X fe & SFENDFEE M E 1
BN B O B R . KuuskZ5(2018b) A 77 45
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RRPLEE T RINVEE N, KRG RE 2 A,
R 0 21— w2 F2 BE Ja NV A BT R %, 3X ] fg 2 ]
N I AR 5 G TR AR R Ak 25 B 3 A2 R A =4 1)
I 585 28 B (Suzuki & Takahashi, 2020), M- F 4F# A
AR SR R 2, T R AR D S A ) A
50 IR B8 1R B fabn (L5, 2015), &
b RE R o b TR AN F < E M AR /A=A L )
BHRA SO IR ST TR

28 5 RE MR AR KRR BE _EOREE 1 4% B 7 i
FAAR S IREN R R IBE ST, HREN R 2 15 R RS
1M 7#(Martin et al., 2017). {EAM GG — > EH %
PR, 1R Z BT 58 CAIF B SLAXS Fh P9 A8 S A B 45 2% ik
fUR (Messier et al., 2017; Adler et al., 2014). SLAW]
AT ECR, LDMCHI AT B R T-SLA(GR2), X5
de la Riva®:Q2016)MIRF LGB HITF. MEEM S
BT A 6 R B T B /NS R], X 0] R AN R 4
WS BT 2 (B A I B RE ) 22 S S 8, IR A
AR T 25 5 52 L R 5 B 5 M {8 L 3 P T B (Wyka
et al., 2007). AS[FEIEF 268 T M [V 55 W& AN [F] 497] B
ST ] YR K/ NMEAE UK 2 55 1 R A, De Kroon
2£(2005) G HE H, TEAE KR B M BORE 20 A H 1 T 4
P 8743 AL 45 R 43 A 2H 2R IR AR B 2 ) DA
JRAE) B0 53 R AR IR R, 17 76 B B
FIL N FBEEE

AR 5 FTA R (R PR A AE B
FR(R2), BHUAAH AL AT . MediavillaAl
Escudero (2003) % 7E My Ffir 5 6 G Pk 1 4 1t %
RPN, FFTA GG E T IS A 2
TR RIRIEERE. PBREQOI) WM E T 44
A B I HERAE RO R B, AR A IR 5
NEREPAFRE . X0 2 5 32 B R R AT AR
R B W BN [F) S50 15 8 S AN [F] (Climent et al,
2009), A ) Tl G KO A AR R A
e, TR USRS MR O, TR
W 11 U R AT g A 52 R kB (] AR K 2% A R R T
(Gilmore et al., 1995)Tfi J /8 1) M N AL «
33 LHEMHMHERIH MR Z B XX R0

FE RO I PR AR S S AH 9GO0 B2 — & [R5,
JEFXF E P v 2 A T AR R B 30 20 i v () T A 1
ARELMIR K (Reich et al., 1999; Martin et al., 2017),
7 5t I A5 (201 5) FRIAFF 78 52 7R SR 5 T b () R 5% 2
SRR I RE B A AN E1/3. Anderegg?s(2018)
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XF 3 [ PE AL HB X AT WA S R IR, B ) BI85
REAEFEAS A& Fof 1] L A e bR ) A S P i Tt 0 B 1
AHIE T 25 AR B RE 55 (4 ) =& i Ff IR AR 7 1)
BRI —, AHXFBR NV LA H At 34 1R A S 1 A
i HEAR N (E12) .

AN LT RN TS VEAR A M A AE B2 1) — oA %
KA(FK3). MR B IR RAEK HILFE S 58 T
HABIAHE S (E4), BLBA L0 B T A PR FEAR S
FEHLIX R R B R . SLAE LDMCTEAANFE 38R
7B AR, HAES s/ K LR
AELDMCH i/ NTTSLAECR (El4) . X T4 FEAN A
FERL, MR T R AR B AR B3R B 2 0B LA
e A AL TR A=, M R I AR Bk SLA
i K (Marshall & Monserud et al., 2003), M5
51 e 2 ORI P58 0 () BT A4 558 2 (Dong. &
Liu, 2017), M7 7€ &4 3 X 52 77 73 BT = FH7K 53 1
R, IR SR T E 5 5 i 3 AT 4
SE KB A B AR ()R A4S, 2020), BRI LA
PEAHFIH, R BT A TR B 08 5 1 S X A
VD& MR AR BT O AR A XS 3R . LDMCTR EEE
AR R R AE R K B I i, IX AT B2 IC LR R
X SLAB K IMLDMCEN IR . EARAE TNV
5 ND LDMCH- A 56 4= 3 I B i AH A, LDMC
Bl ND AR 5 75 28 B 0 B b 3 A B PR AR R R/
7 2 (4), XARIL T 2 FE X PR TR AH DG 14 () =
BLEZM . T MRR IR 7600 AR I 22 R T RE 2 il A P
7K 3L [) 52 1 B A [) DX 6 R 2% A Bk B, 22 Tt
FEAIE BH I SR AL %o PP R 4D 532 i IR DA L 22 390 2 15
A< 5% & (Fajardo & Piper, 2011; Kikuzawa &
Lechowicz, 2011; Wyka & Oleksyn, 2014). SLAH
NV. NDIWAZ 5 AR A R 46 B 22 e 5/ IN(E14), ]
RS FH T~ SLAL - PRI B 2 B 0 K /N 55 % A o< il
P LR AR (B &M%, 2012), ARG IRLE
TXA DX 3 7 ] A AU PR R AR R i 326 o 1 % 4 T

R3 ZLAAHHRRIA AR R R

Table3 Correlation among leaf traits of Pinus koraiensis (**p < 0.01)

IR Leaf traits lg SLA lg LDMC g ND
lg LDMC —0.84"

lg ND -0.76" 0.69™

g NV 045" 0.43" —0.14"

LDMC, W5 &; ND, St NV, S SL4, L.
LDMC, leaf dry matter content; ND, needle density; NV, needle volume;
SLA, specific leaf area.

PR 38 % 4 A (Westoby & Wright, 2006). AHE 7T
AN TE AR B 3L B A8 S A AEAE LR FERS R, A
LT B PRSI B AR . ASUREIRE) — B M A
PR 2H A 24 52 B 12 2 Pz e R 21 1) 35 ) i,
RS HYERZE FWF7T T B L e E S M AES
7 HIZEE1EH .

B I A 8 S TR A P R AE DG A (1) A8 e T R A AE I
HE(E5). SLAS LDMCHI A% 56 R IEEFH %
AN IA RN, EAT3FEAR ol R R AL, Xl
AEAZ 1 T LDMCAS Wi A5 2 (1 [R] B ik 5 7K % T B,
NT B SRS R R AR Dk /N AT SLA T
B&(E a4, 2015). SLA. LDMCHENDIIAS T4 %
P BE T AR RS (3 I 98N (BES), Genet5(2010)HF
FEANAIX 2 BE ARSI T B P AR BT ) 3 2
DRI B A R80T KA & AR S 4 R 2B K
it A EAE R Y, EAEKKE G EZE A
FLRT I % 5 B0 R IR B8 o R AR AL RE
BB AR RS (18 40 25 D) A 9% (Kuusk et al., 2018b),
B 0 B T A O S B e BRI, Tk e
F 6 A FH = A T ARG ), IR — i SR A
O 415 2 560F (Niinemets ef al., 2005). WangZ5(2019)
B 3 Ik X SRS [RIRA B (BT I AT AR, BE AT R I
NDHJAEA B I AR AE A 21 2 A A2 A B AR A
SPHORIREN, AW NDEENVI AR FR KNS
BEFHAERS B IEAH G R (E5), 1 WA 4R R i 3G m
He5h T IXFP IR AR AT 1) — 0ok RIEAEER &R
A B AR TR 2 R, XA RESE BT
T R R o) BA 455 75 A 14D T S R 7 R R 7 (BT A
2 2013), MR AR B Z 23, BT
) B R PR R R

4 g

EN IS TR EAR NGB ER WOk o e
(TR A 1 LA B P DR A G ] 52 28 55 A JBE RN ok
. SR EIR, X F P20 25 477
BEZ R, LT AR A AE KA 5 R
A PR IR B 5 B 8 o 2T P T S IR SLA
LDMC. NDFINVBEEr i 408 1) A A2 Ak, SR
TEF AR S LU RA W IR AR S 1) EERYR . MR A
TSR R B, X IRE AR e R AR T
ERL, ST LA PR R I B S5 AR T
H A TRMEA L o PR D] A 2 1k B T 1 4 1
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