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Abstract

Aims Investigating the needle phenotypic variation and its geographical distribution pattern of related species
complexes will aid in understanding conifer geographic variation, population dynamics, and physiological and
ecological responses to geographical climates. Here we focus on the Pinus kesiya, P. yunnanensis, and the hybrid
species P. kesiya var. langbianensis, which are primarily distributed across tropical and subtropical Southeast
Asia, exhibiting abundant climate and genetic variation.

Methods We selected thirty-one representative populations covering the distribution areas of three pine species,
and sampled ten individuals from each population. Eight traits were measured, including needle length, stomatal
density, stomatal guard cell length, stomatal guard cell width, woody thickening layer length, woody thickening
layer width, stomatal cavity length, and stomatal cavity width. Variation between species and populations was
assessed using a nested variance analysis. Principal components analysis was applied to evaluate the underlying

AR H HiReceived: 2022-06-22 5% H # Accepted: 2022-10-31
FRETH: EHK A RFHFEIEE(31770701)F1 2 544 LRI 7E £ 15(202201AT070217). Supported by the National Natural Science Foundation of China
(31770701) and the Basic Research Program of Yunnan Province (202201AT070217).

* JE{5 {4 Corresponding authors (Xin PY, xpytgyx@163.com; Gao J, gaojie@xtbg.org.cn)

©U 00000 Chinese Journal of Plant Ecology



834 NEMIEZ IR Chinese Journal of Plant Ecology 2023, 47 (6): 833-846

dimensionality of the needle variation. Clustering analysis among populations was performed using the Ward
method to infer the population structure. Pearson’s correlation coefficient between latitude and needle characters
was assessed. Finally, a multiple linear regression model was used to identify the main environmental factors
influencing needle trait variation.

Important findings The variation coefficients of the eight needle traits ranged from 12.01% to 34.08% across
populations. The phenotypic differentiation coefficient was higher for stomata guard cell length, woody
thickening layer length and width, needle length, and stomatal density. Most morphological needle characteristics
were significantly different between P. yunnanensis and P. kesiya, while P. kesiya var. langbianensis showed
intermediate values between the two parental pines. Hierarchical clustering analysis showed that the variation
pattern of needle traits was related to geographical region. Needle length and stomatal density were positively
correlated with latitude, while the stomatal cavity length and width were negatively correlated with latitude. The
key environmental factors affecting the needle traits of the three pine species were mean temperature during the
driest quarter, precipitation seasonality, mean diurnal range, precipitation during wettest month, and precipitation
during the driest month. The needle traits of the three pine species displayed high interspecific and interpopulation
variation. The significant latitudinal gradient trend in needle trait variation indicates long-term evolutionary
adaptation to the environment. The response of needle character variation to environmental factors can provide
essential insights for geographical provenance selection in afforestation breeding

Key words Pinus yunnanensis; Pinus kesiya var. langbianensis, Pinus kesiya; geographical variation; needle;
anatomical characters; temperature; precipitation
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TR (1) R B0 e HLAR By 1A% 22 AP R BR I 4L
A 1E A 28 S, 0 2 il A0 B 38 355 1 3R B 5K
(Turna & Giiney, 2009; Sevik et al., 2010; #R5E5%,
2019). WM IR Z RN T R R
WAL SR/, T HA BT T A s N 1 3k
(177 20, WL S L REm R R (51 135, 2011; Xing
etal.,2014; BI85 2021). ZEAEMRAKMNEGE
FE IR GRS, g 7 H X PR A3 B R
7, EEFF AR AR DS R G AR E 1 ZE Al (Jasinska
et al., 2013). FnJB(Pinus)F )@ THAARE, A& MELE R AR
(R AT TR R, AR A BRI AE S R G i S gt
K, MR EamiaE N, Mg R R Akt
X — BB R By Hu X, 7 E S FEIA70° LA F(Jin er
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B AE N 3k AE 25 R DS BT 7T (Eguchi et al., 2004;
Androsiuk et al., 2011; Mao et al., 2012; Jasinska
etal., 2013). DAL, AFF 585 RR B i 2 RURE (1A 40
ol ()t TR S A R R 8 Sl A B T8 s AN TR
PRI BT R A Z AR, IR AR BRAE S AL B4R
TR AR R M B AR S L BB A DRG] 1 3 <
e N HLEE(Xing et al., 2014; Huang et al., 2016;
Jankowski et al., 2019).

B3 R ES R VAR b e 7 N i I S A S SR VY O
massoniana) ~ M ¥A (P tabuliformis) « & 11 ¥ (P,
armandii) ~ V& M ¥A (Larix gmelinii) « = Fd 2 (P,
yunnanensis), PAK M EANS|FEIREHEA (P elliottii)
HMKKERR (P, taeda)?s . FRIE 4/ HRA R A5 53 500
PO —, BB, R e Rk A R
AL E R FA BRI BEUR . FA B A AE Bty > &y
A, fH DRI H R A% 0 N AT LU b R R U 3R B, H
A HEEEEMEMNE MG 1. RIEEAR(P kesiya)
Iz AR TR AR X, B TR E . A
MR it FGERERTE. TORPEWE. BEJEVEIRAE R
ANE ZK, 2 BEAN ZR T N X ) R A AR e
(Missanjo & Matsumura, 2016; #5#1%%, 2019). =
M EESTHE R WL ) a5
X (L5245, 2006; B K5, 2012). HFFA(P. kesiva
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var. langbianensis)Nr TVHFG B, TH . SELEEH
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g B XA, BZ &S ) Fi (Businsky et
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SHM MRS H K.

1 #MRFITTE

11 #HARFERSIEHEIRE

FR 4 [ A8 4 & (http://www.iplant.cn/frps) PA X
Global Biodiversity Information Facility (https://www.
gbif.org/) FIFA B 7 A 3%, T-2015-2018 5 7F Ji&
HNEZLFINEACREE . BRI S E =, P
ZH. kR, gif. FEEREEZAEFILITNRA
FREEGRL, B MWEEASRINFPHEHBE LA EL 1 5-20
PR, EERRRAEREAE254E DA b A [A] (8] B 2221250 m.
TERRERE2F A AT e EE3-6M %% E
IO BL B, 20 AR Bk aR 48, S5 5 g ml
S, N-20 CHIVKFI & . 1ERERE M H
I, N GPS TS SRATE R AA AR Fh A 20 A 1Y) 27 A4
VB B(RA L WHORAT T A E AL

M WorldClim#§ ## % (http://www. worldclim.org/)
TE1960F AN R B I HHE . 1HE191
SR T[] [ Pearsontl O¢ R AL, AR BHAR R R L
<0.8[M8 MM E—FH SR H B ZE(BIO2). %%
EME(BIO3). HEZFFISIRMBIOS). fkTZFFH
SIR(BIOY). i H /KEBION3). & T HFEKE
(BIO14). [E/KEZTI 55 R E(BIO1S) LA K k2=
F% 7K £ (BIO18).
1.2 RIS RRIE

I FH LTI AR R RO R A K (A R B
PLEHTOANAMA, BENAARBEHLIEHCOFR £ 1) A
B HRELL emZe A7 BIRE A ANKCL. HNOs FI7K 44
ML ERER S, RilEath; HEgR
5% NaOHA W H 4k S92 i 2235 B . 0% B Fr BRAE Ak
LB N AT M, WAl O, 2 i A A
PRI R, RIS EBMIE N FaR . BT
CLYLAT YLt 7E B3R B B B e A i ok
JE B FE TS K, OB A ERST, Win—
WH M E R . HEMBDM 2000 (Leica

DOI: 10.17521/cjpe.2022.0263

©U 00000 Chinese Journal of Plant Ecology



836 HEMIEZ IR Chinese Journal of Plant Ecology 2023, 47 (6): 833-846

RL . RGBS RRER R

Tablel Sample informations of Pinus yunnanensis, P. kesiya and P. kesiya var. langbianensis

PFh Species Fh#Hh &S Population location

PB4 'S Population No. £ % Longitude (°E) £ Latitude (° N)

R Altitude (m)

RPEIE ZHIFTE Y Attapu, Laos ASPPk

P hesiya A I, Fb -
Dongzhi, Shan State, Myanmar

s = Yy
ﬁﬁ}sg};’l, ?(:i:a/nj;Khouang, Laos FSWPk
4 3 B
éﬁff, TSE;ajl%SJt;te, Myanmar KLPk
JEfE S Philippines PHP1
JEHE 5 Philippines PHP4
JEHESE Philippines PHP8
R 7z

fjf I—\'Iée{i, H%)‘l;phanh, Laos SNPk
B, B Vo4
La Pan Tan, Yen Bai, Vietnam
RT3 Dak Nong Vietnam V08

IR HEZ=F Yunnan, China

P. kesiya var. .

langbianensis 54 Jinggu JGPk
St Hejian, Jinghong JHPK02
BhiE Mengla MLPk
T¥H Ning’er NEPk
M3 Simao SMPk
FUtKIERK Dadugang, Jinghong  JHPKO1
BHHEAT 1L Bulangshan, Menghai  MHPkO1
7T Mojiang MJPk
HHAPT Zhengyuan ZYPk

PR FEZH Yunnan, China

P. yunnanensis 21| Binchuan BCPy
K¥ 2 Yunlong, Dali DLPy
St7R Jingdong JDPy
] Kunming KMPy
WHYL. Lijiang LJPy
5 Tengchong TCPy
31 Wenshan WSPy02
B K Yiliang YLPy
Fi% Yuxi YXPy
#1E) P Guangxi, China
Kl Leye LYPy
Ptk Xilin XLPy
FE#K Longlin LLPy

107.19 15.22 1061
97.06 20.79 1583
103.12 19.50 1070
96.55 20.65 1022
120.85 16.19 1201
120.89 17.14 751
120.89 18.10 50
103.96 20.22 1399
104.13 21.75 1410
107.43 12.15 847
100.50 23.49 1707
100.51 22.25 1244
101.67 21.25 921
100.97 23.19 1004
100.95 22.71 1340
100.99 22.42 1113
100.24 21.66 885
101.61 23.40 1690
101.14 23.88 1109
100.35 25.97 1809
99.29 25.87 2572
100.67 24.70 1713
102.62 2491 2041
100.22 26.88 2 651
98.58 2491 1776
104.63 23.97 1573
103.16 24.71 1938
102.15 24.24 1861
106.37 24.80 1336
104.62 24.59 857
104.96 24.69 1294
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Fig. 1 Geographic locations of 31 populations from Pinus
yunnanensis, P. kesiya and P. kesiya var. langbianensis.
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“ggplot2” “VCA YW HHH AT 73 H7
2 HR

2.1 STHARIEHKES MR TRINTRRKIR
R 5 RA(CYV) BT B PR AE 3 Foba 44
FhIE]S MR I S B )RR . S5 R(ER2) KW 8
ANEF PR R R () (1) 78 5 R AUE12.01%-34.08%
Z I8, Frp S LOR DAL | A AL IR T4 A o8 2 AN
AR 3G JE 2 55 FE AR e REUINT17%, AEFREE R 1)
A FREEERN e HARSAIROR T B R K S
JE B AL B RS FLE ) AR
REIE22% L b, B SRR 5 R 0N
K, AALEE FER AU B8 B2 B A8 e REUR L, 43
N34.08%- 31.66%F128.26% . HLEE3FFAR FhIA] ()4
PR AR 5 R BT A, R R AR AR 5 R
B K(10.13%-36.53%), KA R (10.80%—
36.70%), =FMAER/N(11.26%-31.01%). FHIREAR
FEMAMEREERER—EER, RETMRHS
FLIE RN (RALIE T AL 58 ) A8 7 e
K(36.70%- 26.12%), BIFFaIVEFHKEAR Rk
(36.53%), =FEIMAIIRFLIEKE(31.01%) SALIEE 5L
(24.56%) LA S S ALEE FEE (25.68%) A8 AR . it
XTSRS IR Geit, BEDUH R R 35
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Table 2 Measurement values, variation coefficients and Tukey’s HSD test of the needle morphological traits among the natural populations of Pinus

yunnanensis, P. kesiya var. langbianensis and P. kesiya

PEAR Trait PRI RIS 2N Tl IE]
Pinus yunnanensis P. kesiya P. kesiya var. langbianensis Among populations
FREsbR R ARAK CPREsREE RRAK PR BRRARN PHEHRMEE RRRN

Mean + SD CV (%) Mean + SD CV (%) Mean + SD CV (%) Mean + SD CV (%)
LSGC (um) 30.20+£3.41° 11.30 35.45+3.83" 10.80 31.41+3.86° 12.28 32.28+£4.32 13.39
WSGC (um) 2470 £2.78° 11.26 27.32+3.17° 11.62 24.94 +2.53% 10.13 25.63 +3.08 12.01
WTLL (um) 16.94 +2.62° 15.50 22.66 + 4.64° 20.49 1831 £2.69° 14.68 19.21+£4.23 22.01
WTLW (um) 13.84 +£2.20° 15.77 17.65 +2.00° 11.35 15.58 +2.18" 14.01 15.63 +£2.64 16.87
LSC (um) 6.99+2.17° 31.01 8.07 £2.96" 36.70 6.57 = 1.90° 28.84 7.23+2.46 34.08
WSC (um) 5.88+1.45 24.56 6.95+1.82° 26.12 5.67+1.74° 30.70 6.17+1.74 28.26
NL (cm) 21.34 +£3.57° 16.72 18.43 £2.87% 15.59 14.93 +5.45° 36.53 18.53 £4.78 25.78
SD (600 um ?) 98.43 +£25.28° 25.68 68.92 +16.11° 23.38 66.87 +17.41° 26.04 79.62 £25.21 31.66

RRVNG FRHFRREFREE @D <0.05). LSC, KILEKEE; LSGC, KL EAMMKSE; NL, £H-KFE; SD, SFLEE; WSC, AL E; WSGC, A 4L

PRI TESE; WTLL, ARGUEJE R WTLW, A5 R 2 5

Different lowercase letters indicate significant difference (p < 0.05). LSC, length of the stomata cavity; LSGC, length of stomata guard cell; NL, needle length;
SD, stomatal density; WSC, width of the stomata cavity; WSGC, width of the stomata guard cell; WTLL, length of the woody thickening layer; WTLW, width

of the woody thickening layer.
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SRR P AA ML, T 2 B FA U 5 303 79 ol o 2
R RIOWAAE T 5L/ MER P HR(REL
PR ELAH M R AR 52K B R AR L 6 ) Y
KT HABPFFAR VIR o T 2= B A B 10 B T
FRSCFL 5 P A2 3T b B v S e 117

H5007 2 o Wl i SR B HR 1A 57 4 i S
[ FOF 9 AS , AT AT AR ZR PEAR 048 S ki . &
RER3) TR $AMEF R HR A, B FLAR T4
G RIS KE. [P TEEAL, LRSI
TR AN . AR R R K AR R R
BRI R AL B ) AR S o BEAEAE TR R RO AR
(] (A [R] AR [B] 7 22 93 B 2 PR T-50%) 0 [RJISF, Fh
[ AR S KT A AR S . AT, By 22 A
R ZE S T AN T 5 B SRR 2, H
2 H TSR AG 28000 20 A 53T DR R P AR S R0 s
361 72 R B TR
22 SHMRTREEHREN

B R R M IRPCAZE 2 7R, PCIAIPC2H
TTHR RS> HI N 50.3%F121.4%, 3RPFabs 230 H B &

R3 A BSFRAAR PR R IR i R T R AR 57 07 2 0

AR o S5 S U R DR K
SAUE B FE), TR AR /NCRALOR DM <
FLOR DA TE BE), DLROA 53 )R 2 AH SG MR O
R R JZ BT . AR R JZ K E)EPCL AR &Y
Fr g o TR B S B T R AT H S FL B FEAEPC2
AR E(E12A).

FRN WA R BN RPN TR,
FINRIOkE AR, 2. MmN+
JEP AP EE(PHP4. PHP1. PHPS. ASPPk. V044l
VO08); H2N T 25N RIRFRE M e, nladk— 2P
SIRINERE: BN URBHEES AT oM
A G I B9 2= B AL A A (WSPy02 . LYPy .
YLPy. LLPy. YXPy. BCPy. DLPy. JDPy#IKMPy)
A BEAFEEIGPR) A L, 524268 44
KA. Zh. B AL E A< P8 A FHEE(KLPk
DZPk. SNPkAIFSWPK), 24z g ¥A F 7 (XLPy I
LIPy) A2 2 Fa PP (SMPKAIMHPKO1) 4 ik, 283
AN 28 B HH 6 4> 38 #4 Bl B (JHPKO2 . MLPkK .
JHPKO1. MJPk. ZYPKAINEPK)AIK H = & b0
1>z B A FREE(TCPy) 4 i (E2B) -

2.3 SRS REER S IR, IMER T HIHE
Pk

SpearmanHH 5< H 73 B 45 5 38 BH 3F4 A A 1 -4
WG R 2. Hha K, SIL%
FES AL IEA G, M AfLR DA KR LR T
MATERE . KRR ZKE. RFUYEZFREEE.

Table3 Variance portions and differentiation coefficients of the needle morphological traits among the natural populations of Pinus yunnanensis, P. kesiya var.

langbianensis and P. kesiya

PEIR Trait ¥J75 Mean square F Jj %45y & Variance components (%) Vst (%)
Fipal Folt Py A [E] % e Folt Py A [1] e o oAy A A V%
Interspecies Populations Residuals Interspecies ~ Populations  Interspecies Populations  Residuals
within species within species within species
LSGC (um) 770.50 43.80 10.40 17.59™" 421" 34.66 16.40 48.94 67.88
WSGC (um) 209.53 31.04 5.71 6.75"" 5.44™ 17.78 25.97 56.25 40.64
WTLL (um) 914.30 50.20 7.80 18217 6.44™" 41.77 21.06 37.17 66.48
WTLW (um) 363.60 9.30 4.00 39.107" 2.33™ 43.89 6.67 49.44 86.80
LSC (um) 56.49 21.60 4.06 262" 532" 5.63 29.28 65.08 16.14
WSC (um) 4531 6.77 233 6.69™" 291™ 12.24 14.50 73.26 45.79
NL (cm) 1 005.90 61.00 11.50 16.49™" 530" 36.54 19.68 43.78 64.99
SD (600 pm?) 32 767.00 1112.00 345.00 29477 3.22™ 43.03 10.72 46.25 80.06
SEHI{E Mean 4516.58 166.96 48.85 - - 29.44 18.04 52.52 58.60

* p <0.05; **%, p <0.01; *** p <0.001. LSC, SAILIEKSE; LSGC, AL DLAMIAE; NL, £t J%; SD, A% %; WSC, [ALI % &%; WSGC, <AL
RPN FESE; WTLL, ARG 2K WILW, AFRIEISE R Ver, R RE. - L.

* p <0.05; ** p <0.01; *** p <0.001. LSC, length of the stomata cavity; LSGC, length of stomata guard cell; NL, needle length; SD, stomatal density; WSC,
width of the stomata cavity; WSGC, width of the stomata guard cell, WTLL; length of the woody thickening layer; WTLW, width of the woody thickening layer;

Vst, phenotypic differentiation coefficient. —, no data.
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Fig. 2 Scatter diagram of the first two principal coordinates from principal component (PC) analysis (A) and ward cluster (B) for
the 31 populations based on needle traits of Pinus yunnanensis, P. kesiya var. langbianensis and P. kesiya. LSC, length of the stomata
cavity; LSGC, length of stomata guard cell; NL, needle length; SD, stomatal density; WSC, width of the stomata cavity; WSGC,
width of the stomata guard cell; WTLL, length of the woody thickening layer; WTLW, width of the woody thickening layer. See
Table 1 for abbreviations of population ID.

50 r=-0.49,p=22e-16 35rr=-0.30,p=9.1e—08 35 r=-0.62,p=22e-16 251 r=-0.54,p=22e-16
_ _ =30 =
E40f ‘ 530' \%25 \8%20- |
= | { ‘ 1 ! 3 ) ¢ |
8 [ 1 ¢! | 8 { < 3 < | |3 ‘1‘ #
B30t ﬂmﬁ g M \ } = 20 M* SSTI “ ﬁu
204 ‘ 15 # f; *
20 L . . . ) L . L L ] I 1 1 L 1oLk L I 1 )
20 r=—-0.28, p= 1.2e-06 1251 r=-0.25, p= 1.5¢—05 30r »=0.23, p = 8e—05 160 7=10.39, p = 2e—12
| _ 25t { | %
515 | gl00 § 20! M l} 120} l ‘
g1 171 IR ! + \ 2 sl H e !
A | I M%AMM & ol HH% Zlo— + & st | ! Y m !
| | TTHM
ol . . 25 ] P " | A A
12 16 20 24 28 12 16 20 24 28 12 16 20 24 28 12 16 20 24 28
Z5PF Latitude (° N)
» EVGIHS P. kesiya = SBZEHN P. kesiya var. langbianensis -~ ZFg¥3 P. yunnanensis
B3 =rfa. EFEMA-RI A HRR S S AR E T, LSC, SALIEKE; LSGC, AR A& E; NL, £

K, SD, “IL#EE; WSC, “UALIETESE; WSGC, “ALIR PANMYERE; WTLL, ABUEJEZAC I WTLW, A )2 96 -

Fig. 3 Latitudinal gradients of the needle traits of Pinus yunnanensis, P. kesiya var. langbianensis and P. kesiya. LSC, length of the
stomata cavity; LSGC, length of stomata guard cell; NL, needle length; SD, stomatal density; WSC, width of the stomata cavity;
WSGC, width of the stomata guard cell; WTLL, length of the woody thickening layer; WTLW, width of the woody thickening layer.
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Fig. 4 Significant correlation between the needle traits and climatic variables (selected by the multiple linear regression model) of
Pinus yunnanensis, P. kesiya var. langbianensis and P. kesiya. LSC, length of the stomata cavity; LSGC, length of stomata guard cell;
NL, needle length; SD, stomatal density; WSC, width of the stomata cavity; WSGC, width of the stomata guard cell; WTLL, length
of the woody thickening layer; WTLW, width of the woody thickening layer. BIO2, mean temperature diurnal range; BIO9, mean
temperature of driest quarter; BIO13, precipitation of wettest month; BIO14, precipitation of driest month; BIO1S5, precipitation
seasonality. r, correlation coefficient. The values was Ig transformed.

F4 LB RARRTE L S EE R S RARIR VG AR i R A MR AR e 1 AR A
Table4 Multiple linear regression models selected the climatic variables that predict variation in measured traits across all populations of Pinus yunnanensis,
P. kesiya var. langbianensis and P. kesiya.

LERN i FHSERBARE BEETHSE BTETFYAE BEAMRKE  ETABKE BKEFER
Trait Intercept BIO2 BIO8 BIO9 BIO13 BIO14 ZH BIO1S
LSGC (um) ~0.000 8 0.1 759 0.7 516 -0.3924
WSGC (um) —0.054 6 —0.5432 0.6 846 0.3 786

WTLL (um) 0.007 7 0.2 861 0.6 523 —0.4 449
WTLW (um) —0.008 3 0.3 561 0.9913 0.1731

LSC (um) —0.0314 —0.4 884 0.7315 0.7 785 ~1.3 658
WSC (um) —0.027 5 0.4 550 03918
NL (cm) —0.007 0 03137 —0.5250

SD ( 600 um ?) —0.018 1 —0.8011 0.1918

LSC, UKL LSGC, ALIR BANEICEE; NL, #FH-KIE; SD, “ALEE; WSC, ALIE LA WSGC, “TFLAR RARAEYERE; WTLL, AR )Z KL,
WTLW, AR R0

LSC, length of the stomata cavity; LSGC, length of stomata guard cell; NL, needle length; SD, stomatal density; WSC, width of the stomata cavity; WSGC,
width of the stomata guard cell; WTLL, length of the woody thickening layer; WTLW, width of the woody thickening layer. BIO2, mean temperature diurnal

range; BIO9, mean temperature of driest quarter; BIO13, precipitation of wettest month; BIO14, precipitation of driest month; BIO15, precipitation seasonality.
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Fig. 5 Distribution patterns of the population score of the first principal component value (PC1) based on the analysis of conifer
phenotypic traits of Pinus yunnanensis, P. kesiya var. langbianensis and P. kesiya was the geographical variation trend of important
climatic variables (multivariate linear model screening). BIO2, mean temperature diurnal range; BIO9, mean temperature of driest quarter;
BIO13, precipitation of wettest month; BIO14, precipitation of driest month; BIO15, precipitation seasonality. The values was Ig
transformed and multiplied by 100.
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et al., 2017). AW, S rHHRTE3 PR R T 7]
ABFER, B RBON12.01%-34.08%. 3FFAR K
B P PR AR S 2 BEAEAE TR [B) 5 Ry B AR IR, 2 2
RIAE I A SR (RFLOR A . ARG S
EEERTERE . B AR LR ) R R FOFp
8] )5 20 B2 FIKT50%, [FI AR X se ok b, Fib
(AR S5 SOR TR a AR S o RS T 8eit- o i ik
{14 B T2 0 R A S i v PR P P 7 S TSI
R ZEF BT, FRATIN 3P RA R FhAE P B A7 7E—
SE MR AR T o B NEE X T8 P TR Tl B 11 Ao sz
ARFRAR T (2RSS, 2013), DLAET R = Ea A B4
FHEERET R (R 25, 2016). BRI FRUPEIR (G
<2285 2018) I FT A IA R ILAE PR N AFE
A 5

PRt i 24 1 =5 5 AR S () ) S B 7 3R A 40
1 R b, 3FRA R B AR R AL REHE N
58.60%, 5 B = K2 (Picea mariana) f1 H = 12 (P
glauca) )3 B 53 10 R $0(49.41%-57.04% F150%) Lt
LKA E, 2000; B A, 2004), H
T HABE AR Gl AR 2 A R A
R B N36% (XK R, 2011), JIIPE =42 (P
likiangensis var. balfouriana)’¥33.03% (% =A%,
2009) . AT FERAR IR Y 730 R A & = T b SE
(X 53 A ) — e gt w8 Fl, 4] G b 58 J RS (Pinus
banksiana)~ KJEFAFITETERA (Pseudotsuga menziessii)
A4k R B0 2 1.6%—18.9% 15%F111.1%
(B 4%, 1988; S AL 2009). 3X AT BE & R A AT
S RT3 FORA B I T A A b 43 A IXRH A,
I3 DX IR RS e T MR o (RIS 6 SR v [
5o AR BET B RRAR LE, ASHIE 5T A (0 3R RA AR 4L
D3 SR AR, Sy A M BT 1 o L 76 R 0 R e B G
X 35k 52 oK BA R 2 ma 52 /N, D] o 5 ) RO 6 PN R B
TS AR e MR AR S
32 $MHMRTREMT Zrmtfs. BFMF-EAITE
MHHIEBR D HIEH

A TR, RPIEEEKR . LR 4
KB AL T8 B M AL A 2 ra A A PR A
(B AF7E 5 22 5, TR I S MR (1 R R At R Bl
BE R KRR AL, SIS MR A 52 2 T4
FRFKERRZUKLS BN ZER . =
FAFA IR VAR 2 SR AFIP prekesiyatt gt 01
A B35 AN e S BT BT 1 RS b T AR AT 44
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R Fh(Xing et al., 2010), FAPIFP LIS TR, 7R
PR 3 A 3o R e R R O 5 RT3 AN [ ) AR S 3
AT aate S =y Y- O 51 S AN €t o e
A ARE A B . R RA A X AL R
PRI, AR TR e R 2R e 0 () b 2% 1 AR 2R R
IHSRER G oM R TR T 2 2 RE R0 SUM%, oA
XA T XX, FKE BE R, BAXIERS
TR K I 22 573 K. 7 WA 3 B 3 A XA T
R, B R ey R KU, R SO R
W, A AR EBAELS CULE, KX E
FA/K B AT 500-2 000 mmo JE 3 WA K2 T MR ) 4k
T RS, A B AR TE A T = P
Fivo PEHBIRIASE |, PR AL T3/ i 2 73 A7 [X 1)
R A) S I X3, A7 T 2 B R R 1 HAGT 5 T A B IX
PRI 16.86-21.15 °C, E[E/KE1082-1 402
mmZ 7], HHEANHEHTRZFEN X 7 (Yang et al.,
2022), SUEMRS A AR . (R EAE R
2, TSP RAFREE N R I B A A i B AR A 1)
SALEE, Sxmta. REWREAE. X052
PRI Ay it A% 2H R b A 1 2 A8 s Al S A8 ) R R A
BT WA SEARM (2 /A R 7 ) 19 5
(Businsky et al., 2014), W RERILHEESEMR . 1
F—J7 1, BEERE R RS A R RESZ B i T
FHMAMEM . =5 XSGR R, Tk
T RFHMI AR (R4, 2014), RIEYangZ:(2019)HF
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Supplement I Schematic diagram of needle leaf traits
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A, Schematic diagram of complete needle shape, Needle length. B, Stomatal distribution map of needles under 10x magnification and
was calculated. C, Stomatal distribution map at 20x magnification. D, Schematic diagram of 6 stomatal characteristics measurements.
LSC, stomatal cavity length; LSGC, stomatal guard cell length; WSC, stomatal cavity width; WSGC, stomatal guard cell width, WTLL,

wood thickening layer length; WTLW, wood thickening layer width.
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Supplement II Comparison of population individual traits among Pinus yunnanensis, P. kesiya and P. kesiya var. langbianensis
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The population ID see Table 1. LSC, stomatal cavity length; LSGC, stomatal guard cell length; NL, needle length; SD, stomatal density;

WSC, stomatal cavity width; WSGC, stomatal guard cell width, WTLL, wood thickening layer length; WTLW, wood thickening layer

width.
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