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Abstract: Used 15-year-old Pinus koraiensis on three slope aspects (sunny slope, semi-sunny slope, and shady slope)
in Wangjiagou Management Area, Maoshan Experimental Forest Farm of Northeast Forestry University, as materials to
investigate the responses of the functional traits and photosynthetic characteristics of Pinus koraiensis needles to the dif-
ferences in environmental factors on different slope aspects. The results showed that the soil moisture content of the
shady slope was 5% higher than that of the sunny slope, and the photosynthetically active radiation of the sunny slope
was 3 times that of the semi-sunny slope and 10 times that of the shady slope. The specific leaf area of Pinus koraiensis
needles on shady slopes was about 1. 29 times that of sunny slopes. Pinus koraiensis growing on the shady slope obtained
more light energy by expanding the specific leaf area. The stomatal density, water content and NSC content of the conifer-
ous leaves on the sunny slope were significantly higher than those on the semi-sunny slope and the shady slope. The pho-
tosynthetic capacity of the one-year coniferous leaves was higher than that of the two-year coniferous leaves, and the pho-
tosynthetic characteristics on the sunny slope were higher than those on the semi-sunny slope and the shady slope. The
environmental conditions on the sunny slope were more conducive to the growth and development of Pinus koraiensis.
The main environmental factors affecting the photosynthetic characteristics of Pinus koraiensis needles were land surface
temperature and photosynthetically active radiation, and the main environmental factors affecting the functional traits of
Pinus koraiensis needles were photosynthetically active radiation. Pinus koraiensis of different slopes adapted to environ-

mental changes by adjusting their own needle morphology, photosynthetic characteristics and nutrient distribution to
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form a unique adaptation strategy. The environmental factors that affect the growth and development of Pinus koraiensis

trees are not single, but the result of the coupling of multiple environmental factors.
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.
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Soil temperature

=1
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active radiation
7 B EEAFAEANER, ARFERRAAR KA EZER
B#F. TH.

Note: The data in the figure are presented as the mean * standard

error. Different letters indicate significant differences among different

slope aspects. The same as below.
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Fig. 1 Comparison of needle traits of Pinus koraiensis on different slope aspects
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Fig. 2 Photosynthetic indicators of Pinus koraiensis needles on different slope aspects
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Fig. 3 Correlation analysis of various indicators of Pinus koraiensis needles
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Fig. 4 Redundant analysis of functional traits and photosynthetic characteristics of

Pinus koraiensis needles by environmental factors

3 e

TR Fr e PR SIS BHESRE S A 2
DIAROR A, [5] It e e R AR o MR EAR B8 7 A A AR
T R SRR A I I EL Th RE IR B R R (e
O P53 i HE R R 0 I R R B S G Wi R R B
2020 o RIS R B BH A A £ A B ISR R AT
P A RO LLAR BT, BHSRZT AR B - R AR/ N T
B3, X SRT A BB AS R — 8 X BBl TR
ORI R vey , T3R5 /KA, el NP AR A T4
A, IO 2R K o I S LR )
YNGR SR B B IE , SR O A 1 K
SeAEERP o AR TR I PR LLAR B 10 S L
BEART AN, HbEY A RHRE . ER
3 G O S et E o T R I R, TR E
SRILERE . LLRAEH R S KR AERH AR T H At

6], B3R N ZLAR BT TR SR AR, S B 3K
RPN HEREMEDEEERRRLER, I
Mgk — e —H b = AL — R IIRE™ s PB4
o 73 B R T LA, fR T2 R A R e A
THPEERI BN b CERHS T 2k R Gfir 1211 o
T BURT B B R 2, S B Y
H-2x R R T B T AR K &Y
(NSC) & 73 By R /INa] DA EAE IR TR RS Y
REJT, = ST B 73 A NSC RT AT BAAE 9] B o i 165 2 B
3725 03 BB 25 5 2 o BHI A NSC B 53 50
TEAbIR A, T PHSOERRSR SR ZLAR BB A2
R, R TEZ HYNSC, AR A NSC B 73 8
TEARIL I

AR FEBA LA e A dR B3 = TR PR S
B , 1 5 KT PR 5 e & B RURST 5 B e Y
PR EE , S BT S AR N E R AT



$Fo6H BERE AR INAE MR 556 S 45 13T 1 2 A9 1 K2

1133

MB T REFI, EtGER AR RLEE
MR ZAREIH R I MBI PR N ZA BB R T B R/ NIHE )
PRNIR R AEEE I B5REE™ o i 78 K BH 3 A0
A R v T HAh I ], AR A S G iR —
o PABGERHDERIE R T RAL T L R IR
B2 R SRR, e R R s R R, AR
FL 3 SR CO, MR th 2% = T RHI AN A . FA
PRELAREH - B 88 198, AT RE 2 PRSBSOS A BT
% 1 3 S KRR EARNIE E AL F] S B2 AR B
SALEEERVIN, BE T B SR . #FEA
VAEAREF OB RE 58 T 2 FR AT SRIFE EAE R
HIEEH o 1 AR5 2 AR B SR EXS
S 1) AR AR O e LA 5 — 2K, 1 BRI 22 RO Rl e B
Xt S T AR 13 O B A AR =

4 ZHie

AT FERS AN [F A [ LD AN B A DD REPEIR B ' A e
PEHEATINRE , 45 & RAE R RPRBE A 7 AT oo B
Tk BRI B R A R A KR R R LR
SOC A B RN o ZLAR 1 AR A X 35 i) B Wi L
2 AR BRI, L AR e A R R R B A
FOCEA RS 5 R IR, LA D se IR
HIPRBER F A e S B RESS o FASZLAR B R
FEmtHIFR B OB RESRBUS R R 4E R B B AE R EH o
PRI S L 7K NSC B B e SR
v T BH I 5 B3, SREFZLAR BT i ek i B 5 5 Y
AL R A 7 IC DLSE BT 11 B M R

2 F X W

(1] SFRiE, BRERE, Hdk. RETEHTRNES-LEH
R EBHAE . BB SEFR, 2008, 46 (4)
441-451.

GAO L X,CHEN J K, YANG J. Phenotypic plasticity : Eco—
Devo and evolution [J]. Acta Phytotaxonomica Sinica,
2008,46(4) :441-451.

[2] GARNIER E, LAURENT G, BELLMANN A, et al. Consis-
tency of species ranking based on functional leaf traits [J].
The New Phytologist,2001,152(1) : 69-83.

[3] JOHANNES H C C, KOBAYASHI M. Winter climate
change, plant traits and nutrient and carbon cycling in cold
biomes[J]. Ecological Research,2014,29(4) :517-527.

[4] WRIGHT 1J,REICH P B, WESTOBY M, et al. The world-
wide leaf economics spectrum [J]. Nature, 2004, 428
(6985) :821-827.

[5] PEREZ-HARGUINDEGUY N, DIAZ S, GARNIER S, et

al. New handbook for standardised measurement of plant

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

functional traits worldwide [J]. Australian Journal of

Botany,2016,6(3) : 167-234.
BRELSFORD C C,NYBAKKEN L, KOTTLAINEN T K, et
al. The influence of spectral composition on spring and au-
tumn phenology in trees[J]. Tree Physiology,2019,39(6) :
925-950.
BU W S,SCHMID B, LIU X J, et al. Interspecific and intra-
specific variation in specific root length drives aboveground
biodiversity effects in young experimental forest stands [J].
Journal of Plant Ecology,2017,10(1) : 158-169.
RUTHE, RIER, MW, F . ABELARRBKRRFEE
BRMEMEERE]. N SHREYFR, 2022,28
(6):1527-1533.
SONG X Y, NIE J L, YANG M H, et al. Photosynthetic
characteristics and reproductive strategies of Polygonum vi-
viparum at different altitudes in the Qilian Mountains [J].
Chinese Journal of Applied and Environmental Biology,
2022,28(6) :1527-1533.
CANTON Y, DEL BARRIO G, SOLE-BENET A, et al.
Topographic controls on the spatial distribution of ground
cover in the Tabernas badlands of SE Spain [J]. Catena,
2004,55(3) :341-365.
ERIE, BIRF, EEH, % . FRAKASKZAZRA
EHEMEARSHTI]. TREXHF, 2023,40(10) :
1661-1669.
WANG G Z,CHANG S L, WANG J P, et al. Factors affect-
ing Picea schrenkiana regeneration on different slope direc-
tions[J]. Arid Zone Research,2023,40(10):1661-1669.
wmF MR, ARNR, S . KITLUEBRBMAAR
WA THINERTESRSER]. WRERILKRES
#%,2020,54(3) :408-414.
YANG Z,FAN S X,ZHOU R C, et al. Leaf function and
soil nutrient differences of dominant tree species on differ-
ent slope aspects at the south foothills of Tathang Moun-
tains[J]. Journal of Henan Agricultural University, 2020,
54(3) :408-414.
BES, 1§, I, BEEMA KA HE
HERBERESHERXR ] £55R,2019,39
(7) :2494-2500.
ZHAO X W, WANG Y F, MA W M. The relationship of
transpiration rate with leaf characters of Thermopsis lan-
ceolate in different slopes of an alpine meadow [J]. Acta
Ecologica Sinica,2019,39(7) : 2494-2500.
KIRE, G, KERIE, F . IRE (Stellera chamae-
Jjasme) e EFFEM N REMER I A BONARZ (J]. 2 A3 5
MR 4R ,2024,30(5) :943-949.
ZHU Z R, MA S K, ZHANG M X, et al. Responses of

Stellera chamaejasme photosynthetic and plant functional



1134

A MK IR

WA

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

traits to slope—related aspects [J]. Chinese Journal of Ap-
plied and Environmental Biology,2024,30(5) :943-949.
R . ANEESEEEEEARMRFRHEN] R
5K ,2024,44(19) : 63-65.

HE J Y. Progress of research on breeding and manage-
ment technology of Korean pine[J]. Agriculture and Tech-
nology,2024,44(19) :63-65.

EYE , AE R LR, S M B AN A48 B AT A TE
TEME LR AR ] IR ML R 5T, 2024, 7
(4):29-35.

ZHONG H T, CONG R D, LIU D L, et al. Distribution of
Korean pine with coarse bark and fine bark on different to-
pography [J]. Journal of Temperate Forestry Research,
2024,7(4):29-35.

REWR. FRMEIMFGSAMERBKRII B
FMERL,2014,32(12) :26-27,33.

SONG Y B. Relationship between growth of Pinus koraien-
sis and site conditions in Dandong area[J]. Protection For-
est Science and Technology,2014,32(12) :26-27,33.
HGE , SUEIN, 5K R, & . AR [R] Sz 5% (X 4 PR
XAFAERREZNm]. S ERER,2021,36(6)
24-25,28.

YANG Y C,ZHU X J,ZHANG L, et al. Effects of differ-
ent site conditions on the growth of Pinus koraiensis in Mu-
danjiang region [J]. Forest By—Product and Speciality in
China,2021,36(6) :24-25,28.

aEE E, TEE. EYMEERESREMESR
ZINRELN]. M AETSFR,2007,53(1) : 150-165.
MENG T T,NI J, WANG G H. Plant functional traits, en-
vironments and ecosystem functioning [J]. Chinese Jour-
nal of Plant Ecology,2007,53(1) : 150-165.

WAL, R BB, F . IR REKREE
Y A INREE R B R HE ML), A BRRA
PIF 4R, 2023,29(5) : 1043-1049.

WU T H,LONG C L, XIONG L, et al. Variation and adap-
tation of functional leaf traits of different plant types in
Karst forests[J]. Chinese Journal of Applied and Environ-
mental Biology,2023,29(5) : 1043-1049.

AR, FEE, E¥E, % FSEeRELMEL S
EMEDEERIEIE ], EYEEFIR,2006,52(1)
40-46.

SHI S B,LI H M, WANG X Y, et al. Comparative studies
of photosynthetic characteristics in typical alpine plants of
the Qinghai-Tibet Plateau [J]. Chinese Journal of Plant
Ecology,2006,52(1) : 40-46.

FEZHE, LEATF. AXSREAEBRMEREIMAED
EEHERS RO SEBIXRAN]L 2% K, 2008, 28
(6):2526-2535.

[22]

(23]

[24]

[25]

[26]

[27]

(28]

WEI L Y, SHANGGUAN Z P. Relation between specific
leaf areas and leafl nutrient contents of plants growing on
slopelands with different farming—abandoned periods in
the Loess Plateau [J]. Acta Ecologica Sinica, 2008, 28
(6):2526-2535.

FEEN, EFF . AR IR S5 1 Bl S B
R, WA TFR,2015,39(2) :206-216.
WANG C S, WANG S P. A review of research on re-
sponses of leaf traits to climate change [J]. Chinese Jour-
nal of Plant Ecology,2015,39(2) :206-216.

TAYLOR S H, FRANKS P J, HULME S P, et al. Photo-
synthetic pathway and ecological adaptation explain sto-
matal trait diversity amongst grasses[J]. The New Phytolo-
gist,2012,193(2) :387-396.

BYDUDL, X EE 1R 08 , & . 2 AL L AS [ 32 v 3 A5 I
fiEE SR RBEEST ] ERESFEIR,
2016,40(12) :1289-1297.

DUAN B B,ZHAO C Z,XU T, et al. Correlation analysis
between vein density and stomatal traits of Robinia pseu-
doacacia in different aspects of Beishan Mountain in Lan-
zhou [J]. Chinese Journal of Plant Ecology, 2016, 40
(12) :1289-1297.

B, EXFH XEF, F. WX 3 FREIFE
EMMER LM GES BRI, Bl R ,2015,32
(11):1823-1831.

ZENG X L, WANG D W, LIU J P, et al. Effects of slope
aspect on apparent traits and chlorophyll content of three
cool season turf species [J]. Pratacultural Science, 2015,
32(11):1823-1831.

SOINEE KIS, VB . RANEF AN B ET I C & A7
IR M AR AR AR A AL [J]. A SFR,
2023,34(9) :2314-2320.

YUAN S Y, ZHANG P, SHEN H L. Response of needle
photosynthetic and anatomical characteristics of naturally
regenerated Pinus koraiensis seedlings to different canopy
densities [J]. Chinese Journal of Applied Ecology, 2023,
34(9):2314-2320.

R B, TR . TEMNXZEM ARSI TERRK
EMRIENE )], £5F4R,2014,34(21) :6090-6100.
DU Y,HAN Y, WANG C K. The influence of drought on
non-structural carbohydrates in the needles and twigs of
Larix gmelinii[J]. Acta Ecologica Sinica, 2014,34(21) :
6090-6100.

LATT C, NAIR P, KANG B. Reserve carbohydrate levels
in the boles and structural roots of five multipurpose tree
species in a seasonally dry tropical climate [J]. Forest

Ecology and Management, 2001, 146(1/3) : 145-158.



