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Photosynthetic characteristics and spectral reflectance characteristics of four

natural tree saplings under forest light environment

HUANG Yixin, CHENG Yanxia "~
College of Science, Betjing Forestry University, Beijing 100083, China

Abstract; To explore the adaptability and response mechanism of plants to natural light environment from the perspective of
physiology and ecology, we studied the photosynthetic and spectral characteristics of common tree species ( Acer triflorum,
Acer mandshuricum , Acer mono, and Pinus koraiensis) in Jilin Jiaohe broad-leaved Korean pine forest under three natural
light environments ( forest gap, forest edge, and understory ). The results showed as follows: the light saturation point
(LSP) and light compensation point( LCP) of saplings of the four tree species decreased with the decrease of ambient light
intensity, and the LSP and LCP of saplings of all tree species were significantly lower than those of saplings in gap ( P<

0.05) . Except Acer mandshuricum, The maximum net photosynthetic rate (P, ) of other tree species was significantly

smaller than that of saplings in the gap (P<0.05). The apparent quantum yield (AQY) and dark respiration rate(R,) of
saplings of different tree species did not change significantly with the change of light environment, and there was little

difference among different environments. The chlorophyll normalized index ( Chl NDI) of sapling trees increased with the

BEETE : EHRARRHAIEETH (31971650)
Wr#s B #7:2021-05-17; W 4 H AR B 3 :2022-07- 12
# MIFEH Corresponding author.E-mail ; chyx@ bjfu.edu.cn

http ://www.ecologica.cn



9122 xR 24

decrease of ambient light intensity except Acer mandshuricum. The photochemical reflectance index ( PR1) value of
understory trees was generally higher than that of trees under better light conditions, indicating that the chlorophyll content
and photosynthetic rate of understory trees was higher than that of other light conditions. There were significant differences in
the water index( WI) of leaves among different tree species in different light environments( P<0.05) , and the WI of leaves
decreased with the increase of environmental light intensity, showing that the water concentration of sapling leaves was the
lowest under the gap environment.The structure-insensitive pigment index (SIPI) of three acer species at the forest edge was
significantly lower than that of other light environments( P<0.05) , indicating that the saplings under the forest edge were
subjected to relatively little environmental stress.In the forest gap, Pinus koraiensis had the highest LCP, LSP, P, R,
and PRI, indicating that Pinus koraiensis had higher photosynthetic potential and was more adaptable to high-light growing
environment. Among the three acer species, Acer mandshuricum had the highest Chl NDI and PRI values, indicating that it
had good adaptability to the light environment in forest gap. These results indicated that Pinus koraiensis and Acer

mandshuricum could renew well and occupy the canopy gradually in the gap environment.

Key Words: mixed broadleaved-Korean pine forests; understory light environment; photosynthesis; spectral reflection

FAUEFE MR A KRB FEEASHF, R WA M E AR E " Mok
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HURRPERL R B8 AR A R AR ROR T AR 2 Wl S 0 AR SE BRI T
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P HbL T 75 AR ARl S0 DA AR OR A e 18 R I ZE AR S 25 DU RE 3, AR AR Ry 43°57'N, 127°45'E,
- HEAR 459m T DX R 2R KA, AR T BB OK B 695.9mm, KSR ATE 7.8 H iy, AR R
3.8°C, A 7 PR 21.7°C B H 1 A FRRE-18.6°C o AR LN I FR Uk AR+, + R IR
20—80cm,, A5 IX A 8 T4 A LA X 2 BRI 2T A BRI 32 2 () AR AR AR A% b PN T AR = B2 2T
( Pinus koraiensis) . %% 1 #% ( Quercus mongolica ) . 5 ( Tiliaamurensis ) . F& 45 ( Ulmus japonica ) , {6 KW ( Acer
mono) . FA2EM (Acer mandshuricum) K11 ( Fraxinus mandshurica) F7 M (Acer triflorum Komarov) 2%
1.2 W55k

BT 2020 4F 8 H A ARRE A I HEAT . 75 75 RIS ) i ZEA AR S S MR I RE 1 N, 2 B 8  FEAR R Ak
G KB RS £ 3 HUbEdh , A FEHBREHLIEER 1.8m Z2 47 RAR T HT A R B0 R A7 R/INRE X — B0 47 757
L 1A B AR ZE AN DA 45 3 bk, SRR HIOE BRI 1,

R1 HEHIER
Table 1 Growth status of sample plants
JeIE RO TRV €D i AR 4L
Forest light environment Relative photosynthetically active radiation/% Leaf area index
M Understory 7.58+1.90b 4.17+0.12a
MLk Forest edge 8.48+2.48b 3.11+0.11b
WA Forest gap 13.89+1.64a 2.45+0.16¢

JEFREE R A W E R EIR 22 ARG TR R R A A OE R 22 5 (P<0.05)

1.2.1 SEEEdERE SAbHE

FRAMG N 08:30—11.00 7600 R iR I, BT AT it R S5 80 47 B PRI FH v et B9 78 S AR A A
B B FREY T RS ST PR A AR A AT K AT KR BT AL, DLAERE S IR S B 1k K Ok
o TERRRER BB 3 s a B b AT iy i el g . SR A Li-6800 41 W e IR IR B A AR LR | %
TN 0.5L/min, 3 25°C, 2 AR BE 50% , CO, W 400pmol/mol . 1755 5 £ 2000mol
m~> s~ I E] 30min, P B8 H 98 21 55 4K UK 1 e S i 38 5% (PFD) 2452000, 1500, 1200, 1000
800,600,400 ,200,150,100,50,20 ,Opumol m™ s™' (142 ) ;1200 ,1000,750,500,250 ,150,100,75,50,25 10,5,
Opmol m™ s~ (FHLAMARI BN ) I 5 Bof A — 5 T Joe/ NAEFE IS ] 1208, S RAFEAS 1] 240s, FicdE = b 5 R IR
FE R 2R AR 00 o) A5 1] 94 S o B A TR A S

al+P,  —/(al+P, )>-46alP,,
B 20 R,

Ao G R Z BI R AR 0 ML B R PO A HER wmol m™ 7' T A ASPERR , umol m ™
s o FH IR AL A & R ARG I T 26, 75 1 R T3 (AQY ) WS IFIR B (R,) (I KEOCEHE (P,
JEAME S (LCP) DBIAE(LSP)
1.2.2  JEEER R A Sab 8

FEREE I H AR R T B A %, 26 R 3 7 (a3 B I | TS [E] PPSYSTEM /A Rl Unispec-SC i 43
FrAGHATIN & BARYE L  310—1130 nm, KOG GIR A 100% , 4 B [HI R4 3.3nm , 15 & 5 5 I [H]
dms , B3 A A TR R, A S E A 3K R Multispee 5.1 B4 6 1% A0 A5 (1) 54
PEIEATACEE B 3 YR A B2 AR IS AR R AR AR BUR R DG T AR B As i ik i 2 = 5 —1k
F8%( chlorophyll normalized index,Chl NDI) Jt4b27 R 548 %4 ( photochemical reflectance index, PRI) &5+ AN
A BOGTEFE 2L ( structure—insensitive pigment index , SIPT) FlH: F 3% 7K i #5540 (water index, WI) , A2 R {EAR

http ; //www.ecologica.cn



9124 xR 24

Femt XA [ A G Y BT B AR
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PRI = (R531 - R57o)
<R531 + R57o)
(Rgpp = Ryss)
SIPI = 800 445
(Rsoo - Raso)
R
Wi =_"
R970

1.3 Hdakbs

K HI IBM SPSS Statistics 25.0 XX S8 #1750 1 734, 2R R & 5 22 5317 (one-way ANOVA) FlI
/MR E 22531 (1SD) FLAA IRl B 4 18] 9 25 5% (= 0.05) , FlIFH Origin2018c #EAT IR, I h s
I E bR

2 MRER

2.1 R[EDEIREE T 4 RGN 2k s
HIEL 1 TR 76 3 FOEHR SR, 4 Flvi DU Al ot & 38028 (net photosynthetic rate, P ) B Y& 47 2506 54
( photosynthetically active radiation, PAR ) 34 K (28 fb 35— 3, 4O 58 BE 7E 0—200mol m™ ™' B, £ A4 4
WP LT MR B G BRGR BN P ASEE B SR | > BEGR BEIR BB IR s i) PR KOt TOF
= KT e btk —a MW

TR SRR

A. Komarov 5 A.mandshuricum
A

0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
12 LTI

P.koraiensis

Hlb AR

Net photosynthetic rate/(umol m™2 s™")

0 200 400 600 800 1000 1200 0 200 400 600 800 1000 12001400 1600 1800 2000
Kt HRdES

Photosynthetically active radiation/(umol m™ s™")

B 1 AESLIRE T Z R ENAT 2

Fig.1 Light response curves of tree species under different light environments
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%, BREVAIN ARG N AR F PR T ARERFIAR T A P S 0R , AREFIAR T ERIGE 24 P 3 i 22 524
/N3 FOLERE T H AR BRI P S IR 25 5 AN K
2.2 ARFEDEHEE T BRGNS E

MR P25 R A3 3 FOCIE T 4 FAFPBOEI R 24, L 2 AT LU 4 R4 9 1240
Wl G5 A9 A2 (L S BN R (Y A 3, Bl D' I o JE A A1, 4 o UL B0 LSP LCP A P, A7 A AN [R] A JE 11 sk
A AR AR EORBEANZIAR LI LSP 838 o TR T 4R (P<0.05) , BRET A7 1 2 BT 0 A B
LCP W35 R TAK R 2R AR AT A BN ZLAN SR P 38 0 AR 2l b N KRB P B3 & T
PREGFIRT (P<0.05) . AFFEET A EAB AQY JFIAH 325 7 MK F LG AQY B3 & T
MREHIBRET LI (P<0.05) , F A BT A R, Bl O R 56 2 P AR 52 B/ IV EE 3, (H 22 S R 0k 1) I 25 K-, AR
NLLRAIIB R RFH R TGS

F2 AREAFETRRMM R LS

Table 2 Light response parameters of four tree leaves under different light environments

S W 2% Light response parameter

fjjj] species Hﬁit LSP/ LCP/ AQY/ R,/ P’
(pmol m™ ™) (pmol m™ s") (pmol m™? s™") (pmol m™ s™") (pmol m™> s7")
7 B Nzl 389.70+131.75Ba 13.80+4.58Ba 0.042+0.011Aa 0.56+0.20Ba 6.06+1.79Ba
A. Komarov Mk 393.60+83.58Ba 9.94+1.66Bb 0.025+0.011Ab 0.23+0.14Cb 5.00+1.12Bab
HF 304.11+123.02Ba 8.16+2.74Bb 0.046+0.016Aa 0.47+0.17Ba 4.50+1.23Bb
BE Nl 353.20+86.35Ba 14.40+5.03Ba 0.041+0.020Aa 0.53+0.23Ba 4.87+1.35Ba
A.mandshuricum ek 337.03+47.09Ba 12.00+2.94Bab 0.039+0.016Aa 0.52+0.19Ba 4.58+1.29Ba
HF 259.68+67.98Bb 8.16+2.82Bb 0.041+0.010ABa 0.35+0.15Ba 4.13x1.46Ba
AR Nz 428.91+63.87Ba 14.00+6.15Ba 0.030+0.010Ba 0.42+0.18Ba 4.67+1.01Ba
A.mono MLk 285.60+98.70Bb 18.91+9.27Ba 0.030+0.020Aa 0.49+0.16Ba 3.27+0.80Bb
HT 307.50+66.28Bb 11.10+£2.85Bb 0.030+0.010Ba 0.36+0.15Ba 3.71+0.56Bb
FARVA Nl 1118.67+332.94Aa 37.67+11.24Aa 0.029+0.008Bb 0.98+0.37Aab 12.09+2.14Aa
P. koraiensts MRk 960.33+484.60Aab 32.53+19.70Aa 0.027+0.010Ab 0.76+0.29Ab 9.74+3.56Ab
HF 730.18+307.24Ab 34.55+17.55Aa 0.035+0.008 ABa 1.08+0.52Aa 9.02+2.32Ab

LSP . YU M5 Light saturation point; LCP ; Y64 M2 & Light compensation point; AQY ; X & TR0 % Apparent quantum yield; R, ; 5 FFIEGHE R Dark
respiratory rate; P, : R KEHEA B4 Maximum net photosynthetic rate ; ¥4 A P BIME + bRk 22, A R/ING FRER RN RG22 18] 1Y 25 5 35
P (P<0.05) , AN K S ERE R AR R 2 0] 1 22 57 48 344 (P<0.05)

2.3 AEDEFRET & BRI E £

-4 22 H— 464540 (Chl NDI) 5 4% 5 19 % & A AR 47 (9 TEAH DG G 5, Chl NDIUHE B R 2 R 7 i
O N 3 PR, RIRIDEEREE T 47 S A ZEAA G (1 Chl NDI{E R PR 565 138 i T, ok
AT R BRFNZIAS 2l 9 Chl NDIEL 2 I TAK R 2 (P<0.05) , R [RDEERSE FPopk R 47 b (AR
PRANLIAN S A 2 R, AT K (2R Chl NDHE 38 K TR (P<0.05) , TR 5 6 I8 o b 385
TR EAMEAE SR &, PRI SHERIGA O R &5 LOLE A HRCREA S, 24 PRI @i, O
FHRE T SFR LR PRI B FREEG0RIE /NG ST R 3, Ry Sk PRI 7R [RDG IR B ] 22 5
IKE G E KT (P<0.05) X RUDGIR SRR 22305 T i) BA T m oG B, 45 AN EBUBHE PO 48
B (SIPT) /2 5208 bR A& i m B O H 5 M R G5 J0 O I FE £k, ot 2850 8 N R SR S Y T E
DA 32 30 Bl AR bR 3 PR P A C AR LT AN SIS STPT (A T MR B R 2w, HL v 4 A bk
ARSI 22 IR 8% (P<0.05) , MRT H 2B SIPT {E W 2 & TR AT, WI & Penuelas
S NN, SRR K S5 BE AT AR B AR DG W B8R TR A ) 7K 53 Wk B 8 s, AN TG R BE T 24 Rb SR 114
W B 22 IR T <PRZR <BRF B H b 3 Fivbi s 2B W ELAEA [RDEPRSE A A 12 5 P22 5 (P<0.05) 1% 5%
A BRI G R B BTG, R /K 0 TR BB
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R3 FRERMMET 4 NI FHIERHIEE
Table 2 Spectral reflectance index of four tree leaves under different light environments

il M35 i S FE %L Spectral reflectance index

Habitat

Tree species Chl NDI PRI SIPI Wi
7 A b T 0.388+0.030Ch 0.059+0.010Dc¢ 0.698+0.029Ba 0.973+0.010Ac
A. Komarov ek 0.418+0.058Ch 0.073+0.015Ch 0.627+0.048Ch 0.979£0.005Ab
T 0.467+0.019Aa 0.087+0.007Ba 0.712+0.016Ba 0.988+0.003Aa
BE e 0.485+0.043Aa 0.082+0.011Ba 0.761+0.017Aa 0.984+0.003Ac
A.mandshuricum ek 0.488+0.043Aa 0.082+0.012Ba 0.721+0.012Ab 0.986:+0.003Ab
MF 0.449+0.045Bb 0.083+0.016Ba 0.717+0.017Bb 0.992+0.002Aa
AR Nz 0.41420.020Bb 0.072+0.010Ch 0.746=0.008 Aa 0.926+0.008Ac
A.mono % 0.470£0.022Ba 0.088+0.012Ba 0.709+0.014Bb 0.982:+0.005Ab
M 0.479+0.042Aa 0.091£0.010Ba 0.744+0.009Aa 0.989+0.002Aa
FARVN A 0.120+0.042Db 0.121+0.023Aa -0.355+0.151Ca 0.816+0.057Ba
P.koraiensis ek 0.127£0.070Db 0.120£0.022Aa 0.392+0.212Da 0.827+0.065Ba
i 0.153£0.030Ca 0.122+0.022Aa ~0.326+0.088Ca 0.837+0.038Ba

Chl NDI;ﬂfﬁ?”ﬂ*ﬂj*ﬁﬁ,ch]orophy" normalized index;PR];)'C’f{%fiﬁf?ﬁﬁ,photochemical reflectance index ; SIPT; £ A4 AN SR #1518
$, structure—insensitive pigment index; W1 I & 7K 55, water index ; B85 M F39ME + brifEiR 25, ARIVNE FHRER R A RDCIREE 2 0] 1) 22 55
A (P<0.05) AR KRS FRER RN R A 2 0] 7 22 5 10 2 E (P<0.05)

2.4 RTINS RIFIEDE & AT SR RRIE R LR

W 2 R, ARBT P94 R AR DI S8 B A [ WRRIA— S 22 Kb AT

BEER TR 505 550 2 TR R 4 oo A 0%
W, ZH o 2R B, MRE P9 4B Fh 9 Chl NDI{E 3% 045} ¢ B A Jois
S 112 B G A B F B> 2T , 45 W i H 8077 1 ol )

D

% D |

Z. 0
Ik BAR AR am
WA Tree species

WS MR A BRI PRI R RE 22 5 0
E AR NS sy D N 77 S Ra s I RE N
BRI SIPL A & 2 T A AR Bl 248 1 SIPT {E R fIK
ARTET P45 R AR B Y W 3 22 5 B
Pl (28 ) B9 W {H f 2 (T AR

(=] (=]

a >

JeAb R %
Photochemical reflectance index

<
O

43R I — KR8
Chlorophyll normalized index

B2 MEASHALER SR
Fig.2 Spectral reflectance index of tree species in forest gap

ARG FRER R AN Rl 2 i) ) 22 52 35 7 (P<0.05)

3 itig

AFDEIRE 2R A A AR SR RO
PRI ST R A 38 R PR 8 AR OGS A RO R R AL e R G A 1 TOL A we i Ak Re s 3,
H1 LCP il LSP AR AR G IS8 BE ()R RS T, 43531 B2 eARL 490 I o 55 I R BRI RE 12 45 R4l
W R B LCP 1 LSP B A= K ERIE i 59 BRI/, X AN [R) DG PR R HAT — 5 BT S bR T 2% ) 7 4
LSP 8 AR TARET A A, DERIHE B 25 5 T 2l e BE 7 Bl 6 D't 18 09 1 5 B B dh B de AR MR 3 Bl
4R LCP AR TARET ALY, BRI 3 ol 2 e i ARl M2 s Sfe i I DI A 55 5 B AR B9 BRI, DA T B
SRS, AQY FRIRIM A XS SHOLI A FIRE ) , AT W A S5 OE A RE Ty =02 AR g h 204
(4 AQY Bt FREE L5 YT Bk i 2 2 M A, T A LA 4 o bR B IR A 5o O3 IV RE 7, Ay — % A it B
PEDOT R ST R AE SRS A5 R 1 IR R R A DG 5 3 W 55 0 PR R R 5l o B AR R, SR PR S BR T
i1 AR SRR R ARSI, A T e A ARG A R SO
RV I U S BOEIRBE AR AL ASBIFFE ORGSR LI R, BECERSE AR A I8 H BT 2 19 7 fE A
e A PREEIH) 22 S 8N SRR R AR SR P R AR O 4 0 O i TR b, FAT
HRAITEXS T P, BECIR B E AT AL — A BT TN 8 i 12 = 6 & AR A 9806, B 14
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UL IR U YR LA R A T 78 % B, R A4 AR P B G ERBE A B r  4 we JE  AE XT e  4
W BFFE KB P, W M GR A KIS K 3 B A4 0F T AT H A SR I ARE S, TR Xt pU AR SR
TEAR RO AT BIARRLAGZE SR S U AR [RIAR 4 %o 36 T 140 305 57 5% s AR ), i L AN [ 4 i A 0 A 75 D6 e
WATREAEAEZE S . ARG T & AFh P, Y/ INTARE NG, B P12 B LAl A P 28 25 5 3, AR
I B ARG A BT, X T AR FR A T 35 BAK T 55 6 EE 1 —Fh R

FXT FAL G2 AT, 3 A G A AT vk 8 2N HERf TG Ll , 8 vl A 0 th 2R e 3%
K RUBOCA SRR S e R R T A E B AR v e R A R AR T
AR AR A 6 5 DR A [ 4 ARG B AR BT, AR g AR i R 2R B A B G 4 D
T FE T, BB A ' HR i B ] U SEAF ) -2 3R 5 B, A0 308 44 135 6T S B A 1) FH 28023 o8 T 7 A 3 1 A
JEHREREE N ARBIEST A & B R R I PRI B 3 15 TG AR EE A R85 T R, BRI AR T Sl & i R
KT HASEIASE | I — NG AT RS2 ARG PRGBS T 32 SRR 0 K PHAR ST, 7K o044 & ol b 1 o6 R T
J 022 R R A TS R 8 AR IR AN A g e I I B K AR AR I R e A R
B R ARG 2 T R A R R A I R W (EAE R DG Z R 77 5 25 57 G IR SRR B M Al
Pyt i W (B S 2 OGP A 22 a4 it e, BEBHAR T & BBt oK or i B K 35 0 32 v O BRAR R
BFIEREE A AR B 7K 2 R R 1N, P R R 55 6 RS T A 2R I A FH R85 45 G, B4 h TR B ATt vl ol
PR 7 A RE A /N S A S ML A o — e AR it B PN R, K R Bt 2 B il AR
FLPIAR WK S R e ) A gT R G i /K 3 5 L e B KR 2 ) o RS R ™ L B T ARR S
IEBA XA FDCIREE T L3 E /KRG T | BT LA sk 17 () B S DR it — 2D B, 4 R Fhlid SIPT A
FEARFDCIREE T RILE ARG LN T ARG FARR L 3 B 22 535 21 10 25 7K0F BEIIARZ N 4l A2 2141
XN PR BE I A AR R AR IR BE , bR B 4 Y BE R B AT A T AR (56 AV ol 1540 A 52 21 1
AR /IN , SRS PR 58 A I BB AN BOPR B PR, B ] 1) 5 4 PR P R B L T /DN, DAl 45 Dl
SR BAEA RGP ] IF B AT b 2 25 5, URBH 2D gl AR R Y T
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