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E: P AT (Peucedanum praerupterum) i R B 7 &, AN [AD 68 R (A6 HT B 10 A R REEAT T IT . 45
FRW, 5P 40%F1 60%HH th, X HE(CK)FIIE R 20% 1 A8 /T8 i A B B8 1 3K F AR Il R [ il 247.129
1 266.866 umol/(m?2 s)] & K4t & R[4 51y 25.621 Al 28.167 umol/(m? )], H. 5 K14 it & 3 2 %) S f) v A1 % 58 [ 43 51
N 2 130.419 F1 1 927.804 mol/(m? s)] 1 1% 2 7 T3 B 40%F1 60% 4B . AN [ 38 FH AL BE 1 318 BT i I F 6 B A 2R Ak
RIS 2 5, AR K REOAE A E K RO T 8 22 57 o SX UL B R ST SR BH AR R, il B M 4
SR, LI 5 7 A2 () T R R bk 5 L A R
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Effect of Shading on Photosynthetic Characteristics of Peucedanum
praerupterum Leaves

WANG Pan!, ZHOU Yuhong?, XU Pan?, PU Jinbao?, LIANG Weiqing?, YU Yefei!, CHEN Zilin?,
KANG Huajing®**

(1. Administration Bureau of Dapanshan National Nature Reserve, Jinhua 322300, Zhejiang, China; 2. Center for Medicinal Resources Research, Zhejiang
Academy of Traditional Chinese Medicine, Hangzhou 310007, China; 3. Wenzhou Academy of Agricultural Sciences, Wenzhou 325006, Zhejiang, China; 4. Key

Laboratory of Crop Breeding in Southern Zhejiang, Wenzhou 325006, Zhejiang, China)

Abstract: To regulate planting and increase yield of Peucedanum praerupterum, the photosynthetic and
fluorescence characteristics were studied under different shading, such as full sunlight (CK) and shading 20%, 40%,
60%. The results showed that the maximum electron transfer rate was 247.129 and 266.866 zmol/(m? s) under CK
and shading 20%, with maximum net photosynthetic rate of 25.621 and 28.167 umol/(m? s), respectively, which
were significantly higher than that of shading 40% and 60% (P <0.05). The saturated light intensity corresponded to
the maximum net photosynthetic rate under CK and shading 20% were 2 130.419 and 1 927.804 umol/(m? s),
respectively, which were significantly higher than those under shading 40% and 60%. The light energy use efficiency
and water use efficiency of P. praerupterum leaves had differences among different shading treatments, while the
photochemical quenching coefficient and non-photochemical quenching coefficient had no significant difference.
Therefore, it was suggested that P. praerupterum was a typical heliophyte with strong adaptability, so that it was
beneficial to choose the open field with sufficient light intensity for the cultivation of P. praerupterum.
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14 1 51 (Peucedanum praerupterum) <=7 £}
(Umbelliferae) i i J& 2 A HAMY), FESAMT
Wit A WG DO BER. el SN,
TG HH A2 T 2510 B B ME— kIR, B B A
IERZACIR DR, T IERE S R0, B
Wil ey, Tk, BEE TS TR R, B
AT H TR, CHELIE R TINRE, N THR
B b O RTEAR S . H RGO T B ERTEH
Ft A AR TP AR A S o0 RN 2 B FE A T T 2
JeE R YTV )5t B AR LA P A7 )
AR EZER R, g — MR UK 4
HSFER, s EERKRE . ESER P EE
FIAEIE R 22—, MEIREKEEE, tE
R, A= PRACTN, i 5] 5 BT S I 5
WY RAAEGER R T A REE AR, Shomid
55, M BIGEK MR, AR RAERE,
Jtsgid o, VNS HINELE . RN, BEE
AN REAREY . 3 ARG R R B v AR — R B
R A K B KA =R E R, S5t
AR T E R0 A RS IR R0, (OB S KB
1t (Catharanthus roseus) - A H 32 2% R B8 A1 K 5 i
Bl o B, AR & Y 75% % e n] ik
=R (Camptotheca acuminata)fEbkAEK:, &S
HARDA R, WA RGO A KA E R
E AL DT = =Y V= o WS SN I s a A TS
UM E R, R R R R
B RFIE AT AL BRI

SR, AEAE T AN F RS PR S 2R T 22
A, RIS 1 B G AL B B BE RO, TS )
B RN REE L, B ke B 7l
TMARHE G Zant e ma Bt e, 456t R
IR A 2h AR e a4, Sk, AT ASFEDE
58~ AEHT ARG EE R B R, ke
FIFH AR 53 R R AT 7R, NSl B4e
RSARRYOAE, S m2p = B iR AR R S8 .

1 MR

1.1 #k

HAEHT T 2017 4 430 Fp T k2 L 25 H
YR YL B E He, 55— HEHE., EFHit
RF LR, ik 470 m. 2018 4F 3 A T AJ7EMEF
H+29 5 em B, BENLIERE 4 DX, @4

LT E O DY i s P s 0 0 2 A L 3 AN B A B 1
JZ 3 FH X L DU J R d5F P (208 20%38EFH) 1 JZ 3 BH
I L 7Y & dsf P41 (4000358 FH ) AT 2 J2 38 FH % HL DY & 3 1A
(60%:HERH), AJCIEBH M At fE(CK), JEit 4 M abEE,
AN REFRIE ZE A OGRS 18 1400, 1000,
700 £ 1 750 umol/(m? s) .

WERHALFE 5 A H 5, T 2018 4E 8 AJRIMENA
S5, RREZ 40 em, KA R, EEUEK 5L
AR, XFE M2 4 &I AT EE AR

1.2 Jiik

| e 455 0% A4 (L1-6400-40, LI-COR INC.,
USA)TERE K 8:30—16:30 Kt H- F 1 44 e A 33 S AT He,
A& e B S AT RPN E . MER, IR
#5272 N 500 umol/s, CO2 ¢ JE 15 # 24 400 wmol/mol,
-5 9 42 1) 7E (34.0 40.9) °C , Yl &8 %54 5t (photo-
synthetically active radiation, PAR)>4 2 000. 1 800.
1600. 1400, 1200. 1000, 700, 400, 200. 150,
100.50 A1 0 umol/(m? s), Il & 1+ £ 1 % (net photo-
synthetic rate, Pn). HiL7f% 1814 % (electron transfer
rate, ETR)& GG RS HL, e/ NEFRFIN TA] 2 min, #%
REERFIFA] 3 mine SRADGIR R BB RS &
6T By B, A 3 T S R D' B R0 S 1A
B2, SR DG RE I Rl BRI RS &t RE R FH L
Z(light use efficiency, LUE)X g fma v fi 2k, K
K 53 M F 28 2 A R T 5 Bk P 7K - ) FH %% (water
use efficiency, WUE)XEG I B {12k, SRAGAH S
HESH

1.3 BuEAE
T B R A6 A S A 4.1.1 402, i Excel
2010 #AH1EH.

2 SR

2.1 EFARIE IR Ot B 0e B2 i 2%

ME 1A%, 24 PAR KT 700 umol/(m? )i, 4
ol 28 B Ab 3 (1) TR T B R AR 0 2R (ETR)
YIBE PAR M3 L 2 EH LN, 2 J5 =81 K,
CK . il FH 20%- 40%7F1 60%4b #4371 7F 1 600+ 1 600
1 800 £ 1 800 umol/(m? s)if ik F|fx K s I )i N i
PAR 38T T &, 4 P A B35 & AR R B R 1) PSII
1% NI G0, Hod DL RH 60%01 R B 2


https://baike.baidu.com/item/%E5%89%8D%E8%83%A1%E5%B1%9E/8489964
https://baike.baidu.com/item/%E8%8D%89%E6%9C%AC
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FHEE 1 AT 0L, SR FH e AL 2R ASE A (ST R AR
AU & 4 OGRS AR T AR AT B i AL i
XF G i 2, B E 2R E(R?) KT 0.999. 20%
HERH T A AEHT S i R AR R ey,
FE TIERH 40%7F1 60%4L2E (P <0.05) . CK. I RH 20%
1 40% AL R LA REARIT, 2974 1700 pmol/(m? s),
MM IEERH 60%4bHE A 1479.43 umol/(m? s), 5 HHK
(P<0.05).

2.2 Bt E RN G e L 2%
ME 2 5] W, 24 PAR<400 umol/(m? s)itt,

A A (Po)b PAR BRI LT R HL T 5 ok
5824 2 000 mol/(m? s)iF, JEEFH 40%F1 60%(1) Py B

300F

E i
1

(=]

wh

(=)
T

ETR [gmol/(m®s)]
2

A T, TR 20%81 CK ) Py A HUEE T & 4 Ff
FeREAb 3 UIEEFH 20911 P 45 57

I FH S AL BR AR B S & 4 Fft S HE A1 TR 1
HOtA I E-nm B2 (K 2), PE1E 5 S &
FERFE, e /2B KT 0.99. LUEERH 20%H )5k
H A (Prma) B 5> N 28.167 umol/(m? s). CK FlI
JEERH 20004 P (1) 0L A1 ' 558 (Isar) ¥ 5 5 T EEFH 40% K01
60%I1](P<0.05).

2.3 JBREF FH 2R X I e O p 28

ARG HR[PAR <200 umol/(m? 8)] K, JGAEF
R (LUE)SSIBE PAR IR s i PRs b Ik B,
BEJE N 2 B2 TR (A 3). 4 BRI T, CK

® JEPA60% Shading 60% e HEFH40% Shading 40%
® i H20% Shading 20% e CK

0 200 400 600 800

1000 1200 1400 1600 1800 2000

PAR [umol/(m™s)]
14 PO T EAERT I B I A B XD e R 4k . PAR: YR & B 2GRS, ETR: PR, THEIF.

Fig. 1 ETR-I curves of Peucedanum praerupterum leaves under four light intensities. PAR: Photosynthetically active radiation; ETR: Electron transfer rate. The

same is followed Figures.

R LA FOCREA T EAERT I R LT 33 A0 B A i 2k 24k

Table 1 ETR-I curve parameter of Peucedanum praerupterum leaves under 4 light intensities

HERH 1% e

ETRmax PARsat

Shading (mol/mol) [umol/(m? s)] [umol/(m? s)] R®

0 (CK) HUAME Fitted value 0.343+0.006a 247.129+18.924ab 1718.544 +128.009a 0.999+0.001
WY Measure value - 245.702 +17.757ab ~2 000 -

20 HUAME Fitted value 0.336+0.011a 266.866 +31.528a 1757.471+160.049a 0.999 +0.001
W EAE Measure value - 264.664 +36.157a ~1800 -

40 A1E Fitted value 0.338+0.010a 233.479+17.210b 1 659.687 +86.381ab 0.999 +0.001
WE{E Measure value - 233.401+12.877b ~1600 -

60 WA{E Fitted value 0.349+0.019a 222.062+30.194b 1479.430+118.823b 0.999+0.001
ME=AH Measure value - 221.595+35.078b ~1 600 -

ae: WITEHIE; ETRma FOK HL TAL 38 K, PARg: WBADGIR; RZ: #iE R B 5 AR TR R 257 B3 (P<0.05). FEF.

ae: Initial slope; ETRmax: Maximum net electron transport rate; PARg: Saturation light intensity; R% Determination coefficient. Data followed different letters

indicate significant difference at 0.05 level. The same is following Tables.
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1 2 4 FROCHRHRIE F EAERT I i e AR R IR, Py HE Ariie.
Fig. 2 Py-1 curves of Peucedanum praerupterum under 4 light intensities. Pn: Net photosynthetic rate.
2 4 PSRBT BT o &V FEXE SRt 3 th 2 25 4t
Table 2 P,-1 curve parameters of Peucedanum praerupterum leaves under 4 light intensities
JEBE 1% Op anax Isat Ic Rn R2?
Shading (mol/mol) [umol/(m? s)] [umol/(m? s)] [umol/(m? s)] [umol/(m? s)]
CK A1E Fitted value 0.094 +0.007 25.621+2.132ab 2130.419+141.453a  43.367+3.556a  4.467+1.552a  0.997+0.002
ME=AH Measure value - 26.13942.307ab ~2 000 - 4.867+1.793a -
20% &1 Fitted value 0.097+0.018 28.167 +2.140a 1927.8044249.681la  45.86545.01la  4.036+0.625b  0.997 +0.002
{4 Measure value - 28.530+2.313a ~2 000 - 3.78440.674b -
40% 518 Fitted value 0.098 +0.017 27.734+1.631ab 1698.181486.171b  31.99245.109b  2.992+1.277c  0.993+0.004
W E{E Measure value - 27.905+2.1041ab ~1600 - 2.167 +1.208¢c -
60% A1E Fitted value 0.095 +0.006 24.871+3.062b 1476.522+70.104c  34.92945.264b  2.369+0.988c  0.994 +0.006
W E{E Measure value - 24.876 +3.082b ~1600 - 2.690+0.963¢ -

ap: WIIARIE, Pomax: BOKEOGEHE; I WADEHE; | JORMERT Ra: BEIPIRGHE 2,

ap: Initial slope; Pymax: Maximum net photosynthetic rate; Is,: Saturation light intensity; I¢: Light compensation point; R,: Respiration rate.

() LUE A€, JERH 60%40FE i B, W9 A)IA
EZE 5 (P<0.05). BEAh, JEREFFH AR Al 4
UF A A AR HA I R 1) S BE AR FH 285026 % e it 1Y)
N, HiE REGIKT 0.8,

J fi I sk R A A LIOLL £ (1 45 IR R B (R
3), MERH 40%11 60%4b H [ % it B FH 20 F i K
(0.047 mol/mol), CK [ #/7(0.036 mol/mol), ## %
Ik 3 KF (P<0.05). BRI FH 60% (1) 1 Al 5
(ILsa) AR 4P (P<0.05), HARAEMAMIE, LA
300 umol/(m? s).

2.4 7Ky R 3R % ' Bl oL pth 8

HH & 4 7T, BURGIE[PAR <700 umol/(m? s)]
N, ARG HH R (WUE)BE PAR [T &yt F T+
BUEE, )52 TREY, HERER 200040 241,

HApE VT 2 EH% T 4 MOl T, DUER
40%AL 2 1) WUE #2751, T8 FH 209640 3 1) S A1 .

HI2 4 "L, 7K M R R UL (1 25
R, JEPH 409%4b 1 R s KK 43 ) Rk
(WUEmax) 5 X (4.14 mol/mmol), 3 FH 20%40FE 1) %
/IN(3.041 mol/mmol): AHMN (AT 5R LAEERH 20%
AP B, N 942.13 umoll(m? s), 22 v TR
40%7F1 60%40 (P <0.05).

2.5 qP A1 qN X B 2 £

Hi P& 5 AT, 4 Fage BH A B8 10 AR TT I
AR 22 B (QP) I BB D' 5 B T i T FAEAIG, - AN A4k
HEJf) qP 22 F AR E(P>0.05); M AEEILEE K &
H(QN)BE G IR I T 8 R SE RS TH S N RS, A
[Fl AL PRI ) N 22 57 AN 2. 3% (P>0.05) .
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® it fH60% Shading 60% @ il FH40% Shading 40%
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0.05F %
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z
E
T o003t
=
=
0.02 -
0.01 -
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3 4 FBIR SR N AT A (o BRI A AR SR R 2k . LUE: ShRERI 2.
Fig. 3 LUE-I curves of Peucedanum praerupterum leaves under 4 light intensities. LUE: Light use efficiency.
34 FGIRTRIE T EAEHTEH T S RE R F AR X i R i 26 2 4L
Table 3 LUE-I curve parameters of Peucedanum praerupterum leaves under 4 light intensities
JERH Shading /% LUEmax (mol/mol) IL-sat [umol/(m? s)] R?
CK WA1E Fitted value 0.036 +0.004c 307.473+48.244a 0.83440.102
MY Measure value 0.039+0.005¢ ~200 -
20 HUAME Fitted value 0.041+0.005b 306.719+39.635a 0.865+0.021
A4 Measure value 0.042+0.007b ~200 -
40 UAME Fitted value 0.047 +0.004a 296.799+30.573a 0.825+0.125
M EAE Measure value 0.047 +0.005a ~150 -
60 UAME Fitted value 0.047 +0.000a 259.173436.714b 0.857+0.023
MY Measure value 0.047 +0.006a ~150 -
LUEmax: e KIEREFI AR, I HORIER
LUEmax: Maximum net light-use efficiency; I .o Saturation light intensity.
6.0
50t T -
40F I 1
S
£
£ 1
T 30t
g 1
e 1
= ¢
= 20F N
1.0F
@ i [H60% Shading 60% @ I H40% Shading 40%
@ JEFH20% Shading 20% @ CK
0 200 400 600 800 1000 1200 1400 1600 1800 2000
PAR [gmol/(m*s)]

P 4 4 FiOCIESRIEE T EAERT S A BO7K 20 R IR X R 2. WUE: K20 IR .

Fig. 4 WUE-I curves of Peucedanum praerupterum leaves under 4 light intensities. WUE: Water use efficiency.
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R 4 4 FOCTRERAL T BRI P AR 70 A RS 6 B i B Hh 2240

Table 4 WUE-I curve parameters of Peucedanum praerupterum leaves under 4 light intensities

JERH Shading /% WUEmax (mol/mmol) Iw-sat [umol/(m? s)] R?
CK E1E Fitted value 3.646+0.379b 903.189+148.851 ab 0.969+0.0185
M EfH Measure value 3.826+0.751b ~700 -
20 LA1H Fitted value 3.041+0.118¢ 942.129+130.823 a 0.990+0.006
JEAH Measure value 2.899+0.300c ~700 -
40 UAME Fitted value 4.141+0.472a 790.365+73.612 b 0.946 +0.033
MEAH Measure value 4.290+0.885a ~700 -
60 UAME Fitted value 3.680+0.431b 830.936 £60.972 b 0.960+0.045
T EfH Measure value 3.6930.349b ~700 -

WUEmax: 8 KK R RCR, lwesar: HLANE5E »

WUEnax: Maximum water use efficiency; lw.sat: Saturation light intensity.

X HE[A60% Shading 60%
11k X il [H40% Shading 40%
< i FH20% Shading 20%

LOF

O CK
09+
0.8}

= %
ol
' :
0.6 F
0.5
04 1 1 1 ]
0 500 1000 1500 2000

PAR [umol/(m*s)]

45

40+

o>

20} % % % %
0 500 1000 1500 2000
PAR [umol/(m*s)]

5 4 FOGIEERE T AFERT I A D62 K R B (aP) AR 6 28 K 2 B (QN) RS G R 2

Fig. 5 Photochemical quenching coefficient (gP) and non-photochemical quenching coefficient (qN) response to light of Peucedanum praerupterum leaves

under 4 light intensities
3 iRt

AT T RS R NGB 5SS
FEfE, XHEYIR R RORE 2 R EE ., KRR RR
B, tme AT AR AR AR G AU A 4 PG KA TR
I AE R R 1R R A 3 T M O 5 0 Ol
frm Bt 2, T H ARSI E 20N E S80S S S
FERFE (R?>0.998), X 5 i N2 AT 58 45 SR AR .
2 G(CK)MIERH 20% & H AL HT BH M 7 (1) 5 oK fLF
A 32 T R M i R 4 DI 6 T R SR L ) A R Y i 3
FEX R, Ul B SRR SR BHAE . X S
H AE T B B A0 B AR 0 A AR SR DGR R AT — B )
b, JEBH 40% 10 6040 1) AL AT M 5
PR, U6 AR A R I A R Y S BhiE
S906H BT . X 5 W 55 2 P2 %} Y 2= 4 (Osmanthus
fragrans) I/ 7 45 B AH— 3.

- Fr 5t RS FH 2% (LUE) 26 OW R B gk o X
DN At A e 5 R PAR Y AR R, S A
YoAr ¥ B E R B A S bR 2 — 124, LUE BE PAR
T mr P E TR R, REEET N, X
AT N RS20 BiF T 4 AR AL, 7 B RO ifF L 3R
B, AN CO2 W I LUE X a9 45
U S 0 5 2R BRI, FE5R S R D
5% 100 umol/(m? s) il AT A Bl i KAB - F A6 HT 5 I
F1 B LUE max i 8 BH 58 B2 (1) 385 0 T 386 K, OB &
16 HT BT 55 06 B AT BT @ R . X 5 E YR
%I # % %' (Phellodendron amurense) 4/ & () 77 45
SR

WUE i} FE A AT $8 s AH A v I AE RIRE KB
i, WIEhE SR E R IR, IR A BOR
IKSy IR 13128290, SR 409640 B ] WUE max 15 55 K,
T BF 3@ 24 308 P A R T4 v 1A AT R K 43 D 2
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2, WS EDGIR T R R R A S B AR
N % o X 5 b T 22 S 3O AL (Capsicum annuum)
IR ah SR —5. SR, JEFH 60%ALFE T 4L AT
) WUEmaex B FTFEAG, 9 F 22 T B AERT
B WRIRHA YD, B SAR T HOCE/ER .
ANFEDERRSFA T BAERTHIH 89 WUE X PAR (#
AL, BPAERRAK PAR[/NT 200 umol/(m? s)]iF,
WUE [ PAR 7t PRIERS K, SR8 T = 2
KAB . BRIEEFH 20%40 341, 245 i AL 38 /5, WUE
It PAR BT i PR T B, x5 i A BLSSI
FL 2k AL BRI LR B, /£ PAR<
400 pmol/(m? )i, /R [H] CO, #¢ K K5 (Glycine max)
A WUE 56 PAR F38 i Puige s oK, SR 5 2%
MBHAK:, Bk COL RN 300 mol/mol 4F, 4ttt
AIE5R[Z) 1000 wmol/(m? )]s » A i WUE B PAR
(R HE N

AL 2V K R BU(QP) e PSTT R 28 4 2 i
oG HEE TRt 5 AR A 200, AR PSTT e B
HH [ TEORE P RN R TR B TG PR IR KN o T 4 5 3
Sof 36 9] 45 Bk (Callicarpa bodinieri) M- I iF 5t 2 B,
AR FE ) P bh4s H B PR, A4
K, ANFEERHAEE T BIERT M R gP ER
72 5, 22 B RH AL B0 L AEHTEA I PS IT B RO )
FERCELB, DAK H AR IBIE RN . A, B
M AHEIERPDRRES, & —i e @il 3k
FEAFER (QN) IS FEFER LA D i B RE &, AT IR
P PSII W Oy 3247535 o AN [FEE PH AR B R LA R
BAME I QN 003 2 e, 0 B B PH AL BRI R O
ik PSTIWR I RE LA #vRE T 2T RE R L o Fl ikt
AL, EAERT GG 1 A a0 mT B M i

EIAERTEA i B A S & Mk . SR, A
TERTHA 9 B BH A AR Y, TR R A T (CK
HIIEERH 209%) B A 5 5 ok FEL AR 3 T 28 | e K
Je A TR AR B AR TR AR AR T A
TERTE AR A E R o RITE R BRI ROk PG5k 78 2
) 3

S5 308k

[1] XUE J C. Review on active ingredients and related pharmacological
action of Peucedanum praeruptorum [J]. Strait Pharm J, 2012, 24(2):
34-38. doi:10.3969/j.issn.1006-3765.2012.02.013.
BER M. FAERT LS o RAH R G EE IR STt R [3]. ik
2%, 2012, 24(2): 34-38. doi:10.3969/j.issn.1006-3765.2012.02.013.

[2] HE D M, WU F H, KONG L Y. Review on pharmacological action of
Peucedanum praeruptorum [J]. Pharm Clin Res, 2007, 15(3): 167-170.
doi: 10.3969/j.issn.1673-7806.2007.03.001.

% tg, R, L4 AT HZBEERMTIEER (1. 2%
5w R#F 7T, 2007, 15(3): 167-170. doi: 10.3969/j.issn.1673-7806.
2007.03.001.

[3] GAOC, YAN W D, TIAN D L, et al. Diurnal change in photosynthetic
rate of Eucommia ulmoides and its relationship with environmental
factors [J]. J CS Univ For Technol, 2011, 31(5): 100-104. doi: 10.3969/
J.issn.1673-923X.2011.05.018.

e, ESCHE, R, A LA G AR AR R SRR T
IR [3]. ol RHER S 24, 2011, 31(5): 100-104. doi: 10.
3969/j.issn.1673-923X.2011.05.018.

[4] ZAVALA J A, RAVETTA D A. Allocation of photoassimilates to
biomass, resin and carbohydrates in Grindelia chiloensis as affected by
light intensity [J]. Field Crops Res, 2001, 69(2): 143-149. doi: 10.
1016/S0378-4290(00)00136-2.

[5] REZAI S, ETEMADI N, NIKBAKHT A, et al. Effect of light intensity
on leaf morphology, photosynthetic capacity, and chlorophyll content
in sage (Salvia officinalis L.) [J]. Kor J Hort Sci Technol, 2018, 36(1):
46-57. doi: 10.12972/kjhst.20180006.

[6] HIGASHIUCHI K, UNO Y, KUROKI S, et al. Effect of light intensity
and light/dark period on iridoids in Hedyotis diffusa [J]. Environ Contr
Biol, 2016, 54(2): 109-116. doi: 10.2525/ech.54.109.

[7] LI AM, LI S H, WU X J, et al. Effect of light intensity on leaf
photosynthetic characteristics and accumulation of flavonoids in Litho-
carpus litseifolius (Hance) Chun. (Fagaceae) [J]. Open J For, 2016, 6
(5): 445-459. doi: 10.4236/0jf.2016.65034.

[8] ZHAN J C, HUANG W D, WANG L J. Research of weak light stress
physiology in plants [J]. Chin Bull Bot, 2003, 20(1): 43-50. doi: 10.
3969/j.issn.1674-3466.2003.01.005.

W R, AR, EAZE. MR gRE [J].
JEk, 2003, 20(1): 43-50. d0i:10.3969/j.issn.1674-3466.2003.01.005.

[91 MATOS F S, WOLFGRAMM R, GONCALVES F V, et al. Phenotypic
plasticity in response to light in the coffee tree [J]. Environ Exp Bot,
2009, 67(2): 421-427. doi: 10.1016/j.envexpbot.2009.06.018.

[10] ZHOU X, WANG G B, LIU L, et al. Effects of light intensity on the
growth of Camptotheca acuminata seedlings and camptothecin contents
[J]. J Nanjing For Univ (Nat Sci), 2016, 40(3): 9-14. doi: 10.3969/j.
issn.1000-2006.2016.03.002.

JEBT, FESOR, XUHK, S OGN B 4 A R B S R Y
W (3] FE RO R SR (E A RHEIR), 2016, 40(3): 9-14. doi: 10.
3969/j.issn.1000-2006.2016.03.002.


https://www.sciencedirect.com/science/journal/03784290
http://www.researchgate.net/publication/323723708_Effect_of_Light_Intensity_on_Leaf_Morphology_Photosynthetic_Capacity_and_Chlorophyll_Content_inSage_Salvia_officinalis_L
http://www.researchgate.net/publication/323723708_Effect_of_Light_Intensity_on_Leaf_Morphology_Photosynthetic_Capacity_and_Chlorophyll_Content_inSage_Salvia_officinalis_L
http://www.wanfangdata.com.cn/perio/detail.do?perio_id=njlydxxb&perio_title=Journal%20of%20Nanjing%20Forestry%20University(Natural%20Science%20Edition)

%5

EWrSE: JEFHXT BAERTHI 76 AR R 537

[11] TANG Z H, GUO X R, YU J H, et al. Effects of low light intensity on
changes of soluble sugars, alkaloids and phytohormones in Catharan-
thus roseus seedlings [J]. Acta Ecol Sin, 2007, 27(11): 4419-4424. doi:
10.3321/j.issn:1000-0933.2007.11.006.

JEHAE, SEbeE, TR, SE 35060 K AR 1E(Catharanthus roseus)
AFE R . AR GHR & B [0]. RS SR, 2007,
27(11): 4419-4424. doi: 10.3321/j.issn:1000-0933.2007.11.006.

[121 MA X H, SONG L L, YU W W, et al. Growth, physiological, and
biochemical responses of Camptotheca acuminata seedlings to different
light environments [J]. Front Plant Sci, 2015, 6: 321. doi: 10.3389/fpls.
2015.00321.

[13] MORFOPOULOS C, SPERLICH D, PENUELAS J, et al. A model of
plant isoprene emission based on available reducing power captures
responses to atmospheric CO; [J]. New Phytol, 2014, 203(1): 125-139.
doi: 10.1111/nph.12770.

[14] SUN J S, SUN J D, FENG Z Z. Modelling photosynthesis in flag
leaves of winter wheat (Triticum aestivum) considering the variation in
photosynthesis parameters during development [J]. Funct Plant Biol,
2015, 42(11): 1036-1044. doi: 10.1071/FP15140.

[15] YE Z P, SUGGETT D J, ROBAKOWSKI P, et al. A mechanistic model
for the photosynthesis-light response based on the photosynthetic electron
transport of photosystem 1l in Cs and C, species [J]. New Phytol, 2013,
199(1): 110-120. doi: 10.1111/nph.12242.

[16] YE Z P, KANG H J, YANG X L. Light-use efficiency of tomato
seedling leaves at different CO, concentrations [J]. Chin J Appl Ecol,
2016, 27(8): 2543-2550. doi: 10.13287/j.1001-9332.201608.035.

[17] YE Z P, YANG X L, KANG H J. Comparison of light-use and water-
use efficiency for C3 and C, species [J]. Acta Agric Zhejiang, 2016,
28(11): 1867-1873. doi: 10.3969/j.issn.1004-1524.2016.11.10.

IR, BN, RS, Co I Cy R BEA AR AN K 43 R F 2L
R [I]. WLk 544, 2016, 28(11): 1867-1873.

[18] WHITE A J, CRITCHLEY C. Rapid light curves: A new fluorescence
method to assess the state of the photosynthetic apparatus [J]. Photo-
synth Res, 1999, 59(1): 63—72. doi: 10.1023/A:1006188004189.

[19] LIU Z B, CHENG R M, XIAO W F, et al. Light response charac-
teristics of photosynthesis and model comparison of Distylium
chinense in different flooding durations [J]. Chin J Appl Ecol, 2015,
26(4): 1083-1090.

[20 WU A J, XU W Z, GUO Y L, et al. Photosynthetic light-response
curves of Lespedeza davurica under different water and fertilization
conditions [J]. Acta Agrest Sin, 2015, 23(4): 785-792. doi: 10.11733/
j.issn.1007-0435.2015.04.018.

RER, RN, ALy, & AFEKIEKM T A BSECT R

BRI EASAE [J]. bR, 2015, 23(4): 785-792. doi: 10.
11733}/j.issn.1007-0435.2015.04.018.

[21] ZHANG F Q, YANG H X, XU B, et al. Photosynthesis light response
characteristics of Camellia azalea and fitting of application models [J].
Ecol Environ Sci, 2015, 24(10): 1599-1603. doi: 10.16258/j.cnki.1674-
5906.2015.10.002.

KR, B, Aol . RRRG AL L 2 i i B2 1 S FL AR I A
Bk 0] ASABFIR, 2015, 24(10): 1599-1603. doi: 10.16258/).
cnki.1674-5906.2015.10.002.

[22] YANG Y N, PAN Y Z, QI Y C, et al. Effect of shading on physiological
and ecological characteristics of Osmanthus fragrans [J]. J Trop
Subtrop Bot, 2017, 25(1): 57-64. doi: 10.11926/jtsh.3634.

MY, W, Fg)N, & IR DY A A AR [J).
PR 23R, 2017, 25(1): 57-64. doi: 10.11926/jtsh. 3634.

[23] JENKINS J P, RICHARDSON A D, BRASWELL B H, et al. Refining
light-use efficiency calculations for a deciduous forest canopy using
simultaneous tower-based carbon flux and radiometric measurements
[J]. Agric For Meteor, 2007, 143(1/2): 64-79. doi: 10.1016/j.agrformet.
2006.11.008.

[24] COSENTINO S L, PATANEC, SANZONE E, et al. Leaf gas exchange,
water status and radiation use efficiency of giant reed (Arundo donax
L.) in a changing soil nitrogen fertilization and soil water availability in
a semi-arid Mediterranean area [J]. Eur J Agron, 2016, 72: 56-69. doi:
10.1016/j.6ja.2015.09.011.

[25] ZHANG L, LIU W Z, XIN G S, et al. Photosynthesis light response
curves of three sweet-potato varieties and model fitting [J]. Chin Agric
Sci Bull, 2015, 31(15): 71-77.
kA, XMEIE, FEE, & 3 MR RS Go6RR 2k & AR
BEHITE (] ThER AR, 2015, 31(16): 71-77.

[26] YE Z P, ZHANG H L, HUANG Z A, et al. Model construction of light
use efficiency and water use efficiency based on a photosynthetic
mechanistic model of light response [J]. Plant Physiol Commun, 2017,
53(6): 1116-1122. doi: 10.13592/j.cnki.ppj.2017.0059.

TR, SRIEER, SR, S R GRER AR AR > FI R
X B SRR A [J]. AR AR EEAE AR, 2017, 53(6): 1116-1122.
doi: 10.13592/j.cnki.ppj.2017.0059.

[27] WANG K, ZHU J J, YU L Z, et al. Effects of shading on the photo-
synthetic characteristics and light use efficiency of Phellodendron
amurense seedlings [J]. Chin J Plant Ecol, 2009, 33(5): 1003-1012. doi:
10.3773/j.issn.1005-264x.2009.05.020.

EYl, RECE, TiLE, & EPIXE T P AR KO RE
PR 0] MRS, 2009, 33(5): 1003-1012. doi:
10.3773/j.issn.1005-264x.2009.05.020.


https://webvpn.ncu.edu.cn/,DanaInfo=apps.webofknowledge.com+full_record.do?product=UA&search_mode=CitingArticles&qid=4&SID=4AkrYxWmSKIhfJHBRby&page=1&doc=3
https://webvpn.ncu.edu.cn/,DanaInfo=apps.webofknowledge.com+full_record.do?product=UA&search_mode=CitingArticles&qid=4&SID=4AkrYxWmSKIhfJHBRby&page=1&doc=3
https://webvpn.ncu.edu.cn/,DanaInfo=apps.webofknowledge.com+full_record.do?product=UA&search_mode=CitingArticles&qid=4&SID=4AkrYxWmSKIhfJHBRby&page=1&doc=3
https://webvpn.ncu.edu.cn/,DanaInfo=apps.webofknowledge.com+full_record.do?product=UA&search_mode=CitingArticles&qid=2&SID=2DPL6ZVmqTzcwqywyFo&page=1&doc=6&cacheurlFromRightClick=no
https://webvpn.ncu.edu.cn/,DanaInfo=apps.webofknowledge.com+full_record.do?product=UA&search_mode=CitingArticles&qid=2&SID=2DPL6ZVmqTzcwqywyFo&page=1&doc=6&cacheurlFromRightClick=no
https://webvpn.ncu.edu.cn/,DanaInfo=apps.webofknowledge.com+full_record.do?product=UA&search_mode=CitingArticles&qid=2&SID=2DPL6ZVmqTzcwqywyFo&page=1&doc=6&cacheurlFromRightClick=no
https://doi.org/10.1023/A:1006188004189
http://xueshu.baidu.com/usercenter/data/journal?cmd=jump&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=publish&sort=sc_cited&wd=journaluri%3A%28%29%20Agricultural%20and%20Forest%20Meteorology
https://webvpn.ncu.edu.cn/science/journal/,DanaInfo=www.sciencedirect.com+11610301
http://www.cnki.com.cn/Article/CJFDTotal-ZNTB201515014.htm
http://www.cnki.com.cn/Article/CJFDTotal-ZNTB201515014.htm

538 s A R R

09 4%

[28] OGUTU B O, DASH J, DAWSON T P. Developing a diagnostic model
for estimating terrestrial vegetation gross primary productivity using
the photosynthetic quantum yield and earth observation data [J]. Glob
Change Biol, 2013, 19(9): 2878-2892. doi: 10.1111/gch.12261.

[29] SHI R, SU P X, ZHOU Z J, et al. Photosynthetic characteristics of
Potentilla anserine in three different meadow ecosystems [J]. Chin J
Ecol, 2018, 37(7): 1943-1951. doi: 10.13292/].1000-4890.201807.004.
Frkis, JREE4E, JRRG, . ZMARRME LSRR FROAE
FESERDC AR [0]. AAsap2eE, 2018, 37(7): 1943-1951. doi: 10.
13292/j.1000-4890.201807.004.

[30] ZHONG P A, SHAO D, HUANG Y J, et al. The photosynthesis
characteristics and instantaneous water-use efficiency of Capsicum
annuum under different light conditions [J]. Chin J Ecol, 2019, 38(7):
2065-2071. doi: 10.13292/j.1000-4890.201907.025.

Bz, ARZR, B4, 55 RFEDEIET FBHOLA R AR K 23
FIRReR [3]. A&, 2019, 38(7): 2065-2071. doi: 10.13292/
j.1000-4890.201907.025.

[31] BAI L N, WANG Z L, HE K N, et al. Responses of water use
efficiency of 4 drought resistant tree species to water and light in
Qinghai [J]. Chin Agric Sci Bull, 2016, 32(16): 12-17. doi: 10.11924/j.
issn.1000-6850.cash16010149.

HRE, T AR, BT, S F 84 TR AR 2 R %)
IR ADGIEEIARE [3]. AR 2258 ), 2016, 32(16): 12-17. doi: 10.
11924/j.issn.1000-6850.cash16010149.

[32] SCHULL M A, ANDERSON M C, HOUBORG R, et al. Thermal-
based modeling of coupled carbon, water, and energy fluxes using
nominal light use efficiencies constrained by leaf chlorophyll obser-
vations [J]. Biogeosci, 2015, 12(5): 1511-1523. doi: 10.5194/bg-12-
1511-2015.

[33] MENG F C, ZHANG J H, HAO C, et al. Effects of elevated CO, and
different irrigation on photosynthetic parameters and yield of maize in
northeast China [J]. Acta Ecol Sin, 2015, 35(7): 2126-2135. doi: 10.
5846/stxb201306041336.

U, TRAERR, AR, A COL IR FH s RIS [FIE M o0 AR b oK
FeA R K= BN [J]. AEAS %R, 2015, 35(7): 2126-2135. doi:
10.5846/stxb201306041336.

[34] YE Z P, DUAN S H, KANG H J. Comparison of water use efficiency
for Glycine max leaves under different CO, concentration [J]. J Nucl
Agric Sci, 2019, 33(5): 1006-1015. doi: 10.11869/j.issn.100-8551.2019.
05.1006.

TR, B, BB, R COMREE N R 7K 43R Rl
Ebig [0, Bk 224), 2019, 33(5): 1006-1015. doi: 10.11869/j.issn.
100-8551.2019.05.1006.

[35] SU J, FANG Y M, ZHANG Q, et al. Effects of shading on photo-
synthetic characteristics of Callicarpa bodinieri Levl. [J]. J NE For
Univ, 2019, 47(11): 47-51. doi: 10.13759/j.cnki.dIxb.2019.11.010.
T, JTRY, KR, S EPIXREOLEREREEN 1] ARkl
K2EE2EAR, 2019, 47(11): 47-51. doi: 10.13759/j.cnki.dIxb.2019.11.010.


javascript:void(0)
http://s.wanfangdata.com.cn/Paper.aspx?q=%e4%bd%9c%e8%80%85%3a%22%e5%ad%9f%e5%87%a1%e8%b6%85%22
http://s.wanfangdata.com.cn/Paper.aspx?q=%e4%bd%9c%e8%80%85%3a%22%e5%bc%a0%e4%bd%b3%e5%8d%8e%22
http://s.wanfangdata.com.cn/Paper.aspx?q=%e4%bd%9c%e8%80%85%3a%22%e9%83%9d%e7%bf%a0%22

