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Abstract

Aims A light response curve can reflect a plant’s ability to utilize light, which is also a key tool in determining
the relationship between photosynthetic capacity and environmental factors; however the model accuracies con-
cerning the light response curve remain elusive. The objectives of this study were to compare and assess the mod-
el accuracies related to a light response curve and the effects of drought.

Methods A field rain shelter was used to control the soil water conditions. To obtain photosynthesis parameters
from the light response curve and the drought effects, the relevant models (including the rectangular model,
non-rectangular hyperbolic model, modified rectangular hyperbolic model, exponential model, quadratic function
model, and a newly modified model) were applied to fit the light response curves. The validity of each model was
tested by analyzing the differences between the fitted values obtained by the models and the measured values.
Important findings The newly modified model has been proved to performing relatively better in accurately
describing the light response curve patterns, and credibly obtaining the crucial photosynthetic parameters such as
the maximum net photosynthetic rate, light saturation point, light compensation point, and dark respiration rate,
especially under high radiation conditions.

Key words light response curve; modified model; drought adaptation; photosynthetic parameter; maize; C4
plants
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Y REWAEMRIREZECO, FHEFFIR M Al 2, 5
—J7THI, COLTE M 4 A (8] B (1 4 97 38 2 5 i ik <,
FLIIK 2 ZE B B DIAN G o s 0 [ e B A A< FLIA
THe 1, EEACOLEERBRMED BA B
KA R R% (Raschke, 1975; Taylor et al., 2014);
HC WML, CAEMITE G SR AT 244~ A
H W R 135 448 # (Moore, 1994; Ward et al., 1999).
TEARAERAE ST, TRRAERSE, WA
T P R i, EE R B ROl A PR
4 (Stratonovitch & Semenov, 2015), 3 H.CO,HJit:
JER LK CAEMA &, TR X KK (Zea mays)I)
SR B 1 ¥2. 2 (Lobell et al., 2011). ATLAS#T T 4%
PR KA e B 28 %5 IR N R C 6 A 1
R E B IR B, FE o Rk TR R AR A S A
WU, T Z R i A DR £ 22 A A B AR A

A A FE S S P i 97 i 2 B FLBEAUL R AT 5T
T e A AR 5 PR 528 4 AH B FH i) 2 2 Be (v
TR, 2007; 2114, 2016), tHRHBIEREEL &
VER . Bl A 25 22 G ik R ot T SO0 2 26 7= 0 1) 5K
BJ7:(Yuan et al., 2007; Pinto et al., 2016; Yao et
al., 2017). HHIZAAL RO EA 1R X IR R+
e 82 f BV, @ T A R GRS S
BRPIRR, RN ETHRAQE). kMR
(LCP)+ F RAFIGE T (Pamax)~ G 5 (LSP)F
P o 2R (R ) 3 45 T B B & A2 FE 2 40 (Larocque,
2002), XECSHCH BT T EMEYOLEAEH O
2R (Sharp et al., 1984), BEEGSTR RN A K
B PO KN R4, 2002). [RIL, A iEd)
Je e B gl 286 TR R A O SR R EE R
Mo ANFIPREEA T Seid A (1 2 A2 08 B FUiE
W PRI (1038 B DL B SR A e 2 B0 it (1
BUFIT-5, 2008; 5KAIBHEE, 2011). HAT, #HKYG
M 37 [ 2R AT 2 A A 0L 2R A Y (Baly, 1935;
Kirschbaum & Farquhar, 1987). FE B XU Hh 2857
(Prioul & Chartier, 1977). E.A XU £& 18 IEAL T (Ye,
2007; Ye et al., 2012). $&5%0J7FE(Bassman & Zwier,
1991; Prado & Moraes, 1997). IR R (BL %2 [ 4%,
2010)%% . Horp, 3R FL A XU 2845 AL 4 FH AT e g

(A, 2011), {EHLA MRS e A e (i,

BRLA) T B (R S (B, 2010; E2RZREE, 2013);
T A X 2R A& 1IE AR 7Y B T BE 05 B 406 P (R 4 0,
AR 12 N (Ye, 2007; 25 /145, 2016), 1HR
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HHAT LR A O, BEEY e R M ARt — D e
(D HlMESR, 2013) 0 IXLLHERYNE [F]— AU A BT S 1)
HAESHWAE AN FCR RS, 2015), Q04 EAf R
L R it 28 2 v A SR UM 58 S 3 R B (/AL
&%, 2013; Friedlingstein et al., 2014).

K G5 B 32 1) O AR 0 A K R R B T K
[Kl & (Boyer, 1982; X4, 2005); ik, FKE
Z- R H &, AR 2 R AR G Ak Rk
FHHFM62% LA F(HmMEEE, 2012), CAEYIEAKAE
NAERRE — KR EEYZ T REmM™E, mFRE
KT AR AN [ 52 A5 B 1 e B 453 . ] Ay o
F R PP AL ISR CFVL-F-F1 £ £, 2006).
LB I e SRR L RSO R R 15 I L 3R
25 Ak i 87 ) B B2 B (Lobo et al., 2013). O 7
WK Z i A i RO B S48, (HIFR
Xof BT PR AR (138 P 1 HEAT BF 78 (Chen et al., 2011; %
HHESE, 2013)0 AHFFEIIE T ERAH R A HAR
IRl ELEHT 7T 2 1SN i i A% R A
SCHE M SOEAR Y, FEAE R IRCTT B S R R A
HTREM@ERE, CUANCHEY) B KA - i
R R R S K, tUONRE AR RS RSt
IR SR AL EE R O A B 5

1 #rRlFnEE

11 LG

AR AR T WM AR SRR ZR
(41.13° N, 121.17° E, ##27.4 m)iAT . 1% X @il
Z= R R Rt S, DY 2= 23 B, 4 4 i e v
41.8 C, i K <IR-31.3 C; 1981-20104F4F
PR T FREIKE 568 mm, HH160%—
T0%K K E R AEE Z, LI 144-180K; 3%
JBAIRRIE, pHIE6.3, A ML FE1.8%, 0-100 cm
HIEAEFE 61 grem, HIEFIKE22.3%, FHZEE
F56.5%, EBEAEVIAER(T TS, 2015; K4E,
2017).
12 MRFNRIEIE T

WU T20164F5-7 A 76 K YA H 36 3 2
R IFRE, SR B /K AU BB B3 AR oK .
ANXERLS m* (K5 m, %53 m, 82 m), X2
[]4£0.15 mif/KYekE & =0T, LLIEE G/ X 8] 115
IKIMBIE . PREEE S 95 30k -m 2. BHE Kk AT E
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4055,

FIFHFAO (Allen et al., 1998)FHEY) 75 K & 1t
BT, BiEEKZHE0981-20105) T K&,
WEIANK AR, 3RES, WETIUN AR,
T HHZ AR T RSO EK — K, BREEZK24 mm,
T2 2 KWW\ HI 0 22 4 e 1 K AR B, 3% /K B 1) Sy 7
H14%25H, #3/K12K K82 HAREK, 1
TENTAMK . TN HH R A K A0 3, $20K
W6 H30H Z2=7H25H, $#587/K26K.

1.3 Seim R phZeaoilE

TE At e A 220k 22 W (7 R D) kAT e o it 28
I RE, BEMLEEIE 3R A — B R AR, iRl
PRIEE S IR 58 4 e FF 1 i ATl & . AR
S 1 hJE(9:30-10:00), F) {8 #5 2Ok & 1%
LI-6400 (LI-COR, Lincoln, USA)BEAT Y #I £
BT 2% B shl 2, 2 HIEUE R fae o id
S, TR EFEhER, PARIEIL R 2R e
RE T M EAE . COIK FE % # £ (390 = 10)
umol-mol ™', &S HIXHE IR HILET0 £ 5)%, HE
EHIEG0 £2) C. WEIEH RS (PARYIEEN:
1800, 1500 1200. 1000, 800. 600. 400. 200-
100+ 50. 2010 umol'm >s™!, W& A [FIALFE R K
Ot & R (P, pmolm sy . R FL T E (G,
mol-m>'s"). JEIAICOLIKE(C;, pmol-mol ). ZE M55
(T, mmol-m *-s )&, HIARFEMAIA ik, 19
FNESH, BRERNE T HRUAQE). HorhMz s
(LCP, umol'm_2~s_1) o K E LA E F (P
umol-m s~ Y ML S5 (LSP, pmol-m 25" ) FHHE I
WE(Ry, pmol-m s,

14 FimpEs

141 EHEAWNHZKIRE!(Baly, 1935)

alP, o«
Ty .

X, PG E B E S (umol-m s ™), a A¥IIEE:
T2 (umol-umol ), BIYEmR fh£R7ET = O 4}
%, Pamax NI A5 (umol - m +s7"), ROAIEIF
W3 % (umol-m >s ). ELZR T AR AT T (<
200 pmol-m s )R B2, R EG Wi Sz 28 1 4]
R, WINAQE, HLTTRE SxhisE siBINLCP,
H5HZy = Pumax &SI NI EERILSP (T F
o, 2010).

A M TKEDEE-tm S i 2 BT 1291

142 EERBWEIZIRE (Thornley, 1976)

_ @l + P ~ @] + P )} =400 P (5
" 20 k@

Kb, ORI iR, E0 < 0 < 1.
AQE. LCPFLSPH5 535 B M XU h R A7 — 5,
14.3 ¥ HFFEERH (Bassman & Zwier, 1991)

By = Py [1— Coe @/ ima) ] 3)
A, Pov o In Pomaxs Raff5E SR, ey HARNTAL,
Co N BT T G R X N0 e R, 115
LSPTEABE I A N0.9 P max 80.99 Py IT X B [
JIR(BLLIE5E, 2009).

144 EANBZIEERE(Ye 2007)

1Z8L_p. (4)
1+y1

K, Pos o 1. RaPI5E LRI, BRR7RFEANHI I, y3&
ACHEANIL, AT LA E 42 A SRIFLCP LSPAIP
(AT il o

145 ZXFERB(FIKREF, 2004)

P, =al*+bl +c (5)
X, PR, av by HINREL. IREEHA
F6 M 2R E AR B AR Y, m AR I R B
PERNEAQE. LCP\ Pypax~ LSPFIRGIIFET i o
1.4.6 Selin R phik AR R

2 AR L 2K RGO R R L A XU i 28 455 7Y 1 £
e AWFERY, BRSO E, WG RERRLT,
MR T AR AR, Hid 2 St o
IR A E M, A SCiRIE, G2 F 2 T el )
TR EAR S ER (R EZESE, 2007).

a+bl

n:a

hnE T (6)
1+cl +dI
HH, av b cFdNFREL
MPAR = OW}, Ry=a, (7)
M p. = O, LCP:—% (8)
Ji FR(OEAT E LR T I 2 HON:
P = —bdI? —2adl —ac+b ©)
(1+cl +dI*)?
MPAR = OF, Seam i ih £k 76 1% s A R NI iG &
FHER (Ye, 2007), a = b —ac (10)

HARO)ATH, 24P =0, ZITREO) A AR,
X i B P AFAE B ORAA:
2ad +[4a2d® - 4bd (ac - b)
2bd

LSP =

)
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FEHFN P PRI Pomax e AU
a+bLSP
1+ cLSP + dLSP?

P

nmax

=, (LSP) = (12)

15 ¥EHH

SEI6 KR A HE FHExcel 52 %, #5E7 SH 4% 1% H
1stOp 5.08K 1. ¥t & B AmBEL 3 AW s —&
oy T 64N yama Bl 26 006, M 30A 18 135 7 iR
ZE (MSE) F1°F- 35 26 %5 % 22 (MAE), 42 F W6 & B
AN Bt 4 rh, SRAG AR I MSEFIMAE, H
TR IR (YA P (Chen et al., 2011). [A]IRFHEEASE
BUSR M6 & S 805 SEIME AT LU, 256 I At
BUUA RSP

2 HERMSH

21 BHETETERLMSARZEFES

T KM P, SZE 5 PAR W 87 e e 45 45 7Y
W& Bt 2 B 1R o FEBURPARKT R,
- ¥ Pt 26 PAR T N SV 386 0, 24 PAR ik
SN R, Py MO0 R FE RIS, B A R T R
B PRI, SR AN SRR AT, AR LA AL
RZE R, SO R AR R LT H S B 8L it 2% 1
AR EEITAT, PyJEE GRG0 EE (3G n —
BN, 2 E -k LA E T RE, &
BAMEGZEZRAHE; EEIBH, HPARNT
600 umol~m72~sleﬂL, il 2R US55 SE 7 S AN B
X, BEEPARMIE N, JebRe 1z 2R G), S 2l
AR, &b Sz R R Bl1CH,
F£800 pmol-m s ' PHITIABEIAN &, Hd et A
MU, BEFEPARBINE N, ML TR E, P2 el
HII0 % (Kumar & Murthy, 2007), &8 7E PAREE
600 umol-m *-s ' JF A& AR 2 W]
2.2 AEENMRBIFET R T TR EHHE
SHHLLE

FFE O S AR A5 H 1) R ORAR T B 2 el e
W A A B S AUE A ST, S AR B S5 5
M 2 F oK. BRI IER AT, DL KR
HAURSE TR 0 33 A R B S 1) Py 55 S S N BRI,
LSPRR T E AU 4248 TE A B AN st A5 78 5 S
P oh, AR 5 S E A 280K, 85
FOF UK bR BT LCP I T 5 ) el SEME, — Ik
BR BN SO A TR RS A R i 42 S M, FF 4T 4d
FR12R I, DA I o 0K 2 A0 A0S TR ABE 0L ) Py
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5 SN AR, LSPER 1 ELA A 2 A2 TR
SRR IR R 7k bR AR Y 5 S A bR A,
AT 5 S AR ZE 0K, B A O 2 A IR ARAN
AR TR X LOP I TR e 4230 S M, L A XU 6
18 IE AR AN IR R AU Ry B 4230 SEDNME; H5 8ET
FACFR26 R, LA UK bR HoAsE R R S TR AR DL )
Promax 5 SEIME S5 T, LSPRR T B A X 2R A5 7
AN AR R 5 S ME e i o, HAh R A 15 52
DB AR Z2BOK, gt A 7R 6 LCP A T #5423 5%
DR, = VK B R TRY R 5 A TR A R g i 43 1T S
MAE .-

35r
30
25+
20
15
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5

=5
25

g 20
15+

—_
(=]
T

A E% P, (umol m2-s7)
boow
\{M&\v |

[
1
+

R
5
£y
/
Py
&
/
-5 f

== 500 1005 1510 2015
B RIES PAR (umol-mol)
e EL A SRS Rectanqular byperbolic model
e SCHI{E Measured value
—~— AL EH A 257 Non-rectangular hyperbolic model
- AN ZRAEIE AR Modified rectangular hyperbolic model
--=- F5 8 $L Exponential model
- YR BREAERY Quadratic function model
e I PR HY Modified model

Bl FoREEERSEEHBIRMNIIRR. A, HTHIE
TR SY) IE AL BN e R 2k . B, AT 1= Sl 512
RACFERCma Rt 2. C, 4517 A Z ik A+ 5 26 R Ak P v
P ALEINA 2

Fig. 1 Comparison of measured and fitted values by six light
response curves for maize under different drought treatment. A,
Light response curves under control treatment. B, Light re-
sponses curves under continuous 12 days drought treatment. C,
Light responses curves under continuous 26 days drought trea-
tment.
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L ORI Hh RO A R AT REUL A6 £ 2 B S HLS SIUME RO LR

Tablel Comparison between the fitted photosynthesis parameters by the models and the measured values

7 Model YRR TR o KT A EE Py JEHFE LSP EAME S LCP BEIFIGER Ry

-2 -1

AbPE Treatment

(umolumol’1 ) (umol'm “:s7) (umol'm>-s7") (umol~m’2~s’]) (umol'm>-s7")
PRI EIE A X 2R A 0.072 52.08 1287.62 52.73 3.55
AL Rectangular hyperbolic model
control treatment  yi gy 3 o4 g3 00 0.041 36.17 91231 58.26 237
between jointing .
< Non-rectangular hyperbolic model
stage and tasseling
stage B AR5 IE R 0.049 32.22 1536.90 57.42 2.76
Modified rectangular hyperbolic model
84U Exponential model 0.057 34.74 161.57 56.43 2.62
TIREUEAY Quadratic function model 0.047 32.56 1512.69 57.23 2.61
SRS Modified model 0.043 31.88 1596.85 58.80 223
SE{E Measured value - 31.78 1775.00 56.05 2.51
ST AR U A 0.078 37.05 886.63 59.43 4.14
B2 KA Rectangular hyperbolic model
continuous 12 days . pr ¢ 5 gy 444 1y 0.040 27.42 674.09 64.88 2.68
drought treatment Non-rectangular hyperbolic model
between jointing
stage and tasseling B WU 28 18 IEASE A 0.053 24.41 1390.46 66.07 3.35
stage Modified rectangular hyperbolic model
84U Exponential model 0.055 25.07 117.81 21.66 1.15
ZIREREER Quadratic function model 0.042 25.60 1 340.60 59.19 242
RS Modified model 0.047 24.08 1398.59 67.91 2.88
SEME Measured value - 23.94 1500.00 68.83 3.12
PO T AR XU L 0.073 17.00 740.68 33.52 2.13
E26 R ALFR Rectangular hyperbolic model
continuous 26 days i p g 3y o et 0.023 12.84 572.64 36.57 0.85
drought treatment Non-rectangular hyperbolic model
between jointing
stage and tasseling B X £k 15 1IE A Y 0.036 14.04 1033.40 47.55 1.65
stage Modified rectangular hyperbolic model
FEHBER Exponential model 0.046 12.43 58.52 41.03 1.16
TIREEBEAY Quadratic function model 0.029 14.61 1094.81 46.37 1.32
MU Modified model 0.022 14.18 889.19 56.63 1.33
SC{E Measured value - 13.90 800.00 55.27 137

TG ot A R R B AR R G A A SR W DRI 3 Oy s S5 T O PO S, Db AR T i 2 S st i H UM, DLSFIP AR
A G HRAE AN A, B oK1l G 30 R I A RE S E R R RHA R R SENIME B D .

Maximum P, is taken as Pymax. Rais the measured P, when PAR = LCP is the visual value obtained by the interaction point between light response curve and
x-axis. LSP is known when the curve is in stable state, the PAR corresponding maximum value of P,is LSP. Italic numbers are measured value or estimated
value. a, intrinsic quantum yield; P,, net photosynthetic rates; PAR, photosynthetically active radiation; LCP, light compensation point; LSP, light saturation point;
Ry, rate of dark respiration; Pymax, the maximum net photosynthetic rates.

23 BEFRETERWNRBER D TRHOETY, S MAE /N BRI e K bR

B2 AT, BT A B s REU(R)II KT
0.92, AR BRBIF. E3INIEF, SRR R
e MSEFIMAEREW [ W& 18 -5 I S48 2 A1)
25, HAEBUDN, RORUEE S IR R
(Chen et al., 2011)o 7£ T AR 93 28 Sl b S 1F 5 b 3
N, A MSERFUAMAER/NERIGF Ay: Bk
T <<l T A X P 2R T < T OB 2R A8 IE AR R < — K
BRI RS ) <Fi O 2 < B U 2R AR, S MSE HR
ANBITRIBY 9. IR ek HORE R <3 A R i <
OB < A O 2R 1 T A 20 < P A R0 2R A R <

T <p A <3 A 00 2R A5 < A X 2R 45 O
PR <B A A 2R <SR HO A . EFOKIRTTIH R
FhHE AR LT T 12 R0, L& MSEFIHL G MAEH /)N
FRIGT B AR AE ERE <o <dE B
WL i 2 A5 28 < YR R R Y < OIS B < T AR XA
LR A MAEH/NBIRIT N SR <H
£ 265 TE AR R <JE A O i 2R AR 2 <F HiAs A <
TR PR < B A U 2R AR S MSE H /)N B
KIGF R st A < B X 2645 IE R A <JE Ay
R 2 A5 TR < IR R OB B < A L R AR T <R
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2 AR E Y6l R AR 7 Fy i P 1 BE AR

Table2 Comparison of precision of six light response curve models

b Treatment 7 Model e WA MSE BEMAE SEIMSE FMAE
Fitted MSE Fitted MAE Test MSE Test MAE
PO IE R AL B O 2 A 0.9918 1.68 1.08 3.74 1.50
control treatment between Rectangular hyperbolic model
Jointing stage and (asseling . g1ty o fgons 0.999 6 0.08 0.24 0.86 0.81
& Non-rectangular hyperbolic model
ELA R 2R 2 TEAR T 0.999 4 0.12 0.29 1.01 0.82
Modified rectangular hyperbolic model
84U Exponential model 0.997 0 0.74 0.69 4.05 1.87
ZIRBRBUEER! quadratic function model 0.999 3 0.15 0.30 0.75 0.72
B Modified model 0.999 7 0.05 0.19 0.91 0.80
PRI TR 128 B A 0.984 7 1.52 1.03 3.19 1.22
posi Rectangular hyperbolic model
continuous 12 days_ d_rm_lght S A 0 2 b 0.995 8 0.40 0.52 0.58 0.49
treatment between jointing .
. Non-rectangular hyperbolic model
stage and tasseling stage
ELA R £ 2 TEAR T 0.9973 0.25 0.45 0.49 0.61
Modified rectangular hyperbolic model
FEHUA Exponential model 0.993 0 0.71 0.73 5.42 2.05
TIRAEUEAY Quadratic function model 0.9927 0.74 0.76 0.71 0.57
B Modified model 0.997 2 0.26 0.39 0.39 0.36
BT T 26K B AU LA 0.920'5 2.71 1.34 431 1.83
posi Rectangular hyperbolic model
continuous 26 days_d_rm_lght S A 0 2 b 0.961 0 124 0.90 331 1.45
treatment between jointing .
. Non-rectangular hyperbolic model
stage and tasseling stage
ELA R £ 2 TEAR T 0.997 1 0.10 0.26 0.37 0.48
Modified rectangular hyperbolic model
FEHUA Exponential model 0.950 8 1.73 1.06 5.20 1.60
ZIRBRBUEER! quadratic function model 0.9920 0.31 0.48 0.61 0.71
B Modified model 0.999 2 0.03 0.14 0.14 0.21

MSE, ¥JJ5 %%, MAE, “F¥4a%iR 7.
MSE, mean square error; MAE, mean absolute error.

BRI MAE /N BRI Ay Sk A <3k
LA UL I 2 28 < R R ORI < A R 21 1
BRI <A R 2R AR B <FR O . 7E ORI S
HhHE AR T 526 KISF, T A IMSEFIMAE
18, 2 S I MSEFIMAETE, HH/NBR G359
RO TR < A 00 2845 IE AR A < — YR R B A <
LA Ui R AR T < B e B < B A 2R AR

1237~ F T SR AE B2 1) S AR 5 FUAE 2 (7]
(1 1: 148 (BI2A-2F), okt (1 R 5 K (I2F) . 45
E AT, SEIME S TR ek HRoRE 7Y AN 5k A R i 43
(1 T AR de 32 0 (LR PR TR VA I AR B 1, AR
IEIT0).
3 g

TERBRABWRAET, CHEY) IR RN T AR

FEIICO,, fE5RYG. MR AT 24 N EAHE K
Z it #(Moore, 1994; Ward et al., 1999; Leakey et al.,
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2006; Xu et al., 2014), (HECORE T &, HAK%
FAFBUTRS, FLCOL MR AN &5 SR, TE/K
TR, HTCOMREFm ST AL TE
BEAIS, MIMEE S 1K R 2, XA AR KAk
BACKAET, CoEPXS T 5 100E B 5 o, (E 15t
ITIRANERT (Leakey et al., 2006; Lobell et al., 2011).
] B - 550 CA ) K e G A 0 AR AR 1 1) s
X G 8 T KA = IR S AR A PR3 S S SRS
T BRI 2 A B EEE L
31 BETFELENERAEESFESEFNT

Iy M- B 2R 2 AR AL 2 BOR 1
L7, Bz T O A A A AN I R AR
BRI S5 5 T A -t B h £ 1) S 8RR 8
WCAR Y A WL X BRI i . (Akhkha, 2010). Cq
VEW) T KX T 5 i o %7 PR 52 B AR - AR BE A
[F T (R ERSE, 2013). RMWE TFRCR(AQE)REN X
WU TE S5 NGRS A AR e )
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35 35 »
Tm A ,," B /'/
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Fig. 2 Linear regression for measured values and predicted values, the dashed line is the 1:1 line. A, B, C, D, E and F represent
rectangular hyperbolic, non-rectangular hyperbolic model, modified rectangular hyperbolic model, exponential model, quadratic
function model and modified model, respectively. All of these slopes are not significantly different from 1, and all of these intercepts

are not significantly different from 0.

(FEBI0EE, 1998). B NAQER AR m I aheft it
RE, TEEHARIET, MY MAQE—fAE0.04-0.07
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FFET R 12 R EX A AQEZE R A&, FH
FE R R\ HIT S 2 4 2 A 5 AN 52 0 R OKAE 55 0% %
JCEIRI A R, AEMIHRMABL 1 KR T R R
ERVE, MRS F26 K )5, B TR N T
37.3%, RIRFLET P15 FORAEST G TR #41k
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TR — B o PamaxAEHE SRAEAI I Fr (1 B G H
77, HAEMOKSR B FE SR T A 52 6 ik (1) PR
HI(E AR, 2013); ABFFEERY], 8T RI12RE

FREET 260 KRG, Prmax B HRAL R 73 50 N B T
24.7%H156.2%, LW+ FR&| 7 6E/EH, R,
b & T 5L TR (3 0, 1 £ B8 78R B 2 (Prioul &
Chartier, 1977; M-FHMIT-5%, 2008). YGRER H &%
(1R Bt T B2 —Fh B EROG IR HLEL, FH T THFE#
B DU e 2 B 0 G B 45 5 (Zha et al,
2004) . FEPII Fr RaA2 T 7E V6 50 A O 1 6 A Tl R
(Coley, 1983), A7, AQES Ry % AR R AIAE(L
M, X 52712016)IHF 745 51— FF 415726
K, PTG, Ry NFE T 45.5%, RUITET R4
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i, XPEsREA — e REN M, X5 AR
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(CERNIFLRX R, 2010; F2RZR5E, 2013)—F; Al RE
Fe TR A AE RS, D 4 T R
FIT R, {iRy T % (Atkin & Macherel, 2009).

LCPFILSP 4y 5 AR A 4 5%k 5 o6 F0 55 5% 1) F1 F
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HT- BB BN, F6EE A R D . A
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32 A [REHNmREE RS ML

B2 AT 1, 64N i B A 2 35 B 1R 4 B4
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5 2009; RATEE, 2011; FEIDH4%, 2012), {HiX
LR R U TS, HARIEATIRUE(Chen ef al., 2011;
TS, 2013). LA 2R BRI HE B A 00 2k
R B Al )2 P, EL S P ) e — 45 T WA A 4
LTI, 2010), AT LAGIE TG &l R &
SEIE NN B 4FAE(White & Critchley, 1999; Jifi &
&, 2014), HFRITHL, GBI Pomax iR, LSP/D,
SOUE R TS RAL, XA B 5 A7 G
(Ye, 2007; SP4EF12k 5, 2013; 25145, 2016). R T
AU RAZ BB . YR OB T R AR ),
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A 455 R A7 AE AN R 09 e i B 2R A B
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