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W LT R 3t vt LA AR, vA e (Lycopersicon esculentum) ), #3E T oF i RUL 69 6684 F 20 % (LUE) A= 7K 5
F A 2 (WUE)RT Sty f AR A, FAE sk ks E 2R T R FICOLR (350, 450, 55042650 pumol-mol™) T &=t A #LUEF=

WUES A 32454,

25 R R (1) B AR ST ARIF A AFF COLRE T 89 &30 4h ot B 69 R a4 bk, PaA L Stma

2R NG ()R T ok B AARE 454971 i LUEAR R (LUE-I A ) Ao WUEAZ R (WUB-AEA) 4T vA IR AT #0305 4747 CO, R A
Tyt B YLUEFRWUES ik e X £, HAAML R AL S nAE & B 04 (3) LUE-MEA! fe WUE-IEA! 15 7T 451 4
b A8 R R KR A A B 2 (LUE,, ) A= R KK F) ) 2FE(WUE,,,), A E3T M 6940 Fa R5% . B0 AR RilA, FahE
#LUE-IE A Fo WUE-HER 3t BF 500t B RE 49 LUEAR WUESRT 3% 84 76 52 2 T 4749,

KEIA): A Stk BLATARAL SEARA) A B AR B

FeHEF FH &0 F (light use efficiency, LUE)# %€
SOAEY R — K B BT & S X B
T e J2 W AL ) G 504 45 (photosynthetically
active radiation, PAR)# [ L. {H (Monteith 1972). £
WO b, i 7 FILUERS & SCAM 16 ATk
#(net photosynthesis rate, P,)-5H AT IKPARK] L
{Ei(Long 1993; Sims£52005; Jenkins2007); & %W
REE b, LUERHEA P AE X H— 25 Z 8
fp E SR PAR H B ) [ 78 s HL — 2 el JE WA 11 A
JRPAR H B ) ] 52 & (Lloyd Al Taylor 1994; Gamon
£51995). LUE AT Y)G G A 5= Re ) 1) H 245
br, Mg em e Rg A= )1 KNS it & 1 32 2
K3 (Wilson%51992) . & &AL A 7 JJ IR I 28 A2 4k,
R EA BRI IEA N BB —. fERTA I
AP iR, LUERR RS A 98 71 8 A A7 J11)
i 252540 (Yuan£2007) . R, CL4 4 2 I LUER
BB T2 N T A7 1R8540, WCASA (Carne-
gie-Ames-Stanford Approach)fi#!(Potters:1993)F1
GLO-PEM (Global Production Efficiency Model)f5:
R (Potter551998). 1ZRBAIYE )32 M H T AR R
Bl AR S RGBT ER
YEYD P78 1 A5 B 7T (Xia0%52004; Garbulsky%s
2010; Barr$2013; Yuan%52014), JHUS T BHEY)
B . FE, 7EVEAN A 25 R G0 AN X 3 R R A
72 77 Je FERE A BRAR A 0 ) B o 945 31 2 B
(Yuan%$2014). LUERBIAF= I CHSH
—, PRk, % TLUERAER B & B A A 7= T
AR A ER ARG IR 25 Al . S LUEARXS BT 5

—/NEBESHR K FI H &% (water use efficiency,
WUE), &= & Yt it G 5K 5 A B R
HERAR, 2R AE S K HFE O T [
ECOMIRE ST, RAEWIM Fr 7K o3 R FRAIE ) B A AR
HZH(Ogutui52013). Y K-FHIWUEHT 5T
AL AT 7R N AE I FEKBLH, WA
H &6 G e 1K/, I8 e R AE )G ORI K 55
Ife 1, ANATT R 7K 55 ) RS A
HIE B, TR et 2 L 2 X I i W UE, AL
BAEZEWE S MHME. A, BT =A%
(RE 5 LB, Y LUERWUE R g 3T 52 1
R, AN GEE B U T 6T ' 5 1) i) S AR A AR )
ENEEZS A e

BT, AR LYeA5(2007) 35T R A O L fif
g A R ELUERIWUE S Y68 2 (A 1) 6 R =
[f& FR NLUER: Y (LUE-N) MIWUERL A (WUE-I)], LA
Fe i AR, ELBEA R COL MK BE R 78 Al R
LUER WUEF# 't 5838 40 (U, #Ewfh 2 #r it 7 R
JEE 1) B KO BE R FH 280% (maximal light use efficiency,
LUE,,.) 8 KK 5 FH 25 % (maximal water-use
efficiency, WUE,,..), 9% J 7 W RUBEAH AR AL 6 7
RUESEME L.
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AR F A (Lycopersicon esculentum Mill.) i F
R FIRE, Zam Ao e E g o R A KA
T, BA . Rk, Holr, k. fmae
WK BRI NS R s A R
SRR, BUEA200~220 g, BAE, K, 46 HUA
FAEREE . B, MBIk R, ARPUE ALt R R
Jpi (tomato yellow leaf curl virus, TYLCV).

A REFNS [ 92014429 H 17 H, A 7 %
FHE . 103 W@ AE TR AR 5 S A 70 i)
SR IE R 2 RN, KIZE DGR L N55%, =
1 N45%~T0% . K LIARES, WME ., £
1A AR R, BEALIEBES AR S — B fa
A RBEAT e S 1 22 0 5, wb B A AR PR v B2 £ 50
cm. FERRTEPRIE N T AE A DY 5 B T A S
BT R
2 B|NE

) FH 15 45 X% A4 (L1-6400, LI-COR Inc.,
USA)ZERE K 9:00~11:005%F 7 7 HEAT e & 2 F il
JE, R R D RErHENIE T Fr o MR,
H- 5 3 P 1 B OM25°C, iS00 pmol's™, CO K &
73 1 E 9350, 450, 55041650 umol-mol”, PAR
SEEEE N2 000, 1800, 1500, 1200, 1000,
700, 400. 200, 100, 50£10 pmol-m~>-s™, HILI-
64004 B 57 H 2 58 Ol & A [F 6 5R K1 T 10
AR, RIome S 4 .

3 BURALIE

F A A T D' i 2 A AL ER A A (Ye 552013)
G Bt 2, 15 H 5 KOt & % (maximal pho-
tosynthetic rate, P, ..« PJUfE F 2% (initial quan-
tum efficiency, ). A1 54 (saturation light intensity,
I,)« J&4M ff(light compensation point, 1) I
Wi i % (dark respiration rate, R, W& S 5. HY)
B BLUE,,, AUGE R () 7 F1 Y 5 (saturation light
intensity of LUE, [, ,)#L &, LA WUE,, A% B
19 A1 % 5 (saturation light intensity of WUE, Iy,
LA 522 11 FREE(2016) 1 T . i HSPSS
12.5 (IBM Analytics, Chicago, IL)#A4ik47 )5 7 %
FREE . SIRER, 85 RHBCFE. KA Origin
7.0/E &, Adobe Tllustrator CSSHEAT ETEALH ,

SMTELES

1 NECORE R ZEAAT F 890 & fh 2k

FIH 6 G AR F XS St e B2 ML B AL A (Ye 55
2013)# 4 T COME 73 31 N350, 450, 55041650
wmol-mol™ i 7 5 4 1 H- 4 B Sl i 1 i 2R (1)
MR S0, PR CO K B BT 2 8E S L
TS, (BH —ERE. HCOMKE FFH£1650
pmol-mol™ Ji, & AifE ik B 6 s 2 A P E 5 [F]
£ 558 R 550 pmol-mol™ COLIKE IR IEAM[F], H.
HEM R 2 JE P BE SRR R B A K . 1T CO,L K
FE 52514350, 45041550 pmol-mol ' i} ) 3 fii P, 7E
IR B AU 2 B G SR R 2 G T B, R
A B A I AR
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Fig.1 Light-response curves of photosynthesis for tomato seedling leaves
a. by cFIdZr HIARFECO, M E J9350. 450, 5501650 umol-mol”, T K[t
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RIGH T B RO B R G R/ AL T IREMIP, L IR R 2 5, (HEA13 5350
F e B RS B A SO A S8 MR IEHE  F1450 pmol-mol” COLIKIE [MIP, 2 [HIAF1E 535 2
AL, BRI P o 15 T B, BECOIKR Y 5 LBECOIKE I SG INTg i + %, HARhCO,Mk
I, ¥I/E650 pmol-mol ' WHAFIR KA, /4 Hl  FLZMFEERBE, (HRZIAAERE XS,
N17.18+0.43 umol (CO,) m™-s" Fl1 524.62+247.42 b4k, R 1A T 50, dotm B A Sl A4
umol-m™-s”, AP, 5550 pmol-mol s A Z= A K FhCOME T B € %0457 290.998., 0.998,
I S 2 AT, R IN55045650 pmol-mol” CO,  0.999F10.997, D418 5 S /& FE 7 4 o

Rl EMAEIDEE S

Table 1 Photosynthetic parameters of tomato seedlings

5% CO, ¥ & /umol-mol!
350 450 550 650

a 0.080:£0.004° 0.094£0.004™ 0.090+0.001° 0.109+0.009"
P, /umol (CO,)-m™s™ 11.59+0.09° 13.85+0.34° 16.53+0.63" 17.18+0.43°
I/umol'm™-s” 740.84+£22.21° 782.65+28.63° 1.003.54+63.97° 1 524.62+247.42"
I/umol-m™s” 21.20£1.07° 19.63+0.49™ 16.52:£0.84" 15.28+0.71°
Ry/umol (CO,)'m™s" 1.56+0.03" 1.73£0.02° 1.41£0.07" 1.58+0.17°
e ZF(R) 0.998+0.001 0.998+0.001 0.999+0.001 0.997+0.002

RN HE RN T bR R 22 AT S HIAS RN 'S PR R IR R R 22 57 1835 (P<0.05), TR [F

2 AEICO,KERZEAMMT F LUER 00 &7 thik I o INTR2EAR W0, A BILUE,,,, i CO,MK
B2 CO M FE 43 S350, 450, 55081650  FEFIANTR SN, #£650 pmol-mol” CO I FE I H

umol-mol ' F A 4h B A FILUEXE e fgma 2 g (AR K, 0.061 mol'mol ™. @i &% % F 4

2. ME2R A, FAighim FLUEMM A 55 #T, RIUN4505550 pmol-mol" CO,#E T ILUE,,,

MHEAEF WA o AFICOKRIE TS, JBAMM A ILUE AR FHEER . S SIRE P COIKELE450~

PRt 6 s 3 K, FFAET0~100 pmol-m™-s™'4bik 550 pmol-mol  ARA I, KERKIH FJ 3R/ Ak G RE I BE

BB A, B2 JabE YRR R R AR TR FIFEANESE, T COMR FE /N T 8K T-3X At B
R4 T H MM A ILUE, 5 2 X RIE) R IR B TR R A ok e .
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Fig.2 Light-response curves of LUE for tomato seedling leaves
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Table 2 LUE,,, and /,_, of tomato seedlings
2% CO, ¥ JE /umol-mol!
350 450 550 650
LUE,,,/mol-mol 0.042+0.002° 0.051+0.001" 0.054+0.001" 0.061+0.002°
I, /umol-m™”-s” 97.53+5.96" 92.09+3.65" 89.82:+3.40% 75.563.17°
R 0.998+0.001 0.998+0.001 0.999:0.001 0.997:£0.002

3 FEICO,%KERTERIM F WUER) S0 52 thek
K3 5CO, 4 5 9350, 450, 55041650
umol-mol ™ i 7 1 4 T M Fr WUE RS ' i Wi |57 i
2. ME3E AN, i WUETL &8 5 Sz ilE 4% 9 v)
&, HE M IWUER COR M BT 28D F T
(a3, COIKEES N mT LAY 33 A FIWUE. 4
CO, M JE 7351174350, 45041550 pmol-mol s, F i
WUEFifi )1t 38 (1) 38 DR 34 R I3 21 e KAH, B 5 B
JERRIE RIS N PR %), M 24COMKE
FF+R650 pmol-mol ™ J&, A WUERE 5 11 34 in

A B KAR J5 ik R PE, £E2 000 pmol-m™-s i
B T L5 KNI 7%, 25 5% .

TG H T FEM A FIWUE o Ml e M3
G, it A I WUE,,,, M6 CO, ¥ FE 13 fin i
440, 7E350 pmol-mol™ COLK B I 5 /1N, H5.17
pumol-mol™; 7£650 umol-mol™ CO,ME i it AR A 3|
K, 7350 umol-mol I {1 1.481%, #4101 148.4%. 5
WUE,,, FHR R ] Ly, M & COL M EE 2550 pmol-mol™
iR, 91 454.39 pmol-m™s™; LACO, MK JE 9650
pmol-mol™ i #¢ /5, 241 013.93 pmol'm™-s™.
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Fig.3 Light-response curves of WUE for tomato seedling leaves

2%3 %ﬁﬁzﬁﬁ E"]WUEmax*H[W-sat
Table 3 WUE,,, and /., of tomato seedlings

25 CO, ¥ J&F /umol-mol™
350 450 550 650
WUE,,,/umol-mmol" 5.17£0.39¢ 7.6840.55° 9.624+0.92" 12.84+0.28"
]\,v,sm/umol'm'z's'1 1112.77+181.02° 1400.96+213.99° 1 454.39+74.55° 1013.93£11.71°
R 0.999+0.001 0.997+0.002 0.997+0.003 0.996+0.003
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IEFEHN, RAEYTE R N 8 A7 75k
ISR (4 K 42013). R GEEE 5, 5
CO, R JEZ 34 I, HE W 0 I, 038 3 186 I, R0 1) '
I R LR, X5 SRR E QO I 45 R
—F. T HER R R AER R LG, YA
A GGV FH 5 (0 BRI BR 2R, fRL 7 3 T % A
FEEVERCR 7 F B RGIFE 5. O s
REH, REHNYECOAF T HAMMLEEEE, 2
B K, B S % (Ahujafi2014; RETE S
2015; EXKEE2015). TEARSLIGH, BAKCOMKE
(<550 pmol-mol™) N, HANCO, MK & 2= 1 1113 i i)
P, el BAWREZRAP,  IFEREER. =K
FECO, I, M2R4R N CO, 45 R38N (Albert552011),
FEIF I SZ B0, A% B - 1,5- B R R A i/ o 4
i 35 T AT A A B RO 3 A i v, AT A
PAEISRIL, S5 T AR (IR cfid). AT
BN, ERFERICO M 1L RGN g, 358 T
2344 2R GEIRDG 2R GETLTA) 3K g 20 FE A3 4 g
77, ATAE A0 B BT [ 4 R = )06 i3 2R (Pierange-
lini 2014). At BA, FEE 8 1 COLMR B A RT3
A R R AER, LH &R T EY ALK,
XA T B AT T FRAE D)% A SR COL MK T
e AR AGAE HE B R, R AR P S R R A — B R
AR,

LUEFWUESS 2506 RAEM ) )66 RN
A P AR AR 22 00 H 22 (Roupsard 552009), HEHS )
NATT R A S, 33 A 7 W0 R (AU
Peft St S . R, H AT AT FILUER!
WUEMA: R BERET & M A Bk 58 % e AT 4T
Wik, WEEMRE b, LUE,, e A R %+
MR AT BRI A= I — N EE NS,
{BAE % FPLUERE &Y b B F L UE,, 2 AN [ )
(GarbulskyZ52010; YuanZ52014; Z272%52014). K
TR (201 5) ik BA A AR K F 2 /N (L R 100 R
B RGAHAPAREE, S8 5 F F B A XU 28 s 2L
HATA 5, FERARME T RCRVENLUE, 0
T C A OB 783 B Fl L AR O 28 BR B0 &
72 5 38 ) 2R 0 T 28K R a5 S B PR (.
IRRAE2013; PR DL 9e452012). BRI, 4 S H AW
ih £ B B W UA R R A NLUE, .., Wk A e m il g

WIS IR T T0 . SR, FEm i R
b, AT LR i . A R A 21 (ILUE, 0 AU,
ARSCHET O RO A ) E T LUEFIWUEREAY

M FHLUEMWUER A 53 54 & 7 AN [FE COLK
JE R 3 A4 R O LUEATW U E S i 157 i 28,
A 1% %) f LUE,,,. WUE,, S5Z%. 4553E&Y,
B 1 I C O i RE Y2 35 1 5 35 Al I LUE AW UE,
650 pmol-mol” COKE FHIMMER K, X 5EHM
ift 78 45 A0 — E((Pierangelini%$2014; Roupsard4s
2009). M LUERIWUEXS S50 8R4 DL X LUE, .
AIWUE,,, 5t B G AN AR 22 57 o 4FPCOIREE
N, HEAEFILUERT ' 5 6 v 5 22 30 56 100 38 K
BTN BRI, 25508 T (E5R<100 pmol-m™-s™)
P IA B|LUE, ., B 3 %5 55 5% 1R H B8 7182
He X5 T EAFITKEE(2012)FEAT 78 = COLMKE |
HERH AR /N (Triticum aestivum) Fy, DL F
L5 (2009) 5% 1 B 1855 K 3% & (Phellodendron
amurense) %1 T W Fr FILUE J 0 825 5 B 45 0 i 9
SERML. COMREE/NTF550 pmol-mol ', ki
WUE) B 5 386 KT 2 14 1 386 K 508 21 e KA
JE#a T F#4; 76650 pmol-mol” CO,MKFE N, WUE
IR R B KB G A BOR TR #5395 (2011)
TERE FLCOL Tt i 3 2 B AR MI(Tamarix ramosissima)
i WUER g2 B, 08 21 [FFE I 5

M2, M HLUEMWUERB R 5 1 45 1R 5 52
MHEARFE W&, BE R =(=0.997), HE5MA
TS A — 5. B Ul B, 2Tt RLET A5 Y
S H M LUEAWUERE Y, S6f BiF 58 3 5 40 g -
FILUEMWUEXS 't 5 [ i B 2 AT AT 1, 1X N 5E &
WA LUEMIWUESR it 7 T H..

SR
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Model construction of light use efficiency and water use efficiency based on a

photosynthetic mechanistic model of light response

YE Zi-Piao', ZHANG Hai-Li*, HUANG Zong-An’, YANG Xiao-Long', KANG Hua-Jing”"
'Maths & Physics College, Jinggangshan University, Ji’an, Jiangxi 343009, China; *Wenzhou Academy of Agricultural Sciences,
Wenzhou, Zhejiang 325006, China

Abstract: At leaf level responses of light use efficiency (LUE) and water use efficiency (WUE) of Lycopersi-
con esculentum to light intensities (i.e. LUE-/ model and WUE-/ model) were developed based on a new model
of light response of photosynthesis. At the same time, the LUE and WUE of tomato seedling leaves at CO, con-
centrations 350, 450, 550 and 650 pmol-mol" were measured by LI-6400, and then these measured data were
fitted by LUE-/ and WUE-/ models, respectively. The results show that (1) the new model of light-response of
photosynthesis could fit well the photosynthetical characters at different CO, concentrations; (2) these devel-
oped models could describe well the LUE-/ and WUE-/ curves of tomato leaves in four CO, concentrations,
and all the fitted parameters were in very close agreement with the measured data; (3) both LUE-/ and WUE-/
models not only fit well the relationship between LUE (WUE) and light intensities, but also directly give the
maximum light use efficiency (LUE,,) and the maximum water use efficiency (WUE,,,) and their correspond-
ing saturation light intensities. Based on the results mentioned above, it can be concluded that both LUE-/ and
WUE-/ models are powerful tools to study the response of LUE and WUE to light intensities and investigate on

eco-physiological characteristics of plants under different environmental conditions.

max.
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