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The photosynthesis characteristics and instantaneous water-use efficiency of Capsicum ann-
uum under different light conditions. ZHONG Ping-an', SHAO Dong', HUANG Ying-jin®,
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Abstract: Gas exchange of Capsicum annuum 1. under shading and greenhouse conditions was
measured by LI-6400 Portable Photosynthetic System. The light-response curves of photosynthesis
and instantaneous water-use efficiency were fitted by light-response models. The change tendency
of the net photosynthetic rate and instantaneous water-use efficiency of leaves were measured
under different light conditions. The results showed that the maximum net photosynthetic rate
(P

under shading, whereas the maximum instantaneous water-use efficiency ( WUE, ) of C. ann-

Inst-max

) and transpiration rate (T.) of C. annuum leaves in greenhouse were lower than that
uum in greenhouse was higher than that under shading, and the corresponding saturating light
intensity (7, ) was lower than that under shading. There was no significant difference of
WUE.,.... and I. . between the conditions in greenhouse and in shading ( P>0.05). Further-
more, there was significant difference between I, ( corresponding to P . ) and I, _, ( corre-
sponding to WUE, ) (P<0.05), and the values of

nst-max

Our results indicate that both photosynthesis and instantaneous water-use efficiency of C. annuum

nmax

were greater than the values of [

sat inst-sat *

leaves are not synchronized for each of two different light conditions.

Key words: Capsicum annuum L. ; instantaneous water-use efficiency; transpiration rate ; photo-
synthesis.
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255 AR 7R AT BRI K 23R R (WUE,,)
FNZLK AR FRCR(WUE, ), Herp | R 7K 431
RORFN N BLK 53 R ROR 2 Tt v RUEE, Ik i)
KRNI L GO G AR (P,) 5B HEE(T,)
9 L EAR A, HA A Rk 0 WUE, = P /T, %
£72K pmol « mmol ™| PN EL/K 43 FIFHECE & P, 5R AL
ST (G,) B HLAH (Plénet et al.,2000; Flexas et al.,
2013 ;Franco et al.,2018; 35, 2018) , HL47
pmol + mol ™", MTAEk, I FHAEM M F+ 8" C {HHFFY
T 7K 53 R HIRSCR I SCRRAR 22, 76 v B A R T
XA A 17K 53 R FRCR AT AT SE 418 ( Cabrera-
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1 HF¥AE 3~10 °C,7 A A 26~35 C,F
Y HRRETE]) 1814 h, 4 TCFE ] 277 d, AE ¥R K &
1458 mm,6—8 H -3 /K & A 470 mm, i 4E ) F%
K 32%, HHEER FEONLE +RREL N
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Sk T R BEORITRL B PR 586 BRAO & R Ak
Sy FHACRRRE  FRATT 23 530 FH BERE SR 3 8] Do %
BRAGEAT T W ARG BRFNIR BE SR BE AL LR R
FIR AR EE A 26 ~32 °C (KM N BAT K EA 7 18 X
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VB FHIN 2 22 58 53 i BEHLIZE OB R AR R 4544 T
B2 R 35— B B, 3 D e T B AT 19T
g IR TRent, 45 R BCE4ME
1.3 SRS I &
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PR 15 DGR 7 0 B L 5 i 38 B o Do i 3 in
(LSRN e =Y Py I EENE

H R 1 T LLE ST A5 1 B S5 Kol
B HURAR B M S5 T BRAE N 27.69%  SGAME i
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25 (P>0.05)
2.2 ZEME R N 4R

H Pl 2 AT 2R SHE B SBORURN MR i) 28 I i %
i 5 S PR 1IN T ST AL b 394, 7 Jr 18 8 D't i
TN M AR EPE S RIS 8 BH 4514 BB
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Fig.1 Light-response curves of Capsicum annuum (P,-1
curves) in greenhouse and shading conditions
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Table 1 Photosynthetic parameters of Capsicum annuum in greenhouse and shading conditions

SRR WERR BRI AR FeAMER TG I I 3k 2 PLAE BB
(a) (P ax s mol + m?2.s! ) (I, ,pmol - m?2 . s’]) (1 ,pmol - m? - sfl) (Ry,pmol - m?2 - s’l) R?

KB 0.075+0.004 a 11.99+0.75 a 37.64%3.53 a 1 503.89+42.45 a 2.43+0.24 a 0.993

THE FH B 0.078+0.001 a 15.31+0.95 a 49.51+4.50 a 1 318.50+80.03 a 3.38+0.28 a 0.995

FFVEMAAF/NG FhE 3R — G S8 0.05 K P25 8%, “+" SIREEbrERE, TR,

I, BIRPOCIREE T BB 25 1 R 2 M A 7R 3 b 2
P25 (P<0.05)
2.3 WA K 43R AR S 1 i i 2
m I 3 Al JESRE T 400 wmol - m™? - s
MU 88 [5F AU I IR 7K 0 ) FH R Biti 26 1o
R 388 0 S B LA A [R] A 38 K ka3 5O AR XE
JEMR N R AL, 24658 IA E] 1000 pmol + m™ -
s KHIBABURI I B AR WUE, 349 H BB ' i 155
T AEZe T B B 5, H R BRAR Y B B 7K 53 1)
JFH A0 3R B i P 358 Jn AT T oA ) R B — 28 7E Ol
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Fig.2 Light-response curves of transpiration rate of Capsi-
cum annuum (T.-I curves) in greenhouse and shading con-
ditions
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Fig.3 Light-response curves of instantaneous water-use ef-
ficiency of Capsicum annuum ( WUE, -I curves) in green-
house and shading conditions

SR Z) A7 1800 wmol « m™* - 7' W T BRI R IL T
S B BRIk Fsf 7K 4 R FH AR

H18 2 AT, B AR I B BRI BRI fe R
BRI S R FAR 2 A7 E B3 22 5% (P>0.05)
HHTH L5 &% 10.14%
2.4 M FOEAE R RBERS 7K 43 ) FH AR AR AN
[F] 25 A

H1& 3 A AT, IR BH Ak 345 10 1 BRI
B RV AR T X IO ) £ G R 4331 24 1503.89
pwmol + m™ + 7' 1 1318.5 wmol - m™ - s~ ; F K WEAT
KGR % 3 i b 07 (%) 4 G 5 43 5] 916..02
pwmol + m™ -+ 7' 1 946.37 wmol - m™ -+ 57" HIE Y
TRLAN ' 53R 23 S0l EE S A5 A LR OE 558 R 64. 189% I
39.32% , HLI# HAF1E .3 2253 (P<0.05) . XKW
TE B 7K 73 1] FH AR A8 B de I I 1) 101 3 48
I TEATE BT, B A A FIXE O w1 o 72 5 %
BF7K 3 R FH AR X G e iy 3 AR IR AN ] 25
?%2 K MR SR AL T 15 B R AR B K R Bt K 43 B A 3 Anif
i‘iﬁ:ﬁé The maximum instant water use efficiency and

saturation irradiance greenhouse Capsicum annuum and
shaded C. annuum

JEHR e KRR K 0 F AR TR esE
%i_% ( WUEimt—max ’ (Iinsl—xdl ’ %\é&
wmol - mmol™") wmol + m™2 « g7 R?
T B 1.38+0.11 a 916.02+80.43 a 0.991
THE BFI AR 1.24+0.10 a 946.37+59.58 a 0.998

F3 HEMAHRXSERMERABRKSF ARE MG
kR

Table 3 The saturated light intensity corresponding to the
maximum photosynthesis and maximum instantaneous wa-
ter-use efficiency of Capsicum annuum leaves

SRR FRAE Lok iip et T KGR AR
(1, ,pmol - m?2-s) (1 osat » ool -+ m?2-s")

T B 1503.89+42.45 a 916.02+80.43 b

THE BFI R 1318.50+80.03 a 946.37+59.58 b

FIFFBUE AR /NG 7 b 3R 7 — e & A4 L2 B 0.05 7K 28 5
e

3 1 it

MR EOCEHER(P,) FRIEHER(T,) MK
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PG FRL RN GRE 5 S ARLRN A5 1 B2 5 A R T ORUAE A
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exas et al.,2013;Franco et al.,2018) , [FF}, )&
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3RO SRt g B A6 A OG5 1 TC I g 25 S {0
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FESR (1, ) 538 B e KRB 7K 43 1) FH 3503 B 1) A
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F T B A G 5R  3E INZE I R — B LT A
ARG B WS BT 5 10, U0 6B R Y 3
M /N 25 1 T8 % 448 ol 53288 S SRR e Ik
7K 23 F A% (1.24 umol + mmol ™) I T K K
U e KR B 7K 43 RIS (1.38 pmol + mmol ™)
MR T BB Fr A T AR 7K 43 1 AR
IR B R X R AR RN SRR AN [ 25 | BRI rh 45
T IR ANGEE B R R R ) B B K 4y WUE, ik
Bl KAA, MO AT BT B it Gl
RS AIER T AR RRKME(E3), XKML
VAR I B 2 KM 2% 14 T B | ) WUE, 22 1E
HXFRI Y P e BB KA,

4 4 g

ARG, B FPAS [] 6 R IR BT BB 6 A
AR A A ST 5 38 FF A BT %) SBRABURIT A i S
Zi% IV A 23R it A S PR3 TN AS T b3 o ELAE I
O PN A S B 22 BT 6 3 5 PR ROG BRER BT 1Y
Wk Fsf 7K 4 R A0 2% i 7 D' P 5 o bR 84 o 38 )
H RS K A R ARG YT B FEDGIR 298 1800
pwmol + m™ - s I 9 5 Bk B K 43 ) 0% 4 F A1
A s RO [RDERE ST B BRABO'E & F F gk B 7K
3 R RCR IR B B KGR A 7 e 1 25 57
7 T AP RS NI S A VE R SRR IK 43
FIHRCEARTF L



2070 EEREAE OERE FETM
) RE 5, EEM, T, 2005. B AR KA FI AL R0 5E 245
5% Xk

HE, B, B, 42017, HKENW T EE NG
ArrEtE R e A R R R . P E R 2k R, 33
(34): 9-14.

WS, R, SKFER, S 2011, CO, B TR AR T
FLIX Z R K o3 )RR A 5 ). T 5 X
34 (3) : 499-504.

M S, @, kDR, 5. 2014, WIFh 2 PR AR K FTK
Ay R R T S e fyma . R AR S 54, 25(5) -
1300~ 1306.

HOR, DFK, LW, S5 2009. 4 MEEEETE O
WA A ZE MR H AR b R Y B 4 #r. o
HHEIR, 31(3) : 67-71.

MR, BTEE ) EME, 42016, T RIEXTLL NS
Pt H AR K AR R RS2, R AR R 22 . H SRR
205, 40(6) ; 41-46.

Brgrer, TEM, RE4, 45 2007, 2K XHZBELIR 3%
R R R . LM RLE, 36(2) : 5-8.

AR, ] =, KA, %2017, RERESH T R H AS
M e A R AR T WA L. T ARR L K2R AR, 39
(1): 32-37.

=R, 2 E MAS, & 2016, BT RS FEETARK
A3 SR 18] A Ak F H X B 85 (K i 25 S A
YI5T, 36(4) : 581-587.

IR, T, TR, & 2018, BT R REARMA
AR AT KA . A 252844, 37(3) ; 840-
846.

XA, NIFESE, 25w, 2 2017, BEMRAXTIIBEH RS
ZER RO AR R . PR A AR, 30(2) : 327-
332.

X e, Bk, BN, S 2018, MERSRIERLED A X VD
IR SN TR KR PER K E¥R, 23
(6): 108-120.

FRE, P E B, & 2018 BRI HIZE
TEWFSE. BEvaAl R, 64(10) . 1-5,11.

5 Fi, TREEAS, RS, S5 2018, =R RIZR AR B 4 A 4
ARG T ISHZ B MGG Rtk AR AE,37(7)
1943-1951.

PINEETE, Bk, BT, %5, 2013, Ehpa ) Zaxb i EE
A A AR R . PEALAE Y IR, 33(5) : 992-
997.

Fabk, FTHRE, Ba¥, % 2008, AR M R KSH
BRI CO, MR 5L A5, 28(2) : 525
-533.

FPA, TRM, AR, 2. 2010 BRI T HBIK
SYFIFASCRAF I o . N A 284, 21(12), 3255-
3265.

. AEBEAE, 24(4) ; 417-421.

WEEEE, R, A, SF. 2018, CO, VR BETH R 1R XS
F R SRS R E A PR . IR,
27(5) : 793-801.

MR, BRSNS, Britte, 25 2018, KRR CO,MKEE T KE I
F G E R A AR AR SR, 29(2) : 583~
591.

P, /e, HEAENS. 2016. C3 Il C4 AEPICRER IR
FR A R HRCR B LR 5T Wil ARb 245, 28(11) .
1867-1873.

MR, SKIGA, B, AF 2017, M ROGEER IR K
SR R AR S O] A R A A A AR AR B AR, 53
(6): 1116-1122.

ToICE, AEMG, 5 81, 4. 2015 ARAF I ERM ROG
B KoK AT R FHRCE XS K S B3 e . A= 323,
35(9) : 2902-2909.

IR, RISCAS, SURJE, %6, 2019. PG RURAR YN L IX ABRAR
JEEAR N REL B0 K o0 R SR . A3 2rAka, 38(2) : 394
-403.

skERAR, & B, SKNLE, 4F. 2005 FEBERLBRAR  FRDYG
B 7 R B R RS VAR # AR, 25(1) : 70
-76.

BRI, B, B AR. 2017, BTHLE [ f 2% 1 %
PR A T8 B P miRlEL, 14(9) : 35-38, 47.
BAEsR, =%, 57 A.2017. miEMT 25 E E KRR
B RO SRR . P E AR A, 33(31) ;15—

21.

AW, EE, sk, A5 2018, ETEM T BRIEMAL R 4B
KRR C R, T E B8, 40(1) ; 17-
23.

Alexander G, Haldimann P, Feller U. 2007. Photosynthetic per-
formance and water relations in young pubescent oak
(Quercus pubescens) trees during drought stress and reco-
very. New Phytologist, 174. 799-810.

Avola G, Cavallaro V, Cristina P, et al. 2008. Gas exchange
and photosynthetic water use efficiency in response to light,
CO, concentration and temperature in Vicia faba. Journal of
Plant Physiology, 165 796-804.

Cabrera-Bosquet L, Molerol G, Bort J, et al. 2007. The com-
bined effect of constant water deficit and nitrogen supply on
WUE, NUE and 8”C in durum wheat potted plants. Annals
of Applied Biology, 151. 277-289.

Centritto M, Loreto F, Massacci A, et al. 2000. Improved
growth and water use efficiency of cherry saplings under
reduced light intensity. Ecological Research, 15. 385-392.

Flexas J, Niinemets U, Gallé A, et al. 2013. Diffusional con-
ductances to CO, as a target for increasing photosynthesis

and photosynthetic water-use efficiency. Photosynthesis



BV 22 55 AN FRDEIREE T BB B R BRI 7K 20 R IR

2071

Research, 117, 45-59.

Franco JG, King SR, Volder A. 2018. Component crop physio-
logy and water use efficiency in response to intercropping.
European Journal of Agronomy, 93. 27-39.

Gratani L, Varone L, Crescente MF. 2009. Photosynthetic acti-
vity and water use efficiency of dune species: The influence
of air temperature on functioning. Photosynthetica, 47 575
-585.

Hsiao TC, Xu LK. 2000. Predicting water use efficiency of
crops. Acta Horticulturae, 537: 199-206.

Islam MR, Garcia SC. 2012. Effects of sowing date and nitrogen
fertilizer on forage yield, nitrogen-and water-use efficiency
and nutritive value of an annual triple-crop complementary
forage rotation. Grass and Forage Science, 67 96—110.

Ogutu BO, Dash J, Dawson TP. 2013. Developing a diagnostic
model for estimating terrestrial vegetation gross primary pro-
ductivity using the photosynthetic quantum yield and earth
observation data. Global Change Biology, 19 2878-2892.

Plénet D, Etchebest S, Mollier A, et al. 2000. Growth analysis

of maize field crops under phosphorus deficiency. Plant and
Soil, 223, 117-130.

Schull MA, Anderson MC, Houborg R, et al. 2014. Thermal-
based modeling of coupled carbon, water, and energy flu-
xes using nominal light use efficiencies constrained by leaf
chlorophyll observations. Biogeosciences, 11. 14133~
14171.

Ye ZP, Suggett DJ, Robakowski P, et al. 2013. A mechanistic
model for the photosynthesis-light response based on the
photosynthetic electron transport of photosystem II in C; and
C, species. New Phytologist, 199. 110-120.

Ye ZP. 2007. A new model for relationship between irradiance
and the rate of photosynthesis in Oryza sativa. Photosynthet-
ica, 45; 637-640.

BB/ ST, B, 1977 4R T RS R RO, 32
MFEAYCEAE A BRI . E-mail: zpa778210@ 163.
com

RIERE FHRUT




