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Effects of elevated CO, on photoinhibition of strawberry leaves under different nitrogen lev-
els. XU Kai'?, GUO Yan-ping', ZHANG Shang-long', WU Hui-min’( ' Department of Horticul-
ture, Zhejiang University , Hangzhou 310029, China; *School of Forestry & Bio-technoloy, Zhejiang
Forestry University, Lin’ an 311300, Zhejiang, China ). -Chin. J. Appl. Ecol. ,2007 ,18( 1 ): 87 -
93.

Abstract: By using PAM-2000 portable chlorophyll fluorometer and HCM-1000 photosynthesis
measurement system , this paper measured the initial fluorescence ( F, ), maximal photochemical ef-
ficiency of PSII ( F,/F, ), maximal fluorescence ( F, ), amount of inactive PS I reaction centers
(F,—F,), proportion of Q;-non-reducing PS 1l reaction centers| ( F, — F, )/( F,-F, ) ], and net
photosynthetic rate ( P, ) of strawberry leaves under conditions of elevated CO,( 700 pl + L™" ) and
ambient CO,(390 pl + L™" ) at three levels of nitrogen application ( 12, 4 and 0.4 mmol + L™" ).
The results showed that there was a significant joint effect between CO, and N on the photoinhibition
of strawberry leaves. Under elevated CO, condition, the P, in treatment 12 mmol N *+ L' increased
by 62. 7% , while that in treatments 4 and 0. 4 mmol N - L.~" decreased by 7. 4% and 21.3% , re-
spectively. When exposed to high light and subsequently recovered in dark for 4 hours, the straw-
berry leaves in treatment 12 mmol N + L™ showed less changes of F, and F /F, in elevated CO,
than in ambient CO,, while those in treatments 4 and 0.4 mmol N * L™' were in adverse, sugges-
ting that for the strawberry leaves in elevated CO,, nitrogen deficiency could result in an acclima-
tized decrease of photosynthesis and an increase of photoinhibition.

Key words: strawberry; elevated CO, ; nitrogen deficiency; chlorophyll fluorescence; photoinhibi-
tion.
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Tab.1 Effect of elevated CO, concentrations on the net photosynthetic rate of strawberry leaves under different nitrogen

concentrations ( mean +SE, n =5)

CO, #JE 12 mmol - L™' N 4 mmol - L™' N 0.4 mmol - L°' N

CO, concentration

(ul-L-1) A-CO, E-CO, A-CO, E-CO, A-CO, E-CO,
390 10.2 £0. 5a 11.3 £0. 5a 8.1+0.3b 5.4 0. 3¢ 6.1+0.4c 3.3+0.3d
700 14.6 +0. 6b 16.6 0. 5a 11.5 +0. 8¢ 7.5+0.5d 8.6 +0.4d 4.8 +0.2¢

A-CO,: KE CO, ambient CO,; E-CO, : =1 CO, elevated CO,. [Al47 AN R/ING b 2 7m Ab B A 22 5 35 1 2 K P <0. 05 )Different small letters

within the same row meant significant difference at 0. 05 level.
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Fig.1 Effect of elevated ( neutral bar ) CO, concentration on
leaf absorptance, nitrogen content and chlorophyll of strawberry
leaves under different nitrogen concentrations.

Bl h 4 WE R K FHME + FRIEIR Values were means + SE
for four replicates. A-CO,: KX, CO, ambient CO,; E-CO,: &
CO, elevated CO,. FIA] The same below.

BRI AR 30. 4% F1 51, 0% ; 4 & &5
FFAK 26. 2% F1 45. 8% ; T I A G IR AL 53 B REAIR
4.4% M. 1% . & CO, T, & MBERLAKFXF i B & &
it MR AR DGOSR I 5 KR Co, HRIE
ARRL AR EUKTE R, SRR Co, WEAML, &
CO, XTI R (A 28 1 5 AN B 3 5 Xof i 38 5 1 A
I ' R A ) 5% T PR3 20K SF 1 5%, 12 mmol -+ L7
HPEEUKOP B i R A o i iomg A 4 L 4
mmol + L™ EEUK A R, HERIGAREP
>0.05);0.4 mmol + L', 5 KX co, L, &
CO, fifi it 2 & & 1 A1 5 6 0% e %6 43 I BEAIK T
13.2% F12. 9% , 22 53k B F MK
3.2 & CO, FIHEZUN AR A R A5 M)

1 Al BAC 12 mmol + L™, & CO,
A PR RLAE I R I EOG A B R T 62.7% L 5%
B P A4 mmol + L™ )FIKRAEC 0. 4 mmol
S LK BIREAR T 7.4 % A1 21. 3% . ;X E W
REMNA R RN R 7EE CO, B TOLAE
FH PR P 9.
3.3 & CO, MARARAKFTHEAEM A F, F, #l
F /F ., 560 N [ 50

M2 AL SRS N ORI BRI B AR AR A
oL, 5T AR G G2 1B BEAR. sROGALEE 4 h 5 HEA
12 mmol « L™"Bf, & CO, FHY F, FIK< CO, AT
A 4 mmol + L' 1 0.4 mmol - L™'HF, & CO, FJ
F, g LKA CO, IH 22 AN 35 (RGP & AR [R]
AEBRIAIY F AR AT B 22 R R 1 h ),
MR 12 mmol « L7'HF, & CO, FAY F, I EARF K
K CO,, ML 0.4 mmol + L' B M AH Jz , i 4
mmol + L~ 'Af 225 RH] i

sEOGCAPERET , &t EZUKF T E o, 5RA Co,
() F,, JCHA 25 5. Aesm e lihan Fms ik 2, A 12
mmol « L™'H}, & CO, FHY F, Y& T KX CO,, i
LA 4 mmol + L™"A10. 4 mmol « L™"Bf, & CO, T
F ook FARF RS CO,( B2 ). RIFAEECO, T,
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Fig.2 Effects of elevated CO, concentrations on F, and F,, of strawberry leaves to high light( 2 000 mol * m > + s~ ) under different

nitrogen concentrations.

a) 12 mmol - L™'; b)4 mmol - L™"; ¢) 0.4 mmol - L.”". F[d] The same below.
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Fig.3 Effects of elevated CO, concentrations on F,/F, response of strawberry leaves to high light ( 2 000 mol * m™> * s~ ) under dif-

ferent nitrogen levels.

12 mmol + L™'EUKFE Y F, 7ESOCIHARTFESR €O, B9 F/F, AT SBOGAE B 12 mmol + L~ fHE4A

W/ VR A2 K 2 R 4R 5 1T 4 mmol - LA KFETF, & CO, I F/F, Eﬁi)"ﬁﬂﬁiﬂ%ﬂﬁﬁ‘ﬁiqﬁ’%

0.4 mmol « L™ fIL&/KF T WA . =T RA CO, AbHE ;1 4 mmol - L”*ﬂ 0.4 mmol -
5 G FRET, AR EOK T, & €O, 5 R L AR KA (3 ). X R s Co, T,
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Fig. 4 Effects of elevated CO, concentrations on F, — F, and ( F, = F, )/( F,-F, Yof strawberry leaves to high light ( 2 000 mol * m >

- s™") under different nitrogen concentrations.

12 mmol + L™"BEEUKF-/Y F /F,, TESR G 6 B R4
W/ I P A B KRR S AR R, 1T 4 mmol - LA
0.4 mmol + L™ LA/ MAHS , iX 5 F,, 158G
BRI S AR AR — 3. sEOBME 4 h R LR
€0, F,12.4 F10.4 mmol - L™ A KF1 F /
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I ABEAG 16. 5% 37. 4% F159. 1% . B5KE 4 h )5,
KA CO, F,12.4 0.4 mmol + LBy F/F_ 435
MR AE 2 B ok K1Y 87.3% . 85.6% 1 83.8% , &
CO, T M4y 5%k 2 = J7 K K 91.6% . 83% Al
72.6%.
3.4 EOLNE T REE R PUESO SN AR
M 4 BTAL SRIERA T, CO, ¥ BEXT 45 HE UK
SER F, - F, SRR MASE B 5 RS AINE Co,
T F, - F, BARR 2 24 B UL 10 K ST 0 e AR i 34 .
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CO, HMEKFETFH F, - F, (H¥E T RS Co,, H
PERKOF AR 3 b . 38 baE 4 b, A 12
mmol + LB}, & CO, FI(F, -F, )/(F -F, )
{EREAE 14% , L% 4 mmol - L™'#10. 4 mmol - 17!
BF, 300 480 8. 9% A1 18.2% . 51K 4 h )&, it
12 mmol « L™'B}, & CO, FHICF, - F, )/(F, -
FOWMAS KK CO, T2 AN E; Mt A 4
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F,)/CF, — F, ) WAE X 20 303 17 13.9% F
21.8% ,ik W E K.
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Y Verhoeven %5 7 3% 3% ( Spinacia oleracea ).
Cheng * TE3 5 Malus domestica )F Chen %° 1574
% Vitis labrusca ) © BB FEEE R — 2. ALK b K
P, CO, Xf 12 F14 mmol + L™ & ZE/KF F HAgnt
RS R SRR a/b HEC BERER ST )
WIJC R, X5 Schwanz %5 T FEARA( Quercus
robur ) FIFARS( Pinus pinaster ) I FBIF 57 45 R —24, (2
0.4 mmol - L™ HHEA/K -1y -4 3R &5 8 ) 12 2 T e
B CO, F,AANEC4 0.4 mmol + L") HEREG
B I TR R GO AT B BRI, X
SUAESEROET 1y 2o WO G RE L 7E KR CO, WREETR
W,

JEHFIR FTFE CO, Vi BE AR AR B i e 4 o 7 4
Fi—E B LTI, BETHAE AL Z YOO RE , 550 T B
2 DOCE IR T IEFEGREM) 50% , AT B 1EG A
T EOCEARI. B CO, T, OGIFIRAZ B, T
FERYIBOE RE LK R A L U 7 i I, B
HRTEE CO, TIGaHAR RIS, IHFER IO RE
PT84 R DR T A1 DI K2 A T 5 B W SO G RE TR A Y
R, DT i DG RE L KR €O, TRy i T
S, FON B, & Co, FIOGEH R T ML
B AR OB RE T B, FE 0 E OGP I A
115 ZHY WSO RETH AE A A, S B RDLRESS 2
S N . X 5 Hymus 25" 7E W 25 ( Dactylis
glomerata ) I W 5T 45 R —34.

F/F, X F, BN G E B ARE 7,
SROGAL FEAN K A 92 50 45 R UE T, A 12 mmol -
L7, & CO, FRGHI IR R CO, FRFE,
ML 4 F10.4 mmol - L™' B, & CO, T 64m il
FREE L RS CO, FHEM, H 0.4 mmol - L™ N EE
TR R,

W2 2R HOCHPRARIE 2 3 127 ith 2623 OC ori-
gin ) I( intermediary peak ) .D( dip ) .P( peak )5F451E
AH AT FHORAGIN PSTT S O S, Fy 5 F, 1Y)
X BEZ 25( F, = F, ) SCBRRTE (4 PS I S oo
Bz ,(F, -F,)/(F, - F, ) RBIETEH PS 1T
SR A EEAE 2 SR EAR 4 h KRR 4 h
Fo—F, FCF, -F )/(F, -F )RR HEE 12
mmol + L™ i, & CO, T AL F- 49 PS 1T S 110>
FESROG T R BB B b, AE AL 4 mmol - L' F
0.4 mmol + L™'AFHIAH S, X RUIAA R ATREFE T
w CO, FHARM A PST R L DI S FHLE#EDE T

Oy RN L& CO, KR COo,,PS TR
IO ARG TR BRI 0.4 mmol - L' >
4 mmol * L™" >12 mmol + L™, FWHEA 7T fE(H DI
ARG T W 3R K T 6 .

ARG IR R Y], K CO, Ab X AN Jy
SEAM N A R 52 R R AR KO- AR, AL S
HE CO, NHRAEM FOCHIE N, G A VER A,
PRI A 7= I R 1R it AR 15 R bt €O, A [ 7 A
UEEAE B L
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