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Effect of Elevated O; Concentration and Shading on Photosynthesis of Winter Wheat's Leaves

ZHENG You-fei'?, SHI Ming—hua", WU Rong—jun’, XU Jing—xin', GU Kang-le', HU Hui—fang?

(1.College of Atmospheric Physics, Nanjing University of Information Science & Technology, Nanjing 210044, China; 2.College of Environ—
mental Science and Engineering, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract:In order to research the effect of elevated O; concentration and shading on photosynthetic fluorescence parameters of the winter
wheat's different leaves at grain filling stage, the different O; fumigation and shading conditions ( natural light and ambient air, CK; natural
light and 100 nL- L™ O, T1; natural light and 150 nL L™ Os, T2; 20% natural light and ambient air, T3; 20% natural light and 100 nL L
05, T4; 20% natural light and 150 nL-L™" Os, T5) on chlorophyll fluorescence of winter wheat's( YangMai 13) different leaves at grain fill-
ing stage were conducted via open—top chamber technique in conjunction with Diving—PAM fluorometer. The results showed that elevating
0; concentration significantly decreased F, /F,, P, I, .qP and the actual photochemical efficiency Yield of winter wheat at grain filling stage,
Y(NO) L pmy and(1—¢P)/NPQ rised, NPQ and Y (NP(Q) increased and then decreased; the elevated Oz concentration with shading has sig—
nificantly less effect on wheat than never shading, shading alleviate the damage caused by O; stress on winter wheat leaves. Visible, elevated
05 concentration inhibited electron transport activity of PS Il , injured light harvesting systems and dissipative protection mechanisms, result—
ing in reduced photosynthetic capacity; shading enhanced the PSII electron transfer rate and the capablility of treating the excess light, alle—
viate the destruction caused by Oj; stress on photoprotective mechanisms. Moreover, due to the impact of Oj; settlement, the O; concentration
on the bottom of plant was too high, thus, the third leaf and the heat dissipation mechanism have been most severely damaged by O;.
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KT 7.3%~26.9%, JHEMREIE R A ;T2 205 CK 44
o, BEAR T 24.6%~32.3% , 22 53 . s T2 20 45 i it
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HY5 CK A TS T 6.4%~45.4% , A3 — i Fif5]
S ERARRE(P>0.05),TS AR CK 210 i3 2%
P4 (P<0.05) , [1iE H 0.6%~9.2% , [a]—AbFHeH A, it
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Table 1 Effect of elevated O concentration and shading on Y|P, .« and I, of the winter wheat's different leaves at grain filling stage

WiH CK Tl T2 T3 T4 T5

Y it 0.480£0.076a  0.351x0.009b  0.325:0.030b 0.529+0.056¢ 0.371£0.008b  0.436+0.006d
5]t 0.422+0.128a  0.374+0.007b  0.318+0.002¢ 0.47520.015d  0.449+0.015d  0.41320.005a
8] = 0.313+0.123a 0.290+0.045a 0.231+0.025b 0.428+0.038c¢ 0.45520.001¢ 0.31120.004a

P, Nt 183.29+12.33a  209.41x0.29b 137.43+0.28c  227.33%36.39d  150.79+4.09¢ 145.38+0.03¢
=t 117.83+6.91a  100.94+15.11b  126.68+2.71c  192.26234.29d  134.55+4.46¢ 175.24+6.19¢
5] =t 115.70+31.96a  101.96+30.47b 90.98+0.01¢ 142.78+20.44d  143.2020.27d 89.07+6.55¢

@ it 0.257+0.034a  0.206x0.010b  0.185+0.033c¢ 0.298+0.023d  0.216+0.009b  0.2770.008a
8] — 0.153:0.042a  0.293x0.018b  0.28320.003b 0.255+0.003¢ 0.315£0.018d  0.294£0.015b
5] =nf 0.143+0.038a  0.113x0.025b  0.081+0.041c 0.309£0.007d  0.319£0.006d  0.23320.006e

I, JEnt 713.28468.85a  639.69+50.12b  553.34+3.86c  74234429.55a  662.91+25.25h  587.64+20.95d
&t 715.60+61.11a  429.81+7.82b 342.21£1.70¢ 733.74+7.74a  427.68+13.35h  396.83+51.08d
8=t 725.41£64.06a  436.05+8.30h  404.49+11.92c  742.29+15.71d  449.51:9.45h  407.74+48.97c

TE: AT a b e d e “FREARIR], FaR g B 22 57 B % (P<0.05) . Tl

Note: The different letters mean significant difference among treatments at 0.05 level , the same below.
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K, 25 B3%(P<0.05), T1 4t FifE —mk4s CK
2 G 3 25 55 (P>0.05) s 7EIE B 4544 F , T3 4% CK
HAE T 0.5%~2.5%,T4 1 T5 415 CK ZHAH HL 4351
FEAR T 0.2%~1.1%F1 2.9%~5.9%, Hrh T4 RhFRZH %
miifn] CK 241 T3 Zb3ed 22 5 oA i 2% (P>0.05) , TS 4k 34
2l [m] CK 41 T3 F1 T4 4h¥igH 22 5 .35 (P<0.05) . [7]
— A FRZE R PS T RO T i F, IF, DA
LRI ERTREABESE ., RAME D ERFEIRT
PS [T At A e RO a7 a1 3 8 )l 9] 244
i PS I o H O 8 FRCRE JEE

Y RS A RSN S, AR R AE 447
pmol -m~2+s7 AL esR T B I 2R PS
SN RO SRRk % . Bl R T LY
(WG T1 A T2 4148 CK 0 N R T 2.2%~
5.8%H1 1.7%~24.4%, &M F 34 58 2% F CK 41
(P<0.05); WEBALZMET , T3 A8 CK 4L FIET
18.1%~21.4% ; T4 #4155 CK 4K T 6.6%~25.1% , 1
rR g i Y {HS CK 410 325 7 (P>0.05) ; T5 4bFE
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Table 2 Effect of elevated O; concentration and shading on F, /F,,Y .qP and Ly, of the winter wheat's different leaves at grain filling stage

TiH CK Tl T2 T3 T4 TS5
F, IF, et 0.818=0.010a 0.81120.008a  0.768+0.014b 0.81720.002a 0.81620.007a  0.770+0.008b
&t 0.802+0.010a 0.8010.011a  0.744+0.010b 0.822+0.004c  0.8110.010ac  0.7660.014d
5] = 0.786+0.022a  0.759+0.009b  0.747+0.026¢ 0.790+0.012a 0.777£0.026a  0.763+0.013b
Y JEnt 0.594+0.025a  0.58120.009b  0.449+0.001c 0.467+0.005¢ 0.555+0.015d  0.410£0.008e
51— 0.526+0.013a  0.54420.017b  0.517+0.064c 0.567+0.019b  0.526+0.064a 0.49320.021d
51 = 0.53020.028a  0.499+0.002b  0.467+ 0.042c  0.434x0.021d 0397z 0.042¢  0.464+0.016¢
qP et 0.752¢0.017a  0.727+0.010b  0.698+0.025¢  0.714+0.020bc ~ 0.784+0.025d  0.815+0.025¢
&t 0.749+0.024a  0.661+0.023b  0.586+0.016¢ 0.753+0.024a 0.776£0.016a  0.857+0.005d
= 0.777¢0.008a  0.677+0.021b  0.550+0.048c¢ 0.757+0.032a 0.750£0.048a  0.850+0.080d
Lirm) JEnt 0.312+0.052a 0.320+0.034a 0.460+0.001b 0.437+0.007¢ 0.33120.018a 0.507+0.009d
51 — 0.366+0.016a  0.427+0.015b  0.494+0.025¢ 0.31720.022d  0.294%0.025d  0.406=0.026h
5= 0.38720.050a  0.417x0.020b  0.474x0.091¢ 0.47720.026¢ 0.47420.091¢ 0.460=0.035d
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AEXT BRI L e Wi SR R0 B R T B 3B T3 K. T AN
T2 A% CK 50 BT 2.6%~16.7% F1 22.5 ~
47 4% , BLA& M7 BB 258 F CK 4H(P<0.05) ;T3 4b
FRLHHE CK 20 FTFT 23.3%~40.1%, £ MHri Fr 44 i
FHET CK 4 T4 TS HE CKH ETHT 6.1%~
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ZEFERKAN TS5 Ab PR Y B3 T LA AL FRAE (P<
0.05 ) - 3k FH AL S RBP4/ N B A VE s A T
JEE R
2.2.2 XE/NZRERIHA R A R e FE AR RCL I Y
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3 45T AR B A5 RS AR S i xeg 4¢

/NG HESR ISR 52 v 7 A A28 K R B NPQ |
PS I 4bAEJE Sy M RE R AE R 5 7 & Y (NO) \PS II
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FRIE (1-gP)INPQ IR ZH AN R b FR ) A5 4K

2 3 AN, B A SLARR EERE I, ih R NPQ K
LRI EEREIRM G, T1 A4 CK4 BT
13.19%~62.8% , H .3 i F CK 41 (P<0.05);T2 214
CK HFEIR T 2.7%~37.9% , &Mt /345 CK #1 Tl
AR 2R (P<0.05);T4 F1 TS 405 CK 204
L3R 45 )55 28.4%~55.5%F1 48.2%~180.4%, Hrf
T5 38 ERK o [R—AbHLL Y, NPQ Bl A I
R SRR B RRAR T A/ N I IAFERLRE 7, ]
R R T R A X R s

PS [ AbAE 35 P RE R AE R 217 & Y (NO) K
R RWTH T T1 M T2 4148 CK 414337 =
T 6.0%~10.8%F1 16.9%~31.9%, %5 5% ,T3 45
CK ZHAH FLFEAR T 0~9.9% , HodhjifEm 5 CK 4 A ke 22
AR (P>0.05) 5] it Fif =t 5 CK A7 1
#(P<0.05);T4 213 CK L NP T 9.6%~11.7%, BiAz]
=Y CK ZRARES, it 734 CK 422 7
# (P<0.05);T5 4% CK 4 HLFEMK T 10.7%~18.3%,
R AE it CK T3 42557 8 3% (P<0.05), Fil T4
HEFARREP>0.05),# =15 T3HILEEER
(P>0.05), 5 HAth A1 A7 i 25 25 5 (P<0.05) . SLAUME
RG22, BB S PR

PS I 4b 35 1 RE fR FE LAY & 77 1 Y (NPQ ) £
IR BT S R AR A& F CK 41.T1.T2
REFRZH 5 CK 2 F ISR 43 310 39.8%~81.2%F1 13%~

%3 ERMRRIREEN ZNZERBARBM A F NPQ.Y(NO) .Y (NPQ)FA(1-gP)/NPQ BI550
Table 3 Effect of elevated O; concentration and shading on NPQ .Y (NO ) .Y (NPQ) and (1-gP)/NPQ of the winter wheat's

different leaves at grain filling stage

TiH CK Tl T2 T3 T4 TS5
NPQ i 0.51420.014a  0.30020.115b  0.651x0.001¢ 0.898:0.09d 0.660+0.081¢ 1.160+0.063¢
&t 0.291+0.060a  0.329+0.027b  0.283+0.119a 0.418+0.035¢ 0.383+0.119¢ 0.816+0.227d
5] = 0.535:0.094a  0.87120.033b  0.212+0.018c¢ 0.738+0.051d 0.832+0.018e 0.793+0.047¢
Y(NO) i 0t 0.314+0.001a  0.348+0.009b  0.367+0.010c 0.314£0.029a  0.284+0.022d  0.273x0.005d
51— 0.334+0.014a 0.354+0.002a 0.435+0.011b 0.312+0.012¢ 0.295+0.011d  0.273£0.020d
{5 =nf 0.335:0.009a  0.32620.009b  0.442+0.001c¢ 0.30220.023d  0.342#0.001a  0.299x0.001d
Y(NPQ) i 0.14620.018a  0.067x0.014b  0.327+0.022¢ 0.252+0.012d  0.179£0.019 0.317£0.012¢
5] 0.093+0.003a  0.130+0.011b  0.114+0.032b  0.12120.018b  0.114£0.032b  0.226+0.045¢
= 0.154+0.008a  0.279+0.013b  0.174+0.023a 0.256+0.003¢ 0.274+0.023b  0.237+0.015d
(1-¢P)INPQ Jie 0.594+0.111a  0.643+0.002b  0.745:0.015b  0.31920.065d  0.31020.052d  0.549+0.008e
51 — 0.482+0.023a  0.533x0.012b  0.782+0.123c¢ 0.479£0.027a  0.382+0.123d  0.511+0.019¢
8] =n 0.428+0.042a 0.417¢0.014a  0.755+0.129b 0.30920.009¢ 0.355£0.129d  0.639+0.056¢
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