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Combined effects of elevated O, and reduced solar irradiance on growth and yield

of field-grown winter wheat
ZHENG Youfei'** ", HU Huifang’, WU Rongjun®, XU Weimin’, LI Jian’, SUN jian®, SHI Minghua’, GU
Kangle’, WANG Yunlong’
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2 Environmental Science and Engineering College, Nanjing University of Information Science & Technology, Nan Jing 210044, China
3 Atmospheric Physics and Environment College, Nanjing University of Information Science & Technology, Nan Jing 210044 , China

Abstract: As a consequence of increases in aerosols, air pollutants and population density, dimming or shading have
become major challenges to crop production in China. And during the last several decades, significant increase in the
concentrations of tropospheric ozone (0,) have been reported. The increased tropospheric O, concentrations and induced
solar irradiance may concomitantly occur and lead to reductions in yield of crops and economic plants. Especially, there are
a great variety large-scale industries in the Yangtze River delta where is the major producting area of winter wheat. Which
will enlarge the high-potential risks on growth and yield of winter wheat for their heavy air pollution.

Although the influences of each individual stress on plant performance have been widely studied, much less is known
about the interactions of O, stress and solar irradiance on the winter wheat. In order to analysis this focus question in the

varied growth stages of crop including jointing stage, booting stage, blooming stage, grain filling stage and mature stage, a
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experiment based on open top chambers (OTC) was conducted from November 18 of 2010 to June 5 of 2011 in Nanjing
University of information Science & Technology (32°14" N, 118°42" E), located at North suburb of Nanjing, Jiang Su
Province. And the YangMail3 as a tested variety was a pillar in our study.

Winter wheat are exposed to unfiltered air (CK) , shaded 40% of nature solar irradiance (T,), enhanced increased
0, concentration (100nL/L O,, T,) and combined treatment (100nL/LO,+shading 40% , T,). The results are showed as
follows : the treatments of T,, T, and T, all cause the changes of growth period and the plant premature aging. The grain
filling stage and the growth period are all shortened in T, treatment; T, and T, treatments, however, prolong the growth
stage of winter wheat. In addition, a significant reduction of dry matter production under T, , T, and T, treatments compared
to CK (P<0.05) with declined 23.37% (P<0.05), 35.61% (P<0.05) and 55.29% (P<0.05), respectively.
Besides, compared with CK, the grain weight,1000-grain weight and ear weight of each treatment are all reduced ( P<
0.05) under the treatments. And it clearly shows that ear number of T, and T, are both declined (P<0.05). We can
preliminary conclude that compared with shading and O, alone, the combination between shading 40% and O, concentration
enhanced can enlarge the negative effects on wheat growth and yield. Moreover, the effects of growth and growth period of
under the combination are closer to 40% solar irradiance treatment. And the major reason for declined grain weight under
the combination is decrease of grain filling rate instead of decreases of grain filling duration. Tt also obviously demonstrated
that the number of spikelet, the grain weight per spike and the 1000-grain weight of the composite treatments decreased
significantly ( P<0.05) 35.15% , 39.32% and 34.38% , separately. As a result, the grain yield decreased by 64.65%

compared with the control, but the value is less than two factors accumulate alone.
Key Words: shading; ozone; winter wheat; growth; yield

ATAFE A 5 15 b 2 A A B AR S IH Sk YT R IX B 102 IR S 6% , HLAEIT 20 Z4E4 1 i
P RTINS O 2D P R PR R P L SO B R R (SRR 20% B AR AR (1 A R R e 2
PR TR BE AR08/ DN, [ 2 1 SR 60% BSE R AR JLFA55 1k AR KT 0 [ 20 48 40 ARRLIOK , — 223 AT
HESCH AT TR AAESE . S5 RR U], BRGNS A R 0 R R, R AR R e b | HESR R TR
W S BRI R AR, P R

[ 20 22 60 AEARLISK T HZE O, MR IE LIAFAELL 0. 3% —2. 0% R K, T3] 2100 45402
O, P KA E] 80 /L) KIT=AAINEHLIE O, 75 Y4/ ™ F AL X, X 7ZE 0, WeBERE R Jy . 2 9F H
TRIE B A , O, YR B KA FEAR AT A4 LX) BF 9 R0, 0, W EEF mnl st B &S AW
AR JEAVER AR T E AP AL RE S R B P A R

HATXT 0, FMERN ,CO, /K4l E4JE UV-B SR T RENE 5IRE, (12 o, MiERSHE &
XRS5 0 ] oA 20 40 i 2 R MGG B3 T W B B8 46 A B 43 B 7 kit % | TR I AR SR s
T2 (OTC) FGEE R PR SR S5 A O, YR BEESE IR oL , WA= R IZE DRI APRIES G A = i b
ROUANTT HZE G = i R R e 8 B A LT 4/ B3E R OL , SRR T O, W B 3 Al
& B S U 5 o M A A P I s R A I S
1 #R5FHE
1.1 SRkt
1.1.1 SEE sy A 2RR AL

SCERF 2010 4F 11 H 18 HE 2012 4F 6 H 5 HAEmM 2 i B TR K= L TR0 (32°14'N,118°42'E)
AT TR 22 m AEYREOK R 1106. 5 mm, AR 15.3 °C, RHESAU AR + B AR A, e h
G L, pH (E R 7.37 , AL &R 10.35 g/ke, BA ST HN 0.55 o/ke, BTN 0.47 g/ke, RN
0.21 g/ke.
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1.1.2  HA/EY

HEAEY) R ¥ 42 13 5 (Triticum aestivum 1. YangMail3) | A 24 =485 Fl, T 2010 4F 11 H 18 Hi%
Fh,2011 4F 6 A 5 HULIK 471 25 em,

1.1.3 SEEET

RGBT 4 OB . (1) BFAMRK AL (CK) 5 (2) #5% 40% 41 (T, ) ;(3) 0,100 nl/L(T,);(4) 0,100
nl/L 55 40% 4 (T,) . M 2011 4¢3 A 24 HIEWHIHFF IR O, 38 AL, 2 s S5 o, H HE 25T
]} 8:00 % 16:00, 8 8 h, BRI KA,

TR i FH 7 388 B R FH 9 AN (R A HE A M A BR A I AR ), AR 40 mm, JE 2 mm, K 6 m, B¥
BEANAE G T 1 m, H E3B53 3 m, 3 3 mx3 mx3 m 7K, BEREMS s G R —E BN
PR T T X [ T PTAT L 2 RN Y 7 AR P R T i G 1 Y, I T AN 0 55 2 1 P DL PR P
FRIE A, A T PO AR A T AT AR AN S i DATE 2 . BIAFE 4RAE OTC K= 4h, 5 OTC & i
BB AT A REE 50 em [HIBE 80 X B ARV R AE DU J5 1 430 B8 1 2 m DR A T, B LE A BT 3 0]
[E] - 531 %o} 2] 55 45 BRAH AR 40 et J 2 0 B B ( TBQ-2 B RVAR B 26, IS 45 AN AR AN Rl AR 7= ) A T3 S

ARE R AR E(OTC) , KERFHR 5.3 m’ LR X E AR 3 m* 2R FH R M SR IRA R 25 BE AT R
A NG AHESEAG B, 55 1.9 m, LEBoM S 0.25 m MYIE /AR & I IEE A NN 2 m BREK . SR WJ-H-
Y5 RIS O, KA (W TR st 2N RNV T) SR i R B A a N E R B AE L, R R AR
A B 5L Bl =AML (PR PR IR 7 R sf2-2 AU ) 285 RE S A S A F TR E N, OTC KEBR
RS 5 H FAERE A 8 MUK A, B N T34 o0 A R AL, RAL S KT 450964, R
& E I 1R AT DA 4l A /N 22 1 R B R, MR AT DL B B SRR L AU IR L R AR 3 5 SR FH BT =
AeroQual 23 F] Y S200 £ O, KM= N O, WREESFAT MM, BP0 KA = Y O, W BEAR I — Ik, LA B 3
SEH )L
1.2 WETTk
1.2.1  FREE

IR AR IEEL 5 A KR R A9 /N ZEREAR , A AR ORI, B LU 1 Yk, A RO 2 - s 1 Ak B 2
T o S (A I ol e P o P e o R0 ), ik
1.2.2 AEYEiE

T TR AL PRI 5 Bk BRI Y 2R BEFIAR BEAT 4328, o S Ohs 1C O R U R RS A
THIETHRAA I 105 C AT 1 h,JR)5 80 CHEZE 24 h ZBIEE , FJ5 40 I E T8
1.2.3 o m A E

FHRCF 2B B B R RN 58, 4 58 e B3 i T AR P 3 LU IE RECH M AR, L, = K x$Ex0. 83,

1.2.4  JERHCRAGIE

R BA R, KA K B RN R AR, P85 5 d RGO, UG B 5 d BURE 1
K, —UEH 15 Bl (RS0 002 A0 i 3 4, BT A rh R 2R 5 4B A7 4f U RFRL 10 K7, 3k 50 il 1 4 R ff o
SRJGSEENE TR 105 CFATE 1 h, 252 80 CHET 24 h BfE & FRHA &, B i T-hi 8
1.3 AXN4A

LB I TR = BRI PR R K T AR
A VAL TR AR S VA WA R /S N MR A
25 B X0 KL DT R 38 = A IR RIS R (TRE) /e TR
TR = BEASTERL B 2 RN/ AT
G5 5288 = 55 SR FEAR < 100 %
PRSP i = TR B ToRE B x 1 m? A4 205/ 1000
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WOARAE B (HI) = S2bry™ i/ R W)

FAXF A KR (RGR) THE AN

RGR = (InH, — InH,) /(T, - T,)
Ao T T, AR B BORERT A H, H, A T, T, BT BORE 5 AR G

H Logistic iy =k/(1 +a - ™) XFPRLTEIFTEG , IFAEIG KEL(¢) S AR R, TR (y) AR

i H P N EOR TRLE ¢ ATFAEREL, a b NTFE REL, X Logistic J7FERK— B S8, A5 2 .
V(t) =dy/dt = kabe™/(a +a - e™)

Hi Logistic J7 F FIE S H AR ) B HE 3t — SR GEIR SRV, IR RHER R T, AR HRIA B i
REFHIEFR], V R R A S Gt R A IR A8 o R e SR R RR L B, V, LV, Vs A 3R E S e 3
P DN RRES R 1, 1, by A3 RN TSI P SR I 42 AL
1.4 FdlEibrg

FH One-way ANOVA #3040 FHZH 2 0] 25 5 /) B 1, P<0. 05 BRn 27 B3 P>0.05 FREFARE,

2 ZERE5HH
2.1 &INEEK
2.1.1 EFHW

ZNFEETIOINTEILER 1, AT LUE R AN R A 2R A PR 0, 25 A A A= 40— 30, 3975 3 A 24
HR , A3 — B ] D)5 A A S0 A B2 i T an R B ok . R M T, 0T, LA/ N A& W
J& , IF HA AR B ah ER A RN PSR A B) ) A KA R /N2 7 e i B v T, AL/ A E R I 4
BCAHSR T , A 7 A R 45

®1 AELAEBZNENEFTH

Table 1 Effects of O; and reduced solar irradiance on growth period of winter wheat

b3 2RI A WAL TR J A
Treatment Booting stage Heading stage Flowering stage Filling stage Maturity
CK 3724 H 47 10H 413 H 4722 H 4726 H 5H22H
T, 3H24H 4712 H 4716 H 4 726 H 4528 H 5H28H
T, 324 H 4H10H 413 H 4 H20H 4H25H 5H20H
T, 3H24H 4712 H 4716 H 4 726 H 428 H 5H28H

2.1.2 XK EE

2 WLAE T, 4UR1 T, 40T DAEE S A /N ARG AR R H0R T, AR AR DR BRAR, 28 A )
T, AN AR ERIE R T 17.85% (P<0.05) ,T, H TR T 12.77% (P<0.05) ; T, 2H FI G2 H T 5 S 6 A X
AR R B FRAIAE — @ R b e I BT A K B AR R B A AR, e A P BN AE KR E R AR

x2 REMEHNZNERERERHM

Table 2  Effects of O; stress and reduced solar irradiance on relative growth rate of winter wheat

b3 P — 2R PRE—WAE W AE—E TR — A P —
Treatment Jointing-Booting Booting-Flowering Flowering-Filling Filling-Maturity Jointing-Maturity
CK 0.0281+0.0033a 0.0216+0.0011ac 0.0294+0.0035a 0.0006+0. 0001 ab 0.015+0. 0006a
T, 0.0463+0.0024b 0.0192+0. 0024ab 0.0237+0.0055ab 0.0005+0.0004a 0.0171+0.0005b
T, 0.0249+0.0081a 0.0232+0.0011¢ 0.0170+0.0038b 0.0003+0.0001a 0.0127+0.0017¢
Ty 0.0321+0.0025a 0.0262+0.0013d 0.0174+0.0031b 0.0013+0.0006b 0.0154+0. 0003 ab

Frh CK AN IR, T, 4 40% HERR T, i 053 BE 100 nl/L; T, N T, BT, B EGAFE ; FAT AR FRER R AE 5% KT 1227 B
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2.1.3 B

AL LB T, A4/ kR e A KA B B AR B VR T, 2000 B PR T, T, AR R4 /INZZ 1)
HORAAN B3 MR SRR BN T, >T, >CK>T, , T, 422 R TF 46 X 24 /N2 b 1 1 52 i) B 3% ( P<0.05) , T, 41
I - A 25 Fak B BB MEKOE (P<0.05) | T, 422 3R B8 (e WI%4h , P<0.05)
2.1.4 HETY=H

HE 2 ATUE L NE T B A b2 g B e sl & 80— 30 e AT RN CK>T, > T,
ST, o FRTIAS/INZ T B A B Sk R 5 B A BT [R] ) 354, 22 B 019 46 T, T, 0T, 0y T4 it b 3
TRE(P<0.05) ; BRI T, T, A1 T, AT E FFET 23.37% (P<0.05) .35.61% ( P<0.05) fl 55.29%
(P<0.05), M T W B3 I —E BN TR, B TAE T G TP B A 77 AR R DL g RE /N bk
FIREAA K T EHFEZ i B T,

90 % 40 -
ESO':]TZ & pbe 33.5*:|CK a
3 50l B2 CK < 30F BT 7
% T, 525 S
o 60 =
< g 2.0
g 50 | E 15
A~ 40
I w O
= 30 R 05
20 2 2t 23 2 2 H
Ay R i R R :
H:E ) Growth period H:H #4 Growth period
B1 REMEHEIZENERSHHM B2 REMEHFE/NETHRENME
Fig.1 Effects of O; stress and reduced solar irradiance on Fig.2 Effects of O; stress and reduced solar irradiance on
height of winter wheat dry weight of winter wheat

B iR2E4 R SD(n=3,4) , R4 EF AR ELF LSD it
TERBEERE, KLV FHARRRER B F (P<
0.05); CK,T,,T,, T, JAbB

2.2 KNETrE
2.2.1 ki/MmH

INESCE TN BN s M R TR R — N A i A B AR R R AR B RS R TR
T/ I TR A i R RS R MR A S A T8 bR B TR S BT R 4 R SR SO B IR
TR S/ T RS B AR 5 EXHIR A T2 AR 1™ 38 3 A T &b PR Aok T BUE . 5 CK A LE, T, AN
T, AURIE/ i TH AR 25 IR (P<0.05) T, T, A1 T, 4k /0t A B 2 R R (P<0.05), ATLAEH T, Fl T,
21 S RRAR T /N L/ TR, UGB B M B B T AR T T B R AR XTIR A DR RE T, T B SR AR
W0 LA KGR DMJR AT, T O, ARSI ES/ T AR el AN O (LR ARG 1ok g/ TR, U e D A i ) 25 B 4 1)
FEE D

£3 REMEHRF L INERL M ERLL R0

Table 3  Effects of O; stress and reduced solar irradiance on grain/leaf area ratio of winter wheat

I H Kb FHZH Treatment

Treatment CK T, T, T,

ks UM

*MX.& T 0.415+0. 030a 0.282+0.009b 0.405+0. 032a 0.249+0.034b
Grain number/leaf area

fr It FH/ me

A/ FEBY mg 15.07+1.11a 9.69+0.32b 11.90+0. 93¢ 5.95+0.80d

Grain weight/leaf area

2.2.2 AINFEFRIBEK
M4 RSB UE I S ERSEIIA 255, K TREEFEH N CK>T, >T,>T,, T, . T, M T, Hix
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KTHHE L CK W T 4.80% \8.35% 1 35.00% ; F-HAREIR B A (V) M RFER AR (V) RILHN CK>T,>
T,>Ty; T, T, Al T, 41 FE B0 T 11.35% 7.80% 39.72% , T KHEH H R0 13.90% 13.00% |
32.74% ,

SR AT LU PR ) D g A R R A e R, AR RE R 1 TR Ok R L de K, 3K 3 60. 72% —
63.38% , I K TGN GE R 40, AT LRI IR /N2 kPR T4 5T R AR SOGB4 B R AR |
Frim i, S 7= s U e ARt B T2 s T A b P o 1) SR AR

®4 O, MBHEBI/NEERSEHZM

Table 4 Effects of O; and reduced solar irradiance on grain filling parameters of winter wheat

TR
4k T y HES I/ d TR/ (g/d) TIRRAR/ %

T : k/g ma ma Filling time Filling rate Contribution rate

reatment /d /(g/d) of each period
¢ 2 ly &} 4 Vi v Vs Py Py Py

CK 42.88 15.62 2.23 31 9.28 12.66 9.05 1.27 0.98 1.96 0.63 22.94  62.68 14.38
T, 40.82 14.98 1.92 33 7.98 14.01 11.01 1.17 1.08 1.68 0.59 22.29  60.90 16. 81
T, 39.30 17.14 1.94 30 10.45 13.37 6.18 1.17 0.79 1.70 0.65 23.20  63.38 11.19
T, 27.87 13.92 1.50 33 7.79 12.25 12.95 0.80 0.76 1.31 0.35 22.22  60.72 17.06

2.2.3 Z/NETEKGTEBN

MRS ATLAEW,T, AT, 2009 TR0 AL R BIOR BB B P br 45 W 3 BRI ( P<0. 05) T, 4 TR (it
BRI b 25 P AR (P<0. 05) , A SR EOR I W BEAIR ( P>0. 05) 5 T, A& 8RR R B K, TRiE B4R,
TR BRI 3 IR T 34.38% (P<0.05) 35.15% (P<0.05) .39.32% (P<0.05) .67.97% (P<0.05), 7]
DA SR SO A et A B AR T R R i e [ ) 25 R, O FR B2 T 7 ik b ; 388 1 A I ) el
WFEAS T UCRFREL, 1 O, AR A Ab FRCER R B B8 = {0 = B ATk 2 BRI A R 34

R5 REMEHNLNEFERTEWMBIRNE

Table 5 Effects of O; stress and reduced solar irradiance on yield and yield components of winter wheat

PLSLE TRLE HRREEL FRRERLEL - L% /% SN otk £
Treat 1000 grains Effective Number Weight of spike e Actual yield Harvest
| ) K Setting rate ) K
ment weight spike of spike /(g/Hh) /(g/m”) index
CK 36.33+0.75a 441+2.12a 32.50+2.38a 1.53+0.07a 81.98+0.03a 520.76+10.79a 0.48+0.01a
T, 34.39+0.67b 288+9.54h 26.81+0. 89b 0.85+0.11b 72.74+0.02b 193.96+3.80b 0.42+0.02b
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