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FE AR BRI R AR R SR E AR AE RIS, Hh— 1 B E R RIE R = 5 R R AWK
BRI I A T B AT RTKF 10 ol/L EFABIIAER 50 nL/L(EFE X 8 h F3)) , Bl Hillix — ik BEF 7E 2015 — 2050 4¢
H N 20% —25% AL AR K IN 40% — 60% . HETRAFE FREWEEC LB BUBHEY I FRE(RI 40 nL/L) , 2 HbiE
BARNEY BT , T A REW NGB XF AR E N ™E, SHARXMAF TR A, FACE( free-air gas concentration
enrichment ) BF 5% i R HERIME D) BEEOR , ESE £ TP AR H 224 T B 1T, RR T AR AR R I TR BRAFELL, 1E AL
BYEANEERR, KSR ME ISR T Y, 1R 1 54 CIEMIMERIEY, R tBHA R 3t R &5 &
HHRHEY Z —o REFFTEF KRB KE FACE(SoyFACE) ZHEA B4 1 NFIF FACE SORTT ARV # ik B R A (5
A 20 3 32 R R HR ) MR FNIE LB 2 RS ETTR . TEEIR KE TR REF G SoyFACE 157747 & i ZE il
b EWRERR T FACE 58 TR EREXN KSR SEE S WA 75 5B 7= i Je HA B R DA% B 3 45 07 T B
Wi, AL T FACE 5REMRLREFAF F o SoyFACE BIUERE MR REXM AR R B L 2HRMLIUEN - EEN 2
BRALE FRME &, FIFH FACE HEARRAFRREALH SHE 23R E F K EAEN 7 2R EY #8081 H
TR RGER , BZTIEARR M BRI ITH

X4 : R ; FACE(free-air gas concentration enrichment) ; K& ;4 ; 7= &

Responses of soybean to free-air ozone concentration enrichment. a research

review
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3 Department of Plant Biology, University of Illinois at Urbana-Champaign, Urbana, IL 61801, USA

Abstract; Global atmospheric and climatic changes as a result of human activities will significantly alter many elements of
the future crop production environment. One of these changes is the rapid increase in tropospheric ozone concentration
([0,]). Daily 8-h tropospheric [ O, ] has increased from approximately 10 nL/L prior to the industrial revolution to the
current level of approximately 50 nL/L (8-h summer seasonal average) , and is estimated to increase further by 20% —25%
between 2015 and 2050, and by 40% —60% by 2100. The current ambient [ O, ] is above critical thresholds (40 nL/L)
in damaging sensitive crops, and causing substantial yield loss. Future increase in ozone level will worsen this damage. As
a major source of food protein worldwide, soybean ( Glycine max L. Merr. ), the most widely planted dicotyledonous crop
and a model of C, annual plants, is considered as one of the most sensitive crops to ozone exposure. Assessing the impact of

the expected increase in ground-level [ O, ] on soybean is therefore of crucial importance for food security of the world in the
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near future. However, current assessments of the effects on soybean from changes in [ O, ] based on studies conducted in
chambers such as growth cabinets, glasshouse or open-top chambers. These facilities modify environmental conditions such
as temperature,, sunlight, humidity, and hence there is uncertainty over how well they represent the real effects of ozone
under conditions of mormal atmosphere coupling in the field. Compared with chamber studies, free-air gas concentration
enrichment (FACE) experiment, conducted in fully open-air field condition using regional standard agronomic practices,
represents the best simulations for future atmospheric environment. SoyFACE, located at the University of Illinois, USA, is
the first interdisciplinary study in the world to investigate the response and adaptation of crops to elevated [ O, ] that will
occur over the first half of this century using FACE technology for ozone fumigation. Based on the description of the
limitation of chamber studies and operation feature of the SoyFACE facility, this review paper mainly focused on the effects
of free-air ozone concentration enrichment on the photosynthesis, canopy structure, dry matter production and distribution,
grain yield and its components, as well as insect herbivory of soybean crops, compared the similarities and differences
between findings obtained by FACE and enclosure methodologies, and evaluated the interactive effects of ozone by
development stages, elevated carbon dioxide concentration and stress treatments (e. g. , low nitrogen and extreme climatic
events). This fist FACE treatment of a food crop to elevated [ O, ] showed yield losses in soybean under fully open-air field
conditions that are at least as large as those predicted from chamber studies. It also showed that the losses may be further
exacerbated when elevated [ O, ] is combined with an extreme event. These findings clearly indicated that the impacts of
ozone on future food security must be considered as an important factor of global change. The priority areas for future
research include the impacts of ozone and its interactions with other elements of global change on major food crops under
open-air fumigation conditions, as well as the mechanisms of such impacts and possible regulations in reducing the adverse

impacts.

Key Words: ozone; free-air gas concentration enrichment ( FACE) ; soybean; growth; yield

KA AR (CO, ) W BE R b2 B3R, (B AATTXS [l g B 2 R (05 ) WRBE T g 820
O, R #Z i FE M ITYM CGREAN) 2 — M il A R SRR BN SR8 K, F

9 O, FFAE i ) B0 HL B & U Z RS R B AT R T K ZE ARG, 2BREH)Z 1 O, EE T
AP FEATRTHIASE 10 nL/L i EFE] TR SO nl/L(E X 8 h F47)) , 23R 174 X AL Tt 60
nL/L f R 2 0 Her AP IRK 36 B AR 30 0 R P S DA B P B AR S M X 1T 5 O MR IR T o
R AT AHEBGE R, Bt 2015—2050 4R L3RR O, ¥R BOK7E A BEAtl B3 fm 20% —25% , At 28 RO 38 fin
40%—60% "', e S [ A PEER X 7 43 -1 O, Wk BE B A 28 A K A 30 nL/L, T o AR R X A1 |
FHIEBER 5 S0 nL/L

YER A EYEH R EERIE, KT (Glycine max L. Merr. ) it & b E AU K KX FHAEH | [F]
BB 2t O, YR BEFH B B BRI R VEW 22— (40 nl/L O, ¥k R S AR K= B E) 1, M5
MR O, WK B &) V2 i K Sl M P 2% , JUH R Atk R wI~ R 27 X 36 B o v # A b B AR
U A, KRG E R B s A AR YR B ST R AR AL T | AR R K BT 5T R
A B THERTA T KA VNE R EAREH B EER WX KRR R , I T 3 42 3RS 10 AR 4 2 i BF
o BEELIRADNERTH 60 242 BT 2 2050 4 80 B2, BATAL bR O, W BE THms X K M R0 B
HAE AL B AR A B ASR I A MR B L 2B REE,

HETAZEXS 0,138 T K A AR 20k B T H P KX ST <= (open-top chamber, 0TCs) 5%
B EIRIRBEFE " o s R I T AT K T S AIA IR, (B3 4 T K T L B /N BR Tl
RERTESE TP R BSR4 T B B AR anfar? X 2 [n) AR 75 B 7E IR Y)- K S SR 40 3h i >
KRS S IIE G A GBI . 53 23S ZE4H b, FACE (free-air gas concentration enrichment ) 28 4t 75

http ://www. ecologica. cn



233 WEH  F: BB ESHRER TR K E R 6637

2R 584 A MRS K BN AT, WA U e A KRB I /NS BERAE E 7, R E T AL RS
BRI . EE XS FACE(SoyFACE) RHER F55 1 MESE TP RUKAR B ALE T IFR 1 4R 1R
X UTHIIE O 785 W o7 FIE 17 ) 22 24 BB RS , At 42 ISR ERAE T — BRIV BB TR A SCFE R
%M FACE WFSUi s i 2Lmll |, 45 & B T BT RR, 4538 T 38 [ SoyFACE BF5t I BATE K Bt & 45
P IR G5 R AR S A R R LA AR A B R A T A B BT ST R PR T 0, S E R T
HARRUE , H XTI AR RBFERIEHEAT T RE, B 7EHESI P B KRS/ /K 3 9 R4 FACE BF5" gE—
R
1 At ABSEIRE RGHN KM R AR BH?
L1 AR B Bt

2 1 JE O 5 TR X AR A B B/ VSR 2 7 A K B 3 (R S8R, ) , 49 A 4 (b ok
FZess) FdEAE YR R JRIE JGIR R ST X XU AT R4S . eSS B AR HFE RN R
H OTCs Jgf5i"'® , RA4§ OTCs TREF-SAMB RS A E , (BH NI EBERIFER T 5B ERRER . PU—i
TR AT BRIV P SRS 2 S OTCs S8, 3 A3 A G FR B B/ ( 25 23R R 75% ) L (H18
SEET 5 LA N, 25 PR EL 3 AR 4. 3°C M FI/K ISR AN 0.8 KPa, &H0S S84 Al S i A TR F
BEE, KEERREAZIIRG HR—BAR, EHNERMBHROT S ME TN E, XX ARE
F PR35 PR S0 T BB O, yRZma ™ o 40 <3 PO MR JB0 BT A 8 i fm , & o SFL B K, B3
O, SRR 5 AN 3 N BRI SR IR 25 S B I R U T RE S I BE (A b R8I H 5 K i3 ik, A R85
B TR A A O, Il (5 B 2 SRS R R M E) , ST K O, iRz ™
1.2 B/NiR TS A

SEREREF/NT 2 m, J/ NS [ &k — R FI R : (1) <2 a8 2 R  TEAR 23R
Korp QB (] BB X, G5 0 X TE R — R AR 2 f . TR SRR MR, KIS AR Y
Qb B MR AR AR 2B v DX BBl P, T K T B KA b B A EL SO0 7 o n R R B R SR AL R
WA A B Y SERRARRE , T B R R AR LB 5 (2) BB )2 R AR Y AR R A K
RS AR A A 5 A B ) L SR 2 5 [T B 7K ST B 38R A 1 0o R 25 Ak Gy i O AR 4R 3 K FE Bk S
TYEBIEIRE ; (3) K EBFFA BRI 2 7] To vk HEAT R USSR R PR BORE , 6 IR ORE A A B o S BUR TR 45
RAEFEE KBRS,
2 %£EKE FACE(SoyFACE) 2t T{EHy?

2 [E SoyFACE ZAth A 145 | ANESERTFRUNAR H A T3 O, % BEBTSEE & , L TR FIER KF)E
B A F M S B HR A S — R 32 hm® f + 4 _E (40°03” N,88°14” W) (& 1) , 2001 4E#R, 2002 FFHE#H1T 044k
H, FACE RZEH O, BEMUKYE Miglietta 255 J53k, BEAT O, 254038 49 FACE [l i1 4 AN HEZ N 20 m N
o RUPE (SR AL 280 m® ) 41> o 5 2 IR RI R 100 m DABHAS X5 Y, ket HR By ks
iy O ¥R , 4% % LB i FACE [Bl R B O, ¥k )% , i FACE Ab3 g STt BR R 15 SR rP B ARTB RN 043
BEPY R R BT AR EE £ 10 em db, R h SR AFENLK A 4 KER, B EEAE 1
AN} BRPEFN 1 4~ FACE [, 4% IPCC Bl f) 2050 4EHuBRITHJZ O, ¥k i , FACE 1B B Ay BESE B o L 24T 25
B O, W 23% 7, FACE B KT O, 403, B 24k G i R AL FIB TR A (B BAR FHR) =
AR T 0.2 m/s WHEE 1L O, TR AR 45 E M 1, 5 FACE B4 I &8 L/ SULREA 0408, FE i, N
TIREIFY B AR, i K FACE JB f) B 26 v BE 062500 N B — 1N BE 7 97K F- , {5 FACE [ O, b B i %) 1R
P 38 A ) B B SR R I T 50% o AR¥E 1 min P393 B, FACE I SZFR O, ¥ BETE 77 % T [a] o 8 76
EFRABE 10% IR T FE 2 I, 7E 93% FRRT ] P9 35050 7 B ARURIEE 20% HIRETE R 2 o 04 4b TR M K & #5750
17—20 d JEFF IR 2 A

FEMHR A A A RE KT 93BIS™ 5 H27 HE6 A 1 H#EFR, %% E RS 20 77 #, 17
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E1 fFEEFAEFRAFEEBAEIES KL SoyFACE
Fig. 1 SoyFACE plots of soybean was located at the University of Illinois, Urbana-Champaign, USA
B A V5 : hitp : // soyface. illinois. edu/

0.38 m, #254h % M7 KA $E . FACE X FE B FI T Ta% it 85 3% 20 Hk/m HEAT 18] 1 LA 49 B — 3o
Y69 BAEEVEY , AR KAE R AR H B 35 K SRR Z Rt /N2, B R G R R L 52 2 BEdlL
XA BT, N T FERH &4 T R O, %00 B FT fEtE. FACE BE/\ATE/KFEE M N 2 m )X H S op
X, P X AARFATRRERE , LR/ ME O B R G xR i .
3 k&ER

SEWREFH, RERKRE 0,403 T K T AT 8284k, (B4 & 1E A 3 sl B B 8 fm k. OTCs #F
FER, FHE O, KT R A & BB MO A AR (A,,) MR ARICER(V, .. ) WEE T, L
BRI IR K™ . Morgan £ Xt K B IAM R A T (3t 53 B A FATIER 83, 4 FHIHET O,
AbER) FBA, BEYREE 05 ( B 70 nL/L 245 ) (8 K GBI A, X T 20% (Rt iz A, O ¥ B/
F30 nl/L), WMi3EHE SoyFACE Xt EEMEIA M Fh5EH 92B15 T 524 BIF W B (Al E R ™Y, 555 0,
W BE AR L, FACE BRI Sl AT — Bt 8T B H B A S EI TC B E A, 038 A V., e KL TR H R
(o) SRR FEIER T AR (Do, ) ~PSIL IEIE B AR TR ( Py, s, 1) o PA K PSIT AL 25 B
FreB(Fv'/Fm’) . Bemacchi 2 k—3 W8 TiZ M0 0E S50 B AL (B RIER ) MFEF ksl
4L 3a M5E 4700 Z K K H FACE AR R HIE A R I 235 R A, Lo LB EE M, LRGRGE
I WP R LT RIE R B IR R R EE, SoyFACE i3 O3 EM 62 n/L(EXEREE) L
F+2 75 nL/L Biff A, FH TR 12% 24 (B3E) "™ . KERR A, RSB KT FACE XK, \TRE 5 E
SHEY) BARERIF RN B ERTA R BRI ERG M ENELBIIEM T EZ S T EH S 0, Al
T 56, Wi B il T 0, M o

RETTMEEEYS ™ R ETT R, O, X HEYOLA VR B0 F FEM F 58 B o, I 1
Pyt O, Wi i BBV . 36 FACE A0 1 L2 3R B 04k 92B15 RRAEFWIMBAM 12 51 A 7S
S KT R, B A R B S P FACE 2B A B (A Ve, s T Vs, T ) BT B
Wi 5 55 2 LA H 7SR IR 58 2RI — B S BISOR R, SRT— A AR R, O, R 3L A B 1) AU, LA
FETHA FACE M A B2 0 B, % JEM F A, B4R 7E T E SR 30% 2o a0 A K G I A F RO
BIMEILTE V., xS L L, HETE MR K TEH, B O, BB X I 1,5- BB R b/ i A 5
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(Rubisco) 114 B M K F XA EME 1,5- 82 (RuBP) FAE BB I 52T . X B VEW IBFSE 7R & B Rubisco
SERMEERERESZ 0,5 ERN A HE . FACE i KB T MRS 68/ FREAN, eIk a4 3%
(B Do, e ) INTBE TR B R IAERSS — MU E B, X — 4R B B O, RN UL R O, Jih 38 X S ik ot
EHYE R R EER TAOLEADL S RS RN ED . X FIA M A iR K iE S H
HE—HM FHEEZET R Mg e S, S AR EETREREAG R EA TR, A
A —EA T EZEHTE, £ KBEEET,0, RAESY #UtkEREZ S T, 23 0, WK EH
& 2 BN fn ( BPBEBS b TR R ) T EA S T R, X 5SREFMIBER 2R, Bk, 58 -4 AF, %
—4A M FEEERNE R ILFRZ O, MhE .

25 L FTiR ,FACE 544 F O, Xt K G A EAMZmH B/ N FRERERTHWER, FIIEEREK
B, SREGHR-BHRZ,FACE o3RG AKEIM A #O6E 5k R AL BE 7 i T B, X % 5 Rubisco
TEPERRRA K.

4 BELWN

YE et A KA i b A 47 B 22 1470 o B 2 3e 4k ) 3L T, et = i e T A8 S L 4 e i[RI 8 T ARl AR
BREBIOCREN L D RBL AT EAR. B, BA# O, Unfay 540 5 2 25 I 3% R A 25 R G XTHEHZ O,
T e B B

Morgan 2 3 S EHFFE R G A ES BN S TR, B 05( K% 70 nL/L) kB bR Ak BE
B CEHBHTRE( -20% ) ,HGERESE( - 14% ) MGHEARFT & 6l ( -32% ) B BE TR, Bk
HIBCE FTE AR IR B> T 5% F110% 5 [FET, SR EE O, KEM F RILFE TR T 17% , 52X i 78 1 3
KR 16% ; RGEWRE O, KRG A FEFMET 17% (B4 L8 B2 80, X 50 F- ISk ks
W -32% ) JEM( -29% ) MRS B ( - 15% ) BEFEHE 3. X—453F ik O,iha T K i
BE EE R H LA TS, MR KRR (EBRAR%) Z3ME.

SoyFACE BRI, Rk BE O, % e KM EARFE B0 (LAD) BB & m  (HARK G M F = e HE B
b S (BT AR SRR ) B BN T BR BB, ELJG 3 LAL J/b 5 B g AR F i 500
%, M LAl EASAE, FEEHAKE A LAL 25, FACE 34 2 (AIETR) LA ¥ T8, (HFE 5 3220
P, A KRB LAL B2 TR (REIRE 40% ) o B KM TEFRE, FACE K 25d )25 B B BT kE, B
WEE A4 B AR T REIE R K. AT, KA T AR FACE B K G5 )2 = BE AR AR A BE AR, AR K S A
FACE fiff LAI 5.3 T W, 7F 1 {1 o JE AR P BE AR AR ™ o Ol T i AR 4% B8 11 F WA 55—~ E1#% FACE F
FARAEHRE . 5 LAL R, FACE %f k5 HM AL (SLA) B4 ™ s G B . FACE {5k
Bt R SAL R E TR, SORLAR A T REIREE ( - 41% ) RFEREHI( - 19% ) ,BXT i IE R E< AL B %
AN B O, bha FTEob M H SILRE TR SSILBEERAT X 0, Ha T A< fLIFBEAE/NaT
SRR AR IR L XoF 40 30 BR 35 Joh 388 1 — b £ B Bl P LA Christ 257 f) FACE BFSE £ B, MW O, % K&
Spencer BRI BT )E I F iR KL B YAt SRR S B2 LB E R, {H 20d ZJ5 FACE M F I FERE MO M &
B RERT XM R, U8 O, Bk X B3/ N i IE B FPRLIE I 4 it Y B BRI

R4 SoyFACE 855 H & PR [7] —Hu s B K =2 B, an Bk bR 45 SR 4 2 XA SR AR B ot 5 B
F I O, T 5 2 S5 M MR AR AL 2 Il B K G AR 7= 1 ), E A B FARRRRE O, R TR b K E
AT,

5 MIRAEFMSER

0,1l FRENAHER T LR FBERKZEME . Morgan %1 %t 53 Mg sr BRI B A T
#:70 nL/L O, Kb3 (K T B FHTE Y TRET 38% , TREEE R TFHEAKSE, U 0, BZEXT
KEWGE AT HREOER AW R, X e A RSB S BN R IriE L : B E 0% & A KM
IV A S8 T0R W, XSO B i B K, X FF B 45 SERA 2 ma & v il an, O, B ZE X A R B i i ot
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AR B, (B LASOR A T MR R K (- 20% ) , 5 0 I8 LAT 4k 7R 349 76 A K I 30 e i Ak
K, X — 45 SR b BRI R G40 XS O, il i BB SR R % R R B AR B O, B METR BE R A A& 10
MAFEALE , F U O KT B3 3 F 8 TE Y T HIEE RBURS( -21% £4H) A& SR (-
17% ) MZEFFTE TR -13% ) IRMEWREE( -7% ) A%,

SoyFACE WF53 3 HA, B¥kBE O, F K G Hb b 38 A Wy B A ) G 4 7= 11 B T Wi 2 S B A 3 AR IR 7%
BEHTHAN, K H ZEAF DL O R RS T E AR R I A S R e i A S T RS
O, b BN & M H- i mi i BRUWE A % 5 3 KIIBES 82 Wi 10 b A K, 2 iR W b gl i B R, (2
HEFE A R AR R T A K PR R SR O A P R R T BEM R B, — R BE O, HE
B, R I O, X5 26 57 2 Th RE I F) 15 5@ 1 BSOS W N3 o V0 10 ve A 7 B o TR O B i 280
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