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FHE 35 L EEHE AN 23. 08% B3k B K P, CO, ¥k BE FH R 8 R 95 %5, 0 B8, 2L 4R &, R ) R 2R 3R A b 3 35 4 m
7.18% , " E{ 13 3G HN 26. 33% , B3k B FE B BE KT KRR COMEF R HERAGF ™ &2 F 30 30. 93% , 7= 2y in ¥
BRET CO,REFARRE T RERRIEBMERE, K COREFARNRKEEEHE L LA EREI L EIREARE,
PR Z ORI B RS BE KT KRR COEEFRMNRKEHWE N GMEFHE, 45i85%E SoyFACE MR RELR
—3(, 40 FACE R4t N KRG A Y& 7= B ERET B &, (HAR LR B8 SoyFACE 45 R 5 .

KR EKE; COMETR; FACE; SRARM; £WE; £K; &

XEH S :1000-0933(2009)09-4595-09 FRE4yFEE:Q142,0948,516,5314  CHKFRIRAD:A

Effects of free air CO, enrichment ( FACE) on growth and yield of summer

soybean

HAO Xing-Yu"?, LIN Er-Da>*, YANG Jin-Zhong">** , JU Hui’, MA Zhan-Yun’, HAN Xue’, WANG He-Ran’,
YANG Wan-Shen*

1 College of Agriculture ,Shanxi Agricultural University , Taigu 030801, China

2 Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences ,Beijing 100081, China

3 Qingdao Agricultural University , Qingdao 266109, China

4 the Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing 100081, China

Acta Ecologica Sinica 2009 ,29(9) .4595 ~ 4603.

Abstract; The Intergovernmental Panel on Climate Change projects that atmospheric [ CO, ] will reach 550ppm by 2050.
Elevation of [ CO,] will invariably influence soybean growth and yield. Recently soybean response to elevated [ CO, ] have
been mostly researched in chambers and enclosures. This is the first FACE( Free air CO, enrichment) study of soybean in
china, The CO, regimes investigated were ambient ( (389 £40) wmol -mol ') and FACE ( (550 +60) pmol -mol ™). This

is the second such study in the world after American SoyFACE. Results showed that the weight of leaf, stem, pop and the
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above-ground biomass increased with Elevation of [ CO, ], the mean above-ground biomass of two varieties in FACE
significantly increased by about 52.30% compared to these grown in ambient air at harvest. The leaf area of Zhonghuang35
increased with Elevation of [ CO, ], whereas leaf area of Zhonghuangl3 decreased. The specific leaf weight of two soybean
cultivars increased at the stage of filling pod in FACE, and significantly increased by 23.08% in Zhonghuang35. Plant
node number, branch number, and stem diameter were increased in FACE, the stem diameter of cultivars Zhonghuang35
and Zhonghuangl3 significantly increased by 7. 18% ,26. 33% respectively at harvest. Because of the increase in pod
number per plant and the mass of individual seeds, the average yield was increased by 30.93% in FACE. The average
harvest index wasn't significantly affected by elevated [ CO,]. Proportion allocation of leaf, stem and pod biomass to above-
ground over the growing season was also not significant. The effect of FACE on soybean significantly varied between two
soybean cultivars. Our main conclusion is consistent with the results of SoyFACE studies, such as the increase in yield and
biomass and the decrease in harvest index with elevated [ CO, ], but with larger effects than those found in the SoyFACE

studies.
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IPCC 74545 H B A 22 A BRCS CO, YR BEHS HL B AT EO MR BE B i 50% 1 o CO, W JE T ) T
R R ERE Y . IERIPTIE R CO, MBI CoyE =B P in 33% 1 . {HX EpF5E 1R
ZHEGETERPEIE #1719, IR 2 B TS % (open top chamber) , By T H 25 S0 BE IR BE PR ST S5
5 BARFMABRKMZESR , HREAF T E WM 2] 928 R SR E CO, IR R, RS A
RN TR R CO,ME R SE AR . A RS CO, B RS (free air CO, enrichment, FACE) )
Ty N IE T AR , X AP R G AT ATEA SR A /NS B G0 T AR $7 15 COLYREE, I AT DAR L R 8 1 £ b,
HEA LA /NIRRT BT . BT, & E¥E T LN FACE REXKAE . /NELS% CIEWHT THF
FE R E U E A A FACE RGN KE#4T T O . REZ:E WAIH FACE R /NE IKREHAT
THREN R EX R E PR FIRESRIF R Mprse™ ' . RER IR R IRE FE R HRHEY, R
REARFEMERFERZ —, BT CO,MEBIER, RKKEE COKREMARTI KEHAERK LT TR 4E
RFAVER , XA RE SRR KRG AEY & K=& . FIF FACE REIFE CO, Y& BEFH R X K 5 i B 5 4 i 3
TR NG AR 5T KA WE R, DIRFTREBUE AIER B & & il k22, AFR7EREE KA
Fi FACE RGEXAC T B R DA =T T AHRWESE, L T MR R R IE R T, KR COMBEA R E KR
AR KRR,

1 #R5H®%
1.1 SEE Aol

h E RO R F T B BT SE B B AL T AU T B P B RR (L4 40. 13°, R4 116.14°) , L EABEKITE
i, HEERmEmE L, BEFRL/NE-KEfE, LEAVE 17. 11g/kg, 2K 10.37g/kg, &F5 1. 12 g/
kg, 240 14.19 g/kg, TfRA & & 82.05mg/ kg, HAHE 49. 14mg/kg, HAEH 92. 10 mg/kg,pH {4 8. 28,

1.2 miniFACE 5236 R G M %

CO, SMARMEN R B B 15t ZAFRA CO, MR KB AR E R AT A R EE AR B R H F#
TR BIEAE, BB K& CORER T REH (B 1) , B> FACE BT #8ER 4m, i 8 MR B CO, Kbk
B B\, BIRCRE KB 1. 66m, iR SRNE S, BRE H BN —H A REZFLEZ 1lmm
AINSAL BORE B T BRI AR IR RIFEYEE LA RIS COYRE ARy #zs . Bh.omE
CO, SR INES , KT CO, YR BESE B SR P T 3522 Vaisala CO, & /R2% , FAT S MIEVE N ES 54545, REE S
FERTBEE A RS EET . ALRHH 6 1~ FACE B ,2 NRAE (FRBEARRS, B RS %E0N Co, M E) ,
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4 NI RS R (TCRE , T CO,RES ) o
1.3 RGef#EH

Ja T 45| FACE SCIG B vk BE , 25 58 X\ 1) X 2
WA (E 1) o ZE8A> FACE B A0 2. Sm & B AR
BT —2H W 5 X XU P % B R, 25 JE XUET, FACE
Pl ) 8 AR W] 1) BBl R CO, o A XU, AR XL
], XA B 3 AR RS T, B CO, Sk,
CO, fR IR F] CO, YR BEJ5 £ 4811, THEVUARSE
PID JyRR WSS 45 2R ] 0 U B BECE B
BRI TF 45 BELAT 5 CO, (I RERUR . M1 PACE R COMIERIRS
1.4 HESERT A:HL U5 Power supp1yF fg;. ﬁ;ar;;eni;t:f device, C:CO, Kl

1%@1‘7}7{%#57;3(2 A A BiEE N & NE _Tl& COyserer, Dy SIE Tom, R, and i secaor, Ey SN
5 COYRBEAMR IR, CO, HRBE((389 £40) pmol-mol =) (o direction, F: {4 Exhausting pipe, C: 3£ 4%
5 FACE( (550 £60) wmol -mol ' )2 47k, FACE Bl Tyansmission pipe
SEFEIN 6 A 28 SFF-5%] 10 A 7 S IRET 4558, & H
HASETE Y 6:30 ~ 18:30, KA A<, 2008 4F 6 H 20 HEFMEE KGR T H# 35 fih & 13 B~
T 35 BT W 102d, k& 78. Ocm, ARL 347 0.9 A, 8 13 EHEAF B 105 ~ 108d, #k & SO ~
T0cm, HRAMEL 3 ~5 1~ FIHEHEEE 1.4 Jikk -666. Tm M MR B H A N(11.8 kg-hm ™) FIfRA N (4.8
kg-hm ™) BIAKF, =R KRBT, FAHEN CO K ESHARAS, BIAH ] 5,3 KER, P,0(16.5
kg-hm™") 1 K,0(45 kg-hm ") {4 /NX AR , £FBUKIE
1.5 WENESHE
1.5.1 AEYEFIVEIRERIE

FEERGFZWETH(E 15 44d; 1838 th 8 35 A5 58d, 8 13 RHk)E 69d; SOk . #&
JG 85d) B/NX AR AT BIBCE B ERIAERR 5 ¥R, ARG HAVKAS , 2R /- HEHCH W 2 B S 4608 (BR &
TR R R R0 LR R 2R FERRIGRE , B 60°CHET 72h, FRE . 7ESCRIBIHEAT T ZhREM LU
HINE, LA 1 Sem BRMITILGIEBHREIECE 3 FOhRert EI54T 40 4~ 1. 5em HEREMAL, AEHT
2h FRE RN EARA FEE,

ke (& f5 109d) B/NX A S FPEL S0em HEEEFIAT , HEWUEEAT BRI, B I 5 BREFFTHF1, M RTE AR
WRESE TE. &E, BHERMEREARGIHHETI>,

TR B i SR MR R B T OGS A P R =R AT AR =AY (SHY - 150 2Y) Xf K G4 A&
(B AR eI R SR ) R L EIBCE 2.3 F o S TIN & , /N XE RS 5 #Ro
1.5.2 Sitsatihss:

DA Excel #EATHEEALBAEI RG], LA SAS Geit 4k {4547 CO, AL 38 () 343 #7 . FACE #1 CK “F-3¥{H
43500 6 4~ FACE &1 6 /%t HR ) F-391H
2 HRE5HW
2.1 CO,MEFRXH KR ZIESIEHR 00

CO, M EF RN E R TIBSIRAA —E M (K 1,38 2) : CO, M BE T+ = X B PR &5 B 32 i 8 A3 1B
FEIKE X E R, B EE 13 S A FACE b 3R B/, B0 A BB 5 R 115 3038 FACE
AbFE TR X R, B 35 MR 1.85% ~5. 11% , H A ORIAY i & = F iR B K F-. H i 13 5%k FACE
AEFREE NS FRIE R R 3. 77 % ~8.72% , SR AN MR /5 335 B B E 7K 5 CO, ¥ BE FH 5 % K 2 40 BBy 52w B
H i 35 {63 FACE bR HRAK 2. 82% 4b , Hoap 288 g3 hn , o3 35 H4iE°H 10. 52% ~58.97% , H gk
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BB R B R IR IR B 2K, B 13 IR 24. 92% ~76. 47% , Fo AR SE A FNSOR BASE I O 73. 61% |
76. 47% KB BE KT ; COMRBETHRAR S T RG22 35n, o 35 HIE R 3.63% ~19.93% ,H1# 13 31
H7.11% ~26.33% , Wi Fp B B2 EHAVAE T B E SR B E . 7T I, COEF =R
PER T E B RGN, 3% Se AR R 3 R K i B3R A, N P R IR R T T A

F1 CO,REFBEIHE 35 HAEHRHTIN
Table 1 Effect of elevated [ CO, ] on morphological traits in Zhonghuang 35

PN 43 i ik VIKs T EY:i|
Day after sowing(d) Treatment Height(cem) Node number Branch number Stem diameter( mm)

44 FACE 44.56 12.8 2.5 6.87
CK 44.79 12.6 2.2 6.63

Peo, 0.8993 0.4317 0.3596 0.4542
58 FACE 77.42 16.3 2.3 8.96
CK 73.51 15.9 2.4 7.85

Peo, 0.2055 0.5556 0. 8420 0.0366
85 FACE 77.66 16.5 3.4 10.76
CK 76.41 16.2 2.2 8.97

Peo, 0.7991 0.4935 0.0042 0.0114
109 FACE 79.73 17.1 2.1 9.87
CK 76.34 16.3 1.9 9.21

Peo, 0.3865 0.0455 0.5306 0.0465

£2 CO,REFBIHE 13 HAEHRHTIN
Table 2 Effect of elevated [ CO, ] on morphological traits in Zhonghuang 13

PN 43 i ik VIKs T EY:i|
Day after sowing(d) Treatment Height(cem) Node number Branch number Stem diameter( mm)
44 FACE 42.37 13.4 3.3 7.23

CK 42.47 13.6 2.6 6.75
Peo, 0.7707 0.6257 0.1282 0.1774
69 FACE 71.34 19.1 4.2 10.33
CK 68. 81 17.8 2.4 8.51
Peo, 0.3855 0.0599 0.0244 0.0442
85 FACE 73.16 19.4 3.3 11.32
CK 72.96 17.8 1.9 9.03
Peo, 0.9628 0.0127 0.0219 0.0032
109 FACE 70.39 18.3 2.9 10.83
CK 70.18 17.7 2.0 8.57
Pco, 0.9617 0.1570 0.1764 0.0015

COMREETHRX R EA R LT HM EARR SRR (K 3) . P 35 BIRCE 2.5 3 Jr ThREm i ARA
[FIZEF ] FACE KbBREEXT BRERA P ik i, IR IR BEN 7. 38% ~45.50% o T HH 8 13 BI%CHE 255 3 A ohaent
T AR BR A 5 A B3 (20 B R AESE ) ShRER 23 D FACE b 3R B %t FR g/, Bk /MR B2 1. 1% ~
17.74% o ZRTHIBTFEINA COMRBETH R T R & M- T AR 3 i, T R B CO, ¥k BETH Ry % K M T AR Y
SN A7 I . B o o ] 22 5

CO, ¥R BT R Xt R SO BI85 3 R DhBErt b B 45 R 3R B (181 2) - FACE AR BRAE K 5 bL i B A0 R
BET, FEE 35 34 Hn 23. 08% Fik BE /K-, HE 13 HN 17. 85% (HARK 2 B EIKF-
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®3 CO,REFBIAEHERAHMN

Table 3 Effects of elevated [ CO, ] on leaf area in soybean over the growing season(cm?)

o ~ 43 B FFAE T3 e GBI
EQTI‘ ;Z:}L T, m:tﬂ ; Branching Flowering Flowering and Poding Filling pod
uvar reatment 38(d) 45(d) poding 54(d) 67(d) 82(d)
Zhonghuang 35 B 2 B ohfent FACE 21.51 49.79 49.20 43.32 50.36
Reciprocal 2th CK 14.78 38.08 45.81 37.59 46.89
function leaf BN increase( % ) 45.50 30.75 7.42 15.26 7.38
BIBCE 3 Frhfgm: FACE 44.97 69.03 71.14 57.50 65.70
Reciprocal 3th CK 38.60 56.72 63.48 51.26 55.76
function leaf BN increase( % ) 16.50 21.69 12.08 12.19 17.83
Zhonghuang 13 B 2 B ohfent FACE 21.80 58.65 62.29 61.57 71.47
Reciprocal 2th CK 17.53 59.91 57.58 65.95 85.47
function leaf B increase( % ) 24.36 -2.09 8.19 -6.64 -16.38
BIBCE 3 Frhfgm: FACE 53.63 87.56 88.99 73.76 79.73
Reciprocal 3th CK 42.66 92.72 89.99 81.99 96.92
function leaf BN increase( % ) 25.69 -5.57 -1.11 -10.04 -17.74
2.2 COMBETHTN EA S B R AR T mrach
1= COMREEXT H 8 35 FIHh 88 13 PSR i Fh &% éo 8.00 |- ock
N — = 7.00
wHEVE K SAEYERAREER(E3) BN KRE g% 6o
SR TR AR (R 440) JESEI (R3S B2 0L
iBJG 58d, W 13 J9#%J5 69d) FACE FHext FR#5 G FiF 2 Swl
B, EARB5K B K, ORI (385 85d) Ak & '"0r
(#%)5 109d) FACE &4 M- F2 % R i 28 38, o Zhonghuang 35ﬂ' i Zhonghuang 13
i) ultivar
35 41 S I 61. 2% A1 90. 9% , th 3 13 4k 51 I
63.9% F156.2% , HiE 35 T EAAEE FFEL. B2 MR XK T BRI H TR R

ﬁ*ﬁ ] FACE &4 Fii Xt IR &5 28 —I%— , 4y 73'] B i Fig.2  Effect of elevated [ CO, ] on the weight of unit area leaf in
11. 6% \25.8% .64.2% KB -3 11 41.8% , 7E 4  flling pod
NEEH, P 13 22T E FACE &4 T HX AR
BER G IN, A3 BOAGR B B2 K7, e A F 38 3 1, 8 43 31K 20. 9% (58. 5% \73. 6% 80.5% .
FACE M F, i K2 MF EE & £ T HE BT e, 72 WK X 2] 8 357K 7, Wk 1 38 & 4 5103 i
27.45% \63.9% o AFAEF BB A S EE S B AR FACE 4 F ¥ Hod iR, (U 3 35 FFIEIARR
BEKT, A F AR B R B KT, 8 35 SORIIIE IR R Rk 62. 2% , T 13 ORI I =
3K 66.9% ,¥3KMR BEKT- . HE 35 WKk L E A B AE YR IEN 36. 6% ik Bk B EKE, B
TR G B BT E IR R 52.30% o X —ZERBH BB RS R &, £ E Soyface HFFT 45 R IR 1 n
17% ~18% """ | ik KIT TR AL RN 33% ~419% 7,

M COMEEFF BN AE M AREE TE S EHrEMENHOIRE, Kt R AR 8 F
Ko
2.3 COYRBEEFHR H KT =8 KHAM R FE R m

COVREF RS T RE=EMIER (& 4), 135 35 FACE b 3RH X B3 ™= 20. 42% , 3 13 1™
51.40% (HAR BB BEKE, Gt/ A A 8.3 0 S5 BRI BB R0 5 BAFR 43/ X B9 3 {6 [R]— b 3 AR TRl /N X =
BESBRIE . BARFFEE=30.93% K8 BEKF, COREAREHRTAEFRIERNFEREE
SEH T HMRFERMR R, T 13 B MERERSAR(KS) . BRI HIIRE 29. 87% 1 68. 14% , #Rik
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Fig. 3 Leaf, stem, pod and aboveground dry mass weight per plant over the growing season under current or elevated [ CO, ]

* FIRTEa=0.05 KFERBE, « * FRALa=0.01 KFBE(TFR) = means Significant (@ =0.05) and * # means significant (a =
0.01). The same below

B B EKF, Horp A 13 B B E K. MBEIERBOEIMAHE ., CO,REFAREHR T KEARENRR
L PSR B3R 4.61% 1 11.67% ,Hoh ip 8 13 3 T B E/KF . ZAHREMIFHASE LR R
CO W EFHR MR T =R 15.19% ~37% 17 i 32 [E Soyface BT 45 R AN ™= 15% ', g 13 1
72 R B R A OB S 0 0 , EL R R A R i — B9

W3k %k FACE AbBREE % BRI BRI (B 4) (B R B BE KT
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BFACE 0OCK
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4 CO,MRBETH X RS i IR TR BRI )
Fig. 4 Effects of elevated [ CO, ] on yield and harvest index in soybean

F4 CO,REFBINAEHRIER . N . EHNENZN
Table 4 Effect of elevated [ CO,] on pod number per plant, seed number per pod and 100 seeds weight in soybean

i ab3E BRIERL SRR HRE
Cultivar Treatment Pod number per plant Seed number per pod 100 seeds weight (g)

Zhonghuang 35 FACE 60.434 1.75 19.72
CK 46.534 1.8 18.85
BN increase( % ) 29.87 -2.78 4.62

Peo, 0.0489 0.7365 0.2657
Zhonghuang 13 FACE 40.42 1.43 29.35
CK 24.04 1.375 26.28
BN increase( % ) 68. 14 4.00 11.67

Peo, 0.0023 0.6123 0.0337

3 g

CO, RAEMHAT AR ERMEE R . AT URE R T RGBT ERNARS OIS, 8
CO, YK BE REMSAR M RRAE K, 4R 780 B AL AR A e & R, BB T IR R > B Bk
S, CO, YR BEHE IS K FA B A P= R M GE AR A . ABFFR G5 R RI, B f KR CO, R BEBE hnfie 2 T o 3%
35 DhREM: it AR AN (3% 3) , SOk b - EE B AR R (181 2) , BT DAL TR RO IR (B 3) . 13
BIRK IR T WD RE i T AR JR AR (58 3) , BORLY EUM Bt R B8 3R (181 2) , (5Ll 15 5 B AR
B IR (3R 2) AR i S B IR i (181 3) , G IR B B K. ARTRIBTFIN CO YR EETHE
SRy E AR R IR G SRR AR 2 5 0, CO, YR BE FH R e v 2 35 o AR T eh 213 i
BB o

COMR BT R R BE T R T8 /B 2R R i (3R 1,38 2) AR5 2 B 330, i R G 253 ik
RHIZEE Mo EER o BAEY R BN (E 2) . (HREE YRR, SORIE B IR TR (R 4) . Xdss
KRS 7= — A BT SEL B, G SR RE A4 ) B3k ) 1 1 1) 25 38 B R A 8 HL P40 FO B 7 250K B T B R gk
REHR R

EEHFLILTRE SoyFACE FIDFFE AR I A —3, 4 FACE RGN KEAYE = BAEN B .
{ELE BE5E SoyFACE FI45 SR , FLJR R 2 pht T il b 22 53t i B i 2 |l TR 77 NI A R R A i T — 2
BrFERite J35h, 26 SoyFACE fBF5T" ™" KB CO, ¥ BE T o A28k K S48 7= i JB R 2 1 T B0 bk SE 0 2 3%
PRI , 5 R T ELRITTLGRE I (R 4) : CO BT R FHARIEHA B, IR0 T4
AR, [P 13 BREVERS, 5 35 BREARAERIIEBEKF. TR, COWET R
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XK E = B R R A B S 2 5

REFH AL % FACE 404 F /KR =8 K= B SR 45 ) QTL( quantitative trait locus, 4
BRI ) BTN, AKX FACE Kb i i A7 7EAR R A2 R B 22 57t , A [R) 2 PR R A 7K R X CO, TR 2
THi RN &R 22 5, S KRR AR = 7 B B A T B 2 R R IB 53R COMEE AR, HENRE
TER LIRS = B B R R 7 X CO, YR BE WA R A7 A b P 22 5 LA R BTG R 5 R B 24 E BEFe 46
RAFEZ R R AT RER i TRl i bR E R A

AR5 5 —RAEH E HF FACE RGN B REHAT THIFE, UG T A LR T A fi RS COMET "X R
REEMBIBTT AR, BX AR 1a KK ER, B/ X X 22 HmERRZR, AFTS5RE—2

=
JC % o
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