r %

H29% B
2011 4E 3 J

Journal of Arid Meteorology

&

Vol.29 No. 1
March,2011

X EHS:1006 —7639(2011) -01 -0100 - 06

AltFTFEMFRUXEZRL/E FACE FEE T

Bt K

e ERE mad  EET

wEE L CEBR CAER B B

(L HEARR M T RARIIERT, Hiftd T2 R G G S %, PR gR TR U As
Ll B SIS HOR 22 73002052, 22 RSA TR L RO S H IR E AR A,

ZINREE HA

ZEM 73000053, H [E Al B AE B A PRIF S AT Rr R e UFSERT, Jbat

100081)

B E AR L AR TR XE A R AR FHEE S G 1 K FACE R4E(Free Air CO, En-
richment) , ]} CO, & BE (42 8 R I R 461 6, oy P U ) 22N T 5V U TS I AE i 1+ 5228
BB . %G o CO, UARMUNIRE B 5 RS MRS 3 KA AL, B A
HLIMZE R GRS 15 19 CO, W BEHEAT I i, R AT )2 0o B 1) CO, R JBE JRUTE) RG22 Ak
P CO, AR REIH BE K 5 17) , SC B FACE [l ) CO, & B2 o 4 LR COMRPBERE—H0fi . %15
BTERFF I FRARMLIX CO, W T i S A5 R SR 20 S5 B X R AR W A KO A A A 25
A AR R AR AR, b 2 X T AR R AN ] A A A SR AR AR e

REEIR :FACE( [ R CO, MR 4 ) - 13 s 454 s Pl s 2 T R MR AL IX

HE %S :S161.9

51 &

FACE( Free — Air CO, Enrichment, H f X5
CO, W) RGUEARTE A i KB CO, #k
J , RIAE T M T 2 P B CO, W2, FACE R 4¢
Je—MEHUARR CO, MY A A SR EE , R4 8 =
CO, WM E L 2R, th 42 B Ge Ly IR FACE &
WY CO, B2, 1 2 PR A7 78 1 T 0 B 105 Wk 2
B T FACE 183 A T Ao B 25 50, SUAAT LA E
H A, PR ZR 8 N P A O R TR R SR AR
T B ARSI . R — A BB SR T
AT CO, SRl , R R L T 5]
BN

H 20 fit2e 90 ALK, BRI F KA 30 4
FAKIFIE FACE BFFE ™, S0 fE 5 B R L
KA HASE 20 ZAHEZ MK, PIRERZ,
A 10 R, S ATES A BT R A 4 Je
W NAEIR A IX B FE XS G F B AR AR Rk A

WimBEHA:2010 - 11 - 16; 2 [E] HEF:2011 -01 -20

XERFRIRAD : A

Y ABTFRAEDE S A 2 10 58, th F B TEK
FiE INFZ ARAE R S EEAEYD , A A SR I B AR AE
kg, R N KR G 5T . A E R RAH 1/3
il T FACE 2%;, H: FACE J& 427 12 ~20 m;2/
3 {#iffl T Mini - FACE &%, H: FACE [ B2 75 1
~4 m,

2001 4F, pEFF2= B gt RS S H A TE
VLI TC 8 5L T K Fg—/ N #8F FACE 52558 &
G515 RAEAE E N T T RS A4 Y
FACE 244 3 A r LU CO, ¥RJEZ R FACE [E
3AEAXT R, 25 AN B BAR N 12 m, FACE
A CO, Y JIZ b T R PSP 155 200 ppm, K FACE
BN CO, ¥ 5 1 fi 22 45 il 41 80% 114 ) [] A /) T
109% , 2006 4 [ ol B2 Be 4R Mk BF 855 55 7] 17 22
KRG I 5K R S5 /R A K2 A, EAL R B
ST T E NS - AL R K CO, B RS
(Mini — FACE) ™% BB 44 4 m,FACE BN
CO, HFRHEE J 550 ppm, 80% 1IN 8] N 15 2% A 8

ELWB MR A M7k (RR) BHEL W (CYHY200806021 ) 7, HR 4 H AR Bl 0T H “ (0710RJZA08T) ™ K TR AR Bh2 b5
42 (1AM201019) , TG RITH (2007 - 15) L[ ¥T D)
EFER T RS (1977 - ), L, HRIRPR , BIBTTE 5, 7 i e, T2 NS AR L 5 ARk 2R 555 J5 T B9 . E — mail: zhaohonglt@ 126.

com ; hongzhlt@ yahoo. com. cn

100 Journal of Arid Meteorology, 2011,29(1) 100 - 105



5139

B A UL T R SRR X A 4R AF FACE V- B 4 101

1 10% o ZdHIX)E, SBE TR TR E A& /NEX
CO, WSS Ry iy 7 ) IR A 5T

A5, AR R 22N T R AR Al
T 2009 AR T FACE -5, RIENIRHITER
FACE R%¢, B1ERAWITE A R CO, WL
TS YL 52 5 IR A DA A 49 1) 52 i B HE L
R T S AL 2

1 FACE “F- &5 JIr et <15 35

2T BRI FACE P& 37 Hl 8 &
VTR 5SS, 2% L b i 4b ¥ 1
PG AR HOR A e T R R SRR X, A T
4 [ B A E R B e X ——H R v E Ak
Mp B FE X P, R B R 104°37'E 35°35'N, Bk
{51 896. 7 m, T 4] g LR ) B R e R I
B FE A A RO R SRR UG RR
Z AR R IR 2R Bk HAR R, A i
Tl , RGICEME . A HBBEECR 2 433 h, Hp
H HEI 7 200 h DL By H A 4.5.6.7.8 Fil 12
A HA ] 4y B BREHECEE 172 ~ 193 h Z 1] 5 457 3
Kid 6.7 C, HEHRE =0 CHFE R 2 998.3
C, HEHSIE =10 CHFIE N 2 360.5 C; Z4E
(1971 ~2000 4F ) 4 - H R 7K £ 386. 0 mm, [k &
BUETES ~ 10 J, fAEREK T 1Y 86. 9% ;T3 T
FET 140 d, X 4 g JE PR A0 A SRR R FRAE
HA 2R &,

2 FACE &40 ahH)

FACE RZIXET- 5 i CO, TR e B | 1%
il R G ARG 3 K df (& 1) , B FACE
1 Pl | X AR A K1) KU A AR B A3 A
FACE & 3 RS (xR . FACE [ FR <8
AR N 4 m,

BECO: || mmE
: BC02 g | WA
CcO ﬁ% = f B1E

el o [ MAE

Kl 1 FACE R4 G4 EIE
Fig. 1 The structure sketch map of the FACE

2.1 CO, SfFEHMEE

BB 2 FiR

(1) AR 808 10 m* (9 CO, ARGE A7 HE 1
O

(2) K AL 1 & W A7 0 i e R A

CO, KA, T Ak A8 T ik R <A
HEHL

(3) PR 51 £ BN FIRR R 1R,
PR S SA I HOR IR RY CO, Sk,

() FAEE: £, 1 AAEEM3 A0
TE T

K2 FACE SR (A AR T )
Fig.2 The CO, supply equipments of FACE, including store tank, gasification and pressure reducing valve

Journal of Arid Meteorology, 2011,29(1) :100 - 105 101



102 + 2

A
e

29 %

2.2 #EHRE
(DFERRGA S WA (& 3) , HAAR T

—_— 8 J7 AL
/
/ mmawa@g\
o E AT
Y

|

Q
RN

FACE & . I
TR i

AR IR

IR SRl Ay ERS R
B3 Pl R G Fig.5 One side of control box
Fig.3 The constitute of control system in FACE

A, LA FACE (A FHITHEAL 1
B

B. HLUEAR : B> FACE BIRCA AR 1 4, 42
HEHLYE 5

C. #=Hl5E (B 4) : 54> FACE R BCA #5646 1
A FEUCSR A 2 T TR X, — M S AR A
FIRGE(ES), n—MEiE R (E 6), i
FRAE | IRV R U/ T s A I IR, il
TR FI DI BE LR 6.4

HL A o 0 22 25 A 7 A B LCD (g m Bt (&
) VA ol F A s o A R R R B AR O L H VR LA

T SRR BB S WP -
s B L HL CO, F1 XU X [7] B, &1t H AL P Fig.6  The other side of control box

Je 308 2ok A RS R A A 7 P P S B W 48R A

____} _________
€S 50% |

StatusBarl

Bl 7 il LCD &R B
B4 =filsE Fig.7 Touch LED display screen
Fig.4 The control box of FACE

102 Journal of Arid Meteorology, 2011,29(1) 100 - 105



5139

B A UL T R SRR X A 4R AF FACE V- B 4 103

I A AR ARG 0 R ) AR — PN e
CO, ST AMACRFELE TR CRAET =T
SRAF G R 1 L CO, AR I 1w 42 1) P A 1R 4
TR R A, R e a5

N TR RGN TAE W5, 58 N 2 1R R
il A3 XUXUR 2460 A P 3 3k 81— YR BE s, SR
Sif 1 3 XU A TV

D. CO, KL/ R4 1 &, 752 Visala /A #]
1) GMP343 CO, f&)&28 1 4, 43 B & F FACE R
E L ALE

E. Ui KO 5 i : 1 &, b T 45| FACE [
PR CO, We B, 1 Je 20 2% B8 Ry R XU . #E7
FACE PEH 0 2.5 mo 5 AR ZE 3 — 410 5 KU
JRUT ) A% SR, 24 KGR AR /N ek T XU, FACE & 11 8
FRBCAE LA 31 [ B R 240 2 4 Rl B i T
L5 224 KU A A, MR XU, b XUAR A 3 AR A
TFik, Bl CO, <M,

(2) RG TAE)EH

TR I COy A I ASC 2o <44 A 0 45 DA
FACE P& N RAESAARIEAT CO, VR BE MRS, AR
TUE [ CO, Y B 15 (A T 45 i 2 1 3153, SR
B R RO B 5 B 3 24 sk s> Co, KAk
Remcat , (B N 1 CO, MR PREEFE TR I KT
2.3 BHES

A TE : B FACE [ (| 8), 3k 3 4>, F A
FACE J&J&— X1 4 m (1 8 MBS CO, < iA
B LR IE N E, REAR U (B 9) )R K EZ
N7 m WOREEANAE RS T T N — T B
100 mm A FLAZEZ1 0.5 mm [1/NLCRFTEOEITEL)
O B e B T BV A K o BE TR VR )2
7530 ~40 em &b, IRUEFEYIEZ 1A R0 =
CO, W FE RS MARY Has ], BNA 14~ CO, Skl

P8 ANEE A R R

Fig.8 The stainless steel pipe enclose into a circle

Ko HREE
Fig.9 The stainless steel pipe from which

CO, gas release into the air

M R CO, TARHERH R G HTIE A CO, HRE
oA

3 HBySHE

FIH FACE iIX50-F & , 762F T Rl IR0k XIF
JEETHTEIAGS, LAY AR /N B oK
LAY TR R, 3l i i FACE N 1Y CO,
WHE 4T CO, W TR X ARV E M A Kad e AR B
AL R R O AR RN ST, AR CO,
YR RE XM 1) A A S LA LA B i 7 5 B
Wi MU R SR A T TR R VR A K ™
CO, & BEIE T ety 7 S FCATL B, 308 3o 000 5 i 15
RE O s g U R TR AU, LA IR 0L 45 5 1Y
EEE o T35 AR X AL A B 3 B — A
52 2 s AR R A L T S DAL
PEAT KSR R R A B KR,
DAy DX I AR SR AN [) A A A 17 S B (I R 2 A
L/

S Lk

[1] Ainsworth E A, Long S P. What we have learned from 15 years of
free — air CO, enrichment (FACE) ? A meta — analytic review of the
responses of photosynthesis, canopy properties and plant production
to rising CO, [ J]. New Philologist, 2005 (165) ;351 —-372.

[2] Ainsworth E A, Leakey A D B, Ort D R, et al. FACE - ing the
facts: Inconsistencies and interdependence among field, chamber
and modeling studies of elevated [ CO, ] impacts on crop yield and
food supply[ J]. New Phytologist, 2008 (179) :5 -9.

[3] Conley M M, Kimball B A, Brooks T J, et al. CO, enrichment in-

creases water — use efficiency in sorghum [ J]. New Phytologist,

Journal of Arid Meteorology, 2011,29(1) :100 - 105 103



104 + 2

& % 29 %

2001 (151) :407 —412.

[4] Drake B G, Gonzfflez — Meler M A, Long S P. More efficient

[l

plants,a consequence of rising atmospheric corbon dioxide[ J]. An-
nu Rev Plant Physiol Plant Mol Biol. , 1997 (48) :609 —639.
[5

[—

Fuhrer J. Agro — ecosystem responses to combination of elevated
CO,, ozone, and global climate change[J]. Agriculture Ecosys-
tems & environment, 2003,97 .1 -20.

[6] Hymus G. J, Baker N R, Long S P. Growth in elevated CO, can

[

both decrease and increase photochemistry and photoinhibition of
photosynthesis in a predictable manner. Dactylis glomerata grown in
two levels of nitrogen nutrition[ J]. Plant Physiology, 2001 (127) .
1204 - 1211.

—
~
[

Indermiihle A, Stocker T F, Joos F A, et al. Holocene carbon — cy-
cle dynamics based on CO, trapped in ice at Taylor Dome, Antarcti-

ca[ J]. Nature, 1999(398) :121 - 126.

—
oo
[

Isopp H, Frehner M, Long S P, et al. Sucrose — phosphate synthase
responds differently to source — sink relations and to photosynthetic
rates : Lolium perenne L. growing at elevated CO, in the field[ J].
Plant, Cell & Environment, 2000(23) :597 —607.

[9] Kimball B. A., Pinter J. P. J. ,

[

Garcia R. L. , et al. Productivity
and water use of wheat under free — air CO, enrichment. Global
Change Biology, 1995,1:429 —442.

[10] Kimball B A, Kobayashi K, Bindi M. Responses of agricultural
crops to free — air CO, enrichment[ J]. Advances in Agronomy,
2002(77) :293 -368.

[11] Leakey A D B, Ainsworth E A, Bernacchi C J, et al. Elevated
CO, Effects on Plant Carbon, Nitrogen and Water Relations: Six
Important Lessons From FACE[ J]. Journal of Experimental Bota-
ny, 2009,60(10) ;2859 —-2876.

[12] Leakey A D B, Fangxiu Xu, Kelly M. et al. Genomic basis for
stimulated respiration by plants growing under elevated carbon diox-
ide[ J]. Proc Natl Acad Sci USA, 2009,106(9) :3597 -3602.

[13] Long S P, Ainsworth E A, Leakey A D B, et al. Food for thought ;
lower expected crop yield stimulation with rising CO, concentrations
[J]. Science, 2006(312) :1918 - 1921.

[14] Long S P, Ainsworth E A, Bernacchi C J, et al. Long term respon-
ses of photosynthesis and stomata to elevated [ CO, ] in managed
systems[ A ]. In: Managed ecosystems and CO,: Case studies,
processes and perspectives[ C]. Nosberger J, Long S P. editors.
Heidelberg, Germany: Springer, 2006.253 —270.

104 Journal of Arid Meteorology, 2011,29(1) 100 - 105

[15] Long S P, Ainsworth E A, Rogers O D R. Rising atmospheric car-
bon dioxide: plants FACE the future[ J]. Annu Rev Plant Biol,
2004(55) :591 - 628.

[16] Norby R J, Sholtis J D, Gunderson C A, et al. Leaf dynamics of a
deciduous forest canopy: no response to elevated CO, [ J]. Oecolo-
gia, 2003 (36) :574 -584.

[17] Peng S, Huang J, Sheehy J E, et al. Rice yields decline with
higher night temperature from global warming[ J]. P Natl Acad Sci
USA, 2004 (101) :9971 -9975.

[ 18] Poorter H. Inter — specific variation in the growth response of plants
to an elevated ambient CO, concentration[ J]. Vegetation, 1993
(104) .77 -97.

[19] Tubiello F N, Ewert F. Simulating the effects of elevated CO, on
crops: approaches and applications for climate change[J]. Eur J
Agron, 2002 (18) :57 -74.

[20] Tubiello F N, Amthor J A, Boote K, et al. Crop response to ele-
vated CO, and world food supply[ J]. Eur J Agron, 2007 (26) :
215 -223.

[21] Wall G. W. Elevated atmospheric CO, alleviates drought stress in
wheat. Agriculture[ J]. Ecosystems and Environment, 2001(87) :
261 -271.

[22] 2, 2R, F8, 5% 23K FACE SRyt RS R[]
AL FSE ,2007,20(5) ;1 6.

(23] XM, 655, R, 5 *ﬁi’i’%’ﬁ FACE RGFH 1. RG4S
S5 L] R A 5244, 2002,13(10) 253 - 1258.

(241 BISZH, B o, W0 T, A5 AR A B e JBE 1 1 oV 900 5 v 1
R (FACE) B TS 1538 [ ] H ol R 2 24z, 2008,
13(3) .23 -28.

[25] #F , MRk, 27X, ZF. FACE( FreeAir Carbon dioxide Enrich-
ment) RGEMZEH SR [ A]. P IEAR %2 2007 AR
HE[C]. M ,2007.

[26] ZHHt. AKX AR M SR — e iR ()] T R4,
1992(3) .16 -20.

[27] Bt *’*%ﬁ‘iﬂ?rf““ﬂﬂXTWF%D%{?‘EI’JE/"@[JJ- (R
%,1992(1) .1 -7.

[28] ?%ﬁ,?{@%,fﬂﬂﬁ,%-’TJ@’Q%XT@%?&%H‘J%“EU]- T5
K%,2009,27(4) :367 -372.

[29] 5”&9% SRAEAS, TR, 45 AL X AR AT sh s Kot 5

M ], T 54,2010,28(1) .1 -7



%1 B A UL T R IR AR KB R 44 FACE V- & i/ 105

Introduction of Potato — wheat Rotation FACE Platform at IAM, CMA
ZHAO Hong"*, ZHANG Qiang', LI Yaohui', QING Jizu',
WANG Runyuan', YANG Qiguo', WANG Heling' , TONG Chengfen®, WEI Qiang’
(1. Key Laboratory of Arid Climatic Change and Reducing Disaster of Gansu Province, Key Open Laboratory of Arid
Climate Change and Disaster Reduction of CMA, Institute of Arid Meteorology, China Meteorological Administration ,

Lanzhou 730020, China;2. MOE Key Laboratory of Arid and Grassland Ecology, Lanzhou University, Lanzhou 730000,
China;3. Institute of Environment and Sustainable Development in Agriculture, CAAS, Beijing 100081, China)

Abstract: A Free Air CO, Enrichment ( FACE) System for potato and spring wheat rotation was established in the semi — arid rainfed
area of Loess Plateau in northwest China. It is composed by CO, gas supply device, control equipment and gas release equipment. Ele-
vated CO, concentration was controlled above ambient by computer system platform according to ambient CO, concentration variation,
wind direction, wind speed, canopy height and daylight changing etc. The platform aimed at the studies such as the impact of elevated
CO, concentration or coincidence with temperature, water and nutrition, etc. on growth, ecophysiological characteristics, biomass and
yield of crops, which can provide some science basis for adaptation the different climate change scene in local area.

Key words: free air CO, enrichment (FACE) ; potato and wheat rotation; platform structure; control; semi — arid rainfed area
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