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IR COy,, RIMEYIM GRS E. AVEHERE
K, RERFHEKZRTEAME], HEAEKWZENH
Wrm©T, EFEEGTREEE, RR. &3, £
AN, P E RN, AT R BT,
FE] 273 SR FH SR B SO A F R e, R E AR Br £
B CO, IBE—EIRE G 2 MEIRIEDI AR, XHE
iR e A FRE . ZEMLL EHEE. BREERE. AW
B4 71 P A AU S, R R K CO, MHRIREG &
Bl 500 g/(m?-d)JHJR I & BRI 4E HBLA HE R DAEJR,
2 000 g/(m*d)ittR 3 F T RKGFEMY . CO, 2 EE A,
5K s A5 SEERRRI . SR, EYIm RN
HAF CO, it T B IR B R AL AN 2
I, B A CO, MEFR I, 2 13 B R PE I E %) CO,
RS P00 N e s, IR BT e A I8 R R ALK B 7
CO, MR T B AR 52 M 5 /M S5 1] LTS 7 22T g K &=
HIEFT

=M Corifolium hybridum L.) & —Fh BB L5 SR
Wor, R EERMTT R, ik iz, &R,
EE KA pH M NI N 4.5, BA R I P10,
ASCE I AR B I B A7 CO, MR TEHh R 15
AR, PHEAFE CO, SR =R A KK B IERK
VS, ISR R BE 1 BR IAVE Y T B A CO, i
TRIE B PR 18 EA BT (& B RE T, AR A EAE CO,
TMEIRG DX 3k Y R s S2 B . R ZE MU AT CO, MR R
BRI E «
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1 FESMH

1.1 RiEiaih

R AIE AR P R LR BT ZE PR R 36
(116°03'37"E, 40°32'37"N) , P4k 534 m, J& Kk
PEFERAE, RiRwSHES . P TRSREE0EE
i, ZHETFYEKEN 4233 mm, BFKETT 6~8 H,
PRSI 8.5°C, AN 161 do T3EEUH MM H
1R 25 0~20 cm 48 1, FREL 162 kg 20 BN & A
WEE. RS, 1SRN 50 em. XIS HT 148 pH
158 7.06, L3RR yhEL, FIERE N 1.30 gem?,
TIRRFE K 22.67% . I 2012-04-26 — I E 5 Ff
FFh, 2012-05-20 SZjE CO, AL, 2012-06-24 ]

Ball valve

CO, <M

JNE, 2012-07-31 W3k, R ILTHHEAT T 97 do K
AT 422 22 M B0 B, 2012-04-20 DLBERR =4 B & IE N
JEAE, 2012-06-06 i JR %, WIS AR L 34T T 6 IR
F L.
1.2 R

RIS KA L AR 303 COo, abF 52, PLE E#
THEMERIEAE CO, M A TR & 375 (E
D . ZPEEERFRET ARG CO, FHHIR S E
I TE SR 2R 0 RN B A0 A M A, e g ) — ZHAH EL
SEI AR AR RS, NTE#H CO, SARMARRER
AIE B IR EORE R, B CO, MR EIAHE
A FIE o

AR
Gas duct

RIS

Gas shunt

CO, gas bottle

BH Rk
Sampling cylinder

-3¢ Soil chamber

43 ki i Permeable separator
5% Gas chamber

k46 %5 2 Experimental pots
0 500/g-(m*-d)*

1000/g-(m*d)"

AT
D! Gas meter
HEK IR

2000/g:(m?-dy* Drain valve

1500/g-(m?-d)’!

a. CO, B HCR Bon s K

a. Schematic diagram of CO; release device

b. CO, #ZHll R B M
b. Field map of CO, release device

B 1 A CO, iRk & Haki
Fig.1 Platform for CO, leakage simulation by using potting experiment

1.2.1 CO,#EHRBHEER

CO, IR B B F E R AR A . AU E T
FRIF . SRR D TRASA CO, SRS/ k. Horh,
FIEEFEK BN 50 cm, HFLARE 0.5 cm IESMES B
B EE R EYAE K EE (5 80 cm) AN SIREIN
CO, SR RZE (720 ecm) o 43K FXUZ Je e 2bAn 7
a5, (EARFG SRR b T 77 10 om b2l U,
R T 2K

1.2.2 COMimAL L E

FRAE SCHR A AT IAR IG5 2 000 g/(m?d)FITEDDI =%
R PROSIISI 8 5 i CO, WHRALTE, 5 1 AN LR
FINT FRAL AN 4 AMHtJRALEE, 3 CO i ENBE/ENE &
H R AL AR RR, BD: CK, G500 (500 g/(m*-d)) ,
G1000 (1 000 g/(m*d)) , G1500 (1 500 g/(m*d)) , G2000
(2000 g/(m*d)) - BRI 3 IRER,

MAAFIEE CO, AL 752 Toillkiie o I b2
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FKREHSE: BHAF CO, MR FXT = A K AR 199

AESAEGE, Rl CO,y: 4 Mt BT 1 CO,
SRR T 4 B, 3 E 3 mm AN AR T
AR R F AR, Sl SRR A 4
2 H AR RIS RAS AW ST @ N CO, AbFEE . i 1
BRI KN 055 6 5 A I T AT N R A R AR R
MR CO, SR EEMIFER ETEEMN, B: CK (0) ,
G500 (44 mL/min) , G1000 (88 mL/min) , G1500
(132 mL/min) , G2000 (176 mL/min) . CO, {F N &
FEN#R 2 [a] A

F=vpls QD)
A FAHCOENEE, g/(m*d); v N COJENHER,
mL/min; p N E T CO, %, L4 1.977 g/L; s N
BB AL, 2958 0.25 m?,
1.3 IBWRMER A

T3 pH E. BTHEHLEEE N 50 cm, WK+
HUEYIRE 23843 10~25 cm LJ2HH48, LT CO,
TR X 7 R AE AR AR -3 pH (RIS 2R A 5
RECEREZ) 200 g, HUREREIN 15d. B AR LIRS,
5, WFEE Sk UG 830 A1 150 um HITH T, $E N 48
16 30 H B bR} 2 B A Mk A B B AT R SR R AT ST T Bt
TR OBHTIE, pH i1 (ATC-124) JlE & M+
3 pH {H I 52 7% LY/T1239-1999,

148 COy0, IR . FAFRIFFEN S EEIA 2 R+
BEAARREE (K25 40 F1 60 cm, NAEIN 2 cm)
Iy SR T EEFRBERE o0y 15 om HOXT LRI . FEAS 105
SARRENR IR B, TR 10 em FEE R15%5)
BiEA%R 0.5 om BSAL, fESARRRE MEESME T8 H i
PEEE N R, 2 M ASARIRE 0
R 20 F1 40 cm Ab, TIESAAERE TR 1 N/ SRR
I, EREER 1 S0 PGM-54 &3 0,/CO, Sk
WA (RAE A7, £E), ANEHRLT 10~20. 30~40 cm
P JZE T3 O, F1 CO, IMRFE 2L, MR N RE 3 d I
1.

= ERRE . RKSAE. REREFRE 5 )k
e, BN RRE A KSR 2T 1 10 PR =B &
B 3 NRRESAR P IEAE N A B bk . 3B &5 AR
(2012-07-31) , ¥ =mrEIERM LR, EEEA
FRE A KABI SN 10 k=m0, B3 AN AE
SEMEME N AR PR K . ZERIGIH P A A E], SR HE
TESREUE YL 3R Fth 3 Tl 2. 108 CHET
30 min BT AT, 75 CHUE EE R R,

SRR RV 7. AEPAR I AE KR BRI J1 K B
BERME FRIR A E Y 77 o E = B 13 L 42 3
EEGE R REDIR R R R 6 7. S = 2RI D A e
(2,3,5-Triphenyltetrazolium Chloride, TTC) s&FrifESA L
HLA N 80mV HIE IR R (3R, T /K H BOA TG B
{EA 5 B AR B 20 0 i AN K I = 2K B, AR il =
KB E, Ao SR A A siEN, BTbl TTC
BTz PR BRI A2 iR, AR & b B AU T 5
) TTC B, IFMAIRHIEE, EHRER, FRR

BEN KSR, WA R, MR, TTC EJR 2R
Feo It S v P TR NAR R IE 1 i Fe b, BHCARAL
KEAEY)E S S R TTC B JEIESHT/E YR R 35
3 E o

S EUE IR o AR P R RVE IR ) R T AR
TRARICEE, MEA. M4, K. SR 2
MO I E S Ry . =0 R AR IR B T
WERMREBRA R (bR % Ukl o b K bk i A
WEAD e, BT RS T%; 1SO5983—1979 (3]
YRR AR e A A (S R ED 5 kb
e 5E 774 GB/t 6433—1994; BRTELE (ADE) ; 5
IR KA s TR IR e e (AAS VD .
1.4 BIBRABRSTEE

T I PR R R = AR R M SRR R
R IR BRI T A A AR DA I pH . g
COy/O, WRJESE LI EFRAR, X HUAS ARG Ab 22 2 7] %45
PRIZE S, VPl =R EAE CO, TR R RRFAE .
BE AL KA B Microsoft Excel 2010 #4E1E47, 51
B AN e (K 8085  FI ] SPSS18.0 Ak sk AT 8 s g it o0 #h
BT 95%88 99%. £ HAH 5 LU 0 3 MEAG 56 K A
LSD (least significant difference) -

2GRS0

2.1 FiEpH{E

RG] & CO, MR ALFE T +3E pH EH i sh A K, 3
VLN 6.80~7.04, CO, MtiAbHE 43 pH [
PR, AUAE G2000 4bFE R 3% pH {45 CK 4 & % 7
(P<0.05) , HANGEE FAFERESEZESR (P>0.05) (R 1D .

R 1 FE CO,itmALIE T 13 pH EAYIIEELE
Table 1 Comparison of soil pH value in the potting under
different CO, leakage treatments

pisii pH &
Treatment pH value
CK 7.04+0.09 a
G500 6.90+0.12 a
G1000 7.02+0.04 a
G1500 7.04+0.11 a
G2000 6.80+£0.12 b

e FSIE T ERORTE R EEE R (P>0.05), BMZEREE (P<0.05),

CK, G500, G1000, G1500 F1 G2000 437/ 9iE N\ CO, 0, 500, 1 000, 1500
#2000 g/(m*-d), T

Note: The same column data marked same letters indicate no significant difference
(P>0.05), otherwise, have significant difference (P<0.05). CK, G500, G1000,
G1500, and G2000 represent CO, flux 0, 500, 1 000, 1 500, and 2 000 g/(mz-d), the
same below.

2.2 1% C0./0.KE

PR CK H' 30~40 cm F1 10~20 cm /2, CO, 7KFH
I BAEATERE > BN 0.97%~2.27%K1 0.40%~1.50%.
PGM-54 553 0,/CO, AR MY CO, s il i il 2 0~
50 000 ppm, 1 CO, iitifgAbEE f5 24h P -t 15 = T 30~
40cm 1 10~20cm )2 CO, 1&F 43 Hthy i -7t 3
50 000 ppm LA E. Rk, AR IE O, i F Bk A4E
A A AR ALY, S I CK AR FR A 3% 30~40 cm Al
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10~20 cm )2 O, RFBIEL LR 2, 0 HITE 19.6%F1
20.0%/45 47 Hli shig FEAE£3% LA . 5 A 20 HIF4RIE CO,
SRG, & CO, MR IE 5 K 30~40 cm 121 10~20 cm
T2 O, A RIE N %, HEEE CO @ mrsgim,
TAER O, R AR RRIR SR, 6 22 HAT7 H 10
HAl a8, 1% 30~40 cm 21 10~20 em )2 O,
PR EIITE G2000 Ab3E T L “IRB” , B BN
2.7%F 6.7% (B 2) .

25

——CK -=—G500 —=—G1000—G1500-G2000
ﬁ§ 20
%5
B 15t
=i
P
=-£ 10}
s L
g f
15 st
o
S A r s S s o0
S, 0 WV VN NN N Y
GG GGG EE EE EE DL
H (H-H) Data (month-day)
a.30~40 cm
25
%é’ 20
’/\hg 11
B 15
g4
<y
55 10
S 2
12 s
o

\b’\:‘”\?’

0 " L " "
A IAY \'9”\')'@“
& g; SIS ga Qb Qb CPIANAS

1 CH-H) Data (month day)
b. 10~20 cm

#E: CK, G500, G1000, G1500 F1 G2000 43 H14i# N CO,0, 500, 1 000, 1 500
12000 g/(m*d), FIA.

Note: CK, G500, G1000, G1500, and G2000 represent CO, flux 0, 500, 1 000,
1500, and 2 000 g/(m*-d), the same below.

A2 T 30~40cm A= 10~ 20 cm £ & O, i RAZ 89 AL
Fig.2 Soil O, concentration changes of 30-40 cm and 10-20 cm
layers in potting experiment

2.3 =MEHES. RKS5EY=

K3 AL, BEE CO, MR E Rk, =Rk
B P&, =Rk ES CO, lEE REN
ke (R*=0.9643, n=12) ; G1500 HI G2000 Ab¥H AR
RWELR (P<0.05) , RAEKZBFAH M. @S5G
34 d #HATNIE], G500 JES AL T = EF 2 CK B
HRIMEAHE (P>0.05) , G1000 A Fi# S AbFE = 51
TEA PR, Hrb G2000 15T D
HBEE (P<0.05) , BEFTAGIEFRBIME. ES)5
70 d SR =MBE, KB G500 155 R =B T
A2, ﬂ?%$ﬁ$%CK%%#wﬁmormTz
I 0 5 U R L e R = e A O Q% S
GM%%M&%O%E?,:WE%L%%%%T%%$
R FEE R, H B AR AR R A B R E PR KCP
(P>0.05) .

25 ——CK - G500 -o-G1000 - G1500-0-G2000

Height/cm
— [ )
W (=)

=
S

73

0
05-24 05-28 06-05 06-15 06-23
H# (H-H) Data (month-day)
a. M
a. Height
60
gsof @
L2
£ 40t
5
— 30
[}
& 20l
K b b
0} ’—]—‘
0 . .

1000 1500 2000
CO,E &
CO ﬂux/(g (m*d)")

b. R
b. Root length

@ N T Cradled dry biomass
80 - ki I ;.:T }' 4_ iHarvested below-ground dry biomass
2 BISGR L R T5 f:Harvested under-ground dry biomass

0 500 1000 1500
CO,EE
CO,flux/(g:(m*d)")

c. KIFIN s b BT8 . WORmH BT BRSOk T m

c. Cradled dry biomass, under- and below-ground harvested biomass

i ANFETFRERORE— iR & A B 0] 22 R B2 (P<0.05) .
Note: The different letters among treatments indicate significant difference
(P<0.05).

B3 RF CO,#hHEHT et k. RK. X Z 03 L
Eg\&ﬁﬁ%iﬁ%ﬁg\&ﬁN%Tﬂ%ﬁg%x%
Fig.3 Plant height, root length, cradled dry biomass, under- and
below-ground harvested biomass under different CO, leakage
treatments

2.4 ZMERREN

WK I SR 48 = it BEAR R 2T IR R W& R, G500
1 G1000 ZbF T, —MERR TTC hE & Z, WA
JIHASE, T G1500 A1 G2000 4bFE R, =mER &R TTC i
JREED, ARG AT =R RS S E R,
ATREE T G1500 1 G2000 4bEE R, il & CO, itig
B = BAR BB R, PR RIP, i AR F % K 4 A
T IEFR S EUCRE S R B SAh, X =B R4 A
R A B R T A A R IR, CO, TS St N =
HWNE DA REA TRES, =R R, £
THEFEREME. 2R 10 CK RARK, HEMRK
H, WMHETEE. XMELT, 7 =R AR
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FKREHSE: BHAF CO, MR FXT = A K AR 201

£, FIF IR IMNEIREL = BAR &R, AR AR % CK
AR R W50 R G500 T G1000 ALFE T, 3R
B = BAR R AR . 40 %, IRRER 45 i TTC i
JRERK, ML T CK MR RIE B (B4 .

60
50
40
30+
20
10 +
0

eIy
Root activity/(ug-(g-h)™)

500 1000 1500 2000
CO,TLE
CO,flux/(g-(m*d)")

B4 =Z-tERAED
Fig.4 Root activity under different CO, leakage treatments

2.5 EFRES

NE| =t B IEBEATE TR E, 4R ERBE CO,
MR R R OR, =M E K>S B AR RS, H
J7 72 53 M B 7R 2% AH Ak B E) 2 S R R OA B B 2 PR K P
(P>0.05) , fHEEA. HL4E. Koy HEDIFIES 2 &
TCEHBARAHEE . BT 0L, CO, %5 I R A o = i B3 5%
B3 7 A A 2 S o

3 W

NS B I 7 A I A I R R 0 5 Y =
AT CO, MR I B A 38 & 75 HLA BT 138 B R
IR, 1 CO, MR =R /N G500 264, =mH-EA4

YR CK B 2. G1000 ALFE R, =M A EIRA
Wb, #E G1500 A G2000 AbFE R, —M-EAYEKIE T
% (B 3) o G500 A1 G1000 g AL EE T, —M-EAR R TTC
WREMZ, WA, 11 G1500 F1 G2000 it ik
T, =MERA TTC B ED, RARE/ET (K
4) . FfiFF COyMR=EIE K, =M K& B>
ke, TIRLE A FLLF4E. K. FLAR WG FNAS & &
RN (£ 2) o MR K 500 g/(m’d)f
CO, MmN, HETZ R ZH], o, 72405
A B T PR AT, 5 ERCKRNTE, SR
CO, it B A — & RGN AE ST, 1E 500 g/(m*-d)fF) CO, it
BT, —MERENE. RATE A NES, &
TR AR B CO, MR I INE] 1 000 g/(m?-d)
PLE, =M BE D R 2 PR B b fO R

M1 HAT UL, CO, MR T BT 13 pH {E 3 35
N 6.80~7.04, SikJRACERIA] ) 3% pH [EBCA RILH BE
ZES, M =MEEE AR pH B 4.5 UL, Fi,
PRI rh 39 pH (EIALZA0 T = M B fE A Ky, 135
FRAUAS RSB B AR B EZ AR = R 2 B 2 e CO,
MR FECEIE O WREENIE TR, AR ISR KR
CO,/0, Bt i, TENFHIERR) Co, BT HiEd K
0y, FEE =MEMR R AMEVIN 10~20 cm 3% O, W FE
M 20%F#1E3] 6.7%/5 47 AHRYE Al-Traboulsi™ i, 4+
O, WM 19.6% FFE3 8% FEHEEAEME R % 36%.
Rl -3 O, MREERITPRIE T B = m B AR S B T
e, =AY R E SRR

w2 ZHEEFRINEN

Table 2 Nutrient content of Trifolium hybridum L. %

W Koy REM K FLLT 4 RUBRIT; [
Treatments Water content Crude protein Ash Crude fiber Crude fat Calcium
CK 80.49+3.75 33.02+2.57 14.394+2.22 11.10+0.29 2.35+0.15 2.8940.60
G500 80.44+4.33 31.63+1.28 13.99+2.67 11.51+1.19 2.33+0.44 3.424+0.97
G1000 74.78+5.25 33.80+2.46 12.35+1.86 10.91+0.69 1.70+0.81 2.57+0.29
G1500 74.77+4.70 31.7243.92 12.58+3.33 10.55+0.25 2.85+1.22 2.86+1.03
G2000 74.74+2.61 32.23+1.65 13.56+1.44 10.64+1.36 1.85+1.04 3.36+0.38

W FAIAEREEER (P>0.05) .

Note: There is no significant different between each treatments (P>0.05).

5I Co,ittiwM L, 7E 500 g/(m*d)ff) CO, it 75 15 5
T, ZMEEEY R, RRE ERE SR E AR
Fa bR A s R R RS, RIVHELF G RRE S . B
# CO, MR E NS 1000 g/(m>d)Lh L, =mHEHEY
iy MRRGEH TR, BB RIE ZIREENE REE. 76
500~2 000 g/(m*-d)CO, il EALFE T, +3% pH {H1E 6.80~
7.04 208, =T =HEEEAKK pH E R =Xt
CO, s RN 52 WL ER AT 75 ZE 4k ST R IR N BB 2 o
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| mpacts of leakage of stored CO, to growth of trifolium hybridum L.

Zhang Xueyan'?, Yin Zhongdong®*, Zhao zhi*, Tian Di°, Ma Xin®
(1. Chinese Academy of Meteorological Sciences, Beijing 100081, China; 2. Institute of Geographical Science and Natural Resources
Research, Chinese Academy of Sciences, Beijing 100101, China; 3. Collage of Water and Soil Conservation, Beijing Forestry University,
Beijing 100083, China; 4. Collage of Geography Sciences and Tourism, Xing Jiang Normal University, Urumgqi 830054, China;
5. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: In recent years, more than 12 demonstration projects of carbon capture and storage (CCS) have been developed in
China. The CCS technology can provide the CO, capture capacity of hundreds of billions of tons and has important
significance for mid-long term mitigation of CO, in China. However, there is leakage risk for the CO, stored in the geological
structure, which may lead to major threats for farmland ecosystem. Along with the development of carbon capture and storage
technique, more attentions have been focused on the potential threats from the leakage of stored CO,, and the adaptation
capacity of crops to CO, leakage has not been well understood. This study assessed the response of Trifolium hybridum L.,
which is widespread and has strong acid resistance, to leakage of stored CO,. And 4 treatments were designed in the pot
experiment, in which the CO, with the airflow rate from 500 to 2 000 g/(m*-d) was added into the bottom of the cultivation
box. The experiment simulated the process of the leakage of CO, in surface soil, and tested if the crop with strong acid
resistance would better adapt to the impacts of the leakage of stored CO,. The results revealed that the productive viabilities
(biomass, height, root length and root activity) of Trifeolium hybridum L. increased slightly or remained stable under the
leakage of 500 g/(m*-d) CO,, and it showed better adaptation capability under 500 g/(m*-d) CO, leakage treatment. When the
leakage of CO, increased to over 1 000 g/(m*-d), Trifolium hybridum L. gradually presented environmental stress, and the
biomass and root activity decreased quickly under the leakage of 1 500-2 000 g/(m?-d). However, the crude protein, crude fiber,
ash, crude fat and calcium have no obvious change. The change of soil pH value, from 6.6 to 7.2, was not out of the optimum
pH value range for Trifolium hybridum L. growth and development, and the acid resistance should not be the key factor of
adaptation capability. The replacement of CO,/O; in soil led to the decrease of O, concentration from 20% to 6.7% in the
10-20 cm soil layer. Previous study showed that the seedling rate, net photosynthetic rate, transpiration rate and fresh weight of
maize were significantly inhibited under 500 g/(m?-d) CO, leakage treatment, while Trifolium hybridum L. showed a better
tolerance to O, concentration reduction in soil than the maize. This finding suggests that Trifolium hybridum L. can be the
alternative crop for the potential mild leakage area and can be developed as a new technology for the leakage of stored CO,.
However, the mechanism of Trifolium hybridum L. for the resistance to CO, leakage is still unclear and further researches will
be needed.

Key words: carbon; storage; gases; carbon capture and storage; leakage; Trifolium hybridum L.; response
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