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plumbizincicola)TE 3 BTy 3 A K 54 BT REWIBCRE. 255K M. I FACE Zb3 W 3848 8 TR0 S R0 Fr S ey o
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Preliminary Study of the Effects of FACE Conditions on the Growth and Metal Element

Uptake of Sedum plumbizincicola

LIU Yujia"2, ZHU Yuanying"?, LI Zhu?, ZHOU Qiugin’, LIU Huan?, YANG Liulin"? GAO Ting’, ZHOU Tong”, ZHOU Jiawen’,
ZHU Chunwu?, WU Longhua® **

(1 Sino-Danish College, University of Chinese Academy of Sciences, Beijing 100049, China; 2 Institute of Soil Science, Chinese
Academy of Sciences, Nanjing 211135, China; 3 University of Chinese Academy of Sciences, Nanjing, Nanjing 211135, China)

Abstract: This study investigated the temporal dynamics of biomass accumulation and metal uptake patterns in Sedum
plumbizincicola grown under short-term (30-day) and long-term (90-day) Free-Air CO, Enrichment (FACE) conditions (+200
ppm above ambient) across three distinct soil types: Perudic Luvisols (pH 5.5), Hydragric Anthrosols (pH 6.5), and Udic
Cambisols (pH 7.5). The results revealed that short-term elevated CO, exposure significantly enhanced various biomass
parameters including leaf fresh weight, stem fresh weight, and plant height, with the most substantial promotion observed in
Perudic Luvisols soil where leaf fresh weight increased by 2.51-fold, compared to more modest improvements in Hydragric
Anthrosols soil. However, these growth stimulation diminished under prolonged CO, exposure, with only Udic Cambisols soil
maintaining statistically significant differences in biomass accumulation. Regarding metal absorption dynamics, short-term CO,
enrichment markedly improved the uptake of essential elements such as K, Ca, and Mg, particularly in Perudic Luvisols soil
where K and Ca accumulation was most pronounced. However, the advantage of metal absorption was weakened after long-term
high CO, treatment. This study preliminarily investigated the soil-dependent variations and spatiotemporal dynamics of Sedum
plumbizincicola growth and metal element uptake under elevated CO, conditions, providing a theoretical basis for optimizing
phytoremediation techniques in heavy metal-contaminated soils.

Key words: Free-Air CO, Enrichment; Sedum plumbizincicola; Biomass; Metal element absorption; Soil type
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H Ay LUK, ALABBHRBE . Tl 2k 7 Figx
IR AR AE N3 8 S BOUh LBk (CO,) . HibE
(CH,), —AML "R (WARALIER, N0 %A
WERZE ETh. COMEN AR FE KB A 1,
HoMk TP FA ATy 279 ppm FFELETH: 1760—
1960 4F[a]36K-24 50 ppm, 1960—2020 4FH4 K Ff7 ,
ZiH4E A 100~417 ppm(https://climate.nasa.gov)!', #x
BRI 7R, 2024 4F 4 H 2RV CO Mk EET ik
427 ppm(3& [ [ ZfF R FR T BLR , NOAA,
2024), M EE G BOM B SR BT R B2
(Intergovernmental Panel on Climate Change, IPCC)
T 21 TR Ak IR T R iR e 5 2.0~3.7 C.,
XA ARG S B S U AU, XA S R G
2B A B R B AR

FEHRT RS COp R I R EE T o Ay i b7 285G
B, HESZmARO TR S 2R AE SRR E . H Y
PSR AL E TSR T 20 122 80 4FAR, THilaX
255, CO, H¢ FE 1 =5 &2 4 (Free Air Carbon-dioxide
Enrichment, FACE)WHEISI IR 115 E R T
PeJR PR, W 5 [ A 5 5 1 SC 1 5% 92 56 % (Brookhaven
National Laboratory)FACE ¥ & 2| Hh E | M- it
YE FACE iR3e 245 (Je#, 2001 4F), AR HR—
86 C3/C4 fEYITE CO, Thim FEDLAIENALE] 57 B
BARS LA, R COp MR EE TR TR T RO &K
REOK IR IRCR, W AEY) R X A P&
o WKW, C3HWITE CO, WRIETF& &1 Feh
HOREETE, AWEINEZ) 33%; 5 C3 P,
CAM(E RIRABHIEYTE CO, & 5T A W) it 1 iR
35%; C4 T FACE MRRAHXIRLS , A4l
10% ZEA7, AP AERKIMEAER L TR AL
I3, CO M BETH Rl C3 A S N i T, Ca.
K. Zn, Fe 5§ 25 FOCHED R TC R VIR EEREAIT 8%,

R CO, WHE Ty I H 2 A BAE Y A K 5 37
TEA AR, SR, CAM #i¥), JRHE Cd/Zn
AR BHEYE 5 K (Sedum plumbizincicola)TE RS,

CO, W FETHE N 894 K55 it R WL A9 BT 58
MAAHIE, ARV, R sR(Sedum alfredii)TE
FACE %M PO EE Y Cd/Zn AR FEHARAT,
2 CO, TR T e B FRon R R, 5l
R A I A R A AR U A B AN ] AR BRI 25 N
I3 BR ] ) SE I BE PR e A A3 e, AR AN 5 rh iy 3
A AT, X E G 299 CAM MBS HRYER
o A A AR IS 184 TR 45

PR SR e KB e CAM FEY), HAT ke
AR E WM. HRT, FACE S/ xHEa 5 KAk K
FNFE 5702 W SE M5 9 A DL AR . PRIk, AR F
FELLEBIIAE L (pH 5.5) . WHE /KB (pH 6.5) .
MRIHARTE £ (pH 7.5)3 R EHEXTS, 456 mSK
1] FACE 4bH, 4125 & FACE 250X AN[A) -4 |1
W5 KA R MCEFRITR R oY, B e U]+
B CO, MBI AE BRI, X 4 BRA AR
O R A B B HE AR &, U AERZ 2SR
b AT SR & AR ISR 4 AR S

1 #RERE

1.1 HERESHERAR

RIET 2024 4 8—11 ARV AA R A TILT X
TEARHEE - HERh RS AR E R R i
17 o X WA 2 WU, AP 24R% 7K L 1073 mm,
AR —13.3 °C, AFEWmR AR 404 C,
SEEITCFERI R 224 do AP AR SRR, SR
B RA TR B AR IR 3 25 e
+4E . OF B+ (Perudic Luvisols, FRYE+1E,
pH 5.5), RETIINE FTHTT LY XKHEZEZT
%, fiFr “WD”; QW E K AN L (Hydragric
Anthrosols, F5fRtE14E, pH 6.5), BH AREH K
WAL B PEAE, fifR “RH”; OIRIEH4EIE - (Udic
Cambisols, 558t +3E, pH 7.5), RHRIME
MR R B iR 2 fa BB 1D £ S5 F, WiFR “LD” .
P B A AR M B A 3% 1 TR .

£1 HiRTIEEREBAMER

Table 1 Basic physicochemical properties of the tested soil

+ RS K(g/kg) Ca(g/kg) Fe(g/kg) Mn(g/kg) Zn(g/kg) Cu(mg/kg) H WL (g/kg)
LD 15.4 8.40 51.0 3.18 0.28 49.2 26.8
RH 112 2.09 29.3 0.25 0.47 19.7 28.2
WD 3.68 1.13 36.9 1.61 0.08 36.2 31.6

ARG B CO, WREEANEE . IEH KRR
4(CK, 425 ppm)'5 FACE 4b¥I(FACE, 625 ppm).

PET S R AT RS ARG 2y S EEAT 30 dCE )5 90 d(kK
W)FACE AbFR, fpZHAbPRE R 3 K., KK 15cm,
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XFHAE . FACE Z8PFXI AT 5 R AR K M <G8 Tn 3R WO 32 i 5 L 90 4 625

$i 15 em. = 15 om WERLEL, WA A Y THT
& 2.5 kg Y3,

FYRRIREE] R 2024 4F 8—9 H, LB R K
FACE Ab# 30 d Je ek s KI5 i (| 2 2024 4F
9O—11 A, s KAEALHE 90 d Rk . = Kk
WG, FHEBEFRZ ahpet &8, kT4 5
RS2 FPIHET, HPREEE R 0.001 g B4 HT KF-FR
wEY TR ZEHM R SRS TEE DA
%, 105 CA% 30 min, A5 75 °C T ZEE;
sk AE YR e, MR, I i A2 R
1.2 #HRNE
121 AEYEeE FREE R 0.01 cm 9TERS R
RO S R EERE A4 AR R e B R 2R A0 o, it
Je FREAR BRI B FIZE 0 T
1.2.2 FESIE S D0 E R SRR ) 43 Rt T )
RS 0.50 g BRADEEIFHLT 19 R U IR S M H AL
e, SRIGFEHALFE M 8 mL AR (HNO;)Alid
AME(H0) IR A AFLL R 3 2 1, B HNO;
i 6mL, H,0, % 2mL), ZJFfiHfbHEE T 105 C
HEAR HIE AL 6 h 5, BOE TH AR e IR 180 °C
B AR AT R R ERAE , (R 25 K 0 NV TR Y
FIREBR 1 mL A4 BRRERES 2 15 mL
BT, MK R E Z R b Uk T AL RE N BE O FE
BEBELEST, EAF 13 mL; ¥ ERENIBR
2 0.22 pm YALIENE T JEE 10 mL &0, FIH
Hi RS A 55 5 7 R & 3O 3% 42 (ICP-OES,  Avio
200, Perkin Elmer, 2%[E)IE W K. Ca, Mg,
Fe. Mn. Zn fll Cu ¥ &

1.3 BE&ZITS5SH

B R A Excel 2021 #f4iE474b3E, F SPSS
27.0 AT FEAR ¢ K25, JFoRA Graphpad
Pism9.5 #E17 EIE 434l .

P BORAEMRA A E (M L 22 E BT R Rl
WA LA AR . 2R T R (mg/plant)=4:
JEICE & it (mg/g DW= B AW (DWW, g/plant),

2 ZEREHSWH

2.1 #5884 FACE REXNFT S XREMEMN

%3] FACE 4330 d, CO,#J¥ 625 ppm) T,
PRI R RIE B KFE A L (RH) . # 2 (WD)
AN AEIE 1(LD)3 A -3 LA RK IR 2 B F
#F(FE 2). RH 13, FACE 4bFRZH 5 CK 40 al s
SR FIZE Y B i bR 2R T B R R (P
RZET Yo E 2R, mxT wD +4, 5
CK 4114, FACE Zb¥ Rk . 258 . MR it
25 fF W) o R0 T T A o) B AR 38.2% .
39.4%. 250.7%. 54.0% Fl 177.8%, {HZETYFa
WHREZS ., LD 14, FACE Zh¥4IHY)=EELY)
JiE | T R T T I R R T CK 4
(P<0.01), 43548 CK #2755 93.6%. 164.3% F1 100%;
I B RIRR 4 CK2H I8 35 18 1 (P<0.05) ;. 5
LRARRE, 45 b, 5 FACE A BEXHEED 5 R A1)
IR B R B, 7R EIRIRE
(WD, Mt H)FNREEE (LD, 56kt 58 &,
FACE A BN A0 S R A K R HEE S 7RI
KB £ (RH, 5511 +38) XA K i {2 it 1
M55, FNTENLEIA R AR .

%2 FEH FACE LB HH R XEYERFM

Table 2 Effects of short-term FACE treatment on biomass of Sedum plumbizincicola

e Jb B Bk (cm) 22K (mm) B¢ ) 5 1 (g) 2 T HE (g) T B (g) T YR (g)
RH CK 21.6£2.8 5.18+0.55 14.4+2.5 4.4140.29 0.84+0.08 0.37+0.02
FACE 24.8+0.8 5.66+0.51 20.6%5.6 5.06+0.61 1.12+0.34 0.38+0.05
WD CK 16.5+1.7 4.04+0.53 8.04+2.65 3.2240.23 0.54+0.12 0.30+0.08
FACE 22.840.6" 5.63+0.30" 28.2+3.4™ 4.96+0.25™" 1.50+0.43" 0.4240.04
LD CK 153423 4.93+0.85 15.4+6.3 3.27+0.46 0.56+0.10 0.26+0.05
FACE 23.742.4" 6.43+0.57 30.8+3.4" 6.31£1.02 1.48+0.22" 0.52+0.05"

Hieo*, wx, W RIFOR A — 1SR FACE 4R B 5 CK (M 225#15 P<0.05. P<0.01 #l P<0.001 B3 /KF-(ISIAEA ¢ Ka88), Tl

2.2 K FACE & BEX#T SEXREMENFN
KM FACE AbF(90 d) T, £ HIEfET St RAA K

TebrCE. MY TR, MRer, SEHLTYIRR B2

i T CK 41 3), (HifiEie ke Wiab#iA k. RH

WD +3 I, FACE 4B A #5455 CK 413570 3%
Z5, LD B4 L, B ZEEEYRR MR TR Y
W E =T CK(P<0.01), 7% CK #£5 63.5%.
118.6% Fi1 154.5%, 454 ARSI, FACE Ab
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#3 KHFACELBEMET =XREMENTMN
Table 3  Effects of long-term FACE treatment on biomass of Sedum plumbizincicola

+3% Ak 3 = (cm) ZEH (mm) - 40 5 k() ZEAEY) U (g) 490 i () T T (g)

RH CK 26.1+0.7 6.30+0.87 41.046.6 6.70+0.96 2.05+0.33 0.89+0.09
FACE 25.6+2.0 6.51+0.34 45.6+12.7 7.38+0.17 2.28+0.63 0.96:+0.08

WD CK 21.0+5.3 6.12+1.25 35.2+20.8 4.51+1.21 1.46+0.71 0.63+0.25
FACE 24.1+2.8 6.57+0.59 63.7+28.0 7.13+1.45 3.18+1.40 0.88+0.21

LD CK 14.8+2.4 6.19+0.43 16.4+7.2 3.88+1.28 0.82+0.36 0.44+0.16
FACE 24.2+1.4" 7.10£0.30 47.9+20.3 8.48+0.72" 2.39+1.02 1.12+0.11"

B SRR A K B RO T IR &, I b B
FEFIHR M+ E(LD) L RELERFR /P bRAY B 5 HE T
2.3 EHi FACE &EX#F =XEBTERED

A1)

FERFEEY] FACE AbFEXHER 5K 4@ e E
WeRgEER , U5E TR - ERH, LD, WD) A KA
5 K -3 K, Ca, Mg, Fe, Mn, Zn, Cu JG
RHRER S, IHTEH 4 e R IR (& 1),
SERFM, fE 3 R4 [, FACE AbBE R RIRRM H Y

X4 5EH FACE eEXMET ZRXREMHEETE

K. Fe fil Cu iR & &Y T CK(F 4). Hrf, RH,
WD +1rf, FACE 4bFf K JCE &80 )2 CK b3
() 1.54 f5F0 1.24 %5 1 Mn F1 Zn JCE & BEHET
CK, H:rr, WD +3Erh Mn JOZ& & B & K 54.6%,
RH fl LD 13 Zn JUER & 5005 W& FEIR 18.9%
1 55.1%. 74, FACE bR, fEm 5Kt B Mg
JLE FETE RH Al WD B3R FEAIL, 78 LD L3 7t
5 Ca JUZE FaN7E LD Al WD 3R R, RH +
Hrhgtber; HESRHARE.

=EA

Table 4 Effects of short-term FACE treatment on metal element concentrations in stems and leaves of Sedum plumbizincicola
WwE b Qb3 K(g/kg) Ca(g/kg) Mg(g/kg) Fe(g/kg) Mn(g/kg) Zn(g/kg) Cu(mg/kg)
" RH CK 12.3£0.9 34.243.0 3.37+0.65 0.330+0.160 0.437£0.090  17.50£1.90"  3.23+0.69
FACE 19.0£2.17 35.7+2.5 3.16£0.34 0.332+0.102 0.426+0.088 14.20£1.20  4.09£1.09
WD CK 11.5+1.0 45.2+10.5 4.42+0.40 0.329+0.142 0.676+0.260" 3.24+0.40  2.84+2.14
FACE 14.3+1.0" 39.042.6 4.20+0.34 0.480+0.272 0.307+0.211 3.18£0.96  3.11%1.62
LD CK 10.9+2.0 52.2+14.1 2.70+0.39 0.216+0.065 0.035+0.016 2.85+0.99"  1.68+0.23
FACE 13.6+2.0 48.3+11.8 3.07+0.43 0.368+0.183 0.029+0.012 1.28+0.13 1.83+0.43
% RH CK 26.6£2.5 22.7+0.7 0.32+0.05 0.054+0.013 0.324+0.047 23.40£1.00  3.61£0.47
FACE 31.243.7" 26.5£2.8" 3.06£0.29™  0.112+0.031" 0.384+0.052 23.10£3.50  3.18+0.56
WD CK 20.3+2.2 29.0+1.8 3.27+0.33 0.081£0.036  1.010+0.100™"  11.80£1.60  2.53x0.50
FACE 27.4+£1.4™ 347327 3.79+0.86 0.153+0.032" 0.421+0.139 11.00£1.70  2.84+0.50
LD CK 22.0+1.6 43.542.5 3.25+0.64 0.062+0.013 0.034+0.012 5.61+2.69 1.74+0.39
FACE 26.1x2.17 45.6+4.7 3.25+0.16 0.125+0.044" 0.033+0.007 4.20+1.30 2.54+0.94

X FRE IR B ZEFFH 43, 3 Fh + 398 FACE 4bFE K |
Ca. Mg Ml Fe LR & T CK(% 4). H, RH
+4Erh, FACE 4B K. Ca. Mg, Fe TE &t ﬁv‘%‘ﬂ
J& CK W 1.17 £, 1.17 5. 956@%11 2.07 f%;
+4Erf, K. Ca, Fe THEH IIECKE’JI35F£\
1.20 {571 1.89 fi5; LD j:i;f%':':', KICR T CK &
0.19 fi%, Fe JLEFHE CK #2£5 1.02 5. XF Mn

JLE, £ WD +iErh, FACE 4b¥iHL CK iEREAK
58.3%(P<0.001), 7£ 3 fp -4, 5 CK M., FACE
WPRIY) Zn, Cu TR Fi2ZEFH AT,

3 Ff 3 F, 453 FACE AbFEXT C Rt A
W EZ (K 1), WD 8, fE sk FIZER K
Ca, Mg, Fe. Zn, Cu WUt/ ilEs CK &4
474 5. 241 f%, 2.62 £, 1.39 fi%, 2.26 f5. 1.93
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Fig. 1 Effects of short-term FACE treatment on metal element absorption amount in stems and leaves of Sedum plumbizincicola
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fi5, 2.27 % 1.81 f%, 218 4%, 1.04 £, 2.44 fi5 . 1.42
5 5 T Z5FF Mn A IR 4% CK I IR T 41.56%
RH 4 {0t R K B4 CK 4 1.28 £ DL K
ZEFF Fe MR CK 425 1.11 £%5(P<0.05), HapdE
SREICEWIEZRARE LD L5, kA
250 K. Fe. Mn Ml Cu WoliiE 70 5il4 CK $2m 2.18
. LA, 443 1%, 238 4%, 2.04 %, 1.01 {51 1.17
5. 0.32 fif. U LZ5IR: 78 3 Fh 3 I, %81 FACE
REFRG30 d) I FE MR HE TR 50R X 2 Fh 48 TR
We; Hob, K. Ca. Mg fll Fe JUE HiRTR A2 H
2.4 KHi FACE BT =R FHRIHI NG
h A B CO, IR BE XA S K4 R e E

Wi, ARSI E T K FACE 4514:(625 ppm,
FFEE 90 d) T 3 F L 785 e + 398 [ A kb 3 K . Ca.
Mg. Fe. Mn. Zn, Cu FUE T & ((E 5), HHET
JUER F i 5T Y i R BT A R S v i
(K 2)

AHELT R (30 d), K] FACE 4b3#(90 d)
Xof 4 J T 2R W ) A 1 S 3508 . K FACE 4b
HF, 7 RH £33, 2 Zn FEK CK K
92.5%(P<0.001). 7 WD 3, 255 Mg &t s
11.7% {2 Zn Al Cu & 243 55 CK AR 46.8%
F1 62.4%, 7€ LD L3, Z57F Mn 5 114.4%,
fHntF Mg 5 EH CK FEIKT 51.0%(3 5).

®5 KH FACE LBMEHF ZRXREHEBETESERFN

Table 5 Effects of long-term FACE treatment on metal element concentrations in stems and leaves of Sedum plumbizincicola

e Ab K (g/kg) Ca (g/kg) Mg (g/kg) Fe (g/kg) Mn (g/kg) Zn (g/kg) Cu (mg/kg)
" RH CK 10.5+0.1 18.8+0.8 1.60+0.09 0.173+0.045 0.1010.020 11.702.00 0.93+0.14
FACE 10.2+1.4 17.5+1.6 1.35+0.14 0.165+0.023 0.146+0.046 10.20+1.30 1.06+0.28

WD CK 8.1<1.7 28.9+8.4 2.83+1.94 0.470+0.325 0.131£0.050  3.14+0.51"" 3.14£0.98"
FACE 10.6+0.6 26.7+1.1 1.93+0.03 0.157+0.040 0.139£0.015 1.67+0.27 1.18+0.72

LD CK 8.7+0.3 4234125 3.1240.18™  0.2560.077 0.024+0.010 1.18+0.43 1.04+0.09
FACE 9.6+1.0 34.5+2.7 1.53+0.11 0.218+0.148 0.030+0.006 0.85+0.31 0.81+0.22

2% RH CK 12.3+1.2 16.9+0.9 2.36+0.04 0.082+0.060 0.210£0.032  20.60+1.50™" 1.63+0.14
FACE 11.320.9 15.242.4 2.08+0.20 0.0990.032 0.189+0.046 1.54+1.39 1.88+0.25

WD CK 9.0£0.9 19.5+4.4 2.05+0.05 0.199+0.119 0.211£0.126 3.39+0.50 1.47+0.28
FACE 11.8+1.7 22.3+1.8 2.29+0.08" 0.121+0.015 0.248+0.065 3.76+0.81 1.70+0.10

LD CK 12.8+3.0 25.5+5.0 2.39+0.49 0.128+0.057 0.153+0.046 1.40+0.86 1.48+0.23
FACE 9.0+4.2 29.9+6.6 1.92+0.38 0.132+0.014  0.328+0.110 1.35+0.26 1.21+0.28

3 Fp s, {52 WD 3% FACE ZbBEXHER 5
K4 R ITZE WS A2 A5 R B i 2 (1B 2), ALK CK,
FACE AbHEFER S K250 K, Ca, Mg, Fe. Mn, Zn,
Cu UL 4 1.53 f%. 1.32 4%, 1.50 fi5. 9.81
B, 13.83 5, 12.42 {50 12.62 {5, RH tiEr, =X
FF# Fe. Mn, Zn Fl Cu JGE YW 0 3% & T
CK(P<0.001), Z3H1H25 19.02 1%, 5.08 15, 4.18
521 £ HAAA Mn BRI CK B3R
2.01 f%(P<0.05); K. Ca, Mg Ay 5 CK AbFHE 2
SARE . 7E LD 3T, FACE Zb#45 I BRIk
= ET CK, 25FF Ca. Mg, Fe. Mn Fll Cu HyW Ik
HPA CK B 1.74 5. 0.97 £, 0.76 15 .
1.39 {55711 0.68 15 (P<0.05); ™A Mn W I E 4 2
=T CK, #5 2.54 f%5(P<0.01), VA F&4ER%EM, 41

XHEIE CO b, KHE CO, MREEREAR T &=
KXt 42 JE IR A 3, (E R e sieR 32 1 e H A
P S B M)

3 itig
3.1 FACE REMEFHT EREVEREBTER
g:bA)

AR IS5 J R, S FACE B ER 5 K AR
Y TR B KA A A T iR
FE(%, (¢ LD HIEGESME) AR & Es, X5
Purcell ZFURFFE 45 RARML, VT e A Y% i1 1
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Fig. 2 Effects of long-term FACE treatment on metal element absorption amount in stems and leaves of Sedum plumbizincicola
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