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CO, REFABHNEMN=ET RE FRIL,
1z %0 #0 43 Bt B9 52 I

R A Rk, 3T K, AR

(R EMO BRI B WA MO AT AT, & FH - 311400)

TEHTHAKRSK CO, HEEZWT = 5t B ATARGE NP4 8 B QLIS AR Y | 18 FHF T A= (0TCs) RS €O, ¥
JETH (500,700 pmol/mol ) 1 5%, LA H AT EE 15 5t KN IR BFFE T Na* | Fe™-Fe'* | Ca™ Mg™ %0 I B T/ BT H %k
W JERAN RIS IR . 25 R, B CO, WRIE 700 pmol/mol X Ca® ¥ J 75 BAT 2 B v R/ INHEF 2577 2L B4 4, CO, eI
500,700 wmol/mol H- KA TAT# B H Na® \Fe™, Fe’* Mg™  Ca®™ W B K/NHERF, CO, ¥ BE Tt AT 0 Fe? -Fe™ FIATHL
Fe -Fe' Mg™ Wk JC I 550 (FX 45 B 9 HL 0 o 8 VR 32 A R TR R B2 S ), A7 i Ca™ 1 Mg™ AT Na® il Ca™ AT 7T
Na® 1 Ca™ J Mg ATAR Na™ 1 M™ Wk B BH S 42 5, 470 Na® ATHF Fe™ -Fe™ ATAR Fe* -Fe’ 1 Ca™ ¥ B W FRAIL; B FE CO, W%
BT AT Fe? -Fe®* /Na* Mg®*/Na' Fl Ca®*/Na® , 1 Ca® /Mg™* B A& %8B Mg™ /Fe* -Fe™* Ca® /Fe®* -Fe*" B K, AT
PFF ATHR Fe* -Fe™/Na® Mg™/Na® ,Ca®*/Na* FIATIHF FFF ATHR Ca® /Mg B #is/]N ; CO, Wk BE T+ 5 BRATHRATFFE S, o AT
FEATRL Sy, v FATREATNE Sy, B FRESN , AR M BT S B0 8 1 W L ighi R BUE- T s W Rt e . ki co, ik
FETFREHESE T BATSI AR R Na' fE /1 Fe™ -Fe™ | Ca® Fl Mg™" Ay ] L R PEis i BE 1, 3808 T A ey B i B 920 ot
UL TR RN B3R 43 BT A R TR S BT X S R B CO, FREERYIE NI AR T o

KRR BAT; CO, WKL ; B T VM eIk is i R 4K

Effects of increased concentrations of gas CO, on mineral ion uptake,

transportation and distribution in Phyllostachys edulis
ZHUANG Minghao, CHEN Shuanglin® , LI Yingchun, GUO Ziwu, YANG Qingping

Research Institute of Subtropical Forestry, Chinese Forestry Academy, Fuyang 311400 China

Abstract; In recent years, human activities have caused rapid changes in the atmosphere and climate. In particular, the
most important anthropogenic greenhouse gas, carbon dioxide (CO, ), has increased from a pre—industrial level of about
270 pmol/mol to a value of 360 wmol/mol reported in 2007. These CO, levels, which have been increasing since the
beginning of the Industrial Revolution, will continue to rise as long as current levels of anthropogenic activity are
maintained. In coming years, elevated CO, levels may alter many aspects of plant production environments. Results on the
effects of elevated atmospheric CO, concentration on plants have already been obtained from some studies, but effects on
plant photosynthesis at the physiological and biochemical level remain to be investigated. To provide theoretical evidence to
aid adaptive management of bamboo plantations operating under the background of climate change, we studied the effects of

simulated increased atmospheric CO, concentrations on mineral ion uptake, transportation, and distribution in Phyllostachys
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edulis ( moso bamboo). The open-top chamber (OTC) test method was employed in conjunction with a split-plot design and
CO, concentrations set to 360, 500, and 700 pmol/mol. With the exception of Ca®* at CO, concentrations of 700 pmol/
mol, there was no significant change in ion concentrations (for Na*, Fe’"-Fe’, Mg’ ,and Ca’") with respect to the size of
different organs of P. edulis as CO, concentration was increased. In addition, with the exception of concentrations of Fe’ -
Fe’* in leaves and Fe’*-Fe’* and Mg’ in branches, which had no significant variation, mineral ion concentrations in various
plant organs all changed to some extent with increasing CO, concentration. In particular, while concentrations of Mg** and
Ca™ in leaves, Na' and Ca’ in branches, Na', Ca’, and Mg’ in stems, and Na' and Mg’ in roots increased
significantly, they decreased significantly for Na* in leaves, Fe’-Fe™ in stems and roots, and Ca’ in roots. Gradual
increases were observed for ratios of Fe’*-Fe’'/Na', Mg**/Na", and Ca®/Na’ in leaves, Ca® /Mg’ in branches, and
Mg /Fe’ -Fe™ and Ca®/Fe’ - tFe™ in all organs. In contrast, ratios of Fe’'-Fe/Na’, Mg /Na", and Ca’*/Na” in
branches, stems, and roots, as well as Ca’*/Mg’" in leaves, stems, and roots, all gradually decreased. In addition to
measuring ion concentrations, we also studied the effect of increasing CO, concentration on selective transport ability in
various plant organs. With increasing CO, concentration, S, , from roots to stems, Sy, from stems to branches, and S, \.
from branches to leaves decreased significantly. In other organs, the upward selective transport ability of the remaining ions
increased either slightly or significantly. The results of this study suggest that elevated CO, levels enhance Na" accumulation
in roots, increase the upward selective transport ability of Fe’'-Fe’*, Ca™, and Mg™, increase mineral nutrient
concentrations in leaves, and maintain the balance of mineral elements. These responses increase the adaptation capacity of
P. edulis to environments with higher CO, concentrations. A complete understanding of the mechanisms underlying these
responses may aid in the development of more effective adaptation management strategies on bamboo plantations in

anticipation of global climate change.

Key Words: Phyllostachys edulis; CO, concentration; ion homeostasis; selective transportation index

CO, VEN I EEMIRE UK, B T BRI R BE  BRARAR AR S AL TG Sl 52 e, KA CO, R BB Rl Tt
ey, HR B B2 N T AR AT AY 270 mol/mol 3§ 2 HAITAY 360 wmol/mol , 1M HLATSLAEE4E 1—1. 5 mol/mol F
W LT co, R AR VE R AR, HOR T & HRS B AR R R AR L R
FARAR RGBT BETKA CO, W BE T o A i A B A 25 1) 5% i SR ) 103 o M 45 B
B4 ERIE N AT TSR . AR BT A CO, MR T ms 25 A T AR i mia AL 1) T i€ T 32 IS,
FEAEPTE CO, M ML, — 7 TH CO, W& BE T+ T LA S A GG VR A R, A R TR 3 Rubisco 1Y
BRACIER, B e G E X CO, MR RE " s 5 —Hi m 4k Py Co, 5 0, IRBRLL , Bofli i v 0™ 4=
JUA/N SR A G AR T OC B 7, e 5 WS 22 38 I ) 5 SR e e A S P AT 45
(g BT AR SER AR BT A R R BRI A B SRR S K vk Co, b
ARES FERYCAEES TR, IBBDGE RN B M &iE YT A YU TR, S8 T 5 %
B ABa e NIRRT . 5390 B ISR B A AR R CO, R B T iy i 1 5 A8 4
H B S IR0 R ML S8R YA 2 HE AT UESE CO, R T 2 s A 4 X 57 5 5 77 T
RO, B S R A SRR TR WA T B A R B R M R T
YT 3z i A AT X CO, YR B T Y Ml T 58 45 /0 HLBk 2 IR A RGEITIAR . RIA 2R AR CO, ¥
JE T 554 R RHAE AT BUE SR T R R s iR 3 TR A SE A X TR s CO, WREEFHE X A K R E
B e AL HA E R S

FEAT (Phyllostachys edulis ) 3 J& RAFEL (Poaceae ) 17 F} ( Bambusoideae ) WY& |, & H E 40 A B ) | THTFR B
R SR 5oy L AT, B AR 7 e R ISR A T LB MO DK e 7 K
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- ARHE | ERRHE RN R SRS RS BRI RSP E ™ ST BT Xt S g R R A S
IRBEORAP A 2 | BT R CO, VREE B WS 0T 5 AR A LB TF R CO, WREEFH R BT AE K AT
FIAE BRA SRS AT ST . e, A SCE TR TR AU (OTCs ) B8 CO, MR BE T 1 5, I E A TF] €O, W 4%
PR BAT A EY B FREE, 400 CO, WREET & 250 T R B AT 88 B 07 5T 125 - e B PR WOl | i i A 73 T Ay
fiE, B A A A AR TS 50T B BATARGE WM 20 R AL AR
1 MRE5HE
1.1 Rk

RIGTE W T8 I 2211 (29°56'—30°23'N, 118°51'—119°72"E ) A I J5 B2 A I8 5 00 % 47y A bl Th b A7, T
2009 4F 11 AFE#TA %35 b (9 B AR e BOh AR (18, 15+1.75) mm, 255 (2.7520.09) m, AE KR
U AREA ST AT AN A 1 A AT Aok, AR 2 o LA 38 em, B Ui FLAE 32 em, 5 35 em, REALARAH 1 #k,
50 %5, AARBETTON LIS VPR 3:1 ARG M, pH A 5. 8, /KA 198. 47 me/kg, BB 67. 25
mg/ kg, HALHH 74. 16 mg/kg, FARTRIDTT IS W TOK A3 #b 38, S it 2R 5 28 R BG4 40, &8 2011 4R 7
AFFEHE TR CO, WA FR G
1.2 R

FITE (OTCs) RN IS BB 8, TR EELE RS BN A IR MHERSE R
FINK 1.5 m, 5 4.0 m, ZRE FES ] AR 45° AR, %5 % BE  IE NGB, CO, NI 2l CO, ., b
KRGS UE)E , TR IMBE HE CO, WU IRIBERT CO, A, CO, BRhE e 23 B Al i KL
TS B TR TR, 750 WO AR XBLE A OTCs N, R THEA H 2hWiE R4, Xk
BT AT K A3 BAAE R

REILBE 3 4> CO, WRIEALFE | 4351 o BREE 15 5t KK (CK,360—380 pmol/mol ) .500 wmol/mol ( T1,475—
530 pwmol/mol) \700 pmol/mol (T2,685—730 pmol/mol) , ML EL 3 Ik, WA IENILIE 5—6
ARITAE AR (W T & Pt A AR  ATEAES . OTCs N CO, W F il 5 B R AX
WA BRAFI A1 CO, LLAMEBIRERHEATMEI B0 3 d 2R B3 ol  Faas e 1k,
1.3 HUREARm e ik

2011 4E7 A 10 SIS, 5K 24 h, T 2011 4E 10 A 10 SEIRES, BELE RN, IEG MRS
NEERL S BRSZAT, 20 BIBURE A MRIRAHRESL A2 300 g, 7484 105 °C 247 30 min, 80 CHLEfE&E | 5
BEREIE 40 H T, B s AR - SR TN & . Na SR KB RE SN E ™ Fe™ -Fe’™  Ca™ il Mg™ 2R FH T
IyECRE R E
1.4 FARAI S 04

M Pitman M7 P A B8 E X 102 5 R AL Sy = FERE (X/Na™ ) /IS E (X/Na™) ,
Sy p = ERE (X/Fe® -Fe’ ) /IR E (X/Fe’ -Fe’ ) | Sy, = E (X/Ca™ ) /IR E (X/Ca® ), Sy y, =R E
(X/Mg™") /AR E (X/Mg™) .

TE Excel 2003 Gt i A7 9 B0 i 8 21 5 46 181 3%, 78 DPS Ge it 4 rh b AT B I 3= 5 22 53, 16
0. 05 KV 47 LSD Z 8 L, i 24 - s bR 22
2 BR55H
2.1 CO, WREETFHEX BATE B0 T B R B 52

A CO, MRBEZAE N, BAT Na™ VR BE th R BN &8 BT 348 « PTARS AT AR S AT A S AT i ELAT AR AR 2
R T AR B, TR 2 M R T AT R AE . R SRR, AT ATFFRY Na® B T e 25 5%
HREE CO, WM T, A B E R T, BE CO, RBER TR, it Na™ VB 52 IR # T1 T2 4k
MR EZES B CK 3G BEES MR AT Na' W EERE CO, W T b Rt mka s M
PIFF Na' W2 CK (T2 b2 S 0 3 5 T1 A2 R AR E . T Na Wk EE & b B 22 e 2 (18 1)
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KIF) CO, WeBELAT T, BAT Feo* -Fe™ W FE B R B/INRS B LR 24y - PTAR S AT 0 > P R > ATFF, Horp A7 AR
et 25 K T AR B AT AR T R 25 5 I W s T ATRE . BEE CO, MR T, AR Fe-
Fe* W FE A B R At 1A% Fe?* -Fe™ YR BE A AL HRE] 4 JC B 35 22 5, A7 FF Fe -Fe® W E CK T2 AbFH 22
S T AN CK T2 A SRR E, TR Fe® -Fe' WA T1 T2 A EF ARE, 5 CK 2R EBE
(K1),

Al CO, MBELZAE T, BAT M™ W BE i R B/ &8 BT 3590 AT SRS RS AT FE, Ho, 74
FR T HADEE AR AT B 225, I B TR, BEE CO, WREE BT, At A Mg Uk
ERERmESEH T T2 0HERARE 5 CK A BEES . M Mg kL4 I E 25, T
R Mg™ W ke CO, ¥R 4 s, CK T2 AR 2 R W2 5 T1 A2 R AR B (F 1),

£ CK M T1 LB T , BATHE Ca® WRIE i KBV NWES BT Y0 AT ST SATFE > AL 1 T2 Ab BT,
MR AT B SATFFSATRS AR . ATt Ca™ VR BE M 8 35 R T AR B . A4 T FF Ca™ VR TG 1 35 22 5%,
CK T Ab PRI b 25 Ml TR , i fe T2 AbBRA5 0 25 Hh s TATAR s B CO, WRBERY T, AT Ca™ e 52
WBET R, VTR AR Ca¥ kW RS b AR CK T2 b3 R W, 5 T1 A C i
ZS AT T2 BT R EER, 5 CK ¥R BE, M Ca® WE ERIUESE, CK T1 TR E XS,
5 T2 ¥R RE(E L),
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E1 AR CO, REFHTEMRET RETRE
Fig.1 Mineral ion concentrations in different organs of Phyllostachys edulis treated with different CO, concentrations
T 5 7 Ay A A ) B 6 Lt AR 5 5 7 2.5 3 ( P<0. 05 ) 3 5 /N 7 W ] — 28 R [ A 30 ] | AR [l /N5 5
INZES R (P<0.05)

2.2 CO, WREETHm AT BATE B 52 YR LY 520

1Pl B CO, M THR , BATHRE Fe™ -Fe’'/Na' Mg /Na' I Ca®*/Na" 7E 47 v 12 i
K AR HAL R B B W/, AT Fe™ -Fe™* /Na® Mg™ /Na® Ml Ca®™/Na* , /T4 Fe’*-Fe’*/Na* Mg>*/Na",
PI#F Fe’*-Fe™ /Na® FTHR Mg™ /Na™fE T1 T2 ZbBM LR EES 5 CK 25 B3, 718 Ca*/Na” AT HF
Mg*/Na® Ca®*/Na" 2 ZLBR[A 15 0 i 2 25 57 AT AR Fe®*-Fe™ /Na® | Ca® /Na' 2 AL BRW] 25 5 2%
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EAH AR AT FIATIR Mg/ Fe* -Fe®*  Ca®*/Fe®*-Fe™ BBt CO, He 8 Y T 5 17 2 Wi 4 o, (HAR [
TR RMBREAR, & CO, WM T E, AT FTHT Mg™ /Fe® -Fe'* [ Ca®/Fe’ -Fe'* #5135 34 4, T 77 AR
Mg* /Fe’*-Fe’* | Ca®/Fe* -Fe¥ FINTAL Ca® /Fe’ -Fe*T1 T2 AbHH L R % 5 HIY 5 CK £ 5 B& , %4
Mg™ /Fe** -Fe’* JGHH 32,

BEE CO, WREEMI T, BATPTRL Ca®/Mg™ 3B M4 K, AT i AT A TR Ca®/Mg™ S8 Wi/, A7 A%
Ca> /Mg & A PRIAITC B 35 25 5. AT Ca®/ M T1 T2 BB 25,45 CK 2R 8%, MR
Ca®/ Mg™ ¥4 CK T2 Zb#H2: 5 3 3 5 T1 AP E25 7

R1 AR CO, REZFHTEMNREV REFRELE

Table 1 Mineral ion concentration ratio in different organs of Phyllostachys edulis treated with different CO, concentrations

#H Organ ’l‘reﬁri%nts FBZZ\I_:?“/ Mg?*/ Na* Ca**/ Na* Mg?**/ Fe®*-Fe** Fe(ffl;;* Ca®*/ Mg**
it Leaf CK 5.19+0.25 b 22.26x1.77 b 58.42+3.81 b 4.28+0.57 ¢ 11.25+0.56 ¢ 2.63+0.05 a
Tl 5.90+0.41 a 38.84+1.87 a 83.01+3.65 a 6.93+0.46 b 15.20+0.82 b 2.16+0.05 b
T2 6.02+0.11 a 46.30+2.71 a 102.45+2.30 a 9.64+0.71 a 21.22+0.85 a 2.15+0.02 b
F1¥% Branch CK 3.20£0.24 a 4.63£0.29 a 4.9420.41 a 1.4320.12 a 1.5420.05 b 1.12£0.08 a
T1 2.52+0.05 b 3.83+0.20 b 4.81+0.48 a 1.53+0.25 a 1.96+0.03 a 1.28+0.07 a
T2 2.28+0.25 b 3.44+0.41 b 4.56+0.49 a 1.54+0.21 a 2.05+0.04 a 1.33+0.06 a
PT#F Stem CK 2.97+0.36 a 3.26£0.23 a 7.64£0.39 a 1.1420.12 ¢ 2.56+0.14 ¢ 2.50£0.17 a
Tl 1.88+0.07 b 3.29+0.34 a 7.14+0.66 a 1.75£0.22 b 3.80+0.46 b 2.20+0.09 ab
T2 1.37+0.03 b 3.27+0.39 a 6.51+0.12 a 2.39+0.33 a 4.75+0.15 a 2.01+0.11 b
TR Root CK 23.86+0.79 a 2.59£0.25 a 4.0420.26 a 0.11£0.11 b 0.17£0.01 b 1.54£0.09 a
Tl 13.58+0.81 b 2.15+0.31 ab 3.10+£0.09 b 0.16+0.03 a 0.23+0.02 a 1.45+0.08 a
T2 9.59+0.58 ¢ 1.85+0.08 b 1.56+0.04 ¢ 0.19+0.01 a 0.24+0.01a 0.85+0.09 b

AT % B A R AR B L8 ASRVING 3R 2253 i3 (P<0.05) M [E/ING SRR 22 53 AN 3 (P>0..05)

2.3 CO, HETFHEX BATEE U S Pk Btz Hine ) 2

Sxne Sx.re Sx.co P Sy, ST HIHIZR F I Na® | Fe™ -Fe™* [ Ca™ Fll Mg™ WYk BEMEZ fiAE 1, & 2 ]
LA AR CO, WeBE J5 10N AT AR FE AT FF-ATHL Sy, v, Swpne TEHI AR IIATELATIE Sy, Syyna TE
T1 T2 b P[] 25 AN B3 B4 CK ¥A Bt , 8B CO, WREETH S AT A% ] iz 4 Fe™ -Fe' F Mg™ 1)
RE ) s, Bl CO, WRIE M THE ATIRATAE S, v 2 FREEH CK T, A2 5 8 MTFF-AL S, ., 45
b FRTR) TG 2 AR A AT RAT I S, 2 R m s R CO, MR T m EAT - FF iz i Ca® BB T I%,
MAPTE ) 2 Ca™ BeJ W AR . ATAR-PTFT S, . B CO, VREEFH = AU AW i | I FF 114 Sy, v 7E T1
T2 AbFR[AI 22 AN 03 ) WA HAR T CK, MATR-AT I Sy, b SATFF-PTA ) 5240 A2 AL 3R B COo, W
FHE AT FE AT RS i Fe® -Fe™ BE 158 T Mg™ , ATRL-ATIEWIAH S o ATAR-ATFE ATRL-ATIE S, b B CO, WREE
Fhin R E R JUH T2 A H ST CK T B WA TFF-ATAL S, . JCRA WA ML, LB CO, MR T s AT
WR-ATFE ATRCATH IZ 5 Ca® B8 JJ3R T Fe?*-Fe’* o ATIR-ATHFF ATFF-AT AL S, , Bl CO, YR BE T 5 45 2 T s
P CK T2 Qb H 2% 5 .35 5 T1 ALY 28 5 8 W3 AT AT S, 2 T BB PTFF-A A A R -t
Scuwe TETL T2 AFMITC L E 22 5%, ¥ CK 2257 B3, Uil CO, YR EE T fEATHR A1 FF P11 Bz i Ca™ g
FIET Mg™ | MATAL-AT 2 4 Ca™ BEIRT Mg, nT UL, CO, Wi 42 M T Fe® -Fe™* Mg™ Ml Ca™ iy
] FaEiae S, U HOE Mg™ | H Fe™ -Fe™ Mg™ fl Ca® TESIAT45 4% B A 28 25 W G2 Hin 56 A i 28 5 HoAth
AR RIERE T Hh_AR R g, 5 S PR RS i R ) bR | SR AT i B R 0 B TR T R T, AR
FHERFAN A 0 5 B TP
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x2 AECO, REZFHTEMREBRFEAREERRH
Table 2 Selective transportation of ions in organs of Phyllostachys edulis treated with different CO, concentrations
B TR PR EZ i 24U selective transportation index
Ab 7R Fe, Na B F Mg, Na (& F  Ca, Na T Mg, Fe [HET Ca, Na B 1 Ca, Mg T

Treatments  YEPEPEIEH Siie S Gt ] BUEES 3t ] BEREEIE HEREMEIZ BUEES et ]

FHSp na FH Sy, v FH Scu v FH Sy, e RS, pe ES (T

PP FF CK 0.12+0.03 a 1.3540.15 a 2.87+0.23 a 10.31£0.97 a  16.09£1.97 b 1.77+0.34 b
Root-Stem T1 0.14%0.01 a 1.53+0.06 a 2.3120.26 ab  11.1120.40 a  16.80+1.39 b 1.50+0.11 b
T2 0.15+0.01 a 1.67+0.14 a 1.900.34 b 12.43£0.98 2 29.82+2.40 a 2.43+0.02 a

FEATAL CK 1.12+0.05 a 1.53+0.11 a 0.69+0.04 a 1.3240.21 a 0.61+0.09 a 0.47+0.08 b
Stem-Branch T1 1.33£0.12 a 1.16+0.07 a 0.68+0.06 a 0.88+0.11 b 0.51+0.07 a 0.59+0.09 a
T2 1.54%0.18 a 1.01£0.09 a 0.70+0.06 a 0.65+0.07 b 0.43+0.09 a 0.66+0.02 a

M E-Ar it CK 1.61+0.23 b 4.85+0.49 b 11.89+1.01 ¢ 3.07+0.31 b 7.40+0.58 b 2.45+0.56 a
Branch-Leaf T1 2.33#0.32a  10.22+0.12a  17.301.04 b 4.67+0.53 a 8.00+0.36 b 1.69+0.11 b
T2 2.9520.84 a  14.72#0.17a  22.67+1.61 a 6.08+0.38 a  10.250.23 a 1.68+0.08 b
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