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Effect of Elevated Carbon Dioxide and Ozone on the Mineral Nutrient

Content and Distribution and Transportation in Oligostachyum lubricum
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(1 Research institute of Subtropical Forest, Chinese Forestry Academy, Fuyang, Zhejiang 311400 , China;2 College of Environ-

mental Science and Engineering, Peking University, Beijing 100871, China)

Abstract; To provide theoretical evidence to aid adaptive management of bamboo plantation operating under
the background of climate change, we studied the effects of simulated elevated atmospheric carbon dioxide
(CO,) and ozone (O;) concentrations on mineral ion uptake and transportation in bamboo. We chose the
biennial Oligostachyum lubricum as experiment material, and employed the open-top chambers (OTCs)

test method in conjunction with a split-plot design to simulate the different atmospheric and elevated CO,
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and O; concentrations, Control [CK, (40£5) nmol *« mol 'O,,(360£20) pmol » mol 'CO, |; elevated O,
[EO, (100£10) nmol * mol ' Oy, (360+£20) pumol » mol ' CO, J; elevated CO,[EC, (40£5) nmol -
mol 'O, , (700£35) pmol » mol 'CO, | and combinations of elevated CO, and O,[ EOEC, (100+£10) nmol
*mol 'O;, (700£35) pmol * mol 'CO, ]. Our results showed that, compared with CK treatment, EO
treatment decreased significantly the Na® and Fe®"*" concentrations in O. lubricum, especially leaf and
root, and the ions transportation ability among organs, while had no changes for the Ca®" and Mg"" con-
centrations. EC treatment had no changes in Fe”"* " and Ca®" and Mg®" concentrations with the exception
of the decrease significant of Na® concentration, but enhanced the Ca’" and Mg®" transportation ability
from branch to leaf. EOEC treatment decreased significantly the Na™ concentration while increased the
Fe“”"*"and Ca®" and Mg”" concentrations and the transportation ability among organs. Based on these
findings, we concluded that elevated ozone influenced the normal growth of O. lubricum by decreasing the
concentrations of mineral nutrient and transportation ability among organs; elevated carbon dioxide benefi-
ted the growth of O. lubricum by enhanced the Ca*" and Mg”" transportation ability from other organs to
leaf; the combinations of elevated ozone and carbon dioxide increased both the mineral nutrient concentra-
tions and its transportation ability from other organs to leaf, and maintained the balance of mineral ele-
ments, and enhanced the adaptation capacity of O. lubricum to environments with higher ozone and carbon
dioxide concentrations.

Key words: Oligostachyum lubricum ; ozone; carbon dioxide; mineral nutrient; selective transportation index
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treatments at 0. 05 level
Fig. 1 Leaf biomass of Oligostachyum lubricum treated
with different CO, and O, concentrations
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x1
Table 1

CO; and O; concentrations/(g/kg)

CO, MO REARTREESGERATHUENREV RFSAE

The mineral ion contents in different organs of Oligostachyum lubricum treated with different

Fe(Z‘F,X‘F)

Ca®™

Mg?™

0.41632£0.032 5a
0.361 3£0.035 2b
0.360 7£0.143 7b

0.436 0£0. 050 7a

1.

—_

—

Do

843 32£0.023 0b

. 856 7£0.080 8b
.963 3+0. 213 6a

.093 32£0.063 5a

4.650 0£0. 347 7b
4.746 7£0.617 8b
4,836 7£1.075 1b

8.700 0£0.086 6a

0.247 7£0. 042 2b
0.311 040. 052 0Oa
0.313 040. 043 3a

0.362 720.085 2a

(=)

. 623 3£0.040 4b
.880 0£0.121 2a
. 740 0£0. 147 3ab

. 783 32£0.072 3ab

0. 740 040. 034 6ab
0.833 340.028 9a
0.630 0£0.017 3b

0.730 040. 135 2ab

0.188 7£0.015 9a
0.098 340.019 7d
0.114 0£0. 008 7c

0.149 0£0.024 2b

(=)

.256 7£0.025 2a
. 190 0£0. 026 5b
.226 7£0.023 lab

. 216 7£0.005 8ab

0.346 7£0.040 4b
0.416 740.097 la
0.236 7£0.028 9c

0.243 340.028 8¢

10.593 3+1.911 0b
4.673 320.892 7c
8.860 0£2.823 4b

13.566 7£1.097a

(=)

(=)

=}

<

. 876 7£0.132 8b
. 883 3£0.064 3b
. 966 7£0.155 0a

. 986 7£0.127 9a

0.956 7£0.046 2a
0.810 0£0. 165 2b
0.843 340. 015 3ab

0.943 3£0.109 7a

#%F Organ Kb Treatment Na™

CK 0.077 740.010 Oa
EO 0.060 040. 003 5bc

it Leaf
EC 0. 054 340. 004 6¢
EOEC 0.066 740. 000 6b
CK 0.280 0+0.017 3a
EO 0.213 340.005 8b

Y74 Branch
EC 0.216 740. 020 8b
EOEC 0.273 3+0.015 3a
CK 0.041 3+0.011 5a
EO 0.026 040. 006 6b

Y1 #F Stem
EC 0. 038 740. 002 3ab
EOEC 0. 033 340. 002 3ab
CK 0.293 34+0.005 8a
EO 0.213 340. 030 5b

1 # Root
EC 0.180 040. 020 Oc
EOEC 0.170 040.017 3¢
CK 0.692 3+0.023 0a

) < 5 + 35

bk EO 0.512 7£0.083 5b
Plant EC 0.489 740. 073 0b
EOEC 0.543 340.021 2b

11. 446 0£1. 861 5b

98]

. 600 0£0.197 0b

6.693 320.331 3b

9.647 7£1.795 6b

14.514 3£0.976 5a

5.444 0£0.913 7c¢ 3.810 0£0. 213 8ab 6.806 7£0.770 Ob

w

.896 7£0.351 Oab 6.546 7£1.111 3b

4.080 0£0. 167 Oa 10. 616 7£0. 162 6a

T < R FAH R 6% B R TR /NG SRR AL BRI AE 0. 05 /K P A7 e 5 22 575 T IR

Note: The different normal letters within the same column and organ indicate significant difference among treatments at 0. 05 level; The

same as below.

/Na® .Ca®’"/ Na®™ fl Mg®"/ Na™ ¥ It CK &I & J}
s AT FFH Fe® 7 /Na®™ \Ca™" / Na' b CK & ¥
fik; EOEC &b 3 A7 A% Fe® 7 /Na' | A5 M
Fe®" 39 /Na' ,Ca®"/ Na™ #fl Mg®"/ Na' ¥t CK
BEFE . EO.EC fil EOEC &b ¥ Fe® " /Na®
TEATIE TR FIAT A o 38 0E B 35 25 S (R AEAT AR
EOEC 4bH 25 T EO F1 EC AR BR L 1] EC 403 X
& T EO A3 EOLEC #1 EOEC Ab3ijE Ca*' /
Na " EATH i JC B 3% 22 5 s Mg® /Na® 76877 B fiAr
R I EO A3 &2 & T EC Ml EOEC Ab#,
EC fil EOEC 4b 3 [8] JC W % 22 5, 7647 i A AT AR v
F W N EOEC 4b P& 2% T EO F1 EC AL 2L, EO F1
EC 4b ¥[8 TG i % 2 5 .

M, 5 CK &, EO 4 B A5 FF v Ca'/
Fe(2+,3+> ﬂgu Mg2+ /Fe(2+.3+> ‘T/J;FEFI-I Mg2+ /Fe(2+.s+>
B E TR s EC A BAT iE AT FE o Ca™" /Fe® 70 i
ETHE AR Mg® /Fe® 7 i AR EOEC

fb T o Mgt /Fe® 0 1 E R AR, Ca't/
Fe B EO &b BEAE AT AR " F EOEC 4k 3 4),
15 HA B E b EOLVEC Ml EOEC 4b B i) X 6 . 3% 2%
5 sMg®t /Fe U fEAT i h B EOEC 4b # 5
& T EO R EC Ab B, ZEATFF AP AR Fh U 2l EO 4b
PR T EC Ml EOEC 43,

FA 5 CK L, U ZEAT Mg? ™ /Ca®' {LHE EO
A FRATFE AT EOEC 4 BEAT I o 835 T 5 78 EC
Ab FRAT A I 3 AT TR AR A B O
EARAL AT Mg® /Ca® 7E EOEC Kb 3N i 25 5
F EO fil EC &b 8, 77 #F i Mg™™ /Ca®" 7£ EO 4b #f
T2 T EC At EOEC 4b#,

DL EZESRUEW] Op Wk B2 Ty 5 2 1 3 4 = it
FATA Hh Fe® ™37 /Na®™ .Ca®"/ Na®™ 1 Mg*" / Na™
MATFERIAT AR h Ca®" /) Fe® "7 (Mg*"/ Fe® o0
il Mg*" /Ca”" 5 CO, YR BT+ 5 3 TH s A7k AT AL
i Fe® 37 /Nat .Ca®" / Na™ fl Mg*" / Na™ F147 1t
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Table 2 The mineral ion concentrations ratio in different organs of O. lubricum treated with different
CQO, and O; concentrations
gfglrjn Trfftﬁlﬁcnt Fe@*30 /Nat  Ca’t/ Na® Mg?"/ Na™ Ca?" /) Fe® 31 Mg?" / Fe?t-30) Mg?*/ Ca?"
CK 5.39+0. 46b 24.0443.52¢ 60. 96 +2. 80c 4.45+0.41b 11.24+1.58b 2.52+0.16b
P EO 6.06+0.97a 31.0743.25b  79.70£5.41b 5.16+0. 26ab 13.11+£0.41b 2.55+0.22b
Leal EC 6.974+0.68a  36.55+1.26a  90.5148.96b 6.0241.18a 14.45+1.70b 2.4540. 35b
EOEC 6.54+0.82a 31.4040.68b 130.50+2.17a 4.8540.67ab 20.1442.39a 4.16+0.09%a
CK 0.88=+0.11b 2.23%+0.21c 2.66+0.30b 2.58+0.53a 3.05+0. 60a 1.194+0.09a
P ke EO 1.4640. 28a 4,144+0.67a 3.91+0. 24a 2.84+0.09a 2.72+0. 40ab 0.96=+0. 11ab
Branch EC 1.44+0.16a  3.41-+0.55ab  2.8940.29b 2.35+0. 16a 2.01-0. 17b 0.86+0.07b
EOEC 1.3340. 32a 2.86+0.17bc 2.69+0. 64b 2.21%£0. 38a 2.10+0. 73ab 0.95+0. 16ab
CK 4.8940. 81a 6.67+0.57a 9.05+1.63b 1.36+0.08b 1.8340.09b 1.3540. 04b
PFE EO 3.920. 21ab 7.78%1.01a 16.91+1.02a 1.98+0.43a 4.22740.43a 2.1940. 43a
Stem EC 2.95+0.05b 5.85+0. 26b 6.17+1.54b 1.99+0.05a 2.10+0.43b 1.0640. 25b
EOEC 4.457+0. 40ab 6.53+0. 60ab 7.36+0.26b 1.4840. 25ab 1.6840.42b 1.1240. 10b
CK 36.04-£5.74b 2.98-+0.39b 3.26+0.09b 0.08=£0.00b 0.0940.01b 1.1040.11a
AR EO 22,1541, 27c 4.5840.49ab 4.1140.97b 0.2140.08a 0.1940. 05a 0.91+0.13a
Root EC 52.74+2.92b  6.16+0.24a  5.2040.04a 0.1240. 05ab 0.1040.03b 0.89+0. 1da
EOEC 80. 75+ 3. 86a 5.89+0.27a 5.54+0.08a 0.07-0.00b 0.0740.01b 0.98+0. 15a

AT A h Ca®t /) Fe®™ 50 DL K &K AT FF
Fe®" 37 /Na™ fil Ca®"/ Na®™;0O, #1 CO, ¥ i £ 5
R S AT A T SR A R
24 CO, MO, REARKEESEREHTHM
EMREBYTRFNERZRENNTN

%3 B, 5 CK i, EO 4b #1771 AR-47 FF
Sre.ne FT Suig.xa T FFATHE Speon A Sen 359 488 2 FH 55
M REAT I Spena A Seane i 3 FEAIL, £ W1 EO Ab #
RE 2 i AT AR T AT FF AT FF AT B i Fe™ 0 ATAR
0] P A1 8 i Mg™" DL AT FF 1) 47 A i i Ca® (1 fig
J1ABREAR T AT B A i as i Fe® 0 (Ca’ [ B
J1 5 FEF .5 CK A L, EC AL 38 649 45 47 FF Seena s
Suteona Fl Seeona 3 0 2 T B 0 H AT FFAT AL Seeona s
Sutg.na Al Speone 9 585 TG HATRAT I S BE T
B# \Swe.na 0 35 T W EC &b B AR T A7 4R 1 47
Frighi Fe® o0 [Ca®" Al Mg™" UL R AT A 1) 77 v iz
iy Fe® 7 Wy RE Jr, (R @ T AT AT ) AT AL I
Fe ™30 (Ca™ 1 Mg™" A7 &8 i 77 032 i Mg™™ (19
it 1 &, 5 CK H#&, EOEC 4b 7 #R-17 #F
Srena ~Sutgona A Speone s AT FEAT AL S FIAT B-A7 1
Srena ¥ 0 F T B, H AT FFAT B Speone FUAT B 1
Swg.ne b EFF B . £ EOEC Ab BB A% T 47 #2147

FFig ki Fe® 0 [Ca™" Fil Mg™" FIATAF ) A7 KL AT A
AT iE i Fe™ 00 R ) 4R & T AT ) AT A i
By Fe® 5 FATRL mAT M i2 B Mg® ' (1 fig

FHAN. 5 CK . EO b #EAT -1 FF Sca.p Ml
FF-ATRL Swie.re 83 BE AR, W 7R AT AR 10 7 #1428 Hi
Ca®" FATFF 10 47 K iz i Mg (1 BE J1 ¥ T 18 i
Fe "7 168 )1 s EC Ab AT FF-ATHL Score M1 Sug.re L
CK I 3 BEAR AT AT i Seope Al Sy, Fo CK i 2
Fhim s MR AT A AT RS i Ca®' F1 Mg™ 19 /g
KT Fe 77 R 1 AR B AT 38 4 Ca™"
M Mg*" 1) fig )9 F iz i Fe” 7 [ Rk J1 s EOEC
Sb 3 A AT AT i Syre B CKO I 25 T &7 U W AT
K m At izt Mg (9 Rg J1 i Tig i Fe® 0 MY Be
J1. 5 CK L EO A3 AT AR-ATFF Sy, e .5 T+
15 o T AT FF- TR Sy e i FEAR {0 EOEC £ 3V
AT Sye.co B2 TH R TR B EO 40 2R A7
FERIATRGE B Mg™™ I RE J1 58 T iz fr Ca®" 1 ik
PP FEm AT 32 i Mg®™ Y BE J1 Ik T iz f Ca®" (1 fig
71, EC A B R 45 F (a4 i Mg™™ F1 Ca™" Y 8 J1 AH
2, EOEC &b 38 A7 4% ) A7 it iz i Mg®™ (19 RE 77 5%
Fizhy Ca® IRETT .
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Table 3 The selective transportation of mineral ion in different organs of O. [ubricum treated with different
CQO, and O; concentrations
P g W35 43 W 31 48 5 2 8 Selective transportation index
Organ Treatment SFe.Na Sca.Na SMe.Na Sca.Fe SMg . Fe SMg.Ca

CK 0.1440.06b  2.274+0.17a  2.7840.48b  16.414+1.39a  20.28+3.26a  1.23+0.09b

> + 3+ +1. 6 + 1+ +
PHRR-ATRT EO 0.1840.07a 2.03=40. 54a 4.8141.63a 10.70£1. 85b 24.24=+2.97a 2.4940. 84a
Root-Stem EC 0.0640.0lc  1.1470.16b  1.390. 24c 17.880. 47a 22.8641.67a 1.1940.09b
EOEC 0.052+0.01c 1.16+0. 35b 1.33%40. 23¢ 20.53%2. 14a 24.124+2. 21a 1.1840. 25b
CK 0.20=£0.02d 0.36%+0.10b 0.322+0.09b 1.8940. 33a 1.6640. 26a 0.88%0. 04a

- 39+0. .5940.15 .25+0. .4840. 324 .65+0. L4640, 0F
P FF-A kG EO 0.3940.08b 0.5940. 15a 0.254+0.07b 1.48+0. 32ab 0.654+0.12b 0.4640.05b
Stem-Branch EC 0.4940.06a  0.58+0.11a  0.480.08a  1.180.10b 0.9940. 23b 0.8440. 23a
EOEC 0.30%£0.09c 0.44=0.05ab 0.35%£0. 04ab 1.55%0.51ab 1.29=£0. 40ab 0.84%0.18a
CK 6.1640.78a 10. 84+1.90a 23.4142.75¢ 1.7740. 31b 3.7840.87c 2.1340.27b
+ + 5+ + =+ 5 L6940,

Py ey i EO 4.21+0.73b 7.61+£1.12b 20.3541. 38¢ 1.8240.08b 4.8840. 75¢ 2.6940. 44b
Branch-Leaf EC 4.7440.17b  10.90=%=1.54a  31.3572.88b 2.53740.78a 7.15%1.05b 2.8570. 16b
EOEC 5.0140.53b 11.0040. 87a 50.34=+4.11a 2.20740.12ab 10.09+1. 28a 4.61%0. 21a
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