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Effects of Elevated Atmospheric CO: Concentration and Nitrogen Addition
on Element Concentration and Resorption in Leaves of Two Tree Species
Under Cadmium Pollution
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100049, China; 4. School of Geography and Environment, Jiangxi Normal University, Nanchang 330022, China)

Abstract: In order to investigate the effects of cadmium (Cd) pollution and its combinations with elevated
atmospheric CO; concentration and nitrogen (N) addition on N and phosphorus (P) utilization strategies and Cd
accumulation in leaves, two afforestation tree species (Acacia auriculiformis and Cinnamomum camphora) were
selected, and the open-top chambers (OTCs) was used to construct the simulated experimental forests of the two
tree species. The five treatments were control (CK), adding Cd [10 kg Cd/(hm?-a)] (Cd), adding Cd and CO,
(700 gmol/mol) (CdC), adding Cd and N [100 kg N/(hm?-a)] (CdN), adding Cd, CO; and N (CdCN). After
treatment for about 2.5 years, the mature and senescent leaves of two tree species were collected to measure the
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concentrations of N, P and Cd. The results showed that the foliar P concentration and P resorption efficiency had
no significant changes under different treatments, but the N concentration and N resorption efficiency in leaves
were significantly affected. The N concentration in leaves of two species increased under CdN treatment, and the
N resorption efficiency in C. camphora leaves decreased significantly under Cd and CdN treatments. Under the
treatments of Cd, CdC, CdN and CdCN, the Cd accumulation in leaves of two species, as well as the Cd/N and
Cd/P ratios in mature leaves of C. camphora increased. The N and P resorption efficiencies were significantly
higher, while the Cd accumulation was significantly lower in A. auriculiformis than those in C. camphora. It was
demonstrated that the fast-growing leguminous N-fixing tree species (A. auriculiformis) had better N and P
utilization strategies and stronger resistance to Cd accumulation than the common non-N-fixing tree species (C.
camphora), suggesting that A. auriculiformis could be suitable for ecological restoration in Cd polluted forest sites.

Key words: Cadmium pollution; Nitrogen addition; Elevated CO, concentration; Nutrient resorption; Stoichiometric

ratio
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2% 1 0~10 cm 3F4L 221

Table 1 Chemical properties of 0-10 cm soil

T H Ttem CK cd cdc CdN CdCN
FRWE pH 4.9240.02b 5.21+0.02a 5.21+0.04a 4.93+0.03b 4.90+0.06b
4% TN (mg/g) 0.23+0.02 0.20:£0.01 0.22+0.01 0.23+0.01 0.22+0.02
4= TP (mg/g) 0.10£0.01 0.110.02 0.12+0.01 0.10£0.01 0.09+0.01a
4248 TCd (mg/kg) 1.51+0.16¢ 80.20+0.36a 71.50+3.81a 34.90+6.92b 31.00+4.69b
/% C/N 18.41+2.66 18.33+2.60 17.64+1.74 17.60+1.21 20.60+4.75
T/ C/P 40.56+3.07 34.55+8.74 33.17+3.50 40.18+2.50 47.87+7.87
R/ N/P 2.31£0.39 1.83+0.23 1.92+0.29 2.29+0.14 2.39+0.17
A% NO5y-N (mg/kg) 1.13+0.54b 2.06£0.37b 1.610.14b 6.08+1.83a 6.36+1.57a
A% NH, N (mg/kg) 6.50+0.59ab 4.23+0.24b 4.80+0.57b 8.99+1.96a 9.42+1.17a
R AP (mg/kg) 12.554+2.35b 18.65+1.02a 17.44+1.39a 7.41+1.08¢ 3.14+1.25¢
A 3 ACd (mg/kg) 0.01£0.01¢c 55.51+1.65a 53.9243.10a 25.84+7.00b 16.40+1.08b

n=3. CK: Control; Cd: +Cd; CdC: +Cd+CO,; CdN: +Cd+N; CdCN: +Cd+CO>+N. Data followed different letters at the same line indicate significant difference

at 0.05 level by Duncan’s test. The same below
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R 2 ACERU O R TCR & B TR L R TR MG F AR R TTZE904T)

Table 2 F value of effects of treatment and tree species on element concentration, stoichiometric ratio and element resorption in leaves by Two-Way ANOVA

FEFF Index AbFT Treatment (A) A Species (B) AxB
X% & & Mature leaf N concentration 8.938™" 337.519™" 1.072
RIS B Mature leaf P concentration 1.906 3.159 0.918
A4 B Mature leaf Cd concentration 9.265™" 42.869™" 2.916"
AR/ Mature leaf N/P 0.560 32.906™ 0.881
A48/ %0 Mature leaf Cd/N 3.925" 29.907"" 2.525
B4/ Mature leaf Cd/P 3.412° 21.388™ 2.062
ZUEE N resorption proficiency (NRP) 5.543" 8.793** 3.803"
WEEWE P resorption proficiency (PRP) 0.718 27.185"* 0.346
#AMEISE Cd resorption proficiency (CARP) 3.790™ 31.566™ 1.942
Z AR N resorption efficiency (NRE) 0.938 21.888™" 1.215
W [EI 3R P resorption efficiency (PRE) 0.422 40.809"" 0.566
#EE Cd resorption efficiency (CARE) 0.252 0.245 0.095
*; P<0.05; **: P<0.01; ***: P<0.001. R[]
*: P<0.05; **: P<0.01; ***: P<0.001. The same below
0.006 0.5
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Fig. 1 Concentrations of Cd, N and P in mature leaves under different treatments. Different letters upon column indicate significant differences at 0.05 level.

The same below
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Fig. 2 Resorption characteristics of elements in leaves under different treatments
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FEM NMP & &, &N N/P LU L5 TN/TP,
AN 2R IEHSE, 5 NRE. 13 ACI/AN £ 5%
FHOG WA P & SR N &, N N AP
. PRE PLK 3 TP. TN/TP. AN & 5.3 [FAH%,
R Cd SREEHEEM Cd 8. EH CUN
Cd/P PAK 3% TCd. ACd 2REIEMIE; ZFEH N
TR NAP SR, TEMHPAC EFE.
AN 25 1EHS, 5 NRE. CdRE £ B & M
WEN P EESMAT NP FE, TEM N S&,
B CAN Fil Cd/P. 3% TP 2R EFEIEMR, 5k
A N/P. NRE. PRE 2R ZE MM FEH Cd &

B 5P Cd & 8. Cd/N 1 Cd/P PL R gEEZH N
FEERFIEMK, 5 NRE. CIRE &3 A%,
NRE. PRE fl CdRE =[] 2 i3 IEAHIC; th4h, NRE
SR N &, EEMH N, P, Cd BLA 3% TCd.
TCd/TN. TCd/TP. ACd. ACd/AN & & 3 i 5%,
PRE 5l P &8 N/P DL -3 TN/TP 2% 1E
AER, HExEEm P &&. sl Cd/P. 4 TCd.
TCd/TN. TCd/TP £EEMAHK; CIRE HEZMH N
M Cd SEERZEAMERK, 5 CaN Ml Cd/p 2
3 IEAHIR(P<0.05).
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Table 3 Pearson correlation coefficient between leaf N, P, Cd concentrations and resorption efficiency of Acacia auriculiformis, element concentration and

stoichiometric ratio in leaf and soil

Wi H A Mature leaf FZ M Senesced leaf [E]5 % Resorption efficiency
Item N P N P Cd N P cd
R Mature leaf P 0.611"
RIS Mature leaf Cd 0.479 0.405
FEZMH %A Senesced leaf N 0.862"" 0.574" 0.390
FEE M Senesced leaf P 0.620™ 0.851™* 0.482 0.695**
4R Senesced leaf Cd 0.254 0.066 0.477 0.182 0.427
AR N resorption efficiency (NRE) -0.557" -0.361 0.357 —-0.596°  -0.273 0.232
WU P resorption efficiency (PRE) 0.289 -0.536" 0.256 -0.333  -0.712" -0.136 0.393
#EENZ Cd resorption efficiency (CARE) 0.317 0.167 -0.093 0362  -0.176  -0.673"  —0.683" 0.179
AR/ Mature leaf N/P 0.293 -0.220 -0.288 -0.157 0246  —0.158 0387 0479  0.424
JREA-4R/% Mature leaf Cd/N 0.449 0.401 0.997"** 0.347 0.462 0.574"  —0.248 -0292 —0.149
FRAI4R/BE Mature leaf Cd/P 0.487 0.408 0.937"" 0.299 0.479 0.591"  —0.262 -0344 —0.154
T 4% Soil total N 0.558" 0.336 0.070 0.022 -0310  0.208 —0.498 0442 0221
T4 Soil total P 0.422 0.688" 0.431 0515 0.723"  0.117 -0.398 —0.575" -0.359
T HE44% Soil total Cd —0.524" -0.028 0.071 0466  —0.189  0.291 0.032  0.020 —0.463
A%/ AW Soil TN/TP 0.756™ 0.340 0.318 0.652"  0.327 0.179 —0.453  0.658"™ 0374
+ R4/ AR Soil TCA/TN -0.583" 0.061 0.013 —0.692"  —0.255 0.235 0.035 0333 -0.156
R4/ AW Soil TCA/TP —0.542" 0.080 0.064 —0.686™ 0228  0.248 0.143  -0.202 —0.191
+H5EH A Soil available N 0.787"" 0.563" 0.319 0.827  0.742"  0.179 0334 0260  0.474
+4E5 % Soil available P —0.484 —0.218 -0.273 —0.477 -0.245  -0.047 0376 0414 -0.164
+ A AR Soil available Cd —0.450 —0.080 0.070 -0.469  —0.023 0.297 0.561* 0200 —0.629*"
T MR/ S Soil AN/AP 0.338 0.420 0.345 0.348 0.386 0.034 0303 —0475  0.190
T3 BRI RA Soil ACA/AN —0.682" -0.200 -0.083 -0.797" 0299  0.122 0.628"  0.429 —0.702*
LA R 3 Soil ACA/AP 0.184 0.379 0.508 0.149 0342  0.270 0.108 —0.431  0.095
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Table 4 Pearson correlation coefficient between leaf N, P, Cd concentrations and resorption efficiency of Cinnamomum camphora, element concentration and

stoichiometric ratio in leaf and soil

T B R Mature leaf FEZ N Senesced leaf [A5 3 Resorption efficiency

Item N P cd N P cd N P cd
R Mature leaf P 0.850""
R4S Mature leaf Cd -0.024  0.050
FEZH % Senesced leaf N 0.700™  0.568"  0.399
FEZH Senesced leaf P 0.516"  0.553"  0.490 0.604"
4R Senesced leaf Cd —-0.130  —0.179  0.536"  0.613" 0.104
& N resorption efficiency (NRE) -0.553" 0267 -0.278  -0.585" -0.685" -0.628""
BE[EICER P resorption efficiency (PRE) 0465  0.565° -0370 -0.156 —0.676™ -0.399 0.915™
#EYLE Cd resorption efficiency (CARE) 0.363 0487 -0.109  -0.669 0.503 -0.603"" 0.544"  0.528"
HEIH R/ Mature leaf N/P 0.497 0429 -0.062 0.126  —0.564" -0.304 0.490  0.564"  0.460
B/ Mature leaf Cd/N -0.168 —0.068 0978 0276  0.518"  0.562" 0227 0473  0.577"
JREAT-4R/B% Mature leaf Cd/P -0.160 —0.076  0.980" 0277  0.542" 0.544" -0210  -0.560°  0.584"
+3E4% Soil total N 0.106 0358 0412 -0245 0315  0.037 0310 -0377 -0.197
T4 Soil total P 0489  0.573" -0.184 —0.091  0.616° —0.075 0.401 0.409  0.465
T 447 Soil total Cd 0438 —0.190  0.593"  0.147  0.184 0477 —-0.574"  -0.559" -0.375
T AR/ AW Soil TN/TP 0.622*  0.643™  0.006 0.108  0.460 -0.262 0.431 0.625"  0.265
+ 3447/ 4 % Soil TCA/TN 0440 0216 0514 0.124  0.125 0395 -0.573"  —0.558" —0.140
34/ AW Soil TCA/TP -0.500 0268  0.504 0.103  0.062  0.494 -0.566"  —0.660"" —0.291
+HEH A Soil available N 0.684**  0.634"  0.501 0.544*  0.441 -0.142 0304  0.065 -0.357
4585 % Soil available P -0.328 —0.014  0.114  —0.082  0.149 —0.021 -0.151 0.129  —0.181
T Soil available Cd 0304 —0.015  0.609* 0231 0330 0375 —0.611" -0.339 —0.415
T MR/ S Soil AN/AP 0.122  0.071 0230 0.035  0.059  0.142 -0.051 -0.223  0.338
TR R R Soil ACA/AN —-0.605° -0.322 0424 —0.046 —0.009  0.388 —0.548" 0452 —0.224
LA R 3 Soil ACA/AP -0.034  0.113  0.495 0.109  0.121 0376 -0.165 -0.166  0.110

N B A AR 22 A0 3 B3 ) 7% s FH AR
Fy 10 CO IR T m A AL T T, 21
RS, MIBEAR TR AN &R )k,
COL MR E T+ IR AH R s N & = R B
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S N/P 5KF 16, 117 CACN AbEE R KA
S REAIT N/P N 14~16, FREATE Cd. CdC. CdN 4b
BN, RMAHE 222 P RS, MifE CACN 4bF
T, RFHEAZ N AP SL R BRG] 6 BEAAS [F] kb 3
B B N/P (KT 14, RPN 32 252 2
N fE#il. Killingbeck!" WA A 4 AEY) 3 20 1 N &
KT 7 mg/g, P HEIKT 0.5 mg/g B, N. P F45
MR SE 40 T N S RAT 10 mg/g. P&
KT 0.8 mg/g, W N, PFAMEIBCRATEAN . &
WA R, F AR A 20 N & &
KT 10 mg/g, P EEIIICT 0.5 mg/g, W [ EM
PRI AH 3 2 ) N F2 5 B 5E 4, 17 P 97
Ay SR 5E 4% o Cdy CAN I CACN A3 fro A b 52 2
H N &% KT 10 mg/g, N F#0 R AR 584, %
HEAI CAC AL BRI 22 2 N & 88 7~10 mg/g, N
TR ST 58 4 [l ORI 578 4 [l e 2 18] o At R
IR 2 P & 2L T 0.5 mg/g, RIA P FHor
(1) 58 4 [0, TS [F) AL BR A 2 2 P Bl
0.5~0.8 mg/g, P F&47 IS T 58 4% WS ATAS 72 4 [
W2 1] o IX 3R B K AH X 0 P Rl 5
[, 1 HAL PRE % F NRE, FEARRF&<I%0 IR
Wi, RHIRH AR AT DUARYE B & 750 KT N
P FRAHIEIGEFRE, XF Cd 15 Y IREE13E M GE S
Bk FEMAESZ R N BRI LR, BA Rt
N AT 5842 [HW, i HAFR /- CARE 5 NRE 2%
IEFEDG,  Z BT IR AR UE B K 2 B0 2 1 R =X
A IRBR A AR M RO A 28, R WIAR T 1k i
Cd 2%, K21 Cd BRI 2 M (1 [F I gk
T xRN N BIE, SEOLFR S ERE ) N R, W
FLHFERE A IR N DL R K TR SR, AF
FAEDERER.

AR AR A 755 BRI R R
I FRAPIRIL I % R AR S —8, FE0 IR ]
RE G 2R IR IR TE G SAHOGEE IEAHDG, T
RE5 T HEFR A ERITE G S S IEAE OGRS, 5
— SR 5T M\ A 3 22 37 43 AR Ak 2 35 i) 5% 43 Bl
W hE F110 = SR U8, ASHIE 5t 45 B3 B R AR ERD
AR IR N P [RDSC R A ] Wi 38 5 398 57 23 1k R R
F IR IRABIAEAEM R R o I U S RHEDI T
NRE LAESRHEYMK, PRE tLAF S RHEY m20, A&
WFF 4k BB, KA B (S RHEY) ) NRE 1 PRE
B TR ARG RMEYD), 52 8 RA BT E .
AT PO 5T R ] & RHEY) (1 NRE L AE G RHEDE 1)

JR R EARME YR T RER A L3 N R AME AL
ST AR IR [ i S ) No, 76 N RO TR
TR RHEY) AT 75 45 S B A HHAH R R N
i mE TN, RPRHAEEX N R R e TR
B, RIS AR 7 R B E 4R Cd $0) G RME Y 1) 253
PERIBY, DR R A0 SR8 $2 5 NRE Al NRE LA
ARHPOEA K 25 ERTR, WA BN P FR K
RE 77 IR R A AR A7 A B 1T 5
3.2 ANEAEXH A Cd &8 &R BRHEREm
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