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Contents and cycling of microelements in Karst urban poplar plantations
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Abstract: Nutrients cycling is one of the fundamental and functional processes that maintain the structure and services
produced by forest ecosystems. Many micronutrient elements can be essential to forested ecosystem biomass production. A
lack of any of the essential elements can be limiting to biological production and ecological processes, This may be
particularly important in karst areas, such as karst regions in southwestern China, where the high permeability of the
bedrock and the strong anthropogenic disturbance result in nutrients deficiency and poor soil fertility. In order to understand
the effect of urban forest development on microelements cycling in karst areas, we have studied poplar plantations located in
Guiyang city, Guizhou Province of China, where the karst area accounts for 85% of the total urban area of the city. The
concentration, accumulation, spatial distribution, decomposition and bioloigcal cycling of eight micronutrient elements
(Cu, Fe, Zn, Mn, Ni, Pb, Co and Cd) in 25-year old poplar ( Populus tremula) plantations were investigated. The
results showed that the concentration of Fe was the highest among the eight microelements, following by Mn and Cd had the

lowest concentration in the soils. The concentration of the eight micronutrient elements decreased with increasing of the soil
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depth. Microelements of Pb, Ni, Mn, Cd, Cu, Co and Zn had a higher rate of decomposition than Fe element in litter layer
on the stand floor. The concentration of microelements in different organs of poplar trees was in an order of fine root > leaf >
coarse root > bark > branch > large root > stake > wood. The concentrations of Cu in leaf were higher than those in other
organs. The total storage of microelements in the plantations was 14. 086 kg/hm’, and the content of eight micronutrient
elements in different organs of poplar trees was in the order of Mn>Zn>Cu>Fe>Cd>Co>Pb>Ni. The wood and bark had the
highest amount of microelements than other organs, and they accounted for 43.4% of the total microelements in poplar
trees. The patterns of biological cycle of micronutrient elements showed that annual uptake amount of microelements was
3.079 kg/hm’, annual return 2. 663 kg/hm’, and annual retention 0. 417 kg/hm’ in the studied plantations. The
utilization coefficient (ratio of the annual uptake amount to the total microelement storage in plantations) and cycling
coefficient (ratio of annual return amount to annual uptake amount) of micronutrient elements were 0. 219 and 0. 865,
respectively. The turnover period of the microelements (ratio of the total microelement storage in plantations to the annual
return amount) was estimated to be 5.29 year. The poplar plantations had strong ability to absorb Cd from the soils, and
the biological decomposition rates of all microelements were higher than their migration rates in the studied forests. Our
results indicated that there was a relative high cycling rate and a relative short turnover period of the micronutrient elements
in the poplar plantations. The study suggested that the urban poplar forests had a strong ability to keep nutrients stability, to

make stand self-adjustment and to improve soil fertility, which might be beneficial to the maintenance of forest productivity.

Key Words: Karst; urban forest; poplar plantations; microelements; nutrient cycling

B = 3k T AR R b SRR W™ O, B 22 1 ke 9 AR AR PR B )i H 45 58 . AR AL Z2F
A ASTIRE , RKAERRMRAE G T A= AR EE Jy T A F AR I 2 2 il SRR T i i R 2 — . AR KRR 7E
IR TT PR RIS TR DX 8 AR AT AR AE SR T AR AR o SR TIT AR Bk A okl =2 i Il 2B Ay R G AR S
AT RREE i e DR B, 75 SO 30l Tl b sl P 9 A S B ek N B SR DM, il Ak 2 ip e i JRe 55 0 T A D 58
t RIS X 388 T AR AR A 53 R T AR ) 25 S D BB LA 52 4 BB TR o=

W IR — i F ARG, 298 /KON B IR 5 Tl g b 3R Ak 2 5 R FUE B M O 38, — LA A it TG
K TR b FR AR IR ) FEAERAE S SN A R WE TR b B & B AR ZL A A L, SR BH T R BN A A A T, M
b S O I | R TR AR T AT R ARG 85.09% T FRAKTE TR ON 41,78 % S — R RRMIA LAY F N 1L
W, PRI Sy Bt B TR T SR e AR A BRI 2 I GO R 2004 AR IT A E A E K AT

BAMAEBRGETMN TG R RGN REN FE RN Z — BRI ARG ) e e e iy 8 2
ZY ) KT HRMESRE SRR 2 E TR EFRTR, W R T R U 3 Fd R TR
TR IR L LA S R AR A 25 R e om0 3R MO i A DL AR A S 36 5% BH Tl 3ok ol A
NTAAWTTER G WFFE T AR AR S R G U TO 3R o oA SR A sh sh 2% 2R 1 T S ST R 094 5w,
T T WA AR AR 2522 DY N2, AT W S0 A Ak BRFIAB A R O B 28 8 4 IR IR A AR
1 RIEX B AR

I X B AE SN A S BH T SN A MOl B2 T B s St . H BB B 106°27'E,26°44'N, Hikk
bl b B A VL S BRI /K W Mty ST DALl | P B R 32 Y B i 2 i DX o B R T AR A
TR 85% 7). Mgk 880—1659 m, AEFISIR 15.39C AR K i 1129. 5 mm , AIXVEEE R 78% . 113
IRMERE N =, 5O KA Haa W USRS A o H AR b S AR T e o S B A 3 X
JEAAERE C L RWRIR . H SRR LLFE 3B (Fagaceae) A5F} (Lauraceae ) | 1L Z5E} ( Theaceae ) A 3 %) [i# I
PR KA 95 A 4 16 ( Myrica rubra) VG2 ¥E ( Betula luminifera) (¥4 ( Cupressus funebris) . 2 Vi ( Ligustrum
lucidum) K ( Pyracantha fortuneana) KW %440 ( Rubus alceaefolius) 55 , £\ H% X N % £ 4% B ( Populus
tremula ) N TGS ARRBEARERAE DL 1, [RI IR BE B A AR 500 m Ab T AR b 158 B X AR RE b i e |
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Table 1 The features of Populus tremula plantations

i W RS SRR My Stand biomass/ (1/hm? ) M= H
< 1 . .
Age/a Denslty2 Average AYerage + )3 - 53 M &5 PrudU(itzlvlt_):
/(F/hm?) DBH/ ¢m height/m Stem Bark Leaf Branch Root Total /(t-hm™-a™)
25 556 24.96 21.78 60.11 12.02 8.24 7.64 17.35 105.36 12.13

2 WHRAE
2.1 RO R R P A 5

FEWFFEIX P, 5 900 m> BRifiit 2 B, ZEAR D 4% SR R o0 G AT R AR I | SRETAR -2 1R
To ST ARAEHC A IR T ZRAK, i DR, R REFEARH N3 R A K R B IR 45 5025 3 PR A HUbR
WEARSS 1B, 33 Bk BRI A TS558, H A 2 U0 H0E  #5 2 m XA B, D 4% #5% B 6 7 5 AR ORI 4
P28 R (RAE KHE>0.5 em AR 0.2—0.5 em 4IAE<0.2 em) MIAE B SRS 5 B 40 IR BU N
FEAR 1.0 kg, 72 80 CHLETHE SRS E N TYRE, MARBRAEY R 3 BRI ERE 4o
A= i R PROR SRR AR i 3 DAMR M R BSOR AR s MR A 7 1 R AR 38 AR KAl 3R
2.2 MRHbIRAEARAS T i 2 AR A D

TEFEHL N BRI E 5 A 1 mx] m B/PREDT R (L JR) 2R (F)Z) 20t (H)Z)3 NRIREIL
A 5 et IO AR 1.0 kg, 76 80 CHEIEMLE TH
2.3 hMEREACREE

FERE P RIFERE D 300 m AP2S W ML B2 4 ASRAE 8L, FERRASRAE 3% 0—15 ,15—30 30—45 ,>45 cm 4
NEWR, 53 A 500 g, Hog T4 20 4>, ZHERAERS 2, T IE 5 20 HAI 100 B, &H ., 1EBE I
FHER TTHUAS 1545 2 8, 00 3828 L BRURE , FH/INVER & 00 398 B /K i
2.4 feESMrTk

YA L HEH Cu Fe Zn Mn Cd Ni Pb Co 4% R Hp3510 JEFWR IS e M E |
2.5 HdEibee

Bl F SPSS13. 0 B F Ak 3

SR I FH 22 850 8 B 28 500 Jl e 1 [] S5 A 0906 3 R 808 20 BT T T R A B AR AR, v 1 T 3R B R Wi
5 AF i FOfE, R IIMOR AR A K T35 9 JC 2 063 R BN A8 15 WO 1 LA, 25 B JC A6 75
JiE 5 A A st 1) Sk i e 3R 28 I — NG JE U1 T 0 A st i), Pl fel s 3 B B R BR LA S

YRR = (BEH IR SR/ R IR S ) <100 A TR R B = (BEM 3R S /TR R A ) X
100 ; A=W 0 8 = (B 3200 B i/ VR 2SR & i) x 1005 A W0iR 8 R B = (I E 30 fr i/ R 57
SR 1001
3 £R551%
3.1 BRI RO TR A RE
3.1.1 Mt HIEP TR A

T3 R TR R A TR, 5 B A U VA G

F2 R W N T ARHE -3 P | Fe Y& B, Mn IRZ, Cd JA%, 5 REM A AN HIEME TR S
HEMAE—EC" ) Cu f1Zn Pb Ni & Co TREZMIEHBERER, KRS BAETIRZNELES, Cu Fe,
Mn Pb Cd Y52 3 H B 382 T8 B 5948 i i 20 (P<0. 05) , 26 WX 8650 R AE + e etk i i 1) B 2%,
Zn Ni Co WK ATES T2 & BT R E 25 (P >0.05) , KX 3 MOTRPMEE R T TR, i
P A4 Cu Fe Zn \Ni Co Cd TG & 5% U [H] 22 5 R B3 (P>0. 05) , 2 BH 3 B2 5T R 7E A7 AR b Ao
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R Y &5 BRI, T M 35 5 A A bRl 2 280K T %0 B ML ( P<0. 05) , Pb IESFAHIZ , A7 Ak b 1 25 1 T 0]
Hi(P<0.05) , R FAARHL AT AFE Mn JTCRTRAFE Pb J0E A R T RS,

R2 HMHTERETESE

Table 2 Microelements concentration in the forest soil

Cu Fe Zn Mn Ni Ph Co Cd
+ 2R E Soil depth/em

s st dep /(mg/kg)  /(mg/kg)  /(mg/kg)  /(mg’kg)  /(mg/kg)  /(mg/kg)  /(mg/kg) /(mg/kg)
015 34.66a 57244.3a 60. 10a 1024. 62a 63.10a 79.69a 25.60a 2.87a
(0.32) (1207.3) (0.59) (18.46) (5.4) (2.73) (1.66) (0.13)

530 28.84b 54155.2a 56.24a 702.20b 53.21a 61.20b 21.35a 2.39ab
(1.27) (1340.9) (2.16) (35.71) (2.01) (2.08) (0.48) (0.06)

2045 27.38¢  53361.7ab  55.16a 630. 86be 49.65a 58.75b 20.94a 2.30ab
(2.53) (2118.4) (1.75) (24.76) (1.03) (1.60) (0.48) (0.08)

as 24.51d  48686. 1b 53.43a 451. 15¢ 46.64a 45.18b 18. 16a 1.64b
(2.44) (6055.6) (6.23) (58.11) (0.82) (1.92) (0.69) (0.09)

I Aven 28.85A  53361.8A  56.23A 702.21A 53.15A 61.21A 21.51A 2.30A
- Average 0.11) (491.5) (3.26) (50.59) (4.75) (4.40) (2.28) (0.23)

S CK 35.27A  61131.2A  60.81A  1043.50B  46.17A 43.46B 24.19A 2.28A
(2.33) (6239.9) (3.20) (109.23) (5.48) (10.76) (2.12) (0.26)

5 B A bREDR ; [FIFIARIRNG SRR 22508 8.3 (P>0.05) |, [AIFIAR R RS REFRIR 22 5 A .3 (P>0.05)

4 5 BT A7 AR L i Se R 2 5 R U T T R R N AR L e iy R 1 gk

friede, n]

PIFE H, Cu Fe Zn &2 K FR IR A TAR IS5 1 Mn Ni \Pb Co ,Cd W & FA VAR L1 & &
FNE 2 WTRAFE SBT3 Cd &8 ) 3 3R 1 e i — 2 il =2 b

WE NI Bt — 2, R =R = ZARIE B Cu Zn Pb SA M — 2% M = SbRifi, W1 5 PRIk T 2%
AR A 88 Tl E A AO A P AR A I R AR A 2
3.1.2 MGk IE R e TR H s

323 B T A AR RS Y& D12 TPOR RIS B B i oo R B i, T LR ) R A YR e AR
Zn Mn Ni Pb Co.Cd JTE , TEARR SR B i) & it 2 9sl /0 % JELL Pb Ni \Mn JTE &, B ITMR B B
B B B o3 ik 2D 90. 5% 87.0% (77. 8% 5 Cu TGE MRS B B B2 0 B B, & s> 51. 8% , 1
TEC AR B TR 5 2B 0 B BeARAS ;s Fe JUE B i AR 43 212 43 B BE, Bk 2D 40. 2% (R © 40 i B Bt
Lo BT BN 63.7% o AT UL, St ST AN ], Al J W bR 4 fige ook AR b i 3 B R AN S8 AR ] R —JT &R
TEAN[R) o3 it B B L B i AN AR ]

F3 HHRHEHEMETZESE

Table 3 Microelements concentration in the litter floor

EUK Laver Cu Fe Zn Mn Ni Pb Co cd
7= 4
Y /(mg/kg)  /(mgrkg)  /(mgkg)  /(mg/kg)  /(mg/kg)  /(mgrkg)  /(mg/kg) /(mg/kg)
67.57 38.20 63.76 256.55 5.79 20.75 5.28 28.15
Li
ASE Litter (0.09) (0.17) (0.05) (1.13) (0.14) (0.56) (0.07) (0.04)
32.60 22.86 44.96 134. 40 1.54 9.89 3.04 16.03
S/ ati
I3 Fermentation (1.08) (0.24) (0.93) (1.51) (0.22) (0.30) (0.08) (0.004)
32.13 37.43 39.10 56.84 0.75 1.98 2.57 9.56
yA H <
52 Humus (0.18) (0.94) (0.02) (1.48) (0.14) (0.00) (0.08) (0.001)
T4 Aven 44.10 32.83 49.27 149.26 2.70 10. 88 3.63 17.91
~ Average (0.45) (0.45) (0.30) (0.62) (0.08) (0.09) (0.03) (0.01)
Fi5 PVBE R iR

3.1.3 MR REEICER SR iR e
MR 4 TTLAE L th TR AR 245 B OSSN REAN ] , S oo SRAF AR 28 53 TR AR Bk 2
FAEPIIRE RS , RZHOF 0 E PR AE SRS, NI RO JC R & i %, 56. 56 mg/kg, 3 15 T 0 W% 25 X g
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T A UEAMAR T e R SR 4 R — 2 W R R B R e R SRR, T
Cu TR FH M, 1K 63. 62 mg/kg, lL—BAEY) & B (2—20 mg/kg) & 3—32 ff, AIMLEMIHZ PR
BLANVE WU TR & B, N 430. 24 me/ke, ARAES TAF—AE B LAAR R B R E SCEMARA KR,
HAME TR T EBBAL, 7 66.95 mg/ke, LA &AL 6. 4 £ MR Z A0 T R &2 RN
> AR > HHAR S8 B2 > A > KAR S HRATE > T-41

x4 HMARASPRETESE

Table 4 Microelements concentration in different organs of Populus tremula trees

Cu Fe Zn Mn Ni Pb Co Cd

#T Organs Smgke) /(mgke) (mgk) (mgke) SCmgke) (mgkg) /(mkg) /(mgkg)
 stem O8Om0 G o1 o) ©m  ©m 6%
b Branch (442.'3598) (106.'5121) (510.'4196) (?? ;Zw (g: ?g) ((5): (7)3) <(3): ?i) (115..8851) 192.55
in
B Bark (310.'2898) (1(;‘.'1226) (611.';22) <?§ i) (g: (9)2) (g: ;i) <g: 3§> (117.:38) 225.80
AR Fine xoot (439. .4023) (816..4233) (339.45235) (21262. .8390) (g: (2)2) ((3): 23) ((7): §§> (126..2(;7) 430.24
HLR Coarse root (323.'7355) (654.76556) (328..(;‘82) (11109.'4165 ) ((2): 23) (8: ?;) <g: ig) (113,'7220 ) 276.45
S S CC - N S S S S LS
HRUAE Stake (115..2163) (109..6259) (146..3855) <Z: §§> (g: ?2) (8: §2> <(1): (1)55;) ((5): ;8) 66.95
TR Average (303. .6170) (312.'19 24 ) (317.'5619) (866 '7327) ((1): i(s)) (32 gg) <(3): gZ> (101..6631) 209.74
H55 NEE bR e

N 4 IR AT LLE AR Cu Fe Zn Mn JCR B RMY T EFR LR MM ARA S Ni
TR HETN IR KB — PP AR K I b 75 B 3R 0 2 IR — % 8 1—10 me/kg, J& M1 AK PY
IR AL SR RN Ni JCR SN 1,53 mg/kg, K Ni SR MR RHE K P0G i3
JTEK,

TP B TC R AE H TR S04 T 00 A i s AT 1, AR N IR — e 2 RS e ™ 4%
AT PR A A , P S AF RS BRI A KR E . 808 BAR BN IR A R T 575 1Y, FX S
FEAE R ER AR TP, SRR CR RN “ A 250K, W Co JUE, TEMRHA P 3 & 58 3. 65
mg/ kg , 5548 B G AR — IR R P Y R 0..02—0. 50 meg/kg KT BB S A B G 1E AR
K, R Co TTHEIHMMH , WE—F G ETE,

FHN GRS E IR S Cd FPh T, Hidh Cd P AR 11,61 me/kg, Pb K 2. 85 me/kg, T % P
FhoCE , — MR E 48T R YA T F VE A (R B FP T R A i I 08 7™ A A5 3 T ELRE 8% 1E
A, XATNE S PEH 3 HREEAR TS Cd P T, 2 SRR T8 Cd & B EMT 1 53 SHEA
(P<0.05) MG 1 SHEEARRE T 2.3 SHAR(P<0.05) , W B2 2 SHAREE T 1.3 %5 (P<0.05) 10
KIRHA 35 BEMT 1.2 5(P<0.05) , 8 AR FIHRIHRAE A 3 HRAEA 22534 3 (P<0.05) ; Pb 7EMH T |
R AR AR FIAR AR ) A S B 22 R R B35 (P>0.05) M 3 SRER B EH T 1.2 5 (P<0.05) ,#
Bk 2 BREAR B EMT 1.3 5(P<0.05),2 3 SFEAMAIMR h & HEE /T 15 (P<0.05), AL, Cd
Pb TCE AR & BRI B AR 25, SR ER —2 5, FIT 2R R & W AHE,
i Cd TR 12.642—17.398 mg/kg, 1 Pb JLE WK 4.330—S5.499 me/kg, LR EH],Cd Pb LR ML
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FAAE TR JFBEA AR IEH R, T HREAERA M A KR T, RUIEYL T RE SRR BR T e
A E B AT SN I A MELLE AR HAD PT REAY A7 B SO0 R LB X MY = |, 20w —F A
UK . HEERH D JEHOR A2 o I BOR B it , AATTRERE Bl IN AL 75 B FR U R IRl il 22
et

x5 HHHEAR Cd.PbEE

Table 5 Cd and Pb concentration of Populus tremula sample trees

Cd/(mg/kg) Pb/(mg/kg)
#FH Organs 1 SHEA 2 SRR 3 SRR 1 SRR 2 SRR 3 SRR
No 1 sample tree No 2 sample tree No 3 sample tree No 1 sample tree No 2 sample tree No 3 sample tree
F Stem 4.715° 3.292° 4.404° 0.514° 0.220° 0.514°
(0.398) (0.077) (0.080) (0.293) (0.000) (0.294)
¥ Branch 21.211° 11.219% 15.013¢ 5.507¢ 4.918" 4.621°
(0.075) (0.073) (0.397) (0.001) (0.003) (2.640)
M Leaf 17.398" 12. 6420 13.185" 4.330° 4.330° 5.499"
(0.224) (0.552) (0.159) (0.003) (0.001) (0.000)
Jz Bark 20.554° 13.331" 19. 4392 6.675° 5.494" 6.379°
(0.084) (0.314) (0.718) (0.001) (0.001) (0.291)
4R Fine root 10.101° 22.508" 15.611°¢ 2.860* 4.909" 4.026"
(0.890) (0.161) (0.238) (0.299) (0.001) (0.292)
HIME Coarse root 18.012* 8.663" 12.923¢ 0.514* 0.220° 0.805°
(0.056) (0.704) (0.235) (0.294) (0.000) (0.000)
KAHR Large root 7.891% 6.375° 4.242° 1.395° 1.100° 0.807°
(0.083) (0.626) (0.399) (0.001) (0.294) (0.001)
HRAE Stake 7.963% 3.132° 4.793¢ 1.100° 0.806" 0. 806"
(0.154) (0.077) (0.148) (0.879) (0.001) (0.002)

[R) A5 AH R 7 B 22 S PEAR B3 (P>0..05)

3.2 MMBE TR IS A

ARG TC R W AF, SRR R PSR E MR TR SR BRI A, B R
AREABEAHEAERNZER, IR 6 nTLIE M MR e R S Eh 14. 086 ke/hm®, A [A/TER TR AE
DL Mn &, 0 4,954 ke/hm? , Ni A%, 24 0. 110 kg/hm? | &30 o0 077 S 4% & T HEF 4 Mn>Zn>
Cu>Fe>Cd>Co>Pb>Ni, FEA#E M HLIE LR A TR Bz 1 A e de K, MO B i 1) 68. 45% IV AF
IR IR R 2, SR R T R AR R 10 43. 40% , 5 T B AN B9 A A — 2 MOR A I 0 A i
15.07% W n R WA 29.33% M N R AW 16.48% i oo R IV b 27.27%

xo6 FRRBETENNESSE

Table 6 The storage and distribution of microelements in Populus tremula plantation

Y W ICR I A7 5 Storage of microelement/ (kg/hm?)
243 Organs Biomass
/(v/hm?) Cu Fe Zn Mn Ni Pb Co Cd A1t Total

F Stem 60. 11 0.771 0.830 0.854 0.528 0.038 0.025 0.104 0.249 3.399
¥ Branch 7.64 0.325 0.123 0.383 0.452 0.005 0.038 0.023 0. 120 1.469
M Leaf 8.24 0.524 0.132 0.505 1.281 0.022 0.039 0.041 0.119 2.663
J% Bark 12.02 0.371 0.171 0.738 1.081 0.012 0.074 0.053 0.214 2.714
4 Fine root 1.51 0.074 0.130 0.059 0.336 0. 009 0. 006 0.011 0.024 0.649
HIAR Coarse root 2.94 0.098 0.190 0.113 0.350 0.008 0.001 0.013 0.039 0.812
KM Large root 3.25 0.057 0.108 0.065 0.092 0.001 0.004 0.007 0.020 0.354
HAE Stake 9.66 0.320 0.318 0.364 0.834 0.015 0.028 0.035 0.112 2.026
A1t Total 105.37 2.540 2.002 3.081 4.954 0.110 0.215 0.287 0.897 14.086

http ; //www. ecologica. cn



13 4] EHEL A E TR T A N AR TR B A W 3697

3.3 BWARGE TC R AR WG RRE
3.3.1 ffE#

T TC R ATAE B AR A A5 28 B RSO E] (1a) AR B A S JC 28 i A T AR A i i 3 K
MEITTR ST, R T THMRBOE TR WEfER &, ATLUE N BRI EOE TR WAEE R o8 0. 417
kg-hm™a™, H FEAEEA TAEH L3500 T B R b, 5 RO EAE B 1Y 73, 86% b N /AR R HL G
26.14% ,

K7 GRRBETENESRER

Table 7 The annual net accumulation of microelements in Populus tremula plantations

A= T W TR AR 5 Annual net accumulation of microelements/ (kg-hm™2a™")
414¥ Organs Productivity
/(kg-hm2a") Cu Fe Zn Mn Ni Pb Co cd A1 Total

F Stem 2.40 0.031 0.033 0.034 0.021 0.002 0.001 0.004 0.010 0.136
K Branch 0.31 0.013 0.005 0.016 0.018 0.001 0.002 0.001 0.005 0.061
£ Bark 0.48 0.015 0.009 0.029 0.043 0.001 0.003 0.002 0.009 0.111
ZHAR Fine root 0.06 0.003 0.005 0.002 0.013 0.001 0.001 0.001 0.001 0.027
HIAR Coarse root 0.12 0.004 0.008 0.005 0.014 0.001 0.001 0.001 0.002 0.036
KAR Large root 0.13 0.002 0.004 0.003 0.004 0.001 0.001 0.001 0.001 0.017
HHE Stake 0.39 0.006 0.008 0.007 0.003 0.001 0.001 0.001 0.002 0.029
A1t Total 3.89 0.074 0.072 0.096 0.116 0.008 0.010 0.011 0.030 0.417

3.3.2  EWRRHE

HERMAESRGE T PR RN PR A O Z R o R IR L E A SA LR D 58 B
TIEITCRINE AT S50, ERRAE R RE |, BRAE R I SOA R4 48 B ARG TS, Zead 0 i B i i oo R A
W -4 SR A DR R AT R = A7 B i+ IS I TR A

M 8 W LAE Y, BRI T AR i 3.079 kg-hm™a™ |, B ITCE A AR AW B IR AN
[Fi] , 22 BB 3 A4 LA i JOT IR AL ) it oG 2 B AN TR 1)

RS METENEMER

Table 8 Biological cycling of microelements in Populus tremula plantation

i H Ttem Cu Fe 7Zn Mn Ni Pb Co Cd 471 Total
7475 Stroage/ ( kg/hm? ) 2.540 2.002 3.081 4.954 0.110 0.215 0.287 0.897 14.086
Wit Absorption/ (kg-hm™a™") 0.598 0.204 0. 600 1.397 0.030 0.049 0.052 0.149 3.079
peatiisy
A Y 0.074 0.072 0.096 0.116 0.008 0.010 0.011 0.030 0.417
Retention/ (kg-hm™-a™")
744 Return/ (kg-hm™2a™") 0.524 0.132 0.505 1.281 0.022 0.039 0.041 0.119 2.663
FIFH % Utilization coefficient 0.235 0.102 0.195 0.282 0.273 0.228 0.181 0. 166 0.219
TEFRZEL Cycling coefficient 0.876 0.647 0.842 0.917 0.733 0.612 0.788 0.799 0.865
JAF: ] Recycling period/a 4.847 15.167 6.101 3.867 5.000 5.513 7.000 7.538 5.290
YLAER
i%&ﬂﬂz%;& . 183.55 0.028  102.05 15.17 4.23 5.92 4.64  502.09
Bioabsorption coefficient
R Rk
/#‘%Jﬁ%ﬁ . 94.15 41.83 96. 19 60.58 46.11 22.75 94.51 51.19
Biomigration coefficient
i%é}%%f& . 144.26 48.67 124.48 104.12 98.89 43.38 137.47 80. 46
Biodecomposition coefficient

127.24 0.057 81.98 14.57 4.28 13.65 14.18 624.04

Bioreturn coefficient

ST A Sy v ] AR T ORI BT RO TC R AR B, S ARIHAE N A E R Bl ST R AT B R A
T LA, MBS AR B A REARI P AR R TO 3R i B iR & 2. 663 kg-hm™a™" , Horr LA
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Mn JCE HIA H 5=, o0 1.281 kg-hm ™ a™  Ni JGE AL, 4 0.022 kg-hm ™ a™' , FIE TEHH 2 58 5, & E T
FIHIE &8 1S RUF  Mn>Cu>Zn>Fe>Cd>Co>Pb>Ni,  PIAS YA 58 AN [ /K 25 It FMR el i IH 38 o S BEAR (1)
IFIR ST ATEE T A I A U o, L2 SR H S PR A1

MFE 8 i AT LI bR TR A R BN 0. 219, 83 280N 0. 865, 4 il 70 K A 1) I R £0f
TEER B L, Mn JCE N

P N TG TE R JH LN 5.29 a, S T R BRI e — e i 225, Hoh L Fe 50k, 0 15. 167
a,Mn /Iy, J 3.867 a, AIUL, B N THMAES RGP, £ e R P L Mn HiR &K, B, b
LN

Pt it + 4 rp 8 R TR OB B AE T, nTHIAE I R ECRFR . HNE 8 B, mhiat +
Herp 8 PR TC R WIIRBE ST 408 3 ANZ IR, 5 1 2B RIEXS Cu Zn  Cd WISCRE ) fe i, A P e 3R 8 7
100 P b5 55 2 JAUCEXS Mn (Ni \Pb,Co BYLEW IS RECH 1—100; 55 3 JRUGEXT Fe BYMRE 1558 , A= 1k
WEREE 1 LUR {0R 0.028, AT UL, At -3 8 i oo R W aE 1 22 AR K,

Bt Fe \Ni \Pb Co . Cd BYA YR IEZ G T AP WG AT Cu Zn Mn B9 A Y)5R E ZEE0 T A P W1
% 8 MR ITR AV R B T A TR R, RUIGRI LI TR BA AR TRE T, X0
MU AR RIS A R
4 Z5itie

WIS T A PR 43R 8 Rh M TR S LA Fe iy, Mn IR Z, Cd A, T BE )2 T8 3 1l 184 1 17 sk
A B rp b X T AR e R A AR — S KRR R R M T R AN 7R e R
AN, Al Ie R AR B BOR R K s oA R

545 M B (Acacia mangium )" | B & ¥t ( Eucalyptus grandisx E. arophylla )" b FE ¥ ( Pinus
massoniana) " S N T AL, A TS 2 B O R S B K2R, A —a8F th N s ZE AR,
HEgsth i —E 25, MATEREMEITTE B2 S e B S iaem Ak, Ha w23 4
AR SRE SRR S B B2 >4 > KAR S AR > T4

AR TR Cu Fe Zn Mn AT R TCRSS, A OB &I L F M TR Ni M 25 70E Co,
XGRS, AN TE RO HR S A T G R Ph ORI Cd, X S AETE T D BAMOR &2 B
FIRFFEas R —8C" KB Ph Al Cd JCE Wz RIS RAMARA T &, th R i —Fh 25 e &, /XA
WA = AR TMORIIE R B K

W N T ARG B T R A7 50 14. 086 kg/hm® , Hirp Mn JTZR 5o, Ni Bk, T FIA B2 0 AR i e R
%, R 43.40% O TR (5 29.33% ; BRI T AR R 5 27.27%

BB N TR TR A B 0 0. 417 kg-hm™a™' AR TR H N 2. 663 kg-hm > a™" 4R IH0 & & T 17 #
L5 44 T AR 1 AR T RN TAR—RED T 6 A AR B R TR I A R i e R A
FHZEKCH 0.219 AT 5 HAHBATAR0.312—0.812) , MEFF REH 0. 865, 5 T 5 HAH A A T Ak (0. 695—
0.709) ", 14 5.290 a, 5 23 4EA M (5. 078) 2" R AN T A, o oo R BAT 3K A7
A R A 1 S 2 1 I E g ok R e A AR A Y AR RV SR R T RE T A -3 RE )
58, A7 R TR A 7 24

T RER T A T AR Cd AW RE T 5058 , BEHIRAE Cd V5 4 38, XT 8 Fiialiet o0 2 1 A= W43 i R 350
FAYERR XA H T EHE PR TT R FE , WARHLAE 7= T R A )
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