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domestication and breeding cold cultivation. The results showed that the biological zero of rock’s peony was

6.277 °C and effectived accumulated temperature from germination to anthesis was 286.8 “C. While the tree

peony of Zhongyuan Group was 5. 417 “C and 311. 2 °C. The results showed by correlation analysis. There was

not notable level with tree peony’s blooming and atmosphere accumulated from germination to anthesis ,R? =

0.015. There was notable level with tree peony’ s blooming and effective accumulated temperature from

germination to anthesis,R? =0. 869, while there was more notable level with tree peony's blooming and effective

accumulated temperature from leaf stage-flowering to anthesis,R? =0. 978,

Keywords: tree peony;effective accumulated temperature;florescence;correlation;the key duration of development
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R F R E L, £ 540 A M (Prunus persica) 45
(Prunus armeniaca ) .22 ¥ (Prunus salicina Lindl. ).
BBk (Prunus pseudocerasus) JEWk(Juglans regia) JFg
2 (Vitis vini fera) AR B (Castanea mollissima) %,
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Table 1 Experimental tree species
A fh T4
Species Variety Latin name
R “aEL” Malus pumila Mill,
ES “HET Pyrus pyrifolia
* “CERRELL” Prunus armeniaca
Bk “eryT” Prunus pseudocerasus
2k “ErEFE L Juglans regia
= “RBE Ziziphus jujuba Mill.
Bk “BE” Prunus persica Linn.
L3 REITEE
L3.1 BRERE F5.7.9.11 AF5IREFEFE. K.
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BEBEERREARE. HRERZX 2 fooRHhiE
YA ST T B LR, R AE ) A P Bt S T A 2 AR
g7 JF HRE B ESES/EH. WA AR ES
BIRGTEAENRE, ZH. B ER ML B
HEEBTESERIMIFEE -8 HELREY
4> 34 F (0.07 £ 0.002) ~ (20. 08 + 2. 315) .
(0. 102£0. 022) ~ (14. 99 4-1. 632), (0. 07 4=0. 031) ~
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Fig.1 Content of heavy metal elements in the same tree species
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HE 2a WAL, MR Rl T LR S BN E
TAR ., HH,Cr.Ni.Cufll Zn FEFTTELBH
AL, WEFRESERK, 843 10.22.7. 10,
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Table 2 Content of heavy metals in leaves of different tree species mg * kg™!
A H4 )8 Heavy metal
Species Cr Ni Cu Zn Pb As cd
Bibk Juglans regia 5. 7441, 23 3.86-0. 21 8.30+1. 62 20.08+2, 32 3. 260,14 0.4440.02 0. 0740, 002
B Pyrus pyrifolia 4.16+0.53 3.68+0.41 10.25+1. 01 14.99-+1. 63 2.24+0.36 0.430.05 0.10-£0. 020
38 Malus pumila Mill. 3.7340.43 3,650, 43 6.29+0.52 16. 7442, 32 2.5440.13 0.6240. 02 0. 0740. 030
Bt Amygdalus persica Linn, 5944111 5.60-0. 71 8.40+1. 23 17. 9841, 62 2. 3740. 003 0. 3040, 0L 0. 08=£0. 005
45 Prunus armeniaca 3.24+0. 61 5.16+0.52 8.66+1.06 12. 570, 97 3.60+0.33 0.32£0. 01 0.07-0. 010
BBk Prunus pseudocerasus 3.57+0.33 4940, 92 4.52+40.56 23. 8042, 63 2.54+0.22 0.350. 09 0. 05£0. 002
B Zizi phus jujuba ML 2.97+0.23 2.57+0.22 7.90+0. 88 23. 9043, 27 2.53+0.54 0. 18£0. 003 0. 03£0. 001
a
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Fig. 2 Contents of heavy metals in leaves of tree species in different seasons
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0.97,0.05 mg « kg ' , AR ZR B KME, 40518 4. 41,
0.12 mg - kg ', HX 2 NMTE S B SIFER AT
% As HRMENAMN AL FFETHRE AR
B HERTHEFANS,

H1 & 2b AL AL B R LR A R ZE T AR
RFEAEM B2 5. Hit Ni fil Pb f9 A8 fb ka 2546 [
W Ak 45 0] B — A e A —MIS A A
WA FEAE 4 1K 6. 63.2.02 mg » kg "l 1. 42,
137 mg-kg ', H Ni IfEHREKXME:;Zn 5 Cr
M B ETAARLL BR ET R B AR S 7
KRR B AILME (11. 88.2. 63 mg « ke D JF X FH
BERKIEE 7 H In ELE 5B BB RME
(17.02 mg *» kg V), Ba/MER 1.4 £%;Cu F1 Cd =
TERERIABE BERXREZEHSINH
1.19 mg « kg ' 1 0. 04 mg « kg, {H — F AL A
A 25 Cu AR LR B G 3 B KB R A 04(E
(10. 81 mg « kg DO MBAERE 2, i Cd WIWILTS Cu 48
R R ZE PR E, R ARME 0. 08 mg « kg™ );
As L2 W B A EEEEFR/AD B/
A B R 44%

ml 2c FTALERHFFEELE TR TEE
AR, HA N Cu LM R, i HFEZEH
BB PRI RARME(2. 64.5. 27 mg « kg™1) &%
SRERET, FERKESHRKER/DEDN
L. 67 f5H0 1. 30 £%;Zn 1 Cr (Y FLAAANML, I E R
ZE IR ARG (14. 96.2.72 mg » kg D ZJEH B E
W LT B B RAE (20, 39.4. 41 mg « kg™ )5
Cd 1 Pb ¥R 215 R 2 #f LI H . 2R KA
REER/MAER 2.75 5 3.32 f5;As B EWA
LR BEIR BB 50 e E AN E (R
ZEEFFIE As & BB KRE, HERE R IEL
T EEN0.84 mg kg,

d1E 2d WAL BRI 7 MR SR S B RS
WA E—FEESF. HP,CuZn MZFEH B
A, ¥R BFEEARE & BRE N, 2R
AERMER AFFEFKEA, H 2 MR TE&
KAE 3 e /IME B 1. 58 4551 1. 84 4% Ni 1 Cd
WA EMEE WELAFTTRERK, 450K
7.11,0.12 mg - kg '  H EMKFE & BEME, &
T As M Cr AL AR NI AT AR B, B As
WA E S Cr MO IRAS (BRI (B H IR 22747
HR 435 B ZBHEZE, HiX 2 N TnRHRKE S

HIAE4Z(0.62 mg » kg D FIBKF(6.47 mg - kg 1);
Pb HEEW AN EEH LI, B EERKE
2.91 mg - kg L ZJEHARXEEENL T4 mg kg,
BT A ERAE 1.83 mg - kg ',

B 2e ATAT BBk b B4R A B RS AR
A BEARN ., Hp N AES AL
— E R (R, O 5. 53 mg « ke ! HIERKME (K
F{E R 7.17 mg » kg ), EEKER R AE , B AR
fH(2.93 mg « kg™"), HAR/MU I KMEH 41%;
Cd #EALEHE Ni M, H Cd & R EA
TR FHAFENLTNENINETEREK
ZAEA#E 0.01 mg » kg ' Cu WML AR
Ni 1 Cd oM R, H g 588 H 75 5] B TE
HEME S RIMEALSE, SR 71 mg - kg™,
HEETESEKAMG.33 mg ke ) HEESE
B Zn 5 Cr {0 HARML, FA 2 58 TR L
FRoBEHEE In R /NEEE S H
15.13mg kg™ ', M Cr & /N & 7 B Z&, K
2.28 mg * kg ' ;Pb il As AR fLSE MM, B2 &
Wi B AR AL, A T B KB 25 R B /)
18 4.5 {50 1. 9 £i%,

M 2f Al AR ES B S ENEY L
BE. HP,Ni 5§ Pb BB #AEML A PbHEZE
A& EEETINEMEE/;Cu Al Cd B LA,
R BRI ERAE, Z R E BRI,
Cu B AHAERZ(11.38 mg » kg '), Cd B RMEIELR
Z0.09 mg + kg );Zn 5 Cr FE¥ B HFEZRBK
FEHEW N EEREME H &5 F 1038,
2.32 mg + kg ' AR K E RN 62. 426 F1 56.3%,
MAEEEEBR LA ZHRKKMEMN 71.5%
82.3%; As F RAEMEFE T AL 2R B A &R
fHILEAMEZ 0.37 mg « kg ',

B 2g FTAT, oA IF R A R DR SRR
REHFPEEBETERSEMBE, Hthd 7HES
B BN AR, HA NI Zn F1Cr 3
FOLE B EZ BRI S, B N Zn f1 Cr K
5 & /bMER =ME45 5 K 2.39, 9.27,
2.13 mg « kg ' ;Cu BYAEFk 1y £ 52 BAL0ge b 4, 0ég i K
HERKREO. 14 mg - kg D HMERE KESTE
BERKBHESEESEHEME BE
7.00 mg « kg ' 24 ;Pb.Cd 1 As A2 5 Ni,
InfCr = REMR, BZEH LT,
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Pb.Cd #1 As Bk R K EREHFTH/MEMIE 4. 7.5.0
fEH 2.5 4%

Y RT I R R 2297 B e 0 A ) 2R 4 R R
ERE. AT R RE Zn,Cu NI Cr 75
AU RTRAE — 5 22 5, TR A PP A 4 0 B
VoS AR A0 i U 7E B 2 f e (LA AP IT B NI 7
BER/MEH B REKE, X FHEAREKER
R PR, ZARBERAIBRG, RBEAELR
Vo Y VR B AR TS 45 A AR ZE RK R I W Ni T
R HBRWRIK S LT M F T 53T Pb,As 1 Cd 1%
RSN AT 2 —BL W EL B HER
wLHA P REGSEMAES XTEERKAESE
FRFA T AR AT REA R E W T AR K
f&E#) Pb JUHE WA BB 138 2%, Bl & I E) A HERS , &%
P 2 R A T e b B, 2 3 ) 6B 52 A 8L o
2,5 Pb 6 F B8 4 — & Mtk , B A g

W Pb BB 1B HER . AN, AL T RERHT
RIREINAE O 2 Hr g T2 3P Pb & &L AT 5
BRSPS YRR E I, B YR AN P S RA
B0,
2.4 +HEEpEERE SR ESEELE

FIF SPSS 4t Tl it FEE B SRS 1
HEBTROMEN, Ik 3 fiR, HEFH TR
e —E MG U Cd 55 NiLAs # HAG B %
P (P<0.05);Cr 5 Pb 2 @& HAME;N 5 As WA
W BETFMEMNEP<0.0D), MIEPETESE
St &R e &2 MK Cr 543 Ni,As #1 Cd
PAFARA Zn 5 44 Pb.Cu 5 B E ik B & EHX,
AR Cd 543 Zn B BEFAME, N, 1
W) 7 P pesknt b ES R TR R B K T REE
BN, HORE FE ok B KA RIBER XK,

3 HrS5tEPEGESEHEXSH
Table 3 Correlation analysis of heavy metal content in leaves and soil
MACr HHECr bRk Zn 1HEZn AMARPL 1HEPh AMORN N Mok Cu HEHECa #KRAs HHEAs MoRCd £

A Cr 1 —0. 255 0.524 —0.501 —0.344 0.191 0. 273 0. 838* —0. 081 0.594 0. 530 0. 807 * 0.563 0. 883+ *
13 Cr 1 —0.719 —0.058 —0.048 —0.809* 0.374 —0. 230 0.270 —0.375 0.173 —0. 399 0. 494 —0. 447
A Zn 1 —0.383 —0.240 0. 846* —0.109 0. 446 0.134 0.770* —0.120 0. 642 0. 001 0. 659
+3% Zn 1 —0. 321 0.155 —0.331 —0.245 —0.577 —0.299 —0.386 —0.244 —0.755% —0.609
A Pb 1 —0. 385 0.215 —0.303 0.087 —0.508 —0.033 —0.346 —0. 098 —0.074
+1E Pb 1 —0. 370 0. 241 —0. 143 0.640 —0. 368 0.470 —0. 469 0. 315
A Ni 1 0. 583 —0.129 —0.084 —0.030 0.434 0. 349 0.189
43 Ni 1 —0. 439 0. 554 0. 280 0.962% *  0.251 0. 757
FA Cu 1 —0.108 —0.150 —0.418 0.573 —0. 145
+3% Cu 1 0.318 0.728 0.123 0.729
A As 1 0.216 0.515 0. 580
+1% As 1 0.130 0. 808~
A Cd 1 0. 377
T Cd 1

¥ 72 0.05 A CRAD b BEA; * * 78 0. 01 AP (D - &K,

Note; * significant correlation at 0. 05 level (bilateral) ; * *
3 iTig
3.1 MMM ESEITRES
R 48 15 P fa F MR MU A 54
WX AREFRETEM KB, HXTRRES
J& 15 e TR PHLE B AR AR A T, T AR P F X
RREEBIELRYEA —E MR ZIEH B R E
WAMEEFHITE I . PRIE RSN FE 1989 4
ARASFE IR TR T P B F 55 o R B, I & K SE AR A
YT R He BA SR M R FRE R R
R, PRI AR BN, B T
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significant correlation at 0. 01 level (bilateral).

AR B JBA — e, L
ERGRFESRIARARN E BTG REA —ER
WSCRE 713X 5 1% BT 5T P 5 B 22 BT AR T R 8 1 Wi
RA—EBESRILRENGR . B LBA
FLFERMI N ESBRIRKRRBTFED S 2
5o BHEN SR RIELR 5 RYRIL
AL AR BRI R B L R TR SR AL o X R <5
Yo SR —E I CRE Sy, H IR R R TR TR A
RRiER, X 5ZRABER 2. XM
AN E S RAWNSZ B SIS MR R K
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Z5 RS L2 5 T R RS2, B A A R T A5 HSME R PEASERAL T Bl & B R SR

FEBE FE T 43 WA 0 5% T R 4 Jm OB A B BN R IR
W) BRI R RS [ 221 8 e AR A g
WARES BRI EFBE. X ZTFAMART 5K
At Zn.CuNi.Cr ZFZEMBEHRFAENE 25,554
PIFPTEAZR B BE A0 , TR it R B 2 die s %
Pb,As F1 Cd FWHir BB ) ¥ 7E 4 0GR , I 215
SYBIZE 2. T4~5.32.0. 54~0. 84 mg » kg Fl 0. 07~
0.12 mg - kg™ ', X —&5RGHMH" LA MWHEY
TEFZEFNRZE R Wi Je i B8 7 BE0m A9 B0 2 A BT
A S IX P REAR T A [ i 385 7 4 ) 257 B B O R
FHERBEFMAR, FBHEY BB ESBHET
FAE R 2 5340, BRI L 4 R 5 ETA DT 45
RAEAEZES . I, 724 R M as & A 2=
b 4 8 B )RR LU 1S R A R T 42 R
W ESBRE ), WIS E B IS RBIA KR
E7 2
3.2 MRAESBRFES HETESGBEIEXR
MR AR RE R E T ES B
RES7, AT R RS R s e e, Hr, E sk
V2B KRN AR X R E SR I5
HEAT W FIREAN , RS LR PR 5 G i) W ) BURR BE IR
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Characteristics of Heavy Metals in Seven Common Economic Forest of Beijing

LI Shaoning"? , TIAN Shaogiang® ,ZHAQ Yunge' ,LIU Bin* ,CHEN Bo' , LU Shaowei'*
(1. Forestry and Pomology Institute, Beijing Academy of Agricultural and Forestry Sciences, Beijing 100093 ; 2. Beijing Collaborative
Innovation Center for Eco-environmental Improvement with Forestry and Fruit Trees ,Beijing 10009333, Luanxian Forestry Bureau of

Hebei, Tangshan , Hebei 063700;4. College of Forestry, Agricultural University of Hebei, Baoding, Hebei 071000)

Abstract;: Seven kinds of common economic forest tree of Beijing were used as research abject, through microwave
digestion method,the heavy metal content in plant leaves and soil were measured by using ICP-MS inductively
coupled plasma mass spectrometry and inductively coupled plasma emission spectrometry. The results showed that
the contents of metal elements in the leaves of Juglans regia , Pyrus pyrifolia , Malus pumila Mill. , Prunus
persica and Ziziphus jujuba Mill. were in the same order as Zn>>Cu>>Cr>Ni>>Pb>>As>>Cd,and the contents
of Zn and Cu were obviously higher than those of other elements, and the range was between 12.57 —
23.90 mg » kg ! and 4. 52—10. 25 mg *» kg™ ' ; seven kinds of economic forest absorption of heavy metal elements of
the ability difference was remarkable, among them, Prunus persica to Cr(5.94 mg « kg '), Ni(5.60 mg  kg™')
absorption capacity was stronger, Pyrus pyrifolia to Cu (10.25 mg ¢ kg ') ability was stronger, Prunus
pseudocerasus and Ziziphus jujuba Mill. to Zn absorption ability were stronger, respectively 23. 80 mg « kg ',
23. 90 mg » kg ' ;characteristics of heavy metal content in leaves in different seasons,leaf absorption of Zn,Cu,
Ni,Cr seasonal trend of different tree species were significant difference. Some of the species in the winter
absorption or in summer was the highest,but the tree leaves of Ni content minimum values were in the auturmn,
the variation characteristics of Pb,As and Cd were completely consistent with the variation of the absorption, both
of which were higher in the winter;most of correlation between heavy metal content of leaves and heavy metal
content in the soil were not significant difference (P>>0. 05).

Keywords ; economic forest; heavy metal;absorption;tress species
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