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WE: W (Morus alba) FI5MEER (AM) EREBREFER, MEREHENRMNNESBITRRBT=EBR
BIMANL o SRT, X Fhua il AR AR AR LT BT AR RN A E LM ERERN, EEEHRENFRLVEAE
EHE L, HEMBFPFSL TRNX, +13 pH FAKEFMDELXMTAFTER . A0KER T ERERTE
MR SAEREREAEERAERN TR N ESBITENRI, LRERRE, FER[BFEH+E pH
(4.92+1.03) HBMEFRF (5.96£1.08), THEEHHEHM AM ERMNSA, HBEHRENE HEREENTEREARK, B
AR FRNSAEEREREXRAOE R AL, RERYE T BAEFHTHMESRILEMNAEY TR, WTIGaEY
X ESBITEWRIK, EFHAHTE Cd. SR, 2KEFENEMTFEERESENESETE, FURMt
RPaBk S BB RTHTH, 2500 (67£27) mg-g’. (105457 ) mg-g; MHEBWRAETHBLSEARETHYE,
3tk (125443 ) mg-g', (91343 ) mg-g'e KGR, SHF (RARSHMLHE pH) M, ¥ (RABRKMLEpH)
R EEESER R E 2 M AR RN R R D, EEESHIAY, WRRAHYFTRANEEY, HEHR
RREEFE . MESWYN T —NESEARARESRE, FEMNREESRNBIES, DEYE THY TR, SRR T
It 2EBAR L4 pH R TAERKNBRAH A SARSSENESETE. Bilt, EREYRRNGSMERE—TE
FEENDR. RMERNEAWTRERBNEES, BRESEN TR, HRNETHEFENEMBRIEHFSFTERN
T,

XEgiE: BN ELE; MEER; L85 pH; ANWY

hES %S X17 XERFRERRG: A XEHE 1674-5906 (2014 ) 03-0477-08

SIAMES: B4, BRI, FNTE. BR(Morus alba ) 5 MEBEARMILAEXT B BT RBURIRE[T]. £SREER, 2014,
23(3): 477-484.

FAN Yuhong, LING Hongwen, PIAO Hechun. Effects of symbiosis of mulberry (Morus alba) with arbuscular mycorrhizae on
absorption of heavy metals (Fe, Mn, Zn, Cu and Cd) [J]. Ecology and Environmental Sciences, 2014, 23(3): 477-484.

28 ( Morus alba) WAHIERT, £KFEE
B, BARENTTEMAENEES, MELER
IRIEA B RN SR K R FEEIRE . B,
RTEFFER IO Hb BT b 8% F0 H AR T 5050 B X AB 1
WE, UREABEMMXASRGEREFLERE
YEF (B/MES, 2012; MRES, 2012). R/W
HAHFHREN, DIREMEHOLREESE
HRMERZEMEE (Liu 1 Willison, 2013 ),

PR BT BB 5 X b B ML AL 40 X6 PR Y L
(Johnson %, 2010; Pankova % 2011 ), BRENH
XHEYIE N AR RGN TR ST, &d
AR B BB FFYPEIF ( Vander Heijden %%,
2008 ), BHE o 3 i 78 SR 9 FuK 4 B IR B 7 R 55

EeWEB: ERAABEESTIH (4121004)

¥ (Pankova %% 2011; Van der Heijden, 2010), H
B, X FHY-S EAR B A A YA KA R
LZHHEEE BTRENVRAEA I (Smith F
Smith, 2013; Johnson il Graham, 2013; Ryan #I
Kirkegaard, 2012 ), i%tF AM RIEEEHNIIEER
B YRR 2 A A BRI AR, B
RENMR—BOARK,, UIBERERE A YT
BRI B RS RN ERYEE, B AM
HYHEM B BIRKAL & ik B B R, T
KEMEYBRMAZ L EF L, FNELEPRY
FEFYHMABEYHA (Piao # Liu, 2011; Piao
%, 2012), MR ETIERZVESZEMER
#9754k ( Tanaka 1 Yano, 2005). Hoin, f5F4E

EEM T BFL (1969 F4), X, RETHRN, NEFHEHMMRLZENMT LI, E-mail: fanyuhong@vip.skleg.cn
“EIREE, FNEE, B, BHRA, WEREMFHERS T, E-mail: piachechun@vip.skleg.cn

WA EH: 2013-12-13
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YIRIAR R AR AN 22 1R RE ST LA BRI R B A
Vi, EREBEDSAANERY, FTREAER
AR ShEE -1, DIEREE A% TR ( Theuerl
F1 Buscot, 2010; Piao 1 Liu, 2011); [R&F=4—
SEFE, HLINBERATREY, WERREERSAEEATRIBHE
HERYEEE S, BB FEYRWERY
( Ostertag, 2010 ); T HAER MW - A A= My sb Rk 2
YEA, EIETLFMBIL/ER (Hamel, 2004 ), EiR
HZEB e Rt LB P R E YT A RN, A
BEEAYSTBERITRENRK . RRASERRER
RERT R E e, HARYRIRE] 40% LA _EATEEEEL
EKBAMEER (AM) BEENREE KA SR
YEF. Hik, {WERBMHMMIEREY, HRE
FIT R FER IR P AR EFESE, 2011; XHR
%, 2012; MRS, 2012),

HEH4BILE Fe. Mn. Zn il Cu EHPFIAM
FIRMEFILE, MELREILK Cd 2—FELE
EREERN, ANEAFREMNMEIICE, Cd &%
AN AES B TRZ —, BHERA. LELE
AR ER O] AR O 3 Cd YA eI A
(He #0 Singh, 1994 ), BT Cd i Zn Btk
A, ERmSILER, CA7Ed Zn i HER A S
YR, Bt Cd MFREE S B IFERR Zn B9FE
Yk (Oliver %, 1994 ), SRTFETIE Zn S EAE
EENREES, KBHRP Cd FERIEES
( Chaney %, 2004 ), [Rl—MHYITER R 138 IR5E
R AFRIATH

B —FAE AR LG A3 N IR B T SR BN
XTREEHIEE ST, Eoan: JERABIFNAE LU I T4
WA K o 7 B4k R 485 ( Marschner, 1995 ), 35X Fe(11)
RIFE R IR (Eide %5, 1996); ARARFEREBEHAEE
-EHE R ( phytosiderophores ) Z 2B ¥ &
(Marschner, 1995), REAREEMNIWEAN, 5
Fe (DB 48 &Y AT 25 5 AR B e, {H X
AP A T ST R S-SVE R A — MBI,
Bir45 Zn .Cu.Mn . Ni #l Cd L E 45 Shenker
&, 2001 ), WERELENES QRIFEEHIE
TEN MR, BEMRT T AR RRIER
HEEERYN LIRSS, Hit, FEERMSHE
REHEAWNKRKESBSEM NP mEdE
HAHUER,

1 HRMEEREWRAFE
1.1 HEXEHR

FOMNZR B T HRNEEER, BRI B, 4&F
FMEERERR RS E®BYE, K2
108°00'50"~108°10'37", db&h 25°17'26"~25°29'51",
R B AE 500~720 m Z 6], FEFHSIR 183 C,

N HREFR R 1320.5 mm,

RME L TERFEESBARERMTE
# b, BURHERMERESE, b RE 107°51
42" ~108°08' 47" , b4 26°46' 20" ~26°55' 56",
WEELE 700~1030 m ZfF], FEHRE 154 C
(13~16 C), A FHREWE 1114.2 mm,

KA IR R L EREREES, SRE R
i, FEREM TS NEE, |WY5IMETH,
THIRRATEEZ R 0.5 mx1.2 m, 4 R4 BRASEEIAR
#7H5em A /N 1 mm R AE 0~20 cm
T ERSHEERL, SKBRME, THETSHR
R EFEERM (Liu F1 Willison, 2013; HIH4E%E,
2008 ), HBLILEARM AR A HEEFIARZE LS
6], BEREWRUSCHI IR Z K4 MgE4r (Liu A0
Willison, 2013; FHIHHS, 2008 ), R T4
FAEER SR TH S, S5EEYEM 53.1%
(TEIEE, 1997 ), LAFFZRAARES HMRR, M
5 A LEFFGHEN, 5 ARREEEEN, k8Ll
ERME, N7 AWZE 10 AK—BEA TR HER
W, RAEERTIRIR 2013 4F 5 A,

1.2 WHARAZE
121 #HBRERSH

W RER YRR R P R s, HER
K FHEEE TR B R, BT 60 CHFE+
Mt 48 h, THERESST 2 mm 75, KT, HBIEREY
FREY ., H AR SR 4 A TS MR
TIEFE YRS P CAIN S B ERHTE
SHrA (PE2400-11 £ ), H¥IFEREHESE (Fe.
Mn. Zn, Cu #l Cd) &EHTR AR - R
BLEFRESEE (ICP-OES-EHZHER/AF )
S S & FAE (ICP-MS-3#H PE 4A4H])
WeE;, +EPHITFHAMESRESER 0.005
mol-L"' DTPA WZEE, JERISE T & 5HE%mE
(Lindsay #1 Norvell, 1978 ), fH#¥IHF 5 AIBESS &
B e SR P B e B % (Piao 58, 2001; Piao
Liu, 2011), FERESRS T ASEATHERIIE IR 20%,
P i IR A B K
1.2.2 ZFFeE0 5 %

15 e AR BRI T 0K 40 AR B AT AR M T i A T
(Liu 1 Luo, 1994), flFEHMHE:: FRI 20 g
%+, 2 1mm. 100 B. 200 H. 400 Hif$Es
G, T OLYMPUS BHEE THERT ML L
IRRE i I 43 B S 7 b BB B s BR AL 2 B ST T IR
BRI F ERE S LR E T Mo
123 %HhitFk

R F SPSS 17.0 X 8w #HITAE ., XHIH
BRSO FIELRHE R o BTN E R BTEAE 5%/
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IiE B £ 48 CaCO; AbFEAH BB/ PR R A A K, 3
BT AM EESHILEMRMETHE, ME
HRREEZRMANEFRAY, STRM CaCo;
FEEARARMAR, EEFENREELEWNIAERRE
RPEMERTIERBRE, XE5ERBAREMHEY
BEN CHBARN, UEREENFHERREER
EX (Labidi %, 2012 ), APFRER G LR
—8, AR Y, BAER pH BEFHRFR
RWEYRIEANZ Y, HSEARRANEEE
RPN g I . XL R, RERTER L
EAREAN TR SEAEEREREF AR
XE,

+3% pH., TEEHMTIEFYYEENESRE
B 7 R RN B M PR A K ( Romkens Al
Salomons, 1998 ), H+ 1+ 3% pH B MNEEFRT
ET A ARG EEENEE, BN Fe fl Zn
e 3 B AR SR FU LK F pH {E( Lindsay and
Norvell, 1978; Obrador %, 2007 ), pH 7£ 5 LA'F
B, B L3RV B Mn RS SR AE K,
TEWNE T8, Fe RYRTFI MR, BRE TF2EY
434 (Olsson %, 2010), +IEAIFIFHM: Fe
HEBARTARDTFEE (RiTELEEER ).
ARFEE A SR Cd #1 Mn RS EES TR
+ (Alvarez %%, 2006; Piao A1 Liu, 2011 ), Cd #ii
Mn HAMHLIE R IBAE, Tyler 1 Olsson (2001)
AU Cd 7E H 38 R VR BEEE U BRI . pH
1E 5~7 Z 6B pH BYA S REAS, WidE 7~8 ZiE]BE
pH MR M,

PoE 3 pH MEER S . BREEEEZ Wb,
ERMAAERREUAFNEERMKTE pH H, X
B FEE M (Orozco-Patifio Fl Medina-Sierra,
2013 ), MAh, YA KA BRI ERIL S
TIEIE R YR (Moody 1 Aitken, 1997 ), HuAN,
FARARZE LA KT ERRY pH 7 0.1~0.2
B, RS REERY R S E R B
%, FRRIRMEHERELET, 7ERMATE BB
B TR i FH S ROl ( Hinsinger 5§, 2003 ),
BEARE T ES, FHREAETIELBEBRAER
RIBRIL, HIEFRIREAL, 5IEMRIR 0.1 A8 pH
P& ( Chaignon 4, 2002 ), XLLsZERZRA[, HY
Xt 3% pH WEFHR K ThEETT N, FHEYEFE
AR+ A4 AIRE S (Chaignon %5, 2002 ),
Singh %A (1995) ZBI+3E pH M 5.5 EFF 6.5
Bt, /INEARAEHE PR Cd SEBERK, H
FE/5 pH B9 LA R mfedE Cd B8 EF 7 L3
A K, AT E S B ITR RIK (Jackson
and Aloway, 1991 ).

3.3 BHSHIHIRNE

TYE— RN PUE], SRs YT
hEMAEY R, HPaFEERowy B
(Richardson 4§, 2009 ), KREFHEYIFAEFEEH
R E BRI RARK (Marschner, 1995 ),
Eitt, HEYERBBAARME TR N, RS
RBHEYITIAREMESRE (i cd), EENE
BELBWRWEENIEE R, ARELBITEEK
2T EAEPWEEERR, HYTRHAER
K. SR, Cd ELEHEAGHEN, HEYTHA
PEAEXTELE (Clemens, 2006 ), YR RERIIRK
& RITENESRBHOENEEPRE(Cd .
Zo**, Cu,)), FREFSAHVIE MM STER
ERB%EY, LHERE Zn (Ondrasek 1 Rengel,
2012 ), MRS K> TENEER.
PLER . BEJS. B LA Bk A BB R T=4 ((Vos
&, 2012), XM EESREREBEYES
SR TR ( Shenker 5, 2001),

WERTTARAAR R BRI BV E EH
ATIBEBRE 40%, RBHEHEY RN EE WK
# (Richardson 4, 2009 ), {HEHER LML),
MREERYFRAREET=Y, EERARRLESRF
( Smith %, 2010; Piao 1 Liu, 2011), Hit, R
HYBEATIMERAE— T EREENIRE, (it
5%~20%F A VE BT = iR B BRI ( Vos %,
2012), EHEYIIRRRGRBEEBR—/ i,
e BAERNY R | AP R4 A ( Vos
%, 2012 ), BERAYILAVE AT AR IR R I
Bk (Hodge, 2000; Jones %5, 2004 ), AHHIEED
BRRAN AM B 2211 C th L3 pH #_E FHT R,
43 pH M 5.5 4L E 8.5 MadARr, PC SEMR
AIEEER 1.2 ug g™ (Vos £, 2012), AR RN
*®H, BAS pH WEFRAZRRGICEIER™
Yk T EA pH M. AREYRLEEER
WEABEMAVRESES BN S S THR
KRB EYNEANIE-EAEERZENY R
( Marschnetr, 1995; Shenker %, 2001 )., H4t,
BRSNS — T BEEEFRERESRE, FE
HAEBRBMBIIEE S, UEHETE M-S IRk
( Theuerl 1 Buscot, 2010; Piao 1 Liu, 2011 ), iX
MEEB RN ATERMK pH FFERAETERKMR
R FEERSEENESRE.
3.4 RTERZEHEEERARNER

HHEFHEE (Ca) AIMHIFAESIXT Cd BRI
( Tyler and McBride, 1982), XSRS RAH—
., YR, HEYINT Cd BIRILRE S SHYIFP AR
i, Ramos 2 A (2002) MSCESFRHH, NEHEY
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HAMMNERRKATR Cd Wi, AT
TERA Mn 7EZEM-fP & B RE Cd & B ABE N 3g i,
i Fe. Cu Ml Zn B &FE Cd & &I INTTHREL,
Cd 4 Mn B9, ARMAR RBIZEMHTH . 7
BN F Y Cd 5 Mn, Zn 5 Fe 2[R IR
—%% (Piao Ml Liu, 2010), R, 7 HRTIEIRE
&XUTF, AT ESBZEAERHAHEMLXR, B
I, BB TRAMEAERNERRESRTR—R
.
4 it

WA SIS R AR BN S AEHERER
HI1R Y R e A AR Y X B 4 B u R R i
BE N RIFER, BREYBEEENBFERERY
HMEAVERF R &%, BRI
RERAMIEPWER, FFELEP TR
HEgrt R, i, M EIR R KRS RN
BRET U AM-HEN B ESBICEIBRIEE . 4%
HFREREZHZ B RMAABRAEANEREEE
BTEY, BERMTFPHESRSEBLEST
B, XERBTHEMEFFZE L pH 2R
e,

SE Wk
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Effects of symbiosis of mulberry (Morus alba) with arbuscular mycorrhizae on
absorption of heavy metals (Fe, Mn, Zn, Cu and Cd)

FAN Yuhong, LING Hongwen, PIAO Hechun”

The State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China

Abstract: Mulberry is colonized by Arbuscular mycorrhizal (AM) fungi. The AM symbiosis is important for heavy metal absorption
by host mulberry. However, the symbiont of mulberry with AM fungi should change with various soil conditions. Mulberry is usually
established for sericulture in Libo and Huangping areas of southwest China. Therefore, the leaf quality is important for sericulture.
Libo and Huangping are located in limestone areas, among where sandstone distributed, resulting in different soil pH in collected
samples in both Libo and Huangping. Our results showed that average soil pH of Libo soils (4.92+1.03) was significantly lower than
that of Huangping soils (5.96+1.08). Soil acidity directly affects the distribution of AM fungi. Relatively lower soil pH of Libo soils
should be favorable to the growth of fungi, therefore, to the formation of symbionts, resulting in higher bioavailability of heavy
metals in soils, and higher absorption of heavy metals by mulberry. In addition, sugar concentration of mulberry foliage from Libo
(67+27) mg-g” was significantly lower than that from Huangping (105+57) mg-g”, but sugar concentration of mulberry roots from
Libo (125+43) mg-g'was significantly higher than that from Huangping (91+43) mg-g" Those results indicate that compared with
Huangping (with higher soil pH), more products of photosynthesis enter to roots from Libo (with lower soil pH). Fungi are obligated
symbionts and cannot survive without photosynthate supply from plants. Another role of root exudates is the solubility of heavy
metals, resulting in higher ability of movements, and easily absorption by host plants. Therefore, it is why mulberry foliagein from
Libo with lower soil pH having higher concentrations of heavy metal. Although mulberry can adapt to Kast areas with drought and
poor nutrients of environments, their favorable soil is relatively acidified with rich nutrients.
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