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Stress of Simulated Acid Rain on Root Properties of Morus alba var. Nongsang 14 in
Cadmium Contaminated Soil
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Abstract: In the spring 2019, cuttings of Morus alba var. Nongsang 14 were potted in Cadmium contaminated soil in Lin’an, Zhejiang province. 60
days of recovering later, experiment of two factors (simulated acid rain, cadmium contaminated soil) with 3 levels were conducted on seedlings. By
the end of September, determinations were implemented on seedling height, ground diameter, root system indicators. The results showed that root
phenotype and biomass accumulation of M. alba var. Nongsang 14 seedlings decreased under 25 mg/kg of Cd, but the growth of aboveground part
did not change significantly. Under treatment of 50 mg/kg of Cd, these tested indicators were significantly lower than that of the control (0 mg/kg of
Cd & pH7.0). Treatments with pH 4.5 had no significant effect on these indicators, but that with pH 3.0 significantly reduced, as well as Mg and Fe
contents in roots. The interaction between treatment of AR and Cd was significant. Compared to those under low concentration of Cd without AR (pH
7.0) treatment, plant height, root phenotype, root activity and root Mg and Fe contents under low concentration Cd with AR (pH4.5) treatment were
significantly lower, and root Cd content was significantly higher.
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BEEFEP, %k, MU EEEPIEN ESRRICFEZEE AR SR RAKY, 5 KIE Sedum A,
LA, Yol KA AR A REE R . Ptk S 2 2o 2 1567, SRARRYMEL, 3
HEARAFE YA 2 BRI R B8 T AR AR, (HR R R Ay B R0 LR R 4R A S
B, il H e Salix sp Rz Populus sp 2580, S—J5TH, AP A RIS AR A2 B S RlE RS
WFRZEATER, HIINERT (acid rain, AR) UUFESE. FREVRARERIN . Jb3EZ GRS = RIBWIX . BARITAR
TR E R B AR AS, (HERRIRTAYI BT (SO,. NOx) BIHERUAAERN, BRFG A I ) T Fm

5k Morus alba JEFRE LS, AP Moraceae 5J& Morus JHFARBGEA, AR A HERAE N fE
TRGFNE, EREFRICENE, IS a R, AR, Jrsitkm, EFERERIPIEY . Kt
e, SRIHG R | IR SRS S 07 H D REEER B WA 8 . B AR, S0 138 Cd e HATR 5
Mz, 24439 Cd IREEIRT 37 mg-kg™ B, AMRAERKILPAZ 0 ; 24 +3E Cd #ERF) 145 mg-kg ™ i, 4H
WA LSBT BREESEI & PURIREE Cd 15 (5 mg-kg™) EEE 0] DUMEBER M A B R, i B S5
Tt Cd M2 125 R4 K. W1 H S5 B pH3.5 MUERTTHIH] TSR AVER, (A pHA.5 DL E RO X 5%
A A Ve A EAT B A e e RO, il . BRI SR I ST TR Cd XSSHYE AN, LB AT
iRt Cd A2 PEM1A 0] WLER AN Cd XS54 KB 5 O 2 B — e KT (HR e A8 A e 135y,
SR REIREED, B, AP0 2R s, HAHE Cd 5 YebRi v AR K i S5 40 AR R TR AR BLIR TR
SEFTHBRAE , 38 RERDIRETS 52 T 50 Cd e 2R S AILEE.

1 MpE 7

1.1 RXIEHbEESR

IRIAERH ARG ZEX (119°44'E, 30°16' N) JFRE, 1% XIS A0SR AP 2 S g, XIRAETF-1Y
SRk 16.6°C, Hr, H¥EmmiRE N 29.1C, HIEARKIREHR 4.1°TC; FEXFBRKH L4 158 d, EXFEKER
1628.6 mm, 4EX)7EK BNy 1450 mm, AEXTCFEIIZIHN 237 d, 4EXH BUEHHS 1825.7 h, HHEhar il
1.2 REMH 5T

RIEATEL ATRE R XA RS 14 57, SR EEEN RS, PrsitEiRaE s . 2019 FR
e, BEHUR/N, KB RE R TR IR . RGBS EHAZ R 30 cm. &4 40 cm BYEHER
(B4 LK) , A PIEE HRES N S ke, ETRERMN, HHRER. LY, F550f Cd
WEES A H9: 135 pH 543, B K & & 65.0 mg-kg™ ., 3% N & 67.3 mg-kg™ ., %L P & 2.091 mg-kg™,
Cd & 0.009 mg-kg™. Z&1 60 d &, PhikKIAFEA SRk 81 #k, KN 9 4H, B4 9Bk, HTIRK.

WE Cd Al AR 1 2 R AN 3 BREK PR ELIRGS, HEit 9 AMER, Cd AABREES A4 : 0(A) L 25(Ay) |
50 (A3) mg-kg™, AR ZLFRBERESF5 pHT.0 (By) | pH4.5

. N B TR SN

(B) . PH3.0 (By) . ATGARBLEMARE LA 1, Hob 0 et
mg-kg™ Cd il pH7.0 BYZHA (AB;) AXHEE (CK) . iR b3 NE i
WIASEEA T, Cd 15 Y 343, % CdCl,-2.5H,0 4373l AB1 (CK)  0mgkg'Cd+pH7.0  J&ffi, JeMamAb
@dﬂ%‘]ﬁi Cd {ZUE?'U 35.7 fll 71.4 mg_L—l E/‘]{%'_‘:{ﬁ, 24 rﬁ.['ﬁf; AsB, 0 mg-kg'iCd+pH4.5 To . M

B A:B; 0mg-kg'Cd+pH3.0 kg, BB
4 AT 454 N IR =
ﬂij:i;%%qjig/:,]")\{ﬁ ( lﬁi 500 ml—, ﬁglﬁl (}Dixﬁ{}lbﬂj ’ A.B; 25 mg-kg'lcd+pH7.0 {[:E/ﬁ%\ Tl AL

DItk Cd 5HIExmiRa%)) , —HEm 7 1k, 2@ AB; 25 mg-kg'Cd+pH45 kiR, RIFTRMALH
15 d Jeii %€ 4398 ) Cd 5 &4 ik B T 25 F150 mg-kg ™. ABs 25mgrkg'Cd+pH3.0  fIkH . EEMRTIALRE
TR () A%, RUBRIHOPUKE A% OmeCIno . s
WP TAUL, WK HSO, (TN 98%. BIEH  no  comecairny o i
1.84 g-mL™) 5 HNO,(#kJEh 68%, % 1.4 g-mL™)

PL1 3 AR IR IR R SRR R pHA.5 il pH3.0 AOBHIER TR, WETT AR f Y
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& AERIRoKE, )G A4 2 K, K 300 mL, FEERMALFIRTHKE: BARIRK (pH7.0) , BERIBLEH,
RIGHE] A 201946 H1 HE 9 H30 H.
1.3 MEFZE

PR . HARRAR R AR E . 0 IR E R PR S AR, FEARSE I (B AR S K E R AR
K& RBser)a, SR, AR RS HETECT, F 105 CHA T 5 min 5, & T 60T
TR RERE, FREUR TR

FERRFERINSE - A FHAR R334 ( LA2400, Seiko Epson Corp, Japan ) $43ti# R 815, 1545 #8224 800 dpi,
FEAERE R A TIFF; 50l WIinRHIZO %44 ( Version 2012a, Regent Instruments, Canada ) i8R . MARFEH
L AR, AR T

AR Cd. Fe fll Mg JeEEEAITE INE : KRB ARSI 100 B, FREL 0.20 g ByKE T = fke
JEH, DO 2 mL ZEIR/KFL 5 mL HNO; (¥REES 68% ) FHIRA), RGN 1 mL H,0, (IREER 30% ) , Ji
NI W A4 ( CEM-MARS 6, CEM, USA ) , 7E 1200 W BZ T i4f# 15 min, 15 HZZEKEZR S 50 mL, fii
FH FELURGRE A 45 55 IR BT, ( XSERIES 2 ICP-MS, Thermo Fisher, USA ) MIEASAR &84 Cd. Fe fll Mg T
B RATE SR TTC e,
1.4 HURAIE

K H SPSS 19.0 2R EARIA TS T 0T, A bR ) 25 54 SRR 05 25434 ( One-way ANOVA ) , Cd
AR X EY R AR R RIS BN R DA FE 7 2081 (Two-way ANOVA) |, MR Student’s £
I (P<0.05) , 3FH Excel 2010 #iE1ER .,

2 HX5pH

2.1 Cd AR X RB\HRSFMZE AN

HHIE 10T AL, AB, AR A Bs AbFRI SRR K R R ERT CK (ABy) B, WU, AR ZbF S0 T
SMPREARK . AB MR EREIEKES CK MAHLIEA BEZER, T AB MM SZHREHEKEREKT
CK i, W DUEHEE Cd (25 mg-kg™) Xtssthmd KEgn ARk, (HAEHREE Cd (50 mg-kg™) ikl T 5tk
AT AoBo ALFHAT AoB3 ARFER) AR EE K E WK T AB1, AsB, Fil AjBs A Sk I K & BT AsBy
AbPERY, 2557 3 %N, AR ISR T Cd % Sbk i A i) .
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Figure 1  Growth of height and ground diameter of seedlings under different treatments
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HIE 1850, Cd il AR ZbBGS 240 i A B s S0 R AR I A T8 22— 3, AlB,. AjB3 ARHRNT
SRR IRE B, 5 AR XS RKIVFRA I, 5 CK Mk, ABy AR SR K 878
AREZE, ABy ALFRA AR K B B AR, BEIRIKEE Cd (25 mg-kg™) Xt SR KB R, (HA:
FHIE Cd (50 mg-kg™) EEEHH T SRR AB, AR SR RS AB AFRAIAHEL, AgB, ALFRAYSE
WA KRS AB MMM, ¥WEBEEES; (H AB; AHN AN K BEIT AB AHE, H AB,
ALPRR) SEHAEIE R B AT AsB ARSI . DL B4 SRR, HE AR (pH3.0) BE AT Cd XSz
Kiimisl, HRBRE AR (pHA5) 1ERAEH .

2.2 Cdf AR SRYMBHIRAEVER RN

B3 2 0I5, Cd AR B E 0 7 SRR, HiGIREEREE Cd kAT . AB, Al
AsB AbFRA SR RAEY B BBk CK Y 7T7%F1 55%, 5 CK AL, #28F AR XS R A e iR 252
ARE, HEEE AR BERRIC T EEAEYEHNER, Cd Al AR MERAEYRBIMRNZ /N B2, 5585
Cd ZbFEAHLL, RREMEE AR B EETHIR T SMA YRR (£3) .

R2 TELEMNRRARE, SYEREFENRIFN

Table 2 Root phenotype, biomass accumulation and vigor of seedlings under different treatments

piSE HAR4/em BHEFERBCm®  BARERUem® R T Bii/g AR I1/(ug-g*-h )

AB: (CK) 2976 +86a 594 + 17a 9.66 + 0.33a 6917 + 200a 7.48 +0.30a 41.67 + 1.45b
AB; 2798 +43ab 577 £+ 9ab 8.75 + 0.58ab 6 415 + 99ab 6.92 +0.13ab 51.06 + 0.58a
A4B; 2678 = 77bc 534 + 15b 8.14 + 0.58bc 6018 + 174b 5.81 +0.25bc 37.67 = 3.45bc
A;B; 2429 +73c 505 * 14b 7.50 £ 0.48c 5879+ 170b 5.74 £0.21c 29.67 £ 2.88c
AB; 2002 +71d 425 +13c 6.11 + 0.56d 5087 + 150c 4.53+0.78d 23.22 = 1.16de
A;B; 1883 £ 60d 416 +12¢ 5.67 +0.33d 4 842 + 140c 4.44 + 0.51de 21.33 + 1.20def
AsB; 1380 + 52e 214 +12d 3.05+0.48¢ 3386 + 196d 4.10 £0.23e 24.01 +2.44d
AsB; 1082 + 43f 135+ 7e 2.31 +0.33¢f 3724 +108e 3.04 = 0.68f 20.67 + 1.88ef
AsB; 943 + 27f 149 + 4e 2.08 +0.29f 2 370 + 68f 3.16 + 0.60f 18.67 + 1.41f

2.3 Cd 70 AR 5 R4NEIRRREFE RN

H# 2 W5, Cd AbFRREREAR TR AR SHL, I EhiE Cd ikEFERIE I A5 . 2, AB,
SEFRA SO AR . EAR R SRR BUVRIR S Sk CK BIREAR T 20%78 47, AsBy ARBRAYIXELE RS 5
L CKEFEAIR T 46% ~ 68%. 52 AR Xt 24N R RIS LA 2, B AR BETHIR TR AR SHL.
AB, ALFREAR K . BRERTR . BRARRRAE BT AB AR, 5 AB AMFREIZE AL AsB Ak
FRAYIXELFERR L AsBy ABRFEAIR T2 20%, AsBsAbHEL AgBy AFEFEAR T4 30%, Cd Fil AR R R FERLE I
MR EEHRE (£2, £3) .

3 2 o1, Cd BBl 7 SR AT ), HIHIRRERE Cd WERIEINMAE . ABLFl AsB,
ALFREOME R IE 15090 CK 1) 71%H1 58%., AqB, (BRI E S T Sah iR &35 /7, th CK 38T 23%, fH
i AB AR EE AN . Cd Fll AR X SR RIE T8 s BEAE RS (K 3) o AB,Fll ABa ABHAGAR
RIETE AB AN 5y FIBEAIR T 22%F1 28%; AgB, Fll AgBs ABRIAR R J1tt AsB1 ALFEH) 43 SRR T 14%F1

2% (£2) .
# 3 AR Cd iTEM RSN EIER
Table 3 Interaction of acid rain and Cd contamination on tested indicators

731 Hfz . B AR sk T [iiEA o . o
ﬂ\ﬁ i’é“[ﬁmi i%‘ﬁ% E\*E‘ft %E*ﬂ ﬁ:*ﬂ *Ej%é& Epli ‘{ﬁjj Cd é’u\i Fe é’l\i Mg é’l\i

* *% **x *% **x *% *% **x **x **x

Cd
AR ns * * * * * * ns
Cd X AR * * * * * * * * *

. BHEREREFE (P<0.05) , »*FRESMEEE (P<0.01) .

2.4 CAd#MARMBRYEHRATEZSENFMT
I 2 0751, RZYOER AR Cd & EffiE Cd A-H R8N ¥ghn, H AR A-HLE ek TH R X Cd B9
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AsEL T

Wi, AB; Al AsB, ALFHAHE & Cd S84k 56.70 11 170.09 mg-kg™; AB, Fil AB; ZALFREIHE R Cd S &43 31
Lt A,By AERIIE NN T 44%F1 50%; AgB, Fil AsBs AR R Cd & &4tk AsBy AT T 13%F1 24%.

Cd AbHL B EFRAR T 24T 2 Fe Fll Mg BOE& (12) o ABLACERIRE & Fe Fil Mg & 2405k CK HIFE
T 20%FH 9%, AgBy AFHEIMR 2R Fe Al Mg & &40 HIkk CK IIREAIR T 44%7F1 48% ., A B AFLIR B E IR TR &
[ Fe il Mg & &, 1 AiB, AR &R Fe Fll Mg S EAENIIAEE . Cd il AR SRR Fe FIl Mg & &80 1938
HAEMEE (£3) . 5 AB AR, AB AR A Fe S, ABABMMIR R Fe. Mg & & TR
1 AByAHEL, AB ACFEAUIR 2R Fe i, AsB: ZMBRIUMR R Fe. Mg S&EE T,

2000 A B0 B
:ﬁ o a
o OpH7.0  OpH45  mWpH3.0 o 200 | a
- 1500 | g b
< 2 ab ab = =
e 1% b be ﬂfg 150
4 1000 t c E
h%é d q 8 100 | ¢ C
= € e = d
500 |
50 |
e
0 L | L | . e e
0 25 50 0 25 50
Cd # % / (mg-kg?) Cd % / (mg-kg?)
2500 c
- a
2 2000 | a
(=2}
= B b b
& 1500 f I
41 C
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W 1000 d d
=
500 |
0 L
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B2 FREZLESEMREZ C. Fede Mg 2 E69%h

Figure 2 Cd, Fe and Mg contents in seedlings root under different treatments

3 WikE&®

Cd B ERKNIELT L, HiEb Cd IRASSEUR R4 A . ARAE TR, ZKsRIFESy
WS, KRB, Cd AMERE MU T SRANET AR R R . RS TR AR AR RIS T, X SRR
FEER B, W ULPIRREER) Cd ¥ B TR AR, mHBEE Cd BRI, bR B,
{HRAEAGIREE Cd AL, Z54Ei F3 A K S CK ZER AR MITESIE Cd AT, 4t F3Rsy
AR BFEMT CK K, BHSRANE X 25 mg-kg™ B9 Cd WA —E M2, i 50 mg-kg™ &) Cd i E 4oxti
FESTAERKFEA T NA . [, Cd AR B RAR T SRR AR Fe Al Mg SEMIL, HARR Cd &ElE, X
PR 2 & BIG. X Cd G167 Fe St EMABEAMEE, AKX TRLEFNEYEY, X
5 it 245k I hSE Brassica napus Bk Cd SEEHE—ETEHIG, Fe & RBIFILANZ;IE—21,

FRTURE B 7 T TR E R A K, —2 AR AR HI N, S (L& Rl iR &
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fir, FHHERROG R, FE SR ANTEERNE R, WL AREN. TR AR £55
YR AFNESZ I, 2SR C R HIASE, R iAN S5 5, JFH AR RNt e 1
Mo bR, TP AR AREE A AN AR A RRL | AR R FRIRE S | AR Fe Rl Mg AR
SR AIAR R AR XA A KRR, RIS pH>4.5 i) AR H—@E i3z, (HRERE AR X404
KAH—ZBEIER, TTREZRMR R 320, SRz 2T,

HIABIZEEI AR 15 Cd Xty A K i s B bl BT ORI h— D7 TR IR B St A K B
PREEM, S—Jrm RIS Y0 Cd BRI, AP R BRI Cd AR AR BT EAE 2, HI
AR 58 25 mg-kg™ Cd AL ST A TR AE , HAARRIURIE R A AL S AR R A86RIY
FAKT CK, 1 HEEE Cd yREERIE I, MHFREAE. X5 AR 5 Cd E&LBIXHE Melia azedarach, E#jFR
Zea mays HISZIRZEAE 2, IR 2 M) Cd 15 Yot iX Sk il .

BRIURE (2R IRt Cd B, BURAIFRIZE, XA AARBRXT Cd AUNRICRE /) 2B T L3 e Cd 22
75 & (CEC) Ml Cd® frafb#hz, AR il H' . N REREIREXWA NS, il +- 5 BUR i Ay
AR CdP, ARBgT T, R AR SR AN Cd SR B ST M Cd A, SEHRRTIFAA AL E i 1
INASEAR Cd R 7R SEEENE . X5 AR 28X KD Glycine max AL AR . AR SEEE 7
Populus sp A RAKF A FE AR, S—J51H, Cd ESRUZHIE N7 2244 12 5 A a2 A i
25, FEJG Cd BREEH XS 1 S5 Fighiy Ca®* . Zn*' | Fe” S MMFHEF. Cd IKh 5iX L+ HA A4
P, B TS S EAMEIEE A4S T N AN, AR P N BTLUE S 242 E AR,
3k T Cd MEHANIEE I 4 . AR b ESRor RS0 AR B AR MR THAM Cd & &, i H
FEAR TR AR P Fe £ Mg & — 7T, AR HJLLEESZIREYIXT 738001, S5—J7TH, AR SIERRR Cd
BRI TR S I, Ik Cd AR T Fe St IEEE AREED,

L& BT, SR AR FUMIRIKRE Cd A —Emm 32tk (HRMRIIFEZMR Cd XA REME , IR
DU DR I S5 AT L0 Cd TS YHBSEN, T35 08 AR BUBhRITE , 286 0 M S PR 0 S 32 P AHE S8R
IR
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