+ 1% (Soils), 2011, 43 (5): 781~786

A Bl e 3 XS #5554 KF
FSMEY RN BTN

SKE, XEE, EEEk, &8
CRAE AN K2 PR S IR R 228, Mint 210095)

m =
fif (POD) IGPEFIFISAR P 3 Fif) 22N

M FR R R TR ICR Cus Zn WIARGERIT AR IS4 K FIZREMELRE (PPO) « WA
LA . SRR, WA Cu. Zn WIJCEM 3 FEAL X CGEME. 8.

T S0 TARR S0 Cuy Zn ALHE. B3 Cu (1) 3 R 77 SXAC BRI 8 W25 (P T S A KMPF S RS T AR 2, L i
Wt RbBE AR 25 T AT R RORCR, PR T SR EE, 2R AN . AR Zn JIEALR CutZn BOREALR AR B, B ILHAE
WAL B R, FEHE AT WEE R AP, A AR R T2 ) B 22 S Ik B B K. XA BN L, X S IWiE Zn
SR CutZn $AE R E PR TS M T E o KRS B Zn 5% Cu+Zn JT3K, WILEAME TS Cu. Zn TTHRETR,

S ST S R YA RN i P S R AT B8
KR W B AT BB S

PESES: S143.7

P&t —FEEN DA, SRR R EE
Wy, RIEARE Y, BRAVEIERS, &b,
ey, Pz TR BR P
PEAL DL R VE R IX o PF2 RV 2 T 2 52 07 R B2 11
FE 2 —, B TR O AN R AL H 258 2 1
Z MR R, BREEFESURA T B AE R IR A
ji

WEAESE G B SRR IS P A S0 N i
1wz —, Ak, Mmi A IE R i N S 2
M, HUR R N PSS R mIE . ik,
o PF 2 it F i oc 28 MEDRH I RIE S0 3t R Bk DGy .
i 7 A P o AR T R B I o 4 R T, e
H Fe. Mn. Zn Hl Cu ZERUIEA R TFHZ0 LA (15
9, 10 B HEASF T PEEE A (28, VM i
WEARIGHI LR, —@REN Cu. Zn REEEE S
FH2 R B PH2 IR ) SRR, IR =2k
M HLEL AT 2 AMNE Cus Zn SEHPFS AN Z A
bl (PPO) M4 LYl (POD) G, iM%
WE) P} S A4 N By S AR s BRI B s 2

OHEETH: FFRHESCHEIRITE (2006BAI09B03) ¥ .
* JHIE#H (haiyanzhao@njau.edu.cn)

ZEYRACHE; WAL TSR

i 29 T 1) SRR o B S VR D S 3 - RS S UE T
Cu. Zn XPFZMIMAR RN, JF4HH TIEE Cu. Zn
TR = . R LA R STAS 1R ) E — Ik P E R
Cu. Zn PARCAAT T BRAFINT, A I I i 14 35 ALt
ATWIESE, [ It AT it 752X 1 et Y W ) 4 22—
RNV ik, AWEIE 5 a4
GRS ERTPNZIEY) AR, WE9E Cus Zn L
IS BN AL g — D5 T i P2 AL PR AR I E A Y 2
W20 SRR 285 2 1 AL a0 A, R I i R 2 A T
P AT, AN PFS ] Cus Zn AIESR BEHCHE -

1 #MR57FE

1.1 HdsrRFnie A%

[0 O B # 77 S S 7.0 K7/ S = WA A )
ZAEE AR TS (Salvia Miltiorrhiza Bunge), Hi
42 2 i e B P 2 bk S BR 40 (R A P e
o7 \E, b, ERAb R LA 1. b
% Cus Zn W5E J7 15K FH DTPA-TEA =42, ICP-AES
PE .

fEE A REUT (1985—), &, IWARWEN, WLHFRAE, FEAHEEAESS  PAMRR TS, E-mail: 2008103027@njau.edu.cn
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Table 1 Physical and chemical properties of tested soil

pH fHHLC AN 4P TfE N P MK 3 Cu 5 Zn
(g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
8.18 7.53 0.42 0.31 27.17 3.52 67.66 1.00 0.40
1.1.2 WKk CRAR=E RSSO Hm 1.3.3  FESRMR AR e B AF IR F

23 cm, WA 20 em MEER, ZIEA /ML, BREFE, I
TEREIEAT T AR e e 2b . MAEN 8.0 kg M+ T
5,

1.2 Rt

RIS 3 3L 10 ANARER, 4354 SN Cu.
AN Zn RIS CutZn; 3 40 ¥ 3 FioASTH]
it FH 7 2R AR EE RISt 8RN T e (R i —
A HUE NS Py K FR5 IR0 JRAR B AN B AT 4 9K,
40 %o BbAL, N — 20 R A ARES (AN AT A A
BB P00 4 2, RIS BRRBEK GO I BT
FIBEAK GO o BIEREEK GRD T, SEXX 4
HATORRE, HAEFM BB, RERE L
BK o is BIEAN RSP FR K &, FRRAK R 75%
~80% Wi HAL G ABEATVRHE, WK, BB,

Y P24 KR R AL IR 5L, N Py K
WEFECE A 1.75 g/ 1.4 /70 1.93 g/éd; ek
M (NH,),CO. Ca(H,PO,),. KCl; Cu. Zn i A7
N 0.6 mgkg Al 22 mgkg, Cu JIEiE
CuSO45H,0, Zn JIEIEH] ZnSO,7H,0.

12009 4 4 J1 19 HIEHKHB B2 w7
HeRh, BSEEUER B, N P. K 2SS EMBGE)
RIESFZ KA 4 YUt Cu. Zn [FFE)ET 2009 4
5 H 22 HypedE; BT S4B (6 H 20 HD
AR AR (7 H 20 H) 2ot IS
T8t [ A S, RGBT R 12, SR E
20 mle 2009 4E 9 H 26 HERFHZ il s 4k 3% 5
o SIST 2009 4 11 H 4 HRHG
1.3 MEREFMAZE
1.3.1 PESfh B, MR8 00 A 4 AR A 0
1.3.2 FIZzmt g RSERE 02 g
i B IR P2 B CERARNIC H ok 4 e T
Bt R — f e R R TR BT AT, I 2 ml
95% LBEF/DVFATEND . BRIERPTRIT S AT 9K 70
2ml 5% LREWTEE 2 1, #2210 ml B0, Z2IKE
Ly, HBUEWEW, #ERE 25 ml AEIEAIE M. L
RSB ER AN AT W43 066 vH Il 3E 4701665649 nm
A YA (oD T,

B WCTEEZK, B 0.5 g BONIEENE, i 40 mg/L
a-ZR AN IR S vP i ) A5 SRS 50 ml, & S min
Jeis MWFFEC 1 ml BN 10 ml Z1 R . Mk Z)
VERRIE, BRI RTE S, BT 25 CHEIR
K, BEOCORAE 4 he RNVIAISERESS, I 1 ml
FEBURN 5 — 10 ml I 2 BEBVE o W9 U BOC AR %
FO IR 78RR R RS0 ) 1 ml 05
B Sml K, EAEICE A 0.5 ml 10 mg/L
X G IE R AM AN 0.5 ml 100 mg/L AR . WA G
BT 25CK#BH Smin A2 B0 ARG I 2ml K,
fEHEA AR 10 mle PEAI S5 T 10 ~ 20 min N 7E 510 nm
BTN BOE L, IR H a- 28k B .
1.3.4 PSP ZEHELE (PPO) Al ALY

(POD) V&TERIME  FREL 0.5 g FrfFFHSHE T
B, AN EA TR, PVP CGR LIRS B
H1pH 6.0 [AIBEIRZEM (PBS), FFE & BE B A) I
B2 10 ml B0, RERARAERIH . WE PPO I,
I FARE I 2 ml PBS F10.1 ml KL 7E 30°C T %
M 1 min, SERIHIA 1 ml 0.1 mol/L 482 — By #E2) ,
7 420 nm AN E WOGAE IAZ AL, BERE 1 min W€ 1K,
it 5 P, il POD B, SyE— 3R,
A 2.9 ml PBS. 1 ml 2% H,0,. 1 ml 0.05 mol/L ArfIA
M 0.1 ml FHBE, 71T 34°CREH 9 3 min, 24
JEIEFGRE—1%, ££ 470 nm K R L, A% 1 min
Mz 1wk, ks i,
1.3.5 FFZWRMBEH S FFS0 1. FESE DA &
HME  REERBOTSHRR CHPFSHRERE T
90°C AT 30 min, RJ5 60°CHT, ki, i 20 HIf
Hi43) 100 mg TAZERE S, A &b R
AW (8:2) 10 ml, EIWE TS, BHEED
30 min, &0 (1000 r/min) 10 min, WYH_EEWGT 0.45
um JEME, HEFE 10 wlo tRE4cfh: SRSl FEE-K

(85:15), Wik K 1.0 ml/min, PP K A 270 nm,
Nucleosil C18 4 i8FE (250 mm x 4.6 mm, 5 pum).
1.4 HELE

¥R H Excel JA1454 SPSS17.0 #AF AT Se 1t

SN, ZE5 REPERLK A Duncan 7.
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2 FER5HH
2.1 FREARERFES S M TEHEMEN

=AU

Cu. Zn AL A0S By R A
BIEMILE 2. H3R 2 w750, SAFISRERINFES
b HE RS AR, O TRAL AR L 23 01 4 0 37.03%
~ 112.97%. 9.22% ~ 165.81%, Z=FHWE. HX,
Cu+Zn BCiie) 3 A I 77 AL H P2 A = 1) 3 n
BIPLT P9 B AL ) A AR S AR B, L 2E S8 TA B i 25 K
o ARG P P P X 2 LU RS KRR, Uit Zn ASTR) i
R 7 AR BRI R B B T 5 Cu AR AR 5 XAk
P, H Zn BWEAEFEX S EAAEY RIS
Cu+Zn WEHALEETE W25 22 5, RIS Z R4 AT
RS2 Zn REREER PR, BRSNS Zn BERCRAR
Ufe PR, BEE-—XAUR 3 b Stk A,
i Cu 41 3 Bt Cu 77 X ARER b, DAME e (1 2R e f:,
Bk, WHZZES S $fi Zn 4080 Cu + Zn
T it 4 1) R A B R R L, ALk, HMWiZ
F) 22 Ik B R E K. 4k, WS b R
AR B A DGR A AT mT A, K E R PR o A
A TEM K (Y=1.1374X+7.8832, Y N
ERA R, X O OAH RIS, AHOCRE r 24 0.964
p<<0.01), XULHISIZ MM b R EE K B0
fr—Ek.

%2 FEAXNMEA Cu. Zn 35 LR
WTEEMEMZIE (i)
Table 2  Effects of different applying methods of Cu and Zn on the biomass

of steams and leaves and roots of Salviae Miltiorrhizae Bunge

Qb3 =t R
CK 15.94+0.18h 10.93 £0.63 i
Cu Fjife 21.79+0.58 g 11.94+0.58 h
Cu il jifi 23.83+097f 13.13£095 g
Cu Wit 2626+ 1.01¢ 1525+0.38 f
Zn ji 29.65+0.89 d 17.93+034 ¢
Zn Bt 33.85+0.77 ¢ 21.47+0.56d
Zn Wi 27.24+0.79 ¢ 1558 +0.54 f
Cu+Zn it 35.45+0.57b 2441+0.71b
Cu+Zn JBJiti 39.31+095a 29.05+0.92a
Cu+Zn Wit 32.81+0.67 ¢ 22.57+0.74 ¢

W R FBIAR/NEG PR R &AL FLE I Duncan #5564E p<0.05
KT EREE, T,

2.2 AEARNEAFESESASHAEPHEZEESER
el

2 3 WILAEH, 9 B Cu. Zn JEAEALFE 77 XI5 fe

EvESIRE USRS S NS S W IESTPINSS
=HGE, WIESHA 25.30% ~ 74.70%. 15.08% ~
74.60%. 10.81% ~ 66.67%. #3525 124500, sk
it P AR B 5 i FF 3 B ) Cu A1 Zn, TGV 2 PH T 5 it
ST, BIREE AR AE K, PR S R
MR RS, WA A N E L JR
R SN RN G AR A, A4 s = 8, oG i
X5 AU A — 2

%3 FEARIEM Cu. Zn MHASHERLSEHZN (mged
Table 3  Effects of different applying methods of Cu and Zn on leaf

chlorophyll contents of Salviae Miltiorrhizae Bunge

AbER NES¥ 4% b ELIENES
CK 0.83+0.02 0.42+0.03 f 033+0.02¢

Cu i 1.04+£0.04 ¢ 0.48£0.01 ¢ 0.41+0.01d
Cu jBjfi 1.14+£0.04d  052+005de  047+0.03c¢c
Cu M 1.22+0.04 cd 0.54+0.02d 0.50 £ 0.01 be
Zn JEjiti 128+£0.03bc  0.56+0.02cd  0.50+0.02¢
Zn 8t 1.35+0.02 ab 0.62+0.05b 0.51+0.03 be
Zn Wit 1.15£0.07d  0.53£0.02de  048=0.02¢
Cu+Zn H it 1.44£0.05a 0.69+0.03a 0.55+0.02b
Cu+Zn B jifi 1.45+0.07 a 0.73£0.02a 0.62+0.05a
Cu+Zn Wt 130£0.09bc  0.60£0.03bc  0.51£0.05bc

xR 3 R RH, CutZn BUHEXRT 2% 2% 152 B 42
BT Cus Zn BAMGER], W] Cus Zn X FHSE Kb
SRR M R A TG, 6 Cu Bk Zn 2l i % T
SR B RO WSS e E R . TR
WEIT Zn REXHEY - SR R s e i, Zn 56K
IKNEWHMAFVIRR, IES5HGRMER, N
MR CEAEH, $EEYIR =& 1 Cu AMUEZ B
GG PO R AU I 45 22 P o S 2R 1) A B o
Z—, A SMERNEHA K. HTARRAL+
AT Cu 5 B A A i A 20 Zn B A AR IR
I, WO Zn AEFN 2R S I Y]BAL Tt Cu.

M3 Bt FH 7 N HBORE S Huit Cu 4 il i fn e
T 5 it Ak 2K B S AR T R A, L e i Ak B 1)
3 Mms RS EY S TIBMAE, H2E ARk WK
o IX AR IR A Cu B BT ARG K.
FJt Zn ZH 1) 3 Pl Ak 37 OSCR A R R T
Wit , 3% N A I T 38 KA 2% Zn & & (0.40 mg/kg)
KT AKF (0.5 mg/kg), XFFA& Zn/Sk Zn 38
PIREDIAN Zn IR SE B AN BRI o AT (1) it
Zn T 5 H 22 H—&xk ki, sei P2 Kb T 1
WHr B, JEANS TR Zn BBl P S R AR KRR
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B AR/ i 2 PRI ), BECRN Zn $L
AL, IR Zn IEMIR o B — OB /Wi S A 6
H 20 H, IR T 29 K, B8 UG /W L 7E 7
H 20 H, WHMEE T 2 A, PGBt/ 2
CLo A T AR AR I, AR e
FAgEfE Zn B K Zn . ASid, AT AL B
JaFt St AR E a  HHAR S b AR b RIS
43 B EE B AL BRI 39%. 26% FiT 30% )45 oK,
e LU B S Zn T RESRMR TS, JE I Zn
PIAFIET . [FREEEE, AR Cu+Zn Wit 3 Flit
NEJ7 AR FER, gy b 7 SO0 R 7 AR T
Jita Ak 45 SR
2.3 ARAXERREENTSIRAE NN
HRARTE T2 PR R I B A FIIE i
DI, Rl S AR R A A i B 1 A B AR bR
U4, W R TG 7 (0 50 55 52 WP 2 AR 6 7K 49 A ) I 1)
W, MimisEmirt S AR E . HE LT LUEH,

40 -

55X AL, BrF 9 Ff Cu. Zn 40 F 7 Y fE B
FHHRPF S RIG ), WEIEY 32.43% ~ 104.45%,
orp CutZn PO AL 1t 7 et o e Cu 4111 3
Rpab HE b, W AL B TR L T 5, PR
AR TR i 25 22 s Bt Zn 4100 3 FPALEEA,
J7 A R, B R AL Cu+Zn
C it 2 it A LG TG 2 2 e, (R R TRt Cu 4
(KA AL BE . [FAE CutZn BCHEALH, Lty J7 20 Ak
FEAR T I I b AL B, HL 2 A0k B R K. 3
At 77 20K Cus Zn Xtﬁ?‘#ﬁ%/ﬁﬁﬂ’]ﬁﬁﬂnﬁﬁw
-5 00 PE S o e R 2R S I R W e A A
A, HE— e, Eii;%’ﬁ%z Cu & & I AR B
FHEEAMNE Cu, JUHE LHEAMNE Cu XS R
T K ARG Zn 8t Can AR 56 At +
8, Lt Zn NERE PR AR T S E KR Zn FIR, 1
[ Zn W HERT P26k Zn H R W] W, A A
TP SR RTE T .

35.80
B 31 - 29.96
30 - 27.63 28.80
= 24.84 25.22
fn 25 23.19
E!
<~ 20 - 17.51
=
515
§§
= 10
5
0 \
CK Cu Fjif Cu & Cu It Zn 3L ZniBiE  Zn Wil CutZn L Cut+ZniBjifi  Cu+Zn Wit
AbEE

B 1 FEARER Cu. Zn MASRETE RN

Fig. 1 Effects of different applying methods of Cu and Zn on root activities of Salviae Miltiorrhizae Bunge

2.4 AFEAXNERAEENFSRPIEHYEFZ
i =R A AT e A= 0pA ]

Cu. Zn A A A J7 20 PE 241 vh o 4 AL 4 il
(POD) WA ALEE (PPO) FEHEMIE M LK 4.
FAanrm, SXEAEAIL, 9FF Cu. Zn HEAL TS Ak
HUHS S 0 T FFS AR POD R PPO HISEYE, H#%
ALFEfY) PPO VS TEY ST POD &1, 13 IR 4808 43
4 90.78% ~178.07%- 102.02% ~ 259.83%, H:# Cu+Zn
Pt 1) 7 s, MR ABCRWI AT Cus Zn #

it FH A

50 FEACEEA LG, i Cu 4110 3 Rl AR D7 58
Aab BT A P G P D 408 B K, JLraE
Jite FA e it 7 Al AL . R Zn 4100 3 Bk EE A,
POD Ml PPO [ 3% PEY RN A ol iy Tt it , 22
W PRh i AL AR, I8 il A 3 P R Y
T A EE, fH 22 Rk B K. CutZn it
3 Fofr kB Ty 3O R B S 1R R R ) SR Zn A1AH —
o
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F4 FEARIEM Cu. Zn FMASRRABEF LRI (u/(gmin)

Table 4 Effects of different applying methods of Cu and Zn on

root enzyme activities of Salviae Miltiorrhizae Bunge

Qb POD PPO
CK 109.77 = 10.86 h 1229.85+175.11 f
Cu %t 22176 £3.51 g 234631 x115.11¢
Cu 1B it 253.18£4.03 f 2598.84 +£97.58 d
Cu I 275.77 + 11.58 ef 2780.37 +76.82 cd
Zn Fejit 282.64 +7.91 de 2884.11+180.51 ¢
Zn iB i 312.66 +£9.99 ¢ 3155.84+137.37b
Zn 163t 255.00 + 11.54 f 257872+ 111.70 d
Cu+Zn Hiti 339.01 £16.12 b 3138.52+108.98 b
Cu+Zn it iti 394.99 £15.29a 3419.86 + 191.09 a
Cu+Zn Wit 304.23 +23.67 od 2763.78 £99.14 cd

2.5 FREANIEAEEFSIRPFSE LY RN

=GR

Cu. Zn AR 77 XS 3 M2 i & i W
F 5. HXTEACEAHLG, 9 A 7y U A AL e 2 R
PSR 3 RS S E, BRPE S R A
35.86% ~ 153.95%. FFZHl 1 MHEIER 61.67% ~
260.00%- F+Z: i 1A FIHGHE A 39.11% ~ 255.95 %. H
H CutZn FLA B HEAR B 3 FhPF Sl & B8 . X
T TE R AMNE Cus Zn AR TP T P20
YRR, H CutZn BEEAHEHLT Cus Zn B
Tt B8R . 5 TR A 5 5 i — 5

%5 FRAXIEMR Cu.Zn WSR3 HASE D ERIF I (mg/g)
Table 5  Effects of different applying methods of Cu and Zn on

tanshinone contents of Salviae Miltiorrhizae Bunge

iseil (SRl FPHZH 1 FIZE A

CK 1.52£0.09h 0.20+0.03 f 1.40+0.08 g

Cu Hjiti 209+0.12¢g 0.32+0.02¢ 208+0.11f
Cu il jifi 222+0.16 fg 0.36+0.03 ¢ 224+0.15f
Cu Wit 2.42+0.17 ef 0.41+0.01d 2.56+030¢
Zn jis 2.78+0.10 cd 0.45+0.03d 2.85+0.10 de
Zn B i 320+0.12b 0.54+0.02 ¢ 332+0.15¢
Zn W jite 2.56+0.35 de 0.42+0.05d 272+025¢
Cu+Zn#Eji  3.39+£0.09b 0.59+0.02b 434+020b
Cu+Zniltji  3.86+0.10a 0.72+0.03 a 498+0.19a
Cu+Znli{ii  2.96+0.09 ¢ 0.50+0.01 ¢ 3.06+0.20 cd

M3 PN REAL T3 2B EOR A S Zn HJlAT CutZn
et P Ak B B2 2 I A JE i (R B8RS, B SR 8
DU S ATE i Pt AL Ty AR B, FLAE CutZn [T jtiZe
3 MEAE T SRAC R 3 P2 R A B

BFKV, BULIE > FE> Bt . XERYEN SR
BIAFIPF S K Cuy Zn SR TFHSEI2E
PR R o (EL L Cu ZH1K) 3 Bl AE 5 2NAR AER I
UL . BRI Zn F1 Cu+Zn C4 it FH ¥ Wit 7
HOFARRAREIE T 5, E X A BEAT b, MR R
P 3 MPF SIS R, RrlE CutZn Fo & IR it b
B 3 MO S R W] R Zn FEEAT Cu HE it
BHEALH, XU G Cuy Zn MRS HU
J§ o IE AT AT o

3 Hit5itit

AWFFERY], PMEIC AN Cu. Zn Hyfefdit
FHZMAEKAPIZERY U 2, H Cu. Zn WA
JH o, 18 s w0 A1 Cu.
Zn AT . X HES Cu. Zn n AR RIY A P Bk
AHUA B HE AL B S 5 R A 8085 (1 2516 1)
B 1713 5% 100 400 1 27 1 4 1) I AN B R A DT A
Cu. Zn 2P IEH EAE ST F T UG E

AR T RS, 5T it Cu 4110 3 Flobte At 7 X (&
i B T LR, TS Cu MU T
g e T IEIE s 1SS T Zn 4110 3 RPEAL
3 A & Bt 4T R e . PRA k1K
F B S R R Cu FEA R S (1.0 mg/kg)
AR Zn PP EA L (0.40 mgkg) 155, (£t
AR Cu AR R, 33 it A v 138 it )
S R ILHL A BRERFR S AN K, T Hh 8 e T
M it 40 S IR LR AR U R, s AE R A Zn AT I
KF (0.50 mg/kg) B, FUHELEFEfE Zn B W 0T
HIAmEE Zn, X 5FE S R3O Zn FmEs, e T
FrZAEEHN (180 2R 1 Zn B FRTER, i
W Zn 3T 2 S F S AR KETIIG Zn E 9%

Pk, WATEBFESFS 20T Cus Zn [F15
R B WG 30 RAL GRTE), fERKHAEFH
TR E T, 7T Ny Py K EARREA] S5 it 5
W77 2 EIEE I G T4 Cul Zn ERCASERD,
H IR it (HIEA AL Cuy Zn SRS TG AUE 1~
2 I il F e MESRE ARG FH I, 7T 4% S ~ 10 kg/hm® (1)
CuSO45H,0. 10 ~ 20 kg/hm® ] ZnSO47H,0 Jti [, 1F
TSI, CuSO45H,0 225 ~ 450 g/hm?® (M i vk Ji
h 0.3 ~0.6 gkg, WHEAAR Y 750 L/hm®), ZnSO47H,0
450 ~ 900 g/hm® (WEHEHJE N 0.6 ~ 1.2 g/kg, WEHAAR
750 L/hm*) K 'H .

P ZER A, T LR,
B Cus Zn WIFEGFRRE S, M8 2 A KR
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Effects of Different Applying Methods of Cu and Zn

on Growth and Tanshinone of Salviae Miltiorrhizae Bunge

WU Hui-zhen, LIU De-hui, WANG Pei-yan, ZHAO Hai-yan

(College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: The Effects of different applying methods of Cu and Zn on the growth, enzyme (PPO and POD) activities and tanshinone of
cultivated Salviae Miltiorrhizae Bunge were studied under the condition of soil culture. The results showed that three applying methods (base

application, topdressing and spraying application) of interactive application of Cu and Zn were better than those of separate application of Cu or Zn.

Three applying methods of Cu alone promoted significantly the growth and accumulation of tanshinone of Salviae Miltiorrhizae Bunge. Among three
applying methods, spraying application was significantly better than the base applying and topdressing and there was no significant difference
between the base applying and topdressing. The results revealed that the tested soil had a potential shortage of Cu. In the treatments of Zn alone
treatments and the interactive application of Cu and Zn, topdressing treatment was best of all, base application was better than spraying application,
and tanshinone contents in plant roots in the treatments by different applying methods were statistically significantly different. Compared with CK
treatment, spraying on the leaves with Zn solution alone or with Cu plus Zn solution could remarkably increase tanshinone contents in roots. The
results indicated that spraying application on the leaves is an effective way to improve the nutritional status of plants, although spraying application
couldn’t completely change the nutritional condition of soil deficiency.

Key words: Copper, Zinc, Applying methods, Salviae Miltiorrhizae Bunge, Polyphenol oxidase, Peroxidase, Tanshinone



