R ISR FE S S 2 ) KR TR AT RO

TFHY, W, RREL e, RO, GhEKBHT

G SLBERIR S 25 B 2 400 %5, 5t 3330 563000)
TEE: AHET B TER R RN IR BE T FM R A KR AE BR (P RE R, N Al A% A5 (1) S Atk 7 4
P22, DI— A AR, SR FKER RS, B TS [RI B Al R M (0~ 0.15. 0.3 1.5,
3. 5. 8mg-L YR ZE AR 2. AR K. AR FRF R AR S S B . 4
R R MR T RN S B 5 TR R BRI FE IR ARG BEAER &, R
fEEE . MIRACE . RAEME. LEEERGE. RATENEAEKEN, K2, nEEES
Fem R EARAR Y 2T R BRI R S EAE TR S B AR B R AR ) £
LSR5 THEa%s o RS F 43 BT s TE A [RI AR 4¢P AR B 2% A1 N AR SR I B I A 22 57« IR
A (0.15+ 0.3+ 1.5 mg-L™)ALHR A HRAR ) B 2V B A O Vil . 520, R A
Ny IR P (Se=3 mgL )4k BRI A4S R AR (K 1 2 T B AN M AR T B B, R AR )
R B N o _F 3R & F35 AR 6 R L B RN : A3 5 (0.3 mig-L ) xR i 2B K
FI A 5, RICNEEIE AR R 0380, S EmR & 24K, EYE
B, MR ZE SRR, IR E (=3 mo LY RS AR K s R A, £
AT IR R, 5 2B o« A AR E— 0t 50 A 2 1A 0L/ R AL R0
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Effects of selenate at different concentrations on growth and

physiological indexes of tea tree

WANG Dandan, HUANG Yan, ZHOU Zhongzheng, LI Tingting, Wu Faming, YAO Qiuyang”
(Pharmacognosy Department, School of Pharmacy, Zunyi Medical University, Zunyi 563000, Guizhou, China)
Abstract: This research aims to comprehensively explore the effects of selenate with different
concentrations on growth and plant physiology of tea tree, and provide insight into further
fundamental research on the cultivation of Se-enriched tea trees. Using hydroponic experiments
with one-year-old cutting seedlings, this study investigated the effects of sodium selenate (Se
concentration as 0, 0.15, 0.3, 1.5, 3, 5 and 8 mg-L™) on selenium accumulation, plant growth,
physiological index, and microscopic structure of tea tree. The results showed that the selenium
contents in the roots and shoot of tea seedlings were positively correlated with the selenium level
in the nutrient solution. With the increase of selenium level, the plant growth index including the
fresh weight of tea seedling, the number of lateral roots, the root biomass, the content of
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photosynthetic pigments, and root activity tended to increase initially and then decrease. The tea
quality index such as polyphenol, soluble protein and soluble sugar content also presented the
similar trend. However, the content of malondialdehyde, hydrogen peroxide, and proline
decreased in treatments of low selenium levels, and then increased in treatments of high selenium
levels. Anatomical analysis of the root tips revealed different effects on the microscopic structure
of roots under low and high selenium concentration. The cortex parenchyma cells of root treated
with the low Se concentration (0.15, 0.3 and 1.5 mg-L ) were intact and well-shaped, and the root
epidermal cells were smaller. Treatments at high selenium level (Se=3 mg-L™") demonstrated
larger root epidermal cells and damaged parenchyma cells with irregular shape, which showed
stress responses. All together, the findings revealed that Se (IV) induced dual effects on tea
seedlings. Se-supplementation with appropriate level (such as 0.3 mg-L™) showed beneficial
effects on plant growth and tea quality by improving root activity and photosynthetic efficiency,
minimizing the accumulation of peroxide and proline, and increasing both of the biomass and
polyphenol content. But, excessive-Se (especially at 8 mg-L™ Se) showed opposite effects on the
parameters mentioned above and led to the reduction of plant growth and tea quality. These data
might be helpful to explore the mechanism of dual effects of selenate on the growth of tea tree and
provide reference for cultivation of Se-enriched tea.

Key words: Se-enriched tea, polyphenol, root activity, microscopic structure, dual effect

FHH, fifi(Selenium, Se)i\ A EInR, BRI —H 2450 EEZEAF
B AT (Schwarz & Foltz, 1957). 34y, fifi IR & A RIS iR . Kit
WEHE R N ARG 2 52 i o LU« DRB 1598 559500 1 00 %2 (Fleet, 2009; Loscalzo, 2014);
M & BN TR A G e )y R TR AE . TR O M8 0 55 a1
(Rayman et al., 2000), A& TFZe @ SOIE# BT RN T2 75 A 50~400 pug(FE T
A AT\ ARE WS/T 578.3-2017) fili Ju 3 B0 I 2 A N G AP J& PR Wy . —J71H
T EYERR LR H BT T A AR, RIEAS IR EA B B IS A —77
T PR N3 22 7 B 2 A K 22 B WA 7= A TR B SN

W fE AR /BT R, W BEUE TR 2 SR 1) (Zhu et al., 2009). KRG &b 7847 HLAR /2
BI7I6 SRAN IR 22 A R R I, X 32 B AEA) B R BRI R A, DRI eIt TR T R B R
TEPI R A BAE A EEE . H TR IR B A 78 43 Uk 3 1k B Al 2 = 56 1 4 i 4 75 1)
(Lobanov et al., 2007). AxFrJE AT, WA —FhidE o g, FERRPR 3 il FE o sy s 200)
Ve R FAE A (H2, SRR FE A A A s R SE H i 2, R RAEK
fE(Yin et al., 2019), £ K(Shanker et al., 1996). jHi=%(Ulhassan et al., 2019). J¥3%(Naz et al.,
2015). MH%EE(iang et al., 2015) A AT HRIE . FHRCHRIE L R, WY 00A 2 fEH 2Ry
BRTIERE MAERK, AVMERR, DGR SIUEAE A S 5 T7 1. 5
TR TG 20 R A A R B AR P AN 2 R FH AR 9 XU 250 (Hawrylaknowak et al., 2015). H
AT AELAA) 77 A (R 0L EE A5 SEATL A 1 R 8 A T, T2 WL BT 0 & iR VE D B A . N
EfERE . AEATHTA MR R S, ARz BRSSO H K

At Rt I = KRR RORL 2 —, PRI R . ARk, ORI 2 I A 78 3R e A5k
Z I AE Dk D B JRE  RELRTESE | 716 o J 0L /6 AR S 8 55 7 1D A7 7 P2 T 7 DR A4 { (Shen et
al., 2011; Khan & Mukhtar, 2013; Henning et al., 2015). Z<#(Camellia sinensis) & —Ff & fifi it
S HREEY(E A 2%, 2019), BT & A4S AR & B hRitE(0.25~4 mg-kg™, NY/T 600-2002)
EL & RS K (il 25 B HH R 22 (0.04~0.3 mgrkg™, GB/T 22499-2008) . 4 2 I\ Al 5 25 2 1
7% 20 W S 2L A 0 55 i BT DO P3[R 3 2807E FH (Molan et al., 2009) . 438 (AR 5 & A2 e



A T e ) R R R e —, SR o R AN Rl 0 K, 3 S B 2 ) i B S 22 A
5, VFE B AU LU SIS AR iE . AN A AE A DA R 2 A e B AR 1 3 A SRR
T e AR PRV O R RN N D A T 1, RIS PR O AR FEE % 285 () AR K A AR BRI s ) T R 1)
PP 0 2 6F Z AR (1) 2 02 2808 B Rk it I A A6 7 8 Al 45 LS . Hu et al.(2003) 43
TAEMFEITRAL (75 g-hm?) Ay LA B, [ 2R IR 5 42 1) 25 B B L 4K . Xu et al. (2003)
KRB PR AL (S0 g-hm ) J5 25 p 12 2 - B SR 3. 33 Y AN RO IR S i B2 i
R P AR 2 By i, ER R T AR B AL R /D, TRV AR A (] S [ Rt 3 B £/
RORAFAEZE S o B P (2019)ZE R A 0~1 mmol-L™ (B 0~80 mg-L ™)t FEIAIF 72 b 355 2o 11
AR 25 (A0 £ B 345 B S T 5 B BT (R XU RE 3, L4t RSV 2 FAR R ) h AR TE AN R
B, i PR3 5 (1997 )it 7K 55 A S IR BIF 78 % I8 TR b (R A VR 52 5 A S 1 5 & LA O
BT E 2 M FEAE A T R AD 5108 70 280 % (1 A KA BR R s i AT TR k= R
S8 T MR, BEHAS T A AR I HE AR A DU BRI R 7 RS (1) 7
fiFl 7 255 2 B T A7 6 U 8, %R FH 7K 5 B2 A 8 7 1) D7 30T i . DR 3R 5 6 DU 2>
HAE FRTT R AR 2 TR, WP AR # AR A af (E I VR BERME . ()%
FEINVEANFEAR R GR TR BE 52 A Ky 2R BT SG R, DI FURE ) DG 2 e R 12
WU B 52 it s ()Xo AR 140 Sl Al 8 R L7008 A B A 1) B T R ARE , ik — B4 A
FAUEHE. ST, AR AKEHRG A, WA, AR, SRS TR &
GEHLPRTT T S [FIRF A 5 o AR AT SR L AR AN AR BRARRME () B2 I, SAPRFE ST 7 20 AR 110 30
SO ATL R A 2 1 R B AR R R AR

1R 7

1.1 AR 58t

BERAHONESZE 601, APRISK F B ST JE T ELAZ kIR 5 3 P S b — 4 AR FF 40 1
ST U6 I I K 3 R4 HAHK — B A B oAk

IR KR 598, DA/NPE 5408 77 (Shigeki, 1995)55 B 251, JCRABA N
2850 umol-L™*. K1 000 pmol-L™. Ca 750 umol-.L™. P 100 umol-L™. S 2130 umol-L™. Mg
1 040 pmol-L™* Al 400 umol-L™. Fe 6 umol-L™*.B 9 umol-L™. Mn 18 pmol-L™.Zn 1.5 pmol-L™*.
Cu 0.4 pmol-L™*. Mo 0.5 umol-L™, % 777 pH A2 5.5, K5 _F ik 2% B A h 2138 /K 375 46 (41 emix
24 cm x 14 cm)H, REFESEA 6 L B IR, K H 6 MRAST . DL NapSeOq AR, & Bk %
4 0(CK). 0.15. 0.3+ 1.5 3. 5. 8 mg-L™" 3£ 7 M4k #, 73 %I9CHy Se0. Se0.15. Se0.3. Sel.5.
Se3. Se5. Se8, FF/MLHE 3 ANEE ., SLIGT 2019 4F 6 H M LERKFENEET, LI
fERJGH 12 h, B 12h, IR 25C. M TS —EFRIE, 5597 30 d JERHT A WA
FHOGTRAR A £
1.2 e 7 iE
1.2.1 ZEP AR FOZ I i B A 0

FHiHEFE 30 d 5, A RO FE 0.1 om) Wl &R A0 2R 4H 255 B ok v, AR E 3 KU .
WAL FERG 5 2 L R PR R RS A, AR R E . RESAREIRA,
FHZEMR7KIEE R AR R 20 T AR AR, W FORONEAE B 65 T /it =15 H, Haih R
FEFR . AR T E R S E R AT =2 A

SRAEEAN R AL 1 2E A [F)0 AL BRAGS B E FrllE H a R & PIVA TR S R nIE R
FREXNTEN, MRS ENE: IE 02 g BT RS AMa%, L=, H 10
mL95%(V/V) L BETE 5506 FAFEE R H AR FEN 25 mL AR s, BEEEKN
665 nm. 649 nm 1 470 nm il &G EE(E (FE A4, 2000).

AVEYERE S EE . HUEE 0.3 g, SL=A4r, IIANZEMK, TV KAEREL 30 min, JL4E



UK, $EEUREIEN 25 mL FE i, 7E 630 nm AbI & IROE B (ZE R4, 2000).

AR AE R I 0.5 g, =4y, INZETEAKETES B0 10 min, FREUFIUEE &
TE R B EE 1.0 mL NN S G-250 ¥ 5 mL. 7EJ K v 595 nm T~ Il & W e JE (2
A4, 2000).

X Z W& 2R GBIT 8313-2008 % i A (AN 75 7%, X 0.2 g T BE R J5 1A T B0
B, N T0%H B, KRS, B0 ISR SR 10 mL A&, 1.0 mL
FFESREUE T /K8 25 % 100 mL, FRHBCRAE 1.0 mL I 5 mL (AR AREY 5], S8
5min 24, JIA 7.5% Na,COs¥i. 7EU K 765 nm R I & ROt FE4E
1.2.2 F TP A BEER AR I 2

WALEE 30 d J5, HCRAEANRIAb R 7% 1 (1 S o — 2F =l E 1 (MDA &R &
. A (H0,)E R bR . A B (MDA): Bt 0.5 g F 5 mL =S LBR[TCA, 5%(W/V)]
WHEE, M FiERS 0.67%mA I ZIIE G 5, 7R3 532 nm. 450 nm A1 600 nm R il &
WG EEAE (2= A4, 2000).

RARWE 1. BUEARRES 05 g, B 0.4%TTC VBB RR 22 MR I & B &9 10 mL,
PG, 5 8 CERA/D B S — i e R A SR, SR H . 7RSSR 485 nm
NI EROGEAE(ZE A, 2000).

MR &/ IUEEN 059, NN 3% IS KRR, 70K PR IR R N
PR PRI SR o W 2 mL B T 53 — T4 (0 iy B U b, IO\ UK I 2 R e = ),
JEIIN 4 mL FEE, WY 2 A2 R R 40 6 B 2RI VRAE I KA 520 nm T I 2 Wt (i (2= A
4z, 2000).

HEAE(H0) & &: 0.1 g fifnt, fEUKIEHRHIIA =& ZIR[0.1%(W/V)]. KI AR
B pRBRUIT R , A0 B0 i BR B FE VR U KA 390 nm R Il ' 4 (Velikova et al., 2000).
1.2.3 ZR B & i e

il B 5 SR FH A SR AP R T4 G B (TR T 4%, 2017) 0 43 SR AEAN[R] b T 4H 45 ¥ (1 5
U — A AR R, =y, S EE KR e ARER T, BHEETKREMEUE
B i et AR 2 T B A 35 o K B RO 23 ST BS sk, X 0.2 g S I 10 mL fl2
SRR ¢ 1) T AR ETERE, RKE RS UE A2 25 mL. B A S AP R 6 EE T
SERE IR TR EE , 25 A AR vE il 26T S Al
1.2.4 FRHRAR BARE

BUB AR AL 0.5~1 om AR B, {8 FH 7 20\ [B 43 e o k1) % A S 2H 2R ) Fr (ARVEWES, 2013),
BIEER, REERBIT.

1.3 HuE b
KH SPSS 17.0 Gi it 43 i A v 55 & 4a bn -3 E A bR 1%, {4 LSD 5 Dunnett 15
BT Z R BT, FTS4uit45 58 A Graphpad prism 7.0 247 BB 2: 1 .
2 RS
2.1 7 [FIRF R FE AL BN ZR A AR R IS T

PLESZ% 601 A5 1 i Ba Ak St B IR 2K B0, SR A B8P R0 Y BEVE I A T
AN (Se 0~8 mg-kg ™ )%t 2% B AOTIAR B KI5, & 1 o, fEKES 4% N Bl 5 i 3 (v 4
I, T AR SR 020 R A B R R BN . Hb_E a0 RO AT R 2 2 S RS B AR AL,
{HRRE LRI R 2 AT % .
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Different lowercase letters indicate significant differences between different Se treatment levels(P<<0.05). The
same below.
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Fig.1 Total selenium contents in tea shoots and roots under different Se treatment levels in the

hydroponic system
2.2 AR E T REEKAEE AR S ERHRAER

B 2 FNE] 3 SR, Il RO AT AR L b BN 2 B AR R 2 3 AR AT R, B TR B T
A B AR AR 2 BT AWTINE . 55X IR Se0 AHEL (8] 2), Se0.3 4% my A K BLLT,
M RRSE, MRARBUEEE, FrAEMREERZ . Se5. Se8 AL HI I HUAM fr tHELALEE, R
R IZHEE, HrEMMRR . Se0.3. Selb MR W HEEE S Se0 #HELE M0, Se3.
Se5. Se8 ZH % it B U 2 280 (B 3. A). Se0.15. Se0.3. Sel.5 AMFkmE K E S Se0
TEEZR, Se3. Seb. Se8 MK IHMIMR K EN ZE A (B 3: C)o X TRIEMRALE
YIRS, Se0.3 AR A L TEULFRTHE Se0 AL B2 17 HARALAK AL
A FER R R AE Y E AL Se0 (X, HEEZZR(E 3: B).

K 4 SR ANF R BR AN IR L BE RS SE e W RO S MR PR, 55 Se0 AHEL, 7%
W{E Se0.15. Se0.3 AbFE FIH4EE av M4EE by KRS MRS EHEIEMN, Hhaxa
R . Se3. Se5. Se8 A HxfMA Se0 MHEL, FREMIMGRMEINE MR EEAHRFINES
(&l 4).
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0,0.15, 0.3, 1.5, 3, 5, 8 indicate tea seedlings under different Se treatment levels: Se0, Se0.15, Se0.3, Sel.5, Se3,
Se5, Se8. The same below.

P 2 AR IR P35 77 Ja 7% i TR AR L

Fig.2 Tea plant shoot growth performance exposed to different Se treatment levels
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Fig.4 Effects of different Se treatment levels on the photosynthetic pigment contents of tea plant
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Fig.5 Effects of different Se treatment levels on the contents of soluble sugar (A), soluble protein
(B), and polyphenol(C) in tea plants
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Fig.6 Effects of different Se treatment levels on the malondialdehyde content (A), proline content
(B), hydrogen peroxide content (C) and root activity (D) of tea plants
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(White, 2018). TEPMSEFEE BT RAAE, W70 R RGeS SILAERS B B L K 4 A i
OB FE W T2 A8 AR S AR R A 6 R B2 R AL & Sl o &, BRIt T s
I 5L IR R TG R 5 5 R A T 5 R 1) R R DA G R AE R AR N () A AR B R AE 2 A
VAR FEE FRVAS AL 380 % P F 5 G B4 LU AR v, 00 D A P Al ) B8 AR E 7 EEAR B0, AR AN 7%
HRWUE, T2 70 2= BRI B350 o IXBEA R T DAl EAR AR 3R AR I B A
F, AT g AN IO A AR 7= A s R R AR . AR KT B R R A I
TERRHIR 2. FRE K EE o Hh X A 3 & B S AR MR, SEMHERA 029 mg L (BLH
RS, 1991), [RIL VR 2 M X A2 P R A IS A JC VR 2 A IR S AR, ) AR AR X BT
FEL 35 AN RARZSHRE S I & 8 0.124 mg-kg (A MEEE, 2014). A 503 T /KBS 256
WESE, R AN AR SR 5 IR R AR R AN R R B R A OG . PR AR (2019) 7E IR B2 0~1
mmol-L (R 0~80 mg-L™) BBl IF FL P 152 (AR . 25, I (0t & B35 45 81 S T i o P T A 0
U T 3, 3X 55 A 50 45 AN ] o FRATIHE I R 35 77 2XRH R B Y0 [ A [R] W] A ad il — 3 72 e 5L DA
WS (1997) B L 7 AN [RIVR BE T /K5 AR S Al 2 501 DU AR E SEAAR R 5 8 IR Wi vk A5
SIEA G p U AT L, b3l 77 B R R AN I A PR G 3R R AT O B A AR BT AR AR
RAEE LA, A5 Bk 0.3mg- L (Se) (Tl e, A Rl BEA: 7 HAF & AR b BB bR e ) &
i %%(0.25 mg-kg™) o AMISAS AR AL/ AR AR X & Tl e AR 1 AT R0 R, I IE kB ML £
Z . AP, ERE MY AR EER, Bk, A AEAE = s
SR PR AR P 0T W (100 26 R R A L) )

3.2 Wk X R AR K IR R

SR RS e 1 O B I AL, DRI A R AR B AR R, VR
YIAE B TG O AR TR 2 AR R R R SNSRI, T & AR A4 Y i B 1 0T 450
B RE RV (Terry et al., 2000), 1570 B Bl R H AR FEIE . FRATVR AL E T2 P 10Tk FE
IEF] 3 mg-L LA k2t 38 i A KA A R S P, e S/ o R AR IR
AR a FIKEAS MR EE TR XRWASIRENMERAN eI e & . iR E
ReJE T S & VR T SR ) 2 BEE G IR R, T4 K .

5 Rl i B 2 v AR R A AN R, AR BE A o] DU 25 v B A ZR BT AEAN
WPEN 0.3 mg- L™ FR I ALK B, TG A< PS5 X L 0 4 R ) A K 1 I S O 2 A
H o IX st BSTERI S /N E T I HGEAEL (Guerrero et al. , 2014; Lehotai et al., 2016).
B E2E(2016) JETHESEA T R ILTRIN 0.5 mg-L™ AR A 25 1 50 JEAH L e 3 o &1
gAML R R IA 2 ROE SRS I, RS G R NAED & R ER
ENEZI S T AE R A KRS I B R AR, R R B U Y . R Rk At T AR K
T, BRI MR RN AT B R A FEAE ] o 7E 52 B FE W IE T, ML san i fer= e AL
L, FH DAYR N BRI PR SR8 A7 >R BRI, 1% 2 AR ) 55 3 47 E R — Fh & B RE 7T (B2 B
R, 2020). AHAIWR ST G 3R i A T BRI AR 2 SR T e A4 N 0 4 SR 1 B L R 4 R e
AR ERINRE SR, IX PR E AR PR R B UL, TR R TR, M A e 2 E A
JRBIAMERL . ZRETERRIE N 0.3 mg-L &7/, HaristER e SEmn, MR
HIE MK EYEIN. 28 EATIA, lER AN SR 1) A K R I H AP P AURR R (1 XU A
M, SR E R MG R EEFEN, SERE NEAAREM . TRAFENFERRCE A
T ARG FORIITG Jolh XL %) R 2 A0 2 i A 52 T 4% i AR ) B AR LA
3.3 AR B 2R T P A AR 1 1 R e

T 5 A A ) EAE R T AR, AR A AR K S Al FE e o BURK o PRI % B2 (Se0.15. Se0.3.
Sel.5) I 7k i AR R i JJ LTI Se0 ¥9H Frsén, e ik 2 (Se3. Seb. Se8) 7k iR &
5 70 S BR85S MR A 1) S O B2 48 SR AR £ o ZE AR (VT 1.5 mgkg ™),
7 J2 TR T 50V 3 ) S AU 5, SR B 2 MR s T AE AR (R T 3 mgrkg™)



NHIPERIE, KZEEEMRATY . T, REENE, AR, X UESE 7 ARAR
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Ho0, 1 MDA 2 i 5t iod S04 A1 22 Fh 4 45347 1) B A AR 36, ) i MR N it
AP EER bR . IR IEOL R AR IS E A ROS(UnVE PR I S A5 I 28 il T B
T BN FEOIRES, MR EE . W8 S R EF T % T 8500 ROS ¥4 B 68 ek A= B 88 It 2 403
ARGy, BFEREL A R AR DNA A5 . IR FE RS IR,
A HI T MDA FlI H0, 75 5 3 25 PG milivR FEES IR I, ZR 11 1) MDA Fll H,0, & & & 1.
AR S S 7KAE | B E S IEA R FE R % R I 45 R — 2 (Rios et al., 2009; Luo et al.,
2019). V2 NG SlEH 5 HPUab A O, Bl 2 CAT SEhisit
BEvG MG (Ulhassan et al., 2019). Hartikainen et al.(2000) 1A Ay =i B AR T 2 A2 (e 48 AL
A, PR SR NG K ROS KEM R, [EHTEACERETESZH0, & R M £ sl i
T AR A A E AR A 0T 68 2 el 3 51 RS 1Y), 440 A AR v B £ 2 11 0 e e
AR 1 51N R S Al A 2 5 R T 32 1 A BT L B 5 ) S B D e s, AT R T
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SPAE, T SRR ) 3 S

2 RIS 2:— B AN — M EERZEH T, e RN RG Z M AEE IR, /£
Z i s 25 PF T AR A AT 1) T R £ 4 F (Kishor et al., 2005;  Szabados & Savoure, 2010).
TEAB T, 55w (R 2R 2 B B A AR 2 () 3 I SR S P S5 TH a5 . 1245 R 5 Ulhassan et
al.(2019)7E S T 28 SR — 8. S5A nT I PERE A n] i 1t 2 1 B AR IR FE B 97 5 1 T
T AT AE e AR B 25 R AR I AR AR 2, FRATTIA AN (R A 2 T A 3 R o) 4 B2 a5 1P 1)
T UL RTHEN : FEARARVRFE T BT AMERN, RGN 1 Rl v AR VE AR R,
[FIS 2y 1 P45 NSRS gl 1 IR IR B s LE S Al B2 R A e, 4 sz 317 5
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IR HE 22 WA A AT LG ik 8 15 T 2 R () -5 AU I S TG AP 8 6 (R e 82, ZE A e 2 A R
AT DA o I 2 R 2 B 3 I P P T 52 12
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RHEERZH. X2, B0, REAR. U TS 2MIgedds, gl EAFR
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B V8 A 55 22 Fb DR Al Dy BRI A O R =2 5 i B0 % 0 i S F8 F5 (Khan & Mukhtar,2007) . #H 5%
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ALK, RRERIRRIE ), RERHRZHmEE, BRI EARIHEIR & &, EmkE
(=3 mgL™Y), MR A S, RN U RN, MR, RS
dh T o ARIBE D) EARAAE 0 SCRE RS, ARARHKE(0.15. 0.3, 1.5 mg-L™)AbFE A AR
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