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TOXIC EFFECTS OF POTASSIUM CHLORATE ON PEANUT GROWTH
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Abstract Chlorates are a group of oxidizers with strong toxic effects that can cause significant damage to
plants. Howevers chlorates have been used as a non-selective herbicides defoliant and desiccant. It was found
that potassium chlorate can induce flowering in longan ( Dimocarpus longan) . It has been widely used in lon-
gan orchards in recent years; especially in north Thailand and south China, but research has shown that potas-
sium chlorate is toxic to organisms. It can also contaminate soil and water. The aim of this study was to deter-
mine the effects of potassium chlorate stress on the growth and physiological response of peanut ( Arachis hy-
pogaea) .

The main method used to induce flower initiation in longan for off-season production is the application of
potassium chlorate under the tree canopy. Most research efforts have been devoted to determining the optimum
time and amount of application. Little is known about the phytotoxic effects of potassium chlorate on peanut
plants; which usually is planted within longan orchards. In this paper; the effects of potassium chlorate on the
growth of peanut plants were studied. Using the soil culture method, six potassium chlorate treatments were
used to assess its effects on seed germination, chlorophyll content, levels of electrolytic leakage (EL); mem-
brane permeability (MP), and activities of nitrate reductase (NR) and catalase ( CAT) in peanut seedling
leavess as well as the biomass and number of Rhizobium, and the transpiration and photosynthetic rates in ma-
ture peanut plants. The results showed that: when the concentration of potassium chlorate was higher than 50
mg*L™", the germination rates of peanut seeds and root lengths were greatly reduced, while the amount of
electrolytic leakage and the activity of CAT were increased significantly. When the concentration of potassium
chlorate was higher than 50 mg*kg ™" in soil, its phytotoxic effects resulted in a significant increase in MP in
seedling leaves, and a decrease in NR, chlorophyll, biomass and the number of Rhizobium, and a reduction
in transpiration and photosynthesis. It can be concluded that soil concentrations of potassium chlorate higher
than 50 mg*kg ™! would have a significantly negative effect on the growth of peanut plants.
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20, SRR ATIE 1K ) 2 5 R 125

SRR Bh 2 M 0 T3 1 70 3R SAE A T A7 AE
TR Z—, (HERRAR & 7 o E AL A VR 2 M) H
AW BHIREE. SCHRICE, bR & 8850, SR ER X 40
HAKA 3 2] 6 N8R A, Ha kA
{EX) %% 2 4% C Pharbitis nil )~ 155 K &1 C Cirsium ar-
vense ) SRR ( Sorghum halepense ) 55 2% HE AT R AT
(R 5 T HON AR AE C Gossypium )~ K2R &) ( Zea
mays )~ WK C Linum tenuifolium ) T K 52.C Glycine max )
SERAEY) AT I Dy RE, XA P AT R
WSR3 5 A by A 228 4 P AR 1) I ek 0 -
T8 #5771 1 K &t H ( Crafts & Robbinss 19625 Klingman
& Ashton, 1975; Agaev et al ., 1986). [Ff, T
W ERHAEH] Clo, A1 cl, AT AR EE H L B RIKIH
BE K7 IRIE LA B i DR R PR K R AL 4%, et
T 7= A (1) B = $) ( Disinfection by-products, DBPs)
TR G /D) J R R & 1 (Siddiqui et al .
1993; Veschetti et al ., 2005); 7395, & (D) SRR
25 AN KA RE S OB AP A Crat ) SRR AR 1 1
Wt AT T LRI K 358 (Logan, 2001), 3X TG %E
G AP A A TR B RN SR B ST A2 . it
ClO, ™ ~ClO; ™ A1 ClO, ~ #5435 £ 5 [ I HS 32 AL X
KA S 20 i 75 w0 H s 5% AR 2
(USEPADHEFFAE ] 7K Cl0,~ Clo;~ AT ClO, ~ & 58l
AU E R T 10 mge L1, HEJL DA 4 8U2
oD SR AR AE CHT 7K B 25 o 1 9 1) R T g b
(USEPA, 2002a, 2000b; WHO, 2005). #f & L3
PRABCMEBC, 2005 ) X #4358 7K 5 v (1 S £ PR 1 e
ECEBO Ky KU 2.4 mge L1, BEHKHIK 3
mge L.~ MK TR FH /K 5 mge L1, MUK FRGE FH 7K 30
mg* L'

T, FR PR OK & N T8 IR C Dimocarpus lon-
gan )7 WA HLHE A ) — R B2, H
M\ 1998 4 5 125 2 7 i B Bt 5 (1998 ) A1) JH1 SR IR 1 A
S REA A AR 5 70 4 e R A A 3R A B D) LUK, 3R T
R TVE AR e A R 7 XL B 2 [ A8 2R
o V. ] A S ] R AR R il 2 Lkt T e 1 K A
RS, B3R A5 R RO (BRIEBESE, 20015 B
AN EPEML, 20015 RS IK, 20015 7K B, 20015
Subhadrabandhu & Yapwattanaphun, 2001), 283 JL 4
IR0 PR 2R, IR 7™ S0 25 U 428 5 AR AN W s 32 0 4
TR CEEOEAE, 2003 $EEIAE, 2003; AR,
2004; Manochai et al ., 2005). WAk, SRR B0 #ais
BT IR Mangifera indica ) WA — & B AL 1L RAE
FH ( Subhadrabandhu & Yapwattanaphun, 2001). . H

SRR IR P RO, BT xR 1 AN 45 2R
0T 73 JE HRARS EAT (A HE AL, ol 2 st G /N
{107 B SCRTORAIE e MR SR A AN [7) 2= 745 4 Sl A
AR 24 (3t 2 11 3y, X0 8 v e R T 4 5 4 ) R
sty B IR DR IE IR AR 4 B R A R X
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2% [ DL SRR P Ak P A JR R ™ 24 o 4 I ™ 1
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TR ) 0, AR AR KU AN 25 A

H I, A 9% SRR #h 0 FL A 1 75 T AL BRI 9T AN
Z. CAHWIFTUEW], SO AR B 7 75 7 T 0 28
(Rosemarin et al., 1986, 1990, 1994: Wuk &
Hutchinson, 1995: Dolf et al ., 1998; Stauber, 1998).
/INZZ CTriticum aestivum ) Aberg, 1947) 757 ( Lycoper-
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(Borges et al ., 2004 )7 W] % (1) A J5E 6 B 75 5 240N
AR 10 3 ML H Cloy - 4t 2 Sp® 2
7, SO BAT AT . Aberg(1947) H S 42
HH SO AL 125 A 5 0 AR 40 DTG 55 (E A0 4 WP 5
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ClO;~ Al NO; ~ M CHL AR A — S0, JURARGE I 5
BER 5 5 4 B 12 2 3 A 1 B i s JL R A VR 2 0T
FUUESE, FE W 105~ » 2 AR 90 40 L X NOs -
(IR SO ATz K, 3 SURE A e L 1T 5 WAL 1 1 A
B IR AR E A K (Solomonsson &  Vennesland,
1972; Balch, 1987). WAHMIITUEMH, ClO, - PtEMIHR
RO L 2 & 4 5 5, JLam A ALV R )
H HBEI T FH Y. (Borges et al .» 2004), I H €105~
FICHAR I Clo, FERYAR N AL R, S B k)
AP 3 R SR P 5, e AL A R P A R
(Klingman & Ashton, 1975), B AKAE 4055 ik /K46 5 4
R B B RS A e V% AL 2 28 (Wight &
Sprenkel, 1996: Brown, 1997). {HAAG#FFT1ESE, #8
I3 AR P AR A v G TR A D il R K 1 538 A G400 v
TFRAAAEE X G IR Fh B S e BE 1, T LA ] SR
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al.» 1977; Doddema et al., 1978). [FIIF, W5 & I
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TCEEH C1- BRI L0 A o P15 P A €105~ 1
T HHEFERTH " (Wallace et al ., 19965 Logan,
1998: Xu et al ., 2004; Steinberg et al ., 2005). {HE
LR A IR A2 2 5 AE S AR ) b A7 A8 5T s it
— DI

IE AN, H AT OGS 2 GORHE 9 1 5% A T
Wb WARIE o 642 CArachis hypogaea ) & T8 B = 248
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1 MRSk

1.1 Ak

Fe A A AR BN Tl 197,
A TR A AR R 2 AR S B S B 0 ~ 20
em TJEPRGEE L, pH (H 5.48, 2% 0.92 gokg ™!, &
A 112.32 mge kg™, W 1,15 go kg™ !, A B
48.32 mg* kg™ !, P 22.20 go kg !, AP 126.65
mg* kg~ !, AHLIT 16.30 g+ kg !, EC 16 0.25 mS*
em™ ' C17 4 0.033 mgekg ™!, FEBESBIEARAGE
Eam: 78 Viis ¢

T FH KC105 20570 4 T 85 A0 2 4, 4 i RS 57
R FRIAL ] 25 B K BT ZE K .
1.2 SERwt

oy DR ) SRR B s AR A M B A R A AR T R R )
BAR A7 T RN, A6 AR 17 R R0 31 1 S 5 [R)
I DL ) B2 P LA S ook RS B o 3 A8 P45 (1995)
WFFCER B, €1 DR AR AR R () A 1 SR BEAE 500 ~
1 000 Z[H], Jir DA SRR S 5t 4 Ao 1 0 A A e 1) 8
BNV N E AR LTI
1.2.1 Fpy ks

4 KCl0; 1 NaCl 73 71 H 25 85 17K (Milli-Q wa-
ter) LAY 0~ 1042050~ 100200 mge L~ " ¥R & B 5 4k
B, RN EERCE 4 ADNEE R E N 25 Kifk
RIS FRAE HAT 15 em BIREFR LT, R34 4
[V B PR R )R L R 02 B 4G, 48 5 s 77 L
T 25 CIURTFRA b, (R8BS 77 MW, HEAT K& 2F
Ko 5 d EINEAE AR TR CE R R R 2R
A S PR R AR B 7 5 v e i e
1.2.2 AWK

WAL P FIRZEIK R 24 h G, PR HL
KN — BRI 5 T 25 C BRI R IR 4 rh o
Fr 48 h, PR A ISP H % 38R, 7R A X
T3 1 kg, B 15 ems HAR 15 ems ZEEAT HEAK LA
FEA PR, E T E 25 ¢, JEIBR AL 12 000
Lu, 25 AR P 29 85 9% 1) 0 LR FR 40 TEAT 55 9%,
S8 W0 A B 25 B T K AR B IR . 4 TR R AR
K15 d Ja» 4390 ) 4% 7 - 3 i s R A KClo, 8%
NaCl 7% 0+10~20+50+100-200 mg ¥, %1% 6 M4k
P, BRALTE 3 AT, N2 5 d a0 Al R
SRR IE JEU I 2k R AR RIE T
1.2.3 SRR A K S5

WAL P T FIRZEIKR L 24 b G, PR HL
KN — BRI 75 T 25 C IR IR rh o
Ii 48 h, EHE R F SR A 3 B B AE AL 18
em~ 142 25 ems 7566 A HE /K L 1% B 28 7 b (B 88 4
E IR N, R A ), & A e gt
5 kg, & AV G R K, IREF IR, — DM H G
— PRI KCl05 AR FE, 25 A0 2 1) -+ 38t N ¥ KC10,
W53 9120 0450 100+200+400~800 mg*kg™ ', L1 6
ANGERE 3 AL A JE DI E REAR ' B R
MR R IR R 1. 4 S H KRR I e AR AR 1)
A=y s R R B
1.3 SEE Tk

R A B I 2 s A0 3K 0.2 g EAR, T 20
ml 253 77K 3 h J5, A DDS-11 B4 3430 St
VT i VI F A B, DU H 5 B CRIF B T i L 3
JE EUAED F s AR HL AR BB IR 2 o I Fy % T = 75
AEHEFREL 0.5 g fEAE T IATIEE I A H 20 ml 258 F
K23 h JE s I DDS-11 L HL S A3 H 982 HE 7 2
TET S B SR, THEAR X S (B T S S R L
EDRF Ryt v FUBOEE .

1) Bliven AR (1996). Chlorate Respiring Bacteria: Isolation, Identification, and Effects on Environmentally Significant Substrates. MS Thesis, Department

of Chemical and Environmental Engineerings University of Arizona, Tucson, AZ.
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Table 1  Effects of KClO; on some physiological index of peanut plant
KClO; W JE AN HeH A R a S ) (L ETPI]
Potassium chlorate Transpiration rate Photosynthesis rate Chlorophyll a Chlorophyll b Vitality of roots
concentmtion(mg'kg’l) (mmol*m=2+s™ 1) (;Amol'm'z‘s_]) (mg'g']) (mg'g'l) (TTC mg'g'l'h'l)
CK 19.78 £ 0.63" 26.70+1.16* 1.19+0.01* 0.46+0.01° 0.62+0.01*
50 16.21+0.18" 24.85+0.55° 1.11£0.01" 0.44+0.01° 0.56+0.02"
100 12.66 +0.98° 21.60=1.61" 0.91+0.01° 0.38+0.01" 0.52+0.01™
200 10.43 +0.58¢ 19.47 £0.43% 0.62+0.01¢ 0.23+0.01° 0.47+0.01°¢
400 9.36+0.36% 17.63+0.38° 0.36+0.02° 0.17+0.02¢ 0.42+0.02¢
800 8.48 +0.28° 16.80+0.21° 0.27+0.02" 0.14+0.01° 0.35+0.03°

P R BB - BEAR AR R 1) 7R 22 5 12 3% Means within a column followed with different letters are different significantly ( DMRT method, p <

0.05)
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Table 2 Effects of KClO; on biomass and number of rhizobium of peanut plant

KCIO; S FE AR S My b A T o b= JE A 98 R H= (AN
Potassium chlorate Fresh weight of Fresh weight of Dry weight of Fresh weight of Number of
concentration (mg*kg™") total plant (g) stem (g) stem (g) fruits (g) Rhizobium

CK 77.30 = 6.37° 46.71 £5.78" 15.21 £2.08° 27.11£2.98° 128.25 + 11.00°
50 56.28 + 11.30% 42.88+9.29" 13.28 +2.64" 11.44+1.95 100.25 +4.61"
100 45.53 +6.08" 28.45 +5.38™ 8.18+1.74 14.39 £2.85" 90.50 +3.97"
200 24.30 £2.82° 17.16 £2.43° 5.98+0.57" 4.22+1.01° 69.00 = 6.42°
400 22.93+3.32° 16.91£2.32° 4.92+0.66" 3.34+0.86° 53.00 £ 4.654
800 15.47 + 4.26° 11.54+2.73° 3.79+1.21° 0.49+0.18° 44.25 +3.09

P R B S BER AR R 1) 3 78 22 5 1 3% Means within a column followed with different letters are different significantly ( DMRT method, p <

0.05)

DA AT IRE T K 159 B S 12 AR 82 ) T o T AR, 5
PRAAR N 50 mge kg™ "I, % L F N AR R iy £l
50 AR b 22 3 102, SR PR A8 31 100 mg» kg ™!
I AR S B TRy M R K T R S A B
Fo XU GURPIAE B P IR L T 50 mgekg ™!
I 5 52 S W A A AR 1 T 2B R R 2R 498 0 45

3 W w

ARSI v G TR G A A B T R RN &) AR K
(11 5% Wi LA SR A Ak ok o R, 485 A8 B, A6 AT 9 A [k
JEETR AL BEYE TR P, SR B 5 S 1 X A6 AR 1 R
Gy AR K B 5 e 3 L SR 1 R T R AR
£5:(1995) B xf A6 AR B i SURR LA 9 UE T, €l <
500 mge kg™ "I, SAE AR R AR K TEAS R RE A, PR,
ARSI R P 1 T DLHERR 1 B AN . T
WL R, GRS R T 50 mge L™, JL AR A
PMEAE 23 KR BRAR R 28 AR AR 4G, 15 HLAs SR
THREE M, SO R R IS U 2 RN T A S
Thide SERAAE L 1 B T 50 mge kg™ ',
AN B IR &)y P i P B 1, B ) v S
T PR I Jir 1l -t 2% AR R0 ) 080 8 25 BRI, i HL 2
A AR AR IR 6 G A 2 I AR 4 3% a B b (1)
B M RIS 7 DL RO I R AR R S L A 2 A
RO R M. SUPLEL, AR AR
S PERCER T A R 04 i g A5 A6 AR SR AR T A
SRV A 110 DX B il R T A Do 1 PR T I, A A2 AR TR 4))
B SIOR B 1 At S AR T A R S B AR AR
TR TENLA BRI F 52 21 B, f5e 24 5% ) A= ) 5
HYJR B (1 TE o Girija 25 (2002) BF 50 % B, iy ik %
(50 mmol* L= NaCl> #h i Bk /10 v] 3 35046 A8 &)y 1 il
AR (Proline ) F1 fit 2 i, ( Glycinebetaine, GB) ¥4 1§
T, A SR B B AR PR A2 A T L A A G

Borges 45 (2004 15wl 50 B 75 AN [R]U B2 K 7 A
100 S 7K R AR e85 20 234 i 1 A B A AT 2
figp ) 1) 7 T BN AL IR AT, 45 R B AR H 5
PR A B F5 M KA S MR N, (LA R T, SR
BRI 0 SR A AL I A SRAR SN % B
AR S AR 1R A A AR, 105 R (D' £ 38 [
I, 34 AN ) 2 R PR 403 AR B AR A% A AR B 4 i
SR R I i B A3 2 o IXRTAIR IR A5 HY R HR T
R AR T SRR ™ L RO W A6 A b I A 0 AT
SERERR A U PR bR 1O 4518 2 — B0, (HAE AR~
SRR BN 6 2L 7 T 0N I FUIE A 8 TT

A AR HEAT FR e R DL, Wl AR KA A
BRI SR, AR P A28, A LS, A
FRRZE R ZR 1S ST 45 1A IR BEBOR, A 90 32 T
WM™ 5L, K 20 d Ja A B H AR EIL PR
PERKERAR, LS %255 WA P 22; [,
TR BIAE I Dy RN i DAL, SRR B A
AR 73 A1 XA TR A= 7 U0 A A AR RS 1 [
R A SRR I F Y B AT fr P IRAR
FU, GUIRPIN AL LR AR 5 AL U BB S E A Ak
RERERE A R M0 T [ 3R 2R R R R i Ay
FEITIE

Z % Wk
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