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Butachlor and Silicate Fertilizer Interaction to Rice
Oh, B.Y", H. S. Ryang* and Y. H. Shin*

ABSTRACT

Pot and laboratory tests were undertaken to investigate the influence of silicate fertilization on butachlor
phytotoxicity to rice. Growth of rice seedlings at 150 ppm of SiO2 was stimulated, while adverse effect was
observed over 300 ppm of SiO, and growth reduction was enhanced with combination of butachlor and SiO2
Rice growth in pot trial at 150kg/10a of silicate fertilization was not influenced by recommended amounts
of butachlor and nitrofen, however, the growth of Seokwang byed at 300kg/10a of silicate was markedly
retarded by butachlor in the initial stage of growth, Growth reduction of Seokwang byeo caused by combined
application of silicate and butachlor was recovered 50 days after herbicide application. Growth reduction
from butachlor was not influenced by pH level and also degradation behaviors of butachlor in submerged
soil was not altered by silicate fertilization. Adsorbed amount of butachlor on rice root was increased with
addition of SiO2 and its amount in Seokwang byeo was higher than that of Jinju byeo. Butachlor absorption
by Seokwang byeo was accelerated by 150 ppm of SiO2 applied simultaneously, but those effect was not
encountered in Jinju byeo. Butachlor absorption of rice seedlings was also increased by 150 ppm of Kz()’
while Ca0O hindered the absorption and NazO had no effect on the absorption. Residual level of butachlor
in Seokwang byeo treated with combined solution of butachlor and SiO2 was continued higher than that
with butachlor alone during 10 days after transplantation to culture solution.

Key words:  butachlor, silicate, phytotoxicity, rice.
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Table 1. Gas liquid chromatographic parameters for residue analysis of herbicides.
Specification Butachlor Nitrofen
Instrument TRACOR Model 550 equipped with ECD (63Ni)
Column Borosilicate (I.D. 4mm, Length 60cm)

Packing material

5% OV-17 on Chromosorb W HP 80-100 mesh,

Column temperature 210°C 230°C
Injector temperature 230°C
Detector temperature 290°C
Carrier gas (Nz) 70mi/min
Purge gas (N2) 30ml/min
Chart speed 6ml/min
Retention time 2.8 min 3.4 min
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Fig. 2. Combined effect of butachlor and SiO2

on the shoot growth of rice seedlings.
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Table 2. Combined effect of herbicide and silicate fertilization on the growth of Seokwangbyeo,
Growth as percent of control
Herbicide (sliﬁ;:?(t)e) Plant height Tiller Fresh wt. of shoot
a

& 10DAT?) 25DAT SODAT 10DAT 25DAT S5S0DAT 12DAT 30DAT

Butachlor 0 10622 992 1022  92a 91a 91a 106a  107a
150 102a 105a 101a 92a 96a 97a 107a 103a

300 84b 9la 107a 64c 68c 100a 72b 92a

Nitrofen 0 107a 102a 101a 94a 106a 98a 96a 116a
150 100a 101a 102a 95a 91a 93a 93a 115a

300 93a 97a 101a 81b 86b 98a 96a 96a

a) Days after herbicide application.

b) Means within column followed by same letter do not differ significantly at the 5% level

using Duncan’s multiple range test.



Table 3.

Combined effect of herbicide and silicate fertilization on the growth of Jinjubyeo

Growth as percent of control

o Silicate
Herbicide (kg/10a) Plant height Tiller Fresh wt.of shot
IODATa) 25DAT SO0DAT 10DAT 25DAT SODAT 12DAT 30DAT

Butachlor 0 99 96 96 94 88 97 108 104
150 104 101 98 96 90 104 103 108
300 98 97 97 91 89 95 96 93

Nitrofen 0 98 98 98 94 97 97 90 108
150 104 101 99 91 95 98 102 102
300 97 102 100 100 91 99 90 101

a) Days after herbicide application
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Table 4. Effect of silicate fertilization on the
degradation of herbicides in submerged

sandy loam soil

Herbicide Silicate  a) k) Haiflife?
(kg/10a) (x102.day" ! (day)
Butachlor 0 0995 3.09% 22.4
300 0998 3.00b 23.2
Nitrofen 0 0.951 7.66a 2.0
300 0915 8.43a 9.2

a) Correlation coefficient(r), degradation constant(K),
and half-life were obtained from linear regression

of log concentration in soil(ppm) with time.

b) Means within a column followed by same letter do

not differ significantly at the 5% level using

Duncan’s multiple range test.
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Fig. 4. Effect of combined solution of herbicide

and silica on the adsorbed herbicides on
rice roots, Ten rice seedlings of 5 leaf
stage were immersed in 200ml of

combined solution of herbicide and silica

for 2 days. Concentration of herbicide

7 Aoz #HEA and silica was 20umole of butachlor,
3umole of nitrofen, and 150ppm of Si02.
Table 5. Effect of silica on the uptake of herbicides by rice seedlings?’b)
Herbicide uptake (ug/g fresh wt.) in
) Si0, .
Herbicide Jinjubyeo Seckwangbyeo
(ppm)
Root Shoot Whole Root Shoot Whole
Butachior 0 4.100aY  0.241a 1.206a 3.777b 0.286a 1.333b
150 4.187a 0.155b 1.163a 5.550a 0.264a 1.850a
Nitrofen 0 4.306a 0.159b 1.196a 2.970cd 0.141cd 0.990¢
150 3.025b 0.053cd 0.970b 2.359¢ 1.124c¢ 0.745¢d
a) Ten rice seedlings of 5 leaf stage were immersed in 200ml of combined solution

b)
c)
d)

of herbicide and silica for 2 days at 25°C.
Each value is a mean of 3 replicates.

Concentration of herbicide was 20umole of butachlor and 3umeole of nitrofen.
Means within a column followed by same letter do not differ significantly
at the 5% level using Duncan’s multiple range test.
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Table 6. Effect of exchangeable bases on the uptake of butachlor by rice seedlings®
Butachlor uptake (ug/g freshwt.)in in
Jinjubyeo Seokwangbyeo
Root Shoot Whole Root Shoot Whole
Control 8.802bd) 0.299a 2.242b 7.704bcd 0.376bc 2,568bc
K,0 11.033a 0.500a 3.301a 14.825a 0.628a 4,884a
Na,0 8.273b 0.341a 2.324b 7.755bcd 0.411b 2.614c
Ca0 7.135¢ 0.264b 1.982b 6.381e 0.304¢ 2.127¢
a) Ten rice seedlings of 5 leaf stage were immersed in 200ml of combined solution

of a base with 20umole of butachlor for 10 days at 25°C.

b)
c)
d)

Each value is a mean of 3 replicates.
Sources of bases were KCL NaCl and CaClz, and concentration of base was 150ppm.
Means within a column followed by same letter do not differ significantly at the

5% level using Ducan’s multiple range test.

ek CaO& MHEES] S & WAA7In ™ & BREAD B REME 5883 ¥t kA

M iono] MMM Fide] HEL nA®  foh
g} Rivera 2} Penner® = w#iHEe KX EolA4
Ca GEo] ®miel wle} B plasmalemma $2|
Bepite fafuge st REs) M=ol linurond] &
Yoot HESE BRE Q- b Ytk Wo¥E o
)4 CaCl, &= simazine 8] R E W= =W
BE HEstgdch oeld Ca0+ kSRY HMlE
viscosity & #§Xk2]# butachlor 9] Wi~} R
mel Hotel 4 A3 Ao HEAT WA
Na,O celery o} AtEHTPold & BABSE ¥ &

WA ASRe] Fou AigdA = EXREZ 91 BK
BT W Yorma® A difuuse] Bike] B8

& ©ua}x o} butachlor o FUgRelE A7 ¢
gl ez wale

Em ARBER Rite & LARS o
6 ~ 30 f5oll 5P KSR KR ERBKs K
B9l Bl MBS e®™ Bepe KASIRS MM
B BT QoA BREM Bk 2
A el Aoz BRI old] HIE HEL HE
o MO HEM KBRS AE P 4@Baq M
fhell ¥¥ WRIF H£HE = TEESHAl ¥ Aeoleh

Si0, HETAA KEEA R BREF £
By AL st $%ke] 1s0ppme] SiO,
9} butachlor 20 #mole nitrofen 3 #mole £

& BREY BE 5FY HEY WEE SHME

al
x

#
il 58, 10 %Y kfale+ BREMLES B
#HE BFE+v 2% 54044 7tk Butachlor$ 3%
20 Butachlor 20r Nitrofen
E.
& [ LSD (0.05) l LSD (0.05)
[
f=§,, » \\\
£ 1.0 . .
g \‘\
E 7Y
Q A
- \‘ \ o]
g —
m 0 Y i
0 5 10 0 5 10
Days in water culture
O—0 : Jinju byeo, Herbicide alone
A4 : Seokwang byeo, Herbicide alone
®-® . Jinju byeo, Herbicide+SiO,
A—4 : Seokwang byeo, Herbicide+SiO2
Fig. 5. uvegradation behaviors of herbicides in

B EHHA s Si0, o FfEM dE&E wA

rice plants grown in water culture after
dipping the roots in combined solution
of herbicide and silica for one day at

25°¢.

oot

KGN BFEE 2 2871 g KRR
A o] gy SmEEHEE 2 ®E7 glglov buta-
chlor o] =884 AMEHE + MESh] ABERE 10



B BEMEE 0.15 ~ 0.23 ppm O T WHIRE
1.81 ~ 2.05 ppmel M3l HHEL BHE R+
B = Si0, oA KE5HA  butachlor
BEBEL 1.28ppmald] X3hed 8i0, o) HETF
A= 1 #@EEs 1.75ppm o2 Si0, 7} butachlor
o BE RESTHT olol B BN AEY =
Ke AstEEARC KBS F-3 \HEE
e gl

gt nitrofen & Si0, 9 ZinE [HEksio} BEE
woll4] ¥ AT BEEEC] g il
Al #gRslgles REREE Bkeevh @t
BB REHMT BaEe] A #F=glr =
3 A4 9 AEEEAEE B nitrofeno| bu-
tachlor ¥t} L4l WHBE 7T H4d 5 nitro-
Bl olv BRRBAA = FLREFH
Bk A+ k8o ul-$ %3 nitrofend
Y o] XEG Ao Nt

o] & HHEE HAst BREM il B3 B
o] KAE WiERmel Bkl M glutathione-
s-transferase of &% SEBEE e} EH3
HR7E Ao & KB R AR Bk
butachlor & ##EfEAH] Si0, 8 H& Higd &
L k= ke Reg ¥ol §i0, + glutathione-
s-transferase & EHol L FEMsIA] &gl Ao
2 Hgr=

LLEe od=le] KBRS 8T BEBREIOHS
HaAel 23k butachlor & *KIGEFWHY BEEFR
£ 2B MEEE B K KSR M®
HER A Aol LB doA MMuige FiBfe] WX
5224 butachlor 8] KEMPA BlEe] Himst
Axd 2 FHEe A=k

fen o]

] =

Keafeel o] LIMAEKE & ¥ SEfE R
WARSQ HEMEIERS] A= butachlor o] KiFel
#8 MEAEAL sl 8le EEkw (Japonica
Kl ) 9} =] (Japonica x IndicaZ®l ) E H H o
2 ER 9 pot ARG @Sl A4y, LB
BTt vl 1 BRe oS 2

1. 8i0, & 150ppmol4] KEESHHS £RE &
#std ou 300 ppm bl kel A = RS Ade
= butachlor ] KFERAFIEAE A2

2. HEMECE 150k¢/ 10a BRIk pot KB

o4 butachlor &} nitrofene] K& ABEETS
& A oeto} 300kg/ 10a o4 &= butachlor
7h AR A Bt FHIEES BEs EiE
dglcl, EMEMHSL butachlor o] RE AB4E
Wil BHBE 50 Hikol Tl BEESAY L

3. HREMEAEH K3 1189 butachlor &
mES Bl ddd ol HEBEe £4 Mnske
Aol ek,

4. EBREESSY BmAL #ok L+ butachlor
o SEEel Mol 9ot Si0, MEER KRR
ol o) BREH MAEE-S HEMEA T

5. KES#A butachlor o] BYES Si0, o #
e EBAwdA EESG e BkEY KEAHS
REe FEsHg ok

6. B @] 43 butachlor o KESHA
B= K071 BESEE vebd K Na,0& &
Bl 93 CaOx BAA7I+ HHESith

HA R 15
7. 8i0, o #&k3le] KGR BMgx  butach-
lor o] Mt EEEO X8R/ gz FEikw
arh el A MErEssleh

51 A X @&

1. Brenchley, R.G. and AP, Appleby. 1971, Effect
of magnesium and photoperiod on triazine

Weed Sci. 19:514-52S5.

2. Chen, Y.L. and J.S. Chen. 1979.
and dissipation of herbicide butachlor in paddy
fields, J. Pesticide Sci. 4:431-438.

3. Doll, 1.D., D. Penner, and W.F. Meggit. 1970.
Herbicide and phosphorus influence on root

Weed Sci.

toxicity to tomatoes,

Degradaton

absorption of amiben and atrazine,
18:357-359.

4. Hong, Y.P. 1981. Rice root uptake and tras-

location 32p and 86Rb' M.S. Thsis, Univ. of
Arkansas,
5. Horst, W.J. and H. Marsher. 1978, Effect of

silicon on Mn tolerance of bean plant (Phaselus
vulgaris). Plant and Soil 50:287-303.

6. Idris, M.M., M. Hoaasin, and F. A. Choudhurg.
1975S.
in presence of added nitrogen.
43:691-695.

7. Kang, Y.K. 1981,

The effect of silicon on lodging of rice
Plant and Soil

Silicon influences on physio-



10.

12.

13.

15.

16.

17.
18.

21,

22,

(o]
- m 0T

. PR =,

. Lay, M. M. and J.E. Casida. 1978.

. Okuda, A. and E, Takahashi. 1965.

. FhEER,

logical activities in rice. Ph. D Thesis, Univ.
of Arkansas,

1981. FEAFHEFTE 7L 54,
FHlEd T4 FAEATRIA (HEFH)
$11-23.

71 od

1973 B EM0 tRFICHT DHBE L
W, WYpEHE 29:13-19.

MEAHE, W5, 1981, KkiSel FREMEMR  AAEE
Hel $3 A(LBH BR. ERBR, '81-14.
Chemical
action of herbicide antidotes. 151 p Academic
Press, New York,

Luanne, M.D. and F.D. Hess. 1980, An analysis
of growth inhibitory characteristics of alachlor
and metolachlor. Weed Sci 28:168-175.
Mackercher, R.B. and W.R. McGregor. 1980.
Triallate phytotoxicity and nitrogen fertilization,
Weed Sci. 23:182-184.

. Mcgobbic, E.A. 1971, Fluxes and compartments

of cells. Ann. Rey. Plant Physiol. 22:75-96.
Morre, D.J. and C.F. Bracker. 1976. Ultra-
structural alteration of plant plasma membrances
induced by auxin and calciumions. Plant
Physiol, 58:544-547.

AAMEREG 1981, BEM MR,
251:48.

HRERE, 1966. EHEEEH, #RE, p.85-95.
qagp, PEA, 1984, THPREMN 4580 o)
2= k5, A, GKS] BB REE

The role
p 123-146 Johns Hopkins Press,
Baltimore, Maryland.

1976, @#EO KEBEHCHSL ERK
ERE L2 ERAGKO BRI M2 sHR. L
BB, HLBART.

A4, 1970, FFFAESFY FEATASER}
FAPEu]| 29 Asjele] A, FETAGTEEL
o ApBel] A AT, FAAdR 13:1-29.
W.G, 1977.

The phytotoxicity of various herbicides in

HEPR

or silicon.

Richardson, and J.D. Banting,

24,

25.

26.

27.

28.

29,

30.

31

32.

33.

34.

two sandy loam soils and the effect of liming.
Weed Res, 17:203-217.
C.M.

of calcium and nitrogen on

1978.

soybean

Effect

root

. Rivera, and D. Penner,

fatty acid composition and uptake of linuron,

Weed Sci. 26:647-650,
and 1979. Effect

of herbicides on plant cell membrane lipids.

Residue Review 68:45-76.

Selman, F.L. and R.P. Upchurch. 1970. Re-

gulation of membrane and diuron toxicity by

phosphorus. Weed Sci. 18:6-9,

Stanley, R.A. 1975. Interaction of calcium and
2, 4--D on Euracian watermilfoil. Weed Sci.
23:182-184,

Stolf, C.F. and D. Penner. 1973. Enhanced

phytotoxicity of atrazine phosphate combi-
nations. Weed Sci. 21:57-40.

Sutton, F.L., W.T. Haller. and K.K. Stewart,
1972. Effect of copper on uptake of diquat,
Weed Sci. 20:581-583.

BEE—, 1972, 1 2L 1B, R 45:613-615

., BHENEE, KFER, REEA, WL
H¥EH#, HRH, 1975. fEp4E®8, p.59-99.
HEEE.

. Wilson, H.P. and F.B, Stewart. 1973.
Relationship between trifluralin and phosphorus
on transplanted tomato. Weed Sci. 21:150-153,

F.B. Stewart, and T.E. Hines.

Effect of temperature on response of

3

1976.
tomatoes to several dinitroaniline herbicides
and phosphorus, Weed Sci. 24:115-119.

Wolf, E. and K. Hurle. 1977.
Mineralstoffen auf die Phytotoxizit'zit‘ von

Ein Fluss von

Herbiziden. Zeitschrift fiir Pflanzenkrankheiten
und Planzenshutz 3:301-310.

Yoshida, S., D.A. Forno, J.H. Cock, and K.A.
Gomez. 1972.
logical studies of rice. IRRI p 53.

Laboratory manual for physio-





