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Effect of Water, Organic Matter, and Lime on
Degradation of Herbicide in Soil

Oh, Byung Youl* and Hwan-Seung Ryang**

ABSTRACT

The persistence of butachlor and nitrofen in different soil conditions applied organic matter, lime, and other

pesticides was studied under submerged and field moisture capacity. Degradation of the herbicides in soil was

significantly retarded by autoclaving the soil and half-life of nitrofen was much longer than that of butachlor

under this condition. Submerging the soil enhanced degradation of the herbicides, in particular that of nitrofen.

On the other hand, half-life of nitrofen under field moisture capacity was twice longer than that of butachlor.

Increased amendment of rice straw to the soil shortened the half-life of nitrofen under submerged soil, however

it prolonged that of butachlor when the amendment was exceeded 1000kg/10a level. Liming the soil stimulated

herbicide decomposition in the soil, which appears to be pH independent. Butachlor degradation in submerged

soil was slightly stimulated by simultaneous application of fungicides and insecticides, but nitrofen persistence

was not influenced.

Key words: herbicide degradation, soil moisture, lime, organic matter.
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A BETR A vl Butachlor & 7 #EE 7}
3% BEdE #HEHA

T, REM +Wdh e KSHEGFAS wel
et Niki %2 diphenyl ether % HREM:
ARE7 HRBLd SE7 AESE & SR
= #EHN, LB ERA Kt YoldE BY
& v} 9t KE Benthiocarbt HARKENAE H
BAEKRKES KA v 587 RE31
BTk A £2 0 M wsigl o qop®

Mo mE HARY, AXKEAN KT TN
MBS ML) fhigMele] BED wetdE +
b REel TEI SREME oaA JUshdst

Aiftoll A& ARBfEA A —fkElo] A FHY
MR GEERA e L BREN S SREE
£ muEsly] BaAd BARNA LEEEE gl st
BTT ABREEE #BEIA o

ME % FE

K H@goll A BREHE Butachlor (2—Chloro
—2', 6’ —diethyl —N—buthoxymethyl acetanilide)
%3 (99.8%, Monsanto Co.) 3 Nitrofen( 2,4~
Dichlorophenyl — p—nitrophenylether) ## 5 (99.5
%, Rhom & Haas Co.)& Ao g B
LBy HHe £ 13 2ok §8Y RBRELEAMde

HEF HaREHYE BRBERE(600) BEStd 2
mm HEE BE8Y A& LA ANy 2K
% 404%, C/NE 5059z HIRHAE 2
R¥%31.3%, C/N&E 52299tt AR ®KRT
Ca(OH);(Kanto Chemical H2)& #B3igch &
#ME+ Diazinon(0, 0—Diethyl 0—2—isopropyl
—6—methyl pyrimidine —4—yl phosphorothioate)
B (99.5%, Ciba—Geigy AG)® Carbofuran(2,
3—Dihydro— 2, 2—dimethyl —7— benzofuranyl me-
thyl carbamate) #¥5%(99.9 %, FMC Corp.) &,
#EME = IBP(S—Benzyl 0, 0—diisopropyl phos-
phoro thicate ) ¥ 5 7 Isoprothiolane (Diisopro-
pyl 1,3—dithiolan— 2 ylidenemalonate) #H% & (99,
5%, Nihon Nohyaku Co.)& Ef 3t

ANY FHme 1,000kg10a kK¥o s 3=
Z Besa BALtMEs 20g% EHE 3cm, Zol
20cm o] HE@EFol E3 ¥ Butachlor & Nitro-
fen MR & BEITH ethylacetate ol EEA A
ABREE 200pgdy AESIHCL RWAEY tNe
HEENAE BBA I AA ethylacetate & EMA I
o LSke BRAAARS 60% WHRMEe %
t24H Kfzrt 2em BEKRER FES L
AR kIESE THA 1 EY ZH kst
o HEiE &S Bt Bl WA EAK
#5) +3h Butachlor 2| S REEE RES 9

Table 1. Physico-chemical properties of soil used.

Particle size

Soi distribution (%) pH Org. Exch. Avail, Efag;)s
i Sand Silt Clay  (1:5) matter  Ca §i0, - Cap.
2-002 0.02-0.002< 0.002mm (%) (meq 100h) (ppm) (meq.”100g)
Sandy loam 536 209 155 54 0.93 35 62 103

sl preEsl " 3-& 100, 200, 300, 500, 1000 kg
10a Ao 2 RN % HME B A2 H
et AR AKES] L] Butachlor W
A& FHENY KA ®as 1,000, 3,000, 5
000kg.” 10a K¥o 2 +Ml Rin, BE&+HW 5g
& ABE sl 20ppm2 Butachlor ¥ -S
meted 30430 WMESIA TR EO BN A 3,000
rpm o2 104 1WETE WA & RS
#3e n-hexane & & Butachlor & M3z I
ol 4o} e fk#te] GLC—ECDZ H#rste] %#F
B’E HEIHTh

AR £ bRkt RIS 250 HE
3= Ca(OH), & 1+ 100g%E &% 3Tmga 74
mg4 BRI % REEN do dolAet e F
oz K4r& FEslz RRBE BHESHC

LRBES 150CoH A 1RMEL EREFET A
BEA & BEo 11K 20g 4 Y43 M2 #
120CoA 159/ 28 MMez 3E RéEssch
BRpdit BEREE IS RENE BB
% ok,

BEN U famele FEREE AN IRES
20g & ZBRE Rx £L24H 2cmd Hk¥
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oz 25CAAM THM RIMEYL # & BEL ace-
tone ol MRSl LALWE REM 20ppm, BE
# 50ppm, BAM 10ppmeo] HEs HREN &
Bahgich

BES SEE BEEAEE 37 15 3024 L
MEEE 300ml erlenmyer flask ol & 713 HE5%
¥rA acetone 150ml & Mt 1ML St
Hth #R#&-2 Buchner funnel L2l celite @& &
BAA RIMBSt ME LWL acetone 2.5 JEME
T % ARE B 40C o AERHES (Buchi
Rotavapor R 110) & acstone & HEAIFch #
#e 250ml o) Azt &4 8 NaCl ¥# 10
ml & 50ml &) HPNMTH n—hexane & M3t 2
B #it5lsL n —hexane @& MK Na, SO, 2 FiK
A2l B A0CH M HSREREAZT BRKL gas
liquid chromatograph 2 ¥ 4 U+ BEAE
2 n—hexane & M, M 2014 EA, 5
Fratgiel B oirikol KT D @igERe 10
ppm @Ek %ol A Butachlor + 98%, Nitrofen &
97%°131 2™ column temperature 230 C ol A 2]
retention time & &% 28413 345 °1qrh

R 9 ER

1. WAL ko2 KR

ARG Mo mES koA & Ld Bu
tachlor ¢+ Nitrofen & A+t & 201 M2t 2o fir-
st order kinetic ol #3tgl o= MBS MM
o] R FEBP(lag period) & HESA Y= Aoz
vheb et

Butachlor + +/Kk45, S8R o=t HEY
B 2 287 gl e Nitrofen& ok sl
HE HARETAA 7 RE=l  LELH
1720 F2 Ei=lgdrh ol &%+ CNP(2 46—
Trichlorophenyl —P —Nitrophenylether ) ¢} 1.th
SR BB BLREY 1/32 S8
#lrh= Oyamada %392 #&ol 22 @HE H
#olet sttt Diphenylether % R FE#E= 2FR
o NO.7t BiikiEol A NH, £2 HAHs HEiisl
o] MEJo #EsH oo #2 HEL Fluorodi-
fen, Chloroxuron, Bifenox, Chlormethoxynil ol 4
E R HF Uk

Aol &3 Nitrofen ol e F#H K=
Bigslo] MEE] PARBAA PEL7L 3148

A K3t RAFMe 26480, 7859 Em
€ 2718HE 4~580° GH=Ut HnFgH® el
il wel Nitrofen 8l FREEZ £4 ER)
At e B LNh AEERAC R #HEY
of A& AWoln +MPENS FHHEL FHH 2
B kel A EAEE2® C/N#Rel g o
o] #EY mHHliEe HRA FHL Aoz
Bl ®% Diphenylether 3 BREMNS T+t 4
et BumeEd o2 2 HREES 2o @)
K BTN R R A BRER
o SrRBEN A FWMELESY B#E, Dipheny-
lether RlA NO, ¢ NH, 29 BT %o HE=
+ B Be AoR vRe ERANMEH BE
A e ERoA o+ SEREEY #H hkd A
28 Az

Butachlor & el v xl&= +MAI®RE U &
wyEmel %L Nitrofen o Hh3le] &#ssich
B), Butachlor o 4@+ HEAKMREEN A LR AE
e 3~6 Hel GRS & Wolch Kool ot
2} Butachlor o & HEEN £4 2R AU A
< HREdAE TREFU S8Yd BEsEs &
ol BEA=REEA A Bk HolM ¥y T L
B SRE 4A =le FRBEED ElS BE
ol MEd Aoz HgEck 2T HkEeo
A HBHmE BMY AL Butachlor®l ®EHHE 4
~TH GRAHAT #EARBAN AN T8 28
REHRT o 8& 2ot —HWez +Wbh #H
By ke WEYMS FEh3 EHA WET Az
B HEBEESHE U BRBEIS Fo 88
fR7E dlemz HMPHe Bmol K% +Wp B
Bo AMAEE ALY Wt KRA B B
&Y LB W

st WA M Ak%E 100, 200, 300, 500,
1,000kg” 10a Kiko 2 RiMsta FEAKRENAS Bu-
tachlor o} KW E HEL KR 29 19049 2
o] MR winel mel e LBs G
o st (g#Esigdd oyt +Mh Butachlor o ®#
B e RIFEMKES ®minet o &l thflste A
L2 ¥oh(ay 2) AWM KB, 1,000kg 10
adl HAEAKEN AL BFA A3 HRMEISHE
ke fAEHO EHREN OB SREESTE
ZA BT A Zoh FAEGKH] B o8 5
BEELSREE 2 Wl HaFE o alse o
% aA velged ot HEMY ol R
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Table 2. Degradation of butachlor and nitrofen in sandy loam soil as affected by water content,
organic matter amendment and sterilization.

Nonautoclaved soil

b

Autoclaved soil

Water Organic

Herbicide content mat ter —r¢ k* Half-life¢ —r°® k¢ Half - life®
(x10°day™) (day) (x10°day™ (day)
Butachlor 60% MWHC® None 0.993 7.914¢ 383 0.970 1.61b% 185.3
Rice straw 0.998 8.83cd 342 0.969 1.72b 181.0
Rice stump  0.999 8.43¢ 35.2 0.962 1.67b 183.0
Submerged None 0.995 8.43¢ 35.7 0.966 1.95a 158.6
Rice straw 0.952 10.61b 285 0.970 1.76b 180.5
Rice stump  0.969 10.12b 30.5 0.958 1.43¢ 210.1
Nitrofen 60% MWHC® None 0,975 2.86fg 785 0.983 0.76ef 396.3
Rice straw  0.986 4.03ef 754 0.979 0.71f 426.0
Rice stump  0.979 3.97f 76.3 0.997 0.85e 355.8
Submerged None 0.972 9.60b 314 0.944 0.86de 350.9
Rice straw  0.988 11.50a 26.2 0.965 0.85e 354.0
Rice stump  0.986 10.81b 27.8 0.990 0.83e 364.1
a MWHC : Maximum water holding capacity

SIS

Pulverized organic matter passed through 2mm mesh was amended at the rate of 1000kg, 10a.
Correlation coefficient (—r), degradation rate constant(k), and half - life were obtained from

linear regression of log herbicide concentration(ppm) in soil with time.
d Means within columns followed by same letter do not differ significantly at the 5% level using

Duncan’s multiple range test.

50 F

40g
> 30}
Z
b
: 20+ Y = 37.98] g~ 2515
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Fig. 1. Effect of rice straw ammendment on the
half-life of butachlor in submerged san-
dy loam soil.
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Fig. 2. Effect of rice straw ammendment on the
adsorbed amount of butachlor in submer-
ged sandy loam soil.
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HFollA 1Bkl RERS 35%7 HEY st
Nitrofen-& Butachlor ol H:3ted (a3l $#3ho
w2 ool |EH v A EFH Boll #{Y BRE
@l 4% Butachlor + 23ppm (24 L)% ol 4}, Nitro-
fen-> lppm (25C )% 224 Nitrofen& o) #
B (Lamels 1ol o] WMol AT AV
2 3kEHn SR X, AB A8 ¥ Mk
ol #&3sd HBEKERY LRAIEGE J EER
ol A R B@EA dold Aez FpNch

Mo RHAAFE BREN SHEE FHEs| BT
AA Lifihol o) RE#IME T2 WEHA o
e deldg & 4 Ades 5] AT mERK
%ol 4 2] Nitrofen LB+ FRBELWA A wch
1045 ol4e= Aglch WERES kBN A
A8%°) Rine 233 KREM MRS EEAZR
ol ol H@Pel KT FEEY K KoE Y
KER HEHE MEIstEr e Az
h

2. Rk HR

T®e fEHStE GEKIE BRERS SRRl
EEE RS A KoHEib-& <Rtz dRE, P
g 2f5&2 Ca(OH), & KM WA 2 Buta-

ol &

chlor &t Nitrofen ¢l ##He AEY HRe £
33 #h K HBIAMAE FHHENHEANAG 2
°] Butachlor + 7Kl & +#Mh FMshE A &
#% XH, Nitrofen & HAKBREEZ L7l WHiE
Bkl It o 128 GREsEdo 28K o
T AKFERA o5t AWt B4 RBEEE MR
& 2vh GIKHEAC KT il REES N
T AEEESHEE ®ERENA AKBHEKSES
REH P —Ed tmol YUY HeE ojfo
FERETRA M HKShRE HT e B
{bot+= BT o' Azsch

ARG & BRER LMD HEEE PR
7b LmpHel kel BEHEEE AU S HEs 5
7| ¢8ted Mcllvaine's citric acid - phosphate buf-
fer AH& ARSI pH 4, 56,7 8olA BE 30
B# 2l Butachlor 2 Nitrofen /£ & HATT ¥
BepgE ol 8% HEE HEST gg ol A=
g 3).

Chen %% £ S®AKL FIAst pH 1914 pH
1074712] HET BEANA Butachlor 2} i 2
S HAEY 4 Yot pH e} Butachlor® #2iE#:
ol A&7 9SS BEsGeh a8 K A
of olo] SMEM 30 Békel ML pHel B

Table 3. Degradation of butachlor and nitrofen in sandy loam soil as affected by water content,
lime amendment and sterilization.
Nonautoclaved soil Autoclaved soil
. Wat Level of®
Herbicide i fiv:lin;’ —re K¢ Half-life® —r° k*  Half life"
(x10*day™) (day) (x10% day™") (day)
Butachlor 60% MWHC® None 0.993 7.85¢% 38.3 0.993 1.63¢* 185.4
L-1 0.997 8.98b 335 0.980 1.60¢ 188.4
L—2 0.993 8.84b 34.1 0.997 1.75d 172.0
Submerged None 0.992 8.58¢ 35.1 0.964 1.80a 167.6
L—1 0.996 9.15b 329 0.981 1.66¢ 181.0
L—2 0.997 911b 33.0 0971 1.73b 173.9
Nitrofen 60 % MWHC® None 0.962 3.82f 78.9 0.986 0.78f 386.5
L—1 0.957 4.04f 74.4 0.995 072¢g 417.5
L—2 0.948 5.82de 51.7 0.997 0.80f 3784
Submerged None 0.977 9.36 b 321 0.996 0.90e 336.3
L—1 0.976 10.53a 28.6 0.982 0.88e 340.9
L—-2 0.966 10.30a 29.4 0.944 091de 3327

¢ MWHC : Maximum water holding capacity.
L—1 and L—2 : Equivalent and twice amounts of Ca(OH); for neutralizing the soil.

<

¢ Correlation coefficient (—r), degradation constant(k), and half - life were obtained from linear
regression of log herbicide concentration(ppm) in soil with time.

d Means within columns followed by same letter do not differ significantly at the 5%

Duncan’s multiple range test.

using
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Fig. 3. Effect of pH on the degradation of her-

bicides.

Residual herbicides were determined 30
days after incubation at 25C in Mclla-
ine's citric -phosphate buffer at 10ppm
level.
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Fig. 4. Relation between soil pH and half-lives
of herbicides in sandy loam soil.
Soil pH(1:5) was measured 30 days
after Ca(OH), application to the soil.

M fEpMae &2 H#ol Aol Butachlor
9} Nitrofen 2-F 13 pHel #mel oo $RK
W mmsdok(ay 4).

Y AXEAN WE LN BEH BERS
BEsdd 4 BRARY Bl otet RESM RH
B mLsle BE(E 4)F A4k TEBHRA E
ol o3 BREMe kol LNMES MAmol o
2 B4 st A€ Simazine'®, Atrazine®) Metri-
buzine %% &l Az wWaA 8 Yz FREAL B
=X el $HY EES mmile HAL 2K
o] #EEmel fPAAM HEL o YchtT® oep
ERERS +RBE Ca*t ol2oz @MASs=z
A mE#e] g# el BT LMK D REN
BERC wmslnz A fHHd A REM RE
o] A vEhm ‘Mol Aol A4, EEBHHU
AR BHT Aoz fWsth =y, Corbin¥t

Table 4. Effect of liming on the adsorption
of herbicides in sandy loam soil.

Level of liming Adsorbed amount

Herbicide (mg kg of soil) (pg./ g of soil)

Butachlor None 49.8+1.2%
370% 396+14
740 384+13

Nitrofen None 60.2+ 2.1
370 523+ 1.8
740 534+16

¢ Equivalent amount of Ca(OH); for neutrali-
zing the soil.
b Standard error.

Upchurch'’ + S£#MEoR 2, 4—D2 BREH 8
%2 pH 5394 BAXYE HEY KE Smith®
+ pH7~T749A 2 4-Do 287 714 AEY
+ BED v Ak EF Savage® v 25018 EiB
o] +%e #AEsd +MpH  ¥& #& Nitralin
Z Trifluralin ® ZERke] ¥3& RS9 Nitra
lin& pH 6.81x ¢} 48c A Mol ddx st
21} Eiker ' 7} Bensulide, Nitralin, Trifluralin
o AR pHel @me S8 Adz P43 =
R AR KRolck BlLLbe BREEE &
3t & W LWMpHS REM St MR
A— #Emel WAzt gxlclxs FEAL LW BmE
utel BEY SREEeR Jvervn + pH Lol
g el BB BRI WEYyH ERO
1o BREM TE# T EEE A ez »
Si=

3. Fmmel Bhmel RA )5 BRNNY R

AENe BANE R AR MM B
HN MREEES AES) Httod ks 78
M &ET Lol ®EMA IBP 9 Isoprothiolane
& 50ppm, &MU Diazinon & Carbofuran &
10ppm4 20ppm el HEM £4 HARESS
HABRY BR+ £ 59 Zrl Butachlor= g&M
3 Kol BN sty BAY HEro +
Weh 7L B BESE EEIUT K3, B
Weolel BRoR 1 #HE7T #WES 21, Nitrofen
< HEMU BfMl 4% R PEBE S B
ol gt ZHRNA BREMY LBHE= 89,
X4, GRERHEAGRN A PEgfnd aA K
Bt olv RMBMEL HENA KRS
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Table 5. Effect of insecticides and fungicides simultaneously applied with herbicides on the degradation
of herbicides in submerged sandy loam soil.

Butachlor Nitrofen
Combination —r k Half-life — k Half-life

x10% day~!) (day) (%102 day™1) (day)
None 0.985 3.59 193 0.928 8.16 8.7
Diazinon (D) 0.984 3.82 18.2 0.980 8.26 8.4
Carbofuran (C) 0.994 4.20 16.5 0.982 8.68 8.0
IBP (D) 0.991 413 16.8 0.971 8.26 8.5
Isoprothiolane (F) 0.993 4.02 17.3 0.984 8.36 8.3
D+1 0.992 433 16.0 0.973 8.52 8.2
D+F 0.983 3.96 17.5 0.941 8.17 8.6
C+1 0.996 4.08 17.0 0.897 8.26 8.5
C+F 0.994 3.86 180 0.951 8.26 84

« Concentration of pesticides applied to the soil was herbicide 20ppm, insecticide 10ppm, and
fungicide 50ppm on the basis of dry weight of soil.
«Submerged soil was incubated for 7days at 25°C. nrior to application of pesticides.

ok Bl, REiiol #ME JEI o WK
9 AES BB LM Kisel LMol wE
g0 £9n, {LBK 487 HESL2 A 1 9
FE/H BES Y BRRE ) LAk SE HE s
of —EHM HEEHM-E MHEsd T 4Hm
Hitol Ffiueel BLES ol M gEsluz
7THMY ERPMHSE AR BRAARNA PR
#FAd Aew Hach mEEelel HAY KT Bu-
tachlor &1 AREELN R+ BEHA Jted LtMdb
Mol e Bl WLE doA RE WEY
o] By9Ems aMsEddd ERSE Ao #E
ok

2Lkl Butachlor ¢ Nitrofen & o328 T #EH
Toll Aol MEEEE ZRY O o5 BREM B
of 2% #EHl el BEE MEREA #%& Ao
2 yolv HEM 2 HENSY it KT BRE
Hel FEdE & W0 ol BE Tt AEMS
5 EBOY Az REr=grh

| =

8 BmE Rk, AKKERKE K, B
M o maamiele) BR &3 Butachlor 2t Ni-
trofen & Tt FREE-E FTSHS A8t 2N
ARe HAESYE ¥ o3 22 BREE A4

1. 1Mo BREREE BRESY S#E BEFE
oty z WERETN M Nitrofen ##®A= Bu-
tachlor 2.t} A glith

2. e BokREE BHBEAKRRENA 2o
BEMS SRHEZ e #3] Nitrofen® 5348
of X HAke shBRe BESIAC WBE KR
# Tl M9 Nitrofen £+ Butachlor Bt 2%
BE 4

3 AEmiglio R A HAL HafE s hst
of tMd RER SREESHRT suev HAR
nk#eol 1,000kg.” 10aE @AY © 1MW Buta-
chlor 4= ERES] 3 rh

4 AKEAE THd BREKY SKRE REdH
o} pHote] E#ENU BFEEe

5 BEA 3 Ao BA AT kL
i Butachlor o 4L R Wt HHs=e
téf@ ol 2o} Nitrofen 2 # %ol gllch
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