
Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScienceSociety  of  Japan

.J. Pest･icide Sci. 6,1-7  (1981)

111NHtlldJl;111tlSILIIdtlllll"lbldMlllllibbbHddtl

 Original Articles
dlt-mlmbm!lplldlllpml]rp4-mmtl/-rl-

Effects of  Herbici
     formation of
                   in

de Butachlor on  Nitrogen Trans-
Fertilizers and  Soil Microbes
                      1Water-logged Soi "
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Ihtivei'sity

   Butachlor [2-chloro-2',6'-diuthyl-N-(butexymethyl}acetanilidel was  appliccl  ut  the

recommended  rate,  and  at  ten ancl  fifty times  the  recommended  rate  to samples  of  silty

clay  loam  and  then  compared  with  untreated  samples  incubatcd  at  l5eC  or 300C underwater-
Iogged  conditions,  The  effects  of  the  herbicide on  ammonification  and  nitri  fication  were  studied

by  adding  100  ppm  NH2-N  as  CO(NH2)2  or  NH4-N  as  (NH4)2S04 respectively,  at  pH  6.8 by

the addition  of  CaC03  to the  soil.  Butachlor  at  all  deses  inhibitcd the  rate  of  ammonification

and  stimulated  the ratc  of  nitrification  slightly  at  30CC  when  pH  was  adjusted  from  thc

original  4.9 to  6.8, At  ten  and  fifty times  thc  recommended  rate,  butachlor  delayed  thc  maxi-

mum  rate  of  ammonification  of  CO(NH2)2.  and  at  the  fifty feld dese  inhibited the nitrification

of  (NH4)2S04 at  30CC  "rhen  pH  was  not  adjusted.  The  effects  of butachlor  on  ammonification

and  nitrification  were  not  significant  compared  to those of  the control  at  15:C. One  of  the

maj  or  metabolites  of  butach]or  by  soil  microbes,  2-chloro-2',6'-diethylacetanilide, delayed  the

rate  of  utilization  of  NH4-N,  and  inhibited N02u  oxidation  at  1,OOOppm  concentration.

Butach]ur  mixed  w]'th  diphenyl ether  type  herbicides, nitrofen  (2,4-clichlorophenyl 4Lnitro-

phcnyl  ethcr),  chloronitrofen  (2,4,6- -trichlorophcnyl 4Lnitrophenyl  ether  and  chlomethoxynil

(2,4-dichlorophenyl 4'-nitro-3C-･methoxyphenyl  ether)  at  either  noTmal  or  ten fold the recem-

mended  rate,  did not  significant]y  affect  the  ratc  of  ammonification  and  nitrification,  Cation

exchange  capacit.v  ef  the  soil  was  net  affected  by  the application  of  butachlor  after  incuba-

tion for 7 weeks.  Butachlor  applied  at  the normal  ratc  stimulated  soil  respiration  in the

initial stage,  but  at  ten and  fifty times the recommended  rate,  inhibitory phenornena  were

observed.  The  inhibitorv effects  se ¢ med  to  be  transitory and  disappcared  rapiclly,  Applica-

tion  of  butachlor  at  all  rates  increased the population  of  fungi, actinomycetes  and  bacteria

comparcd  to thosc  of  the control  after  incubation  for ene  week,  The  higher  doses  of  butachlor

caused  the  population  of  soil  micTobes  to be  greater than  those oi  the control  up  to 4 weeks

after  incubation.

            INTRODUCTION

  Butachlor [2 -  chloro  
-
 2', 6' - diethyl -N-

(butoxyrnethyl)acetanilide, MacheteE]  is a  pre-
emergence  herbicide which  has been othcially

recommended  in Taiwan  since  1971 for ti]e

control  of  weeds  of  transplanted  rice  in

-'-iPrcsented
 (in part} at

Asian-Pacific IVced

Austra]ia, Nov.  26--30,

the 7th

ScienceI979.

Conference  of  the

Society, Sy(lney,

paddy  fields. This herbicide has also  been rec-

ommended  for the control  of  weeds  of  direct

seeded  rice  in wet  fields and  spinach  fields
since  1973, and  in seed  beds of  rice  since  1978.

At  the present time,  it is still one  of  the most

important and  popular  herbicides used  in
rice  fields in this countr}r.  Butachlor has also

been extensively  used  in rice  fields in Japan,
South Korea, India and  the Philippines.

Several dipheny} ether  type  herbicides such

as  nitrofen  (2,4-diehlorophenyl 4'-nitrophenyl
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ether,  NIP), chloronitrefen  (2, 4, 6 - trichlorophe-
nyl  4'-nitrophenyl ether,  CNP), chloincthoxy-

nil  (2,4-dichlorphenyl 4Lnitro-3Lmethoxy-

phenyl ether,  X-520), ancl  oxyfluorfen  (2-
chloro  

-4-trifluoromethylphenyl
 4'-nitro-3'-

ethoxyphenyl  ether,  Goalpa) have  been mixed

witl]  butacl)lor and  these mixtures  have  also

been othciallv  recommended  for the control  of

weeds  of  paddy  fields in Taiwan  since  1976.

  In order  to study  the behavior and  fate of

this hcrbicidc after  its application  in paddy
rice  fields and  to further seek  a  safe  and  more

correct  use,  a  series  of  experiments  Tias becn
done  on  its photodecomposition as  thin film

on  glass,i) degradation b}r･ soil  microbes,2)  ancl

degradation  and  dissipation in paddy  fields,3'

both  under  contrulled  laboratorv conditions

and  in a  field situation.  Because"butacl]lor is

inainly  used  in paddy  fields, the effects  of

this herbicide on  nitrogen  transformation  of

fertilizers (namely on  urea  and  ammonium

sulfate)  and  on  soil  microbes,  including am-

monification,  nitrification,  combincd  effects

svitlT three diphenyl ether  type  herbicides,
nitrofen,  chloronitrofeii  and  chlomethoxynil,

soil  respiration,  cation  exchanbcre  capacit>r  of

the soil  and  microbial  population  in water-

loggecl seil  were  studied  in this investigation.

  In spite  of  a  large number  of  papers "rhich

])ave been publisl]ed on  herbicidal effects  on

non-target  soil  microor.aanisms,i)  little in-
formation  has  been  published  on  the relation-

ship  between butacl]lor and  fertilizers. Only
Khn5) has rep()rted  on  the infiuence of  this

herbicide on  the  mineralization  of  nitrogen

fertilizeres in uplancl  soil  at  20ll:10C. He

found that  butachlor did not  affect  the hy-

drolvsis of  urea  to ammonia  or  the rate  of   vnitrification
 at  the  rccommended  rate,  but  at

ten and  fifty times the recommended  rate,  de-

pres.sed urea  hydro]ysis resulted  in reduction  of

ammonia  and  inhibited the oxidation  of  ni-

trite; thesc clepressiN,e  effects,  however, were

found to be transitory.

        MATERIALS  AND  METHODS

1. rtfaterials

  Butachlor oi  99,2%  purity was  obtained

from  Monsanto  Co,, St. Louis, rvIo., U.S.A.
Nitrofen, chloronitrofen  and  chlomethoxynil

were  extracted  with  acetone  from commercia}

ut 1 v".-  eefN 56 ff 2 n
                                     .-.                                  ttt t                  ttt  tt

granular  products and  purified by  recrystal-

lization from clilutc  alcohol.  2-Chloro-2',6L

diethylacetanilide was  synthesized  as  de-

scribed  in the previous paper.i' The  silty･ clay

loam  with  clay  17g6, silt 689i6, sand  15C?,6 and

organic  matter  1.79,6, and  pH  4.9 <H20) was

collected  from  the Experimental Farm  of

National  Taiwan  University, Taipei, Taiwan.

2. Methods

  Butachlor  at  the  normal  rate,  namely,  the

recoinmended  rate  of  6ppm  equivalent  to

1.5 kg ai/]ia,  and  at  ten  and  at  fifty times the

recommended  rate  was  dissolved in acetone

and  mixed  svith  12 g of  a  fresl) soil  sample  in

250  ml  flask, The  soil  pH  (H20) was  adjusted

te 6.8 by  the addition  of  caleium  carbonate.

After evaporating  the solvent,  urea  or  am-

monium  sulfate  was  added  at  the  rate  of  100

ppm  NH2-N  or  NH4-N.  Ten  milliliters  {)f

distilled water  was  added  to thc flask to make

a  flooded conclition,  It was  then  covered  with

a  paraMn  film to retain  the  moisture  and

incubated at  150C  or  30:C. Control experi-

ments  without  thc herbicide wcre  carried  out

simultaneously  with  and  without  urea  or  am-

monium  sulfate.  After the indicated periods,
the  seil  muds  were  shaken  with  90 ml  of  2 M

I<Cl for one  hr on  a  rotary  shaker  and  were

allowed  to stand  overnight.  NH4-N  was

dictermined by  distilling an  alicluot  of  the

extract  added  with  magnesium  oxide  into 2%

boric acid  using  a  semimicro  Kjeldahl ap-

paratus, The  distillate was  titrated  with

standardized  O.0158 N-HL.S04  solution  accerd-

ing to the  method  of  Bremner  and  Keeney,O

N02-N  was  determined  by  the 1-naphthyl-

amine  and  sulfanilic  acid  method,7)  A  second

distillation with  Devarda's  alloy  powder  for

the aliquot  used  in the NH4-N  determination

gave  the value  of  N02-N  plus NO.3-N.  The

v･alue  for N03-N  was  obtained  by  subtracting

N02-N  from the above  value.")  Experiments

were  carried  eut  in a  similar  manner  ",ith:

2--chloro-2',6Ldiethylacetanilide at  10, 100 and

1,OOOppm;  the combined  effects  with  three

diphenyl  ether  type  herbicides at  the recom-

mended  rates,  namely,  1)utacblor O.9 kg ailha

plus nitrofen  O.9kg  ai!ha  equivalent  to 3.6

plus 3.6ppm,  butachlor O.9kg  ailha  p]us
chloronitroien  1.5kg aii'ha  equivalent  to 3,6

NII-Electronic  
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plus 6 ppm,  butach}or O.75 kg ai!ha  plus chlo-

methoxynil  1.05 kg  ait'ha  equivalent  to 3 plus
4.2 ppm;  and  ten  fold the  recommended  Tates.

To  estimate  the effects  of  butachlor en  soil

respiration,  the herbicide was  added  at  the

desc;ribed levels to  100 g of  fresh soil  with  20
ml  of  2%  glucose se]ution  and  incubated at

300C;. The  evolved  C02  was  absorbed  bv                                         u

bariuin hydroxide  and  xvas  titrated with  oxalic;

acid.  Effects of  butachlor en  cation  exchange

capacity  were  determined  by  the ainmonium

saturation  and  acidified  sodium  chloricle  leach-

ing inethod.g'  Jlffects on  ul]ange of  soil  niicro-

bial population werc  carriccl  out  by  a  serial

dilution plate method  with  thc selective  media

fer fungi,") actinomycetes,te)  and  bacteria.it]

         RESULTS  AND  DISCUSSION

1. E.fflects on  i'1innio7tijScation

  In all treatinents, butachLor inhibited the

rate  of  ammonification  ef  urea  slightly  dur-
ing the  initial two  days in water-logged  soil

at  30CC when  soil  pH  (H20) was  adjusted

from the original  4.9 to an  optiinum  6.8 by
adding  calcium  carbonate,  When  butachlor
was  applied  at  ten and  fifty times  thc  recom-

   (l), February  1981 3

mended  rate,  the maximum  rate  of  ammonifi-

cation  was  delayed if pH  was  not  adjusted.

The  rates  of  ammonification  slowed  down  at

the lower temperature, but pH  had  no  signifi-

cant  effect  (Table 1>. It was  reported  that
few herbicides have  an  inhibitorv effect  on

ammonifying  microorganisms,  but 
"three

 major

groups of  herbicides, t]ie pl]enoxy-acids, tri-

azines  and  urea-type  compounds,  are  mainly

stimulative  in their  effects  on  these organ-･

isrns,4)

2. fr1ffkects on  Ar･itr･ijfcation･
  Sume  stimulativc  effects  were  observed  on

the nitrification  of  ammonium  sulfate  after

incubating  ior two  weeks  at  30'C with  pH  6.8.

NOst  was  detccted after  one  week  but 1]ad

disappeared after  two  wceks  in all treatments.

Because nitrif'ying  bacteria are  not  best suited

to an  acidic  soil  at  1)H 4.9, the rates  of  nitrifi-

cation  were  sl(.)wer  than  those oi  pH  6.8 at

30"C, No  significant  effect  en  i'iitrification  was

demonstrated at  normal  and  ten fold the rec-

ommendied  rate,  but at  fifty fuld, an  obvious

inhibitory effcct  was  observed  after  6 weeks.

The  rates  of  nitrification  were  much  slower

ll'ablc 1 Jlffet/ts ot' buta.chlor on

       wHt{tr-lo.crg.  ed  soil,

alllll1011itiCatiOllof  100 ppm  N}'IrN  applied  ",itb  urea  in

Butachlor
 added

Tcmpera-
  tur(･}
  (oC)

-.  . .NH-tr.ry-.

    1 2

t'orinedafter  incubation  (ppm}*

pH Days
 4 7 14

Controt{No
 N  added)

30301515

Control(NH2-N
 added}

NoTinal  {6 ppin)

10 Feld (60 ppm)

303015

 153030

 1515'3'i30

 15
 15

,.g'
496.84.96.849684-

 96.b4.96.84.9684.9684.96g4.96.84.9

 Lloo

 5.586.0g3.o40,952,O85.496.229.947.6

  8,9
  o
  5.5
  ofoiJg

 78.5
 56.4
 71.9'8'6"1'g

 89,6
 58.6
 71.9

9171404729.9.6

50 l;old (300 ppm)
30301515 86744047.31,9.6

 89
 o
 33
 o

 73 O
 79 6
 76 381

 8-..-g

   4 /t

 76 3
 74 1100

 7

 78 589
 680
 798
 4

 76 3S5
 2

 78 594
 O

IL 1o

 11o27

 

'158

 694
 O94
 O

12 2
 11
 33.o16

 616
 696
 287
 4

   90.7
   85  2
   60.8
   67.4
''-'g6.3

   B3  O
   63,O
   69,7

34 347
 691
 898
 427

 779
 798
 498
 4

14,418,894,O85.2

 15.5
 78.587.4100.7

19,487,496.285

 2

 6.647.596.291.8

*
 Mean  of  duplicate.
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Table  2Effects  of  butachlor  on  nitrification  oi

sulfate  in watei-logged  soil.

100 ppm  NH4-N  applied  with  ammonium

Butachlor
  added

Tempera-
  ture

  (eC)

N03-)Cand  N02-N'  formed  aftcr  incubation  Cppm)'*
PH

I 2 4
Davs  J
 7 14 28 42

Control(No
 N  added}

80301515'303015I5303015156,84,96.84.94.48,95.53,22.26.65.58.98911
 1

 7,7ll
 1

Control(NHrN
 added)

Normal  {6 ppm)

6.84,96.84.96.84.96.84.97.59,92.22.28.S6.66.56.6 8310

 O18
 816
 61',-,

 ,'-

14 415
 521

 O

28.425.420.015.518,918,8l9.920,O20.212,218,8]o.o

23.218.810.0

 6.66g'.s''

 

'

(1.04)23.221.l16.672,5(1.09)28.8l6.021.0

 16
 17
 10
 o'876921

 1711147

 10
 15

.6.7,o

1O Fold  (60 ppm)

30so15I5303015156.84,96.84.99.46,64,44,414.411,112.215.5

.5'

,7,1,7,7.5.o.5

376  67.5
28 8 44,2

 10 0 8.9
 o o

1!61  

'126.1

90 7 98.4
23,3  27.6

 ll,1 10.0

104,O  131.6  

--

60 8 111.7
 12.1 14.4
 166  19.9

88.4(1.18)16.625.411.1

so  Fold  (3ee ppm}

*NOo-N  was  iiot  detected  -parenthesis.

Mean  of  duplicate.

 6.8 2.5

 4.9  5.5
 6.8  5.4
 4.9  3.2

ln  any  treatments

  11.1

  12.2
  12.2
  18.8except

19,9I2,2l5.5IO.O74.1<1.12)23.218.8l2,2

96.327.717

 817.7'bg.624.313.315.5

117.227.7

 15 5
 14.4109.523.0

 17,7
 17.7

125.091.8

 12.2
 12.285.'4'

 12.2
 16.6
 13.3

**

and  pH  had  no  significant  effect  at  the low¢ r

temperature  (Table 2).
  Tena  et al.iL) also  demc}nstrated that an

analogous  herbicide of  butachlor, alachlor

L2-chloro-2',6'-diethyl-IV-(methoxymethyl)-
acetanilide,  LassoO]  showed  a  stimulator>r

action  on  nitrification  at  50 and  100 ppm,  but
inhibitory efEects  were  observed  with  higher
concentrations  at  500  and  1,OOOppm.  In

considering  the overall  effects  on  nitrification,

most  of  the  herbici(ies had  a  negligible  effect

at  normal  field rates  and  were  onli,T effective

against  nitrification  when  the soil  pH  was

below 7.0. 0xidation of  NOL,- to NO:,r ap-

peared  to be more･sensitive  than  oxidation  of

NH"  to NO,-.4)

3. Combined Efacts on  AmmoniVication and

   N･itrifcation to･ith Diphenvyl Ether T.x'Pe
   Herbicides

  Three diphenyl ether  type  herbicides, nitro-

fen, chloronitrofcn  and  chlomethoxvnil,  were                               -

in thc case  of  SOOC  at  pH  6.8, expressed  in

mixed  with  butachlor separately  and  the  com-

bined effects  on  ammonification  and  nitrifica-

tion were  investigated. The  effects of  these

combined  herbicides were  net  found to bc
significant  at  normal  ancl  ten  fold the recom-
rriended  rates  compared  to those of  the control.

2-Chloro-2',6'-diethylacetanilide at  1,OOO ppm
concentration  inbibited the  N02n  oxiclation.

About  4ppm  of  NO.}" still remained  in the

soil  after  incubating  for 7 weeks.  The  rates

of  ammonification  and  nitrification  were  obvi-

ously  affected  by  2-chloro-2',6'-diethylacet-
anilide  at  1,OOOppm  CTables 3 and  4).

Undoubted]y,  this  is an  extremely  high con-

centration;  it could  not  happen under  actual

field conditions,

4. Efacts on  Soil Respimtion

  Butachlor  stimulated  soil  respiration  at  the
normal  rate  in the initial stage  for about  one

week,  but at  ten and  fifty times the recommend-

ed  ratc,  the inhibitory effects  were  observed  only

NII-Electronic  
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Tablc3  Effccts of  butach]or mixed  ",ith  diphenyl  ethcr  typc  hcTbicides and  2-chloro-2',6L

  diethylacetanilide on  ammonificatien  of  100 ppm  NH4-N  applied  with  urea  in water-

  logged  soil  under  300C  at  ptL 6,8.

NH4-N  formcdaftcTincubation(ppm)'

Herbicide  added

1 2

Days
  5 7 14

Control (No N  added)

Control  (NH2-N added)

Butachloi-Nitrofen
  (Nermal) (3.6+3.6 ppm)
Butachlor-Nitrofen
  {10 Fold) (36+S6 ppm)
Butachlor-Chloronitrofcn
  (Normal) (3.6+6 ppm}
Butachlor-Chloronitrofen

  {10 Fold) (36+60 ppm)
Butachlor-Chlemethoxynil

  {Normal) (3+4.2 ppm)
Butac]ilor-Chlomethoxynil

  (10 Fold) C30+42 ppni)
2-C** (10 ppm)
2-C  (100ppm)

2-C  (1,OOOppm)

o78.574.I

80.7

76.3

80.7

80,7

83,U

83.081.881.8

o86.390.1

84.1

85.6

86.3

87.9

88.5

82.485.286.8

o58.649,8

62,5

49.8

53.1

59.7

4S.7

63.067,581.8

o24.319.9

40.9

e.s

8.9

1.1

10.0

16.627.778.5

7,73.31.1

o

o

o

2.2

o

3.32.252.0

*
 ]LTean of  duplicatc,**  2-C:2-Chloro-2",6Ldietbvlacetanilide.

Table4  Effccts of  butachlor  inixed  si･ith  diphenyl  cther  type  herbicides aiid  2-chloro-2',6'-

  diethvltLcetanilide on  nitritlcation  of  100 ppm  NH4-N  appliud  with  ammonium

  sulfate  in water-logged  soil  undcr  300C at  pH  6,8,

N03-NandNO,,  -Nforn]edafterincubation(ppm)'

Hcrbicide  added

7 14
Days

28 49

N03-N02- NO:;-N02-N03"

Control  (No N  addccl)

Control  (NHcN  added)

Butachlor-Nitrofen
  (Normal> (3.6 1 3･6  ppill)
Butachlor-Nitrofcll
  (10 Fold)  (S6+36 ppm}
Butachlor-Chloronitrofen
  (Nonnal) {S.6+6ppm)
Butachlur-Chloronitrofen
  "O Fold) (36+60 ppni}
Butachlor  ChlomethoxvniL

  (Nermal) {3+4,2 ppm)
Butachler-Chlotnethoxvnil

  (10 Fold)  (30+42 ppm}
2-C**  (10 pprn)
2-C  (100ppm)

2-C O,OOO ppm)

13.374.683.6

72,5

80.2

78,2

79,1

S2.6

7S.780.4

o1.731,59

1.74

1,59

1.4･7

].cio

NOf

74.5

1,49

l.80l.47

21.0108.4108.<L

1OO,6

101.8

95.7

108.4

106.2

I02.997.3

ooo

o

o

0

o

o

oo

NC)3-

1.00 103,1

N02-

1,42

53,OI04･,9112.8

110.6

112.8

109.5

le9.5

123.9

l18.S99.598.2

ooe

e

o

o

e

o

oo5.70

5S.1139.4134.9

132.7

140.･1

146,O

l40.4

136.0

r47.1l46.0]21.9

ooe

o

o

o

o

o

oo4.20

'
 Mean  of  duplicatc,**  2-C:2-Chloro-2',6Ldiethylacetanilide.
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5 Effects of  butachlor  on  cation  exchange

  capacity  of  soil  undeT  water-Iogged  con-

  ditions at  300C.

Butachlor  addcd

ControlNormal

 (6 ppm)
10 Fold  (60 ppm}
50 Fold  (300 pprn)

Cation  exchange  capacity

   (meq,i 1OO g soil)'

        6.18

        6.68

        6.72

        6.42

       2 4 6 g lo  12 14 16

               7'ime  (days)

Fig.1  Effect  of  butachlor  on  C02  output  in

      water-logbffed  soil  arnended  with  glucose
      at  30:C.
e:  nornial  ratc  (6 ppTn), D:  10 fold, o:  50 fold,

in the initial three davs. These inhibiton'                    - ut
effects  seemed  to be transient and  disappeared

quickly <Fig. 1), Since the microbial  bioniass

is a  major  contributor  to soil  respiration,  it is

pcrtinent to ebtzin  some  idea of  the likely rate
ef  degradation of  the chemical  beforehand.

This  inay  contribute  significantly  to COL,-
eN'olution  (or 02-uptake), especially  where

high rates  of  the compound  are  applied  to  tbe

soil. In gencral, mest  herbicides have a  slight-

ly inhibitory effect  on  respirator}'  activity  in

soil.D

5. ElffL'ots on  Soil Cat-ion Exchan.cre CaPacily

  Cation exchange  capacity  was  almost  unaf-

Table  6I/:  t'fects of  butach].or

*
 Mean  of  duplicate.

fected by  applicatiDn  of  the different amounts

oi  butachlor  to the  soil  at  30CC under  water-

logged conditions  after  inc,ubation for 7 "Teeks

(Table 5). Since the cation  exchange  capacity

is an  index  of  soil  fertility, it seemed  that ap-

plication oi  butachlor would  not  affect  the

fertility-holding ability  ef  the soil.

6. Iijfa/ cts on  Soil nficrobial 1'oPttlation

  The  population  of  fungi, actinomycetcs  and

1)acteria was  increased by  the addition  of

butacblor  to the soil  after  incubation  for one

week.  It seemed  that  the higher doses of

butachlor caused  the population  of  soil  mi-

crobes  to remain  greater than  that of  the
control  up  to 4 weeks  after  incubation (Table
6). As  reported  in the previous paper,2) the

half life of  butachlor in viable  soil  was  about

ll days, and  butachlor seemed  to be utilized

as  an  energ>T  source  by  seil  microbes;  the

on  inierobial  population  in water-togged  soilat  27"c.

Microbes  in one  gram  soil  after  incubation*

Butachlor
 added 1 7

Control

--'
 Fungi( × 10`)

    Actinorriycetes (× 106)

    Bacteria  (× 106}

251838.2.9.4 22.816,S25.6

Norlllal

(6 ppm)

Fungi  (× 104)
,Xctinomycetes ( ×  106)

Bacteria  ( × l06)

321746.8.84 231581

10 Fold{60
 ppm)

Fungi  (K 104)
Actinomycetcs  ( ×  106)

Bacteria  (x 10S)

281639.o.o,2 271895

.2.8.6.6,6,6

Days
  1450,8

 19,324.493.'2'

55,6

 76,O64,480.8106.8

 2!38.438.432.e21.038.828.449.630.433.6    28

    29.6

    25.2

    34.0

   
'2i

 4' 
'

    27.0

   44.0
''"'-ili.6'

   I03.5

   81,2

50 Fold(300
 ppm)

Fungi  ( x  104)

Actinomycetcs  ( ×  106)

Bacteria ( ×  106)

22l439.8.1.2 30.024.7190.060.845,4l59.249.246.8llO.O 36.446

 29.
 8.5

*  )･lcanol' coloniesof  5 plates.
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results　 of　 this　 experiment 　 well 　 agreed 　 with

thc　tcndcncy 　of　microbial 　Population　change ・

In　genera1，　few　herbicides　have 　any 　great　or

pro！onged 　adverse 　effect 　on 　t／le　total　 micro −

bial　population　of 　soils ．　Thc　usual 　pattern　is

adecrease 　in　total　numbers 　ill　the　initial　stagc ，

followed　1）v　a 　returll 　to　normal 　Qr 　even 　an 　in−

creasc 　in　numbers ．　 Such　efFect 　may 　be　due　to

a 　disruption　of 　the　rhizospherc 　and 　IloTI −

rhizosphere 　IDicr 〔〕bes　imPosed 　by　the　k｛nil19
0f 　tlle　vegetative 　cover 　follo、ved 　by　utiliza −

t｛on 　of　the　dead　plant　materja1 ，　wl1 ｛ch 　allows

for　increased　Populationsj
）

　 This　 illvestigatioll　 indicated　 that　 butac正1】or
used 　 at 　 the　recommen （led　rate 　 did　 Ilot　 change

the　soil　properties　significantly ．　　These 　ob −

servations 　 also 　 demonstrated　 that　 butacllbr
may 　Ilot 　cause 　a 　serious 　probleIn　of　cnviron −

inental 　pollution．
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要 約

　湛水土 壌 に お ける チ ッ 素の形 態 変化お よび土

　壌 微生 物 に お よ ぼ す 除草剤ブタ ク ロ ール の 影

　響

　　　　　　　　陳 玉 麟，林
「
F
・；1；邦 ，1；些ξ ユ

．
il7− ，：．F．一一

雄

　除
．
草剤 ブ タ グ P 一

ル を
一
舟殳使川星，10 倍量お よ び tt　o

倍量 で 湛水土壌 中に 施月1し ， 尿素 お よ び 硫安施月
．
；，貯の チ

ッ 素の 形態変化 に お よ ぼ す 影響を対照区 と 比較 した 結

llミ，　 pH 　6．8，30°C で は ブ  ク P 一ル は い ず れ の 濃度 に

お い て も尿 素 の ア γ モ ニ ア 化 成 と硫 安 の 硝酸化成 を わ ず

か に 促進す る こ とが 認 め られ．た が ，pH 　4・9 の 場 合 に は

10 倍 竜お よ び 50 倍鮭 に お い て は 尿 素の ア ン モ ＝ ア 化．成

を遅延 させ ，
50 倍量 で は 硫安 の lilli酸化 1茂 を 阻害 す る こ

と が わ か っ た ．15CC に お い て は 対照 区 と ほ とん．ど差翼

は な か っ た ，　ブ タ ク ロ
ール の 二

．E壌 微生 物 ｝こ よ る ギ 要 代調士

物の 　
・
つ で あ る 2−chlerv −2’

、6’−diet吐ユylacetmliljdc は

1　，OOO 　ppm の 濃度 に お い て は ア ン モ ニ ア 態 チ ッ 素 の 利用

を遅延 さ せ ， 亜硝酸態チ ッ 素の酸化 を
1
；II．’i，t：した ．ブ ダ ク

ロ ー’レ と三 種：類 の ジ フ ＝ニ ル エ
ー

テ ．rL 系除草剤 NIP （lli
−

tro「en ），　 CNP （chloTonitroi
’
en ），お よ び ク ロ メ トキ シ ニ

・レ （X −52） と の そ れ ぞ れ の 混合 剤 で は
・
般 使用量 お よ び

10 倍 量 で は ア γ モ ニ ア 化成 お よ び 硝酸化．成 に 著 し い 影

響 を 与え な い ．土 壌 の 塩 基置換容 量 は プ ダ ク P 一
ル を使

用後 7週 間後 に お い て も 大 し た 変化 は なく ，

一一
般使用量

で は 初 期 に 土 壌 の 呼 吸 の 提進 を 認 め た th1： 10倍量 お よ び

50 倍量 で は
一

時的 の 阻害 現 象が i↓9め ら れ た ．ブ タ ク P

− ’レの 添加 は い ず れ の 1農度 に お い て も 1週 間 後に ls／1’lj．照

区 よ りも多い 上壌微生物 の 存在 が 認 め ら れ ，4 週開後 に

は 高濃度 に お い て よ り高い 数値を 示 し た．
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