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Laboratory investigations showed that the rate of recovery of 3-amino-l,2,4-triazole 
from Hagerstown silt loam soil is  a function of temperature, pH, soil moisture, and micro- 
biological activity. Evidence of complex formation between soil clay and this herbicide 
was obtained by x-ray defraction measurements. The fate of 3-amino-l,2,4-triazole in 
soil appears to be governed by the presence and activity of soil microorganisms, adsorp- 
tion by normal constituents of the soil, and chemicul reaction of the herbicide with soil 
matter. 

ECAUSE of its unique physiological B responses in plant?? 3-amino-1 :2.4- 
triazole (amitrole) is a herbicide of con- 
siderable usefulness. However. because 
of its lack of selectivity towards plants. a 
clear understanding about the fate, 
persistence. and behavior of this chemical 
in the soil is essential for its proper use. 

\\-ith any given herbicidal agent. any 
t\vo or more of the follo\\-ing factors 
which reduce effective concentration 
ma>- operate simultaneously. These 
factors are adsorption. leaching. 
volatilization. microbiological break- 
down. chemical breakdown. and removal 
by plants. Often one factor may af€ect 
another. Such is particularly true in the 
case of adsorption. Xvhich appears to 
play a dominanr role in connection \virh 
leaching and vaporizarion. Hmvever. 
our knoisledge of this field is not yet 
sufficiently sophisticated to enable us to 
examine more than one influencing 
process factor at a time. 

Investigations by Sund have sho\vii 
that the disappearance of amitrole iii soil 
i i  dependent upon soil type ( 7 7 ) .  His 
unsuccessful attempt to recover all of the 
applied amitrole from a htaury loam 
soil by using 0.1 .\- hydrochloric acid. 
0.l.L- sodium hydroxide. 5%; potassium 
sulfate: or distilled water indicated that 
the compound \vas being adsorbed on the 
soil particles in the same manner as 
ammonium ion. Further attempts by 
Sund to extract all of the amitrole from 
Maury loam soil by using solutions of 
various salts according to Harper's pro- 
cedure (SI for recovering ammonia from 
soil Lvere unsuccessful. These results led 
Sund to postulate that the herbicide lvas 
veq. strongly adsorbed on the soil 
particles and/or was held in some other 
chemical combination. 

Since amitrole can be completel!- re- 
moved from so1Lition b>- synrhetic cation 
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exchange resins, Sund conducted further 
studies to determine the rate of dis- 
appearance of amitrole from a number 
of different types of soils. His findings are 
presented in Figure 1. 

At the end of 9 weeks. practically all of 
the amitrole had disappeared from the 
muck soil. The  Yolo and R a u b  soils had 
only 4 and 6 p.p.m.. respectivel!-. The  
Cecil and Maury soils \\-ere next Lvith 1, 
and 19  p.p.m. of amitrole. \\bile Croton 
and Duke soils contained 23 and 26 
p.p.m. 

TVhen the remaining percentage of 
original chemical lt'a5 calculated for 
each soil. a strong correlation \vas found 
between amitrole disappearance and 
base exchange capacity. A s  indicated in 
Table I. the soil types may be separated 
into four groups according to their ex- 
change capacities and cia)- content. 
The  disappearance of amitrole from 
these soils is almost in direct proportion 
to the magnitude of the base exchange 
capacity and cia)- content of the re- 
spective soils. The muck soil. which has 
the highest exchange capacity. \\-as the 
soil from which the chemical disap- 
peared fastest, next \vere Yolo. Raub.  
Cecil. Maur)-. Croton. and finally 
Duke's sand. 

Soils with a high base exchange 
capacity but a lo\v degree of cation 
saturation \vould be expected to adsorb 
rapidly relatively large amounts of 
amitrole. The  variances obtained in the 
initial analyses of the various soil types 
are probably due to different degrees of 
cation saturation and base exchange 
capacitv among the soils. 

Laboratory studies have sho\vn that 
amitrole possesses the ability to form 
irable complexes Ivith several metals. 
including cobalt. copper. nickel. iron. 
and magnesium ( 7 .  7 7 ) .  'rhus. metal 
complexing may eqter into the soil 
exchange system. Since the Yolo soil i. 
hizh in calcium and maspe.4um. the 
disappearance of arnitrole from this soil 
type is probably due to a combinatio:i of 
complexing and adsorption effect<. 

Following the \vork of Sund. studies 
were initiated a t  the Pennsylvania State 
University to determine Lvhether or  not 
corn grown in amitrole-treated soils 
adsorbed and stored the compound (6). 
The corn \vas groivn in fields composed 
of Hagerstolvn silt loam. This soil is 
high in clay and silt content, and is 
native to the 14iddle .Atlantic area of the 
Ynited States. 

S o  amitrole could be detected in corn 
plants of any age when grovm in plots 
treated ivith rates of amitrole as high as 
8 pounds per acre one day before rhe 
corn seeds u'ere planted. 'The analytical 
procedure used \\-as sensitive to at least 
0.1 p ,p ,m,  The analytical evidence \vas 
amp]), supported by the fact that there 
\vas no indication of any impairment of 
groisth or other physiological process in 
these corn plants, for they appeared 
normal in every respect. 'l'hey gre\\- \vel1 
throughout the season. and >-ielded a 
normal crop of grain at harvest. 

\\:hen the same sensitive procedure of 
analysis was used. no amitrole could be 
detected in tissues of bean. spinach. and 
radishes gro1vn in Eoils treated Lvith 2. 4. 
and 5 poundr of the herbicide per acre 
50 days before planting. 

Since amitrole is readily absorbed by 
both roots and aerial parts of many 
plant species (2. 9 ) .  arid may be trans- 
located freely inside the plant. the 
authors speculated that the amitrole 
rapidly became unavailable in Hagers- 
tolvn silt loam. It then became of 
interest to determine the fate of this 
herbicide in the soil. 

Difficulty \vias encountered in ob- 
taining Xvater extracts of the Hagerstown 
silt loam samples suitable for the colori- 
metric determination of amitrole as 
described by Sund ( 7 7 ) .  llaterials of 
humic origin al~vays present in the 
Ivater extracts reacted Ivith the nitro- 
prusside reagent and abqorbed strongly 
a t  the \vave length; most suitable for 
determining amitrole. 

After lengthy inve2ti:ations. saturated 
barium hydroxide solution proved to be 
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an effective extractant for amitrole 
in soils containing excessive amounts of 
this interfering matter. Its merit arises 
from the fact that it yields an extract free 
of such interfering materials. Inasmuch 
as barium hydroxide solution does not 
release greater amounts of amitrole from 
the soil than does distilled \vater, there is 
no advantage to be gained by using 
it cn  soils that  \rill yield colorless 
extracts hvith Lvater. Attempts to re- 
place saturated barium hydroxide \vith 
solutions of barium chloride, barium 
nitrate, or baryta were unsuccessful. 

Water saturated w,ith barium 
hydroxide \vas used in the analysis of all 
the soil samples. After the barium ion 
\vas removed from the soil extract by 
employing techniques normally used for 
barium sulfate determination, amitrole 
was determined by the nitroprusside 
method described by Sund ( 7 7 ) .  

Freed and Furtick recently used an 
extracting solurion containing 0.570 
calcium chloride and 0.5%1 ammonium 
chloride to remove amitrole from several 
Oregon soils (7). They found that re- 
coveries were a t  least twice as high when 
this solution was used in place of distilled 
water. 

No residual amounts of amitrole were 
found in any of the soil samples collected 
at  intervals of 1,  2, 3, 5, 9: and 13 weeks 
after the last day of application of the 
herbicide from plots receiving 2 ,  4: and 
8 pounds per acre. Therefore, 
laboratory studies were undertaken to 
study several factors which might affect 
i ts  persistence in this soil. 'The factors 
studied were pH,  soil moisture, microbial 
activity, and temperature. 

The  effect of soil p H  on the disap- 
pearance of amitrole from Hagerstown 
silt loam was studied over a limited 
range, between p H  6.2 and p H  8.0. 
Figure 2 shows that a change in soil p H  
from 7.0 affected the persistence of 
amitrole. Either an increase or decrease 
in p H  from neutrality hastened the 
disappearance of amitrole under the 
conditions of this test. 

A direct correlation between soil 
moisture and the persistence of amitrole 
was found (Figure 3). At the end of 6 
days, 58% of the added amitrole was 
recovered from air-dry soil; after the 
same length of time, only 8% was re- 
covered from soil containing 15% 
moisture, and none from soil containing 
30% moisture. 

With the standard techniques used, it 
was not possible to demonstrate that  a 
mixed population of soil microorganisms 
could use amitrole as a source of carbon 
or nitrogen, or that the compound was 
degraded by soil microorganisms in 
nutritionally adequate media, although 
in the latter case microbial growth was 
abundant. 'To determine more 
thoroughly the effects of soil micro- 
organisms on amitrole, recovery tests 
were conducted with soil subject to steam 
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Figure 1 .  Decomposition of 3-amino-l,2,4-triazole in various soil types 
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Figure 3. 
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The effect of moisture on the recovery of aminotriazole from Hagerstown 

sterilization and methyl bromide fumi- than from steam-sterilized soil. The  
gation. Figure 4 indicates that  the same was not true for soil sterilized by 
disappearance of the compound was fumigation with methyl bromide. 
much more rapid from nonsterile soil X-ray defraction measurements of the 
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(,la! fractions separated from Hagcr,to\vii 
sil t  loam boil treated \\-ith amitrole 
\ho\\,ed t h a t  the la\.erq in the clay 
partic1t.s \\.ere more widel); spaced than  
\\?re the la!rix in thr cia!. fraction 
separated from the unrreatcd wil, 
.Thr watt nature of the complesr, 
formed ivere not studied further. 

Eigure 5 sh0tt.s that thr di\apprarance 
of amitrole froin Hagersro\\m >i l l  loaiii 
>oil \vas directly relared to ioil tenipeia- 
TI I IY .  Dab- rf a / .  (S) found a high degree 
of variability i n  tlie pcrsistcnce of arni- 
trole among- the 55 California coil5 the!- 
invehtigated. After 2 ~ceeks.  residutas 
\vere entire1)- absent in 26 or the 55 soils. 
present in onl>- trace aiiiouiitz i n  six 
others. and present in subqtantial quaiiti- 
tie, in the remaining 2.3. 

Day and coivorkers studied in detail a 
number of factors \\.hich influenced the 

stencr of amitrole in five of the 

reprcsrntative mil.; lroni the i.5 m e n -  
tionrd above. ..\Inoiig tht.w factors \\'ere 
soil t y l i e .  time. misturea of coil,. s team 
arerilization. teinperatiirr. .oil moi<ture. 
leaching, adsorjiti\.c cajxicitie, of tlir 
soil. and base rschaiigr capacit:-. '1 he!- 
found that thr di\appearaiice of amitrole 
\vas not  clowl~. related to io i l  cla\rifica- 
tion. texture. ba.v t 
ad;orption capacity. although there \\-a. 
some correlation \\-it11 all of these factor.. 
'I'he compound \'i a. generally le,. p r r -  
cicrent in the more highl!- e\.ol\.ed <oil. 
having finer texture and more highl\- 
developed colloidal particles. '1he.e 
\ ~ o r k e r q  concluded that soil micro- 
organisms \\.ere thc main apic! .  of 
depletion of aniitrole in their soil.> br- 
cause'the chemical \va, recovered foi a 
longer period of time from sterile soil and 
from soils kept undcr condition. un-  
favorable to microbial gro\vth. 

Bondarcnho atudird the fdic of ( : ' J -  

amitrolt i n  t\vo silt loam ,oil> ol Ohio 
( i , .  .l'he tcits \\-ere carried our under 
no-leaching condition\. C:on.qiderable 
C:"O: \va\ rvolved fioni each soil \vithin 
24 how, alter t reat incnt .  'l'hr rate of 
C:''(>.: evolucioii c!ecrcaat,d rapidi!, iintil 
t he  12nd day. then gradually u n t i l  thr 
espci irnrn1. \\a. terininated on tlie 240th 
dab- \vhen estrrnie!! .inall ainouiitt oC 
C:"O?  \\'ere evolved. 'I'hear ,tudir, \ \  it11 
rad iola beied ami I role drriori \ tl-a red t l i  ;i t 
\ \ i t ! i  appiicarion ratr. a. high as 1 ( 1  
potlnd. per aci 'r .  approrimatel! 8(1('; of' 
the coiiipotind i. coniplercl!- ii1ctaholized 
\I ithin . ? ~ ~  d a \  \. and thai h i ,  rrlc.taboli\rii 
c(JIltintlc\. 

I 11 a not lie r t'x IW r i i iir n t . Bond are 11 k o  
,riir!ird t l i t x  fait. of an applicdtion rate of 
8 potiiid\ !)e1 iic'rc of ariiitt~ilc. i r i -  

c o r p o r a ~ e d  in the top (I iiichrh 01' \oil 
u11de1 Iiatllrdl field c.onditioii\ and 
iiiiincdiatc~l) p1atirt.d to w>,brdii.. 

C:" activiLy \\a. dei 
o f  thr mil: no (:I' \ I 'd\ detcctrd d t  depth. 
of .?. (I. or 12 iiichr,. I n  ii ~iinulianco~i. 
r ipcrinirnr.  I pound oi' aniiit~olc \\it\ 
\ \atei ,rd iiito field >oil\ i n  \ \  hich 

drcccrablc tmcc  oC accivir! \ \ a \  
i n  the top inch of the \oil, \ \  hcrea. no 
irtivit) \\.as obsc tud  in t!ir n r s t  1 2  
i i i chr~  of [hi\ firid trial i i t  thr elid of t h t x  
14-month period. 

Bondarcnko cunc1udt.d t h a t  a tenfold 
c!rcrra\e in amitrole can nor1ria11~- br 
r ipectrd in the. Uhio wila i i vd  for corii 
and .;oybran production 1 t o  2 \ \ c rh \  
after application and thar ihc. loss O C  
air:i!roli i, mdrkedl! acc.clirdted b>- 
elevated .oil teriipt~rarurc.. rlativrl!. 
high .oil nioi. t I 1  I'?. d r i d  coudi tion s 

f ,  ' i \ci i  - 

'I he eH'ccts of trriipeiatui'c~ and  con- 
centration on behaviol of aiiiiirolr in \oil 

rd  by Burshe1 anti I'recd 
a sandy loam soil c o t i -  

rganic mat te r  and havins 
a pH of 6.9. Increasing mil temperature 
from 15' to 29" C .  or doublins the con- 
centration of the compound catibed thy 
herbicide to disappear from rhe \oil at a 
fastcr rate. I'hey concluded that the 
decomposition proces, hchaves a. a 
first- order reaction, 

In laboratory studies on the late ol' 
amitrole-5-C" in sterilr and unsterile 
lvolo sandy loan:. .Ashton ( 7 ,  found the 
coiiipouiicl to be rapidly and  extensively 
degraded by irlicrobiological activity. 
C'W. \vas rhe major mrtabolic product 
formed. but at least 1.3 additional 
radiolabeled compounds Lvrre detected. 
One  or more of these metabolic products 
\vas tenaciously bound to the soil and 
apprared to resist further degradaiion. 

Kieprna found that the rate of de- 
composition of amitrole varied in dif- 
ferent soil of rhr Netherlands ( l i i ) .  
Decomposition \\.as more rapid in soils 
of high organic matter content. Ivhile 

r'oul.trt.ll I I l o n ~ i l ~  i d l e t .   on^^ o ~ .  

cori1 plant\ \!.err gro\\.illq. 0 

.' i n?  ii:icrobiologicaI aciivit\-, 

28 A G R I C U L T U R A L  A N D  F O O D  C H E M I S T R Y  



\.ai iation i n  la!. cont 
influc.ncr. 1)ecoiriposi 
\\a, inhibited by preliminary .;oil 
,trt ilimtion. and more corivincing1)- by 
ndditioii of biological tosicant\- 
r .q. .  h )  drox\-Iaininr. sodium azide. and 
,odiuni arwiiiie. I'rom I ltrse obierva- 
tion\. liit%pnia concluded that de- 
c~oiri1)o~itioti o f  amitrole i n  c o i l  i. a 

iniiut.nc.r rht. pct..*izrence of thib com- 
i)outid i i i  wil. Soils iiie c,omplex, 
d>. i iau i ic ,  ,> \trtns. aiid the coinposition 
nnd t,t.activit) of .oils >$'ar). greatly. 
1 hr lare of'a chemical i n  u o i l  is influenced 
\)y t h y  pliy\ical. chrtiiical. and biological 
1)ropct t i t . \  of thr .oil and cf ]he herbicide. 
,incl tlir inrci.action of i,n\~iro!iniental 
variab!e\ ;in(! wil proce~,t". 

I h r  e l ! r c t .  of adwrption. It.aching. 
c'\.aiioration. photochemical drgrada- 
tion. aiid chc.inica1 and mict.obioloyica1 
tirra!,do\S3.ii cannot br cor1c.d out i n  the 
licld : t1iri.c-foi r, i t  i. ncaarl;, impu\ihle  to 
iwI<i[r aric! to \cud! i h e v  factor; 
~ r p a r a t r l )  i n  vivo. T.ahoi.atory s1udies 
tend to br tinrrliahle a, t h r y  diiturb thr 
riatiit a1 wil t>,rcin and introduce arti- 

i.eali\tii. \ \  ater applicatiott and niovc- 
Inent. diururlxincc~ of t h r  gaaeoits phabe 
of thc ioi! byyteni. alteration of conditions 
lor niicrobial groxvth. and sometimes. 
i n  trrfereric~ \ \  ith the cation exchange 
c,apacity. 

'I'hc in\-eutiqations \vhich havr been 
bririly d izc i i~vd  represenr the bulk of 
thr i ino \vn  studies concerniqq the rate of 
amitrole in  .;oil. 'I'hey have demon- 
.;[rated tha t  \oil type and testtire. soil 
te~npcxrat~irr. \oil tnoisture and soil pH 
\ \ e r r  all factoi; \vhich aff'cctrd the per- 
.i.;tence of arititrole in soil. C : ' Q O r  re- 

Irom soil trrateti \vith C:lJ-  

;imirrole illu~tratcs that thr compound is 
degraded in  the soil. .l-hat amitrole is 
recovered for longer period of time from 
qterilizrd soil ( J. / i .  7 0 )  supports the con- 
clusion of both Kondarrnko and .-\sliton 
that the compound is rapidly metab- 
olized in the soil by microorganismj. 

Sund's obsrrvation of positive cor- 
relation het\veen the rate of dcpletion of 
amitrole from soils and base exchange 

1'. ' i c  . t z  . .uch a> abtlorI1-Iai ,lacking. un- 

c a p e i t )  of  the mil \ v r r e  n o t  ~iibutanti,ttcd 
io a high deqiee hy Day ct oi. 'l'liey 
coiild not zho\v a high degree of C U I -  

relation br t \ \c .cn the per.i.tencr of 
amitrole in 5.5 soils to soil claa~ification. 
tt 'xture. and base exchange r a p e i t >  of 
adwrption capacith-. although tlit:rc \vas 
a i n c  C O I  relation \vith a!] of thew ccictors. 
' l ' h r  r-ra).  .stiidieh z i ippor~  Sund'. con-  
clu,;ion> on adwrpt ion  and \usgcit that 
t h e  prcwncr ol  speci!ic soil conztitiicnt;. 
natncl) niorittnorillonitc clay.<. primarily 
contribute to the deactivation of ainitrolr 
via t ti r ac! ,orl) t io t i  i  ner ha ni mi. 

'l'he demon.;tration that thc di\ap- 
prariinc e of  aiiiiiroie fi.oni Flagcr~to\vn 
wil \vas ii direct function of temprrature 
indicate, that i'actora other t h a n  niict.o- 
hial action a i r  operat ive.  €3) the +ittie 

in  thc rate (A di- 
apprarancr :I.< the trinperatiire i r  

ele\,ated Irnd, littic .;iipl)ort to the idea 
that the diiapl)eat.ancr is due to 4itiple 
physical adsorption. S o r m a l l ~  . a d , o i p  
lion 0 1  a coinpound froin colutioii h\ an 
activr ad\orbctit decrea>e\ a, ihe 
tenipet~aturc of the ..!<tern i, r a i d .  
1 t i q .  thcxforc. .;uggc~tctl [hat clieniical 
rcaction bet\\ ce:i amirrolr and >uhi ; ince.  
i n  the .;oil occiii and coristitute the third 
inechanicin or deactivation of ihe (mtn-  
pound in soil. 

Since m o ~ t  of the major \tiidirs> IY- 

ported here \ \ e r e  ( oriductt-d ur ide r  
condition\ 1vhic.h prr\riited volaiiliza- 
tion. leaching. and pIioto:!ecoiii~~o~ition. 
it is beyond the >cope of thii papr r  to 
avr ibe  their role in dcactivstinq amitrole 
in soil. Ho\\rver. the vapor prcs\ure of 
thic compound i.; extremely lo\\; there- 
fore the author.; assumed that i t  \\auld 
not volatilize readily from soil. .\l,o. 
amitrole i g  nor kno\vn to be adversrl!. 
affected by sunlight except in  the pres- 
ence of riboflavin. I t  is doubtful. there- 
fore. that photodecomposition con- 
tributes significantly to\vard its d r -  
activation in soil. 

Day c t  ai. sho\ved that amitrole moves 
readi1)- \vith the leaching \cater but 
iiitli distribution patterns that vary ap- 
preciably among soils. T h e  do\vn\card 
movement of amitrole \\-as retarded in 
proportion to the capacity of the soil to 
adcorh the compound. Rondarrnko's 

Table I. Base Exchange Capacity, 
Clay Content, and Organic Matter 

of Several Soil Types 
Base Per Per 

Exchonge, Ceni Ceni 
Meg. per C!oy Organic 

So,! 100 Gromr Content Motter 

7 6  2 1 1  1 5  1)iik.t band 
C I o t o n  \ i l t  1 1 0  ' ) ( I  3') 

loam 
\ l I l C k  0 'I 1 
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