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Repeated application of diazinon granules to the 
soil Surface of rice fields affected the development of 
a biological factor that caused rapid degradation of 
diazinon. This factor was present in the paddy water, 
in rhizosphere soil of the rice plant, and in non-
rhizosphere soils. Isotope studies showed that when 
incubated with water from diazinon-treated fields, 
diazinon was hydrolyzed to 2-isopropyl-6-methyl-
4-hydroxypyrimidine in about 75 hr after incuba-
tion. Within the next 25 hr, this hydrolysis product 

he application of diazinon granules to the paddy 

water at 2 kg/ha active ingredient (a.i.) every 20 days 
has effectively controlled common insect pests of rice 

(Pathak, 1968). This practice was used in seven consecutive 
crops during 3.5 yr at the International Rice Research In-
stitute (IRRI) with highly satisfactory results. Later, such 
treatments became ineffective for controlling the brown 
plant hopper (Nilaparratalugens Stil.) and several diazinon-
treated plots stilfered severe damage (IRE1, 1970). 

Investigations undertaken to explain the decline in dia-
zinon's effectiveness showed that incubation of water from 

fields that had previously received at least three applications 
of diazinon caI used a complete breakdown of the chemical 
in 3 to 5 days. Sethunathan and Pathak (1971) and IRRI 
(1969) attributed the brcakdown to a microbial factor, partic-
ularly to Arthrobacter sp., that developed in paddy water 
after repeated applications of diazinon. Recent studies have 
led to the identification of another bacteria, Flarabteritit 
sp., responsible for this degradation of diazinon (Yoshida, 

1971). The buildup of this factor in paddy water increased 
with the frequency of diazinon treatments (Sethunathan 

et al.. 1971). This paper reports further results on this 
degradation factor, its specificity, and the metabolic pathway 
of diazinon degradation. 

M ATERIALS AND METHODS 

Degrading Factor in Rice Field. A study was conducted 
to find out whether the rhizosphere soil a. well as the non-

rhizosphere soil of rice grown in diazinon-treated plots 
would degrade diazinon. The soil and water samples were 

collected from diazinon-treated and untreated 8- > 5-rIl 
field plots planted with the rice variety IR8. Gralnular 

dia-1non was broadcast at 2 kg'ha a.i. every 20 days. Each 

treatment was replicated three times and samples were col-
lected from each plot. Paddy water samples were collected 
10 days after the fourth application of the insecticide. FiVe 

milliliters of this water was incubated with 5 ml of atqueOLS 

diazinon solution at room tenperature (23 ±L 2'C). The 

plots were drained and allowed to dry slightly and two rice 
plants were pulled from each plot. The soil clinging to the 
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was completely mineralized, apparently to (t) 
No other metabo'lte was recorded on the aiutoradhi 
chromatogram. This rapid hydrolysis of diazinoll 
in paddy water from diazinon-treated tilIds \a&ta ;s 
microbial nature. lhis microbial lactor develop, , 
only in diazinon-ti "ated fields and degraded (I 
azinon, but not otaer insecticidc related to i: 
The addition of streptonlm -in to the incubtion it1\ 

ture prevented the breakdown of diazini;. 

roots was gently shaken off and a 3-g siimplec takcn from 

the roots. The soil still alhering to the rot- rtprjce ted the 
rhizosphere sample. It \ is shaken w ih I,, l of" stCril' 
distilled water and alIlow. to settle. I i.in i iii iclr of the 
solution was incuIbated with 5 ml of atI Hont', dli.nllon sol a

tiol. Soil collected from beceen the hil ,.r\d a-; the 
nonrhizosphere sapl' Tl-o grats31ioof ih, oi acre added 
to 5 ml of aqueous diazinon soluttion and 5 MI of distilled 
water. Aliq [tots from incubated ,tlpi)Ie oIIll Wicr,witdkI 

rlizosphert: ,oil, and nonrihi/,olhcre woil \\crc I kill at de
sired intervals for residue anal\ ses. \\:tter tnlns, were tiso 

collected from experimilents conlhiclad Mi thl' ther oCbat in 

in the hIlilippines aid also fron a lld in ca;lh area whicl. 
as far as known, were ieCer trItCd aitlt an. ilncticide. 
These samples were tested for tleir tliazinon-legradirg ability. 

Specilicity of the I)egrading Factor. l in td;n.e chihr 1in d 
hdrocarbon), carbofuran (carbaumate. l'ho,,\ cl, ., doz-( 26. 
Durshan. and diazinon (organoqhopiatc,)trtuc, setlc 

appllied to the standing aItCr of rice plot at Io. l. itil 7I 
days after itanspl1nting. I -baci a%,!a ppeliedriscticidC It 

three replications. \Va ter sai ipies wcre collc ;cd IroiltthL 

plots I(1days after the last al hia tion. tlt vtt it Ni-.0 
for diazinloni-degrading abilit. Waticr f oft t it/m 

treated plots was also tcted for it ibilits tol L!C,:k' ctlh I 

parathion ard Durs ba,. Inctlatititi of' D tli -. i 1 , . dam> 

Out ill dark ness because it dtCcoiiptses in I ght. 
The ietab'.lism if hliiiton in padl \-ict froit t(..,nni

treated and untreated rice liclds wa, ,Itidicol a.ilh tI Il '. ( 

radioactiVe hlItbeled diaiinoisI by' (dci '1te0lld . . \grli 
Clemicals. Ba lc, S\sitzerland. lhc itsc,tia l . i tiett 

at ile fourth position til the pttllnldiii rinot "i,, t 'Cii, 
activity of 2.6 MCi'tog. Before tle lah'icd ii ',, ... is l,' 
ifts ptrity a ascenliriried by iin-ia\er ciiiii tt ia.:. 

The ilcubantion titi\ture conltainedl in : 1st , ' (tdsisictl 
5 1il of paddy water. 3 ti1l of tn tli blchd Ath,,,t;tdii 'm, 
solution, :itld 2 fil of aql:cous labelcd 'lia/ino:. lIn ;tith,: 
treatitent. 30 of streptoyC la t\e add totiL. iiti a alcI thl 

incubation mxtinre to determine the teta boli,,1u of ki:i itmol: 

in the absence of the microbial factor. IEacIt trtt11tten,t 

replicated three tiies.I ice li"s IftCr inciibai ion iit W,I, 

temperature (23 -! 2'C) 20 ill of chloroform dicthyl etlh, 
(I : 1) was added to the incubation iltitire in Cath tube. The 
mixture was shaken for 10 main and alloaed to stand for 30 

riin, after which the solvent layer was removed The process 

was repeated once. The two sample,, of the solvent layer 
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with paddy water,Figure 1. Degradation oi dizinon incubtated 

rice rhizosphere soil, and itinrhizosphere soil collected from dia-

zinon-treatud and unireatcd rice fields (IRRI, 1970) 

thts removed sscrc pooled together and evaporated to dryness 

at rootti tem cratiurc. Ihe residtues were then dissolved in 

2 nil ofthailno and >cpatttd by thin-layer chromatography, 

and the chrorlatogr:nis wcre exposed to Kodak X-ray film 

for 5 dtys. 
Thin-L.a , r Chronwtugraphy'. The residucs dissolved in 

icti;lol , c.ec spottd i,lung with di:iinon and its hydrolysis 

product, 2-usoprOpy -0-iiutthyl---l.drosypvrimiiiiae, on chro-

0_11 7rtoldatC-. ct ithlbch ,ilica (; I 5) thick. The plates 

i with chlrofo i 0 L!cetone (7:1) for a dis-

in. of 15 cm1 andi drie:d. -1he aut~hentic cttlnds were 

h (htcd i dCrid lrcOurl (leltackopthost;nt Yoshida, 

1t9). T IL' rcUi I 1 piarallci sn'trau k let)itI tile ai ientic 

L,,rc e clontld 

0 n11lto , / o ' . P )in)d iitI Cil Ill 0 111Op scintilla-

I:nIlulin (5 1, oll() ani 0i.3 1, o* 101011 per liter of 

It tiene, Packard l ltiltrInuen: CO.. 1.a (irange, Ill.). The 

",fu) aettvit, ,vas ,leteliiinICott a1lllri-Carb scintillation 

coa Icr, Model 31,4 IAX (0lacka [iItiii nent Co., La Grange, 

II1.) 

I l,
tio:icti\ ty retmaining in the water phase after solvent 

cxil .ct! ' \was ass:ayeId by addirIn. I id of' the water fraction 
" u

to lii i ~r~i v'ssl tition IlBray.196(1) " 

water,l)iazinon-Ilt-gradintg I actor. Sattiplcs of paddy 

rice rheiu)plhrc soil, and norirhi/csphere soil from untreated 

hiCld' show\cd noI dia/iiuon-degrading ability, wshile samples 
" 

i, diazino-tu-lritcd p)h0l lt.laily dtCcomplosCd tile insCCti-

d,. (IigirC I). rhc de~r;iding, acti\ it' of' the samples front 

di tuor-trealt, plots s\as in the order of ptaddy water 

rhizophcic soil > nonrhi/osphere soil. Since diazinon 

BIOLOGICAL APPLICATION IN RICE PADDIES 

Table 1. Degradation of Diazinon on Incubation with Paddy 
from Different Locations in the PhilippinesWater Collected 

6)iazinon (ppm) recovered at indicated. days after incub~ation . .. 

Source of paddy water 0 3 6 12 
Mu, oz, 

Nueva Ecija rice field" 23.) 0 0 0 

Untreated rice field 22.8 21.8 22.4 20.3 

Iloilo City 33.3Diazinon-treatCd rice field 35.0 24.6 22.8 21.8Untreated rice field 

Carnarines Stir, Bicol 
Diazinon-treated rice field" 40.3 3.3 0 0 
Untreatid rice field 44.3 39.3 39.8 37.5 

At the time of sampling each field had received a total of three
 
Siazinon treatments at 2 kg/ha a.i. every 20 days.
 

Table If. Persistence of I)iazinon in 

Paddy Water Alone and in Paddy Water Soil Systems 
Diazinon (ppm) rceovered at 

indicated days after incubation 

Treatment 0 5 10 

Diazinon + paddy water 23.1 0 0
 
Diaziton + paddy water + soil 15.2 II .2 0
 

Table III. Effect of Tween 80 Detergent on 
the Persistence of I)iazinon Incubated with 

Paddy Water from l)iazinon-Treated Field 
)iazinon (ppm) at 

indicated days after incubation 
0 5 10 20-

Treatment 

Diazinon + paddy water 17.3 9.2 0 0
 

Diazinon + paddy water +
 
Tween 80 (250 pprn) 16.9 15.8 5.8 0
 

Diazinon + paddy water +
 
17. ] 15.2 14.7 4.3Tween 80(500 ppit) 

was degraded more actively under aerobic than under an

aerobic conditions (Sethunathan and Pathak, 1971), the in

secticide was expected to break down rapidly in the paddy 

water, which contains dissolvcd oxygen released by algae 

(IRRI, 1968) ond dill'used from tile atmosphere. The rice 

rhizosphere was also expected to harbor aerobic nlicroflora 

because of the oxidizing capacity of rice roots tnder water

logged conditions. The nonrhizosphere soil iluded a pre

dominantly red uced layer with sniail segments of oxidized 

layer on the top. 
[Diazinon was degraded when incubated with paddy water 

from diazinon-trcated fields, but not when incubated with 

water from LltreatCd plots from three different locations in 

the Philippines (Table 1). This indicates that the develop

niett of a diazinon-degrading factor may be aI conmllon 

phenomenon in areas where diazinon has been used con

tinuouSly for sorine ears. 

Diazinon was rapidly degraded in paddy water from 

plots after an initial lag of I or 2 days.
diazinon-treated 
But it was expected to degrade slowly when incubated with 

water and soils because some insecticide might be adsorbed 

on soil particles. This expectaton was confiiried. Diazinon 

in an almost soil-free paddy water systell WaS deconiposed in 

5 days while in soil p:tddy water systetnl it persisted 1ilt to 10 

days after treatment (Table II). Addition of Tween 80, a 

detergent, to paddy water slowed dowti the rate of degrada

tion (Table 111). Similar resilts have been reported for 
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Table IV. Metabolism of "1C-l)iazinon Incubated with the
 
Paddy Water from a Rice Field Previously
 

Treated with Diazinon
 

D)iazinon Radioactivity (cpm) recovered" D40
 
Incubation recovered," I lydrolysis Water
 
period, hr ppm l)iazinon product" phase'
 

0 14.5 ...
 
20 14.5 31000 1000 400
 
55 5.9 12300 10900 5000 
75 0.3 600 12000 5800
 

too 0 200 200 4200
 

All figures adjusted for backgroud. Initial radioactivity added .5 
to ,ac tube was about 5t0,O00 cpa. ',As determined by gas-liqid 
chromatography. ,)ctermiied after separation of chloroform
diethyl ether friaction by thin-hiyt chironittography. d Remaining 
illwater pia,,, after solvent .xtract i. 

Table V. Persistence of l)iazinon otn Incubation with Paddy
 
Water from Field Plots Treated with Different Insecticides at
 

Maligaya Rice Research and Training Center, Philippines
 

Water
 
from plots l)iazinon recovered, ppm
 

treated l)ays after incubation H
 
with" 0 3 12
 

Dursban 27.8 27.5 24.0 0 
Carbofuran 27.2 27.2 25.5 Std. T U TS Us 
Sandoz-6626 27.7 26.8 24.5 
Phosvel 27.8 28.2 26.2 
,y-IiHC 27.0 27.0 24.8 Figure 2. Autoradiochronatogranl of I'C-diaz2non (I)) after incuba-
Diazinon 25.5 0 0 tions for 5 days with paddy \water from diazinon-treated (T), and 

25.7 untreated field plots (U). I'S :T -j streptomycin, US U --Untreated 27.2 26.5 

,,All 1insCctic idcs were apit ed to the lIaddy water at 2 kgl'ba a.i. streptoinycin. II -- 2-isopropl Y-6-methYl -4-hyd roxy p%rinlidilie 
every 20 days except for S-6626 that was used at the rate of I kg/bia. 

Table VI. Persistence of Different Insecticides on Incubation mixture prevented the breakdown of' diazinon (lFigure2). 

with Paddy Water from l)iazinon Treated and Thus microbes participated actively in the rNpid degradation 
Untreated Control Plots of the insecticide. When the labelcd diazinon \sas incubated 

Insecticide recovered, ppm with watcr from Ltntreatcl'I plots tilost of the radioactivity 
l)iazinon- Untreated occurred at the position ot diazinon, with fti nt activity at 

treated field li'dd1ot tileposition Of' hyrolysis product. The snMll of 
1)ays after water + water 

Insecticide incubation insecticide insecticide the hydrolysis prodIct recorded was tost likelsy formed by 

0 38.2 43.8 some chemical and biological action that C'Otntttonlv occurs inDiazinon, 
12 0 40.7 nonsterilized systems (Sethunathan and Macle, 1P-t49). 

Dursban" 0 7.2 7.2 Earlier tests had shown that, 'when ncttbmicd with patddy 
12 3.3 -1.8 water from diazinon-treated plts. about 9'", of the added 

Ethyl parathion, 0 9.8 9.8 'IC diaZinon was degraded in 3 dai's. htt onlw', Of it v as 
I
12 9.9 10.1 C 

n and I1'Illtthk, 19'71 ). I he",In , as 
insecticide was degraded cotnpletelv in 5 dar s of incllbationt 

and more than 66, of thle adlCd rCo\ Crcd i, 1, 

In aqIueo s solItions. alcoholic sol0utio recovered II O , (Setlitint ll[ 

'C \s a a'( 

which showed lholtat 3 da s of' incubation 11ti0t of the itl
parathion and diazinon in upland soils (Lichtenstein, 1966). secticide was colverted to sIole tIIettAboite Or rnt:11bolit,:. 
Some detergents are known to inhibit microorganisms. that were mineralized to (. within 2 I. . A 1.lcr.. 

Metabolism of Diazinon iti Paddy Water. The autoradio- iperielt confirme,! this conelCiSion. ()u incbliNtoll \ h 

chromatograrn of the intcubation mixtures at 5 days after water frOllla diaiinon-ilrcatd tid, the ckti-. oti"l ." 

diazinon was incunated with paddy water frori treated plols diazition declined progressively with a ith: tia , 1.i r' 

and with paddy water frot untreatld plots is shown in in its hydr'olysis, p~roduct (Iable IV). No I l,' .,kd prI)d, 

Figure 2. This ligure confirls the results of diazinon wai reco,.red at 11)0 hr a['t1r inCubaltinq :Il,III,.;ititorl( I

degradation obtained by gas-I ILid chromatography tech- gra phi c analysis of' the itic htiaton 1-1 l'sit, Mr icIii.x tu re., \ 
nilue. No radioactive netabolite was recorded oi the stilti.Ividently the hydrolysis proJti.t tOl I'0i'lrtt Wals 
autoradiograplh of the incubation mixture of diazinon and .,taholizCd to "CO,hlctween 75 aiLd OIlhIa"t'r in.th ilion 

water froni diazinon-treated p!ot at 5 days !ifter inCit'bh- ',thntiath aniiand Pithak, 1971). NO rldiiti\' itltholite 

tion. This indicated that ie pyrimidine ring carrying the other than this bydrolysis prodlult \\a,,i cr'-f.! oi Otn the 
radioactive carbon was completely mineralized, evidently to auitiatif,graph of tIe ilcibatiot it tuie. Ahoi lit ' of 

I1C0.. Our previous results suipport this hylothesis. We the added radioactivity rCilainCd in the \watve," pl :tfalfer 

found that more than 66 / of the ' 'C added to pafdy water solvent extraction. 

from diazinon-treated plots was releascd as 'CO_- in 5 ttcys Speciicity of'the Factor. Diazinon incubated with water 

(Sethunathan and Pathak, 1971). The presence of a prorni- From a dia/inoi-trcaled rice field was conimpletely degraded 

nent radioactive spot identical to diazinon in the aLItora- (Table V). Ilowcvcr, it was not significantly degraded even 

diograph showed that streptomycin added to the incintation il) to 12 days o1 itncutbation with water from plots treated 
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