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Increased Biological Hydrolysis of Diazinon after Repeated

Application in Rice Paddies
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Repeated application of diazinon granules to the
soil surface of rice fields affected the development of
a biolcgical factor that caused rapid degradation of
diazinon. This factor was presentin the paddy water,
in rhizosphere soil of the rice plant, and ir non-
rhizosphere soils.  Isotope studies showed that when
incubated with water from diazinon-treated ficlds,
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

was completely mineralized, apparently to €O

No other metaboute was recorded on the autoradio
chromatogram. This rapid hydrolysis of dinzinon
in paddy water from diazinon-treated fields was o
microbial nature.  This microbial factor developed
only in diazinon-tr -ated fields and degraded di

azinon, but not otaer insecticides related 1o it
The addition of streptomy in to the incubetion i
ture prevented the breakdown of diazinos,

he application of diazinon granules to the paddy
water at 2 kg/ha active ingredient (a.i.) every 20 days
has cfTectively controlled commen 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 (IRR1) with highly satisfactory results,  Later, such
treatments became ineffective for controlling the brown
plant hopper (Niluparvara lugens Stal.) and several diazinon-
treated plots sufTered severe damage (IRF.I, 1970).
Investigations undertaken to explain the decline in dia-
zinon’s cilectiveness showed that incubation of water from
fields that had previously received at least three applications
of diazinon caused a complete breakdown of the chemical
in 3 to 5 days. Sethunathan and Pathak (1971) and IRR1
(1969) attributed the breakdown 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, Flurabacterium
sp., responsible for this degradation of diazinon (Yoshidu,
1971). The buildup of this factor in paddy water increased
with the frequency of diazinon treatments (Sethunathan
et al., 1971). This paper reports fucther results on  this
degradation factor, its specificity, and the metabolic pathway
of diazinon degradation.

MATERIALS AND METHODS

Decgrading Factor in Rice Ficld. A study was conducted
to find out whether the rhizosphere soil w. well as the non-
rhizosphere soil of rice grown in diazinon-treated plots
would degrade diazinon. The soil and water sampies were
collected from diazinon-treated and untreated 8- X 5-m
field plots planted with the rice variety IRS. Granular
diazinon was broadcast at 2 kg/ha a.i. every 20 days.  Each
treatment was replicated three times and samples were col-
lected from cach plot.  Paddy water samples were collected
10 days after the fourth application of the insecticide.  IFive
milliliters of this water was incubated with 5 ml of aqueous
diazinon solution at room temperature (23 = 2°C). The
plots were drained and allowed to dry slightly and two rice
plants were pulled from cach plot.  The soif clinging to the
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roots was gently shaken off and a 3-g sample wis tahen from
the roots.  The soil still athering to vhe root- represented the
rhizosphere sample. 1y s shaken with Tooonl of sterile
distilled water and allowed to settle. Five miiiiters of the
solution was incubated with 5 ml of aqueous duezinon solu-
tion. Soil collected from between the hills served as the
nonrhizosphere sample. Two grams of the ~oit were added
to 5 ml of agueous diazinon solution and 3 ml of distilled
water.  Aliguots from incubated samples of paddy water,
rhizosphere soil, and nonrhizosphere soil were taken at de-
sired intervals for residue analyses. Water samplos were also
collected from experiments conducted at three other locations
in the Philippines and also from a feld in each area which,
as far as known. were never treated with any insecticide,
These samples were tested for their dinzinon-degrading abiliy .

Specificity of the Degrading Factor.  Lindane tchiormated
hydrocarbon), carbofuran (carbamate). Phosvel, Sindoz-0626,
Dursban, and diazinon (organosphosphiates) granules were
applicd 1o the standing water of rice plots at 1o, 40 and 70
days after transplanting.  Fach nsecticide was applicd m
three replications.  Water saples were collecied frome the
plots 10 days after the Tast appheation, wnd weore bioason
for diazmon-degrading  ability,  Water  from drianen:
treated nlots was also tested for it ability to deprde othyl
parathion and Dursban,  Incubation of Dursban v carend
outin darkness because it decompaoses in light.

The metabolism of dinzinon in paddy water from dicsinon-
treated and untreated rice fields was stadied with the vae of
radivactively labeled dinzinon supplied by Geiey Aprecabiosad
Chemicals, Basle, Switzerland.  The insectitde voas Tileed
at the fourth position on the pyvinudine riag wid o pecfic
activity of 2.6 pCi'mg. Before the tabeled dii i was e
irs purity was confirnied by thin-keyer chromatoriziny.

The incubation mixture contained inaest i he consisted o
5 ml of paddy water. 3 mb of unlibeled agueot dis Jinon
solution. and 2 ml of agreous labeled Aiazinon. Inavothe:
treatment. 30 mg of sireptomycin salfiate was added to he
incubation nuxture to determine the metabolism of diazinorn
in the absence of the microbial factor.  Bach treatment v
replicated three times. Five days after incubation at reom
temperature (23 £ 2°C) 20 mi of chloroforn dicthyl cthe
(1: 1) was added to the incubation mixture in cach tube. The
mixture was shaken for 10 min and allowed 1o stand for 30
min, after which the solvent layer was removed  The process

as repeated once. The two samples of the solvent layer
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Fipure 1. Degradation of diazinon incubated with paddy water,
rice rhizosphere soil, and nonrhizosphere soil collected from dia-
zinon-treated and untreated rice fields (IRRI, 1970)

thus removed were pooled together and evaporated to dryness
at room temperature,  The residues were then dissolved in
2 ml of methanol and separated by thin-layer chromatography,
and the chiromatograms were exposed to Kodak X-ray film
for 3 days.

Thin-Layer Chromatography.  The residues dissolved in
niethanol were spotted dlong with dinzinon and its hvdrolysis
product, 2-isapropy l-o-incthy [-4-hydroxypyrimidine, on chro-
matoplates coated with sitica el G250 g thick. The plates
were developed with chloroform - acetone (7:1) for a dis-
tanee of 15 em and dried. The authentic compounds were
Jocated as deseribed previousy (Sethunathian andg Yoshida,
Juivy.  The areas in the paratlel track opposite the authentic
compounds were seeaped and suspended mo 10l of scintilla-

ron solution (5 ¢ of PPG and 0.3 2 of POPOP per liter of

tCuene, Pachard Tnstrument Co.. L Grange, ML), The
rodionctivits was determined on o 1ri-Carb  scintillation
cow-ter. Model 30 EX (Packard Instrument Co., La Grange,
HL).

The r, Hoactivity remaining in the water phase after solvent
extract o was assayed by adding 1T mib of the water fraction
(o Toml e Bray's solution (Bray | 1960).

RESCLTA AND DISCUSSION

Diazinon-Degrading  Factor.  Semples  of  paddy  water,
rice rhizosphere soil, and nonrhizosphere soif from untreated
field: showed no dinzinon-degrading ability, while samples
feom dinzinon-treated plots readily decomposed  the insecti-
Cade (Figure D). The degeading activity of the samples {from
drmon-treated plots was in the order off paddy  water

rhizosphere soil > nonrhizosphere soil. Since diazinon

BIOLOGICAL APPLICATION IN RICE PADDIES

Table I. Degradation of Diazinon on Incubation with Paddy
Water Collected from Different Locations in the Philippines

Diazinon (ppm) recovered at indicated
days after incubation

Source of paddy water 0 3 6 127

Muiioz,
Nueva Ecija

Diazinon-treated rice field:  23.0 0 0 0

Untreated rice field 22.8 21.8 22.4 20.3
Hoilo City

Diazinon-treated rice ficld  33.3 0 0 0

Untreated rice ficld 35.0 24.6 22.8 21.8
Camarines Sur, Bicol

Diazinon-treated rice ficlds  40.3 3.3 0 0

Untreated rice ticld 4.3 39.3 39.8 37.5

a At the time of sampling cach field had received a total of three

diazinon treatments at 2 ku/ha ai, every 20 days.

Table I1. Dersistence of Diazinon in
Paddy Water Alone and in Paddy Water Soil Systems

Diazinon (ppm) recovered at
indicated days after incp»bnlipn

Treatment 0 5 10
Diazinon + paddy water 231 0 0
Diazinon + paddy water 4 soil 15.2 11.2 0

Table 1II. Effect of Tween 80 Detergent on
the Persistence of Diazinon Incubated with
Paddy Water from Diazinon-Treated Ficld

Diazinon (ppm) at

Treatment indicated days after incubation
0 5 10 20
Diazinon + paddy water 17.3 9.2 0 0
Diazinon + paddy water +
Tween 80 (250 ppm) 16.9 15.8 5.8 0
Diazinon 4 paddy water +
Tween 80 (500 ppm) 17.1 15.2 14.7 4.3

was degraded more actively under acrobic than under an-
acrobic conditions (Sethunathan and Pathak, 1971), the in-
secticide was expected to break down rapidly in the paddy
water, which contains dissolved oxygen released by algae
(IRRI, 1968) ond diffused from the atmosphere.  The rice
rhizosphere was also expected to harbor acrobic microflora
because of the oxidizing capacity of rice roots under water-
logged conditions.  The nonrhizosphere soil included a pre-
dominantly reduced layer with small segments of oxidized
layer on the top.

Diazinon was degraded when incubated with paddy water
from diazinon-treated ficlds, but a0t when incubated with
water from untreated plots from three different locations in
the Philippines (Table 1), This indicates that the devclop-
ment of a diazinon-degrading factor may be a common
phenomenon in arcas where diazinon has been used con-
tinuously for some years.

Diazinon was rapidly degraded in puaddy water from
diazinon-treated plots after an initial lag of 1 or 2 days.
But it was expected to degrade slowly when incubated with
water and soils because some insecticide might be adsorbed
on soil particles.  This expectation was confirmed. Diazinon
in an almost soil-free paddy water system was decomposed in
5 Jdays while in soil paddy water system it persisted up to 10
days after treatment (Table ). Addition of Tween 80, a
detergent, to paddy water slowed down the rate of degrada-
tion (Table HI). Similar results have been reported for
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Table 1V. Metabolism of C-Diazinon Incubated with the
Paddy Water from a Rice Ficld Previously
Treated with Diazinon

Diazinon Radioactivity (cpm) recovered®

Incubation recovered,” Hydrolysis Water

period, hr ppm Diazinon® product” phase
0 14.5 o e e

20 14.5 31000 1000 400

55 5.9 12300 10900 5000

75 0.3 600 12000 5800

100 0 200 200 4200

a All figures adjusted for background. TInitial radioactivity added
to cach tube was about 50,000 cpim, b+ As determined by gas-liquid
chromatography. ¢ Determined  after  separation  of  chloroform-
diethyl cther fraction by thin-layer chromatography, 4 Remaining
in water phase after solvent extracuo:n,

Table V. Persistence of Diazinon on Incubation with PPaddy
Water from Ficld Plots Treated with Different Insccticides at
Maligaya Rice Research and Training Center, Philippines

Water L.
from plots Diazinon recovered, ppm
treated Days after incubation
with? 0 3 12
Dursban 27.8 27.5 24.0
Carbofuran 27.2 27.2 25.5
Sandoz-6626 27.7 26.8 24.5
Phosvel 27.8 28.2 26.2
v-BHC 27.0 27.0 24.8
Diazinon 25.5 0 0
Untreated 27.2 26.5 25.7
a Al insecticides were applied to the paddy water at 2 kg/ha add,

every 20 days except for $-6626 that was used at the rate of | kg/ha,

Table VI. Persistence of Different Insecticides on Incubation
with Paddy Water from Diazinon Treated and
Untreated Control Plots

Insccticide recovered, ppm

Diazinon- Untreated
treated field ficld
Days after water - water

Insecticide incubation insccticide insccticide
Diazinon® 0 38.2 43.8
12 0 40.7
Dursban® 0 7.2 7.2
i2 3.3 1.8
Ethyl parathions 0 9.8 9.8
12 9.9 10.1

e Tn aqueous solutions,  * In aleoholic solution,

parathion and diazinon in upland soils (Lichtenstein, 1966),
Some detergents are known to inhibit microorganisms,
Metabolism of Diazinon in Paddy Water. Thy autoradio-
chromatogram of the incubation mixtures at 5 days after
diazinon was incubated with paddy water frora treated plots
and with naddy water from untreated plots is shown in
Figure 2. This figure confirms the results of diazinon
degradation obtained Ly gas-liquid chromatography tech-
nigque. No radioactive metabolite was recorded on  the
autoradiograph of the incubation misture of diazinon and
water from  diazinon-treated plot at 5 days after incvba-
tion. This indicated that the pyrimidine ring carrying the
radioactive carbon was completely mineralized, evidently to
HCO.. Our previous results support this hypothesis.  We
found that more than 669 of the 1C added to paddy water
from diazinon-treated plots was released as 'COq in 5 deys
(Scthunathan and Pathak, 1971).  The presence of a promi-
nent radioactive spot identical to diazinon in the autera-
diograph showed that streptomycin added to the incuvation
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Figure 2. Autoradiochromatogram of V'C-dinzinon (D)) after incuba-
tions for 5 days with paddy water from diazinon-treated (T), and
untreated field plots (U). TS == T - streptomycin, US U -
streptomycin,  H = 2-isopropyl-6-methyl-4-hydroxypyrimidine

mixture prevented the breakdown of diazinon (Figure 2).
Thus microbes participeted actively in the rapid degradation
of the insecticide.  When the labeled dinzinon was incubitted
with watcr from untreaterl plots most of the radioactivity
occurred at the position o1 diazinon, with faint activity at
the position of hydrolysis product. The small amount of
the hydrolysis product recorded was most likely formed by
some chemical and biological action that commonly oceurs in
nonsterilized systems (Sethunathan and MacRae, 1969).

Earlier tests had shown that, when incubated with paddy
water from diazinon-treated plots. about 90" of the added
14C diazinon was degraded in 3 days. but only 1077 of it was
recovered as M'COs (Sethunathan and Pathak, 1971). The
insecticide was degraded completely in 3 days of incubation
and more than 667, of the added VC was recovercd as VOO,
which showed that at 3 days of incubation most of the in-
secticide was converted to some metibolite or metabolite-
that were mineralized to COn within 2 days, Another o
periment confirmed this conclusion.  On incubation wirk:
water from a diazinon-treated ficid, the concontration
diazinon declined progressively with a simultancons mere
in its hydrolysis product (Tuble 1V).  No hivdrols-os prods t
wits recovered at 100 hr after incubation and the sutarad -
graphic analysis of the incubation mixtures rese led simadar ie-
sults,  Bvidently the hydrolysis product tha. forme ' was
ctitbolized to MCO. between 75 and 10O e ater incucation
“ethunathan and Pathak, 1971), No radioactive metabohite
other than this hydrolysis product was recorded on the
autoradiograph of the incubation mixture.  About 107, of
the added radioactivity remained in the water phase after
solvent extraction.

Specificity of the Factor.  Diazinon incubated with water
from a diazinon-treated rice ficld was completely degraded
(Table V). However, it was not signilicantly degraded even
up to 12 days of incubation with water from plots treated



with Dursban, Sandoz-6626, Phosvel, lindane, or carbofuran.,
Curthermore, water from  diazinon-treated plots did not
doect the desradation of ethyl parathion or a solution of
surban in cleohol. Only diazinon was appreciably  de-
araded {Hable VI, Sincee all three compounds possess a
IO ester Bond at which diazinon is hydrolyzed the diazinon-
degracing facror appears to be highly specific.
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