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Absorption and Translocation of Diazinon by Rice Plants from Submerged Soils
and Paddy Water and the Persistence of Residues in Plant Tissues1

N. SETHUNATHAN,SUSANCABALLA,and M. D. PATHAK2

The International Rice Research Institute, Los Banos, Laguna, Philippines

ABSTRACT
Diazinon applied to paddy water was readily absorbed

by l;ce roots and translocatcd to the leaf sheath and leaf
blade. Maximum residues in plant tissues were recovered
5 days after application but declined rapidly thereafter.
This insecticide loss observed in plant tissues between 5
and 10 days was greater following a 2nd application.
Diazinon persisted longer in the standing water of covered
unplanted pots than in water of uncovered unplanted
pots, indicating that the insecticide volatilized in the
latter. GreateI' loss of the insecticide from the standing

Certain org'anophosphorus and carbamate insecti-
cides with relatively short half-lives are recommended
for protecting crops against insect pests as alternatives
to persistent chlorinated hydrocarbons. Applications
of the organophosphate diazinon to paddy water at
20-day intervals have provided highly effective control
of common rice stem borers, some leafhoppers, and
planthoppers (Pathak 1967). Recent studies have in-
dicated that diazinon is rapidly degraded in neutral
submerged soils (Sethunathan and MacRae 1969),
largely to its hydrolysis product (Sethunathan and
Yoshida 1969). The systemic nature of this insecti-
cide has been reported also in certain plants (Gunner
et al. 1966, Lichtenstein et al. 1967, Miles et al. 1967,
Kansouh and Hopkins 1968) . We conducted a green-

1 This investigationwas supportcd in part bJ: .a ~rant from.thc
NationalScicnceDcvclopmcntBoard of the Pluhpplllcs. Rccclvcd
for publicationJuly 7. 1970.

J Visiting Assistant Scienlist, Research Assistant, and Entomolog ..
iSl, respcctively.

water and soils following the 2nd application appeared
to be due to increased absorption by the older plants and
to the establishment of a diazinon-degrading microbial
factor in the paddy water in response to the first applica-
tion. Paddy water collected from plots that had received
several diazinon applications caused faster degradation of
diazinon than the water from untreated plots. This
diazinon degradation property was minimized but not
eliminated even after the plots were drained and re-
irrigated.

house study on the absorption of diazinon from paddy
water and its translocation in the rice plant and its
persistence in different plant tissues, standing water
in rice fields (paddy water) , and soils.

Also, preliminary experiments indicated develop-
ment in paddy water of a factor with diazinon-degrad-
ing potentialities as a consequence of diazinon appli-
cation. A field experiment was conducted to find out
whether repeated application of diazinon would
intensify the buildup of this factor.

MATERIALSANDMETHODs.-Greenhouse Studies.-In
greenhouse studies, 8 g of ammonium sulfate were
incorporated in 12 kg of Maahas clay soil (PH 6.6,
organic matter 2%) in porcelain pots, and a 2l-day-
old IR8 seedling was transplanted in each pot. The
pots were flooded to maintain 5 cm of standing water
throughout the experiment. To evaluate the insecti-
cide loss by volatilization, one set of potted plants was
covered with a mylar film to minimize the volatiliza-
tion, while another set was left uncovered to simulate
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FIG. I.-Gas chromatogram of diazinon in various crude
extracts: A, diazinon standard; B, rice leaf sheath; C, leaf
blade; D, root: E, soils; F, paddy water. The sign ~ de-
notes the peak of diazinon.
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sulfate and 50 ml of hexane had been added, then
it was allowed to stand overnight. The hexane layer
w~s directly injected into the gas dHomatograph
WIthout any cleanup. The recoveries of diazinon from
samples fortified at 0.1 to 1.0 ppm levels ranged be·
tween 92 and] 000/0.

Plant A1.alerials.- Three methods were tried for
extracting- diazinon from plant tissues: the ethyl ace-
tate method (W'atts and Storherr 1965), the acetoni-
trile method (Mills et aI. 1963), and the acetone·
hexane method (Goodwin et al. 1961) with certain
modifications. The acetone·hexane method gave high
recov~ries and reproducible results. The plant
matenals were chopped into small pieces and mixed
thoroughly. A 25-g sample from this was blended
with 100 ml of acetone and 12.5 g of anhydrous
sodium sulfate in a ''''aring Blendor®, and the mix-
ture was filtered through glass wool. Fifty ml of the
filtrate were placed in a 200-ml volumetric flask and
25 ml of hexane were addecl to it. The mixture was
shaken in a wrist-action-type mechanical shaker for
30 min, then 2% (wtjv) sodium sulfate was added,
and the solution was mixed thoroughly. The hexane
layer was used for residue analysis without cleanup.
~eaks other than the peak for diazinon also appeared
1Il the gas chromatograms of extracts from both insec-
ticide-treated and untreated plants (Fig. I). Appar-
ently they were induced by naturally occurring com-

natural field conditions. The persistence of diazinon
in unplanted potted soils, with and without cover,
was studied at the same time.

Thirty days after transplanting-, diazinon (100/0 G,
Basudin-IO G, formulated by F. E. Zuellig-, Inc.,
IVIakati, Rizal, Philippines) was broadcast by hand
at 3 kg AI/ha into standing water in pots arranged
in a randomized block desig-n. Another application
at the same rate was made 20 days later. Standing-
water samples were removed for residue analysis I, 5,
10, and 20 days after the 1st application and I, 5, and
10 days after the 2nd application. Plant samples re-
moved I, 5, and 10 days after 1st application and 5
and 10 days after 2nd application, were divided into
leaf blades, leaf sheaths (which included culms) , and
roots. At every sampling- each treatment was repli-
cated 4 times.

Field Experiment.-Seedlings 21 days old of the rice
variety IRS were transplanted Mar. 19, 1969, in 5.5X
7.0-m plots using- 3 seedling-s/hill. Diazinon was ap-
plied using 2 kg AI/ha in all treatment plots at 6
days after transplanting, and then its application was
repeated in separate treatments at 5-, 10-, 20-, 30-, and
40-day intervals. The last application of diazinon was
made May 24, 1969. On the whole, 5-, 10-, 20-, 30-,
and 40-dav-interval treatments received 13, 7, 4, 3,
and 2 applications, respectively. Each treatment was
replicated 4 times in a randomized block design. The
plots were flooded I day before each application. For
3 days after each application, water samples were col-
lected daily from 5 premarked locations in each plot
and pooled for residue analysis. Care was taken not
to irrigate the field between sampling's (for 3 days
after every application) to prevent dilution. The
mean air temperature in the field fluctuated between
28 to 32°C during the experiment.

To test the presence of any degradation factor in
the paddy water of diazinon-treated plots, water sam-
ples were collected from each plot 3 days after the
last insecticidal application. Five ml of this water
was incubated with 5 ml of aqueous diazinon solu-
tion at 25±2°C. The incubation mixture of field
water from untreated plots with aqueous diazinon
solution served as control. The samples were re-
moved at 0 time and also at 1, 2, 3, and 4 days after
incubation for residue analysis.

To determine whether draining of the rice fIeld
mig'ht eliminate the degndation factor that developed
in the paddy water of diazinon-treated plots, water
from reirrigated fields was collected and incubated
with aqueous diazinon solution, as in the previous
experiment. The mixture was sampled for residue
analysis at the start of the experiment and again
after 5 days' incubation.

EXTRACTION PROCEDURE.-Slanding Waler.-One ml
of the standing- water was mixed with 1 ml of hexane
for 30 sec, and shaken either manually or in a Lab-
line 5upermixer (Arthur H. Thomas Co., Pittsburg'h) .
When emulsification occurred, anhydrous sodium sul-
fate was used to remove the water. The hexane
layer containing- diazinon residues was appropriately
diluted (whenever required) before it was injected
into a gas chromatognph. The recovery of diazinon
was generally complete (99%).

Soil.-Fifty g of the soil samples (42% moisture)
were transferred to a 500-ml volumetric flask with 50
ml of acetone using- small volumes at a time and were
mechanically shaken for 30 min. The flask was shaken
for another 30 min after 25 g- of anhydrous sodium
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Table I.-Diazinon recovel'ed from standing water of
submerged soils treated with diazinoll·lO G at the rate
of 3 kg AI fha., IRRI. ]969.

• LSD ~1t !If}~ len'l: 0.20.
b .lust hdort, 2nd application.
(' I day after the 2nd application.
d !) days aftC'1' till' 2nd application.
r 10 days arter tlte 2nd applkalion.

pounds in the plant and not by breakdown products
of diazinon.

Gas-Liquid Chromatography.- The diazinon con-
tained in the hexane extract was analyzed by gas-
liquid chromatography (GLC) in a Varian Aerograph
Model 204 B (Wilkens Instrument and Research
Inc., ""alnut Creek, Calif.) fitted with a "thermionic"
cesium bromide detector (Giuffrida 1964). The spiral
borosilicate glass column (5 feet X ]/~ in. ID) was
packed with 570 DC 200 silicone on Chromosorb G,
30-60 mesh. The hydrogen gas was generated from
an E]hygen Generator Model 9652 (Milton Roy Co.,
St. Petersburg, Fla.) The flow rate of nitrogen
(carrier gas) was 18±4 ml/min, of hydrogen, 14± 1

ml/min, and of air, 170±5 ml/min. A Varian Aero-
graph Flow Controller ]\fodel 403 was used to regu-
laic air and hydrogen flow. The temperature setting
was 2()()OC for the column, 200°C for the detector,
and 225°C for the injector port. Detector cell voltage
was fixed at -90 volts de. Under these conditions,
diazinon had a retention time of 2.5 min. The
amount of the insecticide in the samples was calcu-
lated by relating peak heights to those of standards
(0 to 1.5 ng) .

RESULTS AND DISCUSsION.-Residues in Standing
);l'ater.-Analysis for diazinon residues in the standing
water showed that the insecticide concentration de-
clined more rapidly in the planted than in the un-
planted treatment, indicating active uptake of the
insecticide hy the plant (Table 1). Generally, the
insecticide content of the standing water reached
very low levels after 20 days. In the absence of
plants, diazinon disappeared more rapidly from the
standing water of uncovered pots than of covered
pots, apparently through volatilization. However, the
residue ]evels in the standing water of both covered
and uncovered pots when planted with rice seedlings
were comparable. Evident]y, in the covered pots
with rice seedlings. diazinon escapes volatilization,
but it is readily taken lip by the plant, so it does
not accumulate in the standing water.

The insecticide was lost more rapidly from the
standing water after the 2nd application than after
the 1st application (Table ]). Possibly, the plant
took up more of the insecticide from the standing
water, since it was at an advanced growth stage
when the 2nd application was made. In fact, the

amount of diazinon recovered from the whole plant
at 5 days after the 2nd application was gTeater than
that recovered from the corresponding sample after
the 1st application. Another possible cause for the
faster decline in diazinon levels following the 2nd
application is the establishment of diazinon-degrad-
ing micro flora in the submerged soil after the 1st
application. The development of such a factor in the
paddy water after diazinon application has been
established recently (Sethunathan and Pathak, un·
published data) .

Residues in Plant Tisslles.-Diazinon was readily
absorbed and translocated to the rice stem and leaf
blade when broadcast 011 the standing water. Gen-
eraJly, the leaf sheath and leaf blade contained
more diazinon than the roots (Fig. 2). At 5 days
after the 1st application the insecticide concentra-
tion in the stem, expressed on a fresh-weight basis,
was comparable to that in the leaf blade. On a dry-
weight basis, however, the leaf sheath had greater
residues than the leaf blade. This is significant in
stem borer and planthopper control as these insects
initiate feeding on the leaf sheaths. After the 2nd
application, more insecticide was recovered from
the plants grown in covered pots than from those
in uncovered pots.

Generally, the maximum insecticide concentration
in the different plant tissues was reached 5 days
after the 1st application and declined rapidly there-
after except in the leaf blade (Fig. 2). The sudden
decline in insecticide levels between 5 and 10 days
after application strong"ly indicates that diazinon
is readily metabolized within the plant tissues
(Litchtenstein et al. 1967, Kansouh and Hopkins
]968), or rapidly expired by the plant (Nelson and
Hamilton 1970). Metabolic breakdown of diazinon
within plant tissues observed between 5 and ]0
days was greater after the 2nd application than
during the corresponding period after the 1st applica.
tion. Furthermore, the more rapid loss of the in-
secticide from the standing water after the 2nd ap-
plication might result in less diazinon being available
for plant absorption to make up for the loss through
metabolic breakdown.

Analysis of the total amollnt of diazinon absorbed
by the whole plant 5 days after the I st and the 2nd
applications revealed that more insecticide accumu-
lated after the 2nd application (Fig. 3). Ten days
after application, this difference was not evident. The
rice seedlings were 51 days old at the 1st and 71 days
old at the 2nd application. The increased plant
size and increased uptake of water-dissolved diazinon
would largely explain the high recovery of the in-
secticide from the plants 5 days foJlowing the 2nd
application.

Application of diazinon at 2 kg AI/ha every 20-
day period has been generaJly recommended for
control of rice pests. The accentuated loss of lliazinon
from paddy water and the rice plant after the 2nd
application suggests that its residual effectivity may
progressively decline in subsequent treatments. Lately,
this fact has been of great concern, as diazinon has
frequently failed to control brown planthoppers,
Nilaparvata 11lgel1s Stal, particularly on older plants .

Residues in Soil.-Diazinon degraded rapidly in sub-
merged soil as reported earlier (Sethunathan and
MacRae 1969). The largest amount of residues was
obtained on the I st day after the ] st application
and declined thereafter. The loss of the insecticide
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levels far below the tolerance limit of 0.75 ppm set
by the FDA. Only traces of this insecticide could
be detected in the developing panicles and grain 5
days after application. Also, no peak identical to
diazoxon was recorded in GLC analyses of plant,
soil or water samples.

Field Studies.- The field trial designed to test the
buildup of the degradation factor in the paddy
water after repeated applications of diazinon led to
the following observations.

Repeated application of diazinon at 5-day intervals
resulted in its accumulation in the paddy water
during the 3 applications (Fig. 4). However, in
subsequent treatments, rapid decline in the insecti-
cide concentration was recorded despite applications
at 5-day intervals. This could have been either due
to a faster uptake of the insecticide by the older
plants and/or to its rapid breakdown in soils and
water. That diazinon was not rapidly degraded duro
ing early applications was indicated also by its high
effectiveness in controlling early infestations of rice
pests such as whorl maggot, Hydrellia filipina Ferino,
and stem borers and the good crop stand at seedling
stage (Anonymous 1970). Besides, a reduction in
brown planthopper population was observed 10 days
after the 1st application of diazinon. The insecticide
became ineffective only toward later stages of plant
growth, and this frequently led to the buildup of
brown planthoppers.

On the 26th day after transplanting (Apr. 24,

" LSD at 5% level: 0.018.
"A 2nd application of the insecticide was made at 20 days after

the 1st application. Thus 25 and 30 days represent 5 and 10 days
after the 2nd application.

Table 2.-Diazinon (ppm)" recovered from submerged
soils of potted rice plants. A 10% G formulation of the
insecticide was broadcast to the soil surface at the rate
of 3 kg AI/ha, IRRI. 1969.
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from the soil like that from paddy water and plant
tissues was more rapid after the 2nd application
(Table 2).

To summarize, no residue hazard seemed to exist
in use of diazinon against rice pests at recommended
levels, because within 2 weeks after application the
residues in the soil, water, and rice plant reached

FIG. 2.-Diazinon residues (ppm) recovered from differ-
ent plant tissues; 25 and 30 days represent 5 and 10 days
after the 2nd application respectively.

FIG. 3.-Tota] diazinon (.ug) recovered from the whole
plant; 25 and 30 days represent 5 and 10 days after the
2nd application respectively.
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1'1G. 5.-Diazinon degradation in paddy water in relation to frequency of insecticidal application. Diazillol1
recovered on the 1st day after application was considered as 100%.

FIG. 6.-Diazinon (ppm) recovered after incubation
with paddy water from plots previously treated with the
insecticide at intervals oJ 5, 10. 20 and 40 days. At the
time of collecting paddy water for incubation, the 5-, 10·,
20·, and 40·day interval plots had received 13,7, 4, and 2
appliGHions respectively.

Table 3.-Diazinon recovered from the incubation mix-
ture of diazinon and re-irtigated field water of drained
plots previously treated with diazinon-IO G at 2 kg All
ha at different intervals, IRRI. 1969.

1969), the 5-, 10-, and 20-day-interval treatment plots
received the 5th, 3rd, and 2nd insecticidal applica-
tions, respectively. Residue levels in the paddy water
of these plots were analyzed at I, 2, and 3 days
after this application. Diazinon disappeared more
rapidly from the paddy water of 5-day treatment
plots than from 10- and 20-day-interval plots (Fig.
5). Evidently, in the field receiving the insecticide
at 5-day intervals the degradation factor built up dur-
ing the 5 applications. In all subsequent applications
there was no further significant change in the trend
of diazinon decline in paddy water of 5-day treat-
ment plots. However, for other treatments, as the
number of total applications increased, a significantly
rapid decline in diazinon concentration was recorded.
The rate of decline in the diazinon concentration for
all treatments on May 24 was statistically identical.

In laboratory tests, paddy water from 5-, 10, and
20-day-interval plots when incubated with standard
diazinon solution effected more rapid degradation
of diazinon than did the water from 40-day treat-
ment plots (Fig. 6). This rate of degradation indi-
cated a progressive accumulation of diazinon de-
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gradation factor (s) 111 the paddy water with in-
crease in the number of insecticidal applications.
The loss of diazinon in the standard solution on
incubation with water from untreated plots was
negligible.

At 50 days after last insecticidal treatment (about
20 days after crop harvest) each of these plots was
individually drained and re-irrigated 2 days later.
One day after the re-irrigation, water samples were
collected from each of these plots and were incu-
bated with standard diazinon solution. This was
done to determine whether drainage would elimi-
nate or reduce the diazinon-degrading factor. There
was some degradation of diazinon effected by water
from most treatment plots (Table 3) but it was not
so pronounced as with water of undrained plots
sampled lO days after the last insecticidal applica-
tion (Fig. 6) .
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Compounds Related to Cyanoacetic Acid as Repellents for Cockroaches. I11.2.3

MEYERSCHWARZ,OTELI.\F. BODENSTEIN,and JOHN H. FALES
Entomology Research Division, Agr. Res. Serv., USDA, Be]tsville, Md. 20705

ABSTRACT
Thirty compounds related to cyanoacetic acid were

evaluated as l'epellents against the German cockroach,
Blattella genna71ica (L.). The most promising com-

Recently we reported (Schwarz et al. 1970) on the
activity of several compounds related to cyanoacetic
acid as repellents for cockroaches. High repellency
was found among 2 series, (R) .C=C (CN) COOR'
(1) and (R) .CH-CH (CN) COOR' (II), especially
when R was n-propyl, n-butyl, or iso-butyl and R'
was methyl or ethyl. However, no significant cor-
relation was apparent between the chemical structure
and the activity of these compounds. Therefore, in
the hope of gaining an understanding of any possible
structure-activity relationship among these derivatives
of cyanoacetic acid we prepared an additional num-
ber of cyanoacetic acid derivatives 1 and II where
R was the same as before and the R' was n-propyl, iso-
propyl, or n-butyl (and also methyl or ethyl in a few
compounds not prepared previously). The present
paper describes these compounds, their activity as
repellents against 2 species of cockroaches, and also
the repellency of several other related compounds.

1 Orthoptera: Blattidae.
• Received for publication July 30, 1970.
3 Mention of a proprietary product does not constitute endorse-

ment by the USDA.

pounds were tested also against the American cock-
roach, PeriPlaneta ame,'icarza (L.). Activity was com-
pared with that of related materials prepared previously.

:METHODSAND RESULTS.- The cyano-alkyl alkylidene
esters (1) listed in Table 1 were prepared by the
Knoevenagel condensation (Jones 1968) of the appro·
priate cyanoacetic ester with the ketones. The higher
cyano-acetic esters were prepared by esterification of
cyanoacetic acid in benzene with the required al-
cohol using p-toluenesulfonic acid as the catalyst and
azeotropic removal of the water formed during the
reaction. Table 2 lists the cyano-alkyl-alkanoic esters
(II) that were prepared by reduction of the unsat-

urated esters with sodium borohydride in isopropanol
according to the procedure of Marshall and Carroll
(1965). Table 3 lists several miscellaneous cyano.
acetic acid derivatives that were also evaluated. 2·
Cyano-N,N-diethylacetamide (entry 32) was prepared
from 2-chloro-N ,N-diethylacetamide and sodium cya·
nide in dimethyl sulfoxide; the product was isolated
from the reaction mixture after the addition of water
by continuous liquid-liquid extraction with ether.
Knoevenagel condensation (Jones 1968) with diethyl-
and dipropyl ketones yielded the desired alkyl-alkyli-
dene cyano-N,N-diethylacetamides (entries 33 and
34). The same reaction was used to prepare the alkyl.
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