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SUIDARY
 

A systematic study of formulation factors was carried out in an attempt to
 

improve the efficacy of foliar-applied formulations against the tonacco
 

whitefly, Bemiia tabaci (TWF), a key pest of cotton, cassava and vegetables in
 

many tropical and subtropical couitries. Special attention waa paid to
 

formulation-application factors which can be controlled b simple means and
 

transferred rapidly to the growers through Integrated Pest Management
 

(IPM) experts. The effects of these factors were first examined in the
 

laboratory under coILtrolled conditions, followed at a later stage by
 

field trials of several promising combinations.
 

Simple modifications in the application mode (such ag of spray volume,
 

concentration and frequency) caused significant changes in the initial
 

foliar deposit, residue rainfastness, and division of the active ingredient into
 

surface and penetrated components. Several types of formulation modifiers were
 

studied and some of them showed a marked capability to promote or inhibit leaf
 

penetration and residue persistence, enhance residue rainfastness, and retard
 

hydrolytic degradation. The physicochemical properties of the formulation
 

modifie-s were characterized in order to guarantee their consistent performance
 

and to provide an insight into their mode of action.
 

The biological activity of modified insecticide formulations against the TWF was
 

assessed in the laboratory, and to a lesser extent also under field conditions
 

in Thailand. The toxicological studies were accompanied by a population study of
 

the TWF and its natural enemies.
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RESEARCH OBJECTIVES
 

While considerable attention has been 6iven in the past to application
 

problems of foliar-applied insecticides, relatively little progress has been
 

achieved in the understanding of formulation factors.
 

The innovative ,-6p-cts of the proposal involved the inclusion of a
 

systematic study of insecticide formulations in IPM program in general, and
 

against TWF specifically.
 

The OVERALL OBJECTIVES of the project were to:
 

a. Study the effect of formulation on the persistcnce and rainfastness of
 

foliar-applied insecticides for the contrui of the tobacco whitefly, Bemisia
 

tabaci, (TWF).
 

b. Study the formulation effect on the biological efficacy of the same
 

insecticides.
 

c. Define formulation factors that enhance or inhibit weathering processes
 

and toxicological properties.
 

d. Study population dynamics of TWF in treated and untreated cotton and
 

toiato fields inThailand.
 

e. Study dynamics of natural enemies of TWF in treated and untreated cotton and
 

tomato fields in Thailand.
 

f. Use the acquired knowledge for optimizing foliar-applied formulations for
 

the control of TWF.
 

The specific research objectives and a brief description of the pertinent state

of-the-art are included at beginning of each chapter.
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METHODS AND RESULTS
 

CHAPTER 1. INITIAL DEPOSIT AND RESIDUE DECAY
 

Principal Investigator: Dan Veierov (Israel)
 

RESEARCH OBJECTIVES:
 

The effectiveness of an insecticide f6rmulation is dependent on the
 

toxicant concentration available to the target. The amount of the toxicant
 

retained by foliage sprayed to runoff, is determined to a large extent by the
 

formulation-application mode (Hesler & Plapp 1986, Johnstone 1973, Willis et
 

al. 1991). Rationally selected, the formulation-application mode can ensure
 

minimal losses due to evaporation, bounce off and runoff of spray droplets.
 

The effectiveness of - foliar-applied insecticide can be improved also by
 

matching its persistence to the control situation. Longed-lived insecticide
 

residues are often desired when repeat pest invasion is likely, as is the
 

situation with TWF in cotton and tomato 
(Cohen et al. 1988, Melamed-Madjar
 

et al. 1984). Short-lived residues may be desired to minimize worker exposure or
 

to promote fumigant action, to minimize the potential development of resistance,
 

and to reduce adverse effects on beneficial insects.
 

A BASIC OBJECTIVE of the present project was to study how to control the
 

level and persistence of the foliar residue by simple means which could be
 

transferred rapidly to the growers by IPM experts.
 

Residue persistence is determined by several decay processes, including
 

degradation, mechanical detachment, leaching and volatilization. The
 

vulnerability of the residue to these processes is influenced by the residue
 

its distribution on the leaf plus the physicochemical properties of
forr, i.e., 


its immediate surrounding (Marrs & Seaman 1978).
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There have been a few reports in the literature concerning the role of tank and
 

surface concentration as possible factors affecting residue decay. The kinetics
 

of residue decay is usually presumed to be independent of concentration (Gunther
 

1969, Stamper et al. 1979). However several pesticides - malathion (Awad et
 

al. 1967, Wheeler 1967), atrazine (Nalewaja & Adamczewski 1976) and acephate
 

(JNigg et al. 1981b)- have been reported to show dependence of foliar persistence
 

on concentration or application technique (McDaniel 1980).
 

There were five SPECIFIC OBJECTIVES of this part of the research:
 

(i) To assess the effect of applied concentration and spray method on
 

insecticide persistence on tomato and cotton foliage.
 

(ii)To determine the relationship between spray frequency and accumulation
 

rate of the foliar-applied fenpropathrin used to control TWF on 
tomatoes:
 

Repeated sprayings are a very common practice to overcome the brief
 

persistence of otherwise efficient insecticides (Harrington et al. 1989). Very
 

frequent spraying was a main measure employed to control the repeat infection of
 

tomato by TWF (Berlinger 1983). IJnfortunately, little information is available
 

regarding the effect of the spray frequency on the eventual residue level
 

(Southwick et al. 1986b).
 

(iii) To estimate hydrolysis losses in the sprayer tank and on the leaf
 

surface, and to study the usage of a buffer additive to control them:
 

Formulation modifiers can affect both the initial level and the persistence
 

of foliar- applied insecticides.
 

(iv)To study the relationship between the physicochemical properties of
 

oil modifiers and solvents and their effect on the level and persistence of
 

insecticides on cotton and tomato leaves:
 

Oils have been used as formulation modifiers for many years and
 

increasingly are being sprayed as a solvent for foliar-applied pesticides
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(Hesler & Plapp 1986). Mineral and vegetable oils have been reported to
 

increase the initial foliar deposit (Cole et al. 1986, Sanderson et al. 1986,
 

Southwick et al. 1986b, Willis et al. 1991) and to prolong its duration (Cole
 

et al. 1986, Hesler & Plapp 1986, McDaniel 1980). Yet, in ,ther cases no si'ch
 

increases were evident (Cole et al. 1986, Hesler & Plapp 1986, Brenneman et
 

al. 1990).
 

(v) To estimate rainfastness of commercial formulations applied to control
 

TWF on cotton and tomato, and to study of the influence of oil modifiers of
 

defined physicochemical properties on the rainfastness of these formulations:
 

In many climates, such as that prevailing in Thailand during the rainy
 

season, rain is the principal factor that reduces spray residue (Pick et al.
 

1984, Willis et al. 1982). Rain can dissolve or mechanically dislodge the foliar
 

residue (Hartley & Graham-Bryce 1980, Marrs & seaman 1978, Taylor & Matthews
 

1986). It was found that 2-5 mm of rain can wash off up to 50% of the original
 

residue (Pick et al. 1984). Although many commercial adjuvant mixtures, the
 

exact compositions of which are not disclosed, are presently available (Hesler
 

& Plapp 1986) only a few of them have shown some promising effects (Nord
 

& Plapp 1991, Phillips & Gillham 1971, Taylor & Matthews 1986).
 

EXPERIMENTAL:
 

1. Insecticide application:
 

The commercial insecticide formulations employed were chlorpyrifos 50%
 

emulsifiable concentrate (EC) (Makhteshim-Agan), fenpropathrin 10X EC
 

(Sumitumo), azinphos methyl 20% EC (Makhteshim-Agan), endosulfan 35% EC
 

(Makhteshim-Agan), chlorobenzilate 25% EC (Makhteshim-Agan), fluvalinate 24% EC
 

(Zoecon), and buprofezin 25% wettable powder (WP). Active ingredients with >98%
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of chlorpyrifos, methyl parathion, ethyl parathion, alpha-endosulfan,
 

fenpropathrin, and lindane were obtained from Makhteshim-Agan; of methidathion
 

from C.T.S. Ltd.; and of buprofezin from Nishon Nohyaku Company. The water

soluble modifier (buffer-spreader) Bladbuff (bb-5) was obtained from C.T.S. Lta.
 

The oils used were a vegetable oil (cottonseed oil, Sigma), three mineral oils
 

(ssp, nr & ms; gifts of Pazchem Ltd., Israel) and two synthetic oils (siv and
 

sic; gifts of the Polymer Department, The Weizmann Institute of Science,
 

Rehovot, Israel). Physical properties of the oils were measured using the
 

techniques described by Johnstone & Johnstone (1977). To determine the influence
 

of th concentration, application technique and formulation mode on the
 

foliar residue behavior, the diluted formulations were applied to potted tomato
 

plants (Lycopersicon esculentum Mill., cv. All Round) in the greenhouse and to
 

potted cotton plants (Gossypium hirsutum L. cv. Acala SJ-?) ield outdoors. The
 

repeitted sprayings experiments were carried out on tomato plants of cv. 857.
 

The effect of the water soluble modifier bb-5 on the foliar behavior of
 

chlorpyrifos CC and fenpropathrin was compared on two cotton varieties, Acala
 

SJ-2 and Pima S-5).
 

For all high-volume applications (HV), the potted plants were sprayed to runoff
 

with a knapsack sprayer (Solo Jetpak 475), except for the repeated spraying
 

experiment where motor sprayer DM was employed. Low-volume treatments (LV) were
 

applied with a commercial aerodynamic atomizer (Atomist, Root-Lowell Corp.,
 

U.S.A.). To ensure spray uniformity from leaf to leaf, the potted plants were
 

placed individually on a rotating table in front nf the sprayer. The volume of
 

the LV spray was adjusted to approximately 1/3 to 1/10 of that required to
 

reach the runoff point.
 

For laboratory experiments, individual leaves on a growing cotton plant
 

were treated either by dipping them momentarily in the aqueous emulsion or by
 



- 9 

applying a designated number of 0.01- or 0.2-pl droplets to the leaf surface
 

with a repeating micro-syringe. The micro-syringe consisted of a repeating
 

dispenser (Hamilton BP-600) fitted to either a 0.5- or lO-pl micro-syringe
 

(Hamilton 700 & 7000 series, respectively; point style 3) and was capable of
 

delivering accurately 1/50 of the total volume )f the syringe to the leaf
 

surface.
 

Spread factors of water and xylene on Teflon or on cotton leaves were measured
 

using Baker's technique (Baker et al. 1983). The only modification made was to
 

use the repeating dispenser for droplet application (impact velocity=0) instead
 

of a micro-tip nozzle.
 

2. Chemical analysis:
 

Five to seven replicates of five disks of field-treated leaves or one disk
 

of laboratory-treated disk were collected for each treatment and time interval
 

using a leaf punch sampler (2.5 cm diameter).
 

Total residues were determined by dipping the sample for 10 min in ultrasw..ic
 

bath with 5 ml petroleum ether and the keeping them overnight. Cleanup was
 

effected on activated Florisil using petroleum ether as the eluting solvent. The
 

purified solution was concentrated on a rotary evaporator at room temperature.
 

To establish the efficacy of the extraction, leaves of the two crops were
 

treated with the designated number of 0.2-pl drops of known concentration of the
 

various formulations, and processed as described above. Recovery was >90% in
 

every case. Penetrated residues were determined after removal of the surface
 

residue by rinsing the treated leaf disks in methanol (Nigg et al. 1981) or by
 

vigorously wiping the leaf surfce with Kimwipes moistened with methanol, prior
 

to extraction with petroleum ether.
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The adequacy of the methods was ensured by their ability to remove
 

completely residues of the various formulations from non-sorptive glass and
 

Teflon leaves.
 

Simulated rainfall (50 cm/min) was sprayed with a shower head mounted 70 cm
 

above the treated foliage. Non-washable residues were mea3ured after each side
 

of the leaves was exposed to 200-250 cm of simulated rain.
 

Samples were analyzed on a Varian 3700 gas chromatograph equipped with TSD and
 

ECD detectors and with a glass column packed with 3Z OV-17 on 80/100 Gas Chrom
 

Q. 

3. Bioassay procedures (Effect of concentration of duration on effectiveness):
 

Potted cotton leaves were treated with 2 pm a.i./cm 
2 chlorpyrifos, applied
 

as an aqueous emulsion at various concentrations. Chlorpyrifos EC was delivered
 

in individual 0.01-pl drops onto circles (2.5 cm diet.) drawn on the upper side
 

of the leaf for Spodoptera littoralis (Boisduval) or on the under side for TWF.
 

The same dose was maintained for the different concentrations by changing the
 

drop density. Test. insects were obtained from laboratory colonies which were
 

replenished annually with field-collected samples.
 

For bioassay with TWF, the treated plants were kept under greenhouse
 

conditions at 27±7 OC, and 120-130 TWF adults confined in leaf cages
 

(Melamed-Madjar et al. 1984) were exposed in six replicates to treated leaves at
 

various intervals. At the same time intervals, five replicated leaf disks were
 

sampled for residue analysis. TWF mortality was determined after 4 and 24 h of
 

exposure.
 

For bioassay with S. littoralis, the treated plants were held outdoors
 

(average minimum and maximum temperatures were 13 and 220C, respectively), and
 

leaf disk samples were excised at different time intervals for residue analysis
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(five replicate leaf disks) and for bioassay. Forty 3rd instars in five
 

cm diam.), each
replicates (eight larvae each) were placed in petri dishea (9 


containing one leaf disk, lined with moistened filter paper, and covered with a
 

perforated lid. Mortality percentages were determined after 6 and 24 h.
 

RESULTS:
 

1. Effects of concentration and application mode:
 

Comparative studies revealed a strong influence of the applied
 

concentration and application mode on residue decay rate. Residue data of
 

commercial formulations were obtained on outdoors cotton
 

(Tables 1. and 6.) and on greenhouse tomato (Tables 2.-5.) plants sprayed with
 

conventional HV and LV sprayers (Tables L.-5.). In most cases, an increase in
 

surface or tank concentrations of a formulation, extended its duration on the
 

foliage. This effect was observed for 11 insecticides representing four
 

different chemical groups. Thus, depending on application conditions, DTso
 

values (the time required for the initial deposit level to decrease by 50%)
 

varied widely for organophosphates (chlorpyrifos: DT5o=15-139 h on tcmato, and
 

5.5-57 h on cotton [Fig 1.]; azinphos-methyl: DTso=0.9-6.5 d [Fig 2.]);
 

orgnochlorineg (chlorobenzilate: DTso=I.43-7.35 d [Fig 3.]; alpha-endosulfan:
 

DTso=l-4.4 d, [Fig 4.]); a pyrethroid (fenpropathrin: DT5o=2.7-11.7 d [Fig 5.]),
 

and the thiadiazinone buprofezin (DTso=2.3-13 d).
 

It is noteworthy that this sensitivity to application conditions was
 

observed both for relatively short-lived insecticides, such as chlorpyrifos
 

(Table 7.1, as well as for long-lived ones such as buprefezin (Table 12.).
 

The same trend was observed for three types of formulations, namely, wettable
 

powder (Table 12.), aqueous emulsions (Tables 7.-Il.) and organic solution
 

http:DTso=I.43-7.35
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(Table 13.), under laboratory (Table 13.), greenhouse (Tables 7.-11.) and
 

outdoor (Table 7.) conditions.
 

A comparison of the concentration effect under different spray conditions
 

indicates a greater influence of the decay of LV- than of HV-residues.
 

For example, in the experiment with chlorpyrifos on tomato (Table 7.), an
 

18-fold increase in the initial LV-deposit level resulted in a ninefold increase
 

in the corresponding DTso values, whereas a tenfold change of initial HV-deposit
 

resulted a 3.5-fold change in DTso. For chlorpyrifos on cotton (Table 7.), a
 

ninefold change in LV-deposit resulted in a sixfold change in DT50, and for the
 

HV deposit with sevenfold change in the initial deposit, there was fourfold
 

change in DTo.
 

Similar results were obtained for azinphos methyl (a 5.1-fold change in
 

initial LV-deposit resulted in a 2.2-fold change in DT5o while a 7.4-fold change
 

in initial IJV-deposit resulted in only a 1.2-fold change in DT5o [Table 8.]) and
 

for endosulfan (a 3.7-fold change in LV-deposit resulted in a 4.4-fold change in
 

DTso, while a 3.1-fold change in HV-deposit resulted in a 1.2 change in DTso
 

[Table 10.]).
 

For a better understanding of the relation between concentration anf
 

initial deposit level, the DT50 values of different depciit levels of the same
 

LV concentration were compared. For example, the DTo value o' the 0.1% LV-spray
 

of azinphos-methyl was 3.5-fold higher for the 0.2 than the 0.054 pg/cm2 deposit
 

on greenhouse tomato (Table 8.). Similarly, the DTso value of the 0.88% LV-spray
 

of endosulfan was 1.8-fold higher for the 5.0 than the 0.28 pig/cM 2 deposit on
 

the same crop (Table 10.).
 

Likewise, the same DTso values (1.1-1.2 d) were obtained for the same deposit
 

level (0.6 pg/cm2 LV-residues of chlorobenzilate), even when the deposits were
 

produced by different concentrations (0.1% and 0.5% [Table 9]).
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On the other hand, different DTso values were obtained for the same initial
 

deposit level when it was produced by different spray modes. For example, the
 

DTso value of 3 pg/cm2 of endosulfan was twice as high under HV as under LV
 

conditions (Table 10.).
 

To test the interrelation between the effects of the concentration and the
 

mode of application, the half-life of chlorpyrifos applied to cotton leaves in
 

well separated (1 drop/cm2 ) 0.2-pl drops was compared with that of chlorpyrifos
 

applied by dipping over a wide range of tank and surface concentrations under
 

laboratory conditions (Tables 14. and 15.).
 

Although the half-life of both residue types increased with higher
 

concentrations, that of the residue of the separate drops exhibited a much
 

greater dependence than that of the residue resulting from dipping.
 

Thus, changing the concentration in the separate drops from 0.1% to 5% increase
 

the half-life of the foliar residue from 9.5 to 200 h (21-fold difference),
 

whereas a change in the dipping emulsion concentration from 0.1% to 2.5%
 

increased the residue half-life from 10.6 to 53 h (fivefold difference) (Table
 

15.). Comparison of the hRlf-life with the initial deposit level of residues for
 

the two modes of application empiasizes this effect (Table 15.).
 

To study the influence of the leaf surface on the residue dissipation,
 

several pesticides were applied to cotton and Teflon discs as separate 0.02
 

pl-drops of 1% and 10% xylene solutions, and the concentration effect on the
 

decay rate was measured under laboratory conditions (Tables l.-13.).
 

Significant concentration effects were observed on both the cotton and the
 

non-sorptive Teflon 'leaves'. However, the effects were stronger on Teflon,
 

where the decay rates were changed by factors of 7 to 47, as compared with
 

factors of 1.1 to 4.8 for cotton leaves. Parthermore, apart from methidathion,
 

the relative decay rates on teflon were similar for all pesticides (CV=9%),
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while on cotton leaves a significantly higher variability among pesticides was
 

observed (CV=19% [Table 13.]).
 

The effect of concentration on methidathion decay was much higher on
 

Teflon (x47) than on cotton leaves (x2.7 [Table 13.1).
 

Spread factors of xylene on cotton and teflon leaves are presented in Table
 

16.
 

A comparison of the residual activity of longed-lived with short-lived
 

foliar deposits with TWF and S. littoralis was made by bioassays of deposits of
 

2 pg chlorpyrifos per cm2 (Table 17.). The insecticide was applied to leaves in
 

individual, uniform drops, while maintaining the same dose for different
 

concentrationg by varying the drop density.
 

For all concentrations the 2 pg/cm
2 dose was sufficient to achieve 100%
 

mortality of both targets immediately after application following 24 h of
 

exposure. With 6 h of exposure initiated a short time after application, higher
 

mortality on the residues of the diluted applications was observed with
 

S. littoralis, but not with TWF. However, one day or more of weathering of the
 

foliar residues in the grcnhouse or outdoors resulted in a higher mortality of
 

both targets exposed to residues of concentrated applications than of diluted
 

applications (Table 17.).
 

2. Effect of spraying frequency:
 

A frequpnt spraying, often daily, of fenpropathrin EC was a common practice
 

used in Israel for the control of TWF-transmitted virus in greenhouse tomato.
 

Table 18. presents fenpropathrin residues levels on greenhouse tomato foliage
 

treated at different frequencies, viz, once , three times and six Limes during
 

28 days. The weekly treated plants were sampled at least twice between
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successive sprays, a short time after spraying and again before the
 

following one.
 

The samples r.presented, there '.re, the maximum and minimum levels of the
 

residue of the weekly sprays.
 

Treatments with three and six sprays a week were sampled shortly before
 

spraying and .,:refore represented the minimum residue level between successive
 

sprays. However, little change in the residue levels between successive sprays
 

was expected at these frequencies, due to the relatively slow decay of foliar
 

fenpropathrin (Table 5.).
 

Residue buildup of fenpropathrin for the three treatments is shown in
 

Figure 6.
 

Weekly sprays resulted in residue levels which fluctuated between maximum
 

and minimum weekly averages of 1.62±0.24 and 0.60±0.09 pg/cm
2 .
 

Little residue accumulation was observed at this spraying frequency. About 60%
 

of the total residue disappeared before its enrichment by an additional
 

application. The average foliar residue increased steeply with the spray
 

frequency (Table 19.). The average (minimum) residue of three and six sprays a
 

week was 3.3 and 6.25 times higher than that of the weekly sprays.
 

Three sprays a week resulted in accumulation in the residue level during the
 

first week, as the residue level reached 140% of that left by a single spray.
 

An additional nine sprays at the same frequency, however, resulted in little
 

further accumulation; the residue level was raised by 12% of the residue after
 

the third application.
 

Six sprays a week resulted in a higher accumulation effect. At the end of the
 

first week, the residue level reached 217% of that left by a single spray. An
 

additional 17 sprays resulted in only 27% subsequent increase in the
 

residue level.
 

http:0.60�0.09
http:1.62�0.24
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3. Effect of formulation modifiers:
 

Modifiers were added to a formulation according to their solubility
 

properties, i.e,. oils were added to the organic emulsion concentrate prior to
 

its dilution, whereas the water-soluble bb-5 (a surfactant with buffer
 

properties) %as added to the diluted aqueous emulsion. Oils were also used as
 

sole solvents for the active ingredients in order to evaluate their intrinsic
 

residual effect. Seven oils were studied, rtpresenting different chemical
 

groups and physical properties (Table 20.).
 

Table 21. presents a comparative residue data of chlorpyrifos on cotton
 

leaves after its spray application to runoff as methanol solution, commercial
 

emulsion and modified emulsions containing ,%of oil additives. The modified
 

formulations formed remarkably higher initial deposits that persisted longer
 

than those left by the methanol solution or the commercial emulsion. The
 

commercial emulsion and the metno. solution decayed at similar initial
 

rates, characterized by DTso values of 0.8 and 0.7 days for the emulsion and the
 

solution, vespectively (Table 22.).
 

Addition of 2% oil into the commercial formulation increased its longevity
 

considerably. Vegetable oil (cottonseed oil, CO) was the most effective
 

extender, with a DT5o value of 5.66 days, which is 7.1 times higher than that
 

obtained for the commercial formulation. The effect of the other oils was lower
 

but still remarkable, with a DTso values of 2.4 days (three times higher than
 

the commercial emulsion) for the mineral oil SSP and of 1.95-2.2 days (2.4-2.8
 

times higher than the commercial emulsion) for the synthetic ones (Table 22.).
 

To test the oil effects under different formulation-application conditions,
 

oil solutions of technical chlorpyrifos and fenpropathrin were applied as
 

discrete uniform 0.2-pl drops to tomato leaves, and residue data were recorded
 

for 2 weeks (Tables 23.- 25.).
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The longevity of fenpropathrin solutions varied greatly with oil solvent and was
 

characterized by a DT7s range from 0.71 to >14 days. The vegetable and the
 

mineral oil solutions showed enhanced fenpropathrin longevity, with DT75 >20 and
 

9.8 das, respectively (>3 times and 2.1 times higher than with the commercial
 

emulsion).
 

This trend is similar to that obtained for low oil concentrations, when the
 

oil is added to chlorpyrifos emulsion and sprayed under runoff conditions
 

(Table 22.). On the other hand, synthetic oils affected differentially the
 

residue persistence under the different application-formulation conditions.
 

When used as a solvent, the synthetic oil reduced the foliar life of
 

fenpropathrin renarkably (DT75= 0.71-1.0 day, a decrease of 6.5-4.6 times
 

compared with the DT75 of the commercial formulation). The dacay kinetics of the
 

oil solutions was of a pseudo-first-or,.er type for both chlorpyrifos and
 

fenpropathrin residue on tomato f- iage (Table 25.).
 

The residue behavior of chlorpyrifos (Table 26.) and fenpropathrin (Table
 

27.) was also affected by the addition of the water-soluble surface-active
 

buffer bb-5 to the emulsions. The initial foliar deposits of the insecticide
 

on two cotton varieties were reduced by the presence of bb-5 (Tables 26. and
 

27.). The effect was mole pronounced on Acala than on Pima cotton. On the
 

former, the modified deposit levels were 65% (for chlorpyrifos) and 75% (for
 

fenpropathrin) of those formed in the absence of bb-5. On Pima, the modified
 

deposits were 82-84% of those toimed in the absence of bb-5.
 

Bb-5 affected differentially the foliar decay of the two insecticides on
 

the two cotton varieties (Tables 26. and 27.). Its addition to
 

ther fenpropathrin emulsion extended its persistence on Acala, but enhanced its
 

dissipation from Pima. On the other hand, addition of bb-5 to the chlorpyrifos
 

formulation did not affect significantly its decay on either cotton variety.
 

http:pseudo-first-or,.er
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The pH on the leaf surface of the two cotton varieties wa monitored for 7-14
 

days, and compared with the pH on leaves sprayed to runoff by the aqueous
 

emulsions with and without bb-5 (Tables 26. and 27.). The non-treated leaf
 

surface of Acala was basic (pH~9-9.b), whereas that of Pima was neutral or
 

slightly acidic (pH=6-7).
 

A runoff spray with either of the two insecticide emulsions resulted in a
 

decrease in the 1-2 pH units on Acala's surface. The reduced pH of the sprayed
 

Acala lasted 2-3 days, after which the pH rose gradually to its original
 

value. Addition of bb-5 to the fenpropatlrin emulsion resulted in a further
 

decrease in the pH of the Acala leaf surface. The pH dropped by an additional
 

1-1.5 units and was neutral or even slightly acidic for 2 days after treatment.
 

Rvnoff sprays of Pima plants with the same aqueous emulsions, with or without
 

bb-5, did not alter the pY of the leaf surface fTables 26. and 27.).
 

Bb-5 increased the tank stability of diluted emulsions of chlorpyrifos
 

(Table 28.). A commercial emulsion of chlorpyrifos lost 14% of its active
 

ingredient concentration when held for 6 hours in the dark. Under the same
 

conditions, but in the presence of bb-5, the active ingredient concentration
 

remain practically unchanged.
 

Fenpropathrin diluted emulsions was stable both in the absence and
 

in the presence of bb-5 (Table 28.).
 

4. Rainfastness:
 

Table 29. shows the effect of the quantity of simulated rain on the amount
 

of deposits of commercial emulsions of three insecticides, namely, the
 

organochlorine chlorpyrifos, and the pyrethroids fluvaMnate and fenpropathrin,
 

3 hours after their application. The deposit levels of chlorpyrifos and of
 

fenpropathrin were significantly reduced by a I-min rainfall. This amount of
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rain was sufficient to remove 91% of the chlorpyrifos deposit from tomato, and
 

81% of the initial deposit of fenpropathrin from cotton. The residue left after
 

1 min of rainfall was resistant to an additional 30 min more of simulated rain.
 

Much greater rainfastness was observed for fluvalinate emulsion. The deposit
 

lost only a few percentage after 1 min of rainfall and 41% after an additional
 

30 min of rainfall.
 

The effect of the applied concentration on rainfastness was examined with
 

two formulations, namely, the wettable powder of the chitin synthesis inhibitor
 

buprofezin on cotton, and the aqueous emulsion of the pyrethroid fenpropathrin
 

on tomato (Table 30.). The effect differed between the two formulations:
 

rainfastness of buprofezin increased, and that of fcnpropathrin decreased with
 

concentration.
 

Comparison of rainfastness of a modified formulation containing 2% of
 

oils of different types, with that of the low-resistant commercial emulsions of
 

chlorpyrifos and fenpropathrin, is given, in Tables 31. and 32.. The rainfastness
 

of the various formulations was determined after both short (1 min) and long (5
 

or 7 min) rainwashing periods. For all formulations, the residue fraction
 

removed after the short and the long rainwashing periods was similar, suggesting
 

the existence of defined washable and non-washable components in the foliar
 

residues. Low rainfastiess, similar to that of the commercial chlorpyrifos
 

emulsion was, observed also for a methanolic solution of technically pure
 

chlorpyrifos (Table 31.).
 

The degree of rainfastness of the modified formulations was influenced by
 

the oil and by the type of the active ingredient. Synthetic oils increase
 

considerably the rainfastness of both the organochlorine and the pyrethroid
 

foliar residues (Tables 31. and 32.). Addition of 2% of SIC to the commercial
 

emulsions increase its non-washable fraction of chlorpyrifos by a factor of 4
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(from 7-9% to 37-41% of the leaf load) and that of fenpropathrin by a factor of
 

3 (from 23-25% to 60-68%). The influence of the SIV was even stronger, and
 

resulted in a 45-52% non-washable fraction of chlorpyrifos, and an almost
 

completely rain-resistant fenpropathrin residue.
 

Weaker or opposite effects were obtained for the other oil types.
 

Addition of the mineral oil SSP to the commercial formulations resulted in
 

an increase in the rainfastness of the otherwise easily removed chlorpyrifos
 

emulsion, but reduced the rainfastness of the more resistant fenpropathrin.
 

The presence of vegetable oil (cottonseed oil) in the emulsions did not improve
 

the rainfastness of chlorpyrifos, and resulted in a significant decrease in the
 

non-washable fraction of the fenpropathrin emulsion (Tables 31. and 32.).
 

DISCUSSION:
 

1. Effects of concentration and application mode:
 

Persistence of foliar pesticides is usually characterized in terms of first
 

-order half-life terms, which assumes concentration-independent decay
 

rate (Gunther 1969, Stamper et al. 1979).
 

Nevertheless, with several pesticides - malathion (Awad et al. 1967, Wheeler
 

et al. 1967), atrazine (Nalewaja & Adamczewski 1976) and acephate (Nigg et al
 

1981) - foliar persistence has been reported to be dependent on concentration or
 

application technique.
 

Our findings indicate that alteration of foliar residue persistence
 

resulting from a change of the applied concentration, the initial residue, or
 

the spray technique is a quite common phenomenon. Therefore, each of the studied
 

formulations was characterized by a range of DT5o values, instead of a single
 

half-life value. Literature half-life values for the same foliar insecticides,
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viz., chlorpyrifos (Buck et al. 1980, Ware and Estesen 1983), azinphos-methyl
 

(Ware and Estesen 1983), endosulfan (Wilson et al. 1983), chlorobenzilate
 

(Willis and McDowell 1987) and fenpropathrin (Mikami et al. 1985, Takahashi et
 

al. 1985) are within the ranges found in this study.
 

The effect of concentration on residue life can be explained in several
 

ways. A highly concentrated surfactant can protect the residue from weathering
 

by enhancing leaf penetration (Kirkwood 1987); other residual inert
 

ingredients can provide direct protection of the above-surface residue under
 

certain application conditions (Hesler and Plapp 1986). However, the
 

concentration effect exhibited by organic insecticide solutions, which contain
 

no surfactant or any other residual protectant, suggested no intervention of
 

residual inerts. Moreover, the organic insecticide solution show similar
 

residual behavior on living leaves and on non-sorptive Teflon. This suggests
 

that the 'concentration effect' reflects a change in the accumulation pattern of
 

the exposed active ingredient on the leaf surface. Such a change in the pattern
 

of the surface residue may be accompanied by an alteration of the residue
 

surface area and there by affect the residue's sensitivity to volatilization,
 

oxidation and photochemical degradation (Hartley & Graham-Bryce 1980). This
 

mechanism is further supported by the significantly greater concentration
 

effects observed on Teflon than on cotton leaves and by the higher spread factor
 

observed for the latter substrate.
 

Ranking the insecticides according to the concentration-effect differed on
 

the two substrates (Table 13.). This difference may account for the leaf
 

penetration which occurred on cotton but not on Teflon. Thus, the translaminar
 

properties of methidathion can account for the (Worthing 1987) exceptionally
 

higher concentration effect on the non-sorptive teflon as compared with on
 

living leaves.
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Changing the residue form may affect not only its persistence but also its
 

toxicity to the target (Ford and Salt 1987). This was the case for both TWF and
 

S. littoralis. However, the extended persistence of the long lived residue forms
 

seems to compensate for their reduced toxicity and to result in an overall
 

better performance.
 

In conclusion, the pronounced effect of concentration and application mode
 

on the foliar residue persistence, might provide a simple technique to control
 

residue persistence, and should be kept in mind for its possible effects in the
 

field.
 

2. Effects of spray freauency:
 

Accumulation of fungicide and insecticide residues on foliage following
 

repeated sprays has been reported previously (Cabras et al. 1985; Southwick et
 

al. 1983).
 

In the present study, the relation between spray frequency and the accumulation
 

trend was examined. The very high spray frequencies which were studied are
 

common practice in the control of a TWF-transmitted disease in tomatoes
 

(Berlinger et al. 1983).
 

The degree of residue accumulation is determined during application by
 

spray retention and runoff losses (Johnstone and Johnstone 1977), and between
 

sprays by weathering losses and growth dilution (Wilson et al. 1983). Weathering
 

and growth dilution may account for the variable residue level of the weekly
 

sprays. The increase of residue accumulation at higher spray frequencies can be
 

explained by (a) a short decay period between successive sprays, (b) smaller
 

effect of growth dilution, and (c) an increase in the non-washable component of
 

the foliar residue.
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An indication of the increase in the non-washable fraction with spray
 

frequency was provided by the accumulation ratios (=maximum accumulated
 

residue/residue of a single spray) which were '1, 1.8 and 3.3 for one, three
 

and six sprays per week, respectively.
 

The results provides a better understanding of (if not justification for) the
 

very frequent spraying of insecticides practiced to control TYLCV disease in
 

tomato. Weekly sprays can not control effectively the constant attacks of the
 

vector due to the great variability in the residue level between subsequent
 

sprays. A larger number of sprays per week increased the minimum residue level
 

on the leaf.
 

A high minimum level of the residue may have special importance when a
 

rapid and prolonged action (Busvine 1957) is required, as is the case with TWF
 

control in tomato (Berlinger et al. 1983).
 

3. Effect of formulation modifiers:
 

The trend of using oil adjuvants to increase the initial deposit of
 

insecticides can be explained by increased spray retention or by selective
 

foliar adsorption of the lipophilic compounds (Brenneman et al. 1990, Furmidge
 

1962, Hartiley & Graham-Bryce 1980, Lumkes et al. 1986, Mumford 1986, Nalewaja
 

1986). Both of the effects are beneficial, as they reduced insecticide loss
 

through rebound or runoff of the droplets.
 

On the other hand, a reduced spray retention in the presence of the surface
 

active bb-5 can account for the reduced initial deposit observed id this case
 

(Hartley & Graham-Bryce 1980).
 

There are very few reports - and most of them concern herbicides (McCall
 

1988, McCall et al. 1986a,b) - which compare foliar residue decay for different
 

oil types and spray conditions (Cole et al. 1986, Hesler & Plapp 1986).
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Increased residue longevity in the presence of oil was explained by
 

promotion of leaf penetration or by direct protection from weathering
 

processes.
 

Our results indicate differential activity of oils depending on their type.
 

The vegetable and the mineral oils revealed a marked tendency to increase
 

residue duration under the very different experimental conditions. On the other
 

hand, the effect of the synthetic oils was dependent on the insecticide type and
 

the spray conditions, and they can either increase t decrease the residue
 

persistence. One possible mechanism for the differential oil activity appears to
 

be related to the oils' differential effects on residue leaf
 

compartmentalization (see Chapter 2).
 

The influence of bb-5 on longevity of the insecticides in the sprayer tank
 

and on foliage can be attributed to bb-5's properties as an acidifier. The
 

organophosphorthioate insecticide chlorpyrifos undergoes an alkaline hydrolysis,
 

whose the rate of which increases rapidly with the pH (Macalady & Wolfe 1983).
 

hddition of bb-5 reduced the pH of the emulsion and ensured the insecticides'
 

stability.
 

Fenpropathrin disappearance is enhanced by a combination of light and
 

of alkaline pH values (Takahashi et al. 1985). This combination prevailed on the
 

alkaline leaf surface of Acala cotton, but not on the neutral surface of Pima
 

cotton or in the dark sprayer tank. The alkalinity of Acala's leaf surface
 

originates from multicellular epidermal glands, exuding magnesium and potassium
 

cations (Ellman & Entwistle 1982, Navon et al. 1988), and therefore was
 

partially washed off by runoff sprays. A further decrease in the p1land
 

consequently in fenpropathrin hydrolysis can be obtained by the neutralizing
 

effects of the bb-5 acidifier. The remains of bb-5 on leaves can also neutralize
 

newly exuding salt crystals.
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Chlorpyrifos persistence was not significantly affected either by the
 

cotton variety or the presence of bb-5. This suggests that other decay routes,
 

such as evaporation, play a more important role than hydrolysis in the
 

dissipation of foliar residues of chlorpyrifos.
 

4. Painfastness:
 

The results indicated that a substantial proportion of the foliar residue
 

can be removed by rain, and confirmed the importance of rain as a weathering
 

factor (Taylor & Matthews 1986). Rain losses occur both by dissolution and by
 

mechanical detachment of the foliar residue (Marrs & Seaman 1978). Therefore,
 

resistance to rainwash may be dependent on rainfall intensity (Willis et al.
 

1982). However, at high rain volume the total rain losses are independent of
 

rain intensity (Taylor & Matthews 1986, Willis et al. 1982). This parallels
 

current findings that foliar residues of some insecticides can be characterized
 

by distinct washable and non-washable components. The distribution of the
 

residue between these components varies with the active ingredients, and can be
 

attributed to differences in the physicochemical properties of the insecticides
 

(McDowell et al. 1985). For example, the relatively high rain resistance of
 

fluvalinate may be attributed to its very low solubility (0.005 mg/l; Worthing
 

1987) as compared with that of chlorpyrifos (2 mg/l; Worthing 1987) and of
 

fenpropathrin (0.33 mg/l; Worthing 1987).
 

The rainfastness of chlorpyrifos was not affected by the presence of
 

surface active agents as indicated by the similar behavior of its emulsion and
 

solution in methanol. This parallels previous observations that the addition of
 

wetting agents to parathion formulation does not affect the insecticide's
 

rainfastness (Pick et al. 1984). An oil adjuvant affected rainfastness
 

differentially, depending on the insecticide and on the oil type. For example,
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the vegetable oil examined here, cottonseed oil, did not affect the rainfastness
 

of chlorpyrifos emulsion and reduced that of fenpropathrin. Yet, another type of
 

vegetable oil, codacide oil, has been reported to bring; about e.significant
 

improvement in rainfastness of bendiocarb on Brussels sprouts plants (Taylor &
 

Matthews 1986). Likewise, the current results show theft mineral oils increased
 

rainfastness of chlorpyrifos but either increased or reduced that of
 

fenpropathrin. The effect of the synthetic oils seems to be more consistent.
 

Both oils increased dramatically the rainfastness of chlorpyrifos and
 

fenpropathrin foliar residues.
 

The increased rainfastness in the presence of oil has been explained
 

previously by enhanced leaf penetration or as due to direct protection of the
 

surface residue (Pick et al. 1984). Our results indicated that leaf penetration
 

plays the major role in the resistance of the residue to rainwashing (Table
 

43.).
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Table 1. Foliar residues of chlorpyrifos EC at various intervals after its high-volume (HV)
 

and low-volume (LV) application to leaves of cotton and tomato at various concentrations
 

Mode Time Residues (pg/cm 2 + SEM) of chlorpyrifos applied 

Substrate of after at the indicated tank concentrations 

leaf appli- treat . ................................................................ 

cation ment 0.02% 0.1% 0.5% 2.5% 

Tomato HV 00 1.03 ± 0.03 3.03 ± 0.05 10.3 ± 0.29 

5h 0.72 ± 0.03 2.94 ± 0.18 10.3 ± 0.51 

Id 0.52 ± 0.16 2.06 ± 0.19 8.76 ± 0.33 

2d 0.37 ± 0.04 1.21 ± 0.12 6.80 ± 0.31 

7d 0.15 ± 0.07 0.67 ± 0.21 1.44 ± 0.29 

0.93 ± 0.04 3.51 ± 0.09 15.8 ± 0.2
Tomato LV 	 0 


5h 0.70 ± 0.06 3.58 ± 0.42 16.0 ± 0.3 

Id 0.25 ± 0.03 3.26 ± 0 24 15.4 ± 0.5 

2d 0.16 ± 0.03 1.09 ± 0.11 13.19 ± 0.6 

7d 0.07 ± 0.02 0.35 ± 0.17 6.41 ± 0.32 

Cotton HV 	 00 0.64 ± 0.04 1.58 ± 0.05 4.63 ± 0.11 

4h 0.33 ± 0.08 0.98 ± 0.08 4.12 ± 0.18 

ld 0.14 ± 0.04 0.58 ± 0.03 2.08 ± 0.09 

3d 0.08 ± 0.05 0.25 ± 0.06 1.25 ± 0.37 

7d 0.03 ± 0.03 0.09 . 0.06 1.02 ± 0.39 

0a 
 0.47 ± 0.07 0.97 ± 0.03 4.33 ± 0.09
 

4h 


Cotton LV 


0.27 ± 0.02 0.74 ± 0.04 4.20 ± 0.26
 

Id 0.15 ± 0.02 0.45 ± 0.10 3.85 ± 0.30
 

3d 
 0.03 ± 0.01 0.18 ± 0.06 1.43 ± 0.22
 

7d 0.03 ± 0.02 0.16 ± 0.02 0.95 ± 0.13
 

...................------------------------------------------------------------------------

a Samples were taken immediately after the spray was dried
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Table 2. Foliar residues of azinphos-methyl EC at various intervals after its high-volume (HV)
 

and low-volume (LV) application to leaves of greenhouse tomato at various concentrations
 

2

Mode Time Residues (pg/cm ± SEM) of azinphos methyl applied at the 

of after indicated tank concentrations 

appli treat --------------- ---------------------------------------------------------------

cation ment 0.02% 0.1%d 0.1%0 0.5% 2.5% 

(days) 

HV 	 0t 0.43 ± 0.02 1.11 ± 0.035 3.2 ± 0.100 

1 0.31 ± 0.02 0.87 ± 0.035 	 2.6 ± 0.104 

3 0.25 ± 0.02 0.72 ± 0.03 	 2.14 ± 0.08 

7 0.19 ± 0.011 0.52 ± 0.03 	 1.50 ± 0.074 

10 0.155± 0.012 1.38 ± 0.092 

14 0.114± 0.01 0.39 ± 0.03 

LV 	 Ot 0.054± 0.003 0.20 ± 0.013 0.50 ± 0.02 1.02 ± 0.02 

1 0.023± 0.001 0.12 ± 0.009 0.36 ± 0.02 0.83 ± 0.03 

3 0.010± 0.006 0.10 ± 0.005 0.30 ± 0.015 0.66 ± 0.024 

7 0.005± 0.005 0.070 ± 0.005 0.225± 0.014 0.49 ± 0.022 

!0 0.056 ± 0.005 0.19 ± 0.02 0.36 ± 0.02 

14 0.002± 0.003 0.036 ± 0.002 0.120± 0.006 0.255± 0.011 

a one rotal on 

five roti .ions
 

+Sa-ples ,re taken immediately after after the spray had dried
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Table 3. Foliar residues of chlorobenzilate EC at various intervals after its high-volume (HV)
 

and low-volume (LV) application to leaves of greenhouse tomato at various concentrations
 

Mode Time Residues (pg/cm2 ± SEM) of chlorobenzilate applied at the
 

of after indicated tank concentrations
 

appli- treat ..............................................................................
 

cation -ment 0.02% 0.1% 0.1%a 0.5%6 2.5%
 

(days)
 

..............................................................................................-


HV 00 0.62 ± 0.02 1.90 ± 0.04 5.5 ± 0.2
 

1 0.37 ± 0.01 1.56 ± 0.06 4.5 ± 0.2
 

2 0.23 ± 0.01 1.33 ± 0.065 4.2 ± 0.2
 

3 0.143 ± 0.004 1.14 ± 0.06 3.9 ± 0.1
 

7 0.025 ± 0.003 0.59 ± 0.02 2.86 ± 0.06
 

14 0.108 ± 0.006 0.55 ± 0.05
 

LV 0 0.62 ± 0.014 0.58 ± 0.02 1.50 ± 0.04
 

1 0.347 ± 0.006 0.33 ± 0.01 1.11 ± 0.015
 

2 0.056 ± 0.006 0.087 ± 0.002 0.585 ± 0.01
 

0.012 ± 0.005 0.33 ± 0.02
3 0.012 ± 0.005 


7 0.045 ± 0.013
 

a five rotations
 

0 Samples were taken immediately after spray-drying
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Table 4. Foliar residues of endosulfan EC at various intervals after high-volume (HV) and
 

low-volume (LV) applications to leaves of greenhouse tomato at various concentrations
 

Yade 	 Time Residues (pg/cm2 ± SEJ) of endosulfan applied at the
 

of after indicated tank concentration
 

appli treat-.. ....----------------------------------------------------------------------

cation ment 0.035% 0.175% 0.875%a 4.4% 0.875%8
 

...............................................................................................-


HV 	 Ot 3.2 ± 0.1 10.0 ± 0.2 35.0 ± 0.8 

4h 2.5 ± 0.06 8.4 ± 0.2 33.9 ± 0.6 

ld 2.1 ± 0.06 7.0 ± 0.2 29.7 ± 0.9 

2d 1.60 ± 0.04 5.5 ± 0.2 24.5 ± 0.99 

3d 1.31 ± 0.05 4.3 ± 0.15 19,9 ± 0.3 

5d 0.96 ± 0.05 3.20 ± 0.07 14 ± 1 

7d 0.61 ± 0.04 1.82 ± 0.13 9.1 ± 0.9 

LV 	 0% 2.8 + 0.1 5.1 ± 0.1 10.3 ± 0.4 

4h 1.8 ± 0.09 4.1 ± 0.1 8.6 ± 0.4 

Id 1.4 ± 0 06 3.00 ± 0.08 8.2 ± 0.4 

2d I.OG ± 0.03 2.25 ± 0.07 7.5 ± 0.4 

3d 0.84 ± 0.06 1.65 ± 0.05 6.8 ± 0.15 

5d 0.56 ± 0.03 1.15 ± 0.04 4.4 ± 0.3 

7d 	 0.43 ± 0.04 0.8. ± 0.04 2.1 ± 0.14 

...............................................................................................
 

a one rotation
 

five rotations
 

Samples were taken immediately after after the spray had dried
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Table 5. Foliar residues of fenpropathrin EC at various intervals after its
 

high-volume (HV) and low-volume (LV) applications to leaves of
 

greenhouse tomato at various concentrations
 

Mode 	 Time Residues (ng/cu2 ± SEM) of fenpropathrin applied at the
 

of after indicated tank concentration 

appli treat----------------------------------------------------------

cation ment 0.002% 0.01% 0.05% 0.25% 

(days)
 

HV 	 00 120 ± 1.6 368 ± 6.65
 

1 116 ± 2.1 360 ±11.39
 

3 	 92.4 ± 2.9 364 ± 6.52 

5 	 72.0 ± 4.5 331 ± 4.41
 

7 61.7 ± 3.6 364 ±13.09
 

14 24.7 ± 0.3 294 ±15.82
 

21 	 14.6 ± 0.3 231 ± 6.21 

LV 	 00 4.8 ± 0.2 15.0 ± 0.35 62.0 ± 1.9 250 ± 8 

1 	 3.1 ± 0.2 10.7 ± 0.49 55.2 ± 3.0 215 ± 4 

3 	 2.3 ± 0.3 6.9 ± 0.42 47.5 ± 5.3 216 ± 3
 

5 	 1.3 ± 0.2 4.5 ± 0.21 45.9 ± 7.2 205 ± 3
 

7 	 1.0 ± 0.2 3.8 ± 0.79 44.3 ± 6.9 183 ± 5
 

14 0.8 ± 0.4 2.2 ± 0.82 23.3 ± 5.2 96 ± 3 

21 0.5 ± 0.2 1.1 ± 1.01 5.0 ± 2.2 50 ± 12 

pr-----------------------------------------------------------

0Samples 	were taken immediately after after the spray had dried
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Table 6. Foliar residues of buprofezin WP at various
 

intervals after its dip application to cotton leaves at
 

two different concentrations
 

Time Residuesa (pg/cu 2 ± SEM) of buprofezin apvlied
 

after at the indicated concentration
 

treat

ment 0.306% 0.025%
 

(days)
 

0 0.48 ±0.02 0.94 ±0.04
 

1 0.36 ±U.01 1.20 ±0.04
 

2 0.20 ±0.01 1.64 ±0.02
 

4 0.149 ±0.007 1.11 ±0.06
 

9 0.096 ±0.020 1.03 ±0.03
 

14 0.059 ±0.005 0.69 -0.06
 

19 0.018 ±0.002
 

20 0.29 ±0.02
 

25 0.35 ±0.02
 

28 0.019 ±0.003 0.23 ±0.02
 

37 0.16 ±0.01
 

45 0.15 ±0.01
 

Samples were taken immediately after after the spray had dried
 0 
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Table 7. Effect of concentration and mode of application on persistence of foliar
 

-applied chlorpyrifos EC
 

% Dose of chlorpyrifos after the indicated
 

Substrate Tank Mode of post-spray interval
 

leaf concn. appli- -------------------------------------------

(W) cation 4h 5h ld 2d 3d 7d
 

Tomato 0.02 [IV 70a 50a 35a 14a
 

0.1 HY 97b 68b 40a 22a
 

01 LV 75a 27d 17c 8b
 

0.5 HV lOOb 85c 66b 14a
 

0.5 LV 102b 93c 31a 10a
 

2.5 LV lOOb 96c 82d 40c
 

Cotton 0.02 HV 52a 22ac 13ac 5a
 

0.1 HV 62a 37bc l6ac 6a
 

0.1 LV 57a 31c 7a 4a
 

0.5 HV 89b 45b 27bd 22b
 

0.5 LV 76c 47b 19bc 17b
 

2.5 LV 97b 89d 33d 22b
 

Within columns, for each crop, figures followed by a common letter do not
 

differ significantly (P=0.05; Duncan's Multiple Range Test).
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Table 8. Effect of concentration and mode of application on
 

persistence of foliar-applied azinphos-methyl EC
 

% Dose of azinphos methyl EC after the
 

Tank Mode of indicated post-spray interval
 

concn. appli

(M) cation Id 3d 7d lOd 14d
 

0.02 	 HV 72ac 58ad 44a 36abc 27a
 

0.1 	 HV 78a 65a 47a 35b
 

0.1 	 LV 42b 18b lob 4c
 

0.1 	 HV 81a 67a 47a 43b
 

LVa
0.1 	 59c 50d 35c 28c 18a
 

0.5 	 LVO 72ac 60a 45a 38ab 24a
 

2.5 	 LV 82a 65a 48a 35ac 25a
 

Within columns, percentages followed by a common letter do not 

differ significantly (P=0.05; Duncan's Multiple Range Test). 

A One rotation 

Five rotations
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Table 9. Effect of concentration and mode of application on
 

persisf-c'e of foliar-applied chlorobenzilate EC
 

% dose of chlorobenzilate EC after the
 

Tank Mode of iudicatcd poat-npray intcrval
 

concn. appli

(W) cation Id 2d 2d 7d 14d
 

0.02 HV 60a 37a 23a 4a
 

0.1 HV 82b 70b 6Gb 31b 6a
 

0.1 LVa 56a 9c 2c
 

0.5 HV 82b 76b 71b 52c lOa
 

0.5 LV 58a 15d 2c
 

2.5 LV 74b 39a 22a 3a
 

Within columns, percentages followed by a common letter do not
 

differ significantly (P=0.05; Duncan's Multiple Range Test).
 

a Five rotations
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Table 10. Effect of concentration and mode of application on
 

persistence of foliar-applied endosulfan EC
 

% dose of endosulfan EC after the indicated
 

Tank Mode of post-spray interval
 

concen. appli

(M) cation 4h Id 2d 3d 5d 7d
 

0.04 HV 79a 66a 50ad 41a 30a 19a
 

0.18 HV 84a 70a 55ab 43a 32ab 8a
 

0.88 HV 97b 85b 70b 57b 40be 26b
 

0.88 LV 66c 50c 38c 30c 20c 15a
 

0.88 LV(x5) 84a 80ab 73b 66d 43a 20a
 

4.4 LV 82a 60c 45d 33c 23c 18a
 

Within columns, percentages followed by a common letter do not
 

differ significantly (P=0.05; Duncan's Multiple Range Test).
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Table 11. Effect of concentration and mode of application on
 

persistence of foliar-applied fenpropathrin EC
 

% Dose of fenpropathrin EC after the
 

Tank Mode of indicated post-spray interval
 

concn. appli

(M) cation Id 3d 5d 7d 14d 21d
 

0.002 HV 97a 77a 60a 51a 21a 12a
 

0.002 LV 65b 48b 28b 21b 17a lla
 

0.01 HV 98a 99c 90c 80c 63b 22a
 

0.01 LV 71b 46b 30b 25b 14a 8a 

0.05 LV 89ac 77a 74acd 71c 38a 8a 

0.25 LV 86c 87d 82d 73c 39a 20a
 

Within columns, percentages followed by a common letter do not
 

differ significantly (P=0.05; Duncan's Multiple Range Test).
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Table 12. Effect of concentration and mode of application on persistence of foliar
 

-applied buprofezin WP
 

Tank % Dose of buprofezin EC after the indicated post-spray interval (days)
 

concn. --------------------


() 1 2 4 9 14 19 20 25 28 37 45
 

0.00625 75a 42a 31a 20a 12a 4a 4a
 

0.025 73a lOOb 68b 63b 42b 18 21 14b 10 9
 

Within columns, percentages followed by a common letter do not
 

differ significantly (P=0.05; Duncan's Multiple Range Test).
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Table 13. Effect of substrate on the relative initial
 

decay of deposit of 10%- and 1%-pesticide solutions'
 

Relative initial decay rate of
 

10% and 1- pesticide solutions
 

Pesticide on the indicated substrate
 

Cotton leaf Teflon disc
 

Methyl parathion 4.8
 

Parathion 4.7 12
 

Chlorpyrifos 3.7 7.5
 

Methidathion 2.7 47
 

a-Endosulfan 2.2 10
 

Lindane 1.1 7
 

Atrazine 8
 

Xylene solution applied as 0.02-pi drops.
 

Drop density was I and 10 drops/cm2 for
 

101 and 1% concentrations respectively.
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Table 14. Residues of chlorpyrifos EC on potted cotton leaves after treatment with separate
 

drops and with dips of dilute emulsion applied at various tank concentrations
 

2

Mode Post- Residues (pg/cm ± SEM) of chlorpyrifos applied
 

of treatment at the indicated tank concentration
 

appli- interval ----------------------------------------------------------------------

cation (h) 0.1% 0.5% 1.5% 2.5% 5.0%
 

.............................................................................................
 

Drops 0.5 0.23 ± 0.02 0.96 ± 0.06 1.93 ± 0.11 4.73 ± 0.13 8.51 ± 0.93
 

3 0.15 ± 0.01 0.97 ± 0.04
 

6 0.12 ± 0.01 0.78 ± 0.02 1.70 ± 0.06 4.48 ± 0.06 8.33 ± 0.81
 

24 0.037± 0.01 0.51 ± 0.02 1.18 ± 0.03 3.73 ± 0.07 8.08 ± 0.30
 

48 0.30 ± 0.03 0.81 ± 0.03 3.29 ± 0.03 7.48 ± 0.84
 

72 0.60 ± 0.06 2.80 ± 0.06 6.55 ± 0.40
 

Dip 0.5 1.55 ± 0.04 1.91 ± 0.08 6.02 ± 0.37 31.8 ± 1.1
 

3 1.15 ± 0.07 1.60 ± 0.11
 

6 0.76 ± 0.01 1.34 ± 0.04 4.81 ± 0.18
 

24 0.032± 0.01 0.85 ± 0.02 3.56 ± 0.10 24.4 ± 1.3
 

48 2.27 ± 0.08 17.0 ± 0.6
 

72 12.6 ± 0.3
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Table 15. Decay of chlorpyrifos on potted cotton
 

leaves as a function of mode of application,
 

applied concentration and initial deposit
 

Mode
 

of Appl. Half
 

appli- concn. Intercept Corr. lift
 

cation (% AI) (pg/cmz ) coef. (h)
 

Drops 0.1 0.20 0.988 9.6
 

0.5 0.97 0.994 27.8
 

1.0 1.85 0.996 42.6
 

2.5 4.63 0.990 96.9
 

5.0 8.77 0.972 200
 

Dip 0.1 1.56 0.997 10.6
 

0.2 1.92 0.997 20.8
 

0.5 6.06 0. 98 33.5
 

2.5 32.3 0.998 53.1
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Table 16. Deposit areas and spread factors of 0.02-pl droplets of
 

deionized water and xylene on cotton and Teflon
 

Relative
 

Solvent Substrate Deposit area Spread factor deposit
 

(mmz ± 95% LC) (± 95% LC) area
 

Water Cottong 0.43 ± 0.05 3.77 ± 0.44 6.14
 

Water Teflon 0.07 ± 0.02 0.61 ± 0.22 1
 

Xylene Cottona 0.59 ± 0.06 5.1 ± 0.5 2.1
 

Xylene Teflon 0.28 ± 0.08 2.45 ± 0.68 1
 

a Application to leaf underside.
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Table 17. Mortality of adult TWF and third instars of 9podoptera littoralis exposed
 
to 2 pg/cm chlorpyrifos applied to cotton leaves at various concentrations after
 
different weathering intervals
 

% MortalityO after indicated
 
Days Applied duration of exposure
 
post- concn. Residues
 

Target appl. (% a.i.) (pg/cm2 ± SEM) 4 h 6 h 24 h
 

TWF 0 1 2.3 ± 0.1 32a lOOa
 
2 2.2 ± 0.1 49a 100a
 

10 2.0 ± 0.01 22a lO0a
 
1 1 0.07 ± 0.01 Oa 63a
 

2 0.14 ± 0.06 Oa 51a
 
10 1.63 ± 0.01 Oa 99b
 

3 1 0.02 ± 0.02 Oa
 
2 0.06 ± 0.01 Oa
 

10 0.63 ± 0.003 97b
 
8 1 0.014± 0.003 Oa
 

2 0.009± 0.004 Oa
 
10 0.023± 0.004 Oa
 

S. litt. 0 1 1.94 ± 0.04 97b lOa
 
2 1.91 ± 0.07 40a lO0a
 

20 1.70 ± 0.09 31a 100a
 
1 1 0.21 ± 0.06 7b 55b
 

2 0.79 ± 0.08 40a 100a
 
20 0.93 ± 0.03 31a 100a
 

3 1 0.06 ± 0.03 5a 15b
 
2 0.18 ± 0.01 Oa 52a
 

20 0.33 ± 0.04 17a 61a
 
7 1 0.02 ± 0.0' Oa Oa
 

2 0.02 ± 0.02 Oa Oa
 
20 0.07 ± 0.01 Oa Oa
 

....................................................................................
 

a Within columns, and on the same day after application values followed by a common
 

letter do not differ significantly (P=0.05; Duncan's Multiple Range
 
Test).
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Table 18. Fenpropathrin residue on greenhouse tomato
 

after repeated spraying
 

Spray Days
 

frequency after Spray Total residue
 

(no./%eek) 1st spray no. (pg/cm2 ± SEM)
 

1 0 1 1.53 ± 0.06
 

2 1 1.52 ± 0.09
 

4 1 0.81 ± 0.05
 

7 1 0.43 ± 0.06
 

9 2 1.97 ± 0.06 

14 2 0.51 ± 0.03 

16 3 0.98 ± 0.10 

21 3 0.61 ± 0.10 

23 4 1.98 ± 0.08 

28 4 0.85 ± 0.03 

0 1 1.90 ± 0.07
 

2 1 1.30 ± 0.08
 

4 2 1.70 ± 0.08
 

7 3 2.18 + 0.08 

14 6 2.17 ± 0.18 

21 9 2.45 ± 0.10 

28 12 2.10 _ 0.12 

6 0 1 1.85 - 0.07 

2 1 1.33 + 0.07 

4 3 3.08 ± 0.19
 

7 5 4.02 ± 0.17
 

14 10 4.47 ± 0.26
 

21 16 5.10 ± 0.33
 

28 22 4.50 ± 0.41
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Table 19. Average residue level of fenpropathrin
 

on greenhouse tomato after repeated spraying
 

Spray Sampling 

freq. (days Coefficient 

(no./ after Average residue of variation 

week) spray) (pg/cm2 ± SEM) (M) 

1 0 0.60 ± 0.09 15.2
 

1 7 1.62 ± 0.24 14.6
 

3 3 1.98 ± 0.71 8.5
 

6 1 3.75 ± 0.65 14.8
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Table 20. Physical properties of oil additives
 

Oil type Density Surface tension Viscosity Relative
 

(g/cm3 ) (dynelcm) (cP) evaporation
 

rate
 

.................------------------------------------------------------

31 13 100
Mineral (SSP) 0.8 


Mineral (NR) 32 25 45
 

Vegetable (CO) 0.8 33 75 > 9
 

Synthetic (SIC) 019 20 200
 

Synthetic (SIV) 0.98 19 5
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Table 21. Foliar residues of chlorpyrifos EC formulation applied as a runoff spray to
 

cotton foliage in the presence and absence of oil additivesa
 

Tiwc
 

after Residues (pg/cm2 ± SEM) of chlorpyrifos EC applied as the indicated formulation
 

treat . .................................................................................
 

ment EC 
 SSP CO SIV SIC MeOH 

(days) sOl'O 

0 1.12 ±0.025 3.03±0.122 3.83+0.05 2.73±0.086 2.73±0.134 0.77 +0.010
 

1 0.43 ±0.014 2.50±0.145 3.50±0.08 1.87±0.042 2.00±0.080 0.23 ±0.006
 

2 0.37 ±0.020 1.73±0.023 3.41±0.09 1.34±0.042 1.45±0.013 0.15 ±0.005
 

3 3.13 ±0.006 1.20±0.059 3.33±0.18 1.30±0.035 1.07±0.029 0.13 ±0.002
 

7 0.083±0.003 1.09±0.020 1.27±0.05 1.01±0.014 0.77±0.024 0.10 ±0.004
 

10 0.073±0.004 0.91±0.028 0.88±0.03 0.82±0.029 
 0.57±0.031 0.054±0.003
 

14 0.097±0.004 0.90±0.036 0.70±0.03 0.63±0.011 
 0.55±0.005 0.033±0.002
 

a 	 Modified commercial emulsion (0.1% a.x.) containing an oil additive (2%). 

0.1% technical chlorpyrifos in methanol. 

http:0.70�0.03
http:0.88�0.03
http:1.27�0.05
http:3.33�0.18
http:3.41�0.09
http:3.50�0.08
http:3.83+0.05
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Table 22. Effect of oil modifiers on persistence of chlorpyrifos EC
 

on cotton foliagea
 

% Dose of chlorpyrifos EC applied after the
 

indicated post-spray intervals
 

Formu- -----------------------------------------------


lationO Id 2d 3d 7d lOd 14d
 

....................................................................
 

EC 39a 33a 12a 7a 7a 9a
 

SSP 82bc 57b 40b 36b 30b 30b
 

CO 91b 89c 87c 33bc 23c 18c
 

SI 68c 49d 48d 37b 30b 23c
 

SIC 73c 53d 39b 28c 21c 20c
 

MeOHt 30d 19e 17e 13c 7a 4c
 

Within columns followed by a common letter do not differ significant
 

(P < 0.05; Fisher LSD).
 

a Sprayed to runoff
 

Modified commercial emulsion (0.1 a.i.) containing an oil
 

additive (2%).
 

0.1% technical chlorpyrifos in methanol.
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Table 23. Foliar residues of fenpropathrin applied (in 0.2-pl droplets) to tomato foliage
 

a 
as EC and in oil solutionsu
 

Time
 

after Residues (pg/cm2 ± SEM) of fenpropathrin applied as the indicated formulation
 

trea t . ......... .......... .............. .......... ...... ................. .......... ....
 

ment EC SSP CO SIV SIC
 

(days)
 

0...7....02...0..65.....01...0..75....01...0..46.....02...0..48.....03.... 

0 0.77 ± 0.02 0.65 ± 0.01 0.75 ± 0.01 0.46 ± 0.02 0.48 ± 0.03
 

1 0.66 ± 0.01 0.615 ± 0.022 0.74 ± 0.02 0.285 ± 0.014 0.36 ± 0.02
 

3 0.65 ± 0.02 0.615 ± 0.022 0.73 ± 0.01 0.21 ± 0.01 0.25 ± 0.01
 

5 0.56 ± 0.02 0.58 ± 0.02 0.68 ± 0.02 0.16 ± 0.02 0.176 ± 0.006
 

7 0.485 ± 0.017 0.55 ± 0.010 0.70 ± 0.021 0.11 ± 0.01 0.129 ± 0.006
 

12 0.36 ± 0.01 0.388 ± 0.007 0.67 ± 0.015 0.051 ± 0.005 0.048 ± 0.003
 

a commercial emulsion (0.03% AI)
 

0.03% technical fenpropathrin in oil solution.
 

http:0...7....02...0..65.....01...0..75....01...0..46.....02...0..48.....03
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Table 24. Effect of oil type on persistence fenpropathrin EC on
 

tomato foliagea
 

% Dose of fenpropathrin EC applied after the
 

indicated post-spray intervals
 

Formu- -------------------------------------------------

lationO 1 2 3 7 14
 

TEC 86a 84a 73a 63a 47a 

SSP 95ac 95c 90c 85c 60c 

CO 99c 97c 91c 93d 90d 

SIV 62b 45b 35b 25b llb 

SIC 75ab 52b 37b 27b lOb 

Within columns followed by a common letter do not differ significant
 

(P < 0.05; Fisher LSD).
 

Applied as 0.2-pl droplets.
 

0.03% technical fenpropathrin in nil solution.
 

Commercial emulsion (0.03% a.i.)
 



--------------------------------------------------

- 51 -

Table 25. Initial decay of commercial aqueous emulsion and
 

oil solutions of chlorpyrifos and of fenpropathrin on tomato
 

foliagea
 

Insect- Treat- -slope Corr. Half- Rel.
 

icide ment (xlO00) coef. life half

(r) life
 

Chlor- ECO 12.3 0.956 24.6h I
 

pyrifos SSPI 1.00 0.962 299 h 1.4
 

NRI 3.02 0.984 99 h >4.1
 

COt 
 >470 h >4.1
 

Fenpro- ECb 3.35 0.983 9.Od 1
 

pathrin SSPI 2.31 0.946 13 d 1.4
 

NRO >37 d >4.1
 

Cog >37 d >4.1
 

Correlation between log (residue) and time post-application 

a Applied as 0.2-Vt droplets. 

Commercial emulsion (0.1% a.i.) 

0.1% technical chlorpyrifos in oil solution. 

b Commercial emulsion (0.03% a.i.) 

6 0.03% technical fenpropathrin in oil solution. 
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Table 26. Eftect of acidifier addition to fenprcpathrin EC on its foliar persistence
 

and on t,e surface pH of two cotton varieties
 

Residues of a.i. applied in the
 

Days presence and absence of acidifier p H
 

Vari-
 after
 

ety spray ng/cm2 ± SEM % of init'al dose Non- Fen Fen+A
 

treated
 

Fen" Fen+AO Fen Fen+A
 

Acala 	 0t 240 ± 5a 150 ± 3b 100 100 9.4a 7.80 6.91 

1 130 ± 5 Ill ± 5 54a 74b 9.2a 8.03 6.4r 

2 94 ± 2 75 ± 2 39a 50b 9.0a 7.83 7.80 

3 74 ± 6 45 ± 3 31a 30a 9.Oa 7.90 8.13 

7 29 ± 5 18 ± 4 12a 12a 9.Oa 7.5a 8.0a 

14 14 ± 5 9 ± 4 8a 7a 8.6a 8.2a 7.3a
 

Pima 	 0' 240 ±20 202 ±13 100 100 6.6a 6.2a 6.0Oa
 

1 202 ±10 151 ±13 83a 75a 7.2a 6.2a 6.3a
 

3 103 ±12 60 ± 4 43a 29b 6.Oa 6.4a 6.2a
 

7 38 ± 2 16 ± 2 16a 8b 6.Oa 6.2a 6.2a
 

15 4 ± 7 7 ± 4 >2a 3a 6.4a 6.5a 6.5a 

Within rows, values followed by the same letter do not differ significantly
 
(P < 0.05; Fisher LSD).
 
C 	 FEN= commercial emulsion of fenpropathrin (0.03% a.i.) 

FEN+A= commercial emulsion of fenpropathrin (0.03% a.i.) + bb-5 (0.2%) 
Samples were taken immediately after the spray had dried 
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Table 27. Effect of acidifier addition to chlorpyrifos EC on its foliar persistence
 

and on the surface pH of two cotton varieties.
 

Residues of a.i. applied in the
 

Days presence and absence of acidifier p H
 

Vari- after ........................................ 
 .......................
 

ety spray ng/cm2 ± SEM 	 % of initial dose Non- CHL CHL+A
 

-treated
 

CHL CHL+A CHL CHL+A
 

....................-----------------------------------------------------------------

100 9.5a 7.30 7.403
Acala 0 470 ±35a 355 ±25b 100 


0.17 131 ± 8 105 ± 8 28a 30b 9.5a 7.33 7.43
 

1 79 ± 7 91 ± 3 17a 26b 9.2a 7.30 7.8D
 

2 59 ± 5 59 ± 6 13a 17a 9.Oa 7.90 8.30
 

3 40 ± 8 21 ± 2 Ba 6a 9.Oa 8.3a 8.1a
 

7 24 ± 6 14 ± 7 4a 4a 9.Oa 8.8a 8.8a
 

Pima 0 302 ±25a 248 ±22b 100 100 6.6a 6.5a 6.6a
 

42a 50a 9.6a 6.5a 6.6a
0.17 126 ±15 125 ±25 


19a 22a 7.2a 6.Ou 	 6.4a
1 57 ± 8 55 ± 7 


2 39 ± 5 25 ± 4 13a 1Ob 6.5a 6.3a 6.5a
 

3 21 ± 3 20 ± 2 7a 8b 6.Oa 6.2a 6.Oa
 

7 12 ± 6 12 ± 5 4a 3a 6.4a 6.5a 6.4a
 

Within rows, values followed by the same letter do not differ significantly
 
(P < 0.05; Fisher LSD).
 
U CHL= commercial emulsion oi Llilorpyrifos (0.1% a.i.) 

CHL+A= commercial emulsion ;tfJhlorpyrifos (0.1% a.i.) + bb-5 (0.2%)
 
Samples were taken immediately after the spray had dried
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Table 28. Effect of acidifier additive on tank stability of
 

aqueous emulsions of chlorpyrifos and fenpropathrin
 

Aging Active ingredient concn.
 

Chemical 
 bb-5 interval
 

concn. (h) ng/cM2 ± SEM rel.
 

ECa
Chlorpyrifos 0 0 842 ± 31.3a 1.00
 

0 6 725 ± 36.3b 0.86
 

Chlorpyrifos EC 0.2% 0 706 ± 26.1a 1.00
 

0.2% 6 709 ± 13.2a 1.00
 

Fenpropathrin ECO 0 0 98.9 ± 31.3a 1.00
 

0 6 100.2 ± 36.3a 1.01
 

Fenpropathrin EC 0.2% 0 99.2 ± 26.1a 1.00
 

0.2% 6 99.2 ± 13.2a 1.00
 

For the same formulations, a.i. concentrations followed by the same
 

letter do not differ significantly (P<0.05; Fisher LSD)
 

Commercial emulsion of chlorpyrifos (0.1% AI)
 

Commercial emulsion of fenpropathrin (0.03% AI)
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Table 29. Foliar residues of several commercial insecticide
 

formulations remaining after various rainwashing intervals
 

Rain-


Chemical 	 washing Non-washable Non-washable
 

period residue
 

(min) (pg/cm2 ± SEM) (M)
 

Fluvalinatea 0 0.98 ± 0.05 100
 

0.5 1.03 ± 0.07 105
 

1 0.92 ± 0.10 94
 

3 0.83 ± 0.12 85
 

10 0.66 ± 0.13 67
 

30 O.5q ± 0.09 59
 

FenpropathrinO 0 0.220 ± 0.12 100
 

1 0.042 ± 0.09 19
 

3 0.040 ± 0.11 	 18
 

10 0.037 ± 0.03 	 17
 

30 0.031 ± 0.1 	 14
 

Chlorpyrifos' 0 1.030 ± 0.03 100
 

1 0.093 ± 0.05 	 9
 

3 0.062 ± 0.01 	 6
 

10 0.093 ± 0.01 	 9
 

30 0.052 ± 0.03 5
 

oei fu i E O0 a )sa o o ct------------------------------------------------


Commercial fluvalinate EC (0.03% a.i.) sprayed to runoff on cotton
 

' Commercial fenpropathrin EC (0.03%a.i.) sprayed to runoff on cotton
 

Commercial chiorpyrifos EC (0.1% a.i.) sprayed to runoff on tomato
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Table 30. Rainfastness of buprofezin and fenpropathrin applied at
 

two concentrations to plant foliage
 

Applied 	 . Deposit 

Chemical concen- Initial left after
 

tration residue 200-ml
 

(% a.i.) (Pg/cm2 ± SEM) rainfall
 

Buprofezina 0.25 1.35 ± 0.07 38
 

0.063 0.50 ± 0.07 28
 

Fenpropathrinu 0.05 0.59 ± 0.03 15
 

0.01 0.15 ± 0.05 28
 

....................................................................
 

" 	 Commercial wettable powder of buprofezin applied by dipping of 

cotton leaves 

" 	Commercial emulsion of fenpropathrin sprayed to runoff spray on
 

tomato
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Table 31. Effect of oil modifiers on rainfnstness of
 

chlorpyrifos ECO on cotton foliage0
 

% Deposit left after 

the indicated exposure 

Formul Initial to simulated rain 

-ation residue 

(pg/cm2 ± SEM) 1 min 5 min 

ECT 
 1.10 ± 0.066 9 a 7 u
 

SSP 2.30 ± 0.207 15 b 17 b
 

CO 2.01 ± 0.221 7 a 6 a
 

SIV 1.80 ± 0.090 52 c 45 c
 

SIC 1.70 ± 0.119 37 a 41 c
 

MeOH8 0.90 ± 0.063 11 ab 10 a
 

Within columns, percentages followed by a common letter do
 

not differ significantly (P < 0.05; Fisher LSD).
 

a Sprayed to runoff
 

Modified commercial emulsion (0.1 a.i.) containing an oil
 

additive (2%).
 

Commercial emulsion of chlorpyrifos (0.1% a.i.)
 

6 0.1% technical chlorpyrifos in methanol
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Table 32. Effect of oil type on rainfastness of
 

fenpropathrin on tomato foliagea
 

% Deposit left after 

the indicated exposure 

Formu- Initial to simulated rain 

lationO residue 

(Pg/cm2 ± SEM) 1 min 7 min 

ECZ 0.32 ± 0.035 23 a 25 a 

SSP 0.90 ± 0.810 5 b 5 b 

CO 1.32 ± 0.132 6 b 6 b 

SIV 0.90 ± 0.009 100 c 97 c 

SIC 1.20 ± 0.014 6e d 60 d 

Within columns, percentages followed by the same letter do
 

not differ significantly (P < 0.05; Fisher LSD).
 

a Applied as 0.2-pl droplets.
 

0.03% technical fenpropathrin in oil solution.
 

Commercial emulsion (0.03% a.i.)
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CHAPTER 2. INSECTICIDE LEAF COMPARTHENTALIZATION.
 

Principal Investigator: Dan Veierov (Israel)
 

RESEARCH OBJECTIVES: 

Optimization of pesticide formulations can be achieved by an increase in
 

the active-ingredient concentration available to the target (Ford & Salt 1987,
 

Maas 1979, Marrs & Seaman 1978).
 

Foliar insecticide residues may be divided into surface and penetrated
 

fractions (Craft & Foy 1962, Ebeling 1963, Gunther et al. 1977, Holloway et
 

al. 1989, Nigg et al. 1981, Southwick et al. 1983, 1986b). Surface residues are
 

mainly contact active, and their effectiveness is to a large extent a function
 

of the target mobility (Ford & Salt 1987, Salt & Ford 1984). On the other hand,
 

penetrated residues are available upon feeding and may offer a greater selective
 

action against phytophagous and less mobile insect
 

such as TWF (Avidov & Harpaz 1969). Surface and penetrated residues also exhibit
 

different susceptibilities to weathering processes. Surface residues are
 

susceptible to removal by precipitation, volatilization, (phot,')chemical and
 

microbiological degradation. Penetrated residues are probably more protected
 

from weathering, but still may undergo sensitized photochemical and enzymatic
 

degradation (Ford & Salt 1987).
 

It is therefore important not only to control the total deposit of an
 

insecticide on leaves, but also to optimize its distribution into surface and
 

penetrated residue by appropriate selection of the formulation-application
 

mode.
 

Published information regarding the effect of application mode on leaf
 

pesticide compartmentalization (Southwick et al. 1986b, Sundaram & Sundaram
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1987) refers usually to herbicides (Baker 1990, Bentson & Norris 1991, Holloway
 

& Stock 1989, McCAll 1988, McCall et alo. 1986a&b, Price & Anderson
 

1985), and is hardly concerned with specific problems of inisecticide
 

application, such as avoidance of phytotoxicity, effects of repeated sprays,
 

etc.
 

Mineral oils (Grondin 1985) and crop oils (Pigg & Board 1986) have been
 

reported to enhance leaf penetration of some pesticides, usually systemic
 

herbicides (McCall 1988, McCall et al. 19886a,b) and fungicides (Backman 1978).
 

The effect of these and other formulation modifiers on leaf penetration varied

markedly with the active ingredient and the plant species (Holloway & Stock
 

1989, Price & Anderson 1984).
 

A BASIC OBJECTIVE of this project was to study how to control leaf
 

compartmentalization by simple modification in the formulation-application.
 

A SPECIFIC OBJECTIVE was the study of the effect of several formulation
 

-application parameters such as concentration, application mode, repeated
 

spraying, and modifiers on leaf compartmentalization of insecticides on crop
 

foliage a-.cked by TWF.
 

RESULTS:
 

1. Effect of applied concentration:
 

Table 33. shows the penetrated and total residues of fenpropathrin on 

potted tomato plants sprayed to runoff at two concentration levels and at 

various times post-spray. The residue data fit different kinetics models (Fig 

7.) depending on the residue type and the applied concentration.The best-fit 

model, cuefficients of determination, rate constants, and half-life values for 
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the decay curves are summarized in Table 34. The kinetics of the surface
 

fractions was obtained by subtracting the data set of the penetrated residue
 

from that of the total residue. At a concentration of 0.01%, the total decay of
 

fenpropathrin was best described (r2=0.989) by biphasic first-order kinetics.
 

Approximately 70% of the applied 0.01% fenpropathrin weathered rapidly (Ti/2=1.4
 

d) during the first stage and can account for the surface residue (Ginther 1969,
 

Hill & Johnson 1987). The remainder of the initial residue persisted ca
 

10.7-fold longer (half-life=15 d) and appeared to be protected from weathering
 

in the leaf interiors ('penetrated residue') (Table 34.). Similar values of
 

the penetrated fraction of 0.01% fenpropathrin were obtained by the selective
 

extraction method (maximum level=24%; half-life=16.2 d).
 

Likewise, the values obtained for the surface residue from the kinetics
 

(max. level=71%; Ti/2= 1.4 d) and the selective extraction (max. level=81%;
 

Ti/2=l.6 d) were similar to each other (Table 34.). At 0.05% concentration, the
 

total decay of the fenpropathrin was apparently linear (rl=0.988) and
 

considerably slower (fivefold) than at 0.01% concentration. Howeve:, the decay
 

rate of the penetrated fraction of the 0.05% treatment (TI/2=I6.3 d) did not
 

differ significantly from that of the penetrated or the suhsurface residue of
 

the 0.01% treatment. Therefore, the concentration effect was mainly exerted on
 

the surface residue decay. Thus, the decay rate of the surface fractions was
 

5.6-times slower for the 0.05% treatment than for the 0.01% one (Table 32.). The
 

treatment
comparatively longer persistence of the surface fraction of the 0.05% 


and its relatively low level (15%) explain why a second stage was not observed
 

during the 21 d of the experiment.
 

The highest value of the penetrated residue was recorded during the first day
 

after application of both concentrations. The maximum amount of the penetrated
 

residue increased with the concentration applied, but the percent of leaf
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uptake was somewhat smaller for the high concentration (15% of the initial
 

deposit) than for the more dilute one (24% of the initial deposit).
 

Similar effects of concentration on leaf distribution were observed for another
 

type of insecticide on another plant, namely, the insect growth regulator
 

buprofezin on cotton foliage (Table 35.) However, the maximum penetrated residut
 

of this persistent insect growth regulator was only 3.5-4% of the initial
 

deposit (Table 36.).
 

2. Effect of spray frequency:
 

Repeated spraying of greenhouse tomato foliage by fenpropathrin emulsion
 

increased significantly the fraction of the insecticide accumulated in leaf wax
 

or on the under leaf surface of the leaf ('penetrated residue') (Table 37.). The
 

amount of the penetrated residue was increased with the spray frequency.
 

Thus, the average values of the penetrated residues (determined before spraying)
 

were 0.38, 1.3 and 2.5 pg/cm2 for one, three, and six sprays per week
 

respectively (Table 38.).
 

Frequent sprays (three or six times a week) resulted in a buildup of the
 

penetrated residue during the first week of the experiment, followed by a phase
 

of apparent saturation or steady residue level (Fig 7.1- The average values of
 

steady levels were 1.45 jg/cm2 with a coefficient of variance of 2.2% for three
 

sprays per week, and 3.16 pg/cm with (C.V.=5%) for six sprays per week.
 

There was, no apparent accumulation of the penetrated fraction due to
 

weekly sprays. In this case, the penetrated fraction reached its highest
 

values one day after application and subsequently decreased (Fig 7.).
 

The ratio of the penetrated to the total residue also changed with the spray
 

frequency. It fluctuated sharply (between 34% and 95% of the total) when the
 

emulsion was applied as a weekly spray, but was much more constant (55-73%)
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when applied three or six time per week (Table 37.). The changes appear to
 

reflect an alteration in the relative rates of accumulation, surface residue
 

decay and penetrated residue decay.
 

3. Effect of formulation modifiers:
 

The effects of oil nodifiers on leaf compartmentalization were tested for
 

two types of insecticides, the organochlorine chlorpyrifos (Table 39., 40. and
 

43.) and the pyrethroid fenpropathrin (Tables 41.-43.) under different
 

formulation-application conditions. The organochlorine was applied to cotton
 

foliage as a runoff spray of modified emulsions containing 2% oil (Tables 39.
 

and 40.); both insecticides were applied to tomato leaves as discrete
 

micro-droplets of oil solutions (Tables 41.-43.)
 

In the absence of oils, uptake of the commercial emulsion of chlorpyrifos
 

emulsion into tomato leaves (5-13%) was lower than that of the fenpropathrin
 

emulsion (27-28%) (Table 43). Uptake of chlorpyrifos into cotton was similar for
 

its commercial emulsion and the methanolic solution (Table 40.); both
 

formulations achieved maximum penetration (9%) one day post-spray (Table 39.).
 

Leaf penetration of both the organochlorine and the pyrethroid insecticide 

changed markedly in the presence of oils. The effect was dependent on the oil 

type and usually showed the same trend in emulsion and oil solutions. 

The synthetic oils markedly promoted leaf penetration of fenpropathrin
 

solution into tomato and of chlorpyrifos emulsion into cotton leaves (Tables 40.
 

and 42.). The strongest effects were observed for the less viscous SIV oil,
 

which resulted in complete uptake of the foliar deposit of fenpropathrin and in
 

57% of that of chlorpyrifos in less than 3 hours. The effect of the more viscous
 

SIC oil was also very significant, if less dramatic (Tables 40 and 42.).
 

Fenpropathrin uptake was 74% (2.7 times higher than that of its commercial
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emulsion) and that of chlorpyrifos was 43% (4.8 times higher than that of its
 

commercial emulsion).
 

Mineral oils have a moderate effect on leaf penetration. Like synthetic
 

oils, the less viscous mineral oil was a better penetration enhancer. In the
 

presence of the less viscous SSP, leaf uptake was similar for the two
 

insecticides. Dissolved in this oil, the insecticides' uptake into tomato leaves
 

was 47% for the chlorpyrifos (threefold increase compared with the commercial
 

formulation) and 56% for the fenpropathrin (twofold increase compared with the
 

commercial formulation) (Table 43.).
 

Uptake from the more viscous NR solution was 271' for the chlorpyrifos
 

(twofold increase compared with the commercial formulation) and 27% for the
 

fenpropathrin (2-fold decrease compared to the commercial formulation) (Table
 

43.). Thus NR acted as a promoter of leaf uptake of chlorpyrifos but as an
 

inhibitor of leaf penetration of fenpropathrin.
 

The vegetable oil (CO) which was the most viscous (Table 20) among the oils
 

tested, was responsible for the lowesL leaf penetration values of insecticides,
 

both when added to chlorpyrifos emulsion, and when serving as a solvent for
 

chlorpyrifos or fenpropathrin. In the presence of cottonseed oil, leaf uptake
 

was < 10% of the initial deposit for the two insecticides (Tables 40., 42. and
 

43.). Leaf penetration was inhibited particularly when the oil was employed aF a
 

solvent for the insecticides. Thus, leaf uptake of both insecticides from
 

cottonseed solution into tomato was < 1% (28-fold reduction for fenpropathrin
 

and 13-reduction for chlorpyrifos).
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DISCUSSIIN:
 

1. Effects of concentration:
 

Leaf compartmentalization was measured by three different methods namely,
 

from zotal decay kinetics (Gunther 1969), b7 selective extraction (Gunther et
 

al. 1974, Nigg et al. 1981, Ware et al. 1975), and from the kinetics of the
 

penetrated residue (Hill & Johnson 1987).
 

The penetrated residue was also characterized by its longevity which was but
 

little influenced by concentration, as opposed to the surface residue
 

the longevit; of which concentration-dependent (Chapter 1).
 

The amount, but not the proportion, of the penetrated residue of the tested
 

insecticides increased with the applied concentration. At least for
 

fenpropathrin, the ratio of the penetrated to initial deposit decreased with the
 

increase of the applied concentration. Reduced proportions of leaf penetration
 

at high in .., :ide concentrations seems to reflect a shift in the ratio of
 

rates of penetration and other competing processes such as crystallization or
 

weathering (McCall 86a, 86b and 88).
 

Similar influence of applied concentration on leaf penetration was reported
 

previously for wettable powder of DET on cotton (Phillips 71).
 

Literature data regarding fenpropathrin penetration into cabbage leaves (50-60%
 

of the initial depuait; Mikami 85) are higher than the present data regarding
 

penetration of the same insecticide into cotton leaves. However, leaf
 

penetration has been shown to varied remarkedly between plant species (Price
 

85). No literature data have been found regarding leaf compartmentalization of
 

buprofezin.
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2. Effect of spray freguency:
 

The results show a marked increase in leaf penetration as a result of
 

repeated sprays. In contrast to the effect of concentration on leaf penetration,
 

which is limited by formulation phytotoxicity - due primarily to that of the
 

surfactants (Anderson & Girling 1983, Holloway & Stock 89), no adverse effect
 

was observed when the frequency of the sprays was greatly increased. This
 

suggests that repeated sprays remove the water-soluble surfactants periodically,
 

and keeps them at a unharmful level (Johnstone 1973). At the same time the
 

repeated sprays increase the cumulative duration of the active ingredient in a
 

solubilized state and therefore enhance its penetration into leaf (Anderson &
 

Girling 1983, Bentscn 1990).
 

Buildup of penetrated residue due to repeated sprays has been observed on
 

field cotton leaves during a spray application season. With ten sprays in 6
 

weeks, the penetrated residue lt.vel has been reported to increase progressively
 

throughout the experiment (Southwick et al. 1983). The current results indicated
 

that at a high spraying frequency the level of the penetrated residue remained
 

nearly constant after an initial phase of accumulation. The level of the
 

constant penetrated residue increased with the spraying frequency. This suggests
 

that the constant level was not determined by a "limit value of solubility of
 

the insecticide" in leaf tissues (Phillips & Gillham 1971, Sundaram 1986) but
 

by competition between leaf penetration and decay processes, such as weathering
 

(Takahashi et al. 1985) and metabolism (Mikdmi et al. 1985). At a high spray
 

frequency, the enhanced leaf penetration shifted the equilibrium between these
 

competing processes toward higher penetrated residue levels.
 

The high levels of residue which accumulate in the leaf tissue as a result
 

of frequent sprays may have important implications for TWF management on
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tomatoes. High residue levels are required to achieve rapid action, which is a
 

prerequisite against virus infection by TWF (Berlinger et al. 1983).
 

3. Effect of formulation modifiers:
 

The effect of oils on pesticide compartmentalization is documented
 

regarding herbicides in relation to their phytotoxic action (Hartley &
 

Graham-Bryce 1980, McCall 1988, McCall et al. 1986a&b), and to a much lesser
 

extent concerning fungicides (Backman 1978) and insecticides (Hedler & Plapp
 

1986, Nigg 1981a). McCall found that crop oils increase foliar penetration of
 

the herbicides bcntazone (McCall 1988), tridiphane (McCall et al. 1986a) and
 

atrazine (McCall et al. 1986b) into foxtail (Setaria) species.
 

Our results indicate that another crop oil, cottonseed oil, did not affect
 

the very low foliar penetration of chiorpyrifos residue into tomato or cotton
 

and considerably retarded foliar penetration of the more translaminar
 

fenpropathrin into tomato leaves. These differences between our findings and
 

those of McCall are not surprising since leaf compartmentalization varied
 

greatly with the chemical and the substrate plant (Price & Anderson 1985).
 

Previous reports on inhibition leaf penetration due to oil additives are few.
 

Sundaram and Sundaram (1987) observed a moderate decrease in the fraction of
 

penetrated residues due to addition of a polymer to the fenitrothion
 

formulation. A decrease in the ratio of penetrated to total parathion on cotton
 

leaves in the presence of mineral oil was reported (Hlesler & Plapp 1986); but it
 

has not been clarified whether the adjuvant caused a decrease in leaf
 

penetration or enhanced the disappearance rate of the penetrated residue.
 

Penetrated foliar residues are often characterized by their longer
 

persistence compared with that of the surface residue (Gunther et al. 1974,
 

1977, Hill & Johnson 1987).
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However, as reflected by our findings, this characterization does not always
 

hold true. One exception is when surface residue duration is prolonged either by
 

concentration effect or by direct protection by a formulation modifier.
 

Furthermore, the penetrated residue may decay rapidly due to enhanced chemical
 

degradation inside the leaf.
 

The differential effect of leaf penetration on persistence, i.e, increasing
 

it by protection from weathering, or decreasing it by chemical degradation,
 

seems to result from the different distribution pattern of the active
 

ingredient among the various leaf tissues (Baker 1990). Enhanced chemical
 

degradation may explain the decreased half-life of oil-containing formulations
 

recently reported for the fungicide chlorathalonil on peanut foliage (Brenneman
 

et al. 1990).
 

Previous reports indicate that pesticide leaf penetration occurs predominantly
 

when the spray deposit is still in a liquid state (Anderson & Girling 1983,
 

McCall 1988, McCall et al. 1986a,b). Our results suggest that leaf penetration
 

is greatly affected by the viscosity of the liquid residue. Highly viscous oils
 

retard leaf penetration while less viscous ones promote it.
 

In conclusion, although the more lipophilic fenpropathrin ehowed a greater
 

tendency to leaf penetration than chlorpyrifos, the two insecticides were
 

affected similarly by oil of the same type. The vegetable oil diminished leaf
 

penetration and protected the surface residue from weathering. The mineral oils
 

distributed the residue between the two leaf compartments, and the synthetic
 

oils introduced most of the active ingredient rapidly into the leaf interiors.
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Table 33. Penetrated residues of fenpropathrin on potted tomato plants
 

sprayed with 0.05% and 0.01% aqueous emulsion
 

Penetrated residues of fenpropathrin
 

Time at the indicated tank concentration
 

post- --------------------------------------------------------

spray 0.05% 0.01%
 

ng/cM2 % of ng/cm2 % of
 

± SEM initial ± SEM initial
 

deposit deposit
 

........................------------------------------------------------

2h 31 ± 25 5.2 18 ± 115 12.1
 

ld 99 ± 30 16.7 37 ± 80 25
 

2d 87 ± 40 14.7 34 ± 110 23
 

3d 30 ± 8 20
 

5d 74 ± 28 .2.5 31 ± 88 21
 

7d 62 ± 25 10.5
 

14d 56 ± 23 9.5 15 ± 103 
 10
 

21d 18 ± 5 12
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Table 34. Dissipation of total, surface and penetrated fenpropathrin on tomato leaves
 

sprayed to runoff with 0.01% and 0.05% aqueous emulsion
 

Best Max. residue Half life
 

Applied Residue fit -Rate
 

concn. type decay r constants Incpt. %
 

(% ai) modela (±95% CL)P ng/cms dep- Days Rel'
 

(±SEM) 	 osit
 

0.01 	 -total: bfm-- -0.989-. 148±51 2.4 1.7
 

1st stage 0.4S ±0.15 105±32 71 1.4 1.0
 

2nd stage 0.046±0.02 42± 6 28 15 10.7
 

surface fom 0.966 0.43 ±0.14 120±10 81 1.6 1.1
 

penetrated fom 0.759 0.043=0.03 36±16 24 16.2 11.6
 

0.05 	 total lin 0.988 24.6 ±3.3 590±24 12 8.6
 

surface fom 0.936 0.078±0.03 550±79 93 8.9 6.3
 

penetrated fom 0.869 0.042±0.03 90± 9 15 16.3 11.6
 

0. bfm 	= biphasic first-order model, fom = first-order model, lin = linear decay. 

Rate constants are comparable only within the same model.
 

. Half-life/half-life of 1st stage of total 0.01%-fenpropathrin.
 

http:0.042�0.03
http:0.078�0.03
http:0.043=0.03
http:0.046�0.02


--------------------------------------------------------------

-------------------------------------------------------------------------

-------------------------------------------------------------------------
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Table 35. Total and penetrated residues of 0.025% and 0.006% buprofezin
 

wettable powdr on p-,,.ted cotton plants
 

Residues (pg/cn2 ± SEM) of buprofezin
 

Time at the indicated tank concentration
 

po st- ---------------------------------------------------------------

spray Total residue Penetrated residue
 

0.025% 0.006% 0.025% 0.006%
 

2h 0.94 ± 0.04 0.48 ± 0.02 0.031± 0.002 0.021± 0.002
 

ld 1.20 ± 0.04 0.36 ± 0.01 0.036± 0.0 4' 0.012± 0.003
 

2d 1.64 ± 0.02 0.20 ± 0.01 0.041z 0.003 0.009± 0.001
 

4d 1.11 ± 0.06 0.149± 0.007 0.076± 0.004 0.005± 0.001
 

9d 1.03 ± 0.03 0.096± 0.02 0.027± 0.004
 

14d 0.69 ± 0.06 0.059± 0.005 0.038± 0.003
 

19d 0.018± 0.002
 

20d 0.29 ± 0.02 0.029± 0.002
 

25d 0.35 ± 0.02 0.019± 0.003 0.019± 0.001
 

29d 0.23 ± 0.02 0.011± 0.0008
 

37d 0.16 ± 0.01
 

45d 0.15 ± 0.01
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Table 36. Residue and persistence of buprofezin applied at two concentrations to
 

cotton seedlings
 

Best Maximal residue
 

Applied Residue fit -Rate -------------------- Half
 

concn. type decay r' constants Intercept X life
 

(% ai) modela (±95% CL)O ng/cM2 of applied (days)
 

(±SEM) deposit
 

0.25 	 total fom 0.921 0.054±0.012 7.1±0.4 100 12.7
 

dislodgeableO fom 0.048 62 14.4
 

nonwashable fom 0.911 0.068±0.02 6.2±0.6 38 10.2
 

penetrated fom 0.577 0.037+0.027 3.8±0.3 3.5 18.9
 

0.06 	 total bfm 0.988 6.2±0.8 100 2.27
 

dislodgeablea fom 0.46 72 1.5
 

nonwashable fom 0.889 0.114±0.04 4.9±0.8 28 6.1
 

penetrated 0.577 4
 

0. bfm 	= biphasic first-order model, fom = first-order model 

Rate constants are comparable only within the same model.
 

". Calculated by subtraction of nonwashable from total.
 

http:0.114�0.04
http:0.068�0.02
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Table 37. Penetrated fenpropathrin residues in greenhouse
 

tomato after repeated spraying
 

Penetrated residue 

Spray Days ------------------------

frequency after Spray Avg. ± SEM % of 

(no./week) 1st spray no. (ng/cn2) total 

1 0 1 0.58 ± 0.04 38 

2 1 0.92 ± 0.03 61 

4 1 0.54 ± 0.07 67 

7 1 0.40 ± 0.07 93 

9 2 0.99 ± 0.12 50 

14 2 0.38 ± 0.02 75
 

16 3 0.48 ± 0.09 49 

21 3 0.21 ± 0.02 34 

23 4 1.01 ± 0.08 51 

28 4 0.55 ± 0.02 64 

3 0 1 0.50 ± 0.05 26 

2 1 0.72 ± 0.06 55 

4 2 1.18 + 0.06 69 

7 3 1.36 ± 0.09 62 

14 6 1.54 ± 0.10 71 

21 9 1.45 ± 0.05 59 

28 12 1.43 ± 0.14 68 

6 0 1 0.55 ± 0.01 30 

2 1 0.84 ± 0.05 63 

4 3 1.55 ± 0.09 50 

7 5 2.93 ± 0.09 73 

14 10 3.20 ± 0.06 72 

21 16 3.50 ± 0.28 69 

28 22 3.00 ± 0.12 67 
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Table 38. Average residue level of penetrated fenpropathrin
 

in greenhouse tomato after repeated spraying
 

Spray Sampling 

freq. (days Coefficient 

(no./ after Average residue of variation 

week) spray) (ug/cm 2 ± SEM) (%) 

1 7 0.38 ± 0.06 14.6
 

3 3 1.45 ± 0.03 2.2
 

6 1 2.50 ± 0.39 15.7
 

6a 1 3.16 ± 0.11 3.5
 

a Calculated from the second week.
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Table 39. Penetrated residue of chlorpyrifos applied as a runoff spray in the presence
 

and absence (EC) of oil additives
 

Time Penetrated residues (pg/cm2 ± SEM) of the indicated chlorpyrifos formulations 

after 

spray -.....---------------------------------------------------------------------------

ing ECQ SSP COO SIVa SIC MeOH T 

3h 0.084+0.005 0.376-+0.022 0.115+0.0076 1.56±0.042 0.49-+0.029 0.077±0.0046
 

Id 0.30 ±0.016 1.03 ±0.046 0.31 ±0.0126 1.31±0.053 0.82±+0.037 0.161+0.005
 

2d 0.19 ±0.008 0.97 ±0.039 0.31 ±0.0182 1.26±0.028 1.07+0.057 0.153±+0.012
 

3d 0.17 ±0.008 0.91 ±0.028 0.23 ±0.0142 1.09±0.015 1.17±0.058 0.107±0.003
 

7d 0.15 ±0.006 0.85 ±0.034 0.38 ±0.0194 0.71-+0.041 0.74±0.030 0.054±0.002
 

10d 0.10 ±0.004 0.76 ±0.037 0.35 ±0.0203 0.63±0.017 0.57±0.031 0.061±0.004
 

14d 0.11 ±0.007 0.82 ±0.033 0.35 ±0.0203 0.55±0.017 0.38+0.017 0.054±0.002
 

..........................................................................................
 

o Commercial emulsion (0.1% a.i.). 

0 Modified commercial emulsion (0.1% a.i.) containing an oil additive (2%).
 

T 0.1% technical chlorpyrifos in methanol.
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Table 40. Effect of oil modifiers on penetrated fraction of chlorpyrifos
 

EC in cotton foliage0
 

Penetrated fraction (as % of initial amount applied)
 

Formul- ---------------------------------------------------------

ationO 3h ld 2d 3d 7d 10d 14d
 

EC 4c 9a 9a 8a 7a 5a 5a
 

SSP 12a 34b 32b 30b 28b 25b 27b
 

CO 3c 8c 8c 6c 10a 9a 9a
 

SIV 57d 48d 46d 40d 26b 23b 20d
 

SIC 18e 30b 39b 43d 27b 21b 14e
 

MeOHI 4a 9a 9a 6c 3c 3c 3a
 

Within columns, percentages followed by the same letter do not differ
 

significantly (P < 0.05; Fisher LSD).
 

Sprayad to rainoff
 

Modified commercial emulsion (0.1% a.i.) containing an oil additive (2%)
 

0.l technical chlorpyrifos in methanol.
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Table 41. Penetrated residue of fenpropathrin applied as 0.2-pl droplets in the presence
 

and absence of oil
 

Time Penetrated residues (pg/cm ± SEM) of the
 

after indicated fenpropathrin formulations
 

spray----------------------------------------------------------------------------

ing ECO SSPO COll SlY SICO 

3h 0.062± 0.003 0.052± 0.003 0.038± 0.0026 0,46 ± 0.02 0.30 ± 0.01
 

ld 0.073± 0.008 0.084± 0.005 0.045± 0.0026 0.31 ± 0.01 0.J5 ± 0.01
 

3d 0.082± 0.004 0.149± 0.006 0.060± 0.0032 0.22 ± 0.01 0.25 ± 0.01
 

5d 0.085± 0.004 0.181± 0.009 0.068± 0.0032 0.147± 0.006 0.181± 0.009
 

7d 0.085± 0.004 0.181± 0.007 0.075± 0.0034 0.106± 0.006 0.109± 0.005
 

14d 0.051± 0.005 0.129± 0.007 0.083± 0.0043 0.051± 0.003 0.052± 0.004
 

commercial emulsion (0.03% a.i.)
 

0.03% technical fenpropathrin in oil solution.
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Table 42. Effect of oil type on the penetrated fraction of
 

fenpropathrin4 in greenhouse tomato
 

Penetrated fraction (as % of initial amount applied)
 

Formul

ationO 3h ld 3d 5d 7d 14d
 

ECI 20a 24a 21a 28a 28a 17a
 

SSP 8d 13c 23a 28ab 28a 20c
 

CO 5d 6d 8d 9d 10b lib
 

SIV 100b 67b 48b 32b 23a lib
 

SIC 63c 74b 52b 38c 23a llb
 

Within columns, percentages followed by a common letter do not differ 

significantly (P < 0.05; Fisher LSD). 

Applied as 0.2-pl droplets.
 

0.03% technical fenpropathrin in oil solution.
 

Commercial emulsion (0.03% a.i.)
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Table 43. Comparison of penetrated and nonwashable fractions (% of initial
 

deposits) of aqueous emulsion (EC) and oil solutions of fenpropathrin and
 

chlorpyrifos on tomato leavesa,O
 

Fenpropathrin Chlorpyrifos
 

Formul- Penetrated Nonwah.' Penetrated Nonwash.
 

lation fraction fraction fraction fraction
 

EC 28A 29A 13a 13a
 

SSP 50B 47B 56b 47b
 

NR 9C 7C 26c 27c
 

CO ID 1D <Id ld
 

a. Determined 24 after application as 0.2-pl droplets.
 

0. For the same formulation and insecticide, percentages followed by the
 

same letter do not differ sgnificantly (P < 0.05; Fisher LSD).
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Fig. 7. The effect of spray frequency on penetrated fenpropethrin 
in tomato (common letters on the same line indicate 
no significant difference at P<5% Fisher LSD test) 
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CHAPTER 3. BIOLOGICAL AND POPULATION STUDIES
 

Principal Investigator: Montri Rumakom (Thailand)
 

RESEARCH OBJECTIVES:
 

The tobacco (or sweet potato) %,hiteily (TWF), Bemisi tabci
 

(Gennadius), is a polyphagous pest in tropical and subtropical
 

regions (Mound & Halsey 1978). B. tabaci was first described as a
 

tobacco pest in Greece in 1889. In cotton, outbreaks occurred in the
 

late 1920s and early 1930s in India (Misra & Lamba 1929, Husain
 

& Trehan 1933) and subsequently in the Sudan and Iran (since the
 

1950s), El Salvador (1961), Mexico (1962), Brazil (1968), Turkey
 

(1974), Israel (1976), Thailand (1978), Arizona and California (1981)
 

(Joyce 1955, Kraemer 1966, De Leon and Sifuentes 1973, Costa et
 

al. 1973, Habibi 1975, Gerling et al. 1980, Mabbett et al. i980,
 

Butler, 1962). In all cases, B. tabaci reached outbr-ak proportions
 

after having been a sporoeic pest.
 

The adult whitefly is a minute 'fly' with waxy, white wings, and
 

the larva is a scale-like insect. Adults and larvae feed on the plant
 

juice (sap) carried in the veins of the leaves.
 

The effect of whitefly feeding varies according to the numbers
 

involved and the stage of crop development. Therefore, it can cause
 

death of young plants, early cessation of flowering, shedding of
 

leaves and fruiting bodies, and premature aging of the crop. The net
 

result in a drastic reduction in yield. Furthermore, whiteflies
 

produce larg. quantities of 'asal' (honeydew) which is rich in
 

soluble sugars and protein. Honeydew encourages the growth of a black
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fungus called sooty mold. The sooty appearance of a crop is a symptom
 

of heavy whitefly attack. Honeydew and sooty mold occurring after
 

boll split will contaminate the lint, which becomes dirty and sticky.
 

This condition is known as 'stickiness'. The lint is difficult to gin
 

and brokers refuse to buy or take it at a reduced price.
 

Apart from direct damage of plants in all stages of development,
 

tobacco whitefly (TWF) could transmit Tomato Yellow Leaf Curl Virus
 

(TYLCV), a highly destructive disease of tomato in Israel and
 

elsewhere (Cohen & Melamed-Madjar 1978).
 

Tobacco whiteflies attack many wild and crop plants in Thailand,
 

including tobacco, soybean and groundnut. They were not a serious
 

problem on cotton in Thailand although heavy, late-season attacks had
 

reduced yields in the Nakornsawan cotton growing area since 1975. In
 

1978, however, TWF attacks were heavy on a newly opened cotton area in
 

Kanchanaburi (Mabbett 1980),
 

The simultaneous occurrence of several factors may be responsible
 

for the increase in B. tabaci populations, including various host
 

plants, rainfall, low populations of natural enemies, and the
 

development of resistance to insecticides as a result of varied
 

selection pressure of cotton pests. In California, extensive use of
 

several classes of insecticides has been made for insect control on
 

cotton before and since the 1981 buildup of B. tabaci populations.
 

Thus, consideration of the possible development of resistance patterns
 

in the B. tabaci population in California is imperative (Prabhaker et
 

al. 1985). Other problems encountered are the rapid loss and low
 

bioavailability of the active ingredients on foliage. As far as the
 

formulation is concerned, the carrier as well as other inert
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ingredients also affect coverage and adhesion of the active ingredient
 

to leaves.
 

Many insecticides fail to control tobacco whitefly because of
 

short, effective persistence under field conditions such as drift,
 

runoff losses, rainwash, volatilization and UV-degradation,
 

Thus, the AIMS OF THIS PROJECT were to improve the formulation in
 

order to prevent all losses and to increase persistence and stability
 

under field conditions by using materials with such low volatility and
 

viscosity as mineral oil or vegetable oil.
 

Tomato yellow leaf curl virus (TYLCV) disease has become
 

important on tomato (Lycopersicon esculentum) in Thailand. The TWF
 

penetrates plant tissues intercellularly and feeds in the folem. The
 

virus causes chlorosis, curling and thickening of leaves and dwarfing
 

of the plants. The crop will be completely lost if the damage occurs
 

on young plants. Therefore, the control of TWF is very important and
 

necessary, particularly during the vegetative growth stage. Many
 

insecticides are used to control TWF on tomato including:
 

methamidophos, carbosulfan and carbofuran.
 

Broza et al. (1988) reported that crude cottonseed oil applied
 

on cotton at 120 I/ha, at 3- to 8-day intervals, was superior to
 

insecticides in the control of TWF.
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A SPECIFIC AIM OF THIS STUDY was designed to determine the
 

effectiveness of cotton oil, Virol and BCC 3441 compared with
 

fenpropathrin and its mixtures for preventing the TWF transmitted
 

TYLCV disease.
 

Parasites and predators can eliminate large numbers of larvae of
 

the 	various whi~cfly species. Among the parasites, chalcids
 

(Hymenoptera, Chalcidoidae) such as Encarsia, Eretuocerus and
 

Prospaltella sp. play an important role. The TWF parasite found in
 

Thailand is Encarsia sp.
 

AN ADDITIONAL AIM of this project was to to study the effect of
 

insecticides on the natural enemies of TWF.
 

EXPERIMENTAL:
 

1. EXPERIMENTAL WORK ON COTTON:
 

1.1 	Population dynamic study on cotton (1987/1988):
 

A field trial was conducted at Nakornsawan Field Crop Research
 

*rduring the 1987 cotton growing season (July 1987-January 1988).
 

Two experimental plots, 1600 m2 each (40m x 40m), were planted at
 

Nakornsawan I with a recommended cotton variety. Plant spacing was 125
 

ca between rows and 50 cm between hills. Five seeds were sown in each
 

hill and thinned to one plant per hill when the plants were one month
 

old.
 

Five yellow sticky traps, 14 x 20 cm in size arid made of yeilow
 

plastic plates, were placed in each plot. One ;rap was placed in the
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middle while one of the four other traps was placed in each corner of
 

the plot. These traps were collected and TWF adults were counted
 

weekly. New traps were put in place at the time the old ones were
 

being collected.
 

The first plot was sprayea ,withfenpropathrin (at 25 g a.i./ha)
 

against TWF. In order to prevent damage from the cotton bollworm,
 

Heliothis armigera, in the first plot, fenvalerate and piperonyl
 

butoxide were applied at 400g a.i./ha, when at least 20 H. armigera
 

were found in 100 cotton plants.
 

The second plot was sprayed weekly with fenpropathrin against TWF
 

at the same rate during the first 2 months. The cotton was left
 

unsprayed for the remainder of the season.
 

Eggs, larvae and pupae of B. tabaci appeared on leaves around
 

terminal, middle and basal parts and were counted weekly from 25
 

random plants. Parasitized pupae were collected from the field and
 

kept in the laboratory for the emergence of adult parasites for
 

further identification.
 

1.2 Population dynamics study on cotton (1988/1989):
 

The field trials were conducted during the 1988 cotton growing
 

season (July 1988-January 1989) at the same rate and employing the
 

same methods as described above except for the in3ecticide spraying.
 

The first plot was sprayed weekly with omethoate against TWF
 

at 125gm a.j./ha during the first 2 months. The cotton was left
 

unsprayed for the ,r ainder of the season.
 

The second plot was sprayec weekly with omethoate against TWF
 

in the same manner as mentioned earlier. Then, it was sprayed weekly
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with cypermethrin at 31.25 g a.i./ha to control i.armigera, and
 

other leaf-eating insects.
 

Eggs, larvae and pupae of B. tabaci appeared on 25 leaves each of
 

terminal, middle and basal parts of the canopy and were counted weekly
 

from 25 random plants. Paracitized pupae were collected from the field
 

and kept in the laboratory for further experiments.
 

1.3 Toxicological test of some insecticides on TWF (1988):
 

Insects: Two field strains of B. tabaci were collected as adults
 

froal cotton-growing areas at Nakornsawan and Lopburi during November
 

and De.ember 1988.
 

insecticides: Fenpropathrin 10% EC, amitraz 20% EC, monocrotophos
 

56% WSC, phosalone 35% EC, triazopyr 48% EC and methamidophos 60% SL
 

were used in the experiments. At least five concentrations of each
 

insecticide ranging from 500 to 31.25 ppm (serial dilution), were
 

tested on approximately 30 adult whiteflies each.
 

Testing method: The test was carried out using the leaf dipping
 

method. An uncontaminated cotton leaf was dipped in the insecticide
 

solution for 10 sec and left to dry in air. The dry leaf was then
 

placed in a chamber with the leaf wrapped in water-soaked cotton wool
 

and aluminum foil. The adult whiteflies were then released into the
 

chambers, approximately 30 whiteflies per dosage. The mortality of the
 

tested insects was recorded 24 h after the test was initiated. The
 

control consisted of dipping a leaf into water.
 

The percent mortality percentage was corrected by Abbott's formula.
 

The LCso's were then analyzed using the Probit analysis program on a
 

microcomputer.
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1.4 Toxicological test of some insecticides, oiLa gid their mixture on
 

TWF (1989):
 

Insects: Adults of TWF were collected from cotton growing aretd
 

at Nakornsawan in 1989.
 

Insecticides: Fenpropathrin 10% EC, chlorpyrifos 35% EC,
 

monocrotophos 56% EC, endosulfan 35% EC and triazopyr 48% EC were
 

used in this experiment. At least five different concentrations of
 

each insecticide ranging from 31.25 to 500 ppm (serial dilution), were
 

tested on approximately 50 whiteflies each.
 

Oils: The Cottonseed oil (Sigma Co Ltd), Virol and BCC 3441
 

(Pazchem Co Ltd) were used to evaluate the effect of oils and their
 

mixtures with the above mentioned insecticides. The oil was mixed with
 

insecticides before dilution; the concentration of oii after mixing
 

was 1-16% (serial dilution). (Cotton oil is t oil which is extracted
 

from cotton seeds, Virol is emulsifiable concentrate of SSP-oil
 

(mineral oil), BCC 3441 is emulsifiable concentrate of NR (mineral
 

oil)).
 

Testing method: The test was carried out using the leaf dipping
 

method. An uncontaminated cotton leaf was dipped in the
 

insecticide solution for 10 sec and left to dry in air. The dry leaf
 

was then placed in a chamber with the leaf end wrapped in water-soaked
 

cotton wool and aluminum foil. Approximately 50 adults per
 

treatment were released into the chamber. The mortality of the tested
 

was recorded 24 h after the test was initiated. The control
 

consisted of dipping a leaf into water.
 

Percent mortality was corrected by Abbott's formula. The LCsos
 

were analyzed using the Probit analysis program on a microcomputer.
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The mixtures of insecticides and oils were tested by the same
 

method. The effect of oils on these insects was also investigated on
 

by the same method ucing the range of 2% to 32% concentrations.
 

1.5 Toxicological effectiveness and effective duration of some
 

insecticides, oils and their mixtures (1990):
 

Insects: Adults TWF were collected from cotton-growing areas at
 

Nakornsawan in 1990.
 

Insecticides: Fenpropathrin (Danital) 10% EC, chlorpyrifos
 

.Lorsban) 50% EC, monocrotophos (Azodrin) 60% WSC, endosulfan
 

(Thiodan) 35% EC and methamidophos (Tamaron) 600 SL were used to
 

investigate the relative toxicity to TWF. At least five concentrations
 

of each insecticide ranging from 31.25 to 500 ppm (serial dilution)
 

wo're tested on approximately 150-200 whiteflies per dosage.
 

Oils: Cottonseed oil, Virol and BCC 3441 at concentrations of
 

0.31-10% (serial dilution), were used to evaluate the relative
 

toxicity to TWF. The relative toxicity of mixtures of oils and
 

insecticides were also tested using LC25, LCso and LC9o of
 

insecticidcs and 1% of oils. The effective duration of oils,
 

insecticides and their mixtures were also tested, using LC9o of each
 

insecticide and 1% of oils at 0 h, 24 h and 48 h. The oils were
 

mixed with insecticides before dilution.
 

'resting method: The test was carried out using the leaf dipping
 

method as described above in section 1.3 and 1.4.
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2. EXPERIMENTAL WORK ON TOMATO:
 

A field experiment was conducted in Thaauang District,
 

Kanchanaburi Province, with tomato cv. Seda, a local variety. The
 

tomato plants were transplonted to 75 x 50 cm apart in 3.5 x 3.0 a
 

plots containing 28 plants. Eleven treatment plots including control,
 

repeated three times, were arranged in a randomized complete block
 

design. Insecticide dosage and treatments were as follows: Cotton oil
 

(5 and 10 ml/I), Virol (5 and 10 ml/l), BCC 3441 (5 and 10 ml/1),
 

cotton oil + fenpropathrin 10% EC (2 5 + 2.5 ml/I), Virol +
 

fenpropathrin 10% EC (2.5 + 2.5 ml/1) and fenpropathrin 10% EC (5
 

ml/I). Sprays were applied with a knapsack sprayer at a spray volume
 

of 1000 l/ha. The first application was given 20 days after the
 

transplant and repeated twice thereafter, at 5-day intervals.
 

Carbosulfan 20% EC at 0.4 kg a.i./ha was applied three times 9, 12
 

and 15 days after the transplant. Ten plants from two center rows
 

within each plot were assessed twice for the TYLCV symptoms, one day
 

before the first and third applications. The data were analyzed by
 

Duncan's multiple range test.
 

3. EXPERIMENTAL WORK ON NATURAL ENEMIES:
 

3.1 Laboratory tests:
 

Three kinds of oils, i.e. Virol, cotton oil and BCC 3441 were
 

tested with parasitized pupae of TWF and the percentage of parasite
 

emergence was recorded after 7 days.
 

The experimental design was a 3 x 2 factorial in CRD with 2
 

checks (water sprays) and four replications.
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A = oil (Virol: cotton oil, BCC3441)
 

B = oil concentration (5%, 10%
 

CK = check (water)
 

3.2 Field experiments:
 

The experimental design was RCB with five treatments and four
 

replications: Tr.l= Amitraz 20Z EC 150 g a.i./ha; Tr.2= Cyhalethrin
 

I 5% EC 25 g a.i./ha; Tr.3= Alphacypermethrin 10%EC 37.50 g a.i./ha
 

Tr.4= Cyfluthrin 10% EC 50 g a.i./ha Tr. 5 - Control.
 

Plot size = 6 x 6 m (one replicate). Spray applied 13 times, once a
 

week.
 

Five leaf samples were taken from the three levels) of the cotton
 

plant, viz. 1.5 m, 0.65 m, OZu w above ground. At each plant
 

level, 20 leaf samples per treatment were taken for laboratory
 

determination. The investigation was carried out during the cotton

growing season of 1989/90 at Na!nornsawan Field Crop Research
 

Center, Nakornsawan Province, north of Bangkok.
 

TWF eggs, larvae, pupae and adults were counted, and the percentage
 

of parasitism by the TWF parasite Encarsia sp. was recorded. The
 

experimental data were analyzed by statistical means (analysis of
 

variance).
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RESULTS AND DISCUSSION:
 

1. EXPERIMENTAL WORKS ON COTTON:
 

1.1 Population dynamics study on cotton (1987/1988):
 

The nymph population of B. ta'aci from the treated plot was
 

smaller than that from the untreated plot (Fig. 1). The populations
 

in the treated plot reached their peak during November and December
 

with 1.8 and 1.2 individuals per leaf, respectively; the populations
 

in the untreated plot and reached their peak during October and
 

November, with 6.1 and 3.5 individuals per leaf, respectively (Fig
 

2.).
 

By contrast, the adult B. tabaci population was larger in the
 

treated plot (365 adults/trap) than in the untreated plot (155
 

adults/trap) with peaks in both plots occurring in early November.
 

The results revealed that of fenpropathrin could delay the
 

buildup of the B. tabaci nymph population to a month and reduced the
 

nymph population to approximately three times less than that in the
 

untreated plot. An application of fenpropathrin had some impact on
 

adult B. tabaci buildup. The population was about twice than that of
 

the control. This increase may result from plant and/or metabolism
 

morphological alternation.
 

The parasitized pupae of B. tabaci were later identified as
 

Encarsia sp. Parasitism of 32% and 36.11% was recorded from the
 

treated and untreated plots, respectively.
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1.2 Population dynamics study on cotton (1988/1989):
 

Due to heavy rain early in the season (Fig 3.), the adult
 

whitefly population was very low. The maximum number was 10
 

adults/trap from September to early November. The population was in
 

late November and early December to 94 adults/trap after the end of
 

the rainy season.
 

The number of eggs, larvae and pupae on leaves was very low.
 

The The rate of parasitized TWF pupae (by Encarsia ap.) was found to
 

be less than 1% during the season.
 

In conclusion, clear evidence was obtained on the
 

di.3tribution of nymphs and adult TWF among and within cotton plants
 

which showed a strong tendency of the whitefly to aggregate. The main
 

mortality factors were climatic. Parasitism, though present, was not a
 

decisive mortality factor in this study. The distribution of B. tabaci
 

in Thailand was similar to that in Israel.
 

1.3 Toxicological test of some insecticides on TWF_(19881:
 

The results (Table 44.) are not well fitted to the probit
 

program. There was an indication of genetic heterogeneity due to the
 

very low slope, which was assumed to be the result of the field
 

population.
 

Very rare TWF were found in the cotton field, due to the heavy
 

rain. Therefore, the experiment was conducted using approximately 30
 

adults/dosage, which was later found too be small to represent the
 

whole population as indicated by the high standard error.
 

In this experiment methamidophos provided the lowest LC5o at
 

both location%. The results with fenpropathrin from both locations
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were not fitted to the probit. A low slope and very high standard
 

error were also found with monocrotophos, phosalone and triazopyr. It
 

is recommended that the experiment be repeated by establishing a
 

laboratory struin and increasing the number of TWF used in the tist.
 

1.' Toxicological test of some insecticides, oils and their mixtures
 

on TW 981_A 


The results of t-xicological tests on adult whiteflies are
 

given in Tables 2.-4. Endosulfan was the most toxic among those
 

insecticides, as shown in Table 45. The LC5o of fenpropathrin could
 

not be %nalyzed because the data did not fit the probit program. The
 

populations of whiteflies was characterized by Wide heterogeneity in
 

their response to the insecticides.
 

The results of the toxicological test of mixtures of
 

insecticide and oil are given in Table 47. The mixture increased the
 

percent mortality due to the effect of oil on the insect's movement
 

and breathing mechanism and to the toxicity of insecticides. However,
 

the LCso of the mixture insecticides can not be analyzed by probit
 

analysis due to the high standard error, which may be caused by
 

the genetic heterogeneity of TWF population. However, percent
 

mortality is higher in all the tests with mixtures than
 

with an insecticide alone. Theof endosulfan and oil mixtures were
 

more effective than the of fenpropathrin and oil mixtures.
 

The effect of oils on the adult whitefly is shown in Table 47.
 

At high concentration of oil (>2%), treatment by dipping resulted in
 

phytotoxicity. The cotton oil provided the highest percent mortality
 

of the three kinds tested.
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1.5 Relative toxicity of some insecticides (1990):
 

The relative toxicity of five insecticides on adult TWF is
 

given in Table 49; endosulfan was the most toxic. In view of the LCzs
 

LCso0 and LCgo of the tested insecticides, monocrotophos and
 

methamidophoo were selected for further work.
 

1.6 Relative toxicity of oils (1990):
 

The toxicity of cottonseed oil, BCC 3441 and Virol is given in
 

Table 50. LC25, LCso and LCgo of BCC 3441 were 0.43, 1.13 and 7.30%
 

respectively; those of Virol were 1.14, 1.95 and 5.54% respectively.
 

However, these values was characterized by a high standard error
 

(cottonseed oil toxicity, for example, could not be assessed). The
 

activity of the oils can be attributed to their effect on the movement
 

and the breathing mechanism of the insects.
 

1.7 Relative toxicity of oils, insecticides and their mixtures
 

(1990):
 

The results of these tests (Table 51. and 52.) show that a
 

higher percent mortality was caused in all tests by oil and
 

insecticide mixtures than by monocrotophos or methamidophos alone.
 

This was due to the combined effect of the toxicity of the insecticide
 

and suffocation caused by the oil, as mentioned earlier.
 

For example, LC3Z of methamidophos and LC39 of monccrotophon caused
 

99% mortality of the exposed adults in the presence of 1% of
 

cottonseed oil adjuvant.
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The effects of BCC 3411 was also significant: the same LC values of
 

methamidophos and monocrotophos caused 50% and 75% mortality of the
 

exposed adults in the presence of 1% uf BCC 3441 oil adjuvant.
 

Presence of Virol in the insecticides formulation did not increased
 

their toxicity significantly.
 

Thus, the insecticidal activity appear to be enhance with the
 

oil-additive viscosity.
 

This parallels the results of Crease and Ford (1987) indicating that
 

oil of high viscosity can enhance transfer of the insecticide from
 

its 	foliar deposit to the target insect
 

1.8 	Effective duration of oils, insecticides and their mixtures
 

(1990):
 

The results of these tests are presented in Table 53.
 

The effective duration of the three oils depended on their
 

viscosity, surface tension and evaporation rates (Table 46.). Virol
 

was active shorter period than BCC 3441 and cotton oil, probably due
 

its higher evaporation rate.
 

The effective duration of insecticides and of insecticides mixed
 

with oils was reduced to the length of exposure. At 24 and 48 h,
 

respectively, the effectiveness of insecticides was reduced by
 

4.3% and 10.% for monocrotophos and 18% and 25% for methamidophos. The
 

reduction in effectiveness of oils mixed with insecticides was less
 

than that of insecticides alone (Table 53.). The effectiv.
 

duration of cotton oil -ixed with insecticides showed a
 

smaller reduction that of the two other oils, BCC 3441 and Virol, due
 

to their relative evaporation rate.
 



- 102 

2. EXPERIMENTAL WORK ON TOMATO:
 

After two applications of the testing products, the infected plant
 

showed a promisi.,q difference, even if not statistically significant.
 

BCC 3441 and its mixtures showed the best results, with ratio of
 

infected plants of 10 to 12% (Table 54.), compared to the other oil
 

mixtures and fenpropathrin. The Virol showed a strong potential at the
 

highest rate only. Cottonseed oil treatments did not differ from the
 

-
control significantly. Fenpropathrin 10% EC at 5.0 ml/l o 500 ppm
 

provided a moderate level of protection against TWF-transmitted
 

virus. No phytotoxicity occurred in all the treatments.
 

Inhibition of the disease spread with the decrease in the oil
 

viscosity have been reported previously for non-persistent viruses (De
 

Wijs 1980). Likewise, our findings indicate that the less viscous
 

oils, namely Virol and BBC 3441 are effective, while the viscous
 

Cottonseed oil is ineffective, in control of TYLCV of the
 

persistent-circulative type (Cohn 1986).
 

The difference in mechanism by which oils control TWF in cotton and
 

tomato, reflected in the required physicochemical properties of the
 

oils.
 

The research will be continued.
 

3. EXPERIMENTAL WORK ON NATURAL ENEMIES:
 

3.1 Laboratory tests:
 

The emergence percentage of TWF parasite, Encarsia sp.,
 

calibrated from 200 pupae/treatment. after treatment with oils (Virol,
 

cotton oil, BCC 3441) at two concentrations, was subjected to
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factorial (Tables 55. and 56). Table 55. shows that the overall
 

means (A-means) of parasite emergence among the three kinds of oils
 

were similar with the percentage range of 77.5-78.7 and the mean of
 

77.83. The check means wert likewise not statistically different.
 

However, the overall treatment mean (77.8%) was highly and
 

statistically significantly different from the overall check mean
 

(96.7%) at the F-value of 65.6 (Table 56.).
 

When the parasite emergence mean of all oils at 5% (84.5%) was
 

compared with that at 10% (71.2%), it was seen that the 5% oils were
 

more effective, and statistically highly and significantly different
 

from the 10% oils at P=0.01 (i.e. at F-value = 32.6, Table 56.).
 

Eien though the overall means of the three treatments did not
 

differ, there were indications of the high variability within the
 

replications and treatments of each individual oil test, with the
 

F-valuelf4.19 (Table 56,).
 

From these analyses it could be concluded that there was no
 

difference among the three kinds of oil tested and that there was
 

higher emergence of the parasite at the 5% oil concentration.
 

3.2 Field experiments:
 

The effect of pesticides on different stages of TWF and the
 

percentage of parasitism were investigated in the cotton field
 

experiment.
 

A. TWFegg.
 

There was no difference in the number of TWF eggs among the plots
 

treated with four different pesticide (Amitaz 20% EC, Cyhalothrin L
 

5% EC, Alphacypermethrin 10% EC and Cyfluthrin IOEC) in the top and
 

http:F-valuelf4.19
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lower parts of the cotton plant (Table 57.), or in the check plot.
 

Only in the middle part of the plants was there a statistical
 

difference between the treated and untreated plots.
 

B. TWF larvae.
 

There was no difference in the number of TWF larvae in any
 

treated plot among the four treatments, or in the untreated (control)
 

plot (Table 58.).
 

C. TWF pupae.
 

There was no difference in the number of puipae at the top or the
 

low parts of the treated cotton plant (Table 59.). The middle part
 

showed significant difference among the insecticide treatments
 

and the control means.
 

D. TWF adults
 

Table 60. shows that there were no significant differences
 

between insecticide treatments in the number of adults between the
 

the different part of cotton plants except for amitraz on the lower
 

part, which had remarkably few adults in comparison with the top and
 

middle parts, with the other insecticides, and the other parts in the
 

control.
 

3.3 Percent parasitism:
 

The percent parasitism in the insecticide treatments presented
 

in Table 61, shows no significant differences in the number of pupae
 

between the various parts of the treated cotton plants or between
 

treated and control plants. The tested insecticides had no effect on
 

the parasitism rate.
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Table 44. LCso of six insecticides tested against Bemisia tabaci
 

collected from Nakornsawan during the cotton growing season of 1988
 

95% confidence 

Location Insecticide LCso slope+ SEM limits of LCso 

(ppm) 

Lower Upper 

Nakornsawan 	Methamidophos 36.07 1.67 ± 0.39 14.04 56.42
 

Monocrotophos 132.47 0.64 + 0.30 19.57 785.07
 

Phosalone 142.79 1.08 + 0.30 78.44 269.49
 

Triazopyr 326.58 0.91 + 0.34 165.00 2936.12
 

Lopburi 	 Fenpropathrin 30.73 0.96 + 0.70 0.45 1172.66
 

Methamidophos 74.12 2.13 + 0.56 31.01 172.50
 

Monocrotophos 100.29 1.61 + 0.56 34.74 280.30
 

Phosalone 360.92 1.52 + 1.30 16.60 82S2.25
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Table 45. LCso of four insecticides tested against Bemisi tabaci
 

collected from Takfd, Nakornsawan, during the cotton growing season of
 

95% Confidence
 

Insecticide LC5o Slope ± SEM limits of LC5o
 

(ppm) Lower Upper
 

Triazopyr 641.20 2.69 + 4.68 2.21 19x0 4 

Chlorpyrifos 437.66 3.33 + 20.38 0.12 16xlO5 

Monocrotophos 274.70 1.51 + 0.49 95.19 840.33 

Endosulfan 56.80 2.12 ± 0.30 39.97 71.47 
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Table 46. Effect of three oils on adult Bemisia tabaci collected from
 

Takfa, Nakornsawan, during the cotton growing season of 1989
 

% Mortality (corrected)
 

at the indicated concentration
 

0il
 

32% 16% 8% 4% 2%
 

Virol 89.7 80.0 60.2 14.5 71
 

BCC 3441 49.3 85.9 38.8 48.7 81
 

Cotton oil 98.1 85.1 88.5 83 96
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Table 47. Toxicological test of two different insecticides mixed with
 

oils on adult Bemisia tabaci collected from Takfa, Nakornsawan, during
 

the cotton growing season of 1989
 

% Mortality (corrected)
 

Mixture at the indicated concentration
 

(Insecticide + oil) 500+16 	 250+8 125+4 62.5+2 31.25+1
 

(ppm insecticide + % oil)
 

Fenpropat. + Virol 31.7 17.9 23.3 17.4 29.9 

Fenpropat. + Cotton oil 90.0 45.0 35.1 36.2 63.0 

Fenpropat. + BCC 3441 29.6 17.4 25.3 36.6 12.3 

Endosulfan + V-rol 98.4 95.2 88.2 88.3 88.9 

Endosulfan + Cotton oil 100.0 100.0 98.2 98.8 98.8 

Endosulfan + BCC 3441 100.0 97.5 98.0 100.0 87.5 
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Table 48. Physical properties of the tested oil solvents
 

Surface Viscosity Relative 

Oil tension evaporation 

(dyne/cm) (cp) rate 

Virol 30.90 14 1.00
 

BCC 3441 32.30 25 0.45
 

Cottonseed oil 32.70 66 0.09
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Table 49. Concentration of five insecticides needed to kill 25% 50%
 

and 90% of adult Bemisia tabaci collected from Takfa, Nakornsawan,
 

during the cotton growing season of 1990
 

Insecticide 

LC% 

Fenpropathrin LC25 

LCso 

LCgo 

Endosulfan LCzs 

LCso 

LCgo 

Chorpyrifos LC2S 

LCso 

LCgo 

Monocrotophos LC2s 

LC5o 

LC9o 

Methamidophos I.C2s 

LCso 

LC9o 

LC 


ppm 


15xlO J 


381x10 3 


b
30x10
 

4.92 


16.82 


183.25 


58.79 


185.45 


1719.81 


891.48 


247.43 


1764.45 


23.64 


123.06 


3158.83 


Slope ± SE 


0.44+0.15 


1.24+0.37 


1.38+0.29 


1.50+0.15 


0.91+0.13 


95% Confidence limits
 

of LC
 

Lower Upper
 

2052.72
 

15854.36
 

864063.30
 

0.56 43.24
 

4.39 62.41
 

51.18 676.42
 

25.87 132.62
 

80.86 432.07
 

259.32 12259.70
 

70.85 110.17
 

199.04 322.93
 

1116.89 3393.98
 

12.73 35.49
 

89.88 177.63
 

1375.70 13471.46
 

http:13471.46
http:12259.70
http:864063.30
http:15854.36
http:0.91+0.13
http:1.50+0.15
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Table 50. Concentration of two oils needed to kill 25% 50% and 90% of
 

adult Bemisia tabaci collected from Takfa, Nakornsawan, during the
 

cotton growing season of 1990
 

95% Confidence limits
 

Oil LC Slope ± SE of LC
 

LC% ppm 	 Lower Upper
 

BCC 3441 	 LC2s 0.43 1.58 + 0.86 (- 4.2xi0 3
 

LCso 1.13 1.7xi0- 4 7.0xl0J
 

LCgo 7.30 2.9x10-5 330xi0 4
 

Virol 	 LC25 1.14 2.83 + 0.57 0.85 2.15
 

LCso 1.95 1.13 3.37
 

LC9o 5.54 2.56 12.1
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Table 51. Toxicological test of monocrotophos alone in mixtures with
 

oils on adult Bemisia tabaci collected from Takfa, Nakornsawan, during
 

the cotton growing season of 1990
 

Treatment
 

Insecticide 


(ppm) 


Monocrotophos (89) 


Monocrotophos (89) 


Monocrotophos (89) 


Monocrotophos (89) 


Monocrotophos (247) 


Monocrotophos (2471 


Monocrotophos (247) 


Monocrotophos (247) 


Monocrotophos (1764) 


Monocrotophos (1764) 


Monocrotophos (1764) 


Monocrotophos (1764) 


oil 


M%) 


a
cotton oil (M)


a
BCC 3441 (1)


Virol (1) 


a
cotton oil (I)


BCC 3441 (1) 


Virol (1) 


a
cotton oil (I
 

BCC 3441 (1) 


Virol (1) 


Mortality
 

(corrected)
 

(M)
 

39.1 ± 9.6 

99.2 + 0.0 

74.5 ± 5.1
 

37.6 ±30.7
 

38.6 ± 6.0 

100.0 + 0.0
 

55.6 + 8.7
 

47.3 + 2.3
 

80.0 ± 0.8 

99.6 + 0.3
 

71.8 + 6.2
 

94.3 + 3.1
 

a phytotoxic
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Tabli 52. Toxicological test of methamidophos alone in mixtures with
 

oils on adult Bemisia tabaci collected from Takfa, Nakornsawan, during
 

the cotton growing season of 1990
 

Treatment
 

Insecticide 


(ppm) 


Methamidophos (23) 


Methamidophos (23) 


Methamidophos (23) 


Methamidophos (23) 


Methamidophos (123) 


Methamidophos (123) 


Methamidophos (123) 


Methamidophos (123) 


Methamidophos (3138) 


Methamidophos (3138) 


Methamidophos (3138) 


Methamidophos (3138) 


phytotoxic
 

oil 


(%) 


cotton oil (M)G 


BCC 3441 (1) 


Virol (1) 


a
cotton oil (1)


BCC 3441 (1) 


Virol (1) 


a
cotton oil (1)


BCC 3441 (1) 


Virol (1) 


Mortality
 

(corrected)
 

(W)
 

31.4 + 8.2 

99.4 + 0.3 

50.0 + 0.9 

42.7 +18.2
 

36.0 + 0.5 

98.4 + 0.1 

43.3 + 3.3 

58.4 + 7.9 

99.2 + 0.8
 

00.0 + 0.0
 

99.2 + 0.2 

97.8 + 0.0
 

0 
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Table 53. Effective duration of monocrotophos and methamidophsc alone
 

in mixtvres with oils on adult Bemisia tabaci collected from Takfa,
 

Nakornsawan, during the cotton growing season of 1990
 

Treatment % Mortality ± SEM at ted
 

indicated aging intervals
 

Insecticide 
 oil
 

(ppm) (M) 48 h 24 h 0
 

Monocrotophos (1764) 70 +12 76 +13 80.+0.8 

Monocrotophos (1764) cotton oil (1)0 98 + 2 93 + 5 99 +0.3 

Monocrotophos (1764) BCC 3441 (1) 67.+16 80 + 7 72 + 6 

Monocrotophos (1764) Virol (1) 76 +16 87 +12 94 + 3 

Methamidophos (3158)
 

a
Methamidophos (3158) cotton oil (I) 74 + 9 81 + 8 99.2+0.8 

Methamidophos (3158) BCC 3441 (1) 89 +12 98 + 1.4 100 +0 

Methamidophos (3158) Virol (1) 81s+ 8 81 + 5 99.3+0.3 

+ Virol 1% 77 + 5 84 + 9 97.8+0.1 

............
phyto..............................o......................
 

a phytotoxic
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Table 54. Effect of oils, alone and in mixtures with fenpropathrin, on
 

percent of tomato plantR cv. Seda infected by yellow leaf curl virus
 

at Kanchanaburi Province.
 

Treatments Rate % infected plant 

ml/l ------------

I II III Mean 

Cotton oil 5.0 16.7 50.0 28.6 31.76
 

Cotton oil 10.0 35.7 14.3 16.7 22.23
 

Virol 5.0 14.3 23.1 21.4 19.60
 

Virol 10.0 14.3 7.7 15.4 12.46
 

BCC 3441 5.0 0.0 7.1 28.6 11.90
 

BCC 3441 10.0 0.0 30.08 0.0 10.26
 

Cotton oil + 2.5
 

Fenpropathrin 10% EC 2.5 28.6 7.7 15.4 17.23
 

Virol + 2.5
 

Fenpropathrin 10% EC 2.5 50.0 25.0 42.8 39.26
 

BCC3441 + 2.5
 

Fenpropathrin 10% EC 2.5 14.3 0.0 14.3 9.53
 

Fenpropathrin 10% EC 5.0 30.8 14.3 0.0 15.03
 

Untreated control 21.4 18.2 21.4 20.33
 

* a:cultivar: Seda
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Table 55. Percent emergence of the TWF parasite, Encarsia sp., after
 

laboratory treatments with three different oils (four replicates).
 

Treatments Bl=5% B2=10 A-means
 

Al = Virol 83.00 72.00 77.50 a
 

A2 = Cotton oil 85.00 69.50 77.25 a
 

A3 = BCC 3441 85.50 72.00 78.75 a
 

B-means 84.50 a 71.16 b 77.83 b
 

Ck 1 Ck 2 Means of Ck
 

Ck = Check 97.50 96.00 96.75 a
 

Factor A = 3 (Virol, cotton oil, BCC 3441)
 

B = 2 (oil concentrations 5%, 10%)
 

C = 2 (Check with water).
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Table 56. Analysis of Variance between treatments 

described in Table 55. 

Source of 

variation 

Degrees 

of 

freedom 

Sum of 

squares 

Mean 

square 

Observed 

F 

Treatment 

F vs Ck 

Among C 

A 

B 

AB 

Error 

7 

1 

1 

2 

1 

2 

24 

3248.88 

2147.04 

4.50 

10.33 

1066.67 

20.33 

785.00 

464.12 

2147.04 

4.50 

5.17 

1066.67 

10.16 

32.71 

14.19 ** 

65.64 ** 

<1 ns 

<1 ns 

32.61 ** 

<1 ns 

Total 38 4033.88 

Coefficient of variation (C.V.) = 6.6 



Table 57. Treatment means for Bemisia tabaci eggs at different levels
 

of the cotton plant
 

Number of TWF eggs on the indicated
 

part of cotton plant
 

Treatment Top Middle Low
 

(1.5 m) (0.65 m) (0.20 m)
 

T1 Amitraz 20% EC 5.2 a 2.8 a 5.2 a
 

T2 Cyhalothrin L 5% EC 4.5 a 4.8 ab 2.3 a
 

T3 Alphacypermethrin 10% EC 1.4 a 2.8 a 7.5 a
 

T4 Cyfluthrin 10% EC 3.3 a 3.5 a 3.9 a
 

T5Control 6.6 a 8.0 b 8.6 a
 

Within the columns, means followed by a common letter do not differ
 

significantly at 5% level according to Duncan's Multiple Range Test
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Table 58. Treatment means for 


levels of the cotton plant
 

Treatment 


......................................................................
 

Ti Amitraz 20% EC 


T2 Cyhalothrin L 5% EC 


T3 Alphacypermethrin 10% EC 


T4 Cyfluthrin 10% EC 


T5Control 


Bemisia tabaci larvae at different
 

Number of TWF larvae on the indicated
 

part of cotton plant
 

Top Middle Low
 

(1.5 m) (0.65 m) (0.20 m)
 

62.2 38.5 14.6
 

35.4 59.5 61.8
 

112.6 68.9 34.2
 

38.3 26.0 35.5
 

53.7 34.9 34.9
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Table 59. Treatment means for Bemisia tabaci pupae at different
 

levels of the cotton plant
 

Number of TWF pupae on the indicated
 

part of cotton plant
 

Treatment Top Middle Low
 

(1.5 m) (0.65 m) (0.20 m)
 

Tl Amitraz 20% EC 365.5 a 268.3 ab 313.5 a
 

T2 Cyhalothrin L 5% EC 350.3 a 415.7 b 434.0 a
 

T3 Alphacypermethrin 10% EC 411.8 a 326.4 ab 637.5 ab
 

T4 Cyfluthrin 10% EC 474.3 a 218.1 a 413.8 a
 

T5Control 1270.8 b 1302.9 c 926.3 b
 

Within the columns, means followed by a common letter do not differ
 

significantly at 5% level according to Duncan's Multiple Range Test
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Table 60. Treatment means for Bemisia tab4ci adults at different
 

levels of the cotton plant
 

Number of TWF adults on the indicated
 

part of cotton plant
 

Treatment Top Middle Low
 

(1.5 m) (0.65 m) (0.20 a)
 

Ti Amitraz 20% EC 11.8 a 6.3 a 2.3 a
 

T2 Cyhalothrin L 5% EC 10.5 a 18.5 b 13.4 b
 

T3 Alphacypermethrin 10% EC 17.0 a 11.3 ab 8.3 ab
 

T4 Cyfluthrin 10% EC 14.3 a 14.8 ab 10.5 b
 

T5Control 13.0 a 6.0 a 4.4 ab
 

Within the columns, means followed by a common letter do not differ
 

significantly at 5% level according to Duncan's Multiple Range Test
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Table 61. Treatment means for percent parasitism of Bemisia tabaci
 

pupae at different levels of the cotton plant
 

% Parasitism
 

Treatment Top Middle Low
 

(1.5 m) (0.65 m) (0.20 m)
 

Ti Amitraz 20% EC 2.33 2.56 1.31
 

T2 Cyhalothrin L 5% EC 4.17 3.41 3.04
 

T3 Alphacypermethrin 10% EC 2.55 2.46 2.98
 

T4 Cyfluthrin 10% EC 0.83 1.99 2.84
 

T5 Control 1.92 1.50 2.02
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Table 62. Treatment means for Bemisia tabaci pupae and percent
 

parasitism (% P) of the at different level of the cotton plant
 

Treatment Top Middle Low
 

Pupa % P Pupa X P Pupa X P
 

TI Amitraz 20% EC 365a 2.33a 268ab 2.56a 313a, 1.31a
 

T2 Cyhalothrin L 5% EC 350a 4.17a 415b 3.41a 434a, 3.04a
 

T3 Alphacyper.lO% EC 411a 2.55a 326ab 2.46a 637a, 2.98a
 

T4 Cyfluthrin 10% EC 474a 0.83a 218a 1.99a 413a, 2.84a
 

T5Control 1270b 1.92a 1302c 1.50a 926b, 2.02a
 

Within the columns, means followed by a common letter do not differ
 

significantly at 5% level according to Duncan's Multiple Range Test
 

http:Alphacyper.lO
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IMPACT, RELEVANCE AND TECHNOLOGY TRANSFER
 

The main achievement of the project was control of important performance
 

factors - initial deposit, insecticide leaf compartmentalization, rain fastness,
 

toxicity, duration of activity - through simple modifications in the
 

formulation application mode. These simple modifications could be easily
 

matched to the prevailing conditions in developing countries and transferred
 

rapidly to the growers by IPM experts.
 

Methodology transferrea between the collaborating countries included:
 

- Toxicological methods for assessing formulation activity against TWF.
 

- Methods for study of TWF population dynamics.
 

- Identification of and methods for screening TWF natural enemies.
 

- Use of oil additives to improve the efficacy of on insecticide formulation
 

against TWF.
 

In addition, the micro-application methodology for optimization studies was
 

demonstrated to the Thai researchers during their visit to Israel.
 

LIST OF MEETINGS
 

1/ November 1986: An Israeli IPM expert, Mr. Yoram Melamed, visited Thailand to
 

coordinate the initiation of the project.
 

The outline of the research in Thailand was planned in detail.
 

Relevant technological information and methodology were transferred. This
 

included t.)pics in population studies, identification and screening of TWF
 

natural enemies and assessment of insecticide formulation.
 

2/ March 1988: Mr. Anan Vattanatanyakum (vegetable pest entomology) visited
 

the Institute of Plant Protection, ARO, in Israel, during his attendance at a
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workshop in Israel. Several aspects of the project were discussed, especially
 

those regarding TWF management in vegetables.
 

3/ October 1988: Three Thai researchers, Mr. Anan Vattanatanyakum (Vegetable
 

Entomology), Mrs. Kim Pimolporn (Biological Control) and Dr. Kanokporn
 

Ounchaichon (Cotton Jnsect Pests and Toxicology), visited Israel.
 

The Israeli methodology for micro-applicat:n was demonstrated and current
 

and future research subjects were discussed. The visit by the Thai
 

scientists included several professional sessions and meetings with numerous
 

Israeli scientists of the following institutions and chemical manufactures:
 

Departments of Pesticide Residue Research, Virology, and Entomology at the
 

Plant Protection Institute, ARO; Gilat Regional Experimental Research
 

Station; Neve Yaar Regional Experimental Research Stations; the Biological
 

Control Institute; Pazchem; and Makhteshim-Agan.
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1/ Veierov, D., N.J. Berlinger & A. Fenigstein. 1988. The residual behavior of
 

fenpropathrin and chlorpyrifos applied as aqueous emulsions or oil
 

solutions to greenhouse tomato leaves. Med. Fac. Landbouww. Rijksuniv.
 

Gent 53: 1535-1541.
 

2/ Veierov, D., A. Fenigstein, V. Melamed-Madjar & N. Klein. 1988. Effects of
 

concentration amd application method on decay and residual activity of
 

foliar chlorpyrifos. J. Econ. Entomol. 81: 621-627.
 

3/ Veierov, D., A. Fenigsteinr & M. Klein. 1988. Relative bioactivity and
 

longevity of total and subsurface residues of foliar fenpropathrin
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4/ De Cock, A., I. Ishaaya, D. Degheele & D. Veierov. 1990. Vapor phase toxicity
 

and concentration dependent persistence of buprofezin applied to
 

cotton foliage for controlling the sweetpotato whitefly. J. Econ.
 

Entomol. 83: 1254-1260.
 

FUTURE WORK
 

Some of the research findings, regarding the effect leaf
 

compartmentalization by foliar modifiers were applied recently to design a
 

ncvei fcrmulations, in order to reduce of insecticide usage in cotton, tomato
 

and cassava fields. A preliminary field trial was performed in a cotton field in
 

Israel, and is scheduled to be tested in a developing country in Africa in the
 

near future.
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