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Diflubenzuron (d imi l in  | (1-(4-chlorophenyl) 3-(2,6 d i f luoroben- 
zoyl) urea) is a promising arthropod growth regulator for 
control of the c i t rus  rust mite (Phyl locoptruta ole ivora Ash- 
mead) (Bullock and McCoy 1978; McCoy 1978). I t  has also been 
used for lepidopterous insects in cot ton,  soybeans, and fo res t ,  
as well as in apples, pears, stone f r u i t ,  and other h o r t i c u l t u r -  
al crops. In add i t ion ,  i t  is  e f fec t i ve  against mosquitoes, 
midges, various weevils and f l i e s ,  and leafminers (Maas et a l .  
1980). Diflubenzuron has a l i s ted  LD~n (14 days) of >400 and 
640 mg/kg to the mouse and ra t ,  resped~ively. I t  is  a marginal 
eye i r r i t a n t  (Duphar 19?? UKN). I t  i s  also of low t o x i c i t y  to 
birds and f ish (Maas et a l .  1980). This compound is only slowly 
metabolized in insects ( I v i e  and Wright 1978) compared to more 
rapid metabolism in mammals ( I v i e  1978). Other ef fects of t h i s  
compound include ch i t i n  synthesis i n h i b i t i o n  (Duphar 19?? UKN; 
Maas et a l .  1980) molting process i n h i b i t i o n  (McCoy 1978; Bull 
and Iv ie  1980) and s t e r i l i z a t i o n  (Wright et a l .  1980). Previous 
studies indicated that  dif lubenzuron is very pers is tent  on plant 
surfaces but less so in soi l  (Bull and Iv ie  1978; Maas et a l .  
1980; Duphar 19?? UKN) and in water ( I v i e  et a l .  1980). Bull 
and Iv ie  (1978) found that  dif lubenzuron levels remained v i r t u -  
a l l y  constant on the surface of cotton leaves unt i l  r a i n fa l l  
occurred 14 days postspray. Our purpose here was to determine 
residue levels and seasonal var ia t ions  in the persistence of d i -  
flubenzuron on lea f ,  f r u i t ,  and soi l  surfaces in Flor ida c i t r u s .  

MATERIALS AND METHODS 

Diflubenzuron (25 wettable powder) was applied with a handgun to 
four randomly selected four- t ree Valencia orange blocks at a 
rate of i0 oz Al/acre at 600 ps i .  Trees were sprayed to runof f .  
Sampling of leaves and f r u i t  was according to lwata et a l .  
(1977). Soil surface samples of Astatula f ine sand, vacuumed 
through a 40-mesh screen, were taken at the tree d r i p l i ne  and 
midway between trees according to Spencer et a l .  (1977) as 
modified by Nigg et a l .  (1979). Samples selected from each 
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f ou r - t ree  block cons t i tu ted  one r e p l i c a t i o n  from a to ta l  of  four 
r e p l i c a t i o n s .  

Dif lubenzuron was recovered wi th two methylene ch lo r ide  ex t rac -  
t ions  of f r u i t  and lea f  washes (Nigg et a l .  1979). Recoveries 
from I ng/cm ~ and I0 ng/cm f o r t i f i c a t i o n s  averaged 90 and 85%, 
respec t i ve l y ,  for  leaves, and 81 and 86% for  f r u i t .  D i f luben-  
zuron recoveries from f o r t i f i e d  s o i l ,  extracted elsewhere as 
described below, averaged 87% (0.05 ppm leve l )  and 91% (50 ppm 
Ievel ) .  

Leaf and f r u i t  samples were ext racted immediately a f te r  c o l l e c -  
t i o n .  These ex t rac ts  were shipped to Thompson-Hayward Chemical 
Co., Kansas C i t y ,  KS for  analyses. Soil samples were sent w i th -  
out ex t rac t i on .  Al l  samples and ex t rac ts  were shipped frozen 
over dry ice,  coded and b l i nd ,  accompanied by f o r t i f i e d  so i l  and 
ex t rac t ions  from f o r t i f i e d  lea f  and f r u i t  washes. Recoveries 
from these f o r t i f i e d  samples were reported above. 

Soil was analyzed for  d i f lubenzuron and 4-chlorophenyl urea by 
gent ly  r e f l ux i ng  20 g of a thoroughly  mixed sample in 15 ml 
water and 150 ml a c e t o n i t r i l e  for  30 min. This ex t rac t  was 
f i l t e r e d  through Whatman No. 4 f i l t e r  paper and evaporated to i0 
to 15 ml on a ro tary  f lash evaporator at 40~ The re f l ex  con- 
denser and a l l  other glassware were r insed with a c e t o n i t r i l e  
wi th the r i ns ings  added p r io r  to evaporat ion.  Dif lubenzuron was 
extracted by adding I00 ml deionized water and i0 ml aceto- 
n i t r i l e  and ex t rac t i ng  in a 500 ml separatory funnel wi th three 
50 ml por t ions of  hexane. NaCI was added to break emulsions. 
The hexane ex t rac ts  and two 25 ml hexane r inses of the separa- 
to ry  funnel were taken to dryness at 40~ on the evaporator.  
The remaining aqueous phase was extracted with three 50 ml por-  
t i ons  of d ie thy l  ether.  These ex t rac t i ons ,  plus two 25 ml 
r inses of  the separatory funne l ,  were taken to dryness at 40~ 
on the evaporator.  This ether ex t rac t i on  contains 4-ch lo ro-  
phenyl urea. 

Residues from the hexane and d ie thy l  ether ex t rac t ions  were i n -  
d i v i d u a l l y  d issolved in i00 ml of  3.6 M HCl, b o i l i n g  chips were 
added, and the residues ref lexed for  12 hr.  Af ter  coo l ing ,  the 
water was t rans fe r red  to a separatory funne l ,  the r e f l u x  conden- 
ser and f lask were r insed with 25 ml of  water, and t h i s  r insa te  
added to the separatory funnel .  The combined water was ex t rac t -  
ed once wi th 50 ml benzene and the benzene discarded. The water 
was adjusted to pH >I0 wi th about 30 ml of  12.5 N NaOH and ex- 
t rac ted with three 50 ml por t ions of benzene. Each benzene ex- 
t r a c t  was f i l t e r e d  through 20 g of  sodium su l fa te  in to  a 500 ml 
f l a t  bottom f lask  and the sodium su l fa te  r insed with 50 ml of 
benzene. To the combined benzene ex t rac ts  was added 0.5 ml of 
hep ta f luo robu ty r i c  anhydride (HFBA). The f lask  was then sealed 
wi th  a glass stopper and placed in an oven at 55% for  3 hr .  
Af ter  the react ion was complete, the benzene was evaporated to 
15 ml at 35~ on the evaporator.  
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The 15 ml extract was chromatographed on 10 g of F lor is i l  (Fish- 
er 60/100 mesh) topped with 5 g sodium sulfate. The F lo r is i l  
had been previously washed with methanol, activated at 130~ 
overnight, and deactivated by adding 5 ml of water to 100 g of 
F lo r i s i l .  The 250 mm x 15 mm ID glass column, equipped with a 
250 ml reservoir, was plugged with glass wool, the F lor is i l  and 
sodium sulfate added, and 50 ml of hexane allowed to run to the 
top of the sodium sulfate. The hexane eluate was discarded. 
The sample, in 15 ml of benzene, was added and allowed to run to 
the top of the sodium sulfate. The sample flask was rinsed with 
100 ml of 90:10 hexane:ethyl ether and this was added to the top 
of the column. The benzene and hexane-ethyl ether were col lect-  
ed together, reduced to dryness at 35~ on the evaporator, and 
transferred to 10 ml of 2,2,4-trimethylpentane for gas chromato- 
graphic analysis. 

The methylene chlor ide extract ions of f r u i t  and leaf washes were 
reduced to dryness at 40~ on the evaporator, the residues re- 
dissolved in 15 ml water and 150 ml ace ton i t r i l e ,  and then car- 
ried through the above procedures. 

SamplesA~ere analyzed on a Tracor 560 gas chromatograph equipped 
with a v Ni electron capture detector. The 1.8 m x 4 mm ID 
glass column was packed with 5% carbowax on 80/100 mesh Chromo- 
sorb W(HP). Operating conditions were: in le t  250~ oven 
185~ detector 300~ carrier N̂  rate 45 ml/min, purge 10 
ml/min. The minimum detection l~mit of the anil ide derivative 
was 5 pg. 

RESULTS AND DISCUSSION 

The data from experiments 1 and 2 appear in Table 1 with d iss i -  
pation hal f - l ives given in Table 2. The hal f - l ives indicate 
that diflubenzuron dissipated at very dif ferent rates in the two 
experiments. In the cool, dry period (March to Apri l) of exper- 
iment 1, there was essentially no dissipation on leaves and only 
slow dissipation on f r u i t .  The hal f - l ives during experiment 2 
were markedly less for leaves and f r u i t  than those in experiment 
1. Soil surface residues disappeared more rapidly than leaf and 
f ru i t  residues in experiment 1; in experiment 2, soil residue 
levels were too low and/or errat ic for a disappearance rate es- 
timate to be made. 

Even though the same application rate was used for both experi- 
ments, diflubenzuron levels on leaves and f ru i t  in experiment 2 
(hot, wet) were only about one half those in experiment 1 (cool, 
dry). Soil surface levels in experiment 2 were only about one 
tenth those in experiment 1. 

The major metabolite of diflubenzuron, 4-chlorophenyl urea (Maas 
et al. 1980), was detected sporadically only in soil and at 
levels <0.05 ppm. 
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These observations suggest that  bet ter  control of the c i t rus  
rust mite would resu l t  from a dif lubenzuron appl icat ion in la te  
spring (cool,  dry season) rather than in summer. 

Table 2. Diflubenzuron surface residue f i r s t - o r d e r  ha l f - l i ves  + 
standard er ror .  

Experiment 1. March to Apri l  1978 (cool, dry) 
(T = 20~ RF = 0 in . /day,  LW = 7 hr/day)* 

H a l f - l i f e  (days) Correlat ion coe f f i c i en t * *  

Leaves -.17 
Fru i t  118+100 +.47 
Soil middle 19Tll +.62 
Soil d r i p l i ne  21u +.68 

Experiment 2. July to August 1978 (hot,  wet) 
(T = 29~ RF : 0.4 in . /day ,  LW = 13 hr/day)* 

H a l f - l i f e  (days) Correlat ion c o e f f i c i e n t * *  

Leaves 
Fru i t  
Soil middle 
Soil d r i p l i ne  

27+8 +.84 
1~2 +.96 
L~vels too low to be detected 
Levels too e r ra t i c  to in te rp re t  

*T = Avg. da i l y  temp, RF = Avg. da i l y  r a i n f a l l ,  LW = Avg. da i l y  
hrs. leaves wet. 
**Corre lat ion coe f f i c ien t  of In(concentrat ion) with day post- 
treatment. 
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