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4 INSECTICIDE DRIFT FROM GROUND CROP SPRAYERS 

4.1 INTRODUCTION 
There have been many s tud ie s  on spray d r i f t  using tracer dyes 
c o l l e c t e d  on f l a t  plates, t apes ,  nylon l i n e s  o r  o t h e r  receptors .  
Hawever, they do not  give djrect  information on the bio logica l  
impact of d r i f t .  I n  the  case of i n s e c t i c i d e s ,  such e f f e c t s  are not 
r e a d i l y  observed but  two approaches are poss ib l e .  
genera l ly  short-term e f f e c t s  can be recorded i n  n a t u r a l  populations 
or communities of non-target organisms i n  h a b i t a t s  adjacent t o  
sprayed crops (Dobson, 1986; W i l l i a m s  e t  aZ., 1987) 
use fu l  f o r  d i s t inguish ing  r e l a t i v e l y  s e n s i t i v e  and i n sens i t i ve  
groups f o r  d i f f e r e n t  spray materials. 
are more appropriate  f o r  measuring the  width af bu f fe r  zones to  
p r o t e c t  bene f i c i a l  i n sec t s  and w i l d l i f e .  Here, organisms are 
exposed i n  a cont ro l led  manner during pest con t ro l  spraying. 

Short  range and 

This can be 

However, bioassay experiments 

Davis et a l .  (1991) described a bioassay technique f o r  evaluat ing 
the  e f f e c t s  of wind speed on i n s e c t i c i d e  spray d r i f t  from a t r a c t o r -  
powered hydraul ic  sprayer.  
t h i s  one var i ab le  o ther  factors were maintained as uniform as 
pass ib l e .  Thus, s i te  and operat ing condi t ions were control led by 
using a f i e l d  of s h o r t  grass, by o r i e n t i n g  t h e  sprayed swathes a t  
r i g h t  angles t o  the  prevailing wind on each occasion,  by s e t t i n g  ou t  
t a r g e t s  - also i n  sho r t  grass - i n  l i n e  with the  wind, and by u s i n g  
the  same compound a t  the  same rate f o r  each tr ial ,  

In  order  t o  examine the  influence of 

T h i s  s ec t ion  describes bioassay measurements of d r i f t  made i n  
a g r i c u l t u r a l  crops during spraying by farmers. 
{I) t o  see whether the  techniques previously developed f o r  
can t ro l l ed  experiments could be used under typ ica l  a g r i c u l t u r a l  
condi t ions ;  (2 )  t o  relate d r i f t  deposi t ion and i ts  e f f e c t s  t o  
physical  f ea tu re s  downwind of sprayed crops;  (3) t o  compare results 
with those obtained under standardized experimental  conditions a t  
Monks Wood i n  1988 and 1989; and ( 4 )  to  estimate the  sizes of bu f fe r  
zones t h a t  would p ro tec t  species outs ide  t h e  sprayed crop. 

The objec t ives  were 

4.2 METHODS 

4.2.1 Fie ld  and laboratory methods 
Two i n s e c t i c i d e s  were se lec ted  f o r  these tests, cypermethrin and 
t r iazophos which are used aga ins t  a wide spectrum of pes t s  including 
Lepidoptera. The ground crops were peas and b russe l s  sprouts  which 
are sprayed fo r  cont ro l  of pea-moth Cydia nigricana (Fab,) and 
cabbage white Pteris spp. c a t e r p i l l a r s .  Topical dosing experiments 
on P .  brassicae L. were f i r s t  c a r r i e d  o u t  t o  ob ta in  LD,, values f o r  
cypermethrin and tr iazophos,  and t o  compare t h e s e  with the  range of 
t o x i c i t y  values  already obtained f o r  e i g h t  o the r  compounds (Sinha,  
Lakhani & Davis, 1990). In  the  case of triazophos, 2-, 3- and 4- 
day-old l a rvae  were compared simultaneously t o  determine the  e f f e c t  
of age on s e n s i t i v i t y .  
cypermethrin was a l s o  done at Monks Wood, using l a rvae  of three  
d i f f e r e n t  ages i n  case older l a rvae  had t o  be used for  f i e l d  
bioassays because of delayed spraying. 

An experimental d r i f t  t r i a l  wi th  

4.1 



Four farms were se l ec t ed  i n  Cambridgeshire and Bedfordshire.  
seven days no t i ce  of spraying was needed t o  have 2-day-old Pieris 
brassicae larvae ready on the  day of spraying,  but  on the  f irst  
occasion a t  Haverhi l l  i n s u f f i c i e n t  no t ice  w a s  given and t he  l a rvae  
were only one day o ld .  

Six t o  

Bioassay t a r g e t s  were prepared e s s e n t i a l l y  i n  the  way described by 
Davis e t  al. (1991). To optimize the  i n i t i a l  feeding of l a rvae ,  egg 
batches were placed d i r e c t l y  on horse-radish p l a n t s  (Armo~acia 
m s t i c a n a ) ,  and kept i n  shaded, humid condi t ions a t  about 20°C. The 
day af te r  hatching, the  l a rvae  were t r ans fe r r ed  to  freshly cut  
leaves se lec ted  and trimmed to be as similar as poss ib le .  These 
leaves were s tuck i n  flower arrangers '  foam ('Oasis') i n  p l a s t i c  
po ts  flooded with water. On the  following day they were t ranspor ted  
to t he  test s i t e  (30 t o  80 km) . 
The t a r g e t s  were set out  i n  two t o  four r e p l i c a t e  l i n e s  about 10 m 
a p a r t ,  perpendicular t o  the downwind f i e l d  edge a t  varying measured 
d is tances  up to 25 m. Wind speed and d i r e c t i o n  were recorded on a 
c h a r t  memometer (Vectair R500). When the  d i r e c t i o n  was clearly 
obl ique to  the  t a r g e t  l i n e s  a t  an angle €3, t he  measured d i s t ance  d 
was adjusted t o  the  e f f e c t i v e  d is tance  d sec 8 .  The pots  were 
placed on the  ground a t  field edges, on road verges and i n  low 
crops, but a t  Haverhill where the re  was a tall crop of f i e l d  beans 
an t h e  downwind s ide the  pots  were suspended from collapsible wooden 
t r ipods  so t h a t  the  i n s e c t s  were j u s t  above crop he igh t ,  

After spraying, the  la rvae  were placed i n  Petri dishes  on sec t ions  
of sprayed l e a f ,  transported back and kept i n  an incubator  a t  24°C. 
Mortal i ty  was assessed over th ree  days. 

A water-sensi t ive paper was pinned out  next  to  each t a r g e t  leaf. 
Although " ine f f i c i en t ' t  as collectors of f i n e  d r o p l e t s ,  they provided 
a v i sua l  i nd ica t ion  of d r i f t  deposi t ion which was measured on an 1's 
image processing system as described by Sinha, Lakhani & Davis 
(1990)+ An attempt was made a t  Haverhil l  t o  measure the  
cypermethrin d r i f t  d i r e c t l y  by using " e f f i c i e n t "  aluminium mesh 
cy l inders  ('Isopon' - 10 cm circumference x 6 cm long) suspended 
next t o  the  target leaves.  These were washed i n  10 m l  hexane which 
was i n j ec t ed  onto a Varian Model 3400 gas l i q u i d  chromatograph using 
a c a p i l l a r y  column and e l ec t ron  capture  de t ec to r .  However, the  
cypermethrin could nat be de tec ted  even a t  1 m downwind owing to  the  
very low app l i ca t i an  rate (25  g a . i .  ha-' i s  equivalent  to 0.25 pg 
c m A 2 )  . 

Statist ical  analyses 
The determinations of LD,, from top ica l  dosing with cypermethrin and 
tr iazophos were based on p r o b i t  analyses of the  dose response 
r e l a t ionsh ips  using the  Maximum Likelihood Programme (Ross, 1980). 
The estimates From the  separate r e p l i c a t e  experiments were pooled t o  
obta in  an overall weighted mean estimate as described i n  Davis, 
Lakhani & Yates (1991). F a r  f i e l d  da ta ,  estimates of mor ta l i t y ,  
with standard e r r o r s ,  were required f o r  each d i s t ance  from the  
r e p l i c a t e  t r ansec t s .  These were obtained by pooling the  numbers of 
larvae exposed a t  each d is tance  and not ing the  t o t a l  number of 
larvae dying. Thus, using the  binomial model, the mor ta l i t y  r a t e  p 
was estimated by the  observed proportion dying,  = Cr,/Cn, 
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where ri = number of dea ths ,  ni = number exposed, a t  a given 
dis tance on the  i t h  t r a n s e c t ;  and S.E.($) = j[z(l-$)/Cn,] 

The distances  a t  which l a rvae  would be expected t o  suffer 50%, 20% 
and 10% mortality were estimated a t  Upper Caldecote 1 and Swavesey 
by f i t t i n g  the  
by Davis et a l .  (l99la)* i.e. P = y + &/[I + exp ( a  - fsd)] where P 
is  percentage dying a t  distance d .  

general ized l o g i s t i c  model t o  the  da t a  as described 

4.3 RESULTS 

4.3.1 Labratory toxicity tests 
Cypermethrin was found t o  be the  most t o x i c  of  the ten compounds so 
f a r  tested aga ins t  Pteris  brasssicae, being  near ly  100 times as tox ic  
as endasulfan (used for  s tandardized comparisons i n  Sinha, L a k h a n i  & 
Davis ,  1990), 6.6 times as tox ic  as t r iazophos  and 3.8 times as 
tox ic  8s diflubenzuron used i n  earlier d r i f t  trials (Tables 4 . 1  & 
4 . 2 ) .  The dose response curve f o r  cypermethrin was found t o  be very 
steep around the  LD,, value,  i.e. a small change i n  dose 
concentration produced a large change in percentage mor t a l i t y ,  The 
above comparisons of r e l a t i v e  t o x i c i t y  are therefore  only va l id  f o r  
t he  LD,, dose. 

I n  the  case of t r iazophos,  the  LD,, doses increased with 3- and 4- 
day-old la rvae  as expected. 
considered, the  e f f e c t i v e  rate was doubled for  3-day-old la rvae  but  
showed l i t t l e  f u r t h e r  increase  f a r  4-day-old larvae (Table 4 . 1 )  . 

When the  dose per  u n i t  weight is 

Contact toxicity i n  the f i e l d ,  however, is determined as much by 
appl icat ion rate (and formulation) 8s by i n t r i n s i c  t o x i c i t y .  Thus 
Table 4.2 shows t h a t  the  'hazard index'  for  cyperrnethrin is  
comparable w i t h  tha t  f o r  diflubenzuron and about 40% of t h a t  for  
triazophos a t  t h e  rate used on peas. All t h ree  compaunds also act 
as stomach poisons so the  actual f i e l d  t o x i c i t y  may o f t en  depend on 
feeding behaviour r a t h e r  than on d i r e c t  exposure to spray d r i f t .  

4.3.2 D r i f t  trial at Monks Wood 
The p i l o t  d r i f t  bioassay with cyperrnethrin a t  Monks Wood gave 
r e s u l t s  t h a t  were comparable with those obtained f o r  diflubenzuron, 
a t  a wind speed of 2 . 5  m s-l (Davis et aZ., 1991a), i n  t h a t  20% 
mortality l a y  between 5 rn and 10 m downwind for the  youngest group 
of larvae (Table 4 .3) .  However, i t  should be noted t h a t  even those 
l a rvae  were a day o lde r  than i n  the  s tandard  diflubenzuron t r ia l s ,  
and secondly t h a t  there was not  a g r e a t  d i f f e rence  i n  s e n s i t i v i t y  
among the  three  age groups. The lack of c lear -cu t  d i f fe rences  i n  
t h i s  d r i f t  t r i a l  may have been due p a r t l y  t o  the l imi ted  sample s i z e  
( a  s ing le  transect f a r  each age group),  b u t  also to  the  greater 
consumption of p e s t i c i d e  res idues ,  and the re fo re  increased stomach 
poisoning mentioned above. 

4.3.3 Crap spraying bioassays 

Site details  
Six spraying operat ions were s tud ied ,  one i n  1989 and five i n  1990. 
Table 4 .4  summarises s i te ,  spraying and meteorological va r i ab le s .  
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Table 4.1. 
t o  Pieris brassicae larvae. 
e r r o r s  as % of t h e  estimates. 

Toxicity of cypermethrin and triazophos i n  topical applications 
LD,, estimates from probi t  analysis f standard 

I n s e c t i c i d e  Larval age Concentration f SE yg/insect v d g  
(days)  ( % )  

Cypcrmethrin 2 

Triazophos 2 

I t  3 
1I 4 

6 . 4 8 ~ 1 0 ~ ~  6.5 0 00016 0.231 

4 . 2 6 ~ 1 0 " ~  7.7 0.0011 1.521 

10.55~10"+~ 5.3 0 + 0026 3.103 

17.86~10-~ 6.0 0.0045 3 * 283 

Table 4.2. Relative f i e l d  hazard of 4 insecticides to 2-day-old P .  brassfcae 
larvae based on topical  dose and application rate (active i ng red ien t )  t o  field 
crops * 

"Field hazard" = Rate/LD,, 
( W / P )  (g/ha)  (million LD,, unitslha) 

Insecticide LD50 Field rate 

Dimethoate 627 4 00 0.6 

Cypermethrin 0.23 25 108 

Diflubenzuron 0.87 100 115 

Triazophas 1.52 336" 221 

* rate f o r  peas; 1050 for  carrots ( f u l l  rate). 

Table 4.3. P i l o t  d r i f t  bioassay t r i a l  with cypermethrin a t  Monks Wood. 
Percentage mortality in three age groups of P. brassicae l a rvae .  

Date/time 6 J u l y  1990/1445 Wind speed 3 m s-' 

Age (days) 

Distance ( m )  3 5 7 

0 

2.5 

5 

10 

20 

30 

Controls 

Mean 1. a rvae / s t a t i on 

100 

31 -3  

41.7 

16.0 

6.3 

3.4 

5.6 

2a 

100 

14.3 

1 7 ~  

18.2 

8.9 

2.0 

4,8 

43 

100 

40.0 

17.4 

8.3 

5.4 

4.2 

0 

25 

4 * 4  



An aph ic ide ,  demeton-S-methyl o r  dimethoate ,  was included i n  t h e  
spray  a t  Upper Caldecote and Swavesey, Previous  bioassay 
experiments have shown t h a t  these compounds have a very low t o x i c i t y  
t o  P. brassicae compared wi th  cypermethrin and t r iazophos  (Williams 
et al,, 1987; Sinha, Lakhani & Davis, 1990). The width of sprayed 
area upwind of the targets depended an the  combination of boom width 
and number of passes. D r i f t  from a s i n g l e  pas s  was assessed  a t  
Haverh i l l  and Swavesey where t h e  t r a c t o r  s t a r t e d  working from t he  
far end of a large f i e l d  a f t e r  spraying  t h e  headland. A t  Upper 
Caldecote  the  t r a c t o r  made t h r e e  o r  fou r  p a s s e s  before  t h e  targets 
were taken up. A t  C h a t t e r i s  t h e  t a r g e t s  were exposed to  d r i f t  from 
seven passes  covering the whole field. However, t h e r e  was some 
doubt as t o  whether t h e  sp raye r  was g iv ing  t h e  expected output  a t  
t h i s  last s i te  because of c a l i b r a t i o n  problems and t he  amount of 
spray  l e f t  i n  t he  tank.  

The downwind t e r r a i n  v a r i e d  considefably from s i te  t o  s i t e ,  and 
depended on wind d i r e c t i o n  on t h e  day. Most crops a d j o i n  o t h e r  
c rops ,  with o r  without an in t e rven ing  grass bank, hedge o r  d i t c h ,  
bu t  it j u s t  happened t h a t  the downwind edge on f i v e  of t h e  six 
occas ions  bordered a road or t rack .  The time of spraying  va r i ed  
between 0940 and 1810, modal wind speed from 2.5 to  5.0 m s-' and 
temperature  from 16' t o  23°C (Table 4 . 4 ) .  There was 8 l i g h t  d r i z z l e  
dur ing  spraying on t h e  first occasion a t  Upper Caldecote so no 
wa te r - sens i t i ve  papers  were used there .  

Drift effects 
The percentage m o r t a l i t y  d a t a  f o r  Pieris  brassicae l a r v a e  (Table 
4.5) are arranged i n  seven distance classes t o  a i d  c r o s s  comparisons 
among s i tes ,  the  a c t u a l  spac ing  of targets being l a r g e l y  determined 
by phys ica l  and vege ta t ion  f e a t u r e s .  As mentioned previous ly ,  t h e  
r e s u l t s  for the  f i r s t  Have rh i l l  t r i a l  were a t y p i c a l  as t h e  larvae 
were too young t o  su rv ive  exposure w e l l ,  confirmed by t h e  heavy 
m o r t a l i t y  i n  the  c o n t r o l s .  The con t ro l s  a t  C h a t t e r i s  a lso showed 
somewhat higher  m o r t a l i t y  than usua l ,  which was probably t h e  r e s u l t  
o f  s t rong winds and unusual ly  long exposure when t h e  whole f i e l d  was 
sprayea.  

These s i x  cases are dep ic t ed  i n  semi-diagrammatic form (Figures 4.1-  
4.5) t o  show the  mean m o r t a l i t y  curves  superimposed on the ground 
f e a t u r e s .  (As mentioned above, t h e  targets were placed on t h e  
ground i n  all cases except i n  t h e  f i e l d  of beans.) A t  Haverhill, 
Chatteris and Upper Caldecote  2 the  mean m o r t a l i t y  p r o f i l e s  were 
approximately s t r a i g h t  l i n e s  over t h e  range of d i s t a n c e s  considered 
( F i g u r e  4.1, 4.2,  4 . 4 ) .  The mor ta l i t y  levels at C h a t t e r i s  were 
lower a t  1 m and 5 m than might be expected from t h e  width of 
sprayed area and rather h igh  wind speed; they  were more comparable 
with those  a t  6 m and 11 m at Upper Caldecote 2. 
a t t r i b u t e d  to wind c u r r e n t s  aver the  r a i s e d  road between the  two 
t a r g e t s  bu t  depos i t i on  measurements on wa te r - sens i t i ve  papers do no t  
suppor t  t h i s  theory (see below). Estimates of d i s t a n c e s  a t  which 
502, 20% and 10% of l a r v a e  would be expected t o  d i e  were read 
d i r e c t l y  from the  graphs for  these  th ree  occasions (Table 4 .5) .  

Th i s  might be 

The curve  for  Upper Caldecote  1 was sigmoid (F igure  4 .3) .  as in the 
earlier experiments wi th  dif lubenzuron a t  in t e rmed ia t e  wind speeds 
(Davis e t  a l .  1991~1). The t a i l  of the  m o r t a l i t y  curve was 
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Table 4.4.  Six  f i e l d  bioassays of  i n s e c t i c i d e  spray  d r i  ;: s i te ,  spraying an meteorological  de sils. 

U. Caldecote I U .  Caldecote 2 Swavese y Haverh i l l  1 Haverh i l l  2 C h a t t e r i s  

Crop 

Date 

Time 

Insecticide 

Rate ( g  a . i .  ha-') 

Sprayed width (m) 

Crop he igh t  (cm) 

Wind speed (m s-I) 

Temperature ( a C ) 

Nozzles (BCPC code) 

Spray p r e s s u r e  ( b a r )  

peas peas 

28.6.90 10.7.30 

1515 1430 

cypermethrin cyperme t h r i n  

25 25 

24 24 

55 55 

4.0 3 . 5  

23 21 

Albuz llOV 

2.75 

peas 

16-7.90 

1545 

cypermethrin 

25 

100 

50 

5.0 

20 

Chafer Red 

2 . 5  

b-sprouts b - sprouts 

29 * 8.89 27 * 7.90 

1000 0940 

cypermethrin* cypermethrin* 

25 25 

25.5 34 

50 40 

2.5 2.5 

16 22 

Albuz APG llOB 

3 . 6  

peas 

11.6.90 

1810 

triazophos' 

336 

18 

50 

2.5 

16 

Lurmark 045' 110 

3 . 5  

* p l u s  demeton-S-methyl a t  325 g a , i .  ha-'; p l u s  dimethoate a t  350 g a .? .  ha-'. 



Table 4.5. Six f i e l d  bioassays o f  i n s e  i c i d e  
downwind, and distances a t  which 5035, 20% and 3 

pray d r i f t :  mean % mortality of Pieris brassicae (bold figures) a t  various distances 
1% morta l i ty  would be expected t o  occur (with standard errors from l o g i s t i c  models). 

Haverhill 1 Haverhill 2 Chatteris U.  Caldecote 1 U .  Caldecote 2 Swave sey 

D i s t  P mort D i s t  % mort Distance c lass  D i s t  % mort D i s t  % mort D i s t  % mort D i s t  % mort 

0- 1 
>1-2 
>2-4 
>4-8 
>8-12 

>12-16 
> 16-25 
Con t ro f 
Mean larvae/s ta t ion 
No. of t ransects  
LD,* 
L%, 
LD,, 

15 69.6 
25 43 .3  

41.9 
21 

3 
(22.5 

15 47.9 
25 5.6 

1.3 
39 

3 
14.0 
21.6 
24.0 

15 15.8 
25 7.4 

9 . 0  
31 

3 
<I 
10.4 
21.6 

1 95.5 
2 97.6 
4 6 6 . 6  
8 14 .U 
- 

16 14.3 
18* 1.1 

4 1  
2 

5.1iu.7 
7 . 3 ~ 2  
8.6i1.7# 

0 

0.8  67.8 0 100 
- 2 100 

6.1 33 .7  7 68.9 
11.4 26.8 10 23.5 

11.5" 1.7 - 13.4 10.3 
21.9 4.0 - 

6.2 5.4 

- - 

33 29 
3 4 
3.5 8 . i M . 3  

13.9 10. b 0 . 4  
18.6 12.0*:0.6 

* immediately behind hedge line; larvae on ly  1-day-old; # underestimate - a t  l e a s t  16 m as per data ,  see t e x t .  



F i g u r e  4.1.  A .  M o r t a l i t y  p r o f i l e s  f o r  P ie r i s  brassicae larvae exposed t o  
cyperrnethrin s p r a y  d r i f t  from a pea f i e l d  at H a v e r h i l l ,  Cambr idgesh i r e  
a n  t w o  occasions - o p e n  c i r c l e s  28 J u n e  closed c i r c l e s  10 J u l y  1990. 
Mean v a l u e s  of 3 r e p l i c a t e s .  B. E q u i v a l e n t  d r i f t  d e p o s i t i o n  
m e a s u r e m e n t s  on w a t e r - s e n s i t i v e  p a p e r s .  
4.4 a n d  4.5 .  

F u r t h e r  details i n  Tables 

A 

15 2 5  Control 0 1.0 7 .5  

30- 

10- 

6- 

3- 

1- 

0,6- 

0.3- 

0.1- 

0.06- 

0.03- 

E3 

0 . 0 ' 1 1  1 7 15  2 5  

Distance (m) 
Distance downwlnd (m) 

F i g u r e  4 .2 .  A .  Mortality p r o f i l e  for P. b r a s s i c a e  larvae exposed t o  c y p e m e t h r i n  
s p r a y  d r i f t  from a p e a  f i e l d  a t  Charteris, Cambridgeshire, 16 July 
1990. Mean valves of 3 r e p l i c a t e s .  R.  Equivalent d r i f t  d e p o s i t i o n  
r n r a s u r e r n e n t s  f o r  i n d i v i d u a l  r ep l ica tes ,  See Tables  4.4 and 4 , 5 .  
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F i g u r e  4.3.  Mortality profile for P. brassicae larvae exposed to cypermethrin 
spray drift from a brussels-sprout field zt Upper Caldecote, 
Bedfordshire, 29 Aug 1989, Means of 2 rep l ica tes ,  See Tables 
4 .4  and 4 .5 .  
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Figure 4.4.  A .  M o r t a l i t y  proEile for P, brassicae larvae expos rd  to 
cypermethrin spray d r i f t  from a b r u s s e l s - s p r o u t  f i e l d  at Upper 
Caldecote, Bedfordshire, 27 July 1990. Means of 3 repl icates ,  
H. Equivalent drift d e p o s i t i o n  measurements for individual 
replicates. See T a b l e s  4.4 and 4.5 .  
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F i g u r e  4 . 5 .  A .  M o r t a l i t y  p r o f i l e  f o r  P,  brassicae larvae exposed t o  tsiazophos 
s p r a y  d r i f t  from a p e a  f i e l d  a t  S w a v e s e y ,  Cambridzeshise, 11 J u n e  
1990. Means  of 4 rep l ica tes .  Open c i r c l e s  beyond t h e  hedge 
r e p r e s e n t  2 samples opposite g a p s .  
m e a s u r e m e n t s  f o r  i n d i v i d u a l  rep l ica tes .  

B.  E q u i v a l e n t  drift deposition 
See T a b l e s  4.4 a n d  4 , 5 .  

A 

hedoe 
wheat crop 

Den won 

2 
' u i  7 ~ : \ v / l l l ~ ~ ~ ~ l l ~ - - :  10 11.5 13.4 Control 

pea crop 
farm track 

11 i 

0 0 z 7 10 15 

Distance (m) Distance downwind tin) 

4.10 



considered to  be t runcated by the  shelter provided by B hedge as 
l a rvae  placed immediately behind i t  suf fered  only 1% morta l i ty  
compared with those j u s t  i n  f ron t  with 14%. 
model t o  the da ta ,  t he  values obtained behind the  hedge were 
the re fo re  excluded. Estimates of LD,,, LD,, and LD,, d i s tances  
var ied by 1-3 rn between the  two t r ansec t s  bu t  t h e  lowest standard 
errors were obtained by combining both sets of d a t a ,  
e x t r a  pair of ' d a t a  v a l u e s ' ,  by assuming zero mor t a l i t y  a t  64 m ,  
made virtually no d i f f e rence  to  the  es t imated parameters.)  
f i t t e d  r e l a t ionsh ip  between percentage mor t a l i t y  ( P )  and d is tance  
( d )  was P 107.73/[1 + E X P  (0.618d - 3.034)]. 

I n  f i t t i n g  a logistic 

(The use of an 

The 

Swavesey was the  only s i t e  where tr iazophos was used (with 
dimethaate) .  
first 10 m and a hedge again appeared to  have some e f f e c t  (Figure 
4.5) .  Two of the  four  lines of t a r g e t s  were placed opposite small 
gaps. Tall grass i n  these  gaps she l te red  t a r g e t s  placed j u s t  behind 
t h e  hedge ltne but those placed 2 m f u r t h e r  away on bare ground i n  
f r o n t  of a wheat crop had a higher average mor t a l i t y  (14%) than 
those that were she l t e red  by the  hedge (7%) ,  although the  
r e p l i c a t i o n  was i n s u f f i c i e n t  t o  show s i g n i f i c a n t  d i f f e rence ,  For 
f i t t i n g  the  l o g i s t i c  model here ,  the  values immediately behind the  
hedge l i n e  were again excluded but  the  f u r t h e s t  values  were 
re t a ined .  I n  Table 4.5 the  r e s u l t s  are based on the  combined da ta  
fram all four  t r a n s e c t s  and are obtained fram the  f i t t e d  
r e l a t i o n s h i p  P = 101.95/[1 + exp (0.582d - 4.759)]. 

The mor ta l i ty  curve here w a s  even more convex over the  

Figures 4.1-4.5 also show the  d r i f t  depos i t ion  results obtained from 
the  water-sensitive papers placed adjacent  t o  t h e  larvae.  These 
depos i t ion  curves,  p l o t t e d  on log-normal axes, shaw rapid and almost 
linear dec l ine  up to  about 10 m a t  Swavesey and Upper Caldecote 2 ,  
but a more exponential  fa l l -off  a t  Haverhi l l  and Cha t t e r i s ,  The 
s i m i l a r i t y  between t h e  two spraying events  a t  Haverh i l l  is 
noteworthy. The r e s u l t s  f o r  Chat te r i s  show greater d r i f t  a t  15 and 
25 m downwind, as would be expected from the higher  wind speed, 
although t h i s  w a s  no t  r e f l ec t ed  i n  higher  mortalities of larvae. 

4.4 QISCUS$IQN 
Studies of spray d r i f t  done undes commercial farming conditions are 
sub jec t  t o  many uncontrol lable  f ac to r s .  
prove a se r ious  impediment t o  bioassay s t u d i e s  when these depend on 
us ing  animals or  plants a t  a c r i t i c a l ,  s e n s i t i v e  stage. I n  t h i s  
respect, t h e  s tandardized procedure used here  with 2-day-old P. 
brassicae l a rvae  requi res  the spraying date t o  be known, and fixed, 
5-7 days i n  advance, whereas farmers and con t rac to r s  must normally 
respond f l e x i b l y  to  changes i n  weather, pest status and problems 
with equipment. The production of large numbers of larvae t o  order 
depends on a reliable ex te rna l  saurce of eggs o r  good qua l i ty  
con t ro l  i n  an in-house breeding programme. Given these  cons t r a in t s ,  
and the  p o s s i b i l i t y  t h a t  a bioassay t r ia l  may have t o  be aborted a t  
the  last  minute, the  s tud ie s  reported h e r e  never the less  demonstrate 
t h a t  t he  method c m  be used under a range of f i e l d  condi t ions.  

Uncertainty in timing can 

ln t h e  s t u d i e s  descr ibed,  the  large v a r i a t i o n  between spray events - 
in si te ,  opera tor  and mcteorological va r i ab le s  - p r o h i b i t s  prec ise  
conclusions about t h e  e f f e c t s  of any p a r t i c u l a r  va r i ab le .  The 
height of vegetat ion downwind of the  sprayed crop varied 
considerably:  from zero, where there was a t r a c k  OS road, t o  40- 



50 cm for  the  sugar-beet a t  Upper Caldecote 2 and C h a t t e r i s ,  and 
120 cm f o r  the  f i e l d  beans a t  Haverh i l l ,  The t a l l  beans would have 
de f l ec t ed  t h e  d r i f t  cloud upwards c r e a t i n g  turbulence for  a 
considerable  d is tance  ( c f .  Bradley, 1968). Such changes i n  
"roughness length" and the  presence of hedges makes it u n r e a l i s t i c  
i n  many f i e l d  s i t u a t i o n s  t o  expect  the  drift deposi t ion and 
mortality curves t o  f i t  a simple l o g i s t i c  or exponential  model, as 
was assumed i n  the experiments done over a uniform g ras s  sward 
( D a v i s  et a t .  , 1991). 

Under such circumstances, a combination of modelling with graphica l  
determinntions (F ig .  1) allows reasonable estimates of bu f fe r  zones 
t o  be made under the preva i l ing  spraying and topographical 
condi t ions .  I f  these are set  by d i s t ances  a t  which larval mor t a l i t y  
was d o % .  then t r ia ls  2 ,  3 and 5 g ive  similar estimates of the  order 
of 16-24 m. These results are comparable with the  higher  estimates 
of LD,, distance i n  Davis e t  a t .  (1991) for  diflubenzuron which were 
i n  the range 16-28 rn. For cypermethrin i n  t r i a l  4 ,  an LD,, estimate 
of 8.4 m ,  us ing the  l o g i s t i c  model, i s  clearly an  underestimate,  
because t h e  f i e l d  observations showed mor ta l i ty  of 14% up to  t h e  
hedge a t  16 m .  For triazophos a t  Swavesey, a similar hedge e f f e c t  
produced an LD,, value of 12 rn. These estimates make no allowance 
far con t ro l  mor ta l i ty  of about 5% and should therefore  be t r e a t e d  
with caut ion .  On the  o the r  hand, they are based on short-term 
mor ta l i t y  and do no t  take account of delayed or sub le tha l  e f f e c t s .  

Longer-term e f f e c t s  need t o  be s tud ied  t o  obta in  estimates of the  
dasage l e v e l s  o r  distances a t  which there i s  no de tec tab le  e f f e c t s  
on fecundi ty .  To be real is t ic ,  however, s t u d i e s  should also take 
account of behaviourial  response t o  sprays.  The hazard of 
pyrethroid sprays t o  honeybees i s  reduced because the i r  repel lency 
results i n  avoidance behaviour (Shires, 1983). S imi la r ly ,  Piex i s  
brassicae l a rvae  can show i r r i tancy responses t o  pyrethroids  (Tan. 
1982) which could cause them t o  drop off a p lan t .  This might reduce 
exposure t o  tox ic  res idues but  increase  exposure to  ground preda tors  
which are the  main cause of larval morta l i ty  i n  brassicas (Dempster, 
1968). 

Water-sensit ive papers are u s e f u l  for  assessing deposition of larger 
d r o p l e t s  (MacCollam, C u r r i e r  & Baumann, 19861, but should only be 
used i n  t he  absence of a more p r e c i s e  method such as a tracer dye or 
element (see Section 6 ) .  
impact on glass microscope s l i d e s  i n  a 2 m s-' wind (Byass & Lake, 
1977), while Davis e t  a t .  (1991) showed t h a t  mor ta l i ty  of Pieris 
bmssicae l a rvae  occurred beyond t h e  d i s t ance  a t  which d r i f t  could 
be de tec ted  on water-sensi t ive papers. However, tracers cannot 
genera l ly  be added to  commercial spray operat ions.  

Only 30% of drops 50 pm i n  diameter w i l l  

I n  ex t r apo la t ing  these r e s u l t s  more widely, t h e  following factors 
need to be borne i n  mind. Cypermethrin and triazophos are among t h e  
most t o x i c  compounds t o  t h e  test i n s e c t ,  so less toxic  ones would be 
safely accommodated within these  bu f fe r  zones. S imi la r ly ,  a hedge 
or s h e l t e r b e l t  within 20 m can provide s i g n i f i c a n t  pro tec t ion  t o  
h a b i t a t s  beyond (see Sect ion 6 ) .  On the  other hand, cumulative 
d r i f t  from a whole f i e l d  was only examined a t  Chat te r i s  bu t  could 
add s i g n i f i c a n t l y  t o  d r i f t  i n  some circumstances (Nordby and 



Skuterud , 1974 ) . Likewise , s t ronge r  winds and spraying of ta l le r  
crops than  those s tud ied  could inc rease  the amount of drift. 

A 10% mor ta l i t y  l e v e l  for  P i e r f s  brcrssfcae larvae is ,  of course ,  
q u i t e  a r b i t r a r y ,  and t h e  estimated buffer zones are considerably 
g r e a t e r  than the 6 rn "conservatian headland" recommended by the  Game 
Conservancy for  increasing t h e  i n v e r t e b r a t e  food of pa r t r idge  
ch icks .  The Conservancy's figure is based pragmatically on the  
width of spray boom t h a t  can conveniently be shu t  off when spraying 
around the edge of a f i e l d ,  and w i l l  c e r t a i n l y  reduce d r i f t  into 
f i e l d  margins (Cuthbertson , 1988 : Cuthbertson & Jepson , 1988) . 
Bioassay measurements with P. brassfcae indicate t h a t  mortality at 
6 m would be between 24% and 39% fop trials 3-5 and 70-752 far 
t r i a l s  2 and 6 .  However, such comparisons are no t  s t r i c t l y  
a p p l i c a b l e  because  the  first 6 m i n  t h e  p re sen t  s t u d i e s  were 
genera l ly  over a roadway or shor t  vege ta t ion .  
expected t o  occur over the same width of cereal crop, 

Less d r i f t  could be 
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