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6 EFFECT OF HEDGES ON SPRAY DRIFT 

6.1 BACKGROUND AND OBJECTIVES 
There i s  cons iderable  l i t e r a t u r e  on t h e  aerodynamics and 
micrometeorology of hedges and s h e l t e r b e l t s ,  
movement around such f e a t u r e s  are f a i r l y  w e l l  known (see Po l l a rd ,  
Hooper & Moore, 1974) and have been t h e  s u b j e c t  of mathematical 
modelling (eg Plate,  1970; Wilson, 1985; McNaughton, 1989). When 
wind reaches a s o l i d  b a r r i e r ,  such as a w a l l ,  t h e  moving a i r  is  all 
d ive r t ed  up and over i t  giving strongly t u r b u l e n t  condi t ions  behind 
i t  , and a r ap id  r e tu rn  t o  free wind speed (Fig. 6 ,  I ) .  For a 
permeable b a r r i e r  l i k e  a hedge, some o f  t h e  a i r  filters through and 
so there is  a lower pressure d i f f e r e n c e  on t h e  two s i d e s  and a more 
gradual r e t u r n  t o  free wind speed. The s h e l t e r  e f f e c t  i s  usua l ly  
measured i n  terms of 'hedge h e i g h t '  units, H. Thus, a hedge of 40% 
permeabi l i ty  w i l l  reduce wind speed " s i g n i f i c a n t l y "  f o r  a leeward 
distance equiva len t  to 8-12 H (Marshal l ,  1967, quoted i n  Pol la rd  e t  
al. 

The p r i n c i p l e s  of  a i r  

I n  a d d i t i o n  t o  the reduct ion i n  wind speed on t h e  leeward s i d e  of a 
hedge. there  i s  also a reduct ion  on the windward s i d e  due t o  a 
'cushion '  of ail- which diverts t h e  moving a i r  upwards. Pol la rd  e t  
al. state  t h a t  t h i s  zone may extend for  4 H from t h e  hedge, while  
Rider (1951) showed t h a t  such an e f f e c t  could  be de tec ted  for a 
d i s t ance  of 10 H (17 m with a 1.7 m high hedge) .  

The e f f e c t  of hedges on t h e  depos i t i on  of spray  p a r t i c l e s  has no t  
been well s t u d i e d ,  and t h e r e  were two main objectives of t h i s  work. 
The f i r s t  was t o  see whether a hedge a f e w  metres downwind of a 
sprayed f i e l d  would enhance or  reduce t h e  e f f e c t  of p e s t i c i d e  d r i f t  
a t  t h a t  d i s t a n c e  as compared with t h e  e f f e c t  when there was no hedge 
t h e r e .  The second was t o  s tudy the  shelter e f f e c t  behind a hedge. 
The ques t ion  of modelling the  effect  of hedges on the impact of 
spray drift would a l s o  bc considered.  

The fol lowing account is d iv ided  i n t o  t h r e e  main sections. 
f i r s t  desc r ibes  the  use of f luo rescen t  dyes fo r  s tudying d r i f t  
depos i t i on  i n  the  presence and absence of hedges. Development 
aspects af t h i s  work are only b r i e f l y  desc r ibed ;  f u r t h e r  d e t a i l s  are 
given i n  Brown (1991). The second s e c t i o n  desc r ibes  bioassay 
experiments i n  r e l a t i o n  t o  hedges. F i n a l l y ,  t h e  Discussion 
cons iders  t h e  r e l a t i v e  advantages of t h e s e  two approaches, draws ou t  
t he  main conclusions,  and p o i n t s  t o  f u r t h e r  work t h a t  needs t o  be 
done. 

The 

Spray d r i f t  i n t o  woodland edges is  considered b r i e f l y  i n  an 
Addendum * 

6.2 @E OF FLUORESCENT DYES FOR MMmSURING SPRAY D R I F T  
Fluorescent  dyes and pigments have been used as spray tracers for  
over 35 years t o  assess depos i t s  on p l a n t  s u r f a c e s  (Sharp,  1974) .  A 
range of water so lub le ,  o i l  s o l u b l e  and i n s o l u b l e  p a r t i c u l a t e  
materials are now a v a i l a b l e  t h a t  are non-toxic t o  plants  and animals 
a t  the  l e v e l s  used, and caxl be d e t e c t e d  at low concent ra t ions .  
Recent developments i n  t h e i r  u se  with f luorometry and photography 
were summarized i n  a series of papers given  a t  a workshop on The Use 
and Limi ta t ions  of Tracers f o r  t h e  Q u a l i t a t i v e  and Quan t i t i ve  
Assessment of Agr icu l tura l  Spray Deposi ts  organised by the  
Associat ion of Applied Bio logis t s  and S h e l l  Research i n  1989. 

6.1 



F i g .  6.1. 
bar r ie r  makes a more efficient:  s h e l t e r  (From Pollard,  Hooper & Moore, 
1974) .  

Wind she l te r  by s o l i d  and  pcrmeable barriers. The permeable 

6.2 



Sodium f luoresce in  was chosen for  the  present  work. It can be 
readi ly  recovered from a range of na tu ra l  and artificial t a r g e t s  
using water with 0.02 M sodium hydroxide and 8 non-ionic su r fac t an t  
(0.01% v/v 'Agro l ' ) .  A disadvantage is  that dry  deposits fade 
rapidly in sun l igh t ,  and f i e l d  samples must therefore  be placed i n  a 
dark container  as quickly as poss ib le .  

Extracts  from receptors  were measured us ing  a Shimadzu RF5OOl PC 
Spectrofluorophatometer f i t t e d  with B 150 W Xenon lamp. Maximum 
fluorescence i n  so lu t ion  occurs a t  an e x c i t a t i o n  of 483 nm and 
emission of 514 nm. By altering the  s e n s i t i v i t y  range, dye 
concentrations i n  the  range 0.001-1 ppm could be measured. 

6.2.1 Comparison and choice of receptors 
Methods A v a r i e t y  of c y l i n d r i c a l  c o l l e c t o r s  have been used i n  
s t u d i e s  on spray d r i f t ,  i n  addi t ion  t o  f l a t  sur faces  which are known 
t o  be  i n e f f i c i e n t .  eg t h i n  polythene tubing,  p ipe  cleaners, test- 
tube brushes and h a i r  c u r l e r s  (Gilbert & Bell, 1988; May, 1991; 
C ~ Q S S ,  1991; Parkin  & Merritt, 1988). These four  types were 
therefore  compared toge the r  with a metal receptor  which could be 
useful  for  o the r  s t u d i e s  involving d i r e c t  ana lys i s  of organic 
pes t i c ides ,  v i z .  

6 P l a s t i c  rods 1.6 mm d i m  x 180 mm long 
6 p i p e  cbxners 3 mm x 180 rnm 
@ Test-tube brushes 10 mm x 100 mm 

P l a s t i c  h a i r  c u r l e r s  ('Gut-A-Roller') 38 m x 60 mm 
* Cylinders of aluminium mesh (David's Car Repair) 30 mrn x 80 mm,  

For t h e  f i e l d  t r i a l ,  t h ree  p a r a l l e l  rows of stakes were set out  10 m 
apart i n  an area of short grass a t  1, 2 ,  4, 8, 16 and 32 m downwind 
of the area t o  be sprayed. Each stake had a cross-bar 45 cm above 
ground-level from which t h e  receptors  were hung, one set each s i d e  
i n  randam order,  u s i n g  hooks or c l i p s  which f a c i l i t a t e d  removal 
without handling a t  the  end of the  t r ia l .  Two similar  support  masts 
were placed 20 m upwind of t he  sprayed area as con t ro l s .  

Sodium f luoresce in  was used a t  350 ppm i n  t h e  spray tank, and 
spraying c a r r i e d  a u t  i n  the standard way u s i n g  a 6 m boom 0.75 m 
above the ground w i t h  opera t ing  pressure  2 bar  g iv ing  an appl ica t ion  
rate of 150 l i t res  ha-'. 
l e a s t  50 m beyond the  t a r g e t  l i n e s  i n  both d i r ec t ions .  The 
receptors  were then placed i n  glass storage j a rs  i n  cardboard boxes. 
The whole operat ion took about 10 minutes. 

The t r a c t o r  made four  passes  going a t  

The spray depos i t s  on the  receptors  were ext rac ted  by rinsing 
thoroughly i n  15 m l  of the  washing l i q u o r ,  
measured i n  t h e  fluorameter using the  con t ro l s  t o  check fo r  
background f luorescence.  
pprn from c a l i b r a t i o n  graphs which had already been prepared from 
standard so lu t ions .  Recovery values  for  each type of seceptor  were 
obtained by sp ik ing  clean receptors  with various concentrat ions of 
the s p r a y  s o l u t i o n ,  and fade was allowed for  i n  a separa te  
experiment by exposing samples i n  the  f i e l d  f o r  known per iods.  

The i n t e n s i t y  of dye was 

I n t e n s i t y  values were then converted t o  

Results The resul ts  (Table 6.1) showed d r i f t  deposi t ion l e v e l s  
ranging from 0.001 ppm for  the  p l a s t i c  rods a t  32 m d i s tance  t o  1.08 
ppm f o r  the  mesh cylinders a t  1 rn. Since the  sprayer emission rate 





F i g .  6.2. Relationships be tween fluorescein d y e  c o l l e c t e d  by f i v e  
t y p e s  of receptor and distance downwind from a s p r a y e d  area (means 
of 6 r e p l i c a t e s ) .  
sca les  (below).  (From Brown, 1991). 

Results plotted o n  normal scales  (above)  and  l o g  
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was 350 ppm, these values represent  2.9 x low?! and 3.1 x 10-3 of 
emission rate respec t ive ly .  All receptors  showed an exponential  
dec l ine  i n  dye co l l ec t ed  with dis tance  (F ig .  6 .28) .  There was 
l i t t l e  d i f f e rence  between receptors  i n  sampling e f f i c i ency  a t  
d i f f e r e n t  d i s t ances  as shown by the  nea r ly  parallel curves i n  Fig. 
6.2b. but  s i n c e  the  l a r g e r  receptors  co l l ec t ed  l a r g e r  deposits t h e  
h a i r  cur lers  were se lec ted  f o r  f u t u r e  experiments. 

6 . 2 . 2  Hedge effects on d r i f t  deposition 
Methods Experimental hawthorn hedges a t  Monks Wood were l a i d  i n  
March 1991 for  these  s tud ie s .  When i n  l e a f ,  they produced dense,  
even b a r r i e r s  ca. 1.6 m high x 1 . 2  m wide. 
apart except a t  the  western end where one was cut down completely t o  
give a 60 m f e t c h  from the t a l l  boundary hedge. 

These hedges were 30 m 

Two series of d r i f t  experiments were c a r r i e d  ou t  using f luoresce in .  
The f i r s t  series used a continuous length  of hedge t o  examine both 
ver t ical .  and hor izonta l  profiles of d r i f t  p a r t i c l e s .  The second 
series compared the  d i f fe rence  between d r i f t  over 8 hedge and d r i f t  
through a gap where the  hedge had been removed. 

The f i r s t  series consisted of th ree  t r i a l s  done a t  d i f f e r e n t  wind 
speeds when the  d i r e c t i o n  was s u i t a b l e ,  ie roughly a t  r i g h t  angles 
t o  the hedges. I n  each case, the  sprayer  made four  passes covering 
an area 24 m wide starting 6 m from the  hedge. The f i e l d  procedures 
were similar t o  the  previous experiment except t h a t  p a i r s  of h a i r  
curler receptors  were hung from cross-bars  a t  0.45, 1.0 and 2.0 m 
height  t o  obta in  data on the v e r t i c a l  p r o f i l e  of  the  d r i f t  clouds.  
In each t r i a l ,  two l i n e s  of support  masts were set out  10 m a p a r t ,  
and within each l i n e  the t a r g e t s  were placed a t  1, 5,  6, 7 ,  10, 15 
and 20 m downwind of the sprayed a r e a ,  those a t  6 m being hung a t  
t h e  upwind edge of the  hedge o r  immediately above the  hedge. A 
chart anemometer gave a continuous record of wind speed and 
d i r ec t ion  a t  1.5 m height  and 6 m i n  f r o n t  of the  hedge, while fou r  
counting anemometers recorded mean wind speeds a t  0.45 and 1.0 m 
heights at 10 and 15 m behind the  hedge. 

The second series of t r ia ls  was also done on th ree  occasions. One 
l i n e  of pa i red  receptors  passed across a section of hedge as before ,  
w h i l e  a second l i n e ,  20 m away, passed through the cent re  of a 16 rn 
wide gap. The receptors  were placed a t  t he  same heights  and 
downwind d i s t ances  as i n  t h e  previous series but  not  i n  the  l i n e  of 
the hedge itself. Wind speeds a t  0.45 and 1.0 m he ights  on the  two 
t r ansec t s  were measured only a t  10 m behind the  l i n e  o f  the  hedge. 

Results _Continuous h e d B  trials 
The meteorological da t a  from the first  series of hedge t r ia l s  are 
given i n  Table 6.2 ,  and the  deposition r e s u l t s  i l l u s t r a t e d  i n  F ig ,  
6.3. 
ascending wind speed f o r  convenience of i n t e r p r e t a t i o n . )  
lowest wind speed, deposi t ion on the  t w o  lower l i n e s  of receptors  
showed similar t rends:  a s teady f a l l  a f f  up to  the  hedge, a sudden 
large decrease immediately behind the  hedge, and then a gradual 
increase up t o  20 m dis tance .  Note the  logarithmic scale for  
deposi t ion;  on an a r i thmet ic  scale t h i s  increase  is  scarce ly  
not iceable .  
receptors i n  f r o n t  of the  hedge b u t  t h i s  increased s l i g h t l y  where 

(For both s e r i e s ,  t h e  r e s u l t s  are described i n  order  of 
A t  the 

There was less d r i f t  deposi t ion on the  highest  



Table 6.2*  
6 m from sprayed area. Sunshine on scale 0-4. (From Brown, 1991). 

Meteorological data f a r  fluorescein trials w i t h  continuous hedge 

Wind speed (ms-') a t  3 distances 
(m) downwind of sprayed area 

T r i a l  Distance 0 10 15 RH% "C Sunshine 
Heright 1 - 5  0.45 1.0 0.45 1.0 

2.0*1.0 0.5 0.7 1.1 1 .7  78 18 

3.5k1.5 1.2 1.7 2.4 3.2 82 19 

4.0*2.0 1.9 2.6 3.1 3 - 6  70 27 

Table 6.3. Fluorescein d r i f t  deposition (ppm) at given distances from a 
sprayed area along a transect across a laid hedge. Totals of amounts 
collected a t  0.45, 1.0 and 2.0 m heights above t h e  ground at three wind 
speeds. (Means of 4 replicates). 

~. 
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F i g .  6 . 3 .  Fluorescein d r i f t  deposition i n  r e l a t i o n  to  a cont inuous hedge ( shown  stipplcd). Resnl ts  from t hrce t r i a l s  
a t  t i i l f e r - c n t  w i n d  s p e e d s  each w i t h  rcccptors a t  t h ree  h e i g h t s :  0 = 0.45 rn, A = 1.0 rn, 0 = 2.0  m. 
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the  a i r  cu r ren t s  passed over the hedge, and then fell more gradually 
t o  about the  same level as the  lower receptors  a t  20 m.  

Essent ia l ly  similar prof i les  were recorded a t  t h e  intermediate wind 
speed though the rc  was greater i n i t i a l  difference i n  deposit ion a t  
the  th ree  receptor  he ights ,  almost i d e n t i c a l  values a t  t h e  hedge 
i t s e l f ,  and a more marked s h e l t e r  e f f e c t  and r e c o v e r y  behind the  
hedge f o r  the two lower receptors. 

A t  the highes t  wind speed, the hedge appeared t o  offer rather less 
shelter t o  the two lower receptors ,  and t he re  was l i t t l e  or no 
subsequent increase i n  deposition. There was considerably less 
d r i f t  deposition i n i t i a l l y  a t  2.0 rn height  than a t  t h e  lower he ights  
or  in t h e  earlier t r i a l s  (as would be expec ted) ,  but depos i t ion  
increased up t o  the hedge before declining again gradually. 

The t o t a l  amount of d r i f t  deposit ion a t  all d i s t ances  (sum of t h e  
receptors a t  t h ree  he ights )  increased with wind speed (Table 6.3).  

Hedguersus  gap t r -  
The second series of trials provided n ine  comparisons of deposit ion 
profiles i n  the presence o r  absence of a hedge, i e  resu l t s  far  th ree  
heights on th ree  occasions (Fig. 6 .4 ) .  The wind speeds varied less 
than i n  t h e  f i r s t  series, the highest  being 3.0 m s*' which is  more 
within acceptable limits f o r  spraying (Table 6,4) + 

For the  receptors a t  0.45 m h e i g h t ,  the  she l te r  effect  of t h e  hedge 
a t  7 m can again be clearly seen i n  all three trials i n  con t r a s t  
with the nare gradual dec l ine  i n  depos i t ion  i n  t h e  gap. 
subsequent increase behind the  hedge up to  20 m was also ev ident ,  
and i n  two cases the  deposit ion even exceeded t h a t  i n  the  t r a n s e c t  
l i n e  through the  gap. 

The 

Table 6.4. 
al ternating hedge and gap 6 rn from sprayed area. 
0-4. (From Brown, 1991). 

Meteorological da t a  fo r  f luoresce in  t r ia ls  with 
Sunshine on scale 

Wind speed (ms-') a t  given d i s t ances  
( m )  downwind of sprayed area 

In gap Behind hedge 

Tr ia l  Distance 6 10 10 10 10 RHX "C Sunshine 
Height 1.5 0.45 1.0 0.45 1.0 

3 2.0ki.O 1.67 1.87 0.6 0.9 67 25 2 

2 2.5+1.25 1.6 1.9 0.45 0.7 84 22 4 

1 J.O*l.5 2.7 2.4 0.78 1,l 90 17 0 

The same comparisons can be made f o r  t he  receptors a t  1.0 m height 
except t h a t ,  a t  t h e  f a s t e s t  wind speed, t he re  was also a sudden drop 
i n  deposit ion a t  7 rn i n  the  gap. T h i s  e f f e c t ,  which was seen t o  a 



Fig .  6 . 4 .  
c i r c l e s )  and a gap (open c i r c l e s ) .  
wind speeds each w i t h  receptors a t  three heights. 

Fluorescein d r i f t  deposition i n  r e l a t ion  t o  a hedge ( s o l i d  
Results from three trials at different 
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lesser ex ten t  a t  0.45 and 2.0 m, may be due to  la teral  turbulence 
from the hedges on e i t h e r  s i d e  of t he  gap. 

For the  h ighes t  receptors ,  the  deposi t ion profiles over t h e  hedge 
and through t h e  gap were general ly  more alike, as one would expect 
s i n c e  they were above hedge height.  I n  bo th  t r a n s e c t s ,  t he  
deposi t ion a t  2.0 m height  was higher than t h a t  a t  0.45 m a t  most 
d i s t ances  from 5-20 m downwind of the  sprayed area (2J /30  cases ) .  
Thus, although the l a r g e r  drople t s  sediment ou t  q u i t e  qu ick ly ,  the 
f i n e s t  p a r t i c l e s  are ca r r i ed  up by t u r b u l e n t  a i r  flow and must 
contribute t o  low l e v e l  po l lu t ion  ~ v e r  long d i s t ances .  

6 3 BIOASSAYS 
Five bioassay experiments were made, one with MCPA and plants  and 
fou r  with cypermethrin and Pteris brassfcae l a rvae .  I n  all cases, 
lines of targets were l a i d  o u t  i n  an area of s h o r t  g ra s s  across 
adjacent s e c t i o n s  of hedges and gaps as descr ibed  above. However, 
i n  one of t h e  cypermethrin trials the re  was very l i t t l e  wind and no 
effects a t t r i b u t a b l e  t o  d r i f t  were recorded so these  results are not 
reported.  

6.3.1 piants 
Methods Seeds of tomato (va r i e ty  Alicmte) and Lychnis flos-cuculi 
were sown i n  t r a y s  of I C I  po t t i ng  compost i n  August 1991 and kept i n  
an unheated glasshouse.  
unsui tab le  weather f o r  several weeks delayed t h e  f i e l d  t r i a l  u n t i l  4 
November. (Conditions were e i t h e r  too calm or  too windy o r  the wind 
was parallel t a  the  hedges r a the r  than a t  r i g h t  angles . )  
t ime, the tomato p l a n t s  were about 30 cm while the Lychnis rosettes 
were about 8 cm across. 

Slow germination of t h e  Lychnis and then 

By t h i s  

Spraying was c a r r i e d  out  as i n  the  previous t r ia ls  starting 6 m from 
the  hedge l i n e  and making four passes covering a 24 m wide area. 
Four l i n e s  of plants, about 18 m apart ,  were placed opposite four  
alternating sec t ions  of hedge and gap. I n  each l i n e ,  t h ree  t rays  of 
both species were placed ( i n  random o r d e r )  a t  I, 5, 7 and 15 rn 
downwind of t h e  sprayed area, those a t  5 and 7 m being immediately 
i n  f r o n t  of and behind the hedge (01' gap). 
chosen as a r e s u l t  of the  f luoresce in  t r i a l s  which showed an 
increased depos i t ion  a t  t h i s  d i s tance  from t h e  sprayer ,  ie 8-9 m 
behind the  hedge (Fig. 6 .3) .  MCPA was appl ied  as i n  previous 
herb ic ide  tr ials (Marrs et a l . ,  1989) except that a tank pressure of 
3 bar  was used t o  obta in  a finer spray which would accentuate  d r i f t .  

The 15 m position was 

After spraying,  the t r a y s  were taken back t o  t h e  glasshouse and kept 
fo r  one week. 
damage, s l i g h t  damage o r  no damage us ing  t h e  cr i ter ia  as i n  Table 
6 . 5 .  
o r  be severe ly  re ta rded  i n  growth while s l i g h t l y  damaged p lan t s  
would probably recover a f t e r  a check. 

Individual  plants were then scored as showing severe 

It was assumed t h a t  severely damaged p l an t s  would e i t h e r  die 



Table 6.5. 
and Lychnis flos-cuculi rosettes a f t e r  1 week. 

Damage cr i ter ia  fa r  MCPA spray d r i f t  on tomato plants 

Tomato 

Severe: Twisted growing pain ts ,  swollen leaf a i l s ,  pale colour of 
tips. 

S l i g h t :  S l i g h t  bending of t i p s  but  no discolouration 

Lvchnis 

Severe: F l a c c i d ,  dark, crinkled leaves 

S l i g h t :  Slightly darkened bu t  crisp leaves 

Results Wind conditions d u r i n g  spraying and the results of the  
t r i a l  are summarized i n  Table 6.6. 
completely u n a f f e c t e d  i n  the t r ansec t s  across the  hedges up to  15 m, 
and none i n  the  t r a n s e c t s  through t h e  gaps (Fig.  6 .5) .  However, 
there was a b ig  d i f f e r e n c e  i n  the  proport ions of severe ly  damaged 
plants  a t  7 m ,  followed by a s i g n i f i c a n t  increase  again behind the  
hedge between 7 and 15 m (P<O.O5)- 

Only a few tomato p l a n t s  were 

The Lychnis p lan t s  were less obviously a f f ec t ed  than the tomato 
p l an t s :  5-8% showed only s l i g h t  damage a t  1 m, and 36-523: showed 
slight or  no damage a t  15 m. The shelter e f f e c t  of the  hedge at 7 m 
was again very clear (F ig .  6 . 5 ) ,  and the re  was again an increase 
subsequently r e s u l t i n g  i n  similar levels of damage a t  15 m behind 
the  hedges and through t h e  gaps. 

Analysis was undertaken on the  angularly trmsformed proport ions of 
s e r i o u s l y  a f f e c t e d  Lychnis plants us ing  a regression modelling 
approach. The a d d i t i o n  of a cubic term for t h e  hedge transects gave 
a s i g n i f i c a n t  improvement on a model us ing  only quadratic terms 
(Fl,ll = 15.48, P<O.Ol). The parameters of the cubic r e l a t ionsh ip  
suggest t h a t  the a p p a r e n t  i nc rease  i n  damage a t  15 m compared with 
7 m was B real one. 



Table 6 .  Numbers of tomato and Lychnis plants a f f e c t e d  by MCPA spray  drift a t  given d i s t ances  downwind of a sprayed 
area a t  Monks Wood 4.11.91. Sum of 2 transects ( 3  t rays of p l a n t s  p e r  s t a t i o n )  Etcross s e c t i o n s  of hedge or through 
gaps,  w i t h  t he  hedge line a t  6 m. Wind speed 3.5-4.0 m s-' ,  Damage r a t i n g s  ++ = seve re ,  + = s l i g h t ,  0 = unaffec ted .  

Tomato Lychnis 

Distance ( m )  ++ 4- 0 ++ + 0 ++ + 0 ++ + 0 

1 

5 

7 

15 

113 U 0 

111 1 1 

53 55 4 

82 28 3 

115 U 0 729 41 U 557 47 0 

10% 3 0 582 89 0 568 124 13 

111 5 0 211 336 128 523 100 22 

104 12 U 263 233 55 402 285 50 

, . iaffecte~ con t ro l  p l a n t s  : tomato 59, L y c h n s  353 



F i g .  6 .Sm Bioassay results f o r  tomato a n d  ragged-robin (Lychnis flos-cuculi) 
r e c e i v i n g  MCPA d r i f t  i n  r e l a t i o n  to a h e d g e  ( s o l i d  s y m b o l s )  or  a gap (open  
symbols) a t  E, m. 
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6.3.2 Insects 
Methods Two drift experiments were done i n  1990 using a s e c t i o n  of 
trimmed hedge ca 2.4 m high and an adjacent  gap, while the t h i r d  was 
done i n  1991 us ing  s e c t i o n s  of  laid hedge and gap as i n  t h e  drift 
t r ia l s  wi th  dyes and MCPA r epor t ed  above. I n  t h e  first two cases, 
t h r e e  lines of t a r g e t  l eaves  with c a t e r p i l l a r s  were placed  5 m a p a r t  
oppos i t e  a s i n g l e  s e c t i o n  of hedge and another  t h r e e  l i n e s  i n  the  
ad jacen t  gap. ( I d e a l l y ,  replicated sec t ions  of hedge and gap would 
be used i n  randomized pairs  b u t  t h i s  was not  feas ib le ) ,  
l i n e ,  t a r g e t s  were placed a t  1, 5,  7 and 11 m downwind of  the 
sprayed area, those a t  5 and 7 being on either s i d e  of t h e  hedge 
l i n e .  The targets a t  1 and 11 m were placed on the ground i n  the  
usua l  way, b u t ,  because t h e  hedge was very open a t  the bottom (due 
to rabbit  browsing) ,  a l l  t h e  t a r g e t s  a t  5 and 7 rn were suspended 
from t r i p o d s  a t  I m above the ground. 

Within each 

I n  t h e  t h i r d  t r i a l ,  more emphasis was placed i n  d e t e c t i n g  any 
increased m o r t a l i t y  a f t e r  t h e  i n i t i a l  s h e l t e r  a t  7 m behind the 
kedge. S ing le  l ines of t a r g e t s  were placed opposite t h e  centre of a 
l a i d  s e c t i o n  of hedge and adjacent gap at 3, 5,  7 ,  9 ,  11, 14, 17 and 
20 m .  All t a r g e t s  were on t h e  ground, and, s i n c e  t h e  wind speed was 
low, 3 bar pressure  was used t o  accentuate  d r i f t .  

R e s u l t s  The r e s u l t s  of the f i r s t  ~ W Q  t r i a l s  with the t a l l ,  un la id  
hedge are shown i n  Fig. 6 , 6 .  
shelter effect a t  7 m where t h e  mor t a l i t y  values f o r  the hedge and 
gap series d i f f e red  most s t r o n g l y .  However, t h e r e  was also 
cons iderably  h igher  m o r t a l i t y  i n  the  gap series a t  5 m which 
sugges ts  t h e r e  was more d r i f t  along that section of the t ractor  r u n  
anyway * 

The f i r s t  t r i a l  i n d i c a t e d  a s t r o n g  

The second t r i a l  was a t  a higher wind speed and there w a s  a 
corresponding higher  m o r t a l i t y  a t  a l l  distances compared with the 
first t r i a l .  In t h i s  case there was no clear shelter effect  a t  7 rn, 
given t h e  h igher  m o r t a l i t i e s  i n  the  gap series a t  1 and 5 m .  
H Q W W ~ ~ .  t h e r e  was apparent ly  a b i g  shelter ef fec t  behind t h e  hedge 
a t  11 m .  (The increase i n  m o r t a l i t y  for  the gap series between 7 rn 
and 11 m was s t a t i s t i c a l l y  s i g n i f i c a n t  b u t  not very  informat ive  
because of t h e  d i f f e r e n t  h e i g h t s  of the  r e c e p t o r s ) .  

I n  t h e  1991 t r i a l ,  t h e r e  was much lower m o r t a l i t y  a t  5 m and 7 m ,  
immediately i n  f r o n t  of and behind the  l a i d  hedge, than i n  the 
series passing through t h e  gap (Fig. & 7 ) .  This suggests that the 
hedge was providing a p r o t e c t i v e  cushion of a i r  d e f l e c t i n g  d r i f t  
over the  hedge a s  well as g i v i n g  s h e l t e r  for  s e v e r a l  metres behind 
i t .  However, t h i s  i n t e r p r e t a t i o n  must be t r e a t e d  wi th  cau t ion  owing 
t o  t h e  lack of r e p l i c a t i o n .  As i n  t h e  he rb ic ide  bioassay (Fig ,  6.5) 
there was an inc rease  i n  observed mor t a l i t y  20 rn behind t h e  hedge 
(17 m from t h e  sprayed area) a 



Fig .  6 . 6 ,  Two bioassays of cypermethrin dr- i f t  i n  1990 with Pier i s  
brassicae larvae i.n relation to a hedge  (solid s y m b o l s )  or gap (open 
symbols). Targets at 1 rn and 11 rn were on t h e  ground,  those  at 5 m 
and  7 m werc 1 rn above  ground. 
replicates. Control mor ta l i t y  %er0 in both trials. 
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F i g .  6.7. Bioassay of cype rme th r in  d r i f t  i n  1991 w i t h  P. brassicae larvae 
.in relation t o  a hedge  ( s o l i d  symbols) o r  gap (open  symbol s ) .  
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6.4 DISCUSSION 
The l a i d  hedges a t  Monks Wood were t h i c k e r  t h a n  many hedges i n  
a r a b l e  areas i n  Cambridgeshire, though less t h i c k  and t a l l  than some 
of those a t  t h e  Boxworth EHF near  Cambridge, f o r  example, There is 
no easy way of  measuring the  permeabi l i ty  of a n a t u r a l  hedge, and 
t h i s  probably a l ters  w i t h  i nc reas ing  wind speed anyway. However, 
t he  Monks Wood hedges may have had a permeabi l i ty  of  about 40% i n  
which c a s e ,  accord ing  t o  Marsha l l ' s  (1967) estimates quoted earlier, 
one would expec t  t h e i r  e f f e c t  t o  be observed up t o  13-19 m dawnwind. 
I n  the cont inuous hedge trials, the  1 m high anemometers placed 15 rn 
downwind gave readings  of 85-91X of t h e  free wind speed ( i n  f r o n t  of 
the  hedge) (Table  6 .4 )  which agrees q u i t e  well wi th  t h e  above 
estimates. 

The use  of a t r a c e r  dye i n  these  s t u d i e s  has great advantages over 
bioassays i n  t h a t  t h e  r ccep to r s  are uniform and are available 
whenever weather cond i t ions  are s u i t a b l e .  Results can also be 
obtained wi th in  two days.  Even so, i t  was o f t e n  necessary  t o  wait 
f o r  a week o r  more between t r i a l s  for t h e  wind d i r e c t i o n  to  be 
roughly a t  90" t o  t h e  experimental  hedges. 
t r i a l s .  u s ing  EL long uniform hedge, t a r g e t  l i n e s  could be l a i d  out  
ob l ique ly  without  i n c u r r i n g  too many problems, though wind 
turbulence would be more complex. 
however. any devia t ion  from 90" leads t o  inc reas ing  unce r t a in ty  i n  
l o c a t i n g  t h e  hedge "shadow" with inc reas ing  d i s t a n c e  downwind. 

For t h e  f i rs t  series of  

For comparing hedges and gaps,  

Rep l i ca t ion  i n  i n d i v i d u a l  experiments was o f t e n  inadequate  t o  show 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rences  i n  f l u o r e s c e i n  depos i t i on  a t  
d i f f e r e n t  d i s t a n c e s .  o r  a t  t h e  same d i s t ances  behind hedges and gaps 
as t h e  actual values  were very low. However, t h e  c o n s i s t e n t  farm of 
the results obta ined  i n  both series of f luo resce in  trials (Figs. 
6.3, 6.4) i s  s t r o n g  evidence f o r  a hedge e f f e c t  occu r r ing  up t o  
about 20 m (12.5 H )  downwind, a t  least  a t  lower wind speeds.  A t  
speeds of 2 3 m s-' t h e  s h e l t e r  e f f e c t  appeared t o  be reduced, 
presumably because more wind blew through t h e  hedge carrying f i n e  
d r o p l e t s  which impacted on t h e  r ecep to r s .  

Once t h e  main f e a t u r e s  of d r i f t  depos i t ion  were determined i n  
r e l a t i o n  t o  hedges, bioassay  trials could be designed t o  measure t h e  
impact of d r i f t  a t  appropr i a t e  pos i t i ons .  This i s  easier t o  do with 
p l a n t s  than wi th  i n s e c t s  because t h e  former can be more e a s i l y  kept  
u n t i l  t h e r e  are s u i t a b l e  condi t ions .  On t h e  o t h e r  hand, dea ths  of 
i n s e c t s  of s t anda rd  age are a more c e r t a i n  measurement of spray  
d r i f t  than arbitrary l e v e l s  of damage t o  p l a n t s  of v a r i a b l e  age. 

Again, t h e  accumulated evidence from s e v e r a l  b ioassay  t r ia l s  
demonstrated a s h e l t e r e d  zone dawnwind of the  hedge where p l a n t s  and 
i n s e c t s  were p ro tec t ed  from the f u l l  e f f e c t s  of  spray d r i f t .  I n  the  
case of  very s e n s i t i v e  spec ie s  (such as tomatoes t o  MCPA) and s t r o n g  
winds, t h e  p r o t e c t i o n  may be q u i t e  limited, and s e r i o u s  damage 
i n f l i c t e d  over  cons iderable  distances d e s p i t e  t h e  presence of a 
hedge. I n  o t h e r  cases, the  s h e l t e r e d  zone may extend t o  t h e  po in t  
where 'normal '  d r i f t  depos i t i on  ( i n  the absence of a hedge) is 
reduced t o  s u b l e t h a l  l e v e l s  so t h a t  a hedge provides  a high degree 
of pro tec t iwn.  In  in t e rmed ia t e  cases, such as t h e  LychnislMCPA 
r e s u l t s ,  a p ro tec t ed  zone i s  followed by a zone of f u r t h e r  
s i g n i f i c a n t  damage. The effects of spray  d r i f t  would then dec l ine  



again t o  zero a t  greater d i s t ances ,  though our t r i a l  did not  extend 
far  enough downwind t o  show t h i s  under t h e  preva i l ing  condi t ions.  

Rider ' s  (1951) observat ions of reduced wind speed i n  f r o n t  of a 
hedge, caused by back wind pressure ,  imply tha t  heavier spray 
drop le t s  should sediment out more quickly.  
p l a n t s  or  i n s e c t s  i n  the  hedge bottom receiving less than they would 
i n  the  absence of a hedge. The e f f e c t  on deposi t ion near t h e  top of 
the  hedge is less predic tab le .  Our measurements of d r i f t  depos i t ion  
a t  the  upwind edge of the hedge a t  he igh t s  of 0.45 m and 1 m ,  and 
the  p l an t  bioassay r e s u l t s ,  were not  d i s t inguishable  from those 
obtained i n  the  gaps,  bu t  the  low mor ta l i t y  i n  f r o n t  of  t he  hedge i n  
the  last cypermethrin bioassay would f i t  t h i s  i n t e r p r e t a t i o n .  The 
higher  spray pressure  used on that occasion would have produced 
finer drople ts  t h a t  were mare r e a d i l y  carried over the  hedge. 
any case.  these combined results i n d i c a t e  tha t  an unsprayed bu f fe r  
zone before 8 hedge would be at lea- effective as predic ted  from 
estimates made i n  open areas. 

This should r e s u l t  i n  

In 

6.4.1 Models 
A model f o r  d r i f t  deposi t ion i n  t h e  presence of a hedge must 
consider the  following var iab les :  hedge height ,  hedge permeabi l i ty ,  
wind speed and width of buf fer  zone, i n  addi t ion  t o  the  usua l  
operator-controlled var i ab le s  a f f e c t i n g  spray output (Sinha, Lakhmi 
& Davis, 1990). Since drople t s  decrease i n  s i z e  through evaporation 
with distance from the  spray nozzle ,  t h e i r  behaviour i n  r e l a t i o n  to  
wind movements is clearly d i f f i c u l t  t o  model from f i r s t  principles 
( c f .  Walklate, 1991). Their b io log ica l  impact w i l l  furthermore 
depend on target s e n s i t i v i t y  i n  a non-l inear  manner, as i n  the  case 
of LD,, or damage measurements from topical dosing of i n s e c t i c i d e s  
or herbicides .  

An a l t e r n a t i v e  approach is to  combine the  dye with a he rb ic ide  o r  
in sec t i c ide .  and to  model the  r e l a t i o n s h i p  between depos i t ion  and 
b io log ica l  e f f e c t  under simple s i t e  condi t ions,  i e  i n  the  absence of 
kedges etc. Assuming t h a t  t he re  is no in t e rac t ion  between dye and 
p e s t i c i d e ,  such a r e l a t ionsh ip  could be used to  p red ic t  biological 
e f f e c t s  from s t u d i e s  with dyes alone i n  mare complex s i t u a t i o n s .  
This has y e t  t o  be done, but  o f f e r s  major rewards i n  extending the  
scope and gene ra l i t y  of d r i f t  s t u d i e s .  A p i l o t  t r i a l  showed t h a t  
MCPA i t s e l f  f luoresced so  i t  may sometimes be possible to measure 
p e s t i c i d e  d r i f t  d i r e c t l y  using fluorometry.  This could be of value 
not  only i n  s tudying herb ic ide  d r i f t  under farming condi t ions but  
also possibly i n  examining depos i t ion  on p lan t  sur faces  themselves. 

6 4 2 ConcXusions 
This series of cont ro l led  experiments with deposi t ion measurements 
and bioassays demonstrate a s i g n i f i c a n t  s h e l t e r  effect immediately 
behind a hedge, followed by a zone of gradual ly  increas ing  exposure 
t o  d r i f t .  This zone continues up t o  a d is tance  of f i v e  to e i g h t  
times the  hedge he ight  before dec l in ing  again. I n  many cases, the 
protec t ion  afforded would be very e f f e c t i v e  as the dose received 
downwind af the  hedge would never reach c r i t i c a l  l eve l s .  
strong winds and highly tox ic  compounds, however, the  p ro tec t ion  
would be q u i t e  l imi t ed .  
be more effective than a low hedge with high poros i ty  a s tone  
wall with very low poros i ty .  

With 

A t a l l  hedge with around 50% poros i ty  would 



I n  p r a c t i c e ,  any hedge w i l l  provide a degree of protection t o  an 
adjacent  downwind h a b i t a t .  However, the  su rv iva l  of p a r t i c u l a r  
p l a n t s  o r  animals i n  the  proximity of crops w i l l  depend on the  
chances of exposure fram recur ren t  spraying. Thus, i f  a hedge f a i l s  
t o  provide adequate pro tec t ion  i n  spring when spraying takes place, 
i t s  s h e l t e r  e f f e c t  the  rest of t h e  year is of l i t t l e  value.  This 
cannot be t e s t e d  i n  single C Q n t r Q l k d  experiments. The s i t i n g  of 
p l a n t  microcosms over considerable per iods around t h e  edges of 
na tu re  reserves t h a t  border on sprayed crops would be a pass ib le  way 
of s tudying the  impact of herb ic ide  spray d r i f t .  

6 # 5  A D D E N D U M : - X I E T  INTO A WOODLAND EDGE 
A p i l o t  trial was c a r r i e d  out  i n  one of t h e  c l ea r ings  i n  Monks Wood 
(East F ie ld )  t o  measure the ex ten t  of spray d r i f t  into a woodland 
edge. This w a s  done by spraying water aver  the  t a l l  gsass/herb 
vcgetation of the  clearing 5 m from the  castern edge on 10 October 
1990, and measuring d r i f t  deposi t ion with water -sens i t ive  papers. 
The woodland along t h i s  edge consis ted mainly of small bi rch  and 
aspen trees with a grassy ground vegetat ion;  i t  was not  as open as 
i s  much of t h e  western perimeter of Monks Wood where s tandard ash 
trees dominate over a ground cover af dog 's  mercury, 

The t r a c t o r  made two passes covering 12 m width with the  spray boom 
about 30 cm above the  vegetat ion (90 cm above the  ground). 
then repeated w i t h  the boom raised to  60 c m  above the  vegetat ion.  
Wind speed WRS 3 rn s-' on both occasions.  Two l i n e s  of water- 
s e n s i t i v e  papers were l a i d  out on each occasion, a t  5 m (a t  the 
woadland edge ) ,  10, 15 and 20 m from the  sprayer .  They were 
or ien ted  t o  f ace  the  sprayer a t  about 70 cm above t he  ground and 20" 
from the  v e r t i c a l .  

This was 

The d r i f t  depos i t ions  a t  5 and 10 m were similar t o  those received 
a t  Upper Caldecote 2 when brussels-sprouts  were sprayed, but 
considerably less than the mean values obtained from Haverhi l l  1 and 
2 when peas were sprayed (F ig .  4 . 8 ) .  The mean depos i t ion  a t  15 m on 
the  f i r s t  occasion was very similar to t h a t  measured a t  10 m a t  
Swavesey when peas were sprayed with t r iazophos.  The mean l a rva l  
mor t a l i t y  a t  that dis tance  was 24%. 

Such ex t rapola t ions  are very un re l i ab le  but  they suggest  t h a t  
p e s t i c i d e  d r i f t  could pene t ra te  woodland edges and have e f f e c t s  on 
fauna and flora. More d r i f t ,  and greater pene t ra t ion ,  might occur 
if these were bare  ground between a sprayed crop and t he  wood edge 
in s t ead  of the  t a l l  vegetat ion t h a t  t he re  was i n  t h e  c l ea r ing .  

Another attempt was subsequently made t o  measure d r i f t  i n t o  the  
western edge of Monks Wood with water-sensi t ive papers when the  
adjacent  farmer sprayed a c e r e a l  f i e l d  with herb ic ide .  However. 
spraying was delayed severa l  hours  through equipment breakdown 
during which time the  wind dropped and became almost parallel  with 
t h e  wood edge. This, coupled with extreme caut ion i n  spraying by 
the farmer, r e su l t ed  i n  negligible d r i f t  i n t o  the  wood. 



F i g u r e  6.8. Spray drift into Plonks Kood from East F i e l d .  Water d r o p l e t  
deposition on vater-sensitive p a p e r s .  Trial 1Q- 0 ,  t r i a l  
2 0-0 compared w i t h  mean va lues  obtained a t  Upper  Caldecote 
2 A -  - - - - A  and Haverhill A--- -- A *  See section 4 .  
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