
figure 1.33. 
compounds and six trials in Table 1 . I ?  ~ at four distances downwind: 0 m = 0, 50 m = A t  IOU rn = c1 and 150 m = . 
The results for the Chatteris deltamethrin trial are shown in brackets since mortality was only assessed over 12 hours. 

Relationship between relative field hazard fur Pieris brassicae caterpillars and mortality from spray drift for the five 

fenitrothion triazophos deltamethrin 
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USE OF BJOASSAU TECHNIQUES TO ASSESS THE EFFECTS OF ASULAM 
WHEN APPLIED BY HELICOITERS 
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2 USE QF BIQASSAY TECHNIQUES TO ASSESS THE EFFECTS OF ASULAM WHEN 
APPLIED FROM HELICOPTERS 

R H Marrs & A 5 F r o s t  

2.1  I_-_.LI1IÎ -*- INTRODUCTION 
There has  been i n c r e a s i n g  concern f a r  many years t h a t  h e r b i c i d e  spray  
d r i f t .  from a g r i c u l t u r a l .  forestry and o t h e r  sprayed land can. a f f e c t  
p l a n t  s p e c i e s  g ~ w i n g  on adjacent  na tu re  r e se rves .  Two s i t u a t i o n s  
pose p a r t i c u l a r l y  seve re  problems: where n a t u r e  r e s e r v e s  are p a r t  of 
a mosaic of pa tches  wi th in  a landscape where large areas of 'weeds' 
are t o  be t r e a t e d ,  and where aerial applicatians are made. 

In  B r i t a i n  the cont ro l  OF bracken (Pteridiwn a q u i l i n m ,  (L.) Kuhn) i n  
upland areas causes concern f a r  n a t u r e  reserves  on both these  counts .  
Large areas of bracken are o f t e n  sprayed from the a i r  as part of  a 
region-wide campaign to reduce bracken i n f e s t a t i o n  on moorland. 
Often, within the bracken-moorland matr ix  t h e r e  are areas of h igh  
conservat ion i n t e r e s t ,  where spray d r i f t  might cause  damage t o  rare 
spec ie s  of f e rn  such as Athyriwn filix-femina (Lady-fern) ,  Blechnum 
s p i c a n t  (Hard-Fern) ,  Dryopteris aftinis, (Scaly M a l e f e r n ) ,  D. 
dllatata (Broad Buckler -Fern) ,  Gymocarpiwn dpyopteris (Oak-fern) .  
Oreopteris lirnbosperma (Lemon Scented-Fern) ,  and Phegopteris 
cannectilis (Beech-fern) (nomenclature fo l lows  Stace, 1991). Spray 
from a i r c r a f t  d r i f t s  f u r t h e r  than from most ground s p r a y e r s  ( E l l i o t t  
& Wilson, 1983; W i l l i a m s  e t  a l . ,  2987), with d r i f t  being detected 
between 400-1000 rn away from the  app l i ca t ion  p o i n t  (reviewed by Davis 
& Williams, 1990). There is. however, very little in format ion  on the 
likely biological e f f e c t s  of t h i s  d r i f t .  

Asulam is  t h e  main h e r b i c i d e  used t o  c o n t r o l  bracken and was 
o r i g i n a l l y  developEd f a r  t h e  con t ro l  of docks (Rwnex s p p . ) ,  Other  
ferns are s u s c e p t i b l e  (Horrill, Dale & Thornson, 1978; Marrs & 
G r i f f i t h s ,  1984) and are t h e  most l i k e l y  candida tes  t o  be a f f e c t e d  by 
asulm drift i n  upland s p r a y i n g  campaigns. 
i s  B p r i o r i t y  i n  many p a r t s  of upland B r i t a i n  far  e f f e c t i v e  
management o f  sheep and grouse, and f o r  moorland and landscape 
conserva t ion ,  it i s  u n l i k e l y  t h a t  asulam u s e  w i l l  reduce i n  the near  
f u t u r e .  Indeed asulam applications from t h e  a i r  have inc reased  
g r e a t l y  during t h e  1980s from 828 h a  i n  1981 t o  5778 h a  i n  1990 (Sly 
& Neale, 1983; Thomas & K i n g ,  1992) .  Asulam i s  by fa r  t h e  most 
commonly used herbicide i n  aerial a p p l i c a t i o n s ,  account ing f o r  more 
than 98% of t h e  to ta l  h e r b i c i d e  appl ied  by a i r  i n  1990 (MAFF, pers 
coma,), Therefore, for  t h e  p ro tec t ion  of n a t u r e  reserver, near 
bracken-treated areas. i t  is  essential t h a t  estimates of safe ' b u f f e r  
zone' d i s t a n c e s  can be made, so t h a t  s e n s i t i v e  si tes can be protected 
by spray- f ree areas. 

Because bracken control 

Rere, we desc r ibe  an experimental f i e l d  approach mainly u s i n g  
hioassay pl.ants s e n s i t i v e  t o  asulam, but  augmented with estimates of 
drift depos i t ion .  t o  make a first approximation of the s i z e  o f  the 
b u f f e r  zone needed. 

In previous pub l i ca t ions  we have repor ted  our  first a t tempts  t o  
develop f i e l d  b iaassay  techniques t o  estimate b u f f e r  zane d i s t a n c e s  
and assess the  likely impact of asulam d r i f t  damage on n a t i v e  f e r n s  
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(Marrs e t  al. * 1992, 1993a, 1994; Cooke, 5994). 
review a11 of t h i s  prev ious  work but  extend i t  t o  report two new 
experiments done i n  1992 and 1993. 
done t o  make sure t h a t  t h e  basic bioassay test  was r e p e a t a b l e  and t o  
v a l i d a t e  ou r  i n i t i a l  e s t i m a t e s  of b u f f e r  zone distance. 
report three d i f f e r e n t  types  of s tudy  are presented :  

I n  t h i s  report w e  

These a d d i t i o n a l  experiments  were 

I n  t h i s  

(I) I n i t i a l  t r i a l  - the p i l o t  s tudy  done to  see whether t h e  
b ioassays  were f e a s i b l e ;  i t  also considered t h e  i n f l u e n c e  of 
wind and sp ray ing  d i r e c t i o n  on d r i f t  damage, 

( 2 )  Three experiments  (1990, 1992 and 1993) - t o  determine safe 
b u f f e r  zone d i s t a n c e s  downwind of sprayed areas. 

(3)  An experiment t o  determine t h e  d i s t r i b u t i o n  and e f f e c t  of 
asulam i n  a sprayed area where rare ferns were p r e s e n t .  The aim 
was t o  determine whether any p r o t e c t i o n  was afforded these rare 
species e i t h e r  through spa t ia l  p o s i t i o n  wi th in  the  clough or 
through an ove r s to rey  of bracken. 

2.2 METIiODS 

2,2.1 General approach 
This  s tudy  concent ra ted  on t h e  use of b ioassay  p l a n t s  to  d e t e c t  d r i f t  
from aerial sp ray ing  of asulam by h e l i c o p t e r ,  when app l i ed  under 
normal f i e l d  a p p l i c a t i o n  cond i t ions .  I n  each case asulam was appliGd 
a t  a rate of 4 .4  kg a i / h a  (11 litres Asulox/ha) i n  44 l i tres 
spray/ha ,  con ta in ing  a non-ionic wetter (Agral at 0.1% vo1:vol)). To 
augment t h e  biological damage assessment some measures were also made 
of drift depos i t i on  i n  each s tudy .  

(a) Bioassay methodology 
Rmez acetosa (common sorrell)  was t h e  main test plant  used i n  t h i s  
s tudy  as t h i s  s p e c i e s  i s  known t o  be s u s c e p t i b l e  t o  asulam, and is  
a v a i l a b l e  i n  large numbers. After 2-3 weeks t h e  l eaves  of a f f e c t e d  
plants show seve re  chlorosis,  followed i n  some i n s t a n c e s  by necrasis 
and death. Usual ly  seeds of Rwnex were usua l ly  sown i n  January and 
then po t t ed  i n d i v i d u a l l y  i n t o  7 cm x 7 cm x 8 cm p o t s  containing SA1 
GP compost; i n  experiment 3 o l d e r  stock p l a n t s ,  which had been sown 
t he  prev ious  season ,  were used. The developing f lower ing  stems were 
c u t  t o  prevent premature dormancy, and a t  t h e  time of sp ray ing  t h e  
p lan ts  had between 10-140 mature leaves. 

I n  a d d i t i o n  t o  t h e  Rumex p l a n t s ,  a smaller number of t h e  non-native 
fern Adiantwn pubescens was also used i n  all experiments;  i n  
experiment 1 an a d d i t i o n a l  f e r n  A .  fragrens was also inc luded .  The 
f e r n s  were abtained from a h o r t i c u l t u r a l  s u p p l i e r  i n  June and 
repotted immediately as descr ibed  above for Rumex. 

Seed t r a y s  con ta in ing  six po t s  of e i t h e r  Rwnex a r  Adiantwn were used 
f o r  f i e l d  b ioassays ,  
f o r  2 hours t o  d ry ,  before being  t r a n s f e r r e d  t o  Monks Wood 
Experimental S t a t i o n .  
o u t s i d e  and given an appropr i a t e  h o r t i c u l t u r a l  watering regime, 
ddiantum were maintained i n  an unheated glasshouse under normal 
h o r t i c u l t u r a l  cond i t ions .  

After spraying ,  the plants were l e f t  in situ 

The Rumex p l a n t s  were p laced  on EI sand bed 
The 

Three weeks after exposure each individual 
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Rwnex p l a n t  was assessed visually fo r  damage by count ing  ( I )  t h e  
t o t a l  nuinber of l e a v e s ,  and ( 2 )  t h e  number of these leaves t h a t  were 
showing c h l o r o t i c  o r  n e c r o t i c  symptoms. The mean percentage  ( *  S.E.) 
of Leaves damaged at each exposure p o i n t  was then  c a l c u l a t e d .  
experiment 4 each p l a n t  was also harves t ed .  S ix  weeks a f t e r  exposure 
the f o l i a g e  of a l l  Adt'antum p l a n t s  i n  each r e p l i c a t e  seed t r a y  was 
harvested.  
measured. A l l  harvested p l a n t  material was oven dried a t  80°C m d  
w i g h e d  a 

In 

I n  experiment 4 t h e  h e i g h t  of each f e r n  was also 

( b )  D r i f t  deposition assessment 
In  a l l  studies d r i f t  depos i t i on  was assessed u s i n g  water s e n s i t i v e  
papers (Sinha. L a k h a n i  & Davis, 1990). I n  experiment  4 a d d i t i o n a l  
information on d r i f t  depos i t i on  was also c o l l e c t e d  u s i n g  a lithium 
tracer * 

Wind speed and d i r e c t i o n  was continuously monitored du r ing  the 
spraying pe r iods  w i n g  a Vector Ins t ruments  R5OO r eca rd ing  
Mlernometer. 

( c )  Statistical analysis 
Exponential  and l o g i s t i c  relationships were f i t t e d  t o  some Qf the 
r e l a t i o n s h i p s  between drift/damage and d i s t a n c e  downwind u s i n g  the 
Naxirnum Likelihood Program (Ross, 1979). Other  s t a t i s t i ca l  ana lyses  
were done u s i n g  SAS (SAS, 1985). Parameters  of e q u a t i o n s  d i scussed  
here are g iven  i n  Appendix 1. 

2.2.2 Experiment 1: Stanford PTA, Norfolk 
"This experiment was set up around a small bracken patch surrounded by 
grass heath i n  a r e l a t i v e l y  f l a t  area on t h e  Stanford P r a c t i c a l  
Training Area i n  Norfolk (Grid reference TL 874914). The patch was 
aapped u s i n g  B combination of aerial photographs and ground survey.  
Twenty-six transects were l a i d  o u t  i n  June 1989 concen t r a t ing  t h e  
sampling e f f o r t  on t h e  leeward s i d e  (Figure 2 . 1 ) .  The s t a r t i n g  poin t  
for each transect was 5 m inside the bracken area (-5 rn p o s i t i o n )  and 
sampling p o i n t s  were se t  up a t  the  bracken/keath boundary ( 0  m )  and 
a t  1, 2 . 5 ,  5.  10 and 20 m i n t o  the grass hea th .  Rumex plants were 
placed at these p o s i t i o n s  on 18 transects and mixtures  of Adiantum 
m d  Rwnex were placed on the remaining 8 transects. 
s e n s i t i v e  paper  was a lso  p laced  a t  each sampling p o s i t i o n  on t h e  

A water 

t r a n s e c t s .  

Asulam was applied using a Bell 47 h e l i c o p t e r  w i t h  an 8 m boom f i t L e  
with 24 T - j e t  nozzles, and u s i n g  a tank pressure  of 2.7 bar. 
Spraying was done an a w a r m  d ry  day with a wind speed of 3.7 m / s  - 
range ( ~ 5 - 6  ~ 1 s ) .  

2 . 2 , 3  Experiment 2 :  Banford Edge, Derbyshire 
39, map of t h e  experimental area at Barnford Edge i n  Derbyshire  (Grid 
reference SK 214842) i s  shown i n  Figure 2.2.  
escarpment reaching  a g e n t l y  r i s i n g  p l a t e a u  a t  an a l t i t u d e  of 
approximately 400 m .  
1.5 -2.Q m t a l l )  covered t h e  s t e e p  slape,  and t h e  vege ta t ion  changed 
abrupt ly  into moorland a t  t h e  edge of the plateau. A t  t h e  
experimental  site, e i g h t  tsansects ( s i x  with Rwnex and two wi th  
Rdiantwn) each 2 m a p a r t ,  were l a i d  o u t  a t  r i g h t  angles downwind of 

The s i t e  is  a s t e e p  

I n  J u l y  1940. dense bracken ( > 20 fronds/m2; 



t he  bracken f ron t  i n t o  the  moorland. On each transect trays Were 
placed 20 m i n s ide  the  bracken patch wi th in  a small c leared  area 
(designated -10 m ) ,  a t  the boundary between the bracken patch and 
moorland (0  m )  and t h e r e a f t e r  a t  2 - 5 ,  5, 10, 20, and a t  subsequent 20 
m intervals u n t i l  240 m downwind into t he  moorland. 
sens i . t ive  papers were a l s o  placed a t  each d i s t ance .  

Two water 

Asulam was applied by a B e l l  47G3B1 h e l i c o p t e r  at a he ight  of between 
5-10 m .  
nozzles  and the  tank pressure  was 2 bar.  
bracken patch was sprayed in three swaths f l y i n g  perpendicular  to t he  
transects (Figure 2.2) s t a r t i n g  a t  the  upper edge and moving down the 
slope. The wind direction was constant ,  and was from the south-east .  
Wind speed var ied between 6-10 m/s a t  a he igh t  of 2 m .  
rain during the spraying per iod .  

A 12 m boom was used f i t t e d  with 36 Raindrop and 36 Cane 
The upper edge of the  

There was no 

2,2.4 Ehperiment 3: Painscastle,  S Wales 
The experimental a rea  was near  Painscastle i n  South Wales (Grid 
reference S K  214842). The s i t e  is a gen t ly  rising plateau a t  an 
altitude of approximately 4O0-500 m. 
WBS l a i d  ou t  a t  t h e  edge of a dense bracken patch (c.  2 ha) with 
bracken a t  a dens i ty  of 20 fronds mL2 and about 1 m tall and a 
Vaccinium myrtillus dominated moorland (c. 30 cm t a l l ) .  A t  the  
experimental s i t e ,  eight t r a n s e c t s  ( s i x  with Rmex and two with 
Adiandwn) each 2 m apar t ,  were l a i d  out a t  r i g h t  angles downwind of 
the bracken f ron t  i n t o  the  moorland. On each t r a n s e c t ,  trays were 
placed 10 m i n s ide  the bracken patch wi th in  a small c leared  area 
(designated -10 a), a t  the  boundary between the  bracken patch and 
moorland (0  m )  and t h e r e a f t e r  a t  2.5, 5 ,  10, 20, and a t  subsequent 20 
m i n t e r v a l s  u n t i l  180 m downwind i n t o  t h e  moorland. 
s e n s i t i v e  papers were placed a t  each distance. 

On 27 Ju ly  1992, the  experiment 

Two water- 

Spraying was done with B Hillier 12E4 h e l i c o p t e r  ca r ry ing  a load of 
approximately 200 l i t res  of spray .  
a 12 m Standard Simplex Hydraulic Boom, f i t t e d  with modified Raindrop 
nozzles, and operated a t  a tank pressure of approximately 2 bar. 
Spraying height  was meant t o  be between 3-6 m above ground l e v e l ,  but 
ground observat ions suggested t h a t  spraying was done at or  near  t h e  
lower l e v e l  ( 3  m ) .  

The helicopter was equipped with 

The edge of  the  bracken patch was sprayed i n  fou r  swaths flying 
perpendjcular to the transects. The wind d i r e c t i o n  was cons tan t ,  and 
was from t h e  north-west. 
height ~f 2 m during the spraying. 
spraying peri,.od. 

Wind speed was approximately 4 m/s a t  a 
There was no r a i n  during the  

2.2.5 Experiment 4: Wooler, Northumberland 
This experiment was set up on the  College Valley Estates near Wooler 
i n  Northumberland (Grid reference NT 894286) in a j o i n t  project  with 
t he  M A .  The bracken patch was downwind of a small con i f e r  wood and 
the transect extended along a former cultivation terrace, 
bracken was fairly dense  (20-30 fronds/m2) and was between 0.5-1.0 m 
t a l l  at the time of spraying (19 August 1993). 
f a i r l y  t y p i c a l  upland wet meadow; a full spec ie s  l ist  is shown i n  
Table 2.1. There was evidence of recent catt le graz ing  and sheep 
were present .  

The 

The grassland was a 
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Figure 2.1 
flight path and wind d i r e c t i o n  a t  Stanford PTA; * = transects with ferns 
as well as Rwnex crcetosa (see text f o r  explanation). 

Map of bracken patch showing the distribution of  transects, 
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Figure 2.2 Schematic map of the study site a t  Bamford Edge showing the 
bracken areas (hatched), and t h e  approximate position of (a) t he  eight 
transect lines, and (b) the sprayed area (double hatched). 

2.6 



5 i g h t  transects ( s i x  with Rmex and two with Adfantwn) each 2 m 
apart ,  were l a i d  out  a t  r i g h t  angles downwind of t h e  bracken front 
i n t o  t h e  grassland, T r a y s  were placed 15 m and 5 m i n s i d e  the 
bracken patch w i t h i n  8. small cleemd area (designated -15 and -5 m), 
a t  t h e  boundary between t h e  bracken patch and moorland ( 0  m) and 
t h e r e a f t e r  a t  5 1  10, 2 0 ,  30, 40, 50. 60 m and at subsequent 20 m 
i n t e rva l s  u n t i l  180 m downwind. 
a l s o  placed at each distance,  water sensitive papers and h a i r  c u r l e r s  
(Davis,  Brown & Fros t  1993). 

Two types  of d r i f t  col lector  were 

Asulam was applied by a B e l l  47G3FJt h e l i c o p t e r  a t  a height: of between 
5-10 m. 
nozzles and t h e  tank pressure WEE 2 bar. The upper edge of t h e  
bracken patch was sprayed i n  four swaths f l y i n g  perpendicular  t o  t h e  
transects. 
m/s a t  a h e i g h t  of 2 m and was from south-south-west .  
rain dur ing  t h e  spraying  pe r iod .  

A 12 m boom was used fitted w i t h  36 Raindrop and 36 Cone 

Wind speed was between 4-5 m / s  with o c c a s i o n a l  gusts to  6 
There was no 

In t h i s  experiment a l i t h ium t r a c e r  (1.8 kg l i t h i u m  s u l p h a t e )  was 
added t o  the  tank mix (c rude ly  estimated a t  c .  230 l i t r e s ) ;  the aim 
was t o  achieve a tank concen t r a t ion  of approximately 855 rng/litre of 
spray ,  As this mix was made up under field cond i t ions  accuracy could 
not  be guaranteed and samples of t h e  tank mix were taken and analyzed 
to determine l i t h i u m  concen t r a t ion .  The amaunt of l i t h i u m  deposited 
on the c o l l e c t o r s  was determined as fallows. The water s e n s i t i v e  
papers were c u t  up and soaked overn ight  i n  23 n i t r i c  acid. The h a i r  
curlers were s t o r e d  i n  s e a l e d  glass jars u n t i l  analysis. The l i t h i u m  
was washed from t h e  cur le rs  by shaking them vigorously i n  10 m l  2% 
n i t r i c  ac id ,  allowing them t o  e q u i l i b r a t e  f o r  30 min and then shaking  
again. Af t e r  both extracti~ns the acid s o l u t i o n  was decanted fo r  
analysis. 
mix samples was measured by ICP-MS spectrophotometry.  
standards of bery l l ium,  indium and bismuth were used and 5 r e p l i c a t e  
&terminations were made on each sample. Resul t s  were c o r r e c t e d  
using analyses on b lank  collectors. 

The amount of lithium in t h e s e  solutions and i n  t h e  tank  
Internal  

2.2,6 Experiment 5: Stable Clough, Derbyshire 
The experimental  s i t e  was a t  Stable Clough (Grid r e f e r e n c e  SK lOOg94) 
near Glossop in Derbyshire.  The s i t e  was a s t e e p  v a l l e y  w i t h  dense 
bracken cove r ing  the moorland top and extending part way down t h e  
clough s i d e s .  
grassland and rocky outcrops and ledges. and in t he  bottom there w a s  
bath Calluna h e a t h l a n d  and open s tony  ground. A transect l i n e  was 
established across the clwugh and e i g h t  t r a n s e c t  po in t s  established 

On the  steep s i d e s  the  bracken gave way ta open 
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Table 2.1. Species composition of t h e  grassland at t h e  Waoler site 
(Experiment 4 ) .  

A c h i 1 Ze a m 2 1 ZeTo 1 i um 
AchilZea p t m m i c a  
CampanuZa rodundtfolia 
Cerastium fontanum 
Cirsium pa1ustre 
C i FS tum uu Zgare 
Ga 1 ium p a  Zus t x e  
Leontodon autumnalis 
Lotus ul iginosus 
Potent i I l a  pa Zustr i s  
PmnelZa vulgaris 
Ranunculus Tepens  
Rwnex acetosa 
Ste Z Zar fa rnedt'a 
Thymus po1ytrichus 
Trtfolfum repens 

Manocotyledons 

d g r o s t i s  capi ZZaris 
An thoxan thwn odora dum 
Arrenathemun e l a t  ius 
Brim media 
Cynosurus cr i s tatus 
D a c t y l i s  glornerata 
Deschampsia csspitosa 
Jurzcus articulatus 

Ho Zcus lanatus 
Juncus effusus 

Dicotyledons 

I 
2.8 
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fo r  assessment of asulam d r i f t  i n  J u l y  1990. The transect p o i n t s  
were chosen t o  r e f l e c t  d i f f e r e n t  t y p e s  af h a b i t a t  i n  the  clough where 
rarer ferns could persist. These p o i n t s  were arranged from west-cast 
(F igure  2 , 3 )  wi th in  the area t o  be sprayed w i t h  a s u l a n  as follows: 

Clough Top - outside bracken canopy 
Claugh Top - under  bracken  canopy 
Clough Side - open 
Claugh Bottom - in CalZuna vegetation 
Claugh Bottom - i n  open ground 
Clough Side - open s tony ground 
Cl~ugh Top - under  bracken canopy 
Clough Top - o u t s i d e  bracken canopy 

Five trays of Rwnsx, three t r ays  af Adiantum and four  water s e n s i t i v e  
papers were placed randomly a t  each of these points immediately 
before spraying ,  A 
12 m boom was used f i t t e d  with 36 Raindrop and 36 Cone nozzles and 
t h e  t a l k  pressure was 2 bar. F l y i n g  height was between 5-10 m. The 
e n t i r e  clough and its sur rounding  bracken was sprayed in a series of 
uphill and doicnhil.1 swaths parallel to the trarisect across t h e  clough 
(Figure 2 . 3 ) .  
the nor th -eas t .  The wind speed was approximately 3.5 m/s (range 2-7 
m/s) at a height of 2 m. There was no rain d u r i n g  t h e  sp ray ing  
per iod .  

Asulam was applied by a Bell 47G3Bl h e l i c o p t e r ,  

The wind direction was easterly with some g u s t s  from 
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WEST 

1: OPEN 2: UNDER 
BRACKEN 

WIND DIRECTION 
T - L L "  

EAST 

7:  UNDER 8 : O P E N  
BRACKEN I 

4: BOTTOM 
UNDER 
CALLUNA 

5: BOTTOM 
OPEN 

Ffgure 2.3 Plan  of the  transect across Stable Clough with eight 
sampling pa in t s ;  see t e x t  for explanat ion,  The helicopter 
appl ied the asulam a t  r i g h t  angles t o  the  transect l i n e ,  i.e. i n  
a north-south direction. 
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2 . 3  RESULTS 

2.3 .1  Experiment 1: Stanford P T A ,  Norfolk 
A map of t h e  d r i f t  depos i t i on  based on t h e  water sensitive papers 
showed t h a t  there was c o n s i d e r a b l e  d r i f t  ex tending  to  a t  least 20 m 
(F igure  2 . 4 ) .  
bracken pa tch  than wi th in ,  Although thris r e s u l t  w a s  found mainly i n  
the east-west d i r e c t i o n  ( d i r e c t i o n  of  s p r a y ) ,  i t  could not  have been 
s o l e l y  accounted f o r  by overspray, because l e v e l s  were greater than 
100% of applied levels. T h i s  result i n d i c a t e s  t h a t  deposition was 
greater in some areas outside but immediately a d j a c e n t ,  t he  patch and 
i s  probably a r e s u l t  of t u r b u l e n c e .  

I n  SQIDZ areas t h e r e  was greater depos i t i on  o u t s i d e  t h e  

In this study t h e  distance a t  which no obvious damage to  the  Rumex 
p l a n t s  was faand was determined (Table  2 . 2 ) .  The transects have been 
s p l i t  f o r  convenience i n t o  fou r  s e c t o r s  based on wind d i r e c t i o n .  The 
windward sector had least damage w i t h  only one of the transects 
showing damage t o  15 m (no damage a t  20 m ) .  A l l  o t h e r  transects 
showed damage to 20 m, t h e  maximum d i s t a n c e  t e s t e d .  

2 . 3 . 2  Experiment 2 :  Bmford Edge. Derbyshire  
D r i f t  deposition and dmage t o  the  Rumex acetosa test p l a n t s  declined 
with distance dawnwind of t h e  sprayer (Figures 2.5,  2 . 6 ) .  

Deposition of d r i f t  measured with t he  wa te r - sens i t i ve  papers declined 
r ap id ly  domwind of t h e  sp raye r .  w i t h  on ly  10% of t h e  app l i ed  rate 
reaching 33 m. This technique under -es t imates  t h e  depos i t i on  of 
small. d r o p l e t s .  but even S O  0.2% of the  moun t  detected at 0 m w a s  
found a t  220 m. 

Damage t o  Rmex  acetosa extended t o  much greater d i s t a n c e s  than 
suggested by the  deposition da ta  with 10% of leaves damaged a t  131 m .  
Untreated ' c ~ n t r ~ l '  p l a n t s  had a mean v a l u e  (4S.E.) f o r  l e a f  damage 
of 3.5 f 0.4%. The no-effect l e v e l  was es t ima ted  a t  5% l e a f  damage 
(NEL = u n t r e a t e d  mean 4 1.96 x S.D.). and t h e  p red ic t ed  d i s t a n c e  
requi red  t o  achieve t h i s  level was 161 m downwind. 
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0 50-100% 

U io-sa% 

r’igure 2.4 Deposition of spray d r i f t  assessed as a 5 of mean 
deposition with in  the  bracken patch at Stanford PTA; bracken patch i s  
t h e  central  whi te  area. 
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Figure 2.5 Mean deposition of v i s i b l e  spray on pairs  of water sensitive papers,  e x p x s s e d  as a 
i! of deposition a t  the 0 m position, and 8 logisitic curve f i t t e d  to these data (Appendix I), in 
the  experiment at Bamford Edge, Derbyshire* .......*.................*........ 
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Figure 2.6 Mean values * S . E .  (n=8) for  leaf dmage on t e s t  p lan t s  (Rumex acetosa) caused by 
asufam drift downwind of a sprayer ,  and 8 l o g i s i t  c curve (Appendix I) f i t t e d  to these data, i n  t h e  
experiment at Bamford Edge, Derbyshire.  The mean va lues  f S . E .  (n=12) for  untreated controls are 
also presented for  comparison. 



2.3.3 Experiment 3: Painscastle,  S Wales 
The abso lu te  amount of spray found on the water  s e n s i t i v e  papers w a s  
lawer than t h a t  found i n  prev ious  y e a r s  (Marrs, e t  a l . .  1993a). 
Deposition was g r e a t e s t  i n  t h e  immediate downwind zone, wi th  maximum 
capture  a t  t h e  0 m p o s i t i o n  rather than d i r e c t l y  under the sprayer 
(Figure 2 . 7 ) .  I t  is i n t e r e s t i n g  to  no te  t h a t  the poin t  a t  which 10% 
depos i t ion  of the amount d e t e c t e d  i n  the  bracken patch in the p r e s e n t  
s tudy  was found between 20-40 rn downwind. 
with results from t he  Barnford Edge s t u d y ,  where t h e  estimated 10% 
l e v e l  was a t  33 m. Very l i t t l e  deposition w a s  found beyond 40 rn, 
although there was a small amount d e t e c t e d  even a t  180 m .  
p a t t e r n  of d r i f t  was, t hus ,  similar to  o u r  previous s tudy ,  although 
the  absolute BJTJQUII~S of sp ray  was lower. 

This range is in keeping 

The 

The Rumex test p l a n t s  showed very  l i t t l e  damage even when exposed 
d i r e c t l y  under the  sp raye r  (Figure 2 . 8 ) .  
t o  t h e  resu l t s  i n  our previous  s t u d i e s  where almost all l e a v e s  of t h e  
t e s t  plants were a f f e c t e d .  There was a lso  a d i f f i c u l t y  t h a t  even our 
un t r ea t ed  p l an t s  showed s i g n i f i c a n t  leaf damage on t h i s  occasion, 
probably because t h e  experiment w a s  s t a r t e d  a t  r e l a t i v e l y  short 
n o t i c e  and o l d  s tock  p l a n t s  were used. Whilst t h i s  is a compl ica t ing  
factor  i n  the  i n t e r p r e t a t i o n  of t h e  results i t  should n o t  have 
a f f e c t e d  t h e  impact of t h e  h e r b i c i d e  under the  sprayer .  Moreaver, in 
a l l  previous s t u d i e s  l e a f  damage was much mare s e n s i t i v e  than 
depos i t ion  on water s e n s i t i v e  papers; viz. i f  depos i t ion  w a s  found a n  
water s e n s i t i v e  papers  then Rwnex leaf dmage was cons iderable .  
Whils t ,  l e a f  damage was found a t  some d i s t a n c e s  - 0 m ,  60 m and 100 m 
- it  i s  no t  known whether these r e s u l t s  are because of s u b t l e  
deposition e f f e c t s  i n t e r a c t i n g  with turbulence  ~r random n o i s e .  

This is i n  d i r e c t  c o n t r a s t  

The r e s u l t s  from the  ferns (Figure 2 . 9 )  were similar t o  t h a s e  of 
Rurnes except  t h a t  increased damage was only fQUIId at the 100 m 
pos i t i on .  

As the results from t h i s  experiment d i d  n o t  give t he  clear c u t  
r e s p ~ n s e s  that  were obta ined  i n  prev ious  and subsequent experiments  
the study s i t e  was r e - v i s i t e d  i n  1993, t h e  year a f t e r  sp ray ing ,  to  
see i f  t h e  asulam had had an effect  on the  bracken. 
v i s i t e d  twice ( 3  June and 21 J u l y ) ,  when 10 randomly pos i t i oned  l m 2  
quadra ts  were placed i n  sprayed areas and i n  an ad jacent  untreated 
area. Within each quadra t  the  d e n s i t y  and h e i g h t  of a l l  f ronds  w a s  
assessed .  

The s i te  was 

On both v i s i t s  the genera l  appearance was not t h a t  of a site where 
the  asulam e f f e c t  was s u c c e s s f u l .  After successfu l  asulam t r ea tmen t  
these are few fronds apparent  and t h e  main v i s u a l  impact i s  t h e  
l i t ter  layer. On the first v i s i t ,  immediately a f t e r  frond emergence, 
t h e r e  was l i t t l e  evidence af any d i f f e r e n c e  between the sprayed and 
unsprayed areas (Table 2 . 3 ) .  On the la te r  v i s i t  in mid surnrcer, the 
sprayed area showed d i f f e r e n c e s  across t h e  si te.  
sprayed s i te  t h e  bracken appeared more vigorous than f u r t h e r  i n s i d e  
the patch.  Approximately 15 m inside t h e  patch (denoted h i n t e r l a n d )  
fronds emerged i n  1993 bu t  t hey  had been killed, presumably by frost, 
The f ronds v i s i b l e  i n  J u l y  had e i t h e r  escaped or  had emerged 
subsequently. In  mid summer, t h e  sprayed bracken had a lower density 

A t  t h e  front of the 
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Ffgure 2.7. Deposition of spray drift oil water sensitive papers along the 
transect i n  the  Painscastle experiment; mean va lues  of t w o  replicate papers 
are presented along with a f i t t e d  equat ion (Appendix I) 
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Figure 2.8 Mean damage * S.E.  (n=S) of leaf damage t o  Rumex acetosa downwind of asulam 
appl icat ions in the Painscast le  experiment and compared to untreated (un t r )  p l an t s ,  
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Figure 2.9 Mean dry weight ( *  S.E. ,  n=3)  of Adiantum pubescens dowriwind of 
asulam app l i ca t ion  i n  t h e  Pa inscas t le  experiment  and compared to  untreated ( u n t r )  
p l a n t s .  



Table 2.3. Frond densities and heights in sprayed and unsprayed areas of 
bracken  a t  the P a i n s c a s t l e  test s i t e  (Experiment  3 ) ;  mean 
values  S . E .  ( n  = 10) are presented.  

Sampling date - 3 J u ~  1993 

Mem frond 
density 
( fl‘Ol”ldS/Q2 1 

Mean f rond 
height  (cm) 

Frond height 
range (cm) 

Sprayed 

9 . 7 ~ 1  

24.gk0.9 

7-37 

Sampling date - 21 July 1993 

Front  

7.021.8 Mean frond 
density 
(frands/m’) 

Mean frond 
height (cm) 

Frond height 
range (cm) 

22 4 *I4 .6  

23-66 

Unsprayed 

13.8d .6  

Sprayed 
Hinter land 

1.7*0.4 

2-48 

2.20 

Unsprayed 

4 8 . b 3 . 3  



and he ight  than those unt rea ted .  b u t  frond d e n s i t i e s  were greater a t  
the f r o n t ,  although he ights  were greater i n  the  h in te r land  (Table 
2 .3 ) .  Clearly, t h e  asulam spraying st t h i s  site was not  as e f f e c t i v e  
as i t  might have been, and t h i s  may have Fesulted i n  less c l e a r  c u t  
r e s u l t s  i n  both depasi t ion and damage. 

2.3.4 Experiment 4 : Wooler, Northumberland 
The amount of l i t h i u m  i n  the  tank mix was estimated from two 
replicate samples analyzed at Monks Wood and one sample analyzed by 
NRA. There w a s  considerable variation in the r e p l i c a t e  analyses 
(Monks Wood 300 and 722 rngllitre m d  NRA 367 mg/litre; mean f S.E. 
463~131). This discrepancy was not  because of a n a l y t i c a l  errors and 
it  is presumed t h a t  these d i f f e rences  are because of d i f f i c u l t i e s  i n  
sampling as t h e  materials were mixed. However, i t  is evident  the 
in tended  concentrat ion af 855 rng/litre was not  achieved and it is 
l i k e l y  tha t  e i t h e r  the  spray volume w a s  under estimated o r  t h a t  the 
l i t h ium su lpha te  did not  f u l l y  d i sperse .  

Deposition an the water s e n s i t i v e  papers (Figure 2,10 ) shows a r a p i d  
exponent ia l  decline as i n  previous s t u d i e s .  
10% of deposit ion under the  sp raye r  was found to be 20 m. 
Nevertheless ,  0.56% of t h e  appl ied rate was found a t  180 m .  

The dis tance  a t  which 

Lithium depos i t ion  on the  h a i r  curlers showed a similar pa t t e rn  
(Figure 2 .11) .  dropping to  30% of amounts under the  sprayer a t  32 m, 
Very law amounts were de tec ted  on these  c o l l e c t o r s  beyond 50 m and 
there was no de tec tab le  lithium found beyond 160 m (0.06 2 0.003 p,g 
Li a t  160 m, approximately 0.7% of the  amount detected under bracken 
8.4 f Q.6 pg Li). 

Lithium deposi t ion on the  water  s e n s i t i v e  papers showed a s l i g h t l y  
d i f f e r e n t  p a t t e r n ;  the  same general  dec l ine  was found up to 20 m, but  
thereafter there was an almost constant  deposi t ion up t o  180 m 
(Figure 2.12)  I 
detected under  the  sprayed area {10.2 f 1.9 pg Li). 

At 180 m 0.64 pg Li was detec ted ,  6% of the  amount 

Both measures of Rumex damage showed effects under the  sprayer, w i t h  
a rap id  change dawnwind to  approximately 50 m (weight) and 100 m 
(leaf damage) (Figures 2.13, 2.14). Thereafter the re la t ionship  
appeared t a  reach an asymptote, which i n  both cases was d i f f e r e n t  
from the u n t r e a t e d  bioassay plants. This resu l t  suggests that a 
damaging e f f e c t  occurred up t o  180 ID, the  maximum dis tance  tested, 

Damage t o  the Adiantum showed a similar response t~ R m e x  (Figures  
2.15, 2,161 reaching asymptotes a t  50 m (dry weight) and 100 m 
( h e i g h t ) .  The height m e ~ s u r e s  were lower, but  the weights were i n  
the  same arder  of magnitude (from 50 m downwind), as unexposed 
p l a n t s  * 

Deposition measures were all highly cor re l a t ed  with each o ther  (r > 
0.90; < O.QQ1). Corre la t ions  between a l l  measures of damage were 
a l s o  highly significant with each o t h e r  and with measures of 
depos i t ion  (Table 2.4). 

The absolute amounts of asulam t h a t  were deposited and caused the 
phytotoxic  effects at  180 m can be est imated from the amounts of 
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lithium deposited on t he  water sensitive papers. 
concentrat ions were 100 g asulam/litre and 463 mg l i t h i u m l l i t r e  ( t h e  
mean value fo r  tank mix concentration was used). Assuming t h a t  the  
behaviour of asu lm and t he  lithium i n  t he  d r i f t  was t he  same, this 
means that 1 mg of l i t h ium was the equiva len t  of 0,216 g of asulam 
(1 pg l i th ium equiva len t  to 0.216 mg asularn). 
detected on the  water s e n s i t i v e  papers a t  180 m t h i s  implies  t h a t  
0.138 mg of asulam was deposited. As this deposition occurred on a 
37.5 cm2 water s e n s i t i v e  paper the  amount per u n i t  area equals 36.9 
rng asulam/m2. 
t h e o r e t i c a l  

Application 

As 0.64 pg lithium w a s  

This depos i t ion  rate is approximately 8% of the  
rate of asulam appl ied (440 m g / m 2 ) .  

2.3.4 Experiment 5 : Stable Claugh, Derbyshire 
I n  t h e  two open areas ( p o s i t i o n s  1 and 8 at  the  top of t h e  clough 
where asulam deposition should be a t  the f u l l  recommended dose 
similar amounts of depos i t ion  (c .  4% of the  water-sensi t ive paper) 
were detected (Table 2 . 5 ) .  
claugh similar amounts were deposited on t h e  clough side (position 3) 
and on the  d o u g h  top  under dense bracken (pos i t i on  2 ) .  
areas (clough bottom ( p o i n t s  4 , 5 ) .  ea s t e rn  s i d e  ( p o s i t i o n  6 )  and 
under bracken on the e a s t e r n  top (pos i t i on  7 )  the depos i t ion  was much 
lower. appraximately 25% of the  amount found a t  full exposure 
(pos i t i ons  1 and 8 ) .  

On the  downwind western h a l f  of the  

In o the r  

Damage to  Rumex was severe i n  all s i x  s i t u a t i o n s  t e s t e d ,  with > 50% 
damage found, which was much greater than t h e  3.5% found i n  the  
untreated con t ro l s  (Table 2 . 5 ) .  The mean percentage damage was 
highly correlated with mean depos i t ion  rates on water sensitive 
papers (r = 0.95; n=7) and the relationship was described by the 
following equation: 

Y d ~ m a g c  = * '!45 'drift deposition + 50.24 
(F=50.7;P<0.001) 

An important pa in t  t o  note  is t h a t  biological damage was found even 
when the depos i t ion  on water-sensi t ive papers was below the  detection 
l i m i t  (c .  0.1% of the  water-sensitive paper).  

Damage to t he  Adiantum was less clear c u t ,  although a s i g n i f i c a n t l y  
lower y i e l d  than the unt rea ted  contrals was found a t  a l l  transect 
poin ts  (Table 2 . 5 ) .  
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Ffgure 2.10 Deposition of d r i f t  on two pairs of water sensitive papers downwind of t h e  sprayer in 
t h e  Wooler experiment; the f i t t e d  equation is presented i n  Appendix I, 



Figure 2.11 
experiment; mean values 2 S.E. ( n = 4 )  are presented and the f i t t e d  curve is given i n  Appendix 1. 

Lithium deposition on h a i r  curler collectors downwind of the sprayer in the  Wooler 
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Figure  2.12 
experiment; the f i t t e d  curve is given in Appendix I. 

Lithium deposition on water sensitive papers downwind of the  sprayer i n  the Wooler 
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Figure 2.13 
experiment and compared to untreated funtr) p l a n t s .  The f i t t e d  curve is given in Appendix I. 

Mem l e a f  damage ( k  S.E. n=6) to Rumex acetosa downwind of t h e  sprayer in the Wooler 
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Figure 2.14 Mean shoot weight ( A  S . E . ,  n=6)  of Rumex acetosa downwind of a sprayer in t h e  
Wooler experiment ctnd compared to untreated ( u n t r )  p l a n t s +  The f i t t e d  curve is given in 
Appendix I. 
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Figure  2.16 Height of Adiantum pubescens (cm) exposed downwind of the sprayer  
i n  the Wooler experiment and compared to un t rea t ed  ( u n t r )  p l a n t s .  F i t t e d  curves  
are given in Appendix I. 



Table 2.4. Correlation c o e f f i c i e n t s  (n=17) between t h e  amounts of d r i f t  deposi t ion detected and t h e  measures of 

< 0.001; WSP= Water Sensitive Papers.  
damage on bioassay p l a n t s  i n  the Woofer experiment (Experiment 4 ) ;  * = < 0.05, *+ = < 0.01; *++ = E 

Rumex 
Leaf 
Damage 

0.7884 
+*+ 

A d i a n t m  
Dry 
Weight 

-U. 601 1 
9 

Adiantum 
Height Lithium Lithium Drift 

WSP C u r l e r s  WSP 

-0 + 6307 
+* 

Lithium - 
WSP 

Lithium 
C u r l e r s  

Drift 
WSP 

Rwnea: 
Leaf damage 

R m e x  
Dry weight 

Adiantum 
Dry weight 

Ad tantwn 
Height 

0.9568 0 I 8604 
+U* *U* 

-0.6898 
++ 

-0.6923 
*+ 

0.8650 *** -0.7593 *+* o * 9022 *** 

0.7140 
*+ 

-0.7368 *** -0.6309 
++ 

-0.6180 
+i? 

-0,7045 
*U 

-0.7309 +* 
-0.8025 
*+ 

0.6576 ** 0.7065 
*U* 

0.8153 
+** 

2.30 
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Table 2.5.  Deposition of herbicide ~n water sensitive papers, leaf dmalir 
assessment of Rumer and d ry  weight of Adtanturn at t he  variau:; 
positions on the  Stable  C l ~ g f i  transect (Experiment 5 ) ;  mean 
va lues  * S.E. are presented. 

Position on transect across Deposition on Damage t o  Adfantum 
C l Q U & I  water Rumex ( %  of dry weight 

Top - under bracken W 
- under bracken E 

Side - w 

* E 

Bottom - under Ca'lZuna 

- in apen 

Untreated 'contr01~' 

2.31 




