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We can app ly  t o d a y ' s  p e s t i c i d e s  by a i r  t o  mos t . c rops  w i t h  
r e s u l t s  a s  good, and sometimes b e t t e r  t h a n  a r e  p o s s i b l e  w i t h  
ground equipment. Furthermore tremendous improvements i n  ae r -  
i a l  a p p l i c a t i o n  a r e  l i k e l y  i n  t h e  n e x t  few y e a r s .  During some 
twenty y e a r s  I have seen  many s u c c e s s f u l  u s e s  of  a i r s p r a y  and 
I have seen  some f a i l n r e s .  Most of  t h e  f a i l n r e s ,  a s i d e  from 
bad judgment i n  t i m i n g  and dosage,  have been t h e  r e s u l t  of p  
d e s i g n  and ad jus tment  of t h e  s p r a y  d i s t r i b u t i o n  system r a t h  
t h a n  from t h e  t y p e  o r  o p e r a t i o n  of t h e  a i r c r a f t  i t s e l f .  

The u s e  of d u s t s  i s  d e c l i n i n g  r a p i d l y .  Liquid s p r a y s  be- 
cause  of t h e i r  v e r s a t i l i t y ,  o f f e r  t h e  b i g  p o t e n t i a  
a p p l i c a t i o n  of p e s t i c i d e s .  

ADVANTAGES OF AERIAL APPLICATION 

1. B e t t e r  t i m i n g  o r  wet f i e l d s  i r r i g a t i o n .  T h i s  
is  e s p e c i a l l y  c r i t i c a l  f o r  

2. F a s t e r  coverage. An a i r c r a f t  c an  do abou t  a s  
one hour  a s  a  ground r i g  can i n  a  day. T h i s  i 
dur ing  d i s e a s e  epidemics  and is t h e  o n l y  f  

o r  o t h e r  c rop  

3 ,  El imina t e  age and s o i l  c  

ts r e s i s t  wea ther ing  and r e d i s  
n  d i l u t e  s p r a y  f i l m s .  Sus ta ined  

r e d i s t r i b u t i o n  and t h e  bui ldup of t h e  p e s t i c i d  
- - r e - a p p l i c a t i o n  t o  new-growth is largel-y  r e spon  

c o n t r o l  of  fung se .  

5. Less  w a t e r  r e p  

6. Less  c a p i t a l  investment  i n  equipment. 

7. Less  l a b o r ,  worry and b o t h e r  f o r  t h e  farmer .  

8. P r o g r e s s i v e  a e r i a l  a p p l i c a t o r s  a r e  employing t e c h n i c a l l y  
t r a i n e d  p e s t i c i d b  s p e c i a l i s t s  t o  whom t h e  fa rmer  can de le -  
g a t e  t h e  s u p e r v i s i o n  of t h i s  i n c r e a s i n g l y  complicated job. 

DISADVANTAGES OF AERIAL APPLICATION - 
1. Opera t ions  a r e  l i m i t e d  by wind, o t h e r  c l i m a t i c  f a c t o r s  o r  

darkness .  

2. G r e a t e r  out-of-pocket c o s t .  
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3 .  Coverage may be inadequa t  p s  b u t  n o t  p o t a t o e s ,  
b e e t s  o r  row crops .  

4. Grea t e r  d r i f t  hazard.  

"os t  of t h e s e  d i sadvan tages  can be avoided o r  overcome. 
Tmprovements i n  f o r m u l a t i o n s ,  a d j u v a n t s  and o p e r a t i n g  t e c h n i -  
ques o r  n i g h t  f l y i n g  can overcome many of t h e  problems caused 
by unfavorab le  c l i m a t i c  f a c t o r s .  Costs  a r e  r e l a t i v e  b u t ,  i n  
g e n e r a l ,  a e r i a l  a  
and ope ra t ing  g r o  
s i v e .  Coverage c  
o p e r a t i o n  af  t h e  ecpipment;  mo 
imize t h i s  aroblem i 

p - r y  TH'- '<q~;%'-- - , -- 
' I s  wi th  any 

a b l e  t o  measure t 
u a l  t e s t s  of t h e  
q u i t e  s imply w i t h  dye o r  t h e  chemical i t s e l f  and paper .  Swath 
rviclth, d r o p l e t  s i z e ,  and any major i r r e g u l a r i t i e s  i n  d r o p l e t  
d i s t r i b u t i o n  o r  u n i f o r m i t y  of ove r l ap  a r e  q u i c k l y  d e t e c t e d .  
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f i g r i c u l t u r a l  a i r c r a f t  a r e  a i r -bo rne ,  s e l f - p r  
b l a s t  sp raye r s .  Both fixed-wing a i r c r a f t  and he1 
velop a  f a s t  s t ream of s p i r a l i n g  a i r  which c a r r i e  
cic'e t o  t h e  crop wi th  a minimum amount of l i q u i d .  The a i r  
frame i t s e l f  is n o t  a s  impor tan t  a s  t h e  d e s i g n ,  ad jus tmen t ,  and 
o p e r a t i o n  of t h e  s p r a y  d i s t r i b u t i o n  system. I n  g e n e r a l ,  t h e  
new morlel n l a n e s ,  w i t h  t h e  s t anda rd  f a c t o r y  i n s t a l l e d  booms, 
a r e  ca2able  of producing a  good s p r a y  p a t t e r n .  But we o f t e n  
s e e  ve ry  poor jobs  from mofiern ag p l a n e s  because of p o o r l y  de- 
s igned an6 i l l - conce ived  a d a p t a t i o n s  i n  t h e  boom and nozz l e  a r -  

~ a n g e m e n t .  Dr_02erly- ad-justect, every malie and-model-of-ag-a-ir-- - 
c r a f t ,  o ld  o r  new, h a s  been used s a t i s  r i l y  f o r  
c a t i o n  of o u r  p roduc t s .  
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The s p r a y  p lane  i n  f l i g h t  does n o t  produce a  smooth, uni- 
form s t r eam of a.ir. q ra jor  d i s t o r t i o n  comes from t h e  p r o p e l l e r  
and the  wing-t ip v o r t i c e s  w i th  minor d i s t u r b a n c e s  from wheels ,  
pumps, anr! t h e  f u s e l a g e  i t s e l f .  IJniform spac ing  of nozz l e s  
a c r o s s  t h e  boom w i l l  r e s u l t  i n  uneven d i s t r i b u t i o n  of s p r a y  a t  
low l e v e l  f l i g h t  w i t h  b i p l a n e s  and low-wing monoplanes. 4 con- 
c e n t r a t i o n  of n o z z l e s  t o  t h e  r i g h t  of t h e  f u s e l a g e  i s  r e q u i r e d  
t o  c o u n t e r a c t  Lhe to rque  of t h e  "prop wash". The placement of 
n o z z l e s  a t  o t h e r  s t r a t e g i c  p o i n t s  a long  t h e  boom t o  ach ieve  a  
uniform s p r a y  p a t t e r n  must be determined by a c t u a l  t e s t s  of t h e  
sp ray  p a t t e r n .  Nozzles  t o o  c l o s e  t o  t h e  wing t i p s  r e l e a s e  t o o  
much s p r a y  i n t o  t h e  v o r t i c e s  where i t  may b e  l o s t  through eva- 
p o r a t i o n  and d r i f t .  T h i s  is n o t  s a t i s f a c t o r y  f o r  t h e  t y p e  of 
p r e c i s i o n  sp ray ing  r e q u i r e d  f o r  p r o t e c t i v e  f u n g i c i d e s .  Nozzles 
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can be moved i n  a s  much a s  two f e e t  from t h e  wing t i p s  wi thout  
r educ ing  t h e  e f f e c t i v e  swath width. Although t h e s e  p r i n c i p l e s  
have been known f o r  a  long t ime ,  t h e r e  a r e  s t i l l  many a i r c r a f t  
i n  a c t u a l  u s e  t h a t  have improper ly  spaced nozz les .  

DROPLET SIZE 

I n  g e n e r a l ,  t h e  d r o p l e t s  should  be  a s  f i n e  a s  can be hand- 
l e d  wi thout  e x c e s s i v e  l o s s  from evapora t ion  o r  d r i f t .  Sprays 
t h a t  a r e  t o o  f i n e  d r i f t  away, a r e  w a s t e f u l  and may be hazardous. 
Coarse sp rays  s l r e a k  e a s i l y ,  g i v e  poor  coverage and a r e  a l s o  
was t e fu l .  Drop le t  s i z e  is r e g u l a t e d  by p r e s s u r e ,  o r i f i c e  dia-  
me te r  and o t h e r  f a c t o r s  bu t  t h e  most impor t an t  s i n g l e  f a c t o r  is 
t h e  a n g l e  of t h e  n o z z l e  i n  r e l a t i o n  t o  t h e  a i r  s tream. The 
d r o p l e t  s i z e  can b e  changed from ve ry  c o a r s e  t o  very  f i n e  by 
r o t a t i n g  t h e  n o z z l e s  i n t o  t h e  wind. The s t a n d a r d  nozz l e  pro- 
duces  a  wide spectrum of d r o p l e t  s i z e s .  A t  any s e t t i n g  some 
w i l l  be  t o o  f i n e ,  o t h e r s  t o o  coa r se .  An average 'o f  about 200 
t o  300 microns is p robab ly  optimum f o r  o u r  f u n g i c i d e s  under most 
o p e r a t i n g  c o n d i t i o n s .  I t  is e s s e n t i a l  t h a t  t h e  d r o p l e t  s i z e  be 
checked w i t h  a c t u a l  t e s t s  of t h e  p a t t e r n .  F ine  d r o p l e t s  should 
be  avoided i n  t h e  low humidi ty  a r e a s  of t h e  Western S t a t e s .  

I have been r e v i s i n g  my i d e a s  downward on t h e  o ~ t i m u m  
s p r a y  ga l lonage  f o r  t h e  l a s t  twenty y e a r s .  u n i f o r m i t y  of d i s -  
t r i b u t i o r r  i s  more impor tan t  t h a n  t h e  t o t a l  ga l lonage .  Coverage 
t o  o t h e r  p a r t s  of t h e  ~ l a n t  w i t h  any c o n c e n t r a t e  sDrav is ach- 
i eved  th rough  r e d i s t r i b u t i o n  by dew-and r a i n  and t i r o i g h  r epea t -  
ed a p p l i c a t i o n .  

A wel l  des igned s p r a y  system on an  a i r c r a f t  a s  w i th  a  
ground a i r b l a s t  s p r a y e r  u t i l i z e s  a i r  i n s t e a d  of l i q u i d  a s  t h e  
c a r r i e r .  Only enough l i q u i d  i s  needed t o  keep t h e  s p r a y  f l u i d  
u n t i l  it h i t s  t h e - p l a n t .  Volume should be  s u f f i c i e n t  t o  over- 
come ev~ap!~t i f l  i n  f l i g h t ~ ~ ~ ~ a ~ n d ~ ~ ~ ~ o ~ ~ p r o v i d e . s n o ~ u g ~ h ~ - ~ m a s s - - - - t o - - ~ c ~ h i e v e ~ ~ ~ ~  

-per ie~ t ra t ion  i f  t d e  f o l i a g e  is dense. With boom nozz le  systems 
on fixed-wing a i r c r a f t  and h e l i c o p t e r s  w e p r e f e r  a  s p r a y  vol- 
ume of 5 t o  1 0  g a l l o n s  p e r  a c r e  f o r  f u n g i c i d e s  on f i e l d  and veg- 
e t a b l e  c rops .  !Ye sugges t  1 0  g a l l o n s  f o r  most o rchard  work. 

I c l a s s i f y  a e r i a l  s p r a y  volumes a s  fo l lows :  

Normal o r  High volume-5 t o  1 0  g a l l o n s  p e r  ac re .  
Low volume-2 t o  5 g a l l o n s  p e r  a c r e .  
Ultra-low volume-less t h a n  1 g a l l o n  p e r  ac re .  

Ultra-low volume is g a i n i n g  a  l o t  of a t t e n t i o n  and i s  s a t -  
i s f a c t o r y  f o r  c e r t a i n  i n s e c t i c i d e s  f o r  t h e  c o n t r o l  of mobile o r  
w e l l  exposed i n s e c t s .  A t  p r e s e n t  it i s  n o t  being recommended 
f o r  t h e  a p p l i c a t i o n  of p r o t e c t i v e  f u n g i c i d e s  o r  r e s i d u a l  m i t i -  
c i d e s .  

MICRONAIR ROTA.BY AT0VISF.R 

These u n i t s  a r e  growing i n  p o p u l a r i t y .  They u t i l i z e  a  ro-  
--1Zd;- 



t a t i n g  wi re  mesh cage which b reaks  up t h e  s p r a y  i n t o  more uni- 
form d r o p l e t  s i z e s  t h a n  conven t iona l  nozz l e s .  T h i s  improves 
e f f i c i e n c y  and un i fo rmi ty  of d i s t r i b u t i o n  and a  c o n s i d e r a b l e  
r e d u c t i o n  i n  l i q u i d  is p o s s i b l e  w i t h  t h e  Mic rona i r  compared t o  
t h e  convent iona l  boom n o z z l e  s p r a y e r s .  P o t a t o e s  a r e  be ing  
sp rayed  w i t h  Dithane a t  2 t o  3 g a l l o n s  p e r  a c r e .  The Mic rona i r  
i m p a r t s  i t s  own r o t a t i o n  t o  t h e  s p r a y  and t h i s  added t o  t h e  
normal s p i r a l  motion,  i n i t i a t e d  by t h e  a i r c r a f t ,  improves cov- 
e r a g e  t o  v e r t i c a l  s tems and t h e  unde r s ides  of l e a v e s .  

The He l i cop te r  is an  e x c e l l e n t  p i e c e  of equipment f o r  ae r -  
i a l  a p p l i c a t i o n ,  I t  may be more expensive t o  pu rchase ,  ma in t a in  
and ope ra t e .  The down d r a f t  wh i l e  hover ing i s  impres s ive  bu t  
a t  normal , o p e r a t i n g  speeds  of 45 t o  65 mph t h e  p e n e t r a t i o n  of 
f o l i a g e  is about t h e  same a s  most fixed-wing a i r c r a f t .  The 
s p r a y  p a t t e r n  is q u i t e  uniform but  does r e q u i r e  r e l o c a t i o n  of 
c e r t a i n  n o z z l e s  t o  t a k e  c a r e  of minor d i s t r o t i o n s  i n  t h e  a i r  
s t ream.  The h e l i c o p t e r  a l s o  impar t s  a  d e s i r a b l e ,  e n t r a i n e d  ro- 
t a t i o n a l  movement t o  t h e  s p r a y  from t h e  v o r t i c e s  c r e a t e d  by t h e  
r o t o r  h l ades .  A s  w i t h  fixed-wing a i r c r a f t ,  t h i s  r o t a t i o n a l  
movement, r e p e a t e d  s e v e r a l  t i m e s ,  improves t h e  coverage and de- 
p o s i t  t o  a l l  t h e  p l a n t  s u r f a c e s .  The e f f e c t i v e  swath width  f o r  
a  h e l i c o p t e r  is only  s l i g h t l y  more t h a n  t h e  l e n g t h  of t h e  boom 
and t h e  r o t o r  b lades .  We recommend 5 t o  1 0  g a l l o n s  p e r  a c r e  
f o r  fung icedes  w i t h  h e l i c o p t e r s ,  t h e  same a s  w i t h  fixed-wing 
boom-nozzle systems. 

CONTROL OF EARLY BLIGHT 

A e r i a l  a p p l i c a t i o n  of f u n g i c i d e s  i s  h i g h l y  s a t i s f a c t o r y  
f o r  t h e  c o n t r o l  of e a r l y  b l i g h t  of p o t a t o e s .  The impor tan t  
f a c t o r s  needed a r e :  

1. Uniform coverage.  
2. Regular  s p r a y  program. 
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.All a i r c r a f t  should  be  c a r e f u l l y  checked f o F ~ ~ s w a t K ~ w i W ~ E ~ ,  
d r o p l e t  s i z e  and most e x p e c i a l l y  u n i f o r m i t y  of s p r a y  d i s t r i -  
b u t i o n ,  f r e e  of s t r e a k s  and i r r e g u l a r i t i e s .  

The f u n g i c i d e s  i n  use  today a r e  p r o t e c t i v e  m a t e r i a l s  used 
t o  p reven t  t h e  e s t a b l i s h m e n t  and s p r e a d  of t h e  d i s e a s e .  The 
program must be s t a r t e d  when t h e  p l a n t s  a r e  s m a l l  and b e f o r e  
d i s e a s e  is p r e v a l e n t .  Sprays  should b e  r e p e a t e d  eve ry  7 t o  1 4  
days  o r  w i th  every i r r i g a t i o n  cyc le .  This  b u i l d s  up and main- 
t a i n s  a  r e s i d u a l  s p r a y  d e p o s i t  i n  t h e  lower  p a r t  of t h e  p l a n t  
and keeps  t h e  new growth covered.  The number of s p r a y s  p e r  
s eason  may vary  from 3 t o  6 o r  more depending upon t h e  d i s e a s e  
s e v e r i t y ,  t h e  i r r i g a t i o n  c y c l e  and t h e  l e n g t h  of t h e  growing 
season .  Zar ly  b l i g h t  t u b e r  r o t  i s  b e s t  p reven ted  by c o n t r o l -  
l i n g  t h e  i n f e c t i o n  on t h e  f o l i a g e .  



AGRICULTURAL USE TO INCREASE 
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