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POTATO BLIGHT T E  WEATHER : A FRESH APPROACH 

SUHWLRY 

The r e su l t s  of eontrolBed laboratory experiments on 

the environment favourable t o  the development of cer ta in  

plant diseases and pests  may, i n  some cases, be adapted 

fop use with routine meteorological observations, and so 

make the basis  f o r  a warning service t o  f a~mers .  This i s  

i l l u s t r a t ed  i n  the case of Potato Blight. A new ae t  of 

c r i t e r i a  ia  developed f o r  the recognition of weather fipells 

favowable t o  Potato Blight i n  Ireland. The c r i t e r i a  a re  

intended fo r  application t o  routine h o u ~ l y  weather reports ,  

the  r e su l t s  being interpreted and expanded by referenee t o  

the synoptic weather s i tua t ion ,  The synoptfc approach enables 

the meteorological s i tuat ions which are  favowable.and 

unfavourable t o  the blfght  fungus t o  be classi f ied,  thus 

permitting a t rue  foreeast  of the  onset and spread of the 

disease t o  be attempted. 



lo INTRODUCTTON 

I t  i s  wel l  known t h a t  weather coxiditions have a marked 
influenee saa the  time or  onse,t, and mbsequent development 
of a t t acks  b y  many p l an t  dl.ssaseta and pests .  The usual  
app~oach  in seeking the  relati,sr.tshPp between weather f ac to r s  
and dIff"eren.t, p lan t  d iseases  has been t o  look f o r  c o r r e l a t i m  
between me teo ro log i~a l  da ta  and ..the r e s u l t s  of p l an t  d i sease  
surveys. I n  many cases,  6ht.s has enabled ce r t a in  b~0a .d  
comlusione t o  be drawn e.g. t h a t  Apple Scab :in B r i t a i n  
tends t o  be worse a f t e r  a wet bIw9 and t h a t  Closer Rot is 
more severe when a m i l d  Winter follows a wet Autumn (Ministry 
of Agr i cu l twe  and F i she r i e s  194?'), I n  the  case of po ta to  
b l ight t ; ,  it has long been reaagnfsed. t h a t  a. hot ,  dry growing 
season inhtbi ts  the  s p ~ e a d  of b l i g h t  on the  fo l i age ,  whereas 
moist and sunless  weather fa.sou,rs its development. Several  
workers have endeavoured t o  e s t a b l i s h  a p r ec i s e  re la t ionsh ip  
between weather f ac to r s  and th:ia disease; t h e  c r i t e r i a  which 
they have suggested a r e  discussed l a t e r ,  

I n  some cases,  in te res t fng  attempts have been made, no t  
t o  r e l a t e  meteorological fac toas  d i r e c t l y  t o  the  d i sease  or  
pe s t ,  but t o  f i n d  n a t u r a l  pa:ramelers having a reac t ion  t o  t h e  
weather envfronmtml s i m i l a r  t o  th.at  of the pa ra s i t e s ,  It 
ha8 been claimed, f o r  instan.ce, that i n  Bavaria a c lose  
rela . t fonship e x i s t s  between Ule da t e  an which snowdrops bloom 
and t h e  in. tensi ty of %he plague of f t e l d  mice which occurs in. 
some years in t h a t  area ,  

But ler  (1925) ~ u g g e s t e d  %hat, there  were l im i t a t i ons  t o  
the method of basfng weather relatf.anahSps on p lan t  d isease  
and. pe s t  surveys, saying Ghat Isthe t rend of recent  work has 
been t o  show t h a t  de.f'inite concl,u.sfons cannot s a f e l y  be drawn 
f ~ o m  such observations unless  they a r e  control led  and e luci -  
dated by t h e  more exact  methods of $aboratoPY reSearcbot8 
He underlined. "tihe importance of' beginning a t  the  other  end - 
of first, es tabl ishing t h e  temperature and humidity r e l a t i o m  
of t h e  p a r a s i t e  and hos t ,  s ing ly  and together ,  and only then, 
with the exact. inf oma t ion  thus ga:fned, seeking the  cor re la t -  
ion w i t h  meteorologfcal data.  

Butler! commenOed tha t ,  a t  t h e  time of wr i t ing  (1925), it 
was doubtful if the  meteorologleal da ta  then recorded were 
s u f f i c i e n t  f o r  t h e  purpose, Since t h a t  da te ,  and mainly 
under the stimulus of av i a t i an  ~equi rements ,  the  amount of 
ava i l ab l e  weather da ta  has grown considerably; the  records 
of s t a t f a n s  making hourly clbsekivutfons a r e  pa.r%icularly adapted 
f o r  use i n  %he app l tca t i an  ~f paact  d isease  re la t fonships .  

I 

The present  paper descr ibes  sn attempt t o  base a pota to  
b l i g h t  fo recas t ing  aervice  i n  I re land on the published r e s u l t s  
of control2ed laboratory s tud ies  of the reac t ion  of the  res-  
ponsible p a r a s i t e  t o  i t s  environment, A s  the  paper is 
adaressed primarfly t c  meteoroSogists r a t h e r  than p l a n t  patho- 
l o g i s t s ,  the more impostant f"eatupes of the  disease and of t h e  
fungus which eauaes it a r e  descrrhed. 

2, EFFFET OF POTATO ZLIGHT ON THE CROP 

Potato Blight ,  which fs h o w n  fn some countrfes as ItLatew 
BlSght, is the  most impor!&mt d t sease  a t tacking the  pota to  in  
Great Brf t a i n  and. I re land,  It, is caused by the  fungus 

T h i s  p a r a s i t e ,  fn 
Being there- 

i t  cannot u t i l i s e  t h e  oarboa 
buil.dfn,g up of carbonaceous 

matter already avail.- 
in the  o ther  



solanaceoua hosts  such a s  the tomato which it a l s o  a t tacks .  

Pota to  Blight  causes crop losses  in two separa te  ways - 
by reducfng the y i e ld  and by causing some of t h e  tubers  
ac tua l l y  formed t a  r o t  ef thep in the ground o r  i n  storage. 

Yield is  reduced beause of the damage done t o  the  f o l i a g e  
of t h e  p lan t s ,  I n  I re land,  experiments ca r r i ed  out  over a 
number of pears have indicated an average l o s s  i n  y ie ld  of up 
t o  2 6  (Department of Agrfeulturs  1951). In t e s % ~  
car r ied  out  under r e l a t i v e l y  severe conditions of pota to  
b l i g h t  incidence in  Devon and Cornwall during the  years  1941-4, 
Large (1945) found t h a t  p ro tec t ive  s raying resu l ted  i n  a mean 
prolongation of fo l i age  growth of 16 days and a mean gain  in  
t o t a l  y i e ld  of & tons per acre. 

z 
The tubers may become infected  when spores of the disease  

a r e  washed down by r a i n  from the haulms in to  the s o i l .  A 
f u r t h e r  and important source of tuber  b l i gh t  occurs when the  
crop is  dug out a t  a time when the d isease  on the  f o l i a g e  is 
producing spores,  or soon afterwards, s o  t h a t  the  tubers  be- 
come infected  through coming In to  contact  w i t h  the  a e r i a l  
spores or  with contaminated surface  s o i l .  

The p ro tec t ive  spraying measums taken agafns t  pota to  
b l i g h t  a r e  only e f f ec t i ve  when the disease is a t  a vulnerable 
stage. The c l a s s  of downy mildews (~e ronospo ra l e s ) ,  t o  which 
such diseases a s  Potato Bl ight  and Onion Mildew belong, d i f f e r  
from the  t r u e  or powdery mildews which a t t ack  apples,  roses,  
g rass  and corn, and which a r e  caused by fungi  which l i v e  an 
the surface  of leaves and stems and merely send suckers i n t o  
the  supe r f i c i a l  c e l l s  of t h e  p lan t s  in  order t o  feed. I n  
Potato Bl ight ,  on the other  hand, the vegetat ive p a r t  of the  
fungus, which is ca l l ed  mycelium, spreads within the  leaves 
and other  organs of t h e  host  p l an t ,  and emerges through the  
sur face  only f o r  t h e  purpose of sporulat ion and only in su f t -  
a b l e  environmental conditions. I t  is a t  the  sporula t ion 
s tage  t h a t  the d i sease  is vulnerable and t h e  purpose of apply-4A. , 
ing  fungicides is t o  destroy a r  prevent the germination of the  
spores when they a l i g h t  on heal thy t i s s u e  and so  t o  prevent 
the spread of the  disease,  

The time of onset of pota to  b l i g h t  and i t s  subsequent, 
course va r i e s  considerably from year t o  year and in  d i f f e r e n t  
d i s t r i c t s ,  The primary advantage of a r e l i a b l e  se rv ice  of 
pota to  b l i g h t  weather warnlngs would be t o  indicate  optimum 
times f o r  spraying, Protec t fve  measures which a r e  followed 
by a period of complete ~ n a c t i v f t y  of t h e  fungus a r e  merely 
a waste of mater ia l  and labour,  fo r  not  only is the  fung ic ida l  
l ayer  gradually washed away from the fo l i age  bu t  f r e s h  growth 
can give  r i s e  la a subs t an t i a l  a rea  of completely unprotected 
l e a f  su r face  (Large e t  a l ,  1946). On the other  hand, undue 
delay i n  spraying may have much heavier economic consequences, 
A f u r t h e r  possible use of b l i g h t  weather warnings, where the  
haulms a r e  not destroyed o r  removed wel l  i n  advance, is in 
discouraging the  l i f t i n g  of t h e  pota to  crop a t  a time when 
ac t i ve  spores a r e  present ,  - 

3 EARLIER CRITERIA FOR THE IDENTIFICATION OF WEATHER 
FAVOURABLE FOR POTATO BLIGHT 

Van Everdingen (1926, 1935)" on the bas i s  of a study Of" 
weather coladitlons fmmedfately preceding outbreaks of po ta to  
b l i gh t  i n  the Netherlands i n  the years 1919-1923, l a i d  down 
the following c a d i  ti ons , w h i  ch may conveni en t l y  be r e r e r r ed  
t o  a s  the  Dutch rules:-  

I 

(1)  Dew occurring f o r  a t  l e a s t  four  hours during t h e  night .  

_ - 



(2 )  Minimum night  temperature not  l e s s  than 50'~. 

( 3 )  Mean cloudiness of the  day following the  dew a t  l e a s t  
0,8 

(4)  Ra infa l l  of the  day fal lowing the  dew a t  l e a s t  0-1 rnm. 

If any day occurred on which a l l  these conditions were 
obeyed, b l i g h t  usual7,y made i ts  appearance on the f o l i a g e  
wi th in  a fo r tn igh t .  

The Dutch r u l e s  were used t,o s e t  up a spray-warning 
se rv ice  i n  the  Netherlands in 1925'. 

Arising out of t e s t s  of t h e  D u t c h  r u l e s  i n  South Devon, 
Beaumont (1947) decided, on the  bas l s  of eleven years  b l i g h t  
da t a  f o r  Southwest England, t h a t  more d i r e c t  account should be 
taken of r e l a t i v e  humidity and proposed the  following con- 
d i t i o n s ,  which w i l l  be referked t o  as the  English rules:-  

( 1 )  Minimum temperature not  l e s s  than 50%, and I f o r  a t  l e a s$  
(2 )  Relat ive humidi t y  no t  below '75% two d w e  

Using s t a t i o n s  which make hourly xeports,  a c r i t i c a l  period 
under the  English r u l e s  may be considered t o  have occurred i f ,  
i n  a sequence of 48 hourly obsersakfons, the  screen tempera- 
t u r e  does not f a l l  below 50% nor the  r e l a t i v e  humidity below 
75%. 

The Englfsh ru l e s  have the  meri t  of g r ea t e r  s impl ic i ty .  
They have been tes ted  i n  s l i g h t l y  modified form i n  the  
Netherlands (Post, and Richel. 1951) and found sa t i s fac to ry .  
They have a l s o  been t r i e d  i n  France ( ~ d m a s s e t  1939) over a 
s i n g l e  season, and, as  happened on occasions in England, 
although they were genera l ly  s a t 1  s fac to ry ,  they were no t  
successful  i n  fo recas t ing  the  s t a r t  of s l i g h t  l o c a l  epidemics, 

Both t h e  D u t c h  and English ru les  a r e  i n  l a rge  measure 
empirical,  being o r ig ina l l y  derived from f i e l d  observations 
of b l i g h t  outbreaks a s  r e l a t e d  t o  the  preceding weather, 
although the r u l e s  themeelves can be shown. t o  have genera l  

I phytopatho10gicaX s ign i f i cance  by comparfng them w i t h  the  
r e s u l t s  of labora tory  s tud ies  on Lhe biology of t h e  b l i g h t  
fungus. The severse approach which has been attempted i n  
I re land  requ i res  some knowledge of t h e  l i fe-hi8tory  of t h e  
fungus and of i ts  react ion t o  v a ~ y i n g  envirsnrnent, 

4, THE LIFE-CYCLE OF T m O T A T O  BLIGHT FUNGUS 

Today, a f t e r  over one hundred years  of ravages by pota to  
b l i n h t  i n  Western EuroDe, t he re  a r e  s t i l l  a number of incorn- - - 7  

ple' tely answered regarding the  responsible fungus, 
Phytophthora infes tans ,  One of these  is  the  problem of how 
t h e  fungus f f r s t  reaches the f olfage each year ( ~ u r p h g  & McKay 
1927), - It i s  genera l ly  agreed t h a t  primary outbreak8 of 
b l i g h t  i n  the f i e l d  usualby a r i s e  from the  p lant ing of tubers  
which, although they show l i t t l e  vLsl.ble s igns  of the  d isease ,  

- .  have i n  f a c t  c a r r i ed  the  i n f ec t i on  within them from the  pre- 
vious year. When such infected  tubers  a r e  planted, many d fe  
i n  t h e  ground without the  emergence of a e r i a l  shoots;  in such 
cases the fungus s p ~ e a d s  i n t o  the M e d i a t e l y  surrounding 
g~wund and may be transferred. t o  t h e  f o l i a g e  of other  p l an t s  
e i t h e r  i n  earth1.n.g-up wark or  through the  agency of soi l - in-  
hab i t ing  insec t s ,  Some in fec ted  seed. pota toes  give r i s e  t o  
heal%hy, i f  no%pakticubarly vigorous, p lan t s ;  and some few 
send diseased. sh.aots above the surface ,  which, before they d i e ,  
a c t  a s  prfmary Pect f o r  t h e  start: o r  t h e  disease.  isc carded 
tubers  i n  or  on the  ground. o r  kemain;ing i n  old pota to  p i t s ,  , 
may a l s o  contr ibute  G t a ~ t f . ' ~  ?mints f t s r t h e  disease. A 

,. . .. 
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complete analysis  of the f l uc tua t i on  of pota to  b l i g h t  from 
year t o  year is impossible without some knowledge of t h e  var i -  
a t i o n  in  the  number of primary f o c i  in t h e  f i e l d s ;  t h i s  var i -  
a t i o n  may bear some r e l a t i o n  t o  the incidence of b l i g h t  In 
the  seed growing areas  i n  the  prevlous year. For the  present  
purpose, it i s  s u f f i c i e n t  t o  note  t h a t ,  given favourable 
environmental condit ions,  the  development of" b l i g h t  in an area  
seems r a r e l y ,  if ever,  t o  be inh ib i ted  because of the  absence 
of the  pathogen, 

Givm the  required humid condi t i ons , t h e  mycelium w i  thin 
the  infected  f o l i a g e  pushes out shor t  extensions through the  
l e a f  surface  i n t o  the a i r ,  forming the  c h a r a c t e r i s t i c  white 
mould which i s  to  be seen on such occasions, normally on the  
under sur face  of the  leaves.  Primary spores o r  sporangia 
form on these  a e r i a l  extensions; they a r e  extremely m a l l  and 
l i g h t ,  and a r e  r ead i ly  detached and dispersed by air currents .  
The sporangia a r e  n o t  long-lived, and unless they encounter 
conditions su i t ab l e  f o r  t h e i r  f u r t h e r  development wi th in  a 
few hours, the chances of t h e i r  survival  a r e  s l i gh t .  The 
sporangia a r e  capable of d i r e c t l y  in fec t ing  the host ,  but the 
optimum temperatures f o r  this d i r e c t  germination a r e  much 
higher than those prevalent  i n  our climate. O f  f a r  g rea te r  
p r a c t i c a l  importance i s  t h e  process of f i d i r e c t  germination 
whereby each sporangium, i n  s u i t a b l e  condit ions,  can give 
r i s e  t o  a number of secondary spores or swarmspores, The 
swarmspore i t s e l f  germinates by put t ing  out  an extension or  
germ tube wi th  which it penet ra tes  the hos t  and s o  es tab l iehes  
a secondary in fec t ion  of t h e  disease. 

An i n t e r v a l  elapses between t h e  time of inoculat ion and 
the  f i rs t  v i s i b l e  appearance of in fec t ion  on the  plant.  The 
length of t h i s  period of incubation depends on t h e  temperature, 
being sho r t e s t  a t  200 t o  230C, I n  our climate,  it may be 
taken t o  be approximately four  days, 

Neither the  i n i t i a l  infec t ions  on the  primary f o c i ,  nor 
f requent ly ,  the first s l i g h t  extensions of the  a t t ack  a r e  
normally s u f f i c i e n t l y  obvious t o  lead t o  v i sua l  de tec t ion  of 
the d isease ,  which of ten  has made some progress before i t  
comes t o  notice,  

5. EFFECT OF ENVIRONb@NT ON THE POTATO BLIGHT FUNGUS 

The re la t ionsh ip  which e x i s t s  between environmental 
f ac to r s  and the  development of Phytophthora infes tans  has been 
ca re fu l l y  examined in  con t ro l l e8  laboratory experiments by a 
number of worke~s .  Crosier  (1934) suamar i see~the  r a t h e r  
complex resulks  a s  follows: 

"It can be seen t ha t  the  epfphytot ic  appearance of l a t e  
b l i g h t  depends primari ly on c e r t a i n  weather conditions. I n  
f a c t  it is  very evident t h a t  the  f a i l u r e  of l a t e  b l i g h t  t o  
occur a t  any and a l l  times during t h e  growing season is at trf-  
butable d i r e c t l y  to the  lack of these  c e r t a l n  weather fac to rs .  

"The host  p l an t s  a r e  suscept ib le  a t  any s t age  of t h e i r  
development, and the  fungus is present  almost invar iably  in a 
given area; therefore  an epiphytot ic  w i l l  occur whenever the  
co r r ec t  weather conditions prevaP%, A temperature of 18' t o  
25%. and a r e l a t i v e  humidity of near ly  100 per cent  over a 
period of a t  l e a s t  6 hours, o r  a temperature of l2O to  lS•‹C. 
and a r e l a t i v e  k m i d i t y  of 100 per cent  over a period of 1 2  o r  
more hours, is necessary f o ~  t h e  formation of sporangia. 
These spores l o s e  t h e i r  v i a b i l i t y  i n  1 t o  2 hours in a very 
d ry  a i r  (20 t o  40 per cent  r e l a t i v e  humidity), or  in 3 t o  6 
hours i n  a i r  of" 50 t o  80 per cen t  r e l a t i v e  humidity, so  t ha t  
the  proper condit ions f o r  i nd i r ec t  gemina t ion  of the  spor- 
angfa must p r eva i l  within a sho r t  t h e  a f t e r  formation, 



"2hese  condition,^, a s  Melhus (1915), Everdfngen (1926), 
and Reddick (1928) have explained, a r e  the  preseme of moisture 
and a low temperature (from' loo  t o  1506) f o r  a period of 6 
hour t o  2 hours, I n d i r e c t  germfnatfon a l so  takes plaae a% 
temperatuxBes as  1.ow a.s 3 O  and a s  high a s  21%. , but  t h e  time 
required is considerably longer and the  percentage of germin- 
a t i o n  is much l ,ess  than a t  the optimum of l 3 0 C ,  During this 
period of gemfnatfora a l a rge  number o f  swarmxpores a r e  l ib-  
e ra ted ,  which then gamina t e  and e s t ab l i sh  t h e i ~  germ-tubes 
i n  the host   tissue^ if mqisture p e r s i ~ t s  f o r  a few hours. 
This process requ i res  a t  l e a s t  2 t o  & hours a t  lo0 t o  25%. 

"After the penet ra t ion  tubes have become es tab l i shed  i n  
the hos t  t i s sues ,  the  fungus develops most rap id ly  a t  a tem- 
pera tu re  of 180 t o  2$%, Continuous temperatures above 300 
check the  growth of the  fbngus, and theref  ore (lengthen) t h e  
period of incubation; but  %n temf t t enh  temperatures of 200 
a t  n igh t  and 50•‹ during t h e  day a r e  n o t  pasticularLy uwfavor- 
able. Lesions w i l l  appear f n  th ree  t o  f i v e  days a f t e r  the  
establishment of t h e  fungus i u  the has t t i s sues ,  and, if the  
same conditions of temperature and humfdfty a r e  repeated, a 
second and na tu ra l l y  mom general  fn fec t ion  wfh1 be i n i t i a t e d ,  
An epfphytot ic  occurrence of b l i g h t  r e s u l t s  whenever t h i s  
process is repeated f o r  s s u f f i c i e n t  number of times t o  allow 
f o r  the  spread of t h e  spores to t h e  g rea t e r  number of the  
hos t  plants .  ' 1  

6, MODEL FOR IDENTIFYING POTATO BLIGHT WEATHER 

The perfec t ing of a mode% f o r  the i den t i f i c a t i on  of 
weather fa.vourabible f o r  t h e  development of pota to  b l i g h t  in- 
volves the  compilation of a t e n t a t i v e  s e t  of c r i t e r i a  * 
essentf  a l l y  simple but  :Pn.corpora.ting what appear t o  be t h e  
fndispensible condit ions as  revealed by labora tory  experf- 
ments, t e s t i n g  these  a ~ i l e r i a  aga ins t  b l i g h t  developments fa 
the f i e l d ,  and introducing such modfffcations a s  may appear 
necessary,  f o r  subsequent r e t e s t i ng .  Even the  f i n a l l y  
evolved model can sca rce ly  avoid the defects  of over-simpli- 
ficat1.on and over- r lg id i ty  - over-simplfffcation because t h e  
complexity of the  phenomena involved cannot be p rec i se ly  
r e f l ec t ed  in  any e a s i l y  handled formula; over-rfgfdfty be- 
cause, i f  the c r f t e k i a  a r e  t o  be i n  a form capable of object- 
ive  appl ica t foa  by a number af workers, they must introduce 
abrupt ,  and t o  a c e r t a f a  extent ,  a r b i t r a r y  d i s con t inu i t i e s  
which appear i n  nature  only a s  gpadual t r ans f t ions .  This 
does not  mean t h a t  the  evolution of a good working model would 
no t  be of consi derable value, jus t  a s  t h e  f r o n t a l  model has 
proved a most use fu l  p r a c t i c a l  too% t o  the  forecas%e%, 

The first model prepared f o r  the  recognit ion of b l i g h t  
weather S;a. Ireland is intended f o r  use w i t h  standard hourly 
meteorological repor t s ,  and r equL~es ,  as a m i n h m  - 

( a )  A 'hum.Ld periode of a t  l e a s t  12 hours with the  tempesa- 
Lure equal to ,  or  g rea te r  than 5 0 ~ 0 ~ ~  and the  aa lcula ted  
r e l a t i v e  humidity equal. to ,  oxa grea t e s  than 907& 
(condit ions favourable f a r  t21e formation of sporangfa) 

(b )  Free mgisture on t h e  leaves  f o r  8. subsequent period 
of a t  l .east  four  hour8 (eondi t fom favourable f o r  t h e  
gerniinatfon of the sporangfa and f o p  re infect fon) .  
If the re  is no p rec ip i t a t i on ,  the a l t e r n a t i v e  require- 
men,% is a fu r ther  fou r  hours 'beyond the  i n i t i a l  twelve, 
with r e l a t f v e  humfdfty a t  l e a s t  90$ i , e ,  condj.tione 
such t h a t  condensed moisture f s l i k e l y  t o  remafia on the  
leaves Tor at, l e a s t  four  hours a f t e r  sporangia have 
formed. 



For assessing %he r e l a t i v e  importance of h m f d  s p e l l s  of 
d i f f e r e n t  lengths ,  account is taken of the  ue f f ec t t ve  periodtt9 
which is defined a s  t h e  t o t a l  dura t ion l e s s  eleven hours f9 
the  cases accompanied by p rec ip i t a t i on ,  or l e s s  f i f t e e n  h o w s  
when r a i n f a l l  is absent,  Consecutive s p e l l s  separated by 
f i v e  hours or  l e s s  a r e  coalesced fop ca lcula t ing t h e  t leffec%ive 
perf od. @ 

I n  t h i s  f i rs t  model, t h e  emphasis has been placed pr fnar i ly  
on r e l a t i v e  h m f  d i  ty. To quote Cros ier  (1934) : Wporangia 
never formed in an atmosphere of l e s s  than 91% r e l a t i v e  humid- 
i t y ,  and no t r ace  of a e r i a l  mycelium appeared below 85 per  
cent ,  I t  c a n b e  s t a t e d ,  byway,of comparison, t h a t  sporangia 
formed more quickly and abundantly i n  a sa tu ra ted  atmosphere 
a t  6% than i n  an atmosphere of 91 per  cent r e l a t i v e  humidity 
a t  210Ctt0 A r e l az lve  hwmidf t y  of 9096 or  over a t  the  l e v e l  of 
a standard meteorological screen is assumed t o  correspond t o  
s a t u r a t i o n  or near s a tu ra t i on  f n  a low p l an t  cover such a s  
pota to  fol iage.  I n  f a c t ,  a sequence of screen humidity values 
above 89% normally includes a preponderance of values above 
95%. 

The minimum temperature w i t e r i o n  of 5 0 ' ~  which has been 
t en t a t i ve ly  adopted corresponds t o  t h a t  required i n  the  Dut& 
and English ru les ,  A maximum. temperature l i m i t  has not  been 
spec i f i ed  a s  being r a r e l y  of p r a c t i c a l  importance in I re land ;  
a c e i l i n g  of the  order of 70•‹F wauld need t o  be s t i pu l a t ed  in  
regions where such temperatures a r e  reached in moist overcas t  
weather, The question of the  necessfty t o  make allowance f o r  
fnhfbi t fon of the  d isease  by higher temperatures, p a r t i c u l a r l y  
i n  the  period following a favourable s p e l l ,  is being f u r t h e r  
studied, @Waggoner (1950) has found t h a t  instrument s h e l t e r  
temperatures can,be used without correc t ion a s  the  bas i s  f o r  
potato b l i g h t  fo&$aas ts. 

f 
X 

H U  m i d s p  s UEI a r e  f requent ly  accompanied by pers i s ten% 
r a i n  or  d r i zz l e ,  i n  which cases prolonged wetting of the  
f o l i a g e  is  assumed without fu r the r  ado. When the precipi -  
t a t i o n  is  sporadic,  an element of sub j ec t i v i t y  en te r s  i n  
deciding whether f r e e  motstupe is l i k e l y  t o  be present  on the  
leaves  a t  the required time and f o r  the  required period. 
A t e n t a t i v e  c r i t e r i o n  i n  border-line cases s t i p u l a t e s  t h a t  
appreciable r a i n f a l l  should take p lace  not  more than f i v e  
hours before or  n o t  more than three  hours a f t e r  the  time of 
sporangfa prtoduction; the  time in t e rva l s  given a r e  l i k e l y  
however t o  prove too generom, 

I t  should be mentioned t h a t  the primary object ive  in  
defining t h e  f i r s t  model was t o  s p e c i w  minfmum conditions 
which must precede f i r s t  appearances of the  d isease  in  any 
year; it may l a t e r  be found des i rable  t o  s e t  up two Beparate 
models, one of minimum conditions t o  ind ica te  e a r l i e s t  a t t a cks ,  
however s l i g h t ,  and another,  more exacting, f o r  fo recas t ing  
important changes fin. the i n t ens i f f ca t i on  of the  d isease  l a t e r  
i n  the  season, 

7, THE PROBLEM OF MOISTURE ON THE LEAVES 

The presence of moisture an the  fo l i age  a t  the  proper 
time i s  of such v i t a l  dmpor%an@e t o  the propagation of t h e  
d isease  t h a t  it deaerves p a r t i c u l a r  a t tent ion.  Although 
morning dew fa f requent ly  mentioned jn the l i t e r a t u r e  a s  
favouring the spread of the pota to  b l i g h t  fungus, it appears 
from the labora tory  experiments tha t  it is un l ike ly  by i t s e l f  
t o  play an impartant r o l e  unless  associated w i t h  some s ix teen  
hours of near-saturat ion c ~ n d f t i o n s ,  Furthermore (~eaumont 
1947), dew does not  f o m  readf ly  on potato leaves;  much l e s s  
read i ly ,  f o r  example, than on gxdass, Crosiep (1934) found 



that f i e l d  inoculat ions wfLh swampores  made i n  the  morning 
following heavy depositions of dew resu l ted  i n  infect ion on 
only those few occtlsions when the fo l i age  remained wet f o r  a 
period of 3 t o  4 hours a f t e r  t h e  p lan t s  had been inoculated. 

There is considerable dffferenee of opinion a s  t o  the  
kind of p r ec ip i t a t i on  which e f f ec t i ve ly  wets pota to  fo l iage .  
Aitken ( ~ o a r d  of Agricul ture 1892) Say6 - "I have repeatedly 
walked through pota to  drills a f t e r  heavy showers and have been. 
surpr ised  t o  f i n d  how l i t t l e  they have been wetted. The 
na ture  of the  l ea f  is such a s  t o  throw off drops of r a i n  and 
leave i t s  surface  dry, The kind of r a i n  which is ab le  t o  
drench t h e  leaves of t h e  potato p lan t  is a heavy m i s t  somewhat 
resembling the spray." The Annual Report (1936) of the  
Department of P lan t  Pathology, Seale-Haynes gives a d i f f e r e n t  
opinion - "As long a s  the  pota to  fo l i age  is wet i n f ec t i on  w i l l  
occur, and heavy r a i n  w i l l  wet the leaves a s  e f f i c i e n t l y  a s  
dew. Owing t o  the  h a i r y  surrace  pota to  leaves a r e  not  r e a d i l y  
wetted by l i g h t  ra ins ."  Published. work on the wett ing of 
leaves (e.g. Fogg, 1947, Linskens 1950) contains no re levan t  
reference t o  the  p a r t i c u l a r  question of we t t ab i l i t y  of pota to  
fo l iage .  The problem has add l t iona l  i n t e r e s t  i n  its poss ib le  
relevance t o  the i n i t i a l  r es i s tance  of t h e  fo l i age  of p a r t i -  
cu l a r  vartet tew of potato t o  penetrat ion by the fungus, 

A s  a f irst  approach t o  t h i s  question, pota to  p lan t s  have 
been grown th i s  year a t  severa l  of the  Irish meteoro%ogical 
repor t ing s t a t i o n s  and v i sua l  observatfons made each hour of 
the  wetness or  otherwise of t h e  leaves, 

8, WEIATHER. OBSERVING STATIONS AND POTATO BLIGHT . WARNINGS 

The i n s t i t u t i o n  of a pota to  b l i gh t  warning s e rv i ce  . requires ,  no t  only the  adoption of' s a t i s f a c t o r y  c r i t e r i a  f a r  
the  recognition of favourable weather, but  a l s o  a decis ion on 
the  weather observations t o  be used and the  manner in  which 

* they a r e  to be used, 

I n  the Netherlands, weather observations a r e  made a t  
e igh t  spec i a l  s t a t i o n s ,  erected as  f a r  a s  possible in ,  or  in 
the  inmediate neighbourhood of pota to  f i e l d s ,  and s o  d i s t r i -  
buted a s  t o  take  i n  a l l  the  most important potato growing 
areas  i n  the country, Thus each s t a t i o n  serves a s  the  bas i s  
f o r  warnings in a l imi ted  zone. 

A d i f f e r e n t  procedure has been followed i n  Ireland. 
Use has been made of ex i s t i ng  hourly repor t s  from ordinary 
s t a t i o n s  of the  synoptic  network. I n i t i a l l y ,  the  s t a t i o n e  
p a r t i c i p a t i n g  have been Claremorrfs, Go. Mayo; Valentia  
Observatory, Co. Kerry; Midleton, Co. Cork, and Dublin Airport. 
A t  l e a s t  one add i t iona l  observing post  is des i rab le  i n  South- 
Eas t  I re land,  

The use of a l imi ted  network 8% s t a t i o n s  is possfble,  
because no attempt is made t o  assoc ia te  d e f i n i t e  areais per- 
manently with each s t a t i o n ,  nor a re  the individual  " l ight  
weatherf r epo r t s  from the  obsenv'mg points  employed d i r e c t l y  
a s  the  bas i s  of' potato b l i g h t  warnings. Instead,  they a r e  
used purely as a l e r t i n g  s ignals .  Each case  i e  exmined i n  
the  l i g h t  of t h e  causing agency t n  the  current  synoptic 
s i t u a t i  on and a map is drawn t o  show the  probable limits of 
the  a rea  a f fec ted  and the  app roxha t e  e f f e c t i v e  durat ion of 
favourable weather i n  d i f f e r e n t  pa r t s  of the  area, Thua a 
repor t  of spot  ' b l igh t  weatherR from Valent ia  Observatory may 
prove i n  one case to be due t o  wet sea-fog a f f ec t i ng  t h e  South- 
West coas t l i ne  to a depth of only a few miles ,  and fn another 
may be caused by a broad invasion of t r o p i c a l  a i r  a f f ec t i ng  a 
very much wider area, The app lxca~fon  of the  method is 



i l l u s t r a t e d  i n  some d e t a i l  in  Technjcal Note N0.15:- "The 
Potato Bl ight  Weather Warning Service i n  I re land  i n  1952." 

h Although t h e  synoptic approach, OF 6ynt.hest.s and gener- 
a l i s a t i o n  from a l imi ted  number of standard weather obser- - vations is simple and inexpen.si.ve, i t  is  open t o  legitimate 
c r i t i c i sm  an t h e  grounds t h a t  no d i r e c t  account is taken of 
the  microcllmate withPn the pota to  crop, which is the  envirun- 
ment i n  which t h e  potato b l i gh t  f"ungus develops. However, it 
is unfortunately t rue  t h a t  even 'n, expensive network of s p e c w  
weather observations from every potato f i e l d  i n  t h e  aoenatry 
would not  fully cover the  l o c a l  va r ia t ions  fn  s u s c e p t i b i l i t y  
t o  b l ight .  Any complete analysf s would need t o  take aceom% 
of such f ac tors  as  the r e s  i s t ance  of d i f f e r e n t  pota to  v a r i  e t i e s  
t o  infect ion,  the ex l s tmvx of d i f f e r e n t  s t r a i n s  of the fungus, 
the  marked di f ferences  fn. microclimate even i n  a  s ing le  f i e l d  
(caused by damp hollows, shading by t r ee s  and hedges, d i f f e r en t  
r a t e s  of Tollage growth, e tc .  ) , and var ia t ions  i n  the amount 
of i n i t i a l  pathogen present  a s  af fec ted  by the  cleanness of 
the  seed, the growth of a f fec ted  groundkeepers, the  d is tance  
from old pota to  s torage p i t s ,  the  presence of discarded d i s -  
eased tubers  and a imilar sourhces , 

Although there  a r e  often wide var ia t ions  i n  the  l o c a l  
e f f ec t s  of the  d isease ,  it is poss'lble each year t o  draw a 
broad over-all  p i c tu re  of the course of b l i g h t  over a  general  
area ;  indeed it is remarkable i n  how many seasons t h i s  main 
course runs on s imi l a r  l i n e s  i n  neighbowing countr ies ,  e,g, 
I r e l and ,  England and France, Important though the main l oca l  
va r ia t ions  may be, i t  is the genera l  progress of the d isease  
which is of main economic Qnpartanae; and th i s  appears t o  be 
pr imar i ly  determined by the  g e n w a l  weather s i tua t ion .  The 
s i t u a t i o n  therefore  closely resetnbles t h a t  of" ordinary fore-  
cas t ing  f o r  an unstable aPr mass; i t  is no t  possible t o  g ive  
the  exact  time, p lace  and intexisity of fndividuab showera, 
but  the  d i s t r i c t s  and period during which showers a r e  l i k e l y  
t o  occur i n  a c e r t a i n  area  can be indicated. 

9. SYNOPTIC WEATHER SITUATIONS AND POTATO L%IGHT 

The synoptic: approach t o  the  problem of the r e l a t i onsh ip  
of weather t o  pota to  b l i g h t  leads  n a t u r a l l y  t o  an attempt t o  
c l a s s i fy  meteorological s1tuat:fons as favourable or  unfavour- 
ab l e  t o  t h e  onset and spread of the  disease.  

A 'preliminary analysis  has enabled c e r t a i n  broad con- 
clusions to be drawn i n  respect  of Ireland,  Any si tuat ion.  
favouring ~ r o l o n g e d  dry and/or sunny weather hinders  t h e  apreaa 
of pota to  b l ight .  Hence dry anti .cyelani@ weather w i l l  nor- 
mally completely check t h e  progress of the disease,  Swny 
periods,  even i n  showery weather, a r e  a l s o  unfavourable; 
thus a  check i n  favourable weathe:rer, sometimes l a s t i n g  f o r  a. 
week or  longer,  occurs when a depreaaion is followed by a 
d i r e c t  break-through of unstable polar  a i r  which interrpupts 
the  westerly sequence, and which, although giving qu i t e  we% 
showery weather, does not  lead t o  t h e  muggy overcast weather 
f"avou.rahle t o  the spread of t h e  infect ion,  Also inh ib i t fng  
t o  b l i g h t  is the development of %locking a c t i o a l V n  t h e  
A t l an t i c  and t h e  consequent brs,&d.own of westerly weathex, 
T h i s  appl ies  not only in the ordina.ry case of blocking by 
means of a  r idge of h.%gh pressure i n  m9d-ocean b u t  a l s o  %m- 
cludes t h e  case i n  which a cold low becomes s t a t i ona ry  t o  the 
West of I re land ,  and d i v e r t s  warm and act fve  depressions t o  
the  south of the  country, 

The following kinds of' weather s l t u a t i a n  favour ?&a 
development ouf" b l igh t  i n  Ireland:-  

( A )  Broad warm see tors ,  pa r t i cu l , a r ly  w i t h  furthe$@ wave 
dev+apmen% loll.owing. 

~ ~ 
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( b )  Depressions and/or f ron t a ,  ( including thundery laws o r  
troughs) quas i - s t a t i ona~y  over the  comt ry ,  and giving 
lengthy periods of damp cloudy weather, 

( c )  Westerly sequence of weather, wfth quick succession of 
f rontax troughs, uninterrupted by d i r e c t  cold a i r  out- 
breaks from the  Arct ic ,  s o  t h a t  overcast weather is 
v i r t u a l l y  contPnuous and ra2ny s p e l l s  a r e  frequent ,  

(d)  Pe r s i s t en t  fog,  and fn pa r t i cu l a r  inland penet ra t ions  
of wet sea fog, 

10. FORECASTING WEATHER SITUATIONS FAVOURABLE TO BLIGHT 

Because of the incubattrsn period of the disease,  a 
warning, based on r e l i a b l e  c r i t e ~ Y a  f a r  pecognising b l i g h t  
weather a s  i t  occurs, w i l l  precede the v i s i b l e  appearance of 
the r e su l t i ng  infect ion by a t  l e a s t  s eve ra l  days. Once the  
favourable synoptic s i t ua t i ons  have been recognised, it is 
possible t o  go a s tep  fu r the r  and attempt t o  Forecast b l i g h t  
weather before it o c c u ~ s ,  The normal d i f f i c u l t i e s  of extended 
forecas t ing a r e  somewhat m~nim!.aed fn this case f o r  two reason& 
F i r s t l y  the  fo reaas t s  a r e  r e q u f ~ e d  only i n  the  normally 
s e t t l e d  Summer season and do not  extend t o  e i t h e r  of t h e  
d i f f i c u l t  t r a n s i t i o n a l  weather periods which of ten  occur i n  
March-April and October-November. Secondly, and more fmport- 
an t ,  t h e  p rec i s e  tfming of humfd s p e l l s  is of l i t t l e  s i g n i f i -  
cance f o r  t h i s  work; it su f f i ce s  to  know whether such s p e l l s ,  
of appreciable length,  a r e  l i k e l y  t o  occur or  no%. 

I n  the f irst  season of b ~ o a d c a s t  b l i gh t  weather warnings 
i n  I re land ,  it has been thought prudent t o  combine the fo recas t  
and a c t u a l  observations i , e .  to  i s sue  warnings only when a 
s fgnif ican% humid period had already beera observed and t o  indl-  
c a t e  simultaneously whether the  following weather was expected 
t o  be favourable or  not ,  The warnings a l s o  included, when 
appropriate ,  a fo r ecas t  of perfods which might prove s u i t a b l e  
f o r  spraying work, a s  regards preoipf ta t fon and wind, 
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