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AIR-BORNE RUST INOCULUM OVER WESTERN CANADA IN 1967' 

G.J. Green 

In t h e s e  studies,  u red iospores  of the cereal '  
r u s t s  a r e  trapped main ly  t o  learn the t i m e  of a r r i v a l  
and the re la t ive  amount of p r imary  inoculum brought 
into Western  Canada f r o m  wheat-growing a r e a s  t o  
south.  Knowledge of s p o r e  concentrat ions in the a i r  
dur ing  the growing s e a s o n  a l s o  helps in the eva lua-  
tion of the s e r i o u s n e s s  of a r u s t  th rea t .  The  date of 
the f i r s t  appearance  of r u s t  i s  impor tan t  because  
the growing season  in Western  C a n a d a  i s  s h o r t .  
Wheat seeded  about the end of May m a y  be r ipe b y  
mid-August  and not subject  to r u s t damage a f t e r  
e a r l y  August. In m o s t  years  r u s t  has about 2 months 
i n  which t o  deve lop;  therefore ,  r u s t  appear ing  in 
e a r l y  June i s  m o r e  apt  to increase  to des t ruc t ive  
amounts  in the fallowing 8 weeks than r u s t  appearing 
e a r l y  in July.  T h e  amount of p r i m a r y  inoculum i s  
important  a 1 s o because  it usually d e t e r m i n e s  the 
amount of secondary  inoculum produced.  The ar.- 
r iva l  of s p o r e s  f r o m  the south l a t e r  in the s e a s o n  
m a y  a l s o  increase  the r a t e  of r u s t  development.  

In 1967 s p o r e  t r a p s  w e r e  opera ted  a t  Winnipeg, 
Mordcn,  and Brandon in Manitoba, a n d  a t  Indian 

Head and Regina i n  Saskatchewan The  vase l ine-  
coated s l ides  exposed a t  these  s ta t ions  w e r e  f o r -  
warded  to Winnipeg f o r  examination.  Spore concen- 
t ra t ions  w e r e  s i m i l a r l y  de te rmined  a t  the Canada 
Depar tment  of Agr icu l ture  R e s e a r c h  Station, Saska-  
toon The  s l ides  w e r e  exposed f o r  48-hour per iods  
a t  a n  angle of 45" f r o m  the ver t ica l  in shee t- meta l  
s p o r e  t r a p s ,  which w e r e  or ien ted  by a wind-vane s o  
that  the vasel ine-coated sur face  faced into the wind 
After  exposure ,  the a r e a  under a 22 x 5 0- m m  cover  
s l ip  was  examined microscopica l ly  and the n u m b e r  
of spore.; p e r  s q u a r e  inch de te rmined  

Spore counts w r r c  the lowest  s ince  1961 (Table  
1) and w c r c  indicativc of the s c a r c i t y  o f  r u s l  ~n 
Western  Canada in 1967 Although few s p o r e s  w e r e  
presen t  in the a i r  dur ing  May and June,  a f a i r l y  
l a r g e  numbvr  of l e a f  rus t  s p o r e s  w e r e  caught a t  
Winnipeg on June 10 and I 1  (Table 2) This  s p o r e  
shower  probably was  r t spons ib le  for  the appearance  
of leaf r u s t  on susccptrblc winter  wheal  in e x p e r i -  
mental p l o t  s a t  Winnipeg on June 26 However,  
s p o r e  dcposition seems lo have been mainly in the 

Table 1 .  Tota l  number*  of u red iospores  of s t e m  r u s t  and leaf r u s t  caught in s p o r e  t r a p s  in Weste rn  
Canada f r o m  1960 to 1967 

bdskaloon 
Stem Leaf  S tem Leaf Stem Leaf Striii Leaf S tem Leaf Stem Leaf 

Year  r u s t  r u s t  r u s t  r u s t  r u s t  r u s t  r u s t  r u s t  r u s t  ru3t r u s t  r u s t  

~- Winnipeg Morden - B r a n d o n  Indian Head Regina 

1960 1 , 7 1 9  1 , 2 9 5  677 1 , 7 0 8  223 546 49 2 , 0 8 7  49 3 , 6 7 4  0 10,  277 

1961 88 153  109 212 24 80 27 71 37 101 8 246 

1962 782 1 , 5 6 3  2 , 2 3 6  6 , 2 8 2  1 , 6 4 0  2 , 9 7 2  789 1 , 8 7 4  3 , 0 0 0  4 , 8 4 0  198 2 , 4 9 8  

1963 2 , 5 4 4  13.685 2 , 4 7 7  2 6 , 6 1 2  1 , 7 2 2  1 5 , 2 1 0  1 , 5 9 7  39 ,785  2 , 0 0 8  6 9 , 6 8 1  5 , 5 7 1  8 0 , 6 5 7  

1964 1 2 , 8 7 2  1 5 , 0 4 1  1 8 , 5 7 8  1 4 , 7 8 0  1 6 , 4 3 9  1 2 , 7 9 7  3, 798 6 , 9 1 8  h , 6 3 2  42,  120 132 531 

1965 4 , 9 4 3  9 , 8 1 1  5 ,  362 2 5 , 9 7 8  2 , 6 9 8  1 6 , 0 9 1  1 0 , 5 5 9  66 ,730  31, 03.5 227 ,576  1 , 9 2 7  7 7 , 5 0 2  

1966 3 ,830  7, 356 1 , 8 4 3  1 4 , 8 0 5  737 5 , 0 1 9  4h9 17 ,  339 724 80, 525 526 37, 989 

1967 2 , 4 9 8  8 , 9 9 7  918 6 , 9 7 4  72 1 ,  107 34 454 70 473  117 344 

'*' E x p r e s s e d  a s  s p o r e s  p e r  square  inch except  the data for  Saskaloon for  I h r  y c a r s  1960 to 1964, 
where  the n u m b e r s  r e p r c s e n t  s p o r e s  p e r  s l ide .  

Contribution N o .  294, R e  s txa r c h  Station, . 
Canada Depar tment  of Agricullure,  Winnipeg, Mani-. 

2 P lan t  Pathologist .  
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Winnipeg a r e a  because  
farm fields until Ju ly  13. 

n o  leaf r u s t  appeared  in 

Spore showers  during May have l i t t le  p rac t ica l  
s ignif icance s ince  m o s t  of the c r o p  in Western  Ca-  
nada  i s u s u a 1  I y planted in the l a t t e r  half of the 
month.  Spore  s h o w e r s  in mid- June  a r e  m o s t  im-  
portant ,  b e c a u s e  c r o p s  usually emerge e a r l y  in June 
and a r e  growing rapidly by mid-month. Spore show- 
e r s  o c c u r r i n g  about mid- June  or  e a r l i e r  can cause  
infections that p roduce  pustules in about  1 4  days.  
In 1967, seed l ing  was  genera l  in Weste rn  Canada by 
May 20 and w a s  near ly  completed by the end of the 
month.  According to the Te legraphic  Crop  Repor t  
of t h e  Dominion Bureau  of S ta t i s t i cs  o n  June 21, 
c r o p s  w e r e  in the 2- to 5- leaf  s tage  in Manitoba. 
Leaf r u s t  found on spr ing  wheat  in farm fields on 
July 13 developed slowly until thc c r o p  began to ma- 
t u r e  e a r l y  in August. Stcrn r u s t  was f i r s t  found on 
suscept ib le  win te r  wheat  varic:tics in exper imenta l  

p lo t s  on July 11, but i t  was  not  found during the sea- 
son on the res i s tan t  var ie t ies  grown b y  f a r m e r s  in 
the r u s t  a r e a .  Readily observable  amounts  of s t e m  
r u s t  did not appear  on susceptible wild b a r l e y  ( H z  
deum juba tum L. ) until August 3. - 

Because  of the s c a r c i t y  of rus t ,  espec ia l ly  s t e m  
rus t ,  i n  f a r m  fields in Weste rn  Canada in 1967, 
conclusions m a y  be  drawn concerning the or ig in  of 
the  s p o r e s  caught. It i s  evident  that  insignificant 
n u m b e r s  o f  s p o r e s  o f  leaf  r u s t  w e r e  produced in 
Western  Canada before  mid- July and  of s t e m  r u s t  
before  e a r l y  August. The  s p o r e s  c a u g h t  o n  the 
s l i d e s  during May, June and  e a r l y  July,  t h e r e f o r e ,  
were c a r r i e d  into Western Canada by a i r  movements  
f r o m  the south. The  influx of s p o r e s  f r o m  the south 
continued during the l a t t e r  p a r t  o f  July, probably 
unti l  July 28, and was  complemented b y  local ly p r o -  
duced leaf r u s t  s p o r e s  which b e c a m e  m o r e  abundanf 
dur ing  this  period.  During August, s p o r e s  on sl ider  

Table  2. N u n h ( , r  of u r ( .d iospor rs  of s t e m  r u s t  and leaf  r u s t  per  s q u a r e  inch caught on 
vascl inv-coatcd s l ides  rxposed  for  48-hour per iods  a t  th ree  locat ions in Mani-  
toba and t h r e r  locat ions in Saskatchewan in 1967 

Datc, 

May 15-16 
17-18 
19-20 
21-22 
23-24 
25 - 2 6  
27-28 
29-30 

r u s t  r u s t  

___--__ 
0 0  
0 0  
0 0  
0 0 
0 0 
1 3  
n o  
n o  

Mordvn Brandon Indian Head Regina Saskatoon 
St(2.m Loaf S tem Leaf S tem Leaf S tem Leaf Stem Leaf 
r u s t  r u s t  r u s t  r u s t  r u s t  r u s t  r u s t  r u s t  r u s t  r u s t  

0 0  0 0  0 0  0 0  0 0  
0 0  0 0  0 0  0 0  0 0  

0 0  0 0  0 0  0 0  0 0  
0 0 ' 0  0 0 0  0 0  0 0  

0 0  0 0  0 0  0 2  0 0  
0 0  0 1  0 0  0 0  0 0  

0 0  0 1  0 1  0 0  0 1  
0 0  0 0  0 0  0 0  

0 1  0 0  May Tota l  1 0 2 1  0 1  0 3  

May 31- 
June 1 

2-3 
4-5 
6-7 
8-9  

10-11 
12-13  
14-15 
16-17 
18-19 
20-21 
22-23 
24-25 
26-27 
28 - 29 

0 0  0 0  0 0  0 0  0 1  0 0  
0 0  0 3  0 0  0 1  0 0  0 0  

0 0  0 0  0 0  0 0  0 0  0 0  
0 0  0 0  0 0  0 0  0 0  0 0  
0 0  0 0  4 1  4 0  3 1  
0 0  2 55 0 1  1 2  0 0  0 0  

0 0  0 0  0 0  0 0  0 0  0 0  
0 4  0 0  0 0  0 0  0 0  0 0  
0 9  0 6  0 1  0 5  0 2  0 0  
0 4  0 0  0 0  0 2  0 1  0 0  
2 7  0 3  0 7  0 4  0 2  0 0  

0 0  0 0  0 0  
0 0  0 0  0 0  0 0  0 0  0 0  
0 1  0 4  0 0  0 0  0 1  0 4  
0 0  0 0  0 3  0 2  0 5  

0 0  

0 0  0 1  0 1  

June Tota l  8 84 4 14 4 12 0 15 0 10 0 9  
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Table  2 (Concluded) 

3 

Winni e g  Morden Brandon Indian Head Re  ina  Saskatoon 
S tem ;eai S tem L e d  S t e m  Leaf S t e m  Leaf Stemg Leaf S tem Leaf 

Date r u s t ,  r u s t  r u s t  r u s t  r u s t  r u s t  r u s t  r u s t  r u s t  r u s t  r u s t  r u s t  

June 30- 
0 0  0 2  0 2  Ju ly  1 0 1  0 1 0  1 

2- 3 0 2  0 2 0  2 0 3  0 3  0 4  
4-5 4 29 3 22 0 4  1 6  0 5  

6 1 6  0 11  1 8  6-7 0 4  1 8 0  
8-9 2 5  2 1 2  2 9 1 6  2 14  0 13 

0 16 10- 11 13 5 1 6 1  4 1 4  2 16 
12-13 0 6 0  7 0 2  0 5  0 14  

0 71 14-15 0 2 18 195 0 8 0 13 0 12  
0 22 16-17 1 13 0 20 0 6 I 16 33 39 

18-19 2 23 5 131 2 18  0 22 1 14  0 26 
0 5  0 16 0 1  20-21 11  43 4 56  0 12 

0 8  22-23 o 16 0 7 0 6  0 9  
0 31 0 6  24-25 0 18 1 53  0 3 1 4  
0 6  26-27 0 3  0 26 0 8 0 0  0 1  

28-29 8 66 1 41 0 7 0 4  2 9  0 14  
30-31 11 74 1 4  791 2 41  0 20 0 21 0 15 

July Tota l  48  259 5 1  1393 10 161 5 115 42  168 0 272 

Aug. 1- 2 
3- 4 
5 - 6  
7- 8 

11-12 
13-14 
15-16 
17-18 
19-20 
21 - 22 
23-24 
25-26 
27-28 
29-30 

9-10 

~~ ~~ ~~ 

2 229 5 94  0 41  2 24 0 13 0 3  
0 43 11  240 2 60 0 9  0 16 0 0  

0 3  
0 2  

2 29 4 80 0 8  6 17 0 2  
0 1  21 277 41  539 7 18 1 11 2 27 

50 293 16  180 1 47 0 5  0 9  0 1  
0 7  0 5  0 1  75 553 33 309 2 38 

73 630 18 312 5 220 0 8  0 18  0 2  
0 11  

9 4  366 113 481 12 66 11  64 12  56 104 6 
516 1906 147 789 8 113 12 47 2 49 0 0  

0 4  774 406 115 499 9 67 1 12 
445 1894 159 863 5 100 0 34 2 29 9 22 
115 374 115 441 3 61 2 15 3 19 4 5  

0 8  40 355 5 79 0 22 0 5  
11 132 5 209 0 6  0 2  1 4  

0 8  

223 1164 76 451 4 66 0 70 0 16 

0 8  

Aug. Total  2441 8651 863 5566 58 933 29 321 28 294 117 63 

TOTAL 2498 8997 918 6974 72 1107 34 454 70 473 117 344 

w e r e  probably f r o m  both s o u r c e s ,  but  the propor  - 
t i o n  s f r o m  e i ther  s o u r c e  cannot be  de te rmined .  
Appreciable numbers of the s t e m  r u s t  s p o r e s  caught 
w e r e  probably brought in f r o m  the south s ince  the 
only loca l  s o u r c e  of inoculum was  lightly infected 
wild b a r l e y .  

Because  of the unusual  conditions that  ex is ted  
in the 1967 growing season ,  a n  a t tempt  was  m a d e  to 
c o r r e l a t e  t h e  s p o r e  trapping r e s u l t s  with weather  
condit ions.  The  cl imatologist  of t l i  e Meteorology 
Branch ,  Canada Department of T r a n s p o r t ,  Winnipeg, 
provided a r e p o r t  (Appendix) on air movements  d u r -  
ing per iods  of high s p o r e  counts. It, was  a s s u m e d  
that  s p o r e s  brought into Western  Canada originated 

main ly  in the wintcr-whcat-producing a r e a s  of Kan- 
s a s  and N e b r a s k a .  A homogenous a i r  m a s  s was  
p r e s e n t  f r o m  Kansas and Nebraska  to Manitoba and 
e a s t e r n  Saskatchewan dur ing  m a n y  of the se lcc ted  
p e r i o d s .  In each  per iod ,  a i r  f r o m  the south moved  
into Western  Canada and, without exception,  the a i r  
m a s s e s  p r e s e n t  w e r e  unstable.  It i s  a l s o  evident  
that  during the se lec ted  per iods  t h e r e  w e r e  convec - 
tion c u r r e n t s  that could c a r r y  s p o r e s  to high a l t i-  
tudes and  b r i n g  them down again.  O n c  e aloi t ,  the 
s p o r e s  could be  t ranspor ted  rapidly in the upper a i r  
c u r r e n t s  (40-60 nautical  mph.  ) .  T h e  r e p o r t ' f u r t h e r  
indicates that t h e r e  i s  g r e a t  opportunity f o r  spores 
to become d is t r ibu ted  m o r e  o r  l e s s  uniformly o v e r  
l a r g e  a r e a s .  This  would b e  espec ia l ly  t r u c  la te  in 



4 VOL.48,  NO. I ,  CAN. PLANT DIS. SURV. MAR. 1968 

s e a s o n  when m a n y  s p o r e s  are a i r- borne .  It i s  c l e a r  
f r o m  the absence  of r u s t  in Western Canada e a r l y  in 
the  s e a s o n  and f r o m  the r e p o r t s  on a i r  movements  
tha t  m a n y  of the s p o r e s  caught in Weste rn  Canada 
dur ing  the 1967 s e a s o n  or ig ina ted  in t h e  w i n t e r  
wheat  a rea  of the I h i t e d  States and tha t  th i s  influx of 
s p o r e s  continued dur ing  the growing season .  

It i s  in te res t ing  to cons ider  the cl imatologist 's  
r e p o r t  f o r  the per iod  May 23-26 in relat ion t o  the 
light s p o r e  shower  that  was  detected by the t r a p s .  
In Western  Canada seeding was  in p r o g r e s s  and no 
s p o r e s  w e r e  being produced.  I n  the win te r  wheat 
a r e a  to the south, s t e m  r u s t  infections w e r e  v e r y  
l ight .  Southerly winds a r r i v e d  in e a s t e r n  S a s k a  t - 
chewan about midnight  of May 22 and s p r e a d  e a s t -  
w a r d  into Manitoba during the next morning ,  Two 
leaf r u s t  s p o r e s  w e r e  caught a t  Indian Head in e a s -  
t e r n  Saskatchewan dur ing  May 23-24. Strong south-  
e r l y  winds blew f r o m  Kansas  into Manitoba on May 
24 and  25 and a few s p o r e s  of s t e m  r u s t  and leaf 
r u s t  w e r e  caughta t  Winnipeg and Morden o n  May 25 
and 26. Despite  nor ther ly  winds that commenced  on 
May 26 and s p r e a d  a r c t i c  a i r  into thc e a s t e r n  pra i-  
r i e s ,  s ingle leaf r u s t  s p o r e s  w e r e  caught a t  Bran-  
don, Indian H e a d ,  a n d  Regina during May 27-28. 
Evidently the flow of a r c t i c  a i r  did not immedia te ly  
r e m o v e  a l l  a i r - b o r n e  r w t  s p o r e s  f r o m  the a r e a ,  No 
s p o r e s  w e r e  caught on May 29 and 30, and  only one 
w a s  trapped,  a t  Regina,  during the per iod  May 31- 
June 1 .  
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Append ix  

THE SYNOPTIC WEATHER SITUATIONS DURING 
SPORE SHOWERS, 19673 

May 23 - May 26 

On the evening of May 22 a l o w- p r e s s u r e  s y s-  
t e m  passed  to the south of Winnipeg and a l ight  n o r -  
ther ly  to nor thwes te r ly  flow of a i r  was  es tab l i shed  
o v e r  t h e  e a s t e r n  p r a i r i e s .  A second d is turbance  
a p p e a r e d  o v e r  w e s t e r n  Montana at midnight  and in 

3 Contributed b y  P. J. P e n d e r ,  Climatologist ,  
Meteorology Branch ,  Canada Depar tment  of T r a n s -  
por t ,  Winnipeg, Manitoba. 

'' Homogeneity of a i r m a s s  h e  r e  impl ies  t h e  
s a m e  a i r m a s s  o v e r  the e a s t e r n  p r a i r i e s  as o v e r  the 
Kansas  - N e b r a s k a  a r e a s .  

advance of it sou ther l ies  developed in  e a s t e r n  Sas-  
katchewan and  s p r e a d  a s  far e a s t  a s  Winnipeg b y  
morning .  At that  t ime  the t r a j e c t o r y  of  the wind 
affect ing Saskatchewan a n  d Manitoba w o u 1 d have 
been  f r o m  a n  or ig in  in the w e s t e r n  Dakotas nor th-  
w a r d  to the e a s t e r n  p r a i r i e s  (assuming  a i r m a s s  ho- 
mogeneity*). On the evening of the 23rd,  a Mari- 
t i m e  t rop ica l  a i r m a s s  s p r e a d  o v e r  Montana, Wyo- 
ming ,  t h e  w e s t e r n  Dakotas a n d  gradually s p r e a d  
e a s t w a r d  to encompass  m o s t  of t h e  r e m a i n d e r  of 
these  s t a t e s  by the evening of the 24th. T h i s  a i r -  
m a s s  o v e r r a n  the cooler  po la r  air o v e r  the southern 
p r a i r i e s  causing showery  precipi tat ion f r o m  Regina 
to Winnipeg on the 24th and o v e r  Manitoba on the 
25th. The circulat ion on the night of the 24th and  
the  25th saw s t r o n g  souther l ies  deve lop  f r o m  Kan- 
s a s  into Manitoba, although winds had begun to shif t  
in Saskatchewan into a w e s t e r l y  as they moved  into 
a M a r i t i m e  Arc t ic  a i r m a s s  which s p r e a d  into t h e  
Winnipeg a r e a  by the evening of the 25th, ending the 
woutherly circulat ion.  By the morning  of the 26th, 
n o r t h  winds and a r c t i c  a i r  had  s p r e a d  into all of the 
e a s t e r n  p r a i r i e s .  

The  M a r i t i m e  t rop ica l  a i r m a  s s r e f e r r e d  to 
above was  very unstable therefore  s t rong  convective 
c u r r e n t s  would be  p r e s e n t  in it, which would c a r r y  
par t icu la te  m a t t e r  aloft  t o  considerable heights .  

Prec ip i ta t ion  fel l  on 24th and 25th f r o m  a n  un- 
s tab le  a i r m a s s  which had p a s s e d  through the Kan- 
s a s ,  Nebraska  a r e a .  Had s p o r e s  been  available in 
these  a r e a s  they would read i ly  have been  t r a n s p o r-  
ted  aloft into the a i r m a s s  by s t r o n g  convective c u r -  
r e n t s  and deposited in Saskatchewan in precipi tat ion 
a n d  i n  Manitoba b y  precipi tat ion o r  by m o d e r a t e  
south winds blowing f r o m  southern  regions on the 
night of the 24th and on the 25th. An u p p e r  a i r  
sounding m a d e  at Bismark,  Nor th  Dakota w a s  7 epre- 
sentat ive of this  a i r m a s s  and  showed poss ib le  con- 
vective c u r r e n t s  to 33,000 f e e t during the a f t e r -  
noons.  

June  2 - 3 

The a i r m a s s  was  homogenous f r o m  Kansas a n d  
Colorado -Utah t o  e a s t e r n  Saskatchewan -Manitoba. 
S t rong  souther ly  to south - southwes te r ly  winds p e r -  
s i s t e d  in  these  areas unti l  the passage  of a c o l d  
f ron t  shif ted the winds to s t rong  northwest  in S a s-  
katchewan, t h e  w e s t e r n  Dakotas and  nor thwes te rn  
N e b r a s k a  during the la te  morning  and e a r l y  a f t e r-  
noon of the 3 r d  and  over  Manitoba dur ing  the la te  
afternoon.  

The a i r m a s s  south of Saskatchewan w a s  quite 
unstable on June 2 an'd 3 but  Nebraska  - N o r t h  Dako- 
ta  soundings indicated that  convection would b e  cut 
off at about 5 ,000 f t  on June 2. On the 3rd,  how- 
e v e r ,  these  soundings had w a r m e d  to the extent  tha t  
v e r y  s t r o n g  convection c u r r e n t s  would b e  p r e s e n t .  

Conditions w e  r e  ideal  for  t r a n s f e r  of s p o r e s  
Saskatchewan on the 2nd and e a r l y  m o r n i n g  of the 
3rd.  and into Manitoba on the 3rd.  
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June 8 - 11 

In this  p e r i o d  the a i r m a s s  was  again genera l ly  
homogeneous.  T h e r e  was  a light e a s t e r l y  c i rcu la-  
tion, which b e c a m e  a l i t t le  south of e a s t  on the 11th 
in e a s t e r n  Saskatchewan and  Manitoba. A weak cold 
f ron t  changed the winds t o  w e s t  at Regina e a r l y  on 
the m o r n i n g  of the l l t h ,  but  i t  did not advance m u c h  
f u r t h e r  e a s t w a r d  that day. 

The B i s m a r c k  sounding was  chosen as r e p r e -  
sentat ive of the a i r m a s s .  Instabil i ty was p r e s e n t  on 
June 8, 9, and  10, with m a x i m u m  convective c u r -  
r e n t s  to 23, 000 on the afternoon of the 9th. By the 
a f te rnoon of the  11th i t  had  become quite s tab le .  

June 14 - 20 

F r o m  June 14 to 17, winds on the e a s t e r n  p r a i -  
r i e s w e  r e  nor ther ly  to e a s t e r l y  a s  d i s turbances  
moving f r o m  Kansas to the U p p  e r G r  e a t  Lakes  
avoided th i s  a r e a .  On the 17th a new s t o r m  t r a c k  
b e c a m e  es tab l i shed  south o f  t h e  e a s t e r n  p r a i r i e s  
f r o m  w e s t  t o  e a s t  through the Dakotas. Winds con-  
tinued e a s t e r l y  to nor theas te r ly  until a m a j o r  s y s -  
t e m  moving into w e s t e r n  Saskatchewan on the a f t e r -  
noon of the 17th ini t iated south to southeas t  winds in 
e a s t e r n  Saskatchewan,  the Dakotas, Nebraska  and 
Kansas.  Strong souther l ies  developed in Manitoba 
b y  mid- morning  on the 18th and swept up f r o m  the 
Nebraska- Kansas  a r e a s .  A t  the s a m e  t ime,  they 
had begun to shift into the northwest  a t  Regina and 
by evening all of Saskatchewan had northwest  winds.  
By evening on the 19th the wind shif t  had s p r e a d  to 
Winnipeg and nor thwes te r l ies  prevailed a c r o s s  the 
e a s t e r n  p r a i r i e s .  

B i s m a r c k  and  Shilo soundings on the 18th indi- 
cated convection to 30, 000 feet  during the period of 
s t r o n g  souther ly  winds. 

June 26 - 27 

Conditions w e r e  a l m o s t  identical  t o  those o n  
June 2 - 3 except  that  winds w e  r e  not a s  s t rong .  
Considerable convection indicated b y  cumulus cloud 
and thundershowers  s c a t t e r e d  throughout t h e  a i r -  
m a s  s.  

July 1 0 ' -  21 

This  per iod  began with s t rong  nor thwes t  winds 
over  the a r e a  following the passage  of a cold f r o n t .  
A h i g h- p r e s s u r e  s y s t e m  then pushed down f r o m  the 
Northwest  T e r r i t o r i e s  and  maintained nor th  winds 
a t  Regina until the evening of the 12th when they b e-  
came light e a s t e r l y .  A s  the high turned  eas tward ,  
winds shif ted behind i t  into the e a s t  and f inal ly into 
the south. Modera te  souther l ies  had developed a t  
Regina b y  the evening of the 13th. Weak souther l ies  
reached a s  far e a s t  a s  Winnipeg b y  m o r n i n g  of the 
14th and f reshened  b y  afternoon.  However,  a second 
cold f ron t  had now moved through Saskatchewan and 
h e r e  winds w e r e  back  to the north.  By  noon on the 
15th, northwest  winds had re turned  to Winnipeg a s  
the cold f ron t  continued eas tward .  Another high fol-  
lowed. Southerl ies  developed i n  Saskatchewan o n  
the m o r n i n g  of the 17th a s  a weak low moved into 
w e s t e r n  sec t ions  o f  that  province and s p r e a d  to 
Manitoba d u r i n  g the afternoon.  The d is turbance  
then turned nor thward  into northern Manitoba, main- 
taining souther l ies  a t  Regina t i l l  the m o r n i n g  of the 
19 th when another  weak cold front  moved  through 
the a r e a s  and reached  Winnipeg la te  in the evening 
on the 20th. A l ight  w e s t  to nor thwes t  c i rcu la t ion  
w a s  then es tab l i shed .  

In each  of the above c a s e s  convection o c c u r r e d  
dur ing  souther ly  c i rcu la t ions ,  and the souther ly  cir- 
culation extended f a  r enough south t o  include the 
Kansas - Nebraska  a r e a .  The  souther l ies  w e r e  not 
par t icu la r ly  s t r o n g  a t  any t ime except  on July 17 
o v e r  E a s t e r n  Saskatchewan.  




