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EFFECTS OF SEED TREATMENT ON THE VIABILITY OF TOUGH AND 
DAMP CEREAL AND FLAX SEED' 

H.A.H. Wallace and J.T.Mills 

Abstract 

Wheat, b a r l e y ,  o a t ,  and f l a x  seed  w i t h  h igh  n a t u r a l  moisture c o n t e n t s ,  
and u n t r e a t e d  o r  t r e a t e d  wi th  f u n g i c i d a l  or dual-purpose seed  t rea tment  
chemicals were s e a l e d  i n  jars  and s t o r e d  i n  an unheated room (-3.5C t o  
23.5C). Germination tests w e r e  made on f i l t e r  paper immediately a f t e r  
t rea tment ,  and on both f i l t e r  paper  and i n  s o i l  a f t e r  s t o r a g e  f o r  42-47 
days and 192-264 days. Germination of  tough and damp g r a i n  w a s  h i g h e r  i n  
so i l ,  e s p e c i a l l y  c o l d  s o i l  (9.OC and 15.5C), than on f i l t e r  paper. I t  is 
recommended t h a t  germinat ion tests on a l l  such g r a i n  be made i n  s o i l  j u s t  
p r i o r  t o  seed ing  because of p o s s i b l e  dormancy or d e t e r i o r a t i o n  by fungi .  
D e t e r i o r a t i o n  of  tough and damp g r a i n  by fungi  i s  u s u a l l y  r e t a r d e d  o r  
prevented i n  t h e  w i n t e r  months by c o l d  weather. Therefore seed  from t h e  
c rop  of  t h e  p rev ious  f a l l  can be sown prov id ing  r e s u l t s  from germinat ion 
tests made i n  s o i l  are s a t i s f a c t o r y .  Tough and damp seed of  f l a x  g e n e r a l l y  
responded t o  seed  treatments, b u t  cereals d i d  not .  Although tough and damp 
seed more than  1 y e a r  o l d  t ends  t o  be i n f e c t e d  by s t o r a g e  molds, 
germinat ion of  u n t r e a t e d  seed  w a s  n o t  reduced - a t  192-264 days i f  t h e  
o r i g i n a l  moisture c o n t e n t  o f  t h e  cereals w a s  below 19.0% and of f l a x  below 
14%. It is  recommended t h a t  cereal seed  conta in ing  more than  19.0% 
moisture not  be sown, because germinat ion w i l l  be reduced by s t o r a g e  molds 
a g a i n s t  which seed  t rea tments  are usua l ly  i n e f f e c t i v e .  However, t h e r e  are 
i n d i c a t i o n s  t h a t  compounds t h a t  con ta in  maneb can reduce s t o r a g e  molds. 

Introduction 

It has been es t imated  t h a t  72% of t h e  
g r a i n  harves ted  i n  Alber ta ,  Saskatchewan, and 
Manitoba i n  1968 w a s  tough or damp ( 3 ) .  
Although t h e  e n t i r e  area is r a r e l y  so 
g e n e r a l l y  a f f e c t e d ,  excess ive  r a i n f a l l  occurs  
i n  small areas n e a r l y  every year .  Each year ,  
t h e r e f o r e ,  t h e  ques t ion  i s  asked, "Can damp 
g r a i n  be used f o r  seed?"  Information on t h e  
e f f e c t  o f  chemical seed  d r e s s i n g s  on such 
g r a i n  is needed. Koehler and Bever ( 6 )  found 
t h a t  vo la t i l e  mercury compounds reduced 
germinat ion as t h e  dosage, c o n t a c t  t i m e ,  o r  
moisture c o n t e n t  o f  t h e  g r a i n  increased .  
Campbell ( 2 )  showed t h a t  wheat, b a r l e y ,  and 
o a t s  with moisture c o n t e n t s  of 16% o r  more 
could n o t  be s t o r e d  f o r  2 y e a r s  wi thout  
d e t e r i o r a t i o n ,  and h i s  r e s u l t s  i n d i c a t e d  t h a t  
t reatment o f  such seed  wi th  fungic ides  d i d  
not  improve s t o r a g e  q u a l i t i e s .  Machacek e t  
al. (8 )  found t h a t  seed  conta in ing  18.5% 
moisture molded when s t o r e d  f o r  1 4  weeks a t  
room temperature and t h e  percentage 
germinat ion d e c l i n e d  t o  a l o w  l e v e l  
i r r e s p e c t i v e  of  whether mercur ia l ,  
i n s e c t i c i d a l ,  o r  dual-purpose t rea tments  were 
used. Because a r t i f i c i a l l y  moistened seed  
w a s  used i n  t h e s e  tests  t h e  workers d i d  n o t  
encounter  t h e  prolonged dormancy phenomenon 
which o f t e n  occurs  i n  n a t u r a l l y  damp gra in .  

The p r e s e n t  s tudy  on e f f e c t s  of seed  
t rea tment  materials -on  n a t u r a l l y  damp g r a i n  
w a s  undertaken because formula t ions  have 
changed i n  r e c e n t  y e a r s ;  non-mercurials and 
d r i l l  box t rea tments  t h a t  r e q u i r e  no s t o r a g e  
are now commonly used. 

Materials and methods 

Seed of  wheat (Tr i t i cum aestivum L.), 

w g  e i t h e r  tough o r m p  and produced i n  
1968 wi th in  50 miles o f  Winnipeg, Manitoba, 
was used. Moisture de te rmina t ions  w e r e  made 
on each sample according t o  AACC Method 44-18 
( 1 ) .  

Grains are graded tough when seed  
c o n t a i n s  t h e  fol lowing mois ture  l e v e l s :  
wheat 14.6-17.0%, b a r l e y  14.9-17.0%, o a t s  
14.1-17.01, f l a x  10.6-13.5%. Wheat, b a r l e y ,  
and oat seed  i s  graded damp when t h e  mois ture  
c o n t e n t  exceeds 17.096, and f l a x  seed  i s  
graded damp a t  levels  exceeding 13.5%. 
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S i x t e e n  seed t r e a t m e n t  d r e s s i n g s  w e r e  
used. The manufacturers  o f  t h e s e  compounds* 
and t h e  a c t i v e  i n g r e d i e n t s ,  where known, are 
as fo l lows :  

Chipman Chemicals Ltd.: Agrox DB (1.79% 
phenyl  mercur ic  acetate + 0.25% e t h y l  
mercur ic  c h l o r i d e  11.25% Hg e q u i v a l e n t ] ) ;  
Mergamma DB (1.79% phenyl  mercur ic  
acetate + 0.25% e t h y l  mercur ic  c h l o r i d e  
+ 18.75% gamma BHC from l i n d a n e  [1.25% Hg 
e q u i v a l e n t ]  ) ; Agrox NI1 (37.5% maneb + 
10.0% hexachlorobenzene);  and Mergamma NM 
(37.5% maneb + 18.75% .gamma BHC from 
l i n d a n e )  . 

Du Pont  o f  Canada Ltd.: Ceresan M (7.7% 
e t h y l  mercury-p- toluene s u l f o n a n i l i d e  
[3.20% Hg e q u i v a l e n t ] ) .  

Green C r o s s  P roduc t s  : Res-Q (20.0% 
hexachlorobenzene + 20.0% cap tan  + 15.0% 
maneb) and Res-Q Dual Purpose (16.0% 
hexachlorobenzene + 16.0% cap tan  + 12.0% 
maneb + 30.0% gamma BHC from l i n d a n e ) .  

Niagara Brand Chemicals: Polyram (53.5% z i n c  
a c t i v a t e d  po lye thy lene  thiuram 
d i s u l p h i d e )  ; Polyram + a l d r i n  (26.7% 
Polyram + 25.0% a l d r i n ) ;  and Polyram + 
l i n d a n e  (26.7% Polyram + 25.0% l i n d a n e ) .  

Nor- Am A g r i c u l t u r a l  Products  Ltd.: Panogen 
PX (0.9% methyl mercur ic  dicyandiamide 
[0.60% Hg e q u i v a l e n t ] ) ;  Panogen 15B (3.7 
oz /ga l  methyl mercur ic  dicyandiamide [2. 5 
oz /ga l  Hg e q u i v a l e n t ] ) ;  Pandrinox PX 
(0.72% methyl mercur ic  dicyandiamide + 
20.0% h e p t a c h l o r  [0.48% Hg e q u i v a l e n t ] ) ;  
Pen tadr in  A (1.6 l b / g a l  qu in tozene  + 2.6 
l b / g a l  a l d r i n ) ;  and Pen tadr in  PX (13.2% 
quin tozene  + 20.0% h e p t a c h l o r ) .  

Uniroyal  Ltd.: Vitavax (75% 5,6-dihydro-2- 
methyl-1,4-oxathiin-3-carboxanilide). 

For each t r e a t m e n t  200 g o f  seed  and an 
a p p r o p r i a t e  q u a n t i t y  o f  f u n g i c i d e  w e r e  p laced  
i n  a s e a l e d  1 - l i t e r  g l a s s  jay and shaken 
thoroughly;  t h e  fung ic ide :g ra in  r a t i o  used 
w a s  t h a t  recommended f o r  f i e l d  a p p l i c a t i o n  
(Table  1 ) .  The t i g h t l y  s e a l e d  jars  w e r e  
s t o r e d  i n  a room where t h e  t empera tu re  d u r i n g  
t h e  s t o r a g e  p e r i o d  (December 16, 1968 t o  
September 6 ,  1969) ranged from -3.5C t o  
+23.5C. Samples o f  bo th  t r e a t e d  and 
u n t r e a t e d  g r a i n  w e r e  t aken  a t  t i m e  of  
t r e a t m e n t  and 21, 4 2 ,  and 192-264 days a f t e r  
t r ea tment .  E f f e c t s  o f  t r e a t m e n t  material and 
s t o r a g e  t i m e  on t h e  m i c r o f l o r a  and percen tage  
germina t ion  o f  t h e  s e e d  and on p l a n t  
development w e r e  determined. 

Table 1. Formulation and dosage of seed treatment materials 

Dosage (g/kg) 

Treatment Form* Wheat Barley Oats Flax 

Agrox DB 
Mergamma DB 
Agrox NM 
Mergamma NM 
Ceresan M 
Res-Q 
Res-Q Dual Purpose 
Polyram 
Polyram + aldrin 
Polyram + lindane 
Panogen PX 
Panogen 15B 
Pandrinox PX 
Pentadrin A 
Pentadrin PX 
Vi t avax 

Du 
Du 
Du 
Du 
WP 
Du 
I1 u 
Du 
Du 
Du 
Du 
Sn 
WP 
Sn 
Du 
WP 

2.10 
2.10 
2.10 
2.10 
0.52 
1.05 
1.30 
1.05 
2.10 
2.10 
2.10 
0.80 
2.60 
2.10 
2.60 
2.10 

2.60 
2.60 
2.60 
Z."? 
0.65 
2.60 
2.60 
1.30 
2.60 
2.60 
2.60 
0.98 
3.25 
2.60 
3.25 
2.60 

3.70 
3.70 
3.70 
3.70 
0.92 
3.70 
3.70 
1.85 
3.70 
3.70 
3.70 
1.20 
4.60 
3.70 
4.60 
3.70 

4.40 
4 : 3  
4.40 
4.40 
1.10 
4.40 
4.40 
2.22 
4.40 
4.40 
4.40 
1.70 
5.55 
4.40 
5.55 
4.40 

* Formulation code: Du = dust, Sn = solution, WP = wettable powder. 

*Sources: Chipman Chemicals Ltd. ,  To determine t h e  m i c r o f l o r a  on t h e  s e e d ,  
Hamilton, Onta r io ;  Du Pont  o f  Canada Ltd. ,  a No. 3 Whatman f i l t e r  paper  d i s c  ( 9  c m )  i n  
Toronto,  Onta r io ;  Green Cross Produc t s ,  CIBA a p e t r i  d i s h  w a s  moistened w i t h  5 m l  
Co. Ltd.,  Montreal ,  Quebec; Niagara Brand d i s t i l l e d  water, and 25 s e e d s  w e r e  p laced  on 
Chemicals,  Bur l ing ton ,  Ontar io;  Nor-Am it i n  a c i r c u l a r  p a t t e r n  n e a r  t h e  per iphery .  
A g r i c u l t u r a l  P roduc t s  Ltd., Woodstock, , The p l a t e s  w e r e  exposed t o  d a y l i g h t  a t  room 
I l l i n o i s ;  Uni roya l  Ltd., E l m i r a ,  Ontar io .  t empera tu re  (ca. 23C) f o r  7 days ,  a f t e r  which 
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t h e  m i c r o f l o r a  o f  each seed w a s  examined 
microscopica l ly .  

Evidence f o r  p h y t o t o x i c i t y  w a s  ob ta ined  
by sowing seeds  4 c m  deep i n  a mixture of 
so i l ,  sand,  and p e a t  ( 3 : l : l )  ( 7 ) .  Phytotoxic 
e f f e c t s  were shown by abnormal i t i es  o f  t h e  
s e e d l i n g  r o o t  and plumule. To determine t h e  
e f f e c t  o f  temperature on germinat ion and 
p h y t o t o x i c i t y ,  seeds  w e r e  p l a n t e d  i n  moist  
s o i l  i n  p o t s  and k e p t  a t  9.OC, 15.5C and 
27.0C wi th  16  hr/day f l u o r e s c e n t  l i g h t .  
R e p l i c a t e s  c o n s i s t i n g  o f  t w o  p o t s  each 
c o n t a i n i n g  25 seeds  w e r e  sown.2 weeks a p a r t  
and t h e  s e e d l i n g s  w e r e  examined f o r  
phyto tox ic  symptoms upon emergence (7-21 days 
a f t e r  sowing). 

Results and discussion 

Untreated seed  

Germination o f  seed  on f i l t e r  paper  
immediately b e f o r e  s t o r a g e  v a r i e d  from 17% i n  
f l a x  t o  86% i n  one oat sample (Table 2 ) ;  
germinat ion percen tages  tended t o  be s l i g h t l y  
h i g h e r  a f t e r  42  days s t o r a g e .  For  samples 
s t o r e d  f o r  192-264 days,  t h e  germinat ion 
percen tages  of a l l  t h e  wheat samples and two 
of  t h e  t h r e e  f l a x  samples w e r e  cons iderab ly  
h i g h e r  than  f o r  earl ier  tests ,  b u t  f o r  oat 
sample no. 4 ,  both b a r l e y  samples, and f l a x  
sample no. 10, germinat ion percen tages  were 
much l o w e r .  N o  s t o r a g e  f u n g i  w e r e  found on 
t h e  seed  p l a t e d  on f i l t e r  paper  immediately 

:'able 2. Percentage germination* and microflora of untreated seed after different intervals in sealed storage 

WHEAT OATS BARLEY FLAX 
Sample no. Sample no. Sample no. Sample no. Days 

Type of test stoEed 1 2 3 4 5 6 7 8 9 10 

b e f o r e  s t o r a g e ,  sugges t ing  t h a t  t h e  low. 
i n i t i a l  germinat ion w a s  due t o  dormancy. 
High moisture c o n t e n t  o f  t h e  seeds  t o g e t h e r  
w i t h  long s t o r a g e  per iods  f a v o r  development 
o f  s t o r a g e  fungi ,  which may have c o n t r i b u t e d  
t o  t h e  depressed germinat ion i n  some of  t h e  
samples s t o r e d  f o r  prolonged per iods .  

Percentage germinat ion of  u n t r e a t e d  seed  
i n  s o i l  was always h igher  than  on f i l t e r  
paper ,  and it w a s  h i g h e r  i n  c o l d  so i l  ( 9 C  and 
15.5C) than  i n  w a r m  s o i l  (27C), sugges t ing  
t h a t  seed ing  i n  c o l d  s o i l  reduced dormancy. 

Trea ted  seed 

Most fungic ides  had l i t t l e  e f f e c t  on 
percen tage  germinat ion of  cereals on f i l t e r  
paper  (Table 3) o r  i n  s o i l .  However, Agrox 
NM i n c r e a s e d  germinat ion o f  wheat, and most 
t r e a t m e n t s  i n c r e a s e d  t h e  percen tage  
germinat ion of f l a x .  Vitavax decreased  
germinat ion of  a l l  f o u r  c rops .  

Addit ion of  an i n s e c t i c i d e  t o  t h e  
fungic ide ,  as i n  t h e  d u a l  purpose seed  
d r e s s i n g s ,  sometimes i n c r e a s e d  and sometimes 
decreased germination. However, l i n d a n e ,  
u n l i k e  hep tach lor  o r  a l d r i n ,  produced 
phyto tox ic  e f f e c t s  i n  roots and plumules o f  
s e e d l i n g s  on f i l t e r  paper ,  b u t  n o t  i n  so i l ,  
a f t e r  42-47 days pos t- t rea tment  s t o r a g e .  
A f t e r  200 days pos t- t rea tment  s t o r a g e ,  
l i n d a n e- t r e a t e d  wheat samples N o .  1 and N o .  
2 showed a marked reduc t ion  i n  germinat ion i n  
s o i l  i n  some i n s t a n c e s ,  b u t  no symptoms o f  

Moisture content (%) 0 10 6 19.9 17.3 19.2 16.4 19.6 19.6 11.7 11.6 14.2 
Grade (moisture) ** Ir D 1: D D T D D T T D 

Filter paper test 
Germination 0 18 22 80 86 83 15 60 71 17 48 

42 30 22 94 84 90 18 75 a3 7 65 
192-264 62 59 98 45 79 5 0 86 43 25 

Aspergillus spp.  0 0 0 0 0 0 0 0 0 0 0 
42 0 0 0 0 0 0 0 0 0 0 

192-264 88 76 82 48 0 100 100 0 8 68 

Penicillium spp. 0 0 1 0 0 0 0 0 0 0 1 
42 0 0 0 0 0 0 0 0 0 9 

Soil test 
Germination 

% at: 
9.oc 
15.5C 
27.0C 

192-264 28 20 0 20 4 40 8 0 0 76 

a 

47 78 91 97 92 97 29 
47 71 77 97 94 91 49 
47 52 43 90 98 90 31 78 67 44 37 

* Mean percentage of f o u r  replicates of 25 seeds. 
**  Grade (moisture): D = damp, T = tough. 
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Table 3 .  Percentage germination* on filter paper of untreated seed and treated seed immediately after 
treatment 

WHEAT OATS BARLEY FLAX 
Sample no. Sample no. Sample no. Sample no. 

1 2 3 4 5 6 7 8 9 10 Treatment 

Check (untreated) 

Mercurials 
Panogen 15B 
Panogen PX 
Agrox DB 
Ceresan M 

Non-mercurials 
Agrox NM 
Res-Q 
Polyram 
Vitavax 

Dual purpose with heptachlor 
Pandrinox PX 
Pentadrin PX 

Dual purpose with aldrin 
Pentadrin A 
Polyram + aldrin 

Dual purpose with lindane 
Mergamma DB 
Mergamma NM 
Res-Q Dual 
Polyram + lindane 

18 

20 
26 
31 
16 

53 
24 
22 
6 

14 
22 

21 
13 

27++ 
53+ 
31+ 
18+ 

22 80 86 83 15 60 

22 80 87 90 19 62 
14 86 93 85 19 49 
19 93 86 41 
9 85 93 90 18 50 

41 94 87 56 
21 89 43 80 11 58 
20 87 91 94 18 55 
2 42 81 77 4 27 

9 84 92 89 12 54 
9 84 90 85 2 3  59 

28 96 89 83 14 62 
25 87 84 94 17 50 

74+ 27+ 
86+ 35+ 

11+ 46+ 
32+ 95+ 
26+ 84+ 59+ 79+ lo+ 46+ 
27+ 79+ 89+ 89+ lo+ 42+ 

71 17 

85 20 
85 19 

90 40 

86 22 
81 15 
52 11 

84 25 
83 4 

62 6 
73 13 

87 24 

48 

75 
70 
84 
69 

77 
59 
77 
17 

79 
55 

47 
63 

91 
74 
52 
78 

* Mean percentage of four replicates of 25 seeds. 
t + indicates phytotoxicity as shown by short clubbed roots and short swollen shoots. 

p h y t o t o x i c i t y  w e r e  e v i d e n t .  F l a x  s e e d l i n g s  
d i d  n o t  show phyto tox ic  symptoms from any of  
t h e  formulat ions.  

Because freauencv of  occurrence of t h e  
s t o r a g e  molds P e n i c i l l i u m  spp. and 
A s  e r  i l l u s  spp. on see o t s  No.  3 (wheat) ,  
-5 (oats) .  anddNis. 8 and 9 ( f l a x )  
w a s  l o w ,  d a t a  fo; t h e s e  samples have been 
omi t ted  from Table 4.  The l o t s  excluded a r e  
t h o s e  f o r  each c rop  wi th  t h e  lowest moisture 
con ten ts .  L o t s  graded tough, t h e r e f o r e ,  are 
of  less importance i n  t h e  occurrence of 
s t o r a g e  molds; cereal samples wi th  over  19% 
mois ture  and f l a x  wi th  14% moisture were 
h e a v i l y  i n f e s t e d  by s t o r a g e  molds. Wheat 
sample No. 3 ,  which w a s  in te rmedia te  i n  
mois ture  c o n t e n t  between t h e  tough and t h e  
o t h e r  damp cereal samples, c a r r i e d  a heavy 
i n f e s t a t i o n  of A s  e r  i l l u s  spp. b u t ,  un l ike  
t h e  o t h e r  d a m e g e r m i n a t i o n  of  t h i s  
seed  w a s  unaf fec ted ,  probably because of  
delayed i n f e c t i o n .  The r e s u l t s  from t h e  
tough and damp cereal samples sugges t  t h a t  
tough g r a i n  and perhaps even damp c e r e a l  
g r a i n  w i t h  mois ture  c o n t e n t s  below 19% could 
be s a f e l y  maintained u n t i l  t h e  fol lowing 
summer under t h e  c o l d  w i n t e r  condi t ions  
p r e v a i l i n g  i n  Western Canada. 

A f t e r  200 days post- treatment  s t o r a g e  
none of  t h e  chemicals had completely 
Drevented i n f e s t a t i o n  bv storaae molds o f  a l l  
'the seed l o t s  t e s t e d  -(Table 4 ) .  Asperg i l lus  
spp. and P e n i c i l l i u m  spp. developed on a l l  
lots  of  u n t r e a t e d  seed ,  i n d i c a t i n a  t h a t  
inoculum w a s  p r e s e n t  a t  t h e  s t a r t  o f  t h e  
experiment. Agrox NII and Res- Q w e r e  t h e  most 
e f f e c t i v e  i n  p revent ing  fungus i n f e s t a t i o n ;  
mercurials  and Polyram were t h e  least  
e f f e c t i v e .  I n s e c t i c i d e s  o f t e n  a l t e r e d  t h e  
e f f e c t i v e n e s s  o f  t h e  fungic ide  i n  dual- 
purpose compounds. For example, c o n t r o l  o f  
A s  er i l l u s  and P e n i c i l l i u m  w a s  sometimes 
*or decreased when an i n s e c t i c i d e  
w a s  added t o  t h e  fungicide.  Genera l ly ,  
fungus i n f e s t a t i o n  of  t r e a t e d  or u n t r e a t e d  
g r a i n  tended t o  reduce germination. 

I t  is known (5)  t h a t  i n  dormant g r a i n  
r e p r e s e n t a t i v e s  o f  a l l  s t a q e s  of dormancy are 
u s u a l l y  found; hence germinat ion tests show 
uneven responses w i t h  t i m e .  W e  found t h a t  
uneven germinat ion w a s  most e v i d e n t  w i t h  seed  
on moist f i l t e r  paper ,  apparen t ly  due t o  
" w a t e r  s e n s i t i v i t y "  ( 4 1 ,  and least e v i d e n t  
wi th  seed  sown a t  c o l d  so i l  temperatures .  
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Table  4. Occurrence* of  Aspe rg i l l u s  spp.  and Pen ic i l l i um spp .  on wheat, b a r l e y  and f l ax  seed  p l a t e d  on 
f i l t e r  paper  192-264 days a f t e r  t r ea tmen t  

Wheat Ba r l ey  Flax 
Sample Sanple  Sample Sample Sample 

no. 1 no. 2 no. 6 no. 7 no. 10 
Treatment Asp.? Pen.T Asp. Pen. Asp. Pen. Asp. Pen. Asp. Pen. 

Check (un t r ea t ed )  88 28 76 20 40 0 100 8 68 76 

Mercu r i a l s  
Panogen 15B 
Panogen PX 
Pandrinox PX 
Agrox DB 
Mergamma DB 

Non-mercurials 
Agrox NM 
Mergamma NM 
Res-Q 
Res-Q Dual 
Polyram 
Polyram + a l d r i n  
Polyram + l i ndane  
Vi tavax 
Pen tad r in  PX 
Pen tad r in  A 

0 28 96 32 0 0 0 0 4 40 
92 20 0 0 0 0 0 12 0 60 

' 0  100 64 60 0 76 0 96 
0 80 80 8 0 8 20 84 

0 0 24 0 0 0 0 0 0 100 

0 
16 

0 
4 
8 

32 
0 
0 

1 2  
1 2  

0 
0 
0 
0 

12 
1 2  

0 
0 
4 
4 

12 0 
44 0 

8 4 
4 0 

20 16  
32 36 
68 16 

0 0 
0 0 
4 0 

4 0 
0 0 
0 0 
0 0 

0 0 76 28 
12 4 96 32 
4 0 28 0 
4 0 8 0. 0 
0 44 68 44 
0 0 0 20 

0 0 
20 4 

0 0 
0 0 
4 80 
0 20 

52 24 
16 0 
4 40 

80 1 2  

* Percentages  a r e  based on one r e p l i c a t e  of 25 seeds ;  t h r e e  o t h e r  r e p l i c a t e s  of 25 seeds  were examined 

t Asp. = Asperg i l l u s ,  Pen. = P e n i c i l l i u m  
for agreement.  

Conclusions 

Germination of  tough and damp g r a i n  w a s  
h i g h e r  i n  so i l ,  e s p e c i a l l y  c o l d  so i l ,  than  on 
f i l t e r  paper. I t  i s  recommended t h a t  
germinat ion tests  on a l l  such g r a i n  be made 
i n  s o i l  j u s t  p r i o r  t o  seed ing  because of  
p o s s i b l e  dormancy or  d e t e r i o r a t i o n  by fungi .  
D e t e r i o r a t i o n  of  tough and damp g r a i n  by 
fungi  is u s u a l l y  r e t a r d e d  o r  prevented i n  t h e  
w i n t e r  months by c o l d  weather. Therefore 
seed  from t h e  c rop  o f  t h e  previous f a l l  can 
be sown prov id ing  r e s u l t s  from germinat ion 
tests made i n  s o i l  a r e  s a t i s f a c t o r y .  
Treatment  of such seed,  with t h e  excep t ion  of 
f l a x ,  does n o t  a f f e c t  germination. Tough and 
damp seed more than  1 y e a r  o l d  t ends  t o  be 
i n f e c t e d  by s t o r a g e  molds, a l though i n  t h i s  
s tudy  germinat ion of  u n t r e a t e d  seed  w a s  n o t  
reduced a f t e r  192-264 days when t h e  o r i g i n a l  
moisture c o n t e n t  o f  t h e  cereals w a s  below 
19.0% and of  f l a x  below 1 4 % .  I t  is  
recommended t h a t  damp cereal seed conta in ing  
over 19.0% moisture n o t  be sown because 
germinat ion w i l l  b e  reduced by s t o r a g e  molds 
a g a i n s t  which seed t r e a t m e n t s  a r e  u s u a l l y  
i n e f f e c t i v e .  However, t h e r e  are i n d i c a t i o n s  
t h a t  compounds t h a t  con ta in  maneb can reduce 
s t o r a g e  molds. 
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