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SEED-TREATMENT FUNGICIDES FOR CONTROL OF CONIFER DAMPING-OFF: 
LABORATORY AND GREENHOUSE TESTS, 1967 

J. Belcher arid L. W. Cadson1 

Abstract 
Sixty-nine s e e d  t r e a t m e n t  chemicalti w e r e  t e s t e d  in l a b o r a t o r y  b i o a s s a y s ,  1 3  in  

l a b o r a t o r y  germina t ion  t e s t s ,  and  9 in greenhouse  damping-off cont ro l  t e s t s .  Damping-  
off of r e d  pine seed l ings  was  effect ively control led with t h i r a m  ( 2 . 0  g/g of seed ,  and  
0 .  5 g/g of seed) ,  captan ( 2 . 0  g/g of seed) ,  and P o l y r a m  (0 .  5 g/g of seed) .  Damping-off 
of j ack  pine and white s p r u c e  seedlings w a s  a l s o  control led;  however ,  the s e e d  t r e a t m e n t  
chemica ls  giving cont ro l  w e r e  a l s o  phytotoxic. 

Introduction 
The m a i n  s p e c i e s  of coni fe rs  grown in p r a i r i e  

n u r s e r i e s  a r e  white s p r u c e  ( P i c e a  glauca (Moench) 
Voss) ,  Colorado s p r u c e  (p. pungens Engelm.  ), Scots 
pine ( m s  s y l v e s t r i s  L . ) ,  j a c k  pine (p. banks iana  
L a m b . )  and r e d  pine (_P. r e s i n o s a  A i t . ) .  Damping-  
off h a s  b e e n  a p r o b l e m  on seedl ings  of all s p e c i e s  
of coni fe rs  a t  one t i m e  o r  another  (1, 3 ) .  The m o s t  
impor tan t  pathogens involved a r e  Rhizoctonia so lan i  
K 6 h n ,  Pyth ium debaryanum H e  s s e ,  p. ul t imum 
T r o w ,  Phytophthora c a c t o r u m  (Leb .  & Cohn) 
S c h r o e t . ,  and  s e v e r a l  s p e c i e s  of F u s a r i u m  and  z- 
l indrocarpon  ( 3 ) .  

Numerous  a t t e m p t s  t o  cont ro l  conifer  damping-  
off with chemica ls  have been  m a d e ,  but only a few 
s e e d- t r e a t m e n t  chemica ls ,  such a s  captan and thi-  
r a m ,  have proved  useful  (2) ,and  even  these  do not 
completely cont ro l  the d i s e a s e .  The  p r e s e n t  sc reen-  
i n g  p r o g r a m  o f  s e e d- t r e a t m e n t  chemica ls  i s  de-  
s igned  t o  evaluate by labora tory ,  greenhouse,  and  
f ie ld  t e s t s  the act ivi ty o f  t h e s e  chemica ls  aga ins t  
t h r e e  m a j o r  pathogens , Pyth ium,  Rhizoctonia and  
F u s a r i u m .  This  r e p o r t  p r e s e n t s  r e s u l t s  of p r e l i m i-  
n a r y  t e s t s  of the e f fec t  of a n u m b e r  of s e e d  t r e a t -  
m e n t  c h e m i c a l s  on the in v i t r o  growth of m y c e l i u m  
a n d  germina t ion  of conifer  seed ,  and  on damping-  
off cont ro l  in n a t u r a l  s o i l  in the greenhouse .  

Mater ia ls  a n d  methods 
L a b o r a t o r y  b i o a s s a y  - Sixty-n i n  e seed- t rea t -  

m e n t  chemica ls  (Table  1)” w e r e  t e s t e d  f o r  inhibition 
of m y c e l i u m  growth of i so la tes  of Pyth ium,  -a- 
&, and  Rhizoctonia known t o  cause  damping-off 
of coni fe r  seed l ings .  A 5- m m  d i s c  of ac t ive ly  grow- 
ing m y c e l i u m  was  p laced  a t  the  cen te r  o f  a p e t r i  
d i sh  containing 25 ml of malt a g a r  (30 g malt e x t r a c t  
a n d  20 g Difco Bac to- agar  in 1 l i t e r  of d i s t i l l ed  wa-  

R e s e a r c h  Technician and  R e s e a r c h  Scientis t ,  
Depar tment  of F o r e s t r y  a n d  R u r a 1 Development, 
Winnipeg, Manitoba. 

t e r ) .  Seed- t rea tment  chemica ls  w e r e  suspended  in 
acetone a t  r a t e s  of 10,200; 2,560; 640; 160; and  4 0 p g  
ac t ive  c h e m i c a l  p e r ,  ml. S t e r i l e  10-mm d i s c s  of 
Whatman No. 1 f i l t e r  p a p e r  w e r e  in f i l t ra ted  with the 
chemica ls  and placed on the  a g a r  18-20 mm f r o m  
the inoculum. T h r e e  d i s c s  w e r e  used f o r  e a c h  p e t r i  
d i sh .  The  p r e s e n c e  and amount  of inhibition w e r e  
recorded  a f t e r  3 days  at r o o m  t e m p e r a t u r e  f o r  the  
Pyth ium and Rhizoctonia cu l tures ,  and  after 5 days 
f o r  the F u s a r i u m  cul tures .  E a c h  c h e m i c a l  was  t e s t -  
e d  twice and t h e r e  w e r e  four  rep l ica t ions  p e r  t e s t .  

- L a b o r a t o r y  germina t ion  t e s t s  - S e e d s  of j ack  
pine, white s p r u c e ,  and  r e d  pine w e r e  pe l le ted  with 
s e e d- t r e a t m e n t  chemica ls  at r a t e s  of 0 .  25 and 1 . 0  g 
c h e m i c a l  p e r  g r a m  of s e e d .  Dow Latex  512R was  
u s e d  as a b inder  a t  a r a t e  of 1 g of a IO%(V/V) solu-  
tion p e r  3 g r a m s  of s e e d .  This  m a t e r i a l  w a s  u s e d  
b e c a u s e  p r e l i m i n a r y  t e s t s  showed that  it inhibited 
germina t ion  l e s s  than m e t h y l  cel lulose.  I n  e a c h  
t rea tment ,  100 a i r - d r i e d  s e e d s  of e a c h  t r e e  s p e c i e s  
w e r e  p laced  on filter p a p e r  a n d  incubated a t  X O O ~ o  
re la t ive  humidity in  a germina tor  tha t  provided al- 
te rna t ing  & h r  per iods  of d a r k n e s s  a t  20 C a n d  16-hr 
per iods  of light (70 f t- c ,  f luorescent )  at 30 C. T h e  
germina ted  s e e d s  w e r e  counted after 14 days.  E a c h  
t e s t  w a s  r e p e a t e d  a t  l e a s t  once, and  s o m e  w e r e  re- 
pea ted  t h r e e  t i m e s .  

*‘ Chemica ls  w e r e  supplied b y  Stauffer  Chemi-  
c a l  Co. L t d . ,  Vancouver;  D i a m o n d  Alkali  Co. ,  
Pa inesv i l le ,  O h  i 0 ;  Naugatuck Chemica ls ,  E l m  ira, 
Ont .  : Niagara  B r a n d  Chemica ls ,  Burl ington,  O n t .  ; 
DuPont o f  Canada Ltd . ,  Mont rea l ,  Que. ; C h e m a g r o  
C o r p . ,  Kansas  City, Mo. ; A m e r i c a n  C y a n a m i q  New 
York, N. Y. ; Sherwin-Will iams Co. of Canada Ltd.  
(Green  C r o s s  P r o d u c t s ) ,  Mont rea l ,  Q u e .  ; Morton  
Chemica l  Co. ,  Woodstock, Ill. : Chipman C h e m i c a l  
L td . ,  N. Hamilton, Ont. : In te rprovinc ia l  Coopera-  
t ives  L t d . ,  Winnipeg, Man. : D o w  Chemica l  C). , 
Midland, M i  c h .  ; A m e r i c a n  Hoechst  Crop . ,  Nor th  
Hollywood, California.  
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Table 1. Source and identity of seed treatment mater ia ls  

Product and 
Treatment  Source formulation Chemical name o r  active ingredient 

1 
2 

3 

4 
5 

6 

7-9 
10 
11 
12 
13  

14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 

26-43 
44-59 
60 -66 

67 
68 

#69, 70 
71 

Stauffe r 
Diamond 

Alkali 
Diamond 

Alkali 
Naugatuck 
Naugatuck 

Naugatuck 

Naugatuck 
Niagara 
Niagara 
Niagara 
Niagara 

Niagara 
Dupont 
Dupont 
Dupont 
Dupont 
Dupont 
Chemagro 
Chemagro 
Chemagro 

Chemagro 
Cyanamid 
Green Cross  
Green Cross  
Morton 
Chipman 
co-op 
Dow 

Hoe chs t 
Niagara 

Captan 50% W P  
Daconil 2787 

Daconil 2787 
& Captan (35-35) 

Spergon 95% 
Plantvax 75% (F461) 

Vitavax 75% (D735) 

Numbered compounds 
Phygon 5070 
Polyram 80% 
C. 0. C. S .  5570 
Polyram 7D 

Polyram ZMCS 80 
Arasan 75% 
Manzate D 80% 
Parzate  C 75% 
Ferma te  76% 
Demosan 6570 
4497 50% 
Dyrene 5070 
Dexon 50% 

75% W P  

Bay 47531 
Cyprex 65% 
Duter 20% 
Numbered compounds 
llEP"-compounds 
Numbered compounds 
Hexa 
Dowicil 100 95% 

Numbered compounds 
Polyram seed 

Pr ote ctant 

captan 

tetrachloroisophthalonitrile 

chloranil 
2,3-dihydro-5 -carboxoanilido-6 methyl- 1,4 - 

2.3-dihydro-5 -carboxoanilido-6-methyl-l, 4- 

identity not available 
dichlone 
zinc activated polyethylenethiuram disulfide 
copper oxychloride sulfate 
zinc activated polyethylenethiuram disulfide 

identity not available 
th i ram 
maneb 
zineb 
ferbam 
1 , 4  dichloro-2, 5-dimethoxybenzene 
bis (1, 2, 2, -trichloroethyl) sulfide 
2 ,  4-dichloro-6-(0 -chloroanalino) -S- triazine 
p-dimethylaminobenzenediazo sodium sulfo - 
dichlofluanid 
dodine (n-dodecylguanidine acetate) 
triphenyl tin hydroxide 
identity not available 
identity not available 
identity not available 
identity not available 
1- (3  chloroally1)-3, 5 ,  7-triaea-1-azoniaada - 
identity not available 
zinc activated polyethylenethiuram disulfide 

oxathiin-4, 4 dioxide 

oxathiin 

(7% mixture) 

nate 

mantane chloride 

- Greenhouse damping-off control tes ts  -Seeds of 
jack pine, white spruce  and r ed  pine were  pelleted 
with nine fungicides a t  ra tes  of 0 .5  and 2.0 g chemi- 
c a l  pe r  gram of seed  and were  germinated in so i l  
f r o m  t h e  Pineland Nurse ry  at  Hadashville, Mani- 
toba. Dow Latex 512R was used a s  a binder as pre-  
viously described. Seeding was done as soon after 
t rea tment  a s  possible, but in some cases  i t  was de- 
layed as much as 10 days after treatment.  The ex- 
per imenta l  plots contained 100 seeds p e r  8 inch x 9 
inch plot and were  ar ranged in a randomized block 
design w i t h  f i v e  replications for each treatment.  
Damping-off was recorded weekly f rom the begin- 
ning of emergence until 3 m o n t h s  af ter  seeding. 
Supplementary lighting in the greenhouse was used 

f rom 8 AM to  8 PM and the temperature  controls 
were  se t  at 72°F  (22.2 C). 

Results and discussion 
Bioassay of seed treatment chemicals -Data on 

the lowest concentration of seed- treatment chemi- 
ca 1 s that inhibited growth of Pythium, Fusarium, 
and Rhizoctonia are shown in Table 2. Thirty-one 
of the 69 chemicals tes ted  showed a high level of 
activity (inhibitory a t  concentrations e q u a 1 t o o r  
l e s s  than 631 vg/ml) against all three  fungi. Nine 
others were effective against Rhizoctonia and, 3- 
- thium only, and one was a c t i v e  against  Pythium 
alone. High activity against  Rhizoctonia was  shown 
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Table  2. The  lowest  concentrat ion of s e e d  t r e a tmen t  chemica l  that inhibited the growth 
of t h r ee  damping-off fungi on m a l t  a g a r  

T rea tmen t  Product  and Lowest  inhibitorv c o n c e n t r a t i o n h d m l )  
numb e r formulation Rhizoctonia F u s a r i u m  Py th iun  

1 Captan 50 WP 158 200 158 
2 Daconil 2787 WP 3,400 316 40 
3 Dacanil  2787 & Captan (35-35) 79 158 631 
4 Spergon 95% 631 3 ,981 631 
5 P lantvax  75% 10,000 10,000 5 ,012  
6 Vitavax 7570 40 NIa 631 
7 6638 316 NI 316 
9 D-735-10D 31 6 2 ,512 2,512 

10 Phygon 50% 631 1, 259 158 
11 P o l y r a m  80% 317 40 158 

1 3  P o l y r a m  7D NI 317 NI 
14  P o l y r a m  ZMCS 80% 40 158 NI 
15 A r a s a n  75% 1 ,259 1 ,259 40 
16 Manzate D 8OY0 63  40 199 

12 C.O. C.S. 55% NI NI 5 ,012  

17 
18  
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
34 
35 
36 
37 
38 
39 
40 
41 
42 
4 3  
44 
45 
46 
47 
48  
49 
50 

P a r z a t e  C 75% 
F e r m a t e  76% 
Demosan 65% 
4497 50% 
Dyrene 50% 
Dexon 50% 
Bay 47531 
Cyprex 65% 
Duter 20% 
RD 8684 15% 
RD 8684 & Cyprex 
3944x  
Dr  illbox Lindas a n  
MHC 223 
TMHC 175 (2) 
TMHC 2222 
Dual purpose  Bunt No  More  50% 
RD 8684 & Maneb 50% 
RD 8684 & Captan 50% 
KHC 324 
MHC 324 
PHC 324 
XHC 324 
BHC 324 
DHC 324 
THC 324 
E P  277 5070 
E P  277A liquid 
E P  279 5070 
EP 27912 l iquid 
E P  293 5070 
E P  294 5070 
E P  301B 50% 

2,512 
158 
40 
40 
40 

158 
40 

6 31 
158 

631 
158 

79 
40 
40 
79 
79 
79 
79 
79 
40 
40 
79 
79 
40 
79 
40 
40 

158 
63 

100 
63  

39 8 

398 
79 
40 
40 

100 
2,512 

40 
5 ,012 

158 
10,000 

5 ,012 
398 

10,000 
40 

158 
158 
631 

40 
631 

40 
158 
79 
79 

158 
40 
40 

316 
631 

2,512 
40 
40 
40 

25 1 

5,012 
40 

100 
158 

1 ,000 
100 
40 

631 
40 

lo; 000 
631 
40 
79 

2,512 
1 ,259 
2,512 

158 
631 
158 
40 

1 ,259 
79 

1 ,259 
1, 259 

79 
631 
631 

2,512 
10,000 

1,000 
631 
126 
40 

49 



50 VOL.48, N 0 . 2 ,  CAN.  PLANT DIS. SURV. JUNE 1968 

Table 2 (Continued) 

Treatment  Product and Lowest inhibitory concentration(pg/ml) 
number formulation Rhizoctonia Fusar ium Pythium 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

E P  301C 
E P  301C 
E P  301E 
E P  302B 
E P  302C 
E P  302D 
E P  305 

E P  308 
E P  306 7570 

65-S-1 
65 -S-7 
66-S-1 
66-S-2 
66-S-3 
66-S-4 
66-S-5 
Hexa 
Dowicil 100 95% 
2844 
2874 
Polyram seed protectant 

631 
631 
398 
398 
100 
25 1 

79 
40 
40 

317 
158 

158 
40 
40 
40 

398 
40 
79 

316 
40 

5,012 

158 
316 

63 
63 

631 
100 
316 
317 
40 

5,012 
158 

1, 259 
40 
40 
40 

158 
158 
NI 
79 

631 
631 

158 
631 
631 

1 ,000 
398 

10,000 
158 

2,512 
2 ,512 
5,012 

NI 
10,000 
5 ,012 

10,000 
40 
79 

158 
40 
79 
40 

NI 

aNI indicates no inhibition a t  highest concentration used. 

by 61 chemicals add against  Fusar ium by 52  chemi- 
cals.  Fifteen of the 40 chemicals that showed high 
activity against  Rhizoctonia and Pythium were  more  
effective than the s tandard captan treatment.  

Laboratory germination tes ts  - Results of t h e  
seed'-F;ermination tes ts  a r e  shown in Table 3. All 13 
chemical s caused some inhibition of germination. 
The leas t  inhibitory were  copper sulfate (COCS) and 
zineb (Pa rza te  C). Captan inhibited germination of 
r e d  pine and white spruce  more  than jack pine; Che- 
magro  4497 inhibited jack pine and red pine more  
than white spruce: and ferbam (Fermate)  inhibited 
white spruce  m o r e  than jack pine and r ed  pine. 

(Greenhouse - damping-off control tes ts  - The in- 
cidence of damping-off was greater  i n  the green- 
house than is usually observed in the field. In the 
check plot, jack pine was most severely affected by 
postemergence damping-off (Table 4),  b u t  emer-  
gence of white spruce  and r ed  pine was reduced by 
apparent preemergence damping-off. Polyram,  thi- 
ram,  and captan showed the most  promise  for  con- 
t r o l  of postemergence damping-off and were mos t  
effective on r e d  pine. All seeds  t rea ted with Sper- 
gon emerged more  rapidly than those that had been 
t rea ted with other chemicals,  and initial stands of 
r e d  pine and jack pine were  good: however, damp- 
ing-off b e c a m e  quite severe  3 to 4 weeks af ter  

emergence. There  was no evidence that p reemer -  
gence damping-off was controlled by any of the che- 
mica l s .  

Phytotoxic effects of the chemicals were  severe  
a t  the higher ra te  of application. Duter caused the 
greates t  reduction in emergence in a l l  three  conifer 
species .  The percentage emergence for  seed t rea t-  
ed  with Plantvax and Vitavax was inversely propor-  
tional to the amount of chemical applied. Thiram 
appeared to be the leas t  injurious of the effective 
chemicals.  Captan and polyram were  phytotoxic to 
white spruce  a t  both concentrations, but germina-  
tion of jack pine and r ed  pine seeds  was reduced by 
polyram only a t  the higher concentration. 

Seed t r e a t  m e n t chemicals that reduced the 
amount of damping-off in the greenhouse tes ts  were  
generally highly active against Pythium in the bio- 
a s s a y  tes ts .  I t  is possible that combinations of 
these chemicals would give a broader  range of acti-  
vity. However, control of damping-off with seed- 
t rea tment  chemicals alone appears to  be quite diffi- 
cult to achieve a t  the present t ime, because many 
chemicals a r e  effective a g a i n s t  only pa r t  of the 
damping-off complex, and those that a r e  effective 
against  all  damping-off fungi a r e  often phytotoxic. 
An acceptable level of phytotoxicy might b e  es ta-  
blished but only after an acceptable level of damp- 
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Table 3. Germination in seed germinator of conifer seeds pelleted with two amounts of 
seed- treatment chemicals 

Germination (70) 
Jack pine White spruce  Red pine 

Treatment  No .  
and product he avya l i  gh tb heavy light heavy light 

1 Captan 63" 

2 Daconil 47" 

4 Spergon 72 

11 Polyram 32" 

12 c. 0. c. s. 78 

15 Arasan 80 

16 Manzate 1) 37" 

17 Pa rza te  C 71 

18  Fe rma te  55" 

20 Chemagro 4497 2" 

21 Dyrene 13" 

23 Bay 47531 17" 

25 Duter 6" 

76 

86 

89 

67" 

77 

78 

60 * 
66 " 
75 

0" 

19" 

50 * 
4" 

38" 

1" 

21" 

40 " 
55" 

37" 

0" 

52" 

1" 

19" 

4 4< 

1" 

0"  

55" 

43" 

80 

40 * 
70 

50 * 
15" 

74 

14" 

46 * 
2" 

1" 

0"  

24 " 31 * 
35 * 17" 

29" 52" 

5" 30 * 
70 94 

7" 58" 

12" 19" 

8 3  88 

5" 43" 

0" 0" 

7" 6" 

0" 1" 

0" 0" 

Untreated 
Check 89 8 3  93 

a heavy = 1 g chemical/gram of seed 
b light = 0 . 2 5  g chemical/gram of seed * Statistically significant f rom the check a t  the 5% level. 

ing-off control i s  obtained. Our data indicate that 
31 of the chemicals tested have a high degree of ac-  
tivity against  isolates of the three  main damping-off 
pathogens, Pyth i u m ,  Rhizoctonia, and Fusar ium.  
Of the three chemicals found effective against d a m p  
ing-off of r e d  pine in greenhouse tes ts ,  th i ram and 
captan were  a lso  found useful by Vaartaja and Wil- 
n e r  in controlling damping-off of Scots pine (4). The 
prospect of finding a satisfactory seed treatment for  
control of conifer damping-off s e e m  s promising, 
and additional laboratory and field tes ts  a r e  planned. 

l i terature cited 
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Table  4. Effect  of s e e d  t r e a tmen t s  on p r eemergence  and  pos temergence  damping-off of 
conifer  seedl ings  in na tu r a l  so i l  i n  the greenhouse 

G r a m s  of Emergence  (YO) Damping-off (YO) 
Trea tmen t  no. chemica l  pe r  J ack  Red White J a c k  Red White 

and product  g r a m  of s e e d  pine pine sp ruce  pine pine sp ruce  

1 Captan 

2 Daconil  

4 Spergon 

5 P lantvax  

6 Vitavax 

10 Phygon 

11  P o l y r a m  

15 Ara san  

25 Duter 

Check 

2 .0  
0 . 5  

2 .0  
0 . 5  

2 .0  
0 . 5  

2 .0  
0 . 5  
0 . 1  

2 . 0  
0 . 5  
0 . 1  

2 . 0  
0 . 5  

2 .0  
0 . 5  

2 .0  
0 . 5  

2 . 0  
0 . 5  

62 .0  
60 .9  

40. Za2 
54.2"  

77 .5  
76. 7 

8 . 0 *  
41. 5" 
71 .9  

0 . 8 'k 
32.5"  
71. 1 

23. 2" 
32. 6'" 

45 .5  :x 

67. 7 

78 .0  
77. 6 

8 . 8 '" 
21.5'' 

71 .6  

40 .5  
49 .0  

15.4"  
19. 1" 

63. 1 
64. 2 

6. 8* 
4 5 . 5  
60. 6 

3 . 0"  
41.  7 
72 .5  

1 . 4"  
11. 8" 

29. 0'' 
40. 7 

4 5 . 3  
61 .6  

0 . 3 ':< 
2.5"  

58.4  

13.6" 
13. 1* 

4 .7"  
3.9"  

17.6"  
17.1"  

0.2"  
11.7" 

0.2"  

29.9 

13.9"  
22. 69' 

13 .6"  
17.2"  

17.5"  
19.9" 

28.6 
30. 1 

1.0" 
1.1"  

45 .1  

68.2 
71 .5  

88. 3 
95 .7  

65 .9  
74 .9  

53 .4"  
90.0 
9 6 . 2  

20.0" 
94.6  
87. 5 

8 2 . 2  
88 .8  

38 .9"  
62. 3 

79 .4  
76 .7  

45.1"  
74.9  

8 6 . 3  

34.3"  
44.5  

85.2 
62.5 

52. 7 
61 .6  

3.4"  
66. 3 
9 5 . 3  

44 .8  
78 .9  
89 .9  

20. 0" 

12.1"  
20.2" 

60.0  

26.7"  
37.0"  

6. 7'' 
24.8* 

87 .3  

20.8"  
37.9  

35.4 
33 .6  

42. 9 
53. 6 

20 .0*  
25.9" 
50 .2  

20.0" 
47 .7  
64. 9 

61 .6  
55 .2  

26.2"  
24.4" 

33 .5  
35 .2  

3 .3"  
10.5"  

52.6  

'! Statist ical ly significant  f r o m  the check a t  the 5% level .  


