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Abstract:
Three seed treating compounds—Arasan, Spergon, and Pittsburgh B-856—were compared in field and
laboratory tests for the treatment of forage crops grown in Montana. Seedling emergence of alfalfa and
crested wheatgrass was increased more by treatment with Arasan and Pittsburgh B-856 than by
Spergon treatment;when rate of treatment was the same for all three chemicals. Response to treatment
was greatest in cold, wet soil. An indication was found that excess Spergon may reduce blotter test
germination results of certain crops. A corresponding reduction of germination of excess
Spergon-treated seed in soil tests was not detected. Spergon adhered to seeds better than Pittsburgh
B-856, and Pittsburgh B-856 adhered better than Arasan when an excess of chemical was applied. The
ratio was approximately 5 : 3 : 1. Seed treatment with the three chemicals applied 1 year ahead of
planting did not lower seed viability or reduce fungicidal effectiveness. Nodulation was the same on
roots of alfalfa and birdsfoot trefoil when seed was both chemically treated and Rhizobium inoculated
as when it was inoculated but not treated. In agar colony count tests, Pittsburgh B-856 was the most
toxic to birdsfoot trefoil Rhizobium, and Spergon was the least toxic. The crop previously grown in soil
appeared to affect the emergence of alfalfa and crested wheatgrass. Temperature and moisture level
influenced the apparent effect of previous cropping. Chemical seed treatment increased emergence of
alfalfa in all soils but did not overcome the apparent effect of previous cropping. Twenty crop species
all responded favorably to seed treatment with Pittsburgh B-856 when grown in cold, wet soil. 
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T hree .seed  t r e a t i n g  compounds—A rasans. .Spergon, and. P i t tsb u rg h  
B-856—were compared in  f ie ld .a n d . . la b o ra to ry  te .s ts  fo r  the .. trea tm en t of. 
forage crops grown in  Montana. Seedling emergence of a l f a l f a  and 
c re s ted "w h ea tg rass  was in c reased  more by t re a tm en t w ith  Arasan and P i t t s ­
burgh B-856 than  by Spergon treatm ent;w hen r a t e  of t rea tm en t was the 
same fo r  a l l  th re e  chem icals . Response to  trea tm en t was g r e a te s t  in  
co ld , wet s o i l .  An in d ic a t io n .w as  found t h a t  excess Spergon may reduce 
b l o t t e r  t e s t  germ ination  r e s u l t s  o f  c e r t a in  crops. A corresponding 
re d u c t io n  o f germ ina tion  of excess Spergo n - t r e a te d  seed in  s o i l  t e s t s  
was not d e te c te d .  Spergon adhered to  seeds b e t t e r  than P it tsb u rg h  B-856, 
and P i t tsb u rg h  B-856 a d h e re d ;b e t te r  than.. Arasan when an excess of chem­
i c a l  was a p p l ie d .  The r a t i o  was approxim ately  5 $ 3 $. I .  Seed t r e a t ­
ment w ith  the  th re e  chemicals ap p lied  I year ahead of p la n t in g  d id  not 
lower seed v i a b i l i t y  or reduce fu n g ic id a l  e f f e c t iv e n e s s .  Nodulation 
was the same on r o o ts  of a l f a l f a  and b i r d s f o o t  t r e f o i l  when seed was 
both chem ically  t r e a te d  and Rhizobium in o cu la ted  as when i t  was inocu­
la te d  but. no t t r e a t e d .  In  agar colony count . t e s t s ,  P i t tsb u rg h  B-856 
was the  most to x ic  to  b i r d s f o o t  t r e f o i l  Rhizobium, and Spergon was.the 
l e a s t  to x ic .  The crop p r e v io u s ly  grown.in s o i l  appeared to  a f f e c t  the 
emergence of a l f a l f a  and c re s te d  w heatg rass . Temperature and.m oisture 
le v e l  in f luenced  the apparen t e f f e c t  of previous cropping. Chemical 
seed t re a tm en t inc reased  emergence of a l f a l f a  in  a l l  s o i l s  bu t did not 
overcome the apparen t e f f e c t  o f  previous cropping . Twenty crop spec ies  
a l l  responded fav o rab ly  to  seed trea tm en t w ith  P i t tsb u rg h  B-856 when 
grown in  co ld ,  wet s o i l .
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INTRODUCTION

The e f f e c t s  of chemical t rea tm en t o f  seed of forage crops on germin­

a t io n  and stand e s tab lish m en t have c rea ted  growing i n t e r e s t  in  recen t  

y e a rs .  E f f e c t s  o f  t re a tm en t have ranged from decreases  in  s tand  and 

y ie ld  to  la rg e  in c re a se s  in  v a r io u s  t re a tm en t in v e s t ig a t i o n s .  Most of 

th ese  s tu d ie s  have been conducted in  reg ions  having longer growing sea­

sons, more r a i n f a l l ,  l e s s  severe w in te r s ,  and o the r c l im a t ic  cond itions  

no t common to  Montana.

Chemically t r e a te d  forage crop seed i s  being sold  in  Montana. A 

main s e l l i n g  p o in t  of one of the  lead ing  a l f a l f a  seed brands i s  th a t  i t  

i s  chem ically  t r e a t e d .  General in q u i r i e s  concern ing ,fo rage  crop seed 

t r e a tm e n tJhave been rece iv ed  a t  the Montana A g r ic u l tu ra l  Experiment S ta ­

t i o n .  Answers to  some of these  i n q u i r i e s  are  not r e a d i ly  a v a i l a b le .

These f a c t s  in d ic a te  a need fo r  knowing what e f f e c t s  may be expected when 

chem ically  t r e a t e d  forage crop seed i s  p lan ted  in  Montana.

The o b je c t iv e s  of t h i s  s tudy were to  determine the  e f f e c t s  of chem­

ic a l  seed; t re a tm e n t  upon germ ination  and emergence of seeds in  the lab ­

o ra to ry ,  upon emergence and stand e s tab lish m en t of forage crops in  the 

f i e l d ,  and upon the nodu la t io n  of legumes.

Since l im i te d  m oisture co n d it io n s  are  o f te n  encountered in  Montana 

crop producing a re a s ,  i t  i s  im portant to  know what e f f e c t  chemical seed 

tre a tm e n t  may have on germ ination  when m oisture i s  l im i te d .  T es ts  on 

b l o t t e r s  and in  s o i l  were conducted in  the  la b o ra to ry  to  in v e s t ig a te
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t h i s  problem, . . . . .  : .

One of the  fu n c tio n s  of a seed la b o ra to ry  i s  to  t e s t  seed fo r  ge r­

m ina tion , Seeding r a t e  si are based p a r t l y  on the  rep o r ted  seed germina­

t i o n ,  Any in f lu en ce  t h a t  t rea tm en t may have on germ ination  should be 

recognized  so t h a t  seeding r a t e s  can be p ro p e r ly  ad ju s ted .

Emergence, of chem ically  t r e a te d  seed was s tud ied  in  f i e l d  and lab ­

o ra to ry  s o i l  t e s t s .  The' f i n a l  in d ic a t io n  of the value o f  t r e a t i n g  seed 

to  be p lan ted  in  the f i e l d  w i l l  be in  the  form of b e n e f i t s  observed 

under f i e l d  c o n d i t io n s .  But, s ince  tem perature  and m oisture conditions  

cannot be c o n t ro l le d  in  the  f i e l d ,  i t  might take  many years o f  f i e ld  

t e s t i n g  to  draw any d e f in i t e  conc lus ions . T h e re fo re , la b o ra to ry  s o i l  

t e s t s  were made under c o n tro l le d  m oisture and tem perature cond itions  to  

supplement f i e l d  t e s t s .

In s ta n c e s  have been observed where a l f a l f a  seeded in  a l f a l f a  s tubb le  

f a i l e d  to  produce a stand.. Other crops fo llow ing s p e c i f i c  crops may show 

the same d e tr im e n ta l  re sponse . In  t h i s  s tudy , f i e l d  and la b o ra to ry  s o i l  

t e s t s  were conducted to  f ind  more evidence of the na ture  of t h i s  e f f e c t  

and to  determine i f  chemical seed tre a tm e n t  w i l l  c o r re c t  the  s i tu a t io n .  

Some legume seed must-be in o cu la ted  w ith  Rhizobium b a c te r i a  i f  

nodules are  t o  form on r o o t s .  Chemical seed trea tm en t k i l l s  d isease  

organisms l iv in g  c lose  to  the  seed. The q u es t io n  a r i s e s  as to  whether 

the  chemical w i l l  a lso  k i l l  b a c te r ia  in o cu la ted  on the seed, lead ing  to  

i n s u f f i c i e n t  n o d u la t io n ,  This problem was in v e s t ig a te d  in  f i e l d  ex p er i­

ments w ith  a l f a l f a  and b i rd s fo o t  t r e f o i l .  F ie ld  t e s t s  were supplemented
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by la b o ra to ry  agar p la te  t e s t s ,  p lac in g  Rhizobium and chemical in  con­

t a c t  in  approxim ately  the  same r a t i o  they  would be i f  both were app lied  

to  seed a t  r a t e s  recommended by the m anufacturers . ,

Many d i f f e r e n t  crop sp ec ie s  are  grown in  Montana. Many d i f f e r e n t  

seed t r e a t i n g  chemicals are  a v a i l a b le .  To determine the  e f f e c t  of d i f ­

f e r e n t  chemicals on d i f f e r e n t  crop sp e c ie s ,  the  e f f e c t  of chemical t r e a t ­

ment w ith  3 fu n g ic id e s  on 20 d i f f e r e n t  crop spec ies  was in v e s t ig a te d  in  

the  f i e l d  and la b o ra to ry .

/



— 10 —

LITERATURE REVIEW .

Chemical seed t re a tm en t o f  small g ra in s  has become almost s tandard  

procedure in  Montana, The e x te n t  of i t s  acceptance, i s  evidenced by the 

f a c t  t h a t  over 97 pe rcen t o f  a l l  small g ra in  samples c o l le c te d  in  a 1956 

d r i l l  box survey (1 6 )1 /  were chem ically  t r e a t e d .

In  r e c e n t  years  th e re  has been growing i n t e r e s t  ih  chemical seed 

tre a tm e n t  of g ra s se s  and sm all-seeded  legumes. R esu lts  pf t e s t s  con­

ducted have been c o n t ra d ic to ry ,  Kreitlow  e t  a l ,  ( ip )  found response 

from chem ically  t r e a te d  seed of a l f a l f a  and red c lover to  vary from de­

c reases  to  h ig h ly  s i g n i f i c a n t  in c re a se s  in  s tan d ,  Raeder (13) t e s t e d  

sev e ra l  sp ec ie s  of forage g ra s se s  and small^seeded legumes t r e a te d  with 

Spergon9.A rasan9 and New Improved Geresan, He found no b e n e f i t  from 

t re a tm e n t .  His d a ta  a l so  showed th a t  t r e a t i n g  seed of low germ inating 

c a p a c i ty  was no more b e n e f i c i a l  than  t r e a t i n g  seed o f high germ inating 

c a p a c i ty .  Other workers ( l ,  6 , 7) found only occas ional b e n e f i t s  from 

tre a tm e n t .  In  dry  s o i l  in  the  greenhouse, Gerdemann (6 ) obta ined  de­

creased  emergence from chem ically  t r e a te d  seed.

In o th e r  s t u d i e s ,  t re a tm e n t  has appeared to  be a p r o f i t a b l e  p ra c t ic e .  

On the b a s i s  o f  experim ental r e s u l t s  of t e s t s  in  Minnesota9 Kernkamp (9) 

recommended t h a t  a l f a l f a  seed to  be p lan ted  in  Minnesota should be t r e a t ­

ed w ith  Arasan or Spergon.

I / Numbers in  p a ren th eses  r e f e r  to  l i t e r a t u r e  c i t e d .
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He showed trea tm e n t  to  in c rease  stand when seed was p lan ted  in  s o i l  in ­

f e s te d  w ith R hizoctonia  s o l a n i . or when m echanically  in ju red  seed was 

used. He a lso  showed t h a t  response from trea tm en t increased  as p lan tin g  

depth in c re a se d .  V l i to s  and P reston  ( l 8 ) s in  Oklahoma, ob ta ined  in ­

creased  s tands  from chemical seed trea tm en t w ith  c e r ta in  chem icals.

The fu n g ic id a l  va lue  of chemicals has in  some cases been o f f s e t  by 

a harmful e f f e c t  to  the  seed. A ll iso n  and T orr ie  ( l )  found t h a t ,  f o l ­

lowing t re a tm en t w ith  approxim ately  a I  p e rcen t  dosage of Spergon, lad ino  

c lo v er  and s traw berry  c lover  seed germ ination  on n u t r i e n t  agar was r e ­

ta rd e d  bu t not reduced in  t o t a l .  Germination of seed of o th e r  legumes 

in c lu d in g  a l f a l f a ,  sw ee tc lover ,  red  c lo v e r ,  and a ls ik e  c lo v e r ,  was not 

r e ta rd e d .  Arasan and New Improved Ceresan produced no e f f e c t  on any of 

the  legumes t e s t e d .  In  greenhouse t e s t s , .  S pergon-trea ted  lad in o  c lover 

and s traw berry  c lover  seed germ ination  was re ta rd e d  and t o t a l  emergence 

was decreased . The r e ta rd in g  a c t io n  was a lso  observed in  the,, f i e l d .  

Forsy th  and Schuster (5 ) rep o r te d  form ation  of abnormal leaves  on f lax  

seed lings  grown from S p erg o n - trea ted  seed in  nu rse ry  p la n t in g s .  As the 

r a t e  of t re a tm e n t  in c re a se d ,  frequency and degree of abnorm ality  in 

leaves  in c re a se d .  Abnormality appeared to  be outgrown and th e re  was no 

e f f e c t  on f i n a l  growth and y ie ld  of the p la n t s .  C h ilton  and Garber (4) 

t e s t e d  17 sp ec ie s  of forage legumes in  f l a t s  tif u n s te r i l i z e d  s o i l .  They 

found t h a t  s e v e r i ty  of s o i l  i n f e s t a t i o n  had an e f f e c t  on the  chemical 

dosage n ecessa ry  fo r  maximum s ta n d s ,  and, in  some cases ,  they  found th a t  

the  h ig h e s t  s tan d s  occurred  where th e re  was some s tu n t in g  due to
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chemical to x ic i ty , .

Of i n t e r e s t  to  seedsmen i s  the  q u es t io n  of how long a time may 

e lap se  between trea tm en t of seed and p la n t in g ,  Kreitlow e t  a l ,  (10) 

showed t h a t  t r e a t e d  a l f a l f a ,  red  c lo v e r ,  and lad in o  c lover  seed s to red  

30 months under favorab le  co n d it io n s  showed no in ju ry  from Arasan or 

Spergon. They d id  no t show, however, whether the fungic ide  was s t i l l  

e f f e c t iv e  a f t e r  t h i s  pe r iod  of tim e. This a sp ec t  of the problem has 

been in v e s t ig a te d  in  t h i s  s tudy.

The degree of c o m p a t ib i l i ty  between Rhizobium legume Inoculum and 

seed t r e a t i n g  chemicals has  been in v e s t ig a te d  by a number of workers.

In 1936, Buchholtz (3 ) rep o r te d  t h a t  nodules were found on the ro o ts  of 

p la n ts  o f  sev e ra l  legumes grown from both t r e a te d  and in o cu la ted  seed.

In  1944, A l l is o n  and T o rr ie  ( l )  found no in h ib i t i o n  of nodu la t io n  due to  

chemical t re a tm e n t .  Kernkamp (8 ) showed in  1948 th a t  soybean seed t r e a t ­

ment with Spergon, New Improved Geresan, or Semesan J r .  d id  no t a f f e c t  

nodu la t io n  or y ie ld .  He concluded, in  agreement with o th e r  workers, 

t h a t  nodu la t io n  i s  no t a f f e c te d  by seed t re a tm en t or in o c u la t io n  when 

seed i s  p lan ted  in  s o i l  where the nodule b a c te r i a  are a lread y  p re sen t .  

L a te r  experim ents by Kernkamp (9) showed t h a t  the  same p r in c ip le  ap­

p l ie d  to  o th e r  legumes. V l i to s  and P res ton  (.18) found no in d ic a t io n  

t h a t  chemical t re a tm en t in h ib i te d  nodule form ation . In  f a c t ,  they  found 

t h a t  nod u la t io n  of a l f a l f a  and Chinese cowpea was enhanced by Phygon or 

Arasan seed tre a tm e n ts  followed by in o c u la t io n  with Rhizobium. However, 

they  observed, t h a t  n o du la tion  on p la n ts  from t r e a te d  seed occurred only



on l a t e r a l  r o o t s .  In c o n t r a s t , . n o du la tion  on p la n ts  from u n tre a te d  seed 

occurred on ta p  ro o ts  as w e ll  as l a t e r a l  r o o t s .  Sherf and Reddy ( l7 )  

concluded t h a t  in  s o i l s  where b a c te r i a  are  needed, chemical t rea tm en t 

should not be used. However, they be lieved  th a t  soybean-inocu la ting  

b a c te r i a  were p l e n t i f u l  in  most Iowa s o i l s ,

R uhloff and Burton (15) t e s t e d  the c o m p a t ib i l i ty  of Rhizobium with 

s e v e ra l  chem icals . They coated absorbent paper d isk s  w ith seed pro­

t e c t a n t  d u s t s ,  placed the d is k s  on agar p l a t e s  seeded with R hizobiurn, 

and a f t e r  7 days measured the  zones of in h ib i te d  growth surrounding th e ^

d is k s .  They found t h a t  the  i n h ib i t i o n  zone fo r  Arasan and Arasan SF was.

g r e a te r  than  fo r  Spergon and Fhygori, In the  same study, they  t e s t e d  the 

su rv iv a l  of Rhizpbium under s im u la ted . .so i l  co n d itio n s  when mixed with 

chemical in  the  r a t i o  of 2 : 7. Their r e s u l t s  in d ic a ted  t h a t  i f  

in o c u la te d ,  chem ically  coated seeds are p lan ted  in  moist so i l , ,  the num­

ber of Rhizobium which surv ive  may be s u f f i c i e n t  to  b r in g  about e f f e c t  

t iv e  in o c u la t io n ,  bu t t h a t  under d ry e r  co n d it io n s  t h i s  may no t be t r u e .  

In  the  p re se n t  study the  e f f e c t s  of chemical seed t re a tm en t Upon
, I

s tand  e s ta b lish m en t of forage crops have been measured. Y ield  d e te r ­

m inations over a period  of years  would be a more d i r e c t  measure of the 

b e n e f i t  o f  s tand d i f f e r e n c e s  brought about by seed t re a tm e n t .  However, 

s tand counts are not w ithou t v a lue .

In r e s p e c t  t o  c e re a l  seed t re a tm e n t ,  Leukel ( l l )  po in ted  out th a t  

inc reased  s tands  due to  t re a tm en t do not always produce h ig h e r  y ie ld s  

because of in c reased  t i l l e r i n g  o f  the  remaining p la n ts .  However, he

-  13 -
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b e liev ed  t h a t  i f  weeds accompany poor s tan d s ,  trea tm en t u su a l ly  g ives 

inc reased  y ie ld s .  Machacek e t  a l .  ( l 2 ) ,  in  experiments in  Canada, dem­

o n s tra te d  t h a t  under weedy co n d itio n s  small g ra in s  f a i l e d  to  compensate 

fo r  low germ ina tion  by in c reased  t i l l e r i n g .  The y ie ld  o f  g ra in  under 

such co n d it io n s  was r e l a t e d  to  the  number of p la n ts  per p lo t .

Ronningen and Hess ( l4 )  concluded t h a t  stand counts of o ld e r  e s ­

ta b l i s h e d  s tands  were of cons ide rab le  value fo r  determ ining r e l a t i v e  

performance of v a r i e t i e s  of a l f a l f a  in  Maryland. I t  i s  p o ss ib le  th a t  

i n i t i a l  s tan d s  are d i r e c t l y  c o r re la te d  with s tand as the  p la n t in g  ages.

I
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___________ MATERIALS AND;METHODS

High q u a l i t y ,  u n tre a ted  seed, chosen from samples on f i l e  in  the 

Montana Grain In sp e c t io n  L abora to ry , was used throughout t h i s  study.

Three fu n g ic id e s  were t e s t e d :

1. Arasan (50% te tra m e th y l  th iuram  d i s u l f i d e ) .

2 . Spergon (96% te t ra eh lo ro -p a ra -b e n zo q u in o n e ).

3. P i t tsb u rg h  B-856 (50% I , 3 -d i c h I o fo -5 ,5 -d ipheny l 

h y d an to in ) .4 > - - * _  ̂s, » , .

Seed was t r e a t e d  by p lac in g  chemical and seed in  a g la s s  j a r  and 

shaking the j a r  by hand u n t i l  the  chemical was"evenly d i s t r i b u t e d  over 

the  seed. Excess dosage r a t e s  were app lied  by adding an excess of 

chemical to  the  seed in  a j a r ,  shaking , and then  screen ing  o f f  the 

ex cess .  U n ti l  the  f a l l  o f 1956, an excess dosage was app lied  to  a l l  

seed being t r e a t e d  since o th e r  workers ( l , 9 )  were using t h i s  method. 

However, fo r  la b o ra to ry  s o i l  t e s t s  made in  the  f a l l  and e a r ly  w in te r  of 

1956, ^  of I p e rcen t  by weight of chemical was a p p lied .

Huffine s i l t  loam s o i l  from v a r io u s  prev ious croppings, inc lud ing  

corn , small g r a in ,  a l f a l f a ,  g r a s s ,  and fa l lo w , -"was used in  f i e l d  and 

la b o ra to ry  s o i l  t e s t s .

A. F ie ld  T ests

In  a l l  f i e l d  t e s t s ,  100 seeds were p lan te d  ^  to  ■§■ inch deep .in rows 

3 - f e e t  long , spaced I foo t a p a r t .  Randomized block designs  were used 

th roughout excep t fo r  a s p l i t  p lo t  design  used in  the t e s t  which compared
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the  e f f e c t  of the  3 chemicals upon emergence of 20 d i f f e r e n t  crop spe­

c i e s .  Except where otherwise in d ic a te d ,  t e s t s  were r e p l ic a t e d  4 times 

and s tand  counts were taken 2 to  3 weeks a f t e r  p la n t in g .

Commercial Rhizobium inoculum fo r  a l f a l f a  and fo r  b i rd s fo o t  t r e f o i l  

was used in  a p p ro p r ia te  t e s t s .

Seed was in o cu la ted  immediately before  p l a n t i n g , a s  recommended by 

the inoculum m anufacturer . In o c u la t io n  never preceded chemical t r e a t ­

ment. ' When ap p lied  to  the  seed , a small amount of inoculum was placed 

in  an envelope w ith  the  seed; the  envelope was then shaken to  d i s t r i b u t e  

inoculum over the seed. S o il  in o c u la t io n  was accomplished by mixing a 

small amount o f  inoculum in to  the  p la n t in g  row.

B. Laboratory  S o il  T ests

A ll la b o ra to ry  s o i l  t e s t s  were made in  1-g- x x 5 inch p l a s t i c  

boxes. The e q u iv a len t  of 500 grams of oven-dry s o i l  was used in  each 

box. S o il  was sieved through a l / l 2  inch round-holed s iev e .

F ie ld  c a p a c i ty  of the s o i l  was determined by allow ing w ater to  

p e n e tr a te  down in to  a c o n ta in e r  of a i r - d r y  s o i l  u n t i l  p e n e tra t io n  

ceased. The moisture percentage  of the  upper la y e r  of s o i l  was defined 

as f i e l d  c a p a c i ty .

F ie ld  c a p a c i ty  of Huffine s i l t  loam was about 30 p e rc e n t ,  based on 

oven-dry s o i l  w eigh t. T h i r ty  pe rcen t was used as the  wet s o i l  moisture 

l e v e l .  B ringing  the s o i l  to  t h i s  m oisture and p la n t in g  the seed were 

done in  one o p e ra t io n ,  ( f ig u re  I ).
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2. About h a l f  o f  the  remaining 

s o i l  i s  added.

3. Water i s  added to  b r in g  to  

f i e l d  c ap a c i ty .

I .  One hundred seeds are 

pressed in to  su rface  of 

l / 5  of s o i l .

4 . Remainder of s o i l  i s  

placed in  box, le v e led ,  

and pressed .

5. Box i s  covered to  reduce 

water lo s s  by ev ap o ra tio n .

Figure I .  Method of p la n t in g  la b o ra to ry  s o i l  t e s t s  a t  f i e l d  cap ac ity



18 -

Dry s o i l  t e s t s  were made in  s o i l  a t ,15 p e rcen t  m ois tu re . So il 

m oisture  was r a i s e d  to  15 p e rc en t ;b y  adding a c a lc u la te d  amount of 

w ater to  the  s o i l .  A f te r  w ater was added, the  s o i l  was allowed to  

s tan d ,  excep t fo r  occas iona l s ie v in g ,  fo r  a t  l e a s t  24 hours  before  seeds 

were p la n te d .  When necessary, s o i l  was d r ie d  in  a  ̂crop h o t  a i r  dryer,- 

S o il  m oisture d e te rm in a tio n s  made a f t e r  p la n t in g  showed "dry" s o i l  mois­

tu re  con ten t to  range from 14-16 p e rc en t ,  c lose  to  the  d e s i r e d  15 

p e rc en t .  ^

, One hundred seeds were p lan ted  in  each box. Seeds were p lan ted  on 

top  of o n e - f i f th  of the s o i l  and covered by the o th e r  f o u r - f i f t h s .  This 

gave a uniform p la n t in g  depth of I inch . Tests, were made in  s tandard  

seed ge rm ina to rs .  Temperature was c o n tro l le d  as fo llow s:

2 days a t  20° C.

10 days a t  IO0 C.

10 days a t  20° C.

Sprouts  were counted a f t e r  the  10-day p eriod  a t  10G_ C.

The s te p s  taken  to  p la n t  seed in  wet s o i l  are shown in  f ig u re  I .  

P lan ting  in  dry s o i l  was done in  the same manner except t h a t  s tep s  2

and 3 were om itted .



C. Laboratory  B lo t t e r  T ests

Standard la b o ra to ry  germ ination  t e s t s  were made in  accordance w ith _ 

the Rules fo r  T es ting  Seeds o f  the A sso c ia t io n  of O f f i c i a l  Seed,A nalysts 

(2)o Four hundred seeds o f  each l o t  were te s t e d  in  4 r e p l i c a t e s  of 100 

seeds . Legumes were p lan ted  between- w ater-m oistened b l o t t e r s  and ger­

minated a t  a co n s tan t  20® C. G rasses were p lan ted  on top  o f  b l o t t e r s  

moistened w ith a 0 .2  pe rcen t s o lu t io n  of KNOg, p re c h i l le d  a t  5° C. fo r 

5 days, and germinated a t  an a l t e r n a t in g  tem perature  of 20-30° C. Nor­

mal and abnormal sp ro u ts  and hard  seeds were c l a s s i f i e d  as d i r e c te d  in  

the  Rules fo r  T es ting  Seeds (2 ) .

C o n tro lled  m oisture b l o t t e r  t e s t s  were made in  Lg- x 4-g- x 5 inch 

p l a s t i c  boxes. A s in g le  b l o t t e r ,  4 x 4 - ^  in ch es ,  was placed in  the  bo x , 

and measured amounts of w ater were then added with a b u r e t t e .  A 2-day 

in t e r v a l  between adding the w ater and p la n t in g  the seed was allowed so 

t h a t  the  w ater moistened the e n t i r e  b l o t t e r .  A ll boxes were covered to  

reduce e v ap o ra tio n .

— 19 — ■ •'

D. Laboratory  Aqar P la te  T ests

A la b o ra to ry  t e s t  Of R hizobium-chemical c o m p a t ib i l i ty  was made to  

supplement f i e l d  t e s t s  of c o m p a t ib i l i ty .  A young, a c t iv e  c u l tu re  of 

b i r d s f o o t  t r e f o i l  Rhizob iurn'bac t e r i a was te s t e d  fo r  c o m p a t ib i l i ty  with 

each of the  th re e  chem icals . To insu re  co n tac t  of Rhizobium and 

chemical, measured q u a n t i t i e s  of both were placed in  500 m i l l i l i t e r s  

o f  w ater and mixed in  a Waring Blender fo r  20 seconds. A 2 $ 7



Rhizobium : Chemical r a t i o  was used since Ruhloff and. Burton ( l5 )  had 

chosen t h i s  r a t i o .  The mixture was immediately moved from the Waring 

B le n d e r . to  an au tom atic  shaker to  keep the b a c te r ia  and,chem ical in 

c o n ta c t .  At in t e r v a l s  of l-§-, 5, .10, and 15 m inutes, t r a n s f e r s  were made 

w ith a p ip e t te  from the  mixture in to  d i s t i l l e d  w a ter .  D ilu t io n s  of I s 

100, I s 1000, I j 10,000, and I s 100,000 were made. A check, con- • 

t a in in g  no chem ical, was used through the e n t i r e  procedure.

One m i l l i l i t e r  of s o lu t io n  from each d i l u t i o n  of each trea tm en t 

was t r a n s f e r r e d  in to  a s t e r i l e  p e t r i  d i s h .  Melted mannitol agar was 

then  a d d e d . . The d ish  was sw irled  and allowed to  s tand fo r  3 days, a t  

which time colony counts were made.

— 20 —
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RESULTS

Comparison of Chemicals

The th re e  chemical seed t r e a t i n g  compounds were compared in  f i e ld  

and la b o ra to ry  t r i a l s .  Table I  b r in g s  to g e th e r  the r e s u l t s  of chemical 

comparisons igno ring  any in te r a c t io n s  t h a t  may have occurred in  the 

in d iv id u a l  t e s t s .

F ie ld  comparisons rev ea led  no s ig n i f i c a n t  d i f f e r e n c e s  be tw een 'the  

th re e  chem icals , w ith one ex cep tio n . In t e s t  2, w ith a l f a l f a ,  Arasan 

tre a tm en t s i g n i f i c a n t l y  lowered emergence. In  none of the  o th e r  f i e ld  

t e s t s  were d i f f e r e n c e s  between chem ically  t r e a te d  and u n tre a ted  seed 

s i g n i f i c a n t .  ‘

In  la b o ra to ry  s o i l  t e s t s  P it tsb u rg h  B-856 appeared to  be the  b e s t  

fung ic ide  fo r  a l f a l f a  and Arasan the b e s t , f o r  c re s te d  w heatgrass .

The h ig h e r  emergence of a l f a l f a  seed t r e a te d  w ith  P i t tsb u rg h  B-856 in 

t e s t s  8 and 9 was s i g n i f i c a n t  when compared w ith emergence of seed 

t r e a te d  w ith  Arasan. There was no s i g n i f i c a n t  d i f f e re n c e  between Arasan 

and Spergon tre a tm e n ts  in  th ese  t e s t s  or between any of the chemical 

t re a tm e n ts  in  the  o th e r  la b o ra to ry  s o i l  t e s t s .  The u n tre a ted  check 

was s i g n i f i c a n t l y  lower than  the  3 chemical t rea tm en ts  in  a l l  lab o ra to ry  

s o i l  t e s t s  excep t 2 ( c r e s t e d  w heatg rass , t e s t s  7 and 9 ) .  In  t e s t  7, 

the  u n tre a ted  check was s i g n i f i c a n t ly  lower than  Arasan and P i t tsb u rg h  

B-856, bu t was not s i g n i f i c a n t l y  d i f f e r e n t  from Spergon trea tm en t 

(Table I ) .



In  every  t e s t  on b l o t t e r s  excess Spergon trea tm en t lowered 

ge rm ina tion . This was t ru e  in  s tandard  germ ination  t e s t s  ( t e s t  12) 

w ell as in  c o n t ro l le d  m oisture b l o t t e r s  t e s t s ' ( t e s t s  10 and 11).



Table: I .  E f f e c t  of chemical seed trea tm en t on germ ination , emergence,■ 
and s tand  e s ta b l ish m e n t .

....... - .2 3  -  .

Seed t r e a t i n g  compound'
P i t t s -

Test Number of burgh Un-
No. Cr OD samDlesi/ ' Arasan Soeroon B-856 t r e a t e d

F Te I d e t e s t s— percen t emeroence
I A lfa l f a 16- 16- 16-  83/ 32 33 35 33

2 A lfa l f a 12-12-12- 4 32* 37 43 41
3 C rested

w heatgrass 8-  8-  8-  8 18 15 21 16
4 B ird s fo o t

t r e f o i l ^ / 12- 12- 12-12 9 8 8 9

5 10 legumes 40-40-40-40 11 9 10 11

5 10 g ra s se s 40-40-40-40 20 16 . . 15 18

* Laboratory  s o i l  t e s t s — p e r c e n t .emeroence
6 A lfa l f a 6-  6-  6-  2 25* 20* 25* 5
7 C rested

w heatgrass 4 - 4 -  4- 2 79* 65 75* 55
8 A lf a l f a 20- 20- 20-20 50* ' 45* 62* 27

9 A lf a l f a 20- 20- 20-20 30* 26* 34* 19
9 C rested

w heatgrass 20- 20- 20-20 68 65 64 62 .
Germination on b l o t t e r s

10 4 legumes 48-48448-24 86 72* 85 86
11 4 legumes

and I g ra s s 40-40-40-20 79 63* 68 72

. # 2 10 legumes 40-40-40-40 66 52* ■ 65 65
12 10 g ra s se s 40-40-40-40 80 77* 79 80

^ S ig n i f ic a n t ly  d i f f e r e n t  from the u n tre a ted  check a t  5% l e v e l ,
I /  Number of samples or r e p l i c a t i o n s  used to  e s t a b l i s h  the  means fo r 

each seed t re a tm e n t ,  Arasan,- Spergon, P it tsb u rg h  B-856 and un- 
, t r e a t e d  r e s p e c t iv e ly ,

2J  Percen t s tand e s ta b l ish m e n t ,
■2/ A 1955 f i e l d  t e s t .  A ll o th e r  f i e l d  t e s t s  were made in  1956.



The E f fe c t  o f  Excess Chemical Treatm ent

The lowered germ ination  of S p e rg g n - t r e a te d s e e d  in _ la b o ra to ry  b lo t ­

t e r  t e s t s  (Table I ) led  to  an in v e s t ig a t io n  to  determine' i f  d i f f e r e n c e s  

in  germ ination  were due to  d i f f e r e n c e s  in  chemical t o x i c i t y  or to  d i f ­

fe ren ces  in  the  amount o f  chemical s t ic k in g  to  the seed. There was e v i ­

dence t h a t  more than the  recommended pe rcen t r a te  might be s t ic k in g  

when chemicals were app lied  in  excess and th a t  the  chemicals d i f f e r e d  in  

■ s t i c k in g  c ap a c i ty .

To determine how much chemical was adhering to  seed of d i f f e r e n t  

c rops , 4 l o t s  o f  each of 6̂ crops were t r e a te d  with an excess of each, of 

the  3 chem icals . Each tre a tm en t was r e p l i c a t e d  th re e  t im es . The per­

cen t of chemical adhering to  the  seed was then determ ined. Treated seed
' ■ ■ r  - ■ .

weight minus u n tre a ted  seed weight d iv ided  by the u n trea ted  seed weight 

eq u a ls  the  p e rcen t  o f  chemical adhering .

. The a n a ly s is  of va riance  t a b le  of t h i s  experiment i s  shown in 

•Table I I  and the p e r t in e n t  means are shown in  Table I I I .

More chemical adhered to  seed of the  g ra s se s  than to  seed of legumes,
I

The l e a s t  amount of chemical adhered to  r e g u la r ly  shaped, smooth seed of 

b ird s foO t t r e f o i l .  Nearly f ive  tim es as much Spergon as Arasan adhered 

to  seed (Table I I I ) . ,

D i f f e re n t  l o t s  of seed o f tim othy , c re s te d  w heatg rass , lad ino  

c lo v e r ,  and b i rd s fo o t  t r e f o i l  r e ta in e d  d i f f e r e n t  q u a n t i t i e s  of chemical. 

The d i f f e r e n t  l o t s  o f  a l s ik e  c lover and c re s te d  w heatgrass seed v a ried  

in  the  amounts of d i f f e r e n t  chemicals they  re ta in e d  (Table I I ) .  In

-  24 -
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Table I I .  A nalysis  of va riance  of pe rcen t chemical adhering  to  seed 
when ap p lied  in  ex cess ,  based on u n tre a ted  seed w eight, 
( t e s t  15).

Source of 
V a r ia t io n

Degrees of 
Freedom

"Mean
Sauare

Crops 5 36.3453**
Chemicals 2 378.9252**
Crops x Chemicals 10 6,3242**
Lots w ith in  crops 18 5.5846**

A l f a l f a  l o t s 3 .6544
A lsike  c lo v er  l o t s 3 2.3877
Timothy l o t s 3 3.6803*
C rested  w heatgrass  l o t s 3 11. 6180**
Ladino c lo v er  l o t s 3 11.3752**
B ird s fo o t  t r e f o i l  l o t s 3 3.7921*

Lots w ith in  crops x chemicals 36 1.9604*
A lfa l f a  l o t s  x chemicals 6 .7532
A ls ike  c lo v er  l o t s  x chemicals - 6 3.2716* •
Timothy l o t s  x chemicals ' 6 .5047
C rested  w heatgrass  l o t s  x chemicals ■ 6 3.4425**
Ladino c lo v er  l o t s  x chemicals 6 2.0194
B ird s fo o t  t r e f o i l  l o t s  x chemicals . 6 1.7710

E rro r 144 1.1341

* S ig n i f i c a n t  a t  5% le v e l
** S ig n i f ic a n t  a t  1% l e v e l
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Table I I I .  Mean p e rcen t  chemical adhering to  seed when app lied  in  
ex cess ,  based on u n trea ted  seed weight ( t e s t  15).

Crop Seed l o t Arasan

Chemical

Soeraon

P i t t s ­
burgh
B-856

Crop
Averaae

A lfa l f a I 0 .7 4 .2 1.9
2 0.1 5 .9 2 .3
3 0.9 5 .4 2 .0
4 0.5 4 .8 2 .6

Average of 4 l o t s 0 .6 5.1 2 .2 2,63

A lsike I 1.3 6 .0 2 .8
c lover 2 1.2 8 .8 2 .7

3 0 ,6 5 .6 2 .8
4 1 .0 5 .6  - 4 .2

Average of 4 l o t s 1 .0 6 .5 3,1 3,55

Timothy I 2.1 6 .6 5 .2
2 2.1 5 .5 4 .7
3 1.5 4 .2 3 .7
4 2.4 5 .6 5 .3

Average of 4 l o t s 2 .0 5 .5 4 .8 4.08

C rested I 2 .0 10.2 5 . 1
w heatgrass 2 1 .6 5 .2 2 .6

3 2 .4 • 8 .7 4.1
4 1.8 8 .5 5.4

Average of 4 l o t s 1.8 8 .2 4 ,3 4.80

Ladino I 0.9 4 .6 1 .7
c lover 2 0.8 4.1 1.5

3 1 ,0 6 .4 2.1
4 1.4 8 .0 4 .5

Average of 4 l o t s 1 .0 5 .8 2 .4 3.07

B ird s fo o t I 0 .8 3.8 1.7
t r e  f o i l 2 0 .2 1.9 0.9

3 1 .2 3 .8 2 .4
4 0.4 5 .3 1 .6

Average of 4 l o t s 0 .7 3 .7 1.7 2.02

Chemical average 1.21 5.78 3.08
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genera l  th ese  d i f f e r e n c e s  were small as compared with.-the d i f f e r e n c e s  in  

chemicals and in  sp ec ie s .

Treatment percentage ranged from I pe rcen t to  10.2 p e rc en t .  I t  

appears t h a t  the  amount of chemical adhering when an excess of chemical 

i s  app lied  to  seed w i l l  depend upon the kind of chemical being ap p lied ,  

the  crop , the  p a r t i c u l a r  l o t  of seed of t h a t  crop being t r e a t e d ,  and 

perhaps o th e r  f a c to r s .

The amount o f  w ater a v a i la b le  to  t r e a t e d  seed being t e s t e d  in  

la b o ra to ry  b l o t t e r  t e s t s  may a f f e c t  the  degree of chemical co n cen tra t io n  

immediately around the seed. A h igher  c o n ce n tra t io n  may inc rease  chem­

i c a l  t o x i c i t y .  To t e s t  the  e f f e c t  of m oisture le v e l  on germ ination  of 

t r e a te d  seed , the  c r i t i c a l  m oisture le v e l  fo r  germ ination  of crops to  be 

t e s t e d  was found. Four u n tre a ted  seed l o t s  of each of 6 crops were 

p lan ted  in  c o n tro l le d  m oisture b l o t t e r  t e s t s .  S ig n i f ic a n t  d i f f e r e n c e s  

were found to  e x i s t  between germ ination  percen tages  a t  d i f f e r e n t  moisture 

l e v e l s  (Table IV). Lots w ith in  a l f a l f a . a n d  c re s te d  w heatgrass  showed 

d i f f e r e n t  m oisture re sp o n ses ,  but th e re  were no s ig n i f i c a n t  d i f f e r e n c e s  

between m oisture  responses  o f  l o t s  w ith in  the  o the r  crops (Table V).

Based on these  r e s u l t s ,  6 m i l l i l i t e r s  o f  w ater was used as the 

m oisture le v e l  fo r  t e s t i n g  the  e f f e c t  of m oisture on germ ination  of 

t r e a te d  seed ( t e s t s  10 and 11, Table V I)- i/ .

In t e s t  I l , a l f a l f a ,  a l s ik e  c lo v e r ,  lad in o  c lo v e r ,  b i rd s fo o t  t r e ­

f o i l ,  and tim othy  were t e s t e d .  Timothy was no t included in  t e s t  10.
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Table IV, Mean germ ination  percentage of 3 r e p l i c a t i o n s  of 4 l o t s
o f 6 crops t e s t e d  on b l o t t e r s  a t  5 moisture le v e l s  ( t e s t  14),

Croo
M i l l i l i t e r s of water added to  b l o t t e r s
7 ml. 6 ml , 5 ml. 4 ml. 3 ml.

Ladino c lover 83 85 78 . 60 4

A lfa l f a 88 84 77 58 2

A ls ike  c lover 87 86 81 54 7

B ird s fo o t  t r e f o i l 60 66 46 27 4

C rested  w heatgrass 87 84 33 12 O

Timothy 86 79 74 O O

Average 82 81 54 35 3

Vl
■



Table V A nalysis  o f  va riance  of germ ination  percentage o f  3 
r e p l i c a t i o n s  o f  4 l o t s  o f  6 crops t e s t e d  on b l o t t e r s  a t  
5 m oisture le v e l s  ( t e s t  14).

Source of 
V a r ia t io n

Degrees of 
. Freedom

Mean
Square

Crop 5 9,731.071**
Moisture le v e l 4 79,374.452**
Crop x m oisture  le v e l 20 2,783.686**
Lots w ith in  crops 18 929.585**

A lf a l f a  l o t s 3 1,908.333**
A lsike  l o t s 3 3 544.923**
Ladino l o t s :> 3 288.411*
Timothy l o t s : 3 289.305*
C rested  w heatgrass  l o t s 3 1,598.978**
B ird s fo o t  t r e f o i l  l o t s . 3 947.528**

Lots w i t h i n . crops x m oisture le v e l  . 72 138.393
-A lfa lfa  l o t s  x m oisture le v e l ’ 12 202.520**
A lsike  l o t s  x m oisture le v e l ■ '12 130.366
Ladino l o t s  x m oisture le v e l " 12 55.383
Timothy l o t s  x m oisture le v e l  
C rested  w heatgrass  l o t s  x

... ...12 101.861

m oisture le v e l  
B ird s fo o t  t r e f o i l  l o t s  x

1 12 215.102**

m oisture  le v e l :■ .12 125.125
E rro r 240 83.647

*

**
S ig n i f i c a n t  a t  5% le v e l  
S ig n i f ic a n t  a t  1% l e v e l
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Two r a t e s  o f  t re a tm e n t  and 2 m oisture le v e l s  were used in  both t e s t s .

T es ts  10 and 11 were conducted in  the  c r i t i c a l  m oisture range for 

germ ina tion , t h i s  i s  evidenced by s ig n i f i c a n t  d i f f e r e n c e s  in  germina­

t i o n  due to  m oisture le v e l  (Table V I I ) .  The dep ress ing  e f f e c t  of ex­

cess  Spergon was not a f fe c te d  by m oisture l e v e l .  However, the  de­

p re s s in g  e f f e c t  o f  the  recommended dosage r a t e  of Spergon appeared to  be 

overcome a t  a high m oisture l e v e l .  F u r the r  t e s t i n g  of t h i s  p o in t  might 

be of v a lu e .

Laboratory  s o i l  t e s t s  comparing the  e f f e c t  of m oisture le v e l  on 

emergence of seed t r e a te d  w ith recommended dosages of chemical were a lso  

conducted. Mean r e s u l t s  are p resen ted  in  Table V III and the analyses  

o f  va rian ce  in  Tables IX and XVII. I t  w i l l  be noted t h a t  the  mean 

s q u a re s . fo r  chemical seed tre a tm en t and fo r  chemical seed trea tm en t by 

m oisture  le v e l  In te r a c t io n  are  s i g n i f i c a n t  fo r  both t e s t s .  Chemical 

seed tre a tm e n t  d i f f e r e n c e s  in  dry s o i l  were sm all,  a lthough the de­

creased  emergence of P i t tsb u rg h  B-856 in  t e s t  9 was s ig n i f i c a n t .  In  wet 

s o i l  a l l  chemical seed tre a tm e n t  means were s i g n i f i c a n t ly  h ig h e r  than 

the  u n tre a ted  checks P i t t sb u rg h  B-856 and Arasan tre a tm en ts  gave s ig ­

n i f i c a n t l y  h ig h e r  emergence than  Spergon.

l /  Seven m i l l i l i t e r s  of w ater absorbed by a 4 x 4-g- inch b l o t t e r  
approximates optimum m oisture le v e l  fo r  the standard germina­
t i o n  procedure.



Table VI . The mean" pe rcen t germ ination  o f  4 and 5 crops r e s p e c t iv e ly  
in  t e s t s  10 and 11 when t r e a t e d  a t  2 r a t e s  of chemical and
germinated on b l o t t e r s  a t 2 m oisture le v e l s .

............

Seed M i l l i l i t e r s  of w ater app lied  to  b l o t t e r s
Treatment • ■ Rate of T es t 10 Test 11
Chemical Treatment 13 ml. 6 ml. 13 ml. 6 ml.

Germination percentaae

Arasan .5% 86 86 88 64
Arasan Excess 87 85 87 75

Spergon .5% 82 69 80 52

Spergon Excess 72 • 64 65 54

P i t t .  B-856 .5% 86 83 84 53

P i t t .  B-856 Excess 88 85 83 52

U ntrea ted None 86 86. 82 .62



Table VII . A nalysis  of va rian ce  of t e s t s  o f  chem ically  t r e a t e d  seed, 
conducted in  the  c r i t i c a l  m oisture range fo r  germ ination 
( t e s t s  10 and 11

....................... -  32 -

' ,• . ,Test IQ '______  Test .11_______ _
Source of Degrees of Mean Degrees of Mean
V a r ia t io n ___________ Freedom_________Square Freedom Square

Crop .3 6,368.40** 4 11,540.66**

Chemical seed 
trea tm en t 6 1,256.35** 6 993.15**

Moisture le v e l I 676.01** . I 17,094.35**

Crop x m oisture 
le v e l  . 3 153.67 4 1,167,80**

Crop x Chemical 
seed tre a tm en t 18 488.32** 24 589.21**

Moisture le v e l  x 
chemical seed 
trea tm en t 6 119.88 6 361.12

Crop x m oisture 
le v e l  x chemical 
seed tre a tm en t 18 75.10 24 ■ 253,60

E rro r 112 93.38 70 277.36

I /
S ig n i f ic a n t  a t  1% l e v e l .
For the  purpose of a n a ly s i s ,  each of the 2 r a t e s  of each 
chemical and the u n tre a ted  check were considered as in d iv id u a l  
t re a tm e n ts .
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Table VIIT. Average p e rcen t  emergence of chem ically  t r e a te d  and 
u n tre a ted  a l f a l f a  and c re s te d  w heatg rass ,  p lan ted  in 
wet and dry  s o i l  in  the  la b o ra to ry  ( t e s t s  9 and 13).

Chemical seed 
Treatment

S o i l  moisture 
29-31%
Moisture

le v e l
14-16%
Moisture

T est 9V

Arasan 63** 35

Spergon 55** 36

P i t t .  B-856 68** 29* , ’

U ntrea ted 47 33

T est 132/

P i t t .  B-856 62** 13

U ntrea ted 27'^' 9

* S ig n i f i c a n t ly  d i f f e r e n t  from the  u n tre a ted  check a t  the  5% le v e l .
** S ig n i f i c a n t ly  d i f f e r e n t  from the u n tre a ted  check a t  the  1% l e v e l .
I /  Each va lue  i s  an average fo r  2 samples and 5 s o i l s  w ith  d i f f e r e n t

cropping h i s t o r i e s ,  fo r  both a l f a l f a  and c re s te d  w heatg rass ,  or a
. t o t a l  o f  20 in d iv id u a l  sam p les .-

2 /  Each value i s  an average fo r  4 samples and 5 s o i l s  w ith  d i f f e r e n t  
cropping h i s t o r i e s  fo r  a l f a l f a  only , or a t o t a l  o f 20 in d iv id u a l  
samples.
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Table IX. A nalysis  o f  va rian ce  of la b o ra to ry  s o i l  t e s t  o f a l f a l f a  
and c re s te d  w heatgrass  seed ling  emergence ( t e s t  9 ) .

Source of i,
V a r ia t io n

Degrees of 
Freedom

Mean
Square

Previous crop on s o i l 4 804.38**
Chemical seed trea tm en t 3 702.84**
Moisture le v e l I 24,527.26**
Crops I 56,137.56**
Previous crop on s o i l  x crop 
Previous crop on s o i l  x

4 326.67**

m oisture  le v e l  
Chemical seed tre a tm e n t  x

4 249.05**

m oisture le v e l 3 1,134.01**
Chemical seed t re a tm en t x crop 3 301.21**
Moisture le v e l  x crop 
Previous crop on s o i l  x chemical

I 3,141.76**

seed tre a tm en t
P revious crop on s o i l  x chemical 

seed t re a tm e n t  x m oisture

12 72.54

l e v e l
Previous crop on s o i l  x chemical

12 129.89

seed t re a tm e n t  x crop 
Previous crop on s o i l  x m oisture

12 107.94

le v e l  x crop 4
Chemical seed t re a tm en t x m oisture

67.15

le v e l  x crop
Previous crop on s o i l  x chemical 

seed t re a tm en t x m oisture

3 73.71

le v e l  x crop 12 155.26
E rro r 80 81.74

** S ig n i f i c a n t  a t  1% l e v e l .



The dep ress in g  e f f e c t  of Spergon on germ ination  in  b l o t t e r  t e s t s  

was not. ev id en t  in  s o i l  t e s t s . .  This leaves  r e s u l t s  of s tanda rd  germina­

t io n  t e s t s  o f  S pergon- trea ted  seed open to  q u es t io n ,  since the  germina­

t i o n  of seed on b l o t t e r s  i s  used as the b a s is  fo r  determ in ing  seeding 

r a t e .

In Montana, g ra s s  and legume seeds are  o f ten  exposed to  co ld ,  wet 

c o n d i t io n s ,  e s p e c ia l l y  when they  are p lan ted  e a r ly .  These d a ta  in d ica te  

t h a t  t re a tm en t under co ld , wet co n d it io n s  i s  of more value than t r e a t ­

ment under cold* dry co n d i t io n s .

Time o f Treatment

The leng th  o f  time e la p s in g  between seed trea tm en t and p la n t in g  was 

in v e s t ig a te d  from two p o in ts  o f  views

1. The e f f e c t  o f  time on seed v i a b i l i t y .

2. The e f f e c t  o f  time on the fu n g ic id a l  value of 

the  chem icals.
/

Seed v i a b i l i t y ,  as measured by s tandard  germ ination  t e s t s  of 

t r e a t e d  a l f a l f a  seed , was no t s i g n i f i c a n t l y  d i f f e r e n t  from v i a b i l i t y  of 

u n tre a ted  seed a f t e r  the  seed was s to red  in  the  la b o ra to ry  fo r  I year 

(Table X).

The a n a ly s is  o f  v a r ian ce  given in  Table X showed no s ig n i f i c a n t  d i f ­

fe re n ce s  due to  length, of time of tre a tm en t before  p la n t in g .  The chem­

ic a l s  were s im i la r  in  t h i s  re g a rd .  I t  may be concluded t h a t  the

-  35 -
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f u n g ic id a l  va lue  of the  th re e  chemicals was not a f fe c te d  by time of 

t re a tm e n t .  This in d ic a te s  t h a t  th e re  i s  no problem a sso c ia te d  w ith "  

s to r in g  seed t r e a t e d  w ith Arasan, Spergon, or P it tsb u rg h  B-856.

C o m p a tib i l i ty  of Chemical Fungic ides with Rhizobium 

F i e l d . t e s t s  o f  a l f a l f a  and b i fd s fo o t  t r e f o i l  in d ic a ted  apparent 

c o m p a t ib i l i ty  between Rhizobium nodule-forming b a c te r ia  and the chemical 

fu n g ic id e s .  Mean d i f f e r e n c e s  in  emergence of Rhizobium in o cu la ted  and 

un inbcu la ted  a l f a l f a  grown in  1955 were not s i g n i f i c a n t  (Table X I). 

Examination of p la n t  ro o ts  showed abundant nodu la tion  r e g a rd le s s  of 

in o c u la t io n  or t re a tm e n t .  I t  i s  p o ss ib le  t h a t  a l f a l f a  Rhizobium were; 

p l e n t i f u l  in  the  soil,. For tfyis reason  b i r d s f o o t  t r e f o i l  was used to  

t e s t  c o m p a t ib i l i ty  in  1956. B ird s fo o t  t r e f o i l  i s  r e l a t i v e l y  new to  t h i s  

reg io n  and the  sp ec ie s  of Rhizobium which w i l l  form ro o t  nodules on i t  

must be provided in  the form of commercial inoculum i f  nod u la t io n  i s  to  

take  p la c e . Mean r e s u l t s  of d a ta  c o l le c te d  in  t h i s  experiment are shown 

in  Table XII and the a n a ly s is  of va riance  i s  p resen ted  in  Table X III i  

There were no s i g n i f i c a n t  d i f f e r e n c e s  in  f i e l d  s tands  2 -̂ months 

a f t e r  p la n t in g  due to  t re a tm en t or to  in o c u la t io n  (Table X I I I ) .

In o c u la t io n  on seed or in  s o i l  s i g n i f i c a n t l y  inc reased  the  percen t 

of p la n ts  in  flower 2 -̂ months a f t e r  p la n t in g .  Chemical seed trea tm en t 

means were not s i g n i f i c a n t l y  d i f f e r e n t .  P i t tsb u rg h  B-856, the chemical 

seed t re a tm en t g iv ing  the h ig h e s t  pe rcen t o f  p la n ts  in  flower when pre­

sen t on un inocu la ted  seed or seed p lan ted  in  inocu la ted  s o i l ,  r e s u l te d  

in  the  lowest pe rcen t o f  p la n ts  in  flower when seed was in o cu la ted  with



Table X. E f fe c t  of length  o f  time e lap s in g  between chemical seed 
tre a tm e n t  and p la n t in g  on germ ination  and emergence.
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Test
No.

Crop and 
Year

Time of 
T rea tm en t! /

No. of 
R ep lica ­
t io n s

Ap 3—
san

Chemical seed 
Sper- P i t t ,  
gon B-856

trea tm en t
Un­
t r e a te d

Percent emergence in f i e l d  t e s t s
I A l fa l f a 4

1955 2 30 33 36
0 34 34 34 33

2 A lf a l f a 4
1956 12 37 35 43

I 24 41 43
0 .36 36 44 41

3 C rested ■ 4
w heatgrass 2 18 14 21
1956 0 17 15 21 16 '

Fbrcent emergence in  la b o ra to ry s o i l  t e s t s
6 A lf a l f a 2

1956 18 31 33 22
6 26 13 38
0 19 14 17 5

7 C rested 2
w heatgrass 2 18 14 211956 0 17 15 21 16

P ercen t germ ination  in  b l o t t e r  t e s t s
13 A lf a l f a 4

1956 12 74 73 75 75

14 C rested 4
w heatgrass 5 85 93 91 921957

15 A lf a l f a 4
1957 5 ' 86 81 79 85

Number o f  months e la p s in g  between seed t re a tm en t and p la n t in g .
J



J
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Table XI. The e f f e c t  o f  in o c u la t io n  with Rhizobium of chem ically  
t r e a te d  seed on the emergence o f  a l f a l f a  in  1955 f i e l d  
t e s t s  ( t e s t  1 )1 / .

Chemical seed trea tm en t
Rhizobium
In o c u la t io n Arasan Soer cj on

P i t t .
B-856

Un­
t r e a te d

Inocu la ted  on seed 32 34 34 34

Not in o cu la ted 32 33 37 32

Values r e p re se n t  average p e rcen t  emergence of 4 r e p l i c a t i o n s .



Table X II. Mean v a lu es  fo r  b i rd s fo o t  t r e f o i l  e s ta b lish m en t,  m a tu r i ty ,  
and n o du la tion  in  f i e l d  t e s t s  of in o cu la ted  and chem ically  
t r e a t e d  seed ( t e s t  4 ) .
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Method of 
in o c u la t in g  
w ith  Rhizobium

. Seed trea tm en t

AveraoeArasan Soeroon
P i t t .
B-856 U ntrea ted

Percent o f seed p lan ted  e s t a b l i s h in o  p la n ts

On seed 6 8 11 9 9
In s o i l 12 8 7 12 10
None 11 6 8 • 5 7

Average 9 8 S 9

P ercen t of p la n ts in  flower

On seed 46 53 27 32 40*
In  s o i l 48 15 54 35 38*
None 21 5 . 50 22 22

Average 39 21 44 26

Nodulation; score

On seed 4.12 3.11 2.89 3.41 '3 ,38**
In  s o i l 3.68 3.31 3.58 3.22 3.45**
None 1.37 1.53 2.35 1.93 1.79

Average 3.06 2.65 2.94  . 2.85

* S ig n i f i c a n t ly  h ig h e r  than the  un inocu la ted  check a t  the 5%.le v e l .
** S ig n i f i c a n t ly  h ig h e r  than the un inocu la ted  check a t  the 1% l e v e l .
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Table X II I .  A nalysis  o f  va rian ce  of the e f f e c t  o f"Rhizobium 
in o c u la t io n  and chemical seed tre a tm en t on f i e ld  
s tan d , h o du la tion  s c o r e , and p e rcen t  p la n ts  in  
flower of b i r d s f o o t  t r e f o i l  ( t e s t  4 ) .

Source of 
V a r ia t io n

Degrees of 
Freedom

F ie ld
Stand

Mean sauares
Modulation Percent p la n ts
Score in  flower ■

R e p l ica t io n 3 79.3* 1.01 137.9

Chemical seed
trea tm en t 3 8 .0 0.35 1,113.8

Rhizpbium
in o c u la t io n 2 1 9 .0 , 14.02** 1,604.7*

In o c u la t io n  x 
chemical seed 
trea tm en t 6 27.7 0.87 1 ,132.2*

E rro r 33 25.6 0.48 413.8

* S ig n i f ic a n t  a t  5% l e v e l .
**■ S ig n i f ic a n t  a t  1% l e v e l .



Rhizobium.. This in d ic a te s  an e f f e c t iv e  fu n g ic id a l  a c t io n  of .the  chemi­

c a l ,  bu t a lack  of c o m p a t ib i l i ty  of t h i s  chemical and Rhizobium. Re­

s u l t s  w ith  Spergon were the  o p p o s ite ,  in d ic a t in g  poor fu n g ic id a l  a c t io n  

bu t good c o m p a t ib i l i ty  w ith  Rhizobium (Table X I I ) .

Roots o f  the b i r d s f o o t  t r e f o i l  p la n ts  were examined fo r  nodules.

A system of sco ring  p la n ts  fo r  nodu la tion  was e s ta b l i s h e d .  Scoring was 

based on:,the . r e l a t i v e  number; of nodules, p e r ,  in d iv id u a l  ,plant... A zero 

score was given when no nodules were p re sen t  and a score of 5 was given 

to  p la n ts  possess ing  la rg e  numbers of nodules. In o c u la t io n  appeared to  

be e s s e n t i a l  fo r  a h igh nodu la t io n  sco re ,  but method of in o c u la t in g  was 

of no consequence. D iffe ren ces  due to  chemical seed trea tm en t and to  

chemical seed t re a tm en t by Rhizobium in o c u la t io n  in t e r a c t i o n  were not 

s i g n i f i c a n t .

The t o x i c i t y  of seed t re a tm en t compounds to  Rhizobium was measured 

fu r th e r  by agar p la te  t e s t s .  Colony counts a t  I : 100 d i l u t i o n  were 

found to  be b e s t  fo r  making comparisons. P i t tsb u rg h  B-856 was the most 

to x ic  to  b i r d s f o o t  t r e f o i l  Rhizobium. Spergon was the  l e a s t  to x ic  but 

s t i l l  k i l l e d  la rg e  numbers of b a c te r ia  when compared w ith  the  u n trea ted  

check. D iffe ren ces  due to  time of co n tac t  were not s i g n i f i c a n t  but 

chemical by time in t e r a c t i o n  was s ig n i f i c a n t  a t  the 5 p e rcen t  le v e l .

This i s  due to  k i l l i n g  of b a c te r i a  by time of con tac t  w ith  Arasan and 

P it tsb u rg h  B-856, bu t not w ith  Spergon (Table XIV).

-  41 -



-  42 -

Table XIV. Colony counts o f  Rhizobium on agar p la t e s  when exposed
fo r  vary ing  p e rio d s  of time to  3 chemicals and a co n tro l  
t re a tm e n t .

Time of co n tac t  
w ith  chemical

. Chemical seed trea tm en t
Arasan Soeraon P it t .B -856 U ntrea ted

Ig- minutes 103 170 29 . 400 plus

5 minutes 121 142 29 400 plus

10 minutes 74 139 18 550

15 minutes 21 184 12 400 plus

Chemical mean v a lu es 80** 159** 20 450 plus

** S ig n i f i c a n t l y  h ig h e r  than  P it t .B -8 5 6  a t  1% l e v e l .  
A ll  chemical mean v a lu es  were s ig n i f i c a n t l y  lower 
than  the  u n tre a ted  check.



E f fe c t  of Previous Cropping H is to ry  of Soil

I t  has  been shown t h a t  t re a tm e n t  of seed p lan ted  in  co ld , wet s o i l  

i s  of more value  than  tre a tm en t o f  seed p lan ted  in  a co ld , dry s o i l .  

Another v a r ia b le  t h a t  might in f lu en ce  tre a tm en t i s  the previous crop 

grown on s o i l  in  which t r e a te d  seed i s  p la n te d .  Tests were conducted to  

in v e s t ig a te  t h i s  p o s s i b i l i t y .

F ie ld  t e s t s  o f  Arasan t r e a te d  and u n tre a ted  a l f a l f a  seed were con-  ̂

ducted on s o i l s  of f ive  previous cropping h i s t o r i e s  in  1955. F ie ld  

t e s t s  of a l f a l f a  and c re s te d  w heatgrass  were p lan ted  under the  same con­

d i t i o n s  in  1956. The only s ig n i f i c a n t  d i f f e r e n c e  found between t r e a te d  

and u n tre a ted  seed was obta ined  in  1955 w ith a l f a l f a  in  s o i l  p lan ted  to  

corn the  p rev ious year (Table XV). Highly s ig n i f i c a n t  d i f f e r e n c e s  in 

emergence counts in  s o i l s  of the  d i f f e r e n t  previous cropping h i s t o r i e s  

were found in  both years  bu t were not c o n s i s te n t  fo r  the  2 y e a rs .  In 

1956 these  d i f f e r e n c e s  were the  same fo r  both c re s te d  w heatgrass  and 

a l f a l f a .  I t  i s  p o ss ib le  t h a t  lo c a t io n  of the f i e l d s  in fluenced  the r e ­

s u l t s .

Laboratory  s o i l  t e s t s  in  f ive  s o i l s  were made with a l f a l f a  and 

c re s te d  w heatg rass .  R esu l ts  a r e ' shown in  Table XVI, the ana lyses  of 

va riance  in  Tables IX and XVII. D iffe ren ces  in  emergence due to  chemi­

c a l  t re a tm en t and to  prev ious cropping of s o i l  were h ig h ly  s ig n i f i c a n t .  

Previous cropping e f f e c t  on s o i l ,  x chemical seed treatm ent, in t e r a c t io n  

was not s i g n i f i c a n t  in  any of the  t e s t s .  Previous cropping had a d i f ­

f e r e n t i a l  in f lu en ce  on the  emergence of u n tre a ted  a l f a l f a  and c re s ted
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Table XV. The e f f e c t  of Arasan seed tre a tm en t on emergence of • - • -» t, - — _ - —' - - - - -
a l f a l f a  and c re s te d  wheatgra'ss grown in  s o i l s  of 5 
p rev ious cropping h i s t o r i e s  in  1955 and 1956 f i e l d  
t e s t s ! / o

Previous 
Cropping 
H is to ry  
of S o il

1955
Arasan
t r e a t e d

A lfa l fa
1956 “

Un- Arasan Un­
t r e a t e d  t r e a te d  t r e a te d

C rested w heatqrass 
1956 -

Arasan Un­
t r e a t e d  t r e a te d

Corn 42* 31 32 34 17 24

Fallow 30 28 32 29 19 12

Grass 25 18 2 / 2 /

Small g ra in 41 38 2 / 2 /

A l fa l f a 40 42 12 14 10 8

I /
2/

S ig n i f i c a n t l y  d i f f e r e n t  from the u n tre a ted  check a t  the  5% le v e l .  
Values r e p re se n t  the average emergence of 6 r e p l i c a t i o n s .
P lo t s  were plowed out before  counts could be made.
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Table XVI. Mean p e rcen t  emergence in  la b o ra to ry  s o i l  t e s t s  of
chem ically  t r e a t e d  and u n tre a ted  a l f a l f a  and c re s te d  
w heatgrass  in  s o i l s  of 5 previous cropping h i s t o r i e s  

. ( t e s t s  8, 9 and 13).

Previous crop on s o i l
Test
No.

No. of
Crop Sample s l /

Small
d ra in A lfa l f a Grass Corn Fallow

9 C rested
w heatgrass

Chemically • 
t r e a t e d ^ / 60 63 63 70 67 67
U ntrea ted 20 56 53 60 70 . 69

' Average 80 60 58 65 69 68 '
9 A lfa l f a

Chemically
t r e a t e d ^ / 60 32 18 41 33 27
U ntrea ted 20 18 16 30 16 14

Average 80 25 17 36 25 21

13 A lfa l f a
Chemically
t r e a t e d ^ / 40 37 28 40 48 34
U ntrea ted 40 16 12 25 ■ 25 17

Average 80 27 20 33 37 26
8 A lf a l f a

Chemically
t r e a t e d ^ / 60 53 43 54 57 58
U ntrea ted 20 20 20 36 30 31

Average 80 37 32 45 44 45

•i/ Number o f  r e p l i c a t i o n s  to  e s t a b l i s h  the  means shown.
2 J  Average of 3 chemical t re a tm e n ts ,  A rasan5Spergon, and P i t tsb u rg h  

B-856. ■
P i t tsb u rg h  B-856 only.
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Table XVII. A nalysis  of va riance  of P it tsb u rg h  B-856 t r e a t e d  and 
u n tre a te d  a l f a l f a  emergence in  la b o ra to ry  s o i l  t e s t s  
which compared 5 previous cropping h i s t o r i e s  of s o i l ,  
2 m oisture l e v e l s ,  and 2 tem pera tu res  ( t e s t  13).

Source of 
V a r ia t io n

Degrees of 
Freedom

"Mean
Square

Temperature I 156.80
Chemical seed trea tm en t I 7,182.05**
Moisture le v e l I 22,111.25**
Previous crop on s o i l 4 687.24**
Temperature x chemical seed tre a tm en t I 273.80*
Temperature x m oisture le v e l I 3.20
Temperature x previous crop on s o i l 4 364.30**
Chemical seed trea tm en t x m oisture le v e l  
Chemical seed tre a tm e n t  x previous crop .

I 4,712.45**

on s o i l 4 66,36
Moisture le v e l  x previous crop on s o i l  
Temperature x chemical seed trea tm en t

4 283.50**

x m oisture  le v e l
Temperature x m oisture le v e l  x previous

I 204.80

crop on s o i l  •
Temperature x chemical seed trea tm en t

4 198.91*

x previous* crop on s o i l  
Chemical seed t re a tm en t x m oisture le v e l

4 110.80

x prev ious crop on s o i l  
Temperature x chemical seed trea tm en t

x m oisture le v e l  x prev ious crop

4 135.95.,,.-.,

on s o i l  ' . 4 13.85
E rro r 40 58.00

* S ig n i f ic a n t  a t  5% l e v e l .
** S ig n i f i c a n t  a t  1% l e v e l .

Cl."'



w heatg rass .  A l f a l f a  emergence was lowest on a l f a l f a  s o i l  w hile  c re s ted  

w heatgrass  emergence was lowest on small g ra in  s o i l .

The in f lu en ce  of tem perature  on emergence o f  chem ically  t r e a te d  

and u n tre a ted  seed p lan ted  in  s o i l s  of 5 prev ious cropping h i s t o r i e s  was 

in v e s t ig a te d  in  2 t e s t s  o f  a l f a l f a .  Temperature was v a r ie d  so t h a t  one 

h a l f  of the  samples were h e ld  a t  12© c. fo r  10 days and the o th e r  one 

h a l f  were h e ld  a t  8° fo r  10 days. This 10-day period  was preceded by a 

2-day p eriod  a t  20° and was followed by a 10-day period  at. 20°-. . In  s o i l s  

in  which small g r a in ,  a l f a l f a ,  and g ra s s  were p rev ious ly  grown, 

emergence was h ig h e r  when the samples were h e ld  fo r  10 days a t  12°. In  

. s o i l s  in  which corn and fa llow  were p re v io u s ly  grown, emergence was 

h ig h e r  a t  the  8° ho ld ing  tem pera tu re . In  t e s t  13, t rea tm en t b e n e f i t s  

were most s t r i k i n g  a t  the  lower tem pera tu re . Temperature d id  not a f ­

f e c t  t re a tm en t r e s u l t s  in  t e s t  8 (Table XVIII) .

I t  appears from th e se  r e s u l t s  t h a t  the  crop p rev io u s ly  grown in  

a s o i l  may be a f a c to r  in  de term ining  how many seed lings  w i l l  emerge when 

a l f a l f a  or c re s te d  w heatgrass  are p la n te d .  Emergence in  s o i l  p rev ious ly  

cropped to  a l f a l f a  was c o n s i s t e n t ly  lower than  emergence in  the  o ther 

s o i l s  t e s t e d  (Table XVI). Temperature and m oisture may in f lu en ce  the 

e f f e c t s  o f  s o i l s  of d i f f e r e n t  previous c roppings. Chemical seed t r e a t -  . 

ment d id  no t overcome the apparen t e f f e c t s  of previous cropping h i s to r y
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of s o i l .



Table XVIII. The e f f e c t  of tem perature  on emergence of chem ically  
t r e a te d  and u n tre a ted  a l f a l f a  seed p lan ted  in  the 
la b o ra to ry  in  s o i l s  of 5 previous cropping h i s t o r i e s  
( t e s t s  8 and 13).

............................. 48 -  .......................................

Previous crop 
on So il

Chemical
Seed
Treatment

' T est no. 
80 3/

B i /
120

■ Test no, 
80 3/

132/
120

Small g ra in Treated 44 55 32 41

Untreated 13 26 10 18

A lf a l f a  • Treated 52 35 34 22

U ntrea ted 10 30 8 16

Grass Treated 46 61 44 35

U ntrea ted 31 41 20 30

Corn Treated 67 45 58 40

U ntrea ted 37 24 33 16

Fallow Treated 66 49 35 32

U ntrea ted 37 26 16 14

i /  Each value  r e p re s e n ts  an average fo r  2 samples and 2 m oisture l e v e l s .  
■=/ Chemically t r e a te d  v a lu es  r e p re se n t  an average fo r  2 samples and 3 

chemical seed t re a tm e n ts ,  Arasan, Spergon, and P i t tsb u rg h  B-856, Un­
t r e a t e d  v a lu es  r e p re se n t  an average of 2 samples.

3 /  Temperature a t  which samples were h e ld  fo r  10 days fo llow ing a 2-day 
period  a t  20° C. and preceding  a 10-day period  a t  20°.
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The E f fe c t  of Treatment on D if f e re n t  Crop Species 

The e f f e c t  o f  chemical t rea tm en t on seed of 10 g ra s se s  and 10 

legumes.was_s tu d ied  in  f i e ld . . t e s t s ' ,  in  la b o ra to ry  s o i l  t e s t s ,  and in 

s tandard  la b o ra to ry  germ ination  t e s t s .

F ie ld  t e s t s  o f  the 20 sp ec ie s  rev ea led  no s i g n i f i c a n t  d i f f e r e n c e s  

in  response to  t re a tm e n t .  A ll th re e  chemicals were included in  t h i s  

t e s t  (Table XIX).

P i t t sb u rg h  B-856 was the  only chemical used in  la b o ra to ry  s o i l  com­

p a r iso n s  o f  the  20 s p e c ie s . G rasses were t e s t e d  in  s o i l  p rev io u s ly  crop­

ped to  fa llow  and legumes were t e s t e d  in  s o i l  p rev io u s ly  cropped to  

a l f a l f a .  Treated  seed emergence was s ig n i f i c a n t l y  h ig h e r  than u n trea ted  

seed emergence. A ll crops responded s im i la r ly  to  trea tm en t (Table XIX), 

Germination of smooth bromegrass, t im othy , a l s ik e  c lo v e r ,  white 

c lo v e r ,  and lad in o  c lover  was g r e a t ly  reduced by Spergon trea tm en t in 

s tandard  germ ination  t e s t s .  Germination of c e r ta in  o the r crops was r e ­

duced to  a l e s s e r  e x te n t  fo llow ing tre a tm en t w ith  Spergon (Table XX), 

Germination of lad in o  c lo v er  and b i r d s f o o t  t r e f o i l  in  c o n tro l le d  

m oisture  b l o t t e r  t e s t s  was lowered s i g n i f i c a n t l y  by Spergon t rea tm en t,  

A ls ike  c lo v e r ,  a l f a l f a ,  and tim othy germ ination  was u na ffec ted  by 

Spergon trea tm e n t  in  these  t e s t s  (Table XXI). D iffe rences  in  germina­

t i o n  of S pergon- trea ted  a l s i k e  c lover  and tim othy seed in  s tandard  ger­

m ination t e s t s  and in  c o n tro l le d  m oisture b l o t t e r  t e s t s  w i l l  be noted. 

This may have been because d i f f e r e n t  seed l o t s  of these  crops were used



Table XIX. Percen t emergence of .10 g ra s se s  and 10 legumes t r e a te d  
w ith d i f f e r e n t  seed t r e a t i n g  compounds and t e s t e d  in  
the  f i e l d  and la b o ra to ry .
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_ Laboratory
_____  F ie ld  t e s t s  ______  S o il t e s t s

Chemical Ara- Sper- P i t t .  Un- P i t t .  Un-
Treatment san gon_____ B-856 t r e a t e d  B-856 t r e a te d

In te rm ed ia te
w heatgrass 48 41 35 37 79 55

A lta  fescue 
Slender

28 24 ' 21 30 71 67

w heatgrass 31 21 16 23 76 59
Russian

w ildrye 17 16 20 12 52 31
Smooth

bromegrass 21 15 19 27 66 52
Crested

w heatgrass 20 14 13 17 59 53
Green needle

g ra ss 9 7 4 6 19 4
Reed canary

g ra ss 7 11 9 9 34 24
Orchard g ra ss 13 8 9 13 36 18
Timothy 4 5 7 10 35 25
Average fo r  
10 a ra s s e s 20 16 15 18 53** 39
A lfa l f a 14 29 16 15 59 32
Red c lover 15 16 21 16 53 41
Sweetclover 38 28 28 45 64 46
A lsike  c lover 8 I 4 6 46 33
White c lover 15 4 4 4 69 61
Ladino c lover  
B ird s fo o t

2 4 4 2 68 54

t r e f o i l 2 5 4 7 27 14
Strawberry

c lover 7 2 9 6 50 42
S ick le

mi Ikvetch 2 I 2 I 5 2
C icer

mi Ikvetch 4 5 6 6 15 11
Average fo r  
10 lequmes 11 9 10 11 ■ 46** 34

** S ig n i f i c a n t l y  d i f f e r e n t  from the u n tre a te d  check a t  the  1% l e v e l .
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Table XX. P ercen t normal sp ro u ts  in . s ta n d a rd  la b o ra to ry  germ ination 
t e s t s  of 20 crop sp ec ie s  chem ically  t r e a te d  with d i f f e r e n t  
seed t r e a t i n g  compounds.

.................................. -_51_ -

Chemical t rea tm en t
Cr on s t Arasan Soergon P it t .B -8 5 6 U ntrea ted

In te rm ed ia te
w heatgrass 93 93 93 91

A lta  fescue 94 95 97 95
Slender

w heatgrass 90 88 86 91
Russian

w ildrye 77 68 70 67
Smooth

bromegrass 82 73 77 90
C rested

w heatgrass 83 81 87 90
Green needle  

g ra ss 43 48 43 37
Reed canary 

g ra ss 64 63 62 63
Orchard g ra s s 85 88 90 89
Timothv 87 .74 83 93
^Average fo r  
10 g ra s se s 80 77* 79 ' 80
A lfa l f a 80 78 76 76
Red c lover 82 76 83 83
Sweetcloyer 96 91 95 93
A lsike  c lo v er 76 63 77 79
White c lover 97 51 98 98
Ladino c lover 88 44 89 91
B ird s fo o t

t r e f o i l 71 65 67 70
Straw berry

c lover 56 50 60 56
Sick le

miIkvetch 3 2 4 5
C icer

miIkvetch 12 I 4 5
Average fo r  
10 legumes 66 52* 65 65
* S ig n i f i c a n t ly  d i f f e r e n t  from the u n tre a ted  check a t  the  5% le v e l
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Table XXI. The mean p e rcen t  germ ination  of 4 and 5 crops r e s p e c t iv e ly  
in  t e s t s  10 and 11 when t r e a te d  w ith 4 chemicals and 
germinated on b l o t t e r s . a t  2 m oisture l e v e l s .

Chemical seed "treatment
Crocs Arasan Soerqon P it t .B -8 5 6 U ntreated .

T es t 10 

A ls ike  c lover 92 90 88 90

A lfa l f a 91 92 91 , 91

Ladino c lover 91 58 92 92
B ird s fo o t  t r e f o i l 70 49 71 71

Test 11

A ls ike  c lo v er 91 77 75 79

A lfa l f a 85 87 81 90

Ladino c lover 86 45 57 78

B ird s fo o t  t r e f o i l ' 55 20 43 21

Timothy 76 85 83 90
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in  the d i f f e r e n t  t e s t s  or because d i f f e r e n t  . r a te s  (excess in  both cases) 

o f  t re a tm en t e x i s t e d  in  the  two t e s t s .

A l f a l f a  and c re s te d  w heatgrass  were te s t e d  throughout t h i s  s tudy. 

D iffe ren ces  between emergence of t r e a te d  and u n trea ted  c re s te d  wheat- 

g ra s s  were not s i g n i f i c a n t  in  any of the  f i e l d  t e s t s .  A l fa l f a  emer­

gence was in c reased  in  one f i e l d  t e s t  (Table XV) and was decreased  in  

one f i e l d  t e s t  (Table I ) .  In la b o ra to ry  s o i l  t e s t s ,  t re a tm en t increased  

a l f a l f a  emergence more than  i t  inc reased  c re s te d  wheatgrass  emergence 

(Tables I and XVI). C rested  w heatgrass  appeared to  be b e t t e r  capable 

o f  w ith s tan d in g  the co ld , wet cond itions  o f  the t e s t s .  This may ex-
i

p la in  i t s  lack  of response tP  t re a tm e n t .
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DISCUSSION

Three seed t r e a t i n g  chem icals , P i t tsb u rg h  B-856, Arasan, and Sper- 

gon, were compared in  t h i s  in v e s t ig a t i o n .  Arasan and Spergon have been 

on the market fo r  a number of y e a rs .  P i t t sb u rg h  B-856 i s  in  the  ex p er i­

mental s tag e .  P it tsb u rg h  B-856 and Arasan appeared to  be more e f f e c t iv e  

fu n g ic id e s  than  Spergon as seed t r e a t i n g  compound's fo r  a l f a l f a  and 

c re s te d  w heatgrass  when compared in  the  la b o ra to ry .  A ll th re e  chemicals 

produced seed ling  emergence s i g n i f i c a n t l y  h ig h e r  than t h a t  of the  un­

t r e a t e d  check in  these  t e s t s .

In b a c te r i a  colony count t e s t s  made on agar p l a t e s ,  P i t tsb u rg h  

B-856 was the  most to x ic  to  Rhizobium and Spergon the l e a s t .  This i n ­

d i c a t e s  t h a t  P it tsb u rg h  B-856 and Arasan are s tro n g e r  fu n g ic id es  than 

Spergon and supports  the  r e s u l t s  Of chemical comparisons in  the  lab o ra ­

to r y  s o i l  t e s t s .  , I t  might be expected t h a t  a chemical would k i l l  bene­

f i c i a l  b a c te r i a  j u s t  as i t  w i l l  k i l l  seed or s o i l  borne pathogens. I t  

cannot be s a id  t h a t  seed t re a tm en t compounds and legume b a c te r ia  are 

com patib le. Fungicides w i l l  k i l l  b a c t e r i a .  However, r e s u l t s  in  t h i s  

s tudy , as w ell as in  o the r s tu d ie s  ( l ,  3, 8, 9, 15, 18), in d ic a te  th a t  

seed tre a tm e n ts  and b a c t e r i a l  in o cu lan ts  can be used c o n cu rren t ly  w ith­

out reducing n o d u la t io n .  I t  i s  no t known whether t h i s  i s  because of 

lack  of d i r e c t  co n tac t  between chemical and b a c t e r i a ,  s lo w -k i l l in g  

a c t io n  of the  fu n g ic id e s ,  or o th e r  reaso n s .

Standard la b o ra to ry  germ ination  t e s t s  in d ic a te d  occas ional lowering 

o f germ ination  by ex cess  Spergon t re a tm e n t .  This e f f e c t  was not ev iden t
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in  s o i l  t e s t s  o f  the  same seed l o t .  A dd it io n a l  t e s t i n g  i s  necessa ry  to  

determ ine i f  t h i s  p re se n ts  a marketing problem of Spergon- trea ted  seed.

Spergon adhered to  seeds b e t t e r  than  P it tsb u rg h  B-856 and P i t t s ­

burgh B-856 adhered b e t t e r  than  Arasan, the  r a t i o  being about 5 ; 3 s I .  

The amount o f  chemical s t ic k in g  to  seed a lso  v a r ie d  with the  crop spec ies  

and l o t s  w ith in  crop sp e c ie s .  An excess of chemical has been app lied  to  

seed in  some seed trea tm en t s tu d ie s .  The evidence here  in d ic a te s  th a t  

a t t e n t io n  should be given to  dosage r a t e .  When an excess i s  used, th e re  

w i l l  always be a q u es tion  of whether d i f f e r e n c e s  found are due to  kind 

o f chemical or to  amount o f  chemical on the  seed.

F ie ld  t e s t s  were made in  both 1955 and 1956. In 1955, growing con­

d i t i o n s  were n e a r ly  id e a l  and seed lings  emerged promptly a f t e r  the  seed 

was p la n te d .  In  1956, r a in  f e l l  s h o r t ly  a f t e r  the  seed was p la n te d ,  

p rov id ing  ample m oisture fo r  ge rm ina tion . Following the r a i n ,  a hard 

c ru s t  formed over the ground and the s o i l  became very  d ry .  Emergence

counts in  1956 were, th e r e f o r e ,  very  low. F ie ld  r e s u l t s  in  most in -
(

s tan c e s  showed no b e n e f i t  to  a r i s e  from t re a tm e n t .  I f  only f i e l d  t e s t s  

had been made in  t h i s  i n v e s t ig a t i o n ,  l i t t l e 'w o u l d  have been learned  a -  

bout the  e f f e c t s  of chemical seed trea tm en t on forage c rops. This 

p o in ts  Out the  value of a method o f t e s t i n g  in  s o i l  in  the  la b o ra to ry  

where p la n t in g  and growing co n d itio n s  can be c o n tro l le d .  Such a.|method
I\

was developed during  the  course of t h i s  s tudy. x -.



Seedsmen are concerned w ith  the  time of the year t h a t  seed should 

be t r e a t e d .  I t  i s  much more convenient to  t r e a t  seed during  the  slack 

w in te r  season than  during  the  sp ring  ru sh .  Data c o l le c te d  in  t h i s  study 

in d ic a te  t h a t  applying Arasan, Spergon9 or P i t tsb u rg h  B-856 to  seed up 

to  a year ahead of p la n t in g  time w i l l  not reduce the  v i a b i l i t y  of the 

seed or the  e f f e c t iv e n e s s  o f  the  fu n g ic id e s .

Whether or not to  recommend chemical seed tre a tm en t of forage crops 

in  Montana must s t i l l  be dec ided . There i s  evidence both  fo r  and against, 

These p o in ts  must be considered  in  making the f i n a l  d e c is io n :

1. When seed lin g s  grow r a p id ly  a f t e r  germ ination , 

t re a tm e n t  i s  no t l i k e l y  to  be of any g re a t  b e n e f i t .

2. When m oisture i s  a l im i t in g  f a c t o r ,  s tands  may be 

decreased  by chemical seed t re a tm e n t .

3. When seeds are p lan ted  in  unfavorable  environments 

fo r  germ ination  and growth, chemical trea tm en t may 

mean the  d i f f e r e n c e  between a good s tan d  and a com­

p le te  s tand  f a i l u r e .

4 . The seed t r e a t i n g  chemical used, the  crop being 

p la n te d ,  the  crop p re v io u s ly  grown in  the  s o i l ,  the  

s o i l  m oisture l e v e l ,  and the tem perature  to  which the  

seed i s  sub jec ted  a f t e r  p la n t in g  a l l  in fluence  the 

b e n e f i t s  t h a t  may a r i s e  from chemical seed tre a tm en t

■ of forage crops.

-  56 -
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SUMMARY _ _

F ie ld  and la b o ra to ry  t e s t s  were made in  Bozeman, Montana, in  1955 

and 1956 to  determine the  e f f e c t  of chemical seed t re a tm en t upon g rasses  

and sm all-seeded legumes grown in  Montana.

Comparisons were made o f P i t tsb u rg h  B-856, Arasan, and Spergon 

fu n g ic id a l  compounds. Seedling emergence of a l f a l f a  and c re s te d  wheat- 

g ra s s  in  la b o ra to ry  s o i l  t e s t s  was inc reased  more by tre a tm en t with 

P i t t sb u rg h  B-856 and Arasan than by Spergon trea tm en t when r a t e s  of 

t re a tm e n t  were the same fo r  a l l  chem icals. Arasan appeared to  be the 

b e s t  seed tre a tm e n t  compound fo r  c re s te d  w heatg rass ,  and P i t tsb u rg h  

B-856 appeared to  be the  b e s t  fo r  a l f a l f a .  Treatment was of more value 

in  co ld , wet s o i l  than in  co ld ,  dry s o i l .

There was an in d ic a t io n  t h a t  excess Spergon trea tm en t may reduce 

s tandard  germ ination  b l o t t e r  t e s t  counts of c e r t a in  c rops. This e f f e c t  

was no t d e te c te d  in  s o i l  t e s t s .

Spergon adhered to  seeds b e t t e r  than  P i t tsb u rg h  B-856, and P i t t s ­

burgh B-856 adhered b e t t e r  than  Arasan when an excess o f  chemical was 

a p p l ie d .  The r a t i o  was approxim ately  5 : 3 : I .

V i a b i l i t y  of seed t r e a t e d  with Arasan, Spergon, or P it tsb u rg h  B-856 

I year before  p la n t in g  was not lowered. The fu n g ic id es  were s t i l l  e f ­

f e c t iv e  a f t e r  I year on seed .

F ie ld  t e s t s  showed apparen t c o m p a t ib i l i ty  of a l f a l f a  and b i rd s fo o t  

t r e f o i l  Rhizobium to  the  fu n g ic id es  used. B ird s fo o t  t r e f o i l  m a tu r i ty  

da te  was hastened  and degree of n o du la tion  was increased  when the seed



was in o cu la ted  w ith  Rhizobium. Chemical t re a tm en t d id  not a f f e c t  these  

r e s u l t s .  In  agar colony count t e s t s ,  P i t tsb u rg h . B-856 was the. most to x ic  

to  b i r d s f o o t  t r e f o i l  Rhizobium and Spergon was the  l e a s t  to x ic .  The e f ­

f e c t  of Arasan was in te rm e d ia te .

The crop p re v io u s ly  grown in  the  s o i l  appeared to  a f f e c t  the  number 

o f  a l f a l f a  and c re s te d  w heatgrass  seed lin g s  t h a t  emerged in  f i e l d  and 

la b o ra to ry  s o i l  t e s t s .  Temperature and m oisture le v e l  were found to  in ­

f luence the  apparen t e f f e c t  of previous cropping . Although chemical seed 

t re a tm en t in c reased  emergence of a l f a l f a  s i g n i f i c a n t l y  in  a l l  s o i l s  in  

la b o ra to ry  s o i l  t e s t s ,  i t  d id  not overcome t]ie apparen t e f f e c t  of p re­

vious cropping .

The 2 0 ’'crop sp ec ie s  t e s t e d ,  r e p re se n t in g  g ra s se s  and legumes.grown 

in  Montana, a l l  responded fav o rab ly  to  seed trea tm en t with P it tsb u rg h  ' 

B-856, when grown in  co ld , wet s o i l .
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