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INTRODUCTION

Marked red u c tio n  in  the  p er cen t o f  g e m in a tio n  o f seeds o f  

c u l t iv a te d  p la n ts  has o f te n  re  s a l te d  from  th e  a p p lic a tio n  o f f e r t i l i s e r s  

In  c o n ta c t w ith  o r  n ea r th e  seed* The causes and remedy f o r  t h i s  in ju ry  

have heen th e  su b je c t o f numerous in v e s tig a tio n s*  The Commlttee on 

f e r t i l i s e r  Placem ent o f  the  N ationa l f e r t i l i s e r  A sso c ia tio n  (7) and co­

o p e ra tin g  a g r ic u l tu r a l  experim ent s ta t io n s  have accom plished much to  

remedy th i s  o b jec tio n a b le  e f f e c t  by determ ining  sa fe  and e f f e c t iv e  methods 

o f  f e r t i l i s e r  a p p lic a t io n . Some e x c e lle n t  work h as a lso  been done to 

determ ine some o f th e  causes o f  th i s  f e r t i l i s e r  in ju ry*  I t  was b e liev e d , 

however, th a t  th e re  was need f o r  fu r th e r  knowledge concerning  t h i s  m a tte r , 

and th e re fo re ,  th e  p re sen te d  In v e s tig a tio n  was undertaken*

HISTORICAL

The l i t e r a t u r e  i s  r e p le te  w ith  o b se rv a tio n s o f r e ta rd a t io n  and 

I n h ib i t io n  o f  germ ination  and growth caused by  f e r t i l i s e r s  and o th e r 

chem ical compounds. As e a r ly  a s  1733 Je th ro  T u ll ( lb )  no ted  th a t  "too 

much n i t r e  co rrodes a  plant*1 • That was approxim ately one hundred y e a rs  

b e fo re  th e  f i r s t  shipment o f  C h ilean  n i t r a t e  from Iqu ique . L ate  in  th e  

n in e te e n th  cen tu ry  an  a c t iv e  i n t e r e s t  was taken in  the problem by f re n c h  

and German in v e s tig a to rs*  These e a r ly  in v e s tig a tio n s  were concerned

c h ie f ly  w ith  lab o ra to ry  t e s t s  u s in g  so lu tio n s  o f  s in g le  s a l t s .

C laudel and C ro ch e te lle  (3) in v e s tig a te d  the e f f e c t  o f  SCI,

ICgSO .̂ (BTH^gSO^, lteS03 , ammonia te d  superphosphate, and b a s ic  s la g  on the  

germ ination  o f  seeds* A ll o f  th ese  m a te r ia ls  a t  the  co n ce n tra tio n s  used  

in  t h e i r  experim ent except b a s ic  s la g  (which i s  r e la t iv e ly  in s o lu b le ) , 

re ta rd e d  germ ination .



V incent (15)* working w ith  wheat seeds and se v e ra l so lu b le  

f e r t i l i s e r  s a l t s ,  concluded th a t  the  a b i l i t y  to  germ inate was decreased  

w ith  In c rease  In  c o n e e n tra tlo n  o f  the  s a l t .

Much l a t e r .  In  1921, Rudolphs (9 ) showed th a t  the  r e ta rd in g  

a c t io n ,  w ith  some ex ce p tio n s , could  he a t t r ib u te d  to  an in te r fe re n c e  w ith  

a b so rp tio n  o f  w ater by th e  seed a s  a  r e s u l t  o f th e  h igh  osm otic c o n ce n tra tio n  

o f  the  s a l t  so lu tio n s*

Raserous e th e r  workers employing s o lu t io n s , p o t and f i e l d  t e s ta  

have supported  the  f in d in g s  o f  th ese  men* L i t t l e  doubt rem ains th a t  h igh  

osm otic  co n ce n tra tio n s  have a  re ta rd in g  e f f e c t  on germ ination*

There I s ,  however, a n o th e r source o f  in ju ry  to  g e m in a tio n  due 

to  to x ic  su b s tan ces , which cannot be a t t r ib u te d  to  h igh  osm otic concen tra tion*  

Sigmund (1 2 ) , working w ith  peas, co rn , and rape se ed s , found th a t  a  

0*9 P®r  s e n t s o lu t io n  o f  IF  e n t i r e ly  p reven ted  germ ination .

Bokofay (a )  found th a t  a  0*1 p e r  c e n t so lu tio n  o f HaF was very  

in ju r io u s  to  p re ss  seed lin g s  and th a t  a  0*1 p e r  c e n t s o lu tio n  o f HF com pletely  

p rev en ted  t$S germ ination  o f c r e s s ,  b a r le y , p e as , f l a x ,  and bean seeds.

I t  i s  w e ll known th a t  phosphate rock  c o n ta in s  a  co n sid erab le  

q u a n ti ty  o f f lu o rin e *  The a n a ly ses  by Jacobs and Reynolds (5) and a lso  o f  

M arshal and co-w orkers (6) show th a t  the  f lu o r in e  co n ten t o f  rock  phosphate 

ran g es between th re e  and fo u r  p e r  c e n t f o r  most o f the samples analysed* 

M oreover, the  f i r s t  m entioned in v e s tig a to r s  showed th a t  most o f  th i s  f lu o r in e  

i s  c a r r i e d  o v e r In to  the  p roduct during  the  m anufacture o f superphosphates, 

and th e  l a t t e r  workers found th a t  some f lu o r in e  i s  p re se n t In  th e  phosphoric  

a c id  used  f o r  making tre b le  superphosphate.

A lliso n  ( 1 ) ,  growing co m  in  tm b le r s ,  found th a t  heavy a p p lic a tio n s  

o f  IS  p e r  cen t superphosphate preven ted  gem ination*

Rost (S ) ,  i n  p o t and f i e l d  work, found th a t  b o th  16 and U6 p e r  

c e n t superphosphates were in ju r io u s  to  co m  a t  heavy r a te s  o f  a p p lica tio n *
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H6 p e r  con t  superpho sphate m s  too re  to x ic  In  e q u iv a le n t amounts 

th e  16 p e r  c e n t superphosphate . C on tact w ith  the  s o i l  f o r  one month befo re  

p la n t in g  la rg e ly  overcame the to x ic i ty  o f  bo th  f e r t i l i z e r s .

bxpeeimehtal

T o x ic ity  o f  Superphosphates to  Germination of Com

To In v e s t ig a te  the to x ic i ty  o f  v a rio u s  f e r t i l i z e r  m a te r ia ls ,  a  

method was used  s im ila r  to  th a t  used  by b a c te r io lo g is ts  i n  t e s t in g  the  

e f f ic ie n c y  o f d is in f e c ta n ts .  The organism s (corn  seeds in  t h i s  case) were 

p lac ed  fo r  a  d e f in i te  number o f  hours i n  the m a te r ia l  in v e s tig a te d  and then 

p la c e d  in  a  s u i ta b le  medium f o r  growth. The e f f e c t  o f  th e  trea tm en t on 

V ia b i l i ty  was then  compared w ith  a  c o n tro l run  p a r a l le l  w ith  th e  t r e a te d  

organism s.

P a s te s  were made by m oisten ing  f e r t i l i z e r s  w ith  d i s t i l l e d  w a ter. 

Each p a s te  was p lac ed  in  a  two-pound g la s s  b u t te r  d ish  having a  loose g la s s  

co v er. One hundred seeds o f corn  were embedded i n  each o f the  p a s te s  f o r  

the  tim e d esig n a ted . Corn seeds o f  uniform  s iz e  and h igh  germ inatlve  power 

were u sed . Any seeds th a t  showed in d ic a tio n  o f m echanical in ju ry  o r poor 

q u a l i ty  were d isc a rd e d . A fte r  rem aining In  the  p a s te  f o r  a  d e f in i te  number 

o f  h o u rs , the seeds were removed, w ell washed w ith  d i s t i l l e d  w a ter, weighed 

and p lac ed  In  ra g  d o l ls  to g e m in a te . For the f l u id  trea tm en ts  the  same 

procedure  was used excep t th a t  500 cc . Ih r le s a e y e r  f la s k s  were used a s  con­

ta in e r s  during  the  trea tm en t and these  were stoppered w ith  absorben t c o tto n .

The " ra g  d o l l1* c o n s is te d  o f  a  s t r i p  o f  cheese c lo th  e ig h t inches 

wide and t h i r t y  inches long . The hundred seeds were spread un iform ly  on 

each  s t r i p  and then r o l le d  up w ith  the  c lo th  u s in g  a  g la s s  rod  a s  an a x is  

to  g ive  s t i f f n e s s  to  the  r o l l .  %&ch Hra g  doll® was p laced  in  a  f iv e  p in t  

j a r  co n ta in in g  one In ch  o f d i s t i l l e d  w ater so th a t  the  wick a c t io n  o f  the
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cheese c lo th  m oistened  the  seeds . The j a r s  were then  connected ty  means 

o f  ru b b er tu b in g  and  a e ra te d  w ith  m oist a i r  fo u r  tim es d a i ly .  Germinated 

seeds were removed d a ily  and the  number th a t  germ inated was reco rd ed . As 

th e  r e a c t io n  o f  the  medium f o r  p la n t  growth may in flu e n ce  g e rm ina tion , the 

pH v a lu es  o f  th e  p a s te s  and so lu tio n s  were measured by means o f  the q a ln -  

hydrone e le c tro d e . The r e s u l t s  o f  the  experim ent a re  g iven in  Table 1 .

These r e s u l t s  show th a t  commercial ammonium s u l f a te  and potassium  

c h lo r id e  were in ju r io u s  to  germ ination . The to x ic  e f f e c t  produced by the  

two superphosphates was e sp e c ia l ly  se v e re . Three hours immersion in  these  

two m a te r ia ls  was s u f f i c i e n t  to  reduce germ ination  sev en ty -fiv e  p e r  cen t 

and th e  tw elve hours immersion k i l l e d  p r a c t ic a l ly  a l l  o f  th e  seed s . S im ila r  

t o x ic i ty  was n o t shown by monocalcium phosphate, phosphoric a c id ,  o r  s u l fu r ic  

a c id  in  th e  co n ce n tra tio n s  u sed . N e ither was i t  shown by ro ck  phosphate 

in  w a te r . Rswever, when reek  phosphate and 0 . 1*13 j |  s u l fu r ic  a c id  were m ixed, 

a  p roduct was o b ta in ed  th a t  was h ig h ly  to x ic  to germ ination .

Since r e ta rd a t io n  o f  germ ination  due to  h ig h  osm otic c o n cen tra tio n  

o f th e  medium i s  r e la te d  to  the  w ater a b so rp tio n  o f the  seed  the  w eight o f  

seeds befo re  and a f t e r  immersion in  the f e r t i l i s e r  p a s te s  was reco rd ed . The 

p e r  c e n t In c rease  In  weight o f the  seeds i s  shown in  Graph 1. I t  i s  a t  once

apparen t th a t  the  phosphates in te r f e r e d  w ith  w ater ab so rp tio n  much le s s  than

the  more so lub le  ammonium s u l f a te  and potassium  c h lo rid e  which, in  tu rn , were 

le s s  to x ic  th an  th e  phospha tes . The in te rfe re n c e  w ith  w ater a b so rp tio n , 

th en , does no t a f fo rd  an ex p lan a tio n  o f th is  in ju ry .

The h ig h  a c id i ty  o f  th e  phosphates e v id e n tly  d id  no t account d i r e c t ly  

f o r  t h e i r  to x ic i ty  under the  c o n d itio n s  o f the experim ent, because the more 

a c id  phosphoric  and s u l fu r ic  a c id s  d id  no t produce a  s im ila r  e f f e c t .  There­

f o r e ,  an ex p lan a tio n  o f  the  in ju ry  must be sought elsew here.
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Q u a lita t iv e  t e s t s  shewed th a t  co n cen tra ted  s u l f u r ic  a c id  formed 

h y d ro flu o ric  a c id  from rook  phosphate. When th e  m ixture was h ea ted  a  

heavy e tc h in g  was produced on a  g la s s  p l a t e ,  T here fo re , i t  seemed d e s ira b le  

to  in v e s tig a te  f lu o r in e  a s  a  p o ss ib le  source o f  in ju ry  to  g e m in a tio n .

TOXICITY OF SOME FLUORINE COMPOUNDS TO GERMINATION OF CORN

S o lu tio n s  o f  hydrogen f lu o r id e  and sodium f lu o r id e  were made con­

t a in in g  known concent r a t  ions o f  f lu o r in e .  The s tre n g th s  o f  th e se  so lu tio n s  

were checked by t i t r a t i o n  w ith  0 ,1  J  thorium n i t r a t e  u s in g  a l i z a r i n  a s  an  

In d ic a to r ,  acco rd in g  to  the  method o f  W illard  and W inters. The p i  v a lu e s  

o f  the  so lu tio n s  were determ ined by means o f th e  quinhydrene e le c tro d e .

Four hundred cub ic  cen tim e te rs  o f  each so lu tio n  were p laced  in  

s e p a ra te  f iv e - p in t  J a r* . In  each o f  these  were p laced  two *r&g d e l l s 11 each

c o n ta in in g  one hundred seeds o f  com* One o f these  *feg d o l ls 1* con ta ined

P o la r  Dent c o rn  ( th e  same v a r ie ty  used In  the p rev ious experim ent), the 

o th e r  con ta ined  Piekefct*s Yellow Dent c o m . I n  a d d itio n  to  th e  j a r s  con­

ta in in g  the  f lu o r id e  s o lu tio n s  fo u r  more were added to  the  s e r i e s .  One o f  

th e se  con ta ined  boo c c . o f  0 . 1*13 N the second an eq u a l volume o f

0 .072  N the  th i r d  bOO c c . o f  0.072  £  p lu s  one gram o f  OaFg

p e r  100 c c . o f  s o lu t io n , w hile in  th e  fo u r th  j& r s o l id  CaS*2 was sp rin k led

d i r e c t ly  on the  seeds in  the  brag dolf* and UOO c c . o f w ater was added. The 

j a r s  were connected i n  s e r ie s  ty  tu b in g , a e ra te d ,, e tc * , a s  in. the f i r s t  

experim en t.

I t  should be noted  th a t  t h i s  egperlm ent and the  subsequent ones 

d i f f e r  from  the  f i r s t  one In  th a t  the  seeds were exposed to  the rea g en ts  

con tinuously  through the wick a c t io n  o f the *rag doll*1, w hile in  the f i r s t  

experim ent the seeds were exposed to  the  reag en ts  only f o r  a  l im ite d  space 

o f tim e . The r e s u l t s  a re  g iven In  Table 2 .
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S evera l s a l  t e a t  f a c t s  were brought ou t by the d a ta  o f the second 

experim en t. Hydrogen and sodium f lu o r id e  were b o th  to x ic  to  germ ination  o f  

c o m  and th e i r  to x ic i ty  Increased  w ith  c o n c e n tra tio n . Hydrogen f lu o r id e  was 

more to x ic  than  sodium f lu o r id e .  These r e s u l t s  a re  in  accord  w ith  the  f in d in g s  

o f  Boko m y  ( 2 ) .  He a t t r ib u te d  th e  to x ic l  ty  to  the  passage o f  f lu o r in e  in to  

the  seed  where i t  u n i te d  w ith  the  calcium  p re s e n t th e re  to  form In so lu b le  

calcium  f lu o r id e .  Ha s ta te s :  #The calcium  i s  an  in te g r a l  c o n s t i tu e n t  o f  many 

c e l l  o rgans and probably  occurs a s  calcium  p ro te ln a te  in  the sam e.11 M s 

th eo ry  I s  f u r th e r  supported  by h is  r e s u l t s  on the  e f f e c ts  o f  potassium  o x a la te  

and o x a lic  a c id .  B oth th ese  m a te r ia ls  proved in ju r io u s  in  0 .1  p e r  c en t s o lu t io n s , 

e s p e c ia l ly  the  l a t t e r  which k i l l e d  the  seeds o f c re s s .

Slgsund, a ls o ,  found th a t  0 .5  and 0 .3  p a r  cen t so lu tio n s  o f  t a r t a r i c  

a c id  (ano ther chem ical which forms &a In so lu b le  compound w ith  calcium ) were 

in ju r io u s  to  wheat and k i l l e d  pea and rape seed s . But Sigmund o b ta in ed  no germ­

in a t io n  o f p e a s , w heat, and rape when he used s o l id  calcium  o r  barium f lu o r id e .

In  the  p re s e n t  In v e s tig a tio n , however, repea ted  a ttem p ts  to  o b ta in  

in ju ry  to  corn by s o l id  calcium  f lu o r id e  in d ic a te d  th a t  I t  had no e f f e c t  on the  

germ ination  o f  c o m . Seeds o f  co m  com pletely embedded in  the  m oist s a l t  

germ inated r e a d i ly .  When 0 .0 J2  £  HgSO  ̂ was added to  calcium  f lu o r id e  the r e s u l t s  

were e n t i r e ly  d i f f e r e n t .  Then th e  m a te r ia l  became h ig h ly  to x ic ,  a llow ing  no 

germ ination  to  take p la c e , p robably  due to the  form ation o f hydrogen f lu o r id e .

The s tre n g th  o f  the su lp h u ric  a c id  used  a lso  had an e f f e c t  on g em ­

in a t io n .  I n  the  J a r  c o n ta in in g  0.1*13 £  no t only was th e  p e r  c e n t  germ­

in a t io n  reduced b u t the  ro o ts  showed signs o f  severe In ju ry , b a re ly  emerging 

from th e  seed , and the shoots were a lso  in ju re d  bu t to a  le s s  e x te n t .  In  some 

ca se s  th e  shoot appeared  b efo re  the  ro o t which i s  the rev e rse  o f  the  n a tu ra l  

p ro c e s s . The se ed lin g s  soon became covered w ith  mold and i t  was doub tfu l i f



th ey  weald have su rv ived  I f  l e f t  to  grow. The 0 .072  £  HgSO^ trea tm en t prewed 

to  he In ju r io u s  a le e  h a t  the e f f e c t  wat r e l a t i v e ly  much le e s  sev ere . S a l te r  

and McZlvalue have shown th a t  a  n u t r ie n t  so lu tio n  having a  pH o f  2 .17  a llow ed  

26 o u t o f  30 co m  seeds to  germ inate . The se ed lin g s  d id  no t f lo u r is h ,  however, 

and e v e n tu a lly  d ie d . A so lu tio n  o f  pH 2 . 96 , on the  o th e r  hand, allow ed n e a r ly  

p e r f e c t  germ ination  (29 o u t o f  JO) h u t growth was re ta rd e d . Henee the  a c id i ty  

must he taken  in to  account a s  a  f a c to r  a f f e c t in g  germ ination .

I t  should a ls o  he no ted  th a t the  corn seeds showed a  marked v a r i a b i l i ty  

w ith  re s p e c t  to  t h e i r  s u s c e p t ib i l i ty  to f lu o r in e  In ju ry . For example, In  the  

case  o f  P ic k e t t  * s pen t In  the  hydrogen f lu o r id e  so lu tio n s  n ine  p e r  c e n t o f  the 

seeds were a b le  to  germ inate in  th re e  hundred p a r t s  p e r  m ill io n  o f  f lu o r in e  

whereas on ly  seven ty  p e r  c en t o f  th e  seeds germ inated In  a  so lu tio n  co n ta in in g  

one hundred p a r t s  p e r  m ill io n  of f lu o r in e . Moreover, the P o la r  Bent v a r ie ty  

appeared  to  be more su sc e p tib le  to f lu o r in e  in ju ry  than P ic k e t t ’ s Bent in  t h i s  

experim ent and  a ls o  in  subsequent ones.

The q u es tio n  a ro se  a s  to whether the f lu o r in e  had a  r e ta rd in g  o f f s e t  on 

germ ination . The weighted mean (d a ily  p e r  cen t g e m in a tio n  tim es days) i s  very  

u s e fu l  to  exp ress th e  time req u ire d  f o r  g e m in a tio n  and i s  e a s i ly  compared w ith  

the  germ ination  means from the o th e r  trea tm en ts . These va lues a re  found In  the  

l a s t  column o f  Table 2* The so lu tio n s  o f  one hundred p a r t s  p e r  m ill io n  o f  

f lu o r in e  appear to  have hastened  g e m in a tio n  to  a  s l ig h t  e x te n t bu t above two 

hundred p a r ts  p e r  m il l io n  a  r e ta rd in g  a c t io n  o ccu rred . S im ila r  e f f e c ts  may be

observed  in  l a t e r  experim en ts.
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k e la t io k  o r  fu jo h ik e  i s  su p erp h o sp h ate  to  gbbm ihatign

Because f lu o r in e  l a  f e r t i l i s e r s  seemed to  Be a  w a re s  o f  In ju ry  to  

f» is lB & iio n  end i t  should  he in  a  so lu b le  fo n t  in  o rd e r  to  he to x ic ,  a a  in v e s t i ­

g a tio n  o f  th e  amount o f so lu b le  f lu o r in e  in  f e r t i l i z e r s  and I t s  e f f e c t  on 

g e m in a t io n  was undertaken . P re lim in ary  work shewed th a t  th e  q u a n tity  o f  so lu b le  

f lu o r in e  e x tra c te d  from superphosphate was dependent on the  q u a n tity  o f  w ater 

u se d  and the  le n g th  o f  tim e o f  shaking th e  f e r t i l i s e r  w ith  th e  water* There was 

a ls o  a  co n sid e rab le  d if fe re n c e  i n  th e  amount o f  so lu b le  f lu o r in e  in  d i f f e r e n t  

superphosphates„ T herefo re , th e  fo llow ing  procedure was follow ed:

two samples o f  kk  p e r  cen t superphosphate o f  d i f f e r e n t  o r ig in  (which 

w i l l  h e re a f te r  be d esig n a ted  a s  A and B ), and one sample o f 20 p e r  cen t super­

phosphate were o b ta in ed  from stock  su p p lies  used a t  t h i s  s ta tio n *  These samples 

were a i r  d r ie d  In  the  la b o ra to ry  and p laced  in  s u i ta b le  c o n ta in e rs , D e fin ite  

q u a n t i t ie s  o f  the  a i r  dry f e r t i l i s e r  were weighed to  one m illig ram  and added 

to  *KX3 c c , o f  w ater in  a  550 c c . g la s s  b o t t l e .  These b o t t le s  were then  stoppered  

and shaken f o r  s ix  hours In  a  shaking  machine. P re lim inary  work had shewn th a t 

two hoars shaking was s u f f ic ie n t  to  a t t a i n  a  maximum con ten t o f  so lu b le  f lu o r id e  

in  th e  e x t r a c t ,  b u t s ix  hoars was allow ed B ar shaking in  o rd e r  to  In su re  complete 

e q u ilib riu m . A fte r  shaking* th e  so lu tio n s  were f i l t e r e d  and p laced  in  stoppered  

b o t t l e s .  A liq u o ts  o f  the  so lu tio n s  were used to  determ ine the  f re e z in g  p o in t 

d e p re ss io n  by the  u su a l Beckman thermometer method* th e  pH m in e  by th e  qula~ 

kydrone e le c tro d e  and the  so lub le  f lu o r in e  con ten t by tb s  method proposed by 

W illard  and W inters. A ll  th ese  de te rm ina tions were made in  d u p lic a te . J a r s  con­

ta in in g  " ra g  d e l l s 11 were s e t  up a s  b efo re  and 200 c c . o f  s o lu tio n  were added to 

each . The germ ination  t e s t  was run  s im ila r  to  and co n cu rren tly  w ith  th a t  o f  the  

pore  f lu o r in e  compounds so th a t  c o n d itio n s  o f tem pera tu re , e tc .  were the same



f b r  b o th  experim en ts. Tbfele 3 g iv es  the r e s u l t s  o f  the  t e s t s .

A g lance a t  Tablo 3 1® s u f f ic ie n t  to  show th a t  superphosphate 3  was 

mere to x ic  then  the 20 p e r  cen t superphosphaie which In  tu rn  was more to x ic  

than superphosphate A. The in ju ry  to  germ ination  produced by tb s  so lu tio n s  

txo&  20 p e r  c e n t superphosphate in c re a se d  w ith  an in c rease  In  c o n c e n tra tio n  o f  

so lu b le  f lu o r id e .  The same ho lds t ru e  f o r  superphosphate A and supe rphoepbat®

B. B u t, a s  m ight be expec ted , the  a c id i ty  and osm otic concent r a t io n  a ls o  in ­

c re a se d  w ith  in c re a s in g  amounts o f  f e r t i l i s e r .  In  f a c t ,  the q u es tio n  might be 

r a i s e d  w hether o r  n o t th e  to x ic i ty  was e n t i r e ly  doe to  these  l a s t  named f a c to r s .

To answ er t h i s  q u e s tio n  one trea tm en t was se le c te d  in  which th e  m in e s  o f  these  

f a c to r s  were the l e a s t .  I n  the  case o f superphosphate B one gram o f f e r t i l i s e r  

p e r  100 c c . o f  w ater gay© a  f re e z in g  p o in t  dep ression  o f  on ly  .19°C which c o r -  

responds to  an  osm otic m in e  o f  2*2$ atmospheres* S h ire  (11) o b ta in ed  a s  good 

germ ination  in  so lu tio n s  o f S.G atm ospheres a s  he d id  w ith  the c o n tro l c u l tu r e s .

The a u th o r found In  f u r th e r  woxk w ith  C, P . ammonium s u l f a te  and potassium  c h lo r id e  

so lu tio n s  th a t  co rn  seeds could  germ inate a t  much h ig h e r osmotic c o n c e n tra tio n s . 

P e r f e c t  germ ination  was o b ta in ed  in  so lu tio n s  o f  ammonium s u l f a te  h a rin g  a  f re e z in g  

p o in t d ep re ss io n  a s  felgh a s  l.btyHJ. P e r  potassium  c h lo r id e  th e  l im i t  m s  s t i l l  

h ig h e r , be ing  l.g^N J.

The pH o f  the  superphosphate so lu tio n  under d iscu ssio n  happens to c o in -  

c ld c  w ith  th a t  o f  th e  s o lu tio n  used  by S a l te r  and McIXwalne on corn  in  which 

th ey  o b ta in ed  so  re d a c tio n  in  germ ination* Also the s l ig h t ly  g re a te r  a c id i ty  o f 

the  fo u r  gram s o lu tio n  o f  superphosphat e A d id  n o t produce such to x ic i ty .  The 

f lu o r in e  co n ten t o f  the so lu tio n  from superphosphate B was Ijjb p a r t s  p e r  m il l io n . 

The p e r  c e n t  germ ination urns approxim ately the  same a s  th a t  In  100 p o r ts  p e r  

m il l io n  o f  f lu o r in e  a s  hydrogen f lu o r id e  (Table 2 ) .  I t  must be t r u e .
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th e r e fo re , th a t  the to x ic i ty  o f the  f lu o r in e  in  the  superphosphate i s  m odified  

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

A com parison o f  the so lu tio n  o f  superphosphate B h a rin g  iso  grams 

o f  f e r t i l i s e r  p e r  100 cc • w ith  th a t  o f  20 p e r  c en t superphosphate h a rin g  fo u r  

grams p e r  100 c c . o f  w a ter shows th a t  the osm otic v a lu es  and a c id i ty  a re  p r a c t i ­

c a l ly  th e  same, and th a t  to x ic i ty  to  germ ination  v a r ie s  d i r e c t ly  w ith  th e  f l u ­

o r in e  con ten t*  le c h  o f  th ese  so lu tio n s*  however, was le s s  to x ic  than  correspond ing  

s o lu tio n s  o f  hydrogen f lu o r id e *  In  th e  th re e  m entioned cases the  pH o f  the  so lu ­

t io n  was h ig h e r th an  th a t  o f  the  correspond ing  hydrogen f lu o r id e  so lu tio n s*  The 

s o lu t io n  o f  20 p e r  c e n t superphosphate co n ta in in g  12 grams o f  f e r t i l i s e r  p e r  100 

c c , co n ta in ed  200 p a r t s  p e r  m ill io n  o f  f lu o r in e  and i t s  a c id i ty  I s  p r a c t ic a l ly  

the  same a s  th e  hydrogen f lu o r id e  s o lu tio n  o f th a t  streng th*  The in ju ry  to  

germ ination  in  t h i s  ease  I s  s l ig h t ly  g re a te r  than  th a t  o f the  hydrogen f lu o r id e  

so lu tio n *  I t  a p p ea rs , th e n , th a t  the to x ic i ty  I s  favo red  by h ig h  a c id ity *  T his 

conclu sion  i s  f u r th e r  supported by the  f a c t  th a t  hydrogen f lu o r id e  proved mere 

to x ic  th a n  sodium f lu o r id e *

Had superphosphate A been om itted  from the experim ent the  ex p lana tion  

o f  Table 3 and some l a t e r  experim ents would have been g re a t ly  s im p lif ie d  f o r  

I t s  in ju ry  to  germ ination  I s  much le s s  than  would be expected from i t s  so lu b le  

f lu o r in e  eon ten t*  There w ere, however* th ree  m ajor d iffe re n c e s  between th is  

f e r t i l i z e r  and the  o th e r  two f e r t i l i z e r s .  The a c id i ty  was l e s s  and the so lu b le  

f lu o r in e  was le s s  f o r  a  g iven  weight o f  a v a ila b le  PgO^ than In  th e  case  o f  the 

o th e r  two f e r t i l i s e r s *  Superphosphate A a ls o  con ta ined  a  sm all amount o f  copper 

a s  shown by q u a li ta t iv e  a n a ly s is  o f the m ateria l*  Bo tra c e  o f  copper was found 

i n  th e  o th e r  two f e r t i l i z e r s .  There I s  need o f  f u r th e r  In v e s tig a tio n  to  d e te r ­

mine the e x a c t  cause f o r  th e  low er to x ic i ty  o f  superpho spha te  a*

The tim e re q u ire d  f o r  germ ination  in  the  v a rio u s so lu tio n s  I s  given 

in  th e  l a s t  column o f  Table 3* In c re a s in g  amounts o f f e r t i l i z e r  caused  g re a te r  \
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r e ta r d a t io n  o f ge rm ina tion . The degree o f r e ta rd a t io n  was n o t w holly c o n tro l le d  

by osm otic  c o n ce n tra tio n , h a t was a f f e c te d  by o th e r  f a c to r s  a s  w e ll. Ho doubt 

the  f lu o r in e  c o n te n t p lay ed  some p a r t  in  re ta rd in g  germ ination ,

HEBBCTIOB 07 TOXICITT OF SUPERPHOSPHATES BY THE PARTIAL REMOVAL OF FLU0RIHE

A lthough the r e s u l t s  o f the fo rego ing  experim ents in d ic a te d  th a t  so lu b le  

f lu o r in e  was re sp o n s ib le  f o r  the  to x ic i ty  o f the  In v e s tig a te d  superphosphates to  

th e  g e m in a tio n  o f  co rn , an  ex ac t in te rp r e ta t io n  o f  the  r e s u l ts  was com plicated 

by th e  in flu e n ce  o f o th e r  f a c to r s  which may have had some e f f e c t  on germ ination .

An a ttem p t was made, th e re fo re ,  to  remove the so lub le  f lu o r in e  from the super­

phosphate by a  method which would cause the l e a s t  p o ss ib le  a l t e r a t io n  o f  the 

p h y s ic a l  and chem ical p ro p e r t ie s  o f  the  superpho spha te  u sed . For t h i s  purpose the  

v o l a t i l i z a t i o n  method seemed b e s t  adap ted  because i t  d id  n o t re q u ire  the a d d itio n  

o f  any foreign , substance except w ater and , fo r tu n a te ly ,  the  f lu o r in e  d i s t i l l e d  

over a t  a  low tem perature (120°C) which removed only a  trac e  o f  phosphoric and 

su lfu l’l e  a c id .

Twenty-four grams o f superphosphate B was a c c u ra te ly  weighed in to  a  

hOO c c , Ehrlenm syer f la s k  and p laced  in  a  c o n s tan t tem perature oven a t  135°C^ 2 ° . 

The stoppered  f l a s k  was connected to a  w ater-cooled  condenser on the  o u ts id e  o f  

the  oven by means o f g la s s  tu b in g . The superphosphate was a l t e r n a te ly  w etted 

and d r ie d  by the a d d it io n , through a  c a p i l la ry  tu b e , o f approxim ately 10 c c , 

p o r t io n s  o f d i s t i l l e d  w ater fo llow ed by se v e ra l hours o f  dry ing  a t  135°**, The 

d i s t i l l a t e  was rec e iv e d  in  a  s u ita b le  c o n ta in e r . Baring e ig h t days o f  a l te r n a te  

w e ttin g  and d ry ing  223 c c , o f d i s t i l l a t e  was o b ta in ed . The hard  cake o f  super­

phosphate formed by th i s  procedure adhered  to the f l a s k  so s tro n g ly  th a t  removal 

was n o t a ttem p ted , b a t  the  f l a s k  a s  w e ll a s  i t s  c o n ten ts  was broken up in  a  

m o rta r , p la c e d  in  a  550 c c .  b o t t l e ,  b00 c c . o f d i s t i l l e d  w ater added, shaken f o r  

s ix  h o u rs , and then  f i l t e r e d .  The p h y s ic a l appearance o f the  f e r t i l i z e r  a f t e r
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■hairing d id  n o t seem to  ho d i f f e r e n t  th an  th a t  o f the  o r ig in a l  superphosphate. 

The f i l t r a t e  and th e  d i s t i l l a t e  from the  superphosphate se re  an a ly sed  and used  

f o r  germ ination  t e s t s  a s  i n  the  p reced in g  experim ent •

Table shoes th a t  a l l  o f  the  so lu b le  f lu o r in e  mas not restored from 

th e  superphosphate by t h i s  method, hu t I t  was g re a t ly  reduced In  q u a n ti ty . The 

re d u c tio n  i n  so lu b le  f lu o r in e  co n ten t was accompanied by a  decrease  i n  the  

to x ic i ty  o f  the  superphosphate. The d i s t i l l a t e  from the  superphosphate, on the 

o th e r  hand, was h ig h ly  to x ic  to  germ ination . T h is to x ic i ty ,  no doub t, was due 

to  the  h ig h  c o n c e n tra tio n  o f  f lu o r in e  which must hare  been in  com bination a s  

fc y d ro - f lu o s il ic ic  a c id  because o f  the  method used  f o r  se p a ra tio n . The osm otic 

c o n c e n tra tio n  o f  the  d i s t i l l a t e  was much too sm all to  hare an  ap p rec iab le  e f f e c t  

on germ ination , and i t  has been shown i n  Table 2 th a t  .072 £  EfeSOty hawing a  

pH o f  1 .^3  *es mot a s  to x ic  a s  th is  d i s t i l l a t e  which had a  pH o f  1 .8 9 . Hence, 

the  to x ic i ty  most have been due d h le f ly  to  the so lu b le  f lu o r in e  p re s e n t .

HFEBCT OF SOUM S011S OH TOXICITY OF FEHTILIZER SOLUTIONS

TO G&MIHATXOH 0? COBH

R e su lts  o b ta in ed  w ith  so lu tio n  c u ltu re s  a re  o ften  q u ite  d i f f e r e n t  from 

those o b ta in ed  I f  th e  s o lu tio n  i s  added to the  s o i l .  The s e l l  u s u a lly  reduces 

the  to x ic i ty  o f  so lu tio n s  and may com pletely overcome I t .  An experim ent was 

ru n  to  determ ine i f  th i s  were tru e  w ith  f lu o r in e  in  f e r t i l i s e r s .  I f  the s o lu tio n  

fend been added to  the  s o i l  the  p o s s ib i l i ty  o f determ ining the  e f f e c t  o f  the  s o i l  

on so lu b le  f lu o r in e  would haws been e lim in a te d  due to  la c k  o f s u i ta b le  methods 

f o r  e x tr a c t in g  the  s o i l  so lu tio n . T herefore an in te rm ed ia te  method was chosen.

S o lu tio n s  o f  superphosphate 3 were made a s  the so lu tio n s  given in  

T able 3 ex cep t th a t  50 grams o f  s o i l  (even dry b a s is )  were added f o r  each 100 c c . 

o f  w a te r u se d . The procedure  f o r  shaking , a n a ly s is ,  and germ ination  was the
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taoft a s  b t f o r e ,  The germ ination  t e s ta  ran  c o n cu rren tly  w ith  those o f  the a fo re ­

m entioned e o la t io n s .  The r e s u l t s  a re  g iven  in  Table 5«

The a d d it io n  o f s o i l  to  the  so lu tio n s  caused a  masked red u c tio n  in  th e  

so lu b le  f lu o r in e  con ten t and in  the  a c id i ty .  This e f f e c t  was accompanied by a  

g re a t  change in  th e  to x ic i ty  o f the f e r t i l i z e r .  More than  tw elve tim es a s  much 

superphosphate B w ith  s o i l  added was re q u ire d  to  produce the same degree o f  

to x ic i ty  o b ta in ed  when one gram o f superpho sphate 2  was used w ithou t s e l l  (Table 3) • 

The re d u c tio n  in  f lu o r in e  c o n te n t, no doub t, i s  due to  the fo rm ation  o f  in so lu b le  

calcium  f lu o r id e  which acco rd in g  to  Table 2 i s  n o t to x ic  to  g e m in a tio n  o f c o m . 

Brooks ton  loam was more e f f e c t iv e  than Miami s i l t  loam In  reducing  the  so lu b le  

f lu o r id e  c o n te n t o f  the  so lu tio n . The osm otic value o f  the so lu tio n s  was no t 

g r e a t ly  changed. The re ta rd in g  e f f e c t  o f  the  so lu tio n s  i s  shewn in  the l a s t  

column o f  Table 3* S ix  grams o f superphosphate 2  p lu s  s o i l  appeared to h a sten  

g e m in a t io n , bu t the more concen tra ted  so lu tio n s  showed a  r e ta rd in g  in flu en ce  on 

the  germ ination .

RELATION 07 FERTILIZER PLACEMENT TO GERMINATION 

OF CORN I I  POT EXPERIMENTS

Having determ ined th a t  s o i l  was e f fe c t iv e  in  overcoming the  to x ic i ty  

o f  the superphosphates to  com* experim ents were run  in  the greenhouse to  in v e s t i ­

g a te  the  to x ic i ty  o f  the f e r t i l i z e r s  when p laced  in  th e  s o i l  w ith  th e  seed . Two- 

g a llo n  g lazed  j a r s  were u sed , co n ta in in g  s o i l  made up to  d e f in i te  m o istu re  con­

te n ts  u s in g  ?000 grams o f  a i r - d r y  s o i l  In  the  case o f Brookston loam and 3000 

g rams in  th e  ease o f  Miami and Pox s o i l s .

TIbb r a t e  o f a p p lic a tio n  o f  f e r t i l i z e r  was based upon a  h i l l  a p p lic a tio n  

In  a  c i r c l e  th re e  Inches in  diam eter w ith  the com  p la n te d  in  check rows th ree  

pmA o n e -h a lf  f e e t  a p a r t .  By th i s  method on ly  1/250 o f  the  t o t a l  a re a  i s  covered .
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Bence, an  a p p lic a t io n  o f  25 pounds p e r  ac re  in  th e  h i l l  equals 2$ t in e s  250 o r  

€230 pounds p e r  a c re  b ro ad c as t f o r  the  a re a  covered .

25 l b s . / a c r e  l a  M i l  Z 6,230  lb s  . / a c r e  b roadcast

50 l b s . / a c r e  l a  b i l l  -  12,500  l b s . / a c r e  b ro ad cas t

100 lb s . / a c r e  In  M i l  -  25,000 lb s  . /a c r e  b ro ad cast

200 lb s . / a c r e  In  M i l  s  50,000 I b s . /a c r e  b roadcast

boo I b s . / a c r e  l a  M i l  -  100,000 lb s . / a c r e  b roadcast

Tbs f e r t i l i s e r  was a p p lie d  with, la rg e  s a l t  sh ak ers , covering  the e n t i r e  c ro ss  

s e c tio n  o f  the  s o i l  a t  the  b roadcast r a t e s  n o ted . f i f t y  seeds were p la n te d  p e r  

j a r  a t  a  dep th  o f  two and o n e -h a lf  in c h e s . The j a r s  were made up to  weight 

every  o th e r  day by adding  w ater to  the  lower s o i l  through a  g la s s  tube p laced  

th rough  th e  c e n te r  o f  the  s o i l  colusai.

An experim ent was conducted to  determ ine what e f f e c t  p la c in g  the 

embryo a g a in s t  th e  f e r t i l i s e r  would have upon germ ination a s  compared to  th e  

same trea tm en t w ith  th e  endosperm toward the f e r t i l i s e r .  Com was p la n te d  on 

Miami s i l t  loam a t  te n  p e r  c en t m oistu re  c o n te n t, u s in g  20 p e r  c e n t superphosphate 

i n  e o n ta e t  w ith  the  M ed. The placem ents and r e s u l t s  a re  g iven in  Table 6 .

Since th e  w ater was added to  th e  lower p a r t  o f  the  s o i l  c o i tu s  the  

movement o f  m o istu re  In  the  s o i l  was predom inantly upward a s  I t  would be in  the  

f i e l d  I f  no ra in s  occurred  d a rin g  th e  time f o r  g e m in a tio n . Under these  c o n d itio n s  

th e  f e r t i l i z e r  below the seed  was in ju r io u s  to  g e m in a tio n  of com  re g a rd le s s  o f  

w hether the  f e r t i l i s e r  was In  c o n ta c t w ith  the  embryo o r  th e  endospem . The 

f e r t i l i s e r  above the  seed produced g re a te r  in ju ry  when the  embryo came in  c o n ta c t 

w ith  the  f e r t i l i z e r  than when the endospem  d id . P la te  1 shows th e se  j a r s  tw elve 

days a f t e r  the  seed  was p la n te d . S im ila r r e s u l ts  w ith  regard  to fa c in g  o f  th e  

embryo o f  th e  co m  k e rn e l toward o r  away ftem  th e  f e r t i l i z e r  were o b ta in ed  by 

Coe, u s in g  Aomo-Phos in  c o n ta c t w ith  th e  seed . The experim ent in d ic a te s  th a t  when
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the  d if fu s io n  o f  the  f e r t i l i z e r  tak es p lae e  in  a  d ire c tio n  a ssy  from the seed  

a  few m ill im e te rs  se p a ra tio n  o f seed and f e r t i l i z e r  may make a  profound d i f ­

fe re n c e  i n  th e  p e r  cen t germ ination  f o r  when th e  f e r t i l i z e r  was above the  seed  

in  c o n ta c t  w ith  the  endosperm germ ination  was much b e t t e r  than when the  embryo 

was exposed to  the  f e r t i l i z e r .

imPLUEKCX 07 SOIL MOISTURE 01 TOXICITY 07 FERTILIZERS TO GERMINATION OF COM

Truog and h is  co-w orkers (13) found th a t  the  in ju ry  to  germ ination  

o f  c o m  caused  by a  com plete f e r t i l i z e r  v a rie d  In v e rse ly  w ith  th e  m oistu re  con­

te n t  o f  the  s o i l .  An experim ent was conducted to  determ ine i f  th e  same were 

t r e e  f o r  superphosphates. J a r s  o f Miami s i l t  loam were made up to  d e f in i te  

m o istu re  c o n te n t. The f e r t i l i z e r  was a p p lie d  beneath  the seed in  c o n ta c t w ith  

the  eatbxgre. Supeiphosphates A and B and 20 p e r  c e n t superphosphate were inc lu d ed  

In  t h i s  experim en t• The amount o f f e r t i l i s e r  u sed  in  the  case o f the  more con­

c e n tra te d  c a r r i e r s  was in c h  th a t  an e q u iv a le n t amount o f a v a ila b le  PgO^ was 

u sed  in  a l l  th re e  s e ts  o f  p o ts .  C a te rin g  was accom pli shed in  th e  same manner a s  

b e fo re . B a lly  coun ts were made o f  th e  number o f p la n ts  emerging from the  s o i l  

and from these  the  w eighted M an f o r  time o f  emergence was ca lcu la ted *  Table 

7  c o n ta in s  these  r e s u l t s .

The d a ta  show th a t  germ ination  was b o th  re ta rd e d  and reduced by a  

decrease  in  s o i l  m oistu re  c o n te n t. S im ila r  r e s u l t s  were ob ta ined  by u s in g  Breek- 

s to n  loam a t  20 p e r  c e n t  and 15 p e r  cen t s o i l  m oistu re  c o n te n t. Bus to  the  

n a tu re  o f th e  experim ent r e l ia b le  chem ical a n a ly s is  o f  th e  s o lu tio n  coming in  

c o n ta c t  w ith  the seed was im possible bu t from th e  la b o ra to ry  r e s u l t s  c e r ta in  

su p p o s itio n s  seem j u s t i f i e d .  The low er m oistu re  co n ten t o f the  s o i l  probably  

r e s u l te d  I n  a  h ig h e r co n ce n tra tio n  o f so lu b le  m a te r ia l  in c lu d in g  f lu o r in e  a t  

the  su rfa c e  o f  th e  seed . A lso , no doub t, th e re  was a  slower r a te  o f  re a e t ld n  

between f e r t i l i z e r  and s o i l  a t  the low er m oistu re  c o n te n t than a t  th e  h ig h e r one
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f o r  d i f fu s io n  l a  tb s  s o i l  was probably  slow er. Tbs com bination o f  the  two 

c o n d itio n s  named should  have favo red  a  h ig h e r so lub le  f lu o r in e  c o n te n t a s  w e ll 

a s  a  h ighe r  osm otic c o n ce n tra tio n  in  th e  d ry e r s o i l  r e s u l t in g  in  r e ta rd a t io n  

and in h ib i t io n  o f  grow th.

EFFECT 07 MIXING SUPERPHOSPHATES WITH SOILS TS. BISECT CONTACT

WITH SEED OH GERMINATION

An experim ent was s e t  up to  determ ine the e f f e c t  on germ ination  o f  

m ixing the  superphosphates w ith  the s o i l  a s  compared to  the placem ent o f  th e  

same in  d i r e c t  c o n ta c t w ith  the  seed . The j a r s  f o r  th e  d i r e c t  c o n ta c t t r e a t ­

m ents were made up a s  b e fo re  p la c in g  the  f e r t i l i z e r  below the seed  i n  c o n ta c t 

w ith  th e  embryo. I n  the  j a r s  where m ining o f  f e r t i l i z e r  w ith  th e  s o i l  was 

d e s ire d , one k ilogram  o f  a i r - d r y  s o i l  was mixed w ith  the f e r t i l i z e r ,  brought 

to  th e  d e s ire d  M is  Imre c o n te n t, and p la c e d  in  a  la y e r  over u n tre a te d  m o is t 

s o i l .  I n  th i s  la y e r  th e  corn  k e rn e ls  were p la n te d . The la y e r  o f f e r t i l i s e d  

s o i l  was approxim ately  one in ch  th ic k  and was eevered  by a  la y e r  o f  u n f e r t i l i s e d  

s o i l .  Three s o i l s  were used—Brookston loam a t  20 p e r  cen t m o istu re  c o n te n t, 

Miami s i l t  loam a t  15 p e r  cen t m oistu re  con ten t , and Tex sandy loam a t  12 p e r  

cen t m o is tu re  c o n te n t. The m oistu re  co n ten t was approxim ately  o n e -h a lf  o f  the  

m o is tu re  h o ld in g  c a p a c ity . The r e s u l t s  o f  th e  experim ent a re  recorded  in  Table 

3.
By pjx la g  the  f e r t i l i z e r  w ith  the  s o i l  the  to x ic i ty  o f  th e  f e r t i l i z e r  

was a lm ost com pletely overcome except in  the  ease o f th e  h e av ie s t a p p lic a tio n  

o f  th e  4b p e r  c en t superphosphates on Fox sandy loam. More than  s ix te e n  tim es 

a s  much f e r t i l i z e r  cou ld  he a p p lie d  w ithout red u c tio n  in  germ ination  by m ixing 

w ith  the  s o i l  than  when th e  f e r t i l i z e r  was used  in  d i r e c t  c o n ta c t w ith  th e  seed . 

When the  superphosphates were in  d i r e c t  c o n ta c t w ith  the seed th e  re a c t io n  

between s o i l  and f e r t i l i z e r  was n o t complete enough to  overcome i t s  to x ic i ty .
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I t  was supposed th a t  th e  s e l l  type s ig h t  p la y  an Im portant p a r t  i n  

th e  a b i l i t y  to  o v erseas to x ic i ty .  Except f o r  th e  h e a v ie s t  a p p lic a t io n  on Pox 

eandy l e a s ,  th e  r e s u l t s  a r e  r a th e r  unconvincing. The d ir e c t  c o n ta c t r e s u l t s  

in d ic a te  t h a t  re a c tio n  between s o i l  and f e r t i l i s e r  was n e t  s u f f ic ie n t  to  p r e -  

dace s ig n i f ic a n t  d if fe re n c e s  whereas th e  re a c tio n  between the  mixed s o i l  and 

f e r t i l i s e r  was g re a t  enough to  overcome to x ic i ty  i n  th e  m a jo rity  o f  th e  c a s e s .

The low er to x ic i ty  to  g e m in a tio n  o f  superphosphate A i s  ag a in  brought 

o u t  in  th e  d i r e c t  c o n ta c t  trea tm en ts  o f  Table S . The d iffe ren c e  between th e  

t o x ic i ty  o f  superpho sphate  3  and 20 p e r  c o s t  superphosphate, however, was dimin­

ish e d  a s  compared to  the to x ic i ty  produced a s  shown i n  Table 3 .  T his can be 

accounted  f o r  by the  f a c t  th a t  a  g re a te r  weight o f dry  f e r t i l i s e r  was used  in  

th e  case  o f  20 p e r  c e n t superpho sphate which must have reduced the m oistu re  

c o n te n t i n  the  immediate v ic in i ty  o f th e  seed.

In c re ased  r e ta r d a t io n  o f  emergence o f  co rn  occurred  w ith  in c re a s in g  

amounts o f  f e r t i l i s e r .  The seed  in  s o i l  mixed w ith  f e r t i l i z e r  came up 1.3  

days e a r l i e r  a s  an  average than  when th e  same r a te  o f  a p p lic a tio n  was a p p lied  

in  d i r e c t  c o n ta c t w ith  the  seed .

T032GITT OF FERTILIZERS TO GERMINATION OF COBH 

IN FIELD EXPERIMENTS

The f i n a l  experim ent w ith  re sp e c t to  to x ic i ty  o f superpho sphate s was \ 

conducted in  th e  f i e l d .  The f e r t i l i z e r  was a p p lied  in  the  M i l  in  a  c i r c le  

th re e  in ch es in  d iam eter and the seeds p la n te d  in  d i r e c t  co n tac t w ith  the f e r t i ­

l i z e r ,  u s in g  amounts o f the 44 p e r  c en t f e r t i l i z e r s  e q u iv a len t i n  con ten t 

to  th e  amounts a p p lie d  in  the 20 p e r  cen t superphosphate a p p lic a t io n s .  For 

each  trea tm en t te n  h i l l s  were p la n te d  w ith  f iv e  k e rn e ls  o f com  p e r  b i l l .  Sample 

o f  s o i l  were taken a t  the  time o f p la n tin g  on which m oistu re  con ten t and pH
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***• determ ined . Emergence counts were made a t  12 and 21 days from d a te  o f  

p la n t in g .  Tbs f i n a l  emergence i s  g iven  In  f a b le  9 .

The r e s u l t s  o f  tbe greenhouse t e s t s  a re  confirm ed by the f i e l d  t e s t s .

There was a  marked d if fe re n c e  produced by fa c in g  the  embryo toward o r  away 

from th e  f e r t i l i s e r ,  The low m oistu re  con ten t p robab ly  accounts f o r  th e  low er 

p e r  c e n t ge rm ination  on H ills d a le  sandy loam. Superphosphate A proved l e s s  

to x ic  than  superphosphate B o r  20 p e r  cen t to  germ ination . The p e r  c e n t germ ination , 

however, was much h ig h e r in  the f i e l d  experim ent th an  i t  was in  th e  greenhouse 

experim en t. T h is may be due, i n  p a r t ,  to  the  f a c t  th a t  only  a  c i r c u la r  a re a  

th re e  lac h es  in  d iam eter was covered w ith  f e r t i l i s e r  whereas in  the  j a r s  in  the  

greenhouse th e  e n t i r e  c ro s s  se c tio n  o f th e  j a r  was covered. The p la n ts  th a t  

grew showed a  marked tendency to  send th e  ro o ts  through the s e l l  beyond th e  

f e r t i l i z e r  r a t t ie r  th an  through the  f e r t i l i z e r .  F a r th e r  comparison o f p e r  c en t 

germ ination  between the  greenhouse and f i e l d  t e s t s  sc a rc e ly  seems j u s t i f i e d  

because d i f f e r e n t  s o i l s  were used having  d if f e r e n t  m oisture c o n ten ts  and the  

c l im a tic  environm ent was e n t i r e ly  d i f f e r e n t .

S XJffiL&M
\%

In  t h i s  In v e s t ig a tio n  ( 1) la b o ra to ry , greenhouse, and f i e l d  experim ent 

have shewn th a t  the  superphosphates in v e s tig a te d  were capable o f e x e r tin g  a  

to x ic  in f lu e n c e  on the  germ ination  of corn  due to t h e i r  con ten t o f so lub le  

f lu o r in e s  ( 2 ) the  s o i l s  u sed  in  th e  experim ent were e f fe c t iv e  in  reducing  o r 

overcoming the  to x ic i ty  p rov ided  th a t  s u f f ic ie n t  re a c tio n  took p lac e  between the 

s e l l  and th e  f e r t i l i z e r *  These two f a c t s  fu rn ish  a  s a t is f a c to ry  ex p lan a tio n  

o f  ( 3 ) the  h ig h  to x ic i ty  o f  superpho sphate  s when p lac ed  in  d i r e c t  c o n ta c t w ith  

the  seed  and a ls o  (H) the red u c tio n  o f th is  to x ic i ty  when the  superphosphates 

were mixed w ith  the s o i l .  (9 ) Com was found to  be q u ite  v a r ia b le  in  I t s  sus­

c e p t i b i l i t y  to  f lu o r in e  in ju ry ,  (6 ) The fa c in g  of the  embiyo o f  th e  seed toward
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Hie superphosphate r e s u l te d  in  g re a te r  re d a c tio n  in  germ ination  o f  c o n  tban  

when th e  p o s i t io n  o f  th e  k e rn e l mas re v e rse d , p rov ided  th a t  th e  f e r t i l i s e r  

d if fu s e d  away from th e  seed , ( 7 ) There warn co n sid erab le  d if fe re n c e  In  the  

amount o f  in ju ry  produced by the  t i m e  superphoaph&tes in v e s tig a te d , F u r th e r  

r e s e a rc h  i s  needed to  determ ine the  e f f e c t s  o f n itro g e n  and p o ta sh  c a r r i e r s  

on th e  so lu b le  f lu o r in e  c o n te n t and to x ic i ty  o f  th e  superphosphates in  m ix tu res 

o f  th ese  f e r t i l i s e r s *
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RELATION OF FERTILIZER PLACEMENT TO GERMINATION OP CORN

PLATE I

20$ superphosphate on Miami s l i t  loam a t  ten  p e r cen t mole to re  c o n te n t. 
F e r t i l i s e r  was p laced  above the seed .

C —  No f e r t i l i s e r
1 12,500  lb e /a c re  in  c o n ta c t w ith  endospem
2 — 12,500  lb s /a c r e  in  c o n ta c t w ith  embiy©

— 2J f000 lb s /a c r e  i n  c o n ta c t w ith  endosperm
«*» 25*000 lb s/A cre  i n  c o n ta c t w ith  embryo



Table 1

P e r  Cent G em in a tio n  o f  Com a f t e r  Immersion in  F e r t i l i z e r  M a te ria ls

atm ent Substance
: Concent r a t  ion  
: o f  Medium

pH o f  :
Medium:

1 %0 ( d i s t i l l e d )
•»
t iSSiW

:
— j

2 (5 %>2S0^ (com1X)
*•
5 P a s te

•

%.23 5

3 KC1 (com* 1)
t
: »

•e
6*90 :

k Superph© sphat* 20# PgO^
•

i «■
#

2 .>*S I
5 Superphosphate 3  P2O5 : « 2 . 1f t  i

Ca (HgPO^)p C. P .
•
*

s*- « 1 .56  i
7 HjPOl*

5
i 0 .1  & 1 .6 1  i 

«
$ Beck phosphate & % 0 is CC* 7 .16  1

3 %SQ1|
*
i 0.11*3 £

s
1,20  :

10 Beck phosphate & -1^2 L :5  gsu/lOQ ee* 1 .S6 :

lim b er o f  hoars immerse A
L { 3 i 6 ; zh  :96

* 27

S i  i 2^  t 9

} —

r m
898U51-

93s®5

1 * 0
ee

0 : 0

— s91
*«

<ww$99

— if ?e
— 595

e

0

*S

65 

o 

: 0

(a )  Average o f  10 de te m in a tIo n s  o f  100 seeds each  
S tandard  d e v ia tio n  a  1 .12^



T able 2

In f lu e n c e  e f  Some F luo rine  Compounds on the  G em ination  o f  Cera

Snbstance
S PPM 
: F luorine

£
: pH

*

:
W 11 m 1 e
t

Check i — -------- -

S  9
i
t too i a»ss

*
•
t 200 : 2*66

«
i
«ft 300 : 2.b9
!
•« *KK> * 2 .bo

SaP
S
« 100 I 5 * 1ft

«
•
i 200 1 5*5?

•
I
i 300 1 5 . a

s
•
* boo * 5 .63e

.1*3 a, SgSOî
*
*ft

— *: 1 .20  
«

.o p  i  B^SO*
ft
% ftix—̂ i 1 .43ft

.072  £  H^SO* tk lit  <MTZ
ft '

— : 1 .4 4
ft

Capg (s o lid )
ft
: —

ft
ftft

< Germ ination a Bays fop
P o la r  Beat : P ic k e tt* s  Bent : Germ ination

— . -------------------- j ----------------
5

9 8 .5  ( a ) 9 9 .2  ( a )  2 2 .3 5
:

1)jC| 7 0  2 2 .2 5

9 2 2  I 3 .0 0

0 9  ! 4 .0 0

0 0  :

6 1
*

7 2  2 2 .0 0
1 ;

10 6 5  2 .4 0

32 2 3  ! 2*95
ft

0 0  i

1$ 2 6  • 3 .0 5

6 b 6 7  : 2 .1 0
ft

0 0  :
i i

38 s 9 9  : 2 .3 0

(a) Average o f 10 determ inations o f  100 seeds each. 
Standard d ev ia tion  1*12 and 0.75 resp ective ly



f a b le  3

P e r  Cent G erm ination o f Com i n  F e r t i l i z e r  S o lu tio n s

F e r t i l i s e r _«»....fei*%.
F rees in g  

p o in t pH
: $  germ inatioi 

mm s o lu b le :p i la r  3 P lcke tl
10Ooe%6 low ering f lu o r in e  sDent

*
•

Dent

Cheek — — —

:
98 .5 99.2

StQjerpho sphate  20$ k

8 s
■

•30 2.93 i 117 !
!

57 1 87

.53 :2 .75
1 .

172 35
1 12 .74 :2.65 200 7 ik
1

16 .91 2.59 243 1 3
1

20 1 .01 2 .5* 270 0
i

1

Superphosphate A *&$ k .52 2.9*1 147 91 96

8 1.00 2 .81 173 7** 93

12 1.3** 2 .7 6 214 m 68

16 1 .66 2.69 256 1** 1 30

20 1.98 2 .66 327 1! 3 3

Superpho sphate  B 1 .*9 2 .96 154 52 69

2 .30 2 .91 263 22 33

1 3 •**3 2 .87 385 12 10

% .53 2 .gH 513 1 5

5 2.82 611 0 5

6 .77 2.77 670 0 0

Days f o r  
germin­
a t io n

2-35 

2 .8 0  

3 .6 0

3.95
5 .00

3 .0 0

2 .30

3 .0 0

3-85
4 .80  

4 .8 5

2 .6 5

3 .8 0

3.95
4 .8 0

6 .80



T a b le  k

Heduotlon o f Toxicity o f Soperphoopiates by the P artial

Bemoval o f  B in a r ie s

B reezing  t ii» g e m in a tio n
^ T rea tm e n t i g« f e r t :  p o i n t  $ 

slQ OcdsfeO ; d e p r e s s io n s
i  s

pH p p a  j F o l a r s P i c k e t t s  
f T o o r l n e :  B e e ts  B e n t

•  e« e

C h e e k
S 3 ? 
. 0  i  —  
t  i :

------ s 9 8 .5  i » . 2
ft ft ft ft

Superpho sphat e  B 
(naheated) 

Snperphe spha te  B 
(h ea ted ) 

D i s t i l l a t e  f i a i  
Be&ted f e r t i l i z e r

.77

.59

j2 .77  s 670

:2.22

.05 :1 .«9

133

1015

: 0 
3

J ©

1
3 Gl



fa b le  5

E f fe c t  o f  S o ils  on T o x ic ity  o f  F e r t i l i s e r  S o lu tion#  

to  Germination o f  Corn

Treatm ent g . f e r t  : B reezing: 
lOOcc HgO : p o in t : pH

: le v e r in g :

; g e m in a tio n
; ppnt : P o la r  P ic k e t ts  
: f lu e r la e :  Pen t: Bent

Cheek

e ^ e rp h o sp h a te (B ) 

superpho sphate  ( B) 

p lu s  50 g . Miami 

s i l t  loam(pH $ .1S) 

p e r  100 ec  so ln .

HNjS enperpho spih&te (B ):
e♦

plus 50 S* Breekston i 

lean (pH 7*13) 

per 100 ee aoln.

3

12

16

20

6

3

12

IS

20

.77

.69

: 1 .23  

*: 1 .52

3 . 6$

3 .35 
♦

; 1 .25  
*

! 1 .50  
e

i 1.95

* 2 .77  
:
t 3 .13

. 8% : 3 .07

5 2 .97
3
: 2 .33

3 1.97 S 2.79

3 .96

3.69

3 .^3

3 . I 9

3.03

670

77
116

130

177
2lH

12

22

hk'T f

70

l i e

s9«.5
<

0

91

95

79

38

3

95

96

95
60

t
:20

99 .2

0

96

99
87

35
12

96

95

95
62

39

Beys f e r  
germin­
a t io n

8.35

2.20

2.55

3.55 
it. 70

1 6 .10

2 .0 5

2.35

3.05 

lt.30

6.35



fa b le  6

E o la tio n  o f F e r t i l i s e r  Placement to  Germination 

o f  Corn In  P o t Experim ents

Placem ent o f  F e r t i l i s e r i> germ ination

12,500 Ibs/A 25,000 lbs/A

He trea tm en t •* 9* e 100

f e r t i l i s e r below seed i n co n tac t w ith
e

embryo :
f

18 ft♦
s
:

0

f e r t i l i s e r below seed in c o n ta c t w ith
*

endosperm;
•

lh 12

f e r t i l i s e r above seed in c o n ta c t w ith
I

embryo : Ik 10

f e r t i l i s e r above seed In co n ta c t w ith
s

endosperm: 82 1*2



fa b le  7

In flu en c e  o f S o il  M oisture on T o x ic ity  o f  F e r t i l i z e r s  

to  Germination o f  C era

F e r t i l i s e r

: : Days f o r
i _. . *  gem ination  i y n — M
: 1551 Mil ; 10)6 Mil :153t eoiltlC?

m oistu re JL
• o i l

m oisture saoieturezm oi s to re

Superpho spbate 20J&

Superphosphate A :

— * 9* f 100 : 5 .0 4 5.6
ee : 1 ftft
ee i •e ft•

6,250 l%s/A i
a

SO i
•

58 e#
#.

7 .0 ftft 9 ,6

12,500 t 50
•
*♦ 1* i

a
S .6

ft
S
ft

10.0

25,000
I
e
*

•
12

2
**
t

0
»

:
e

9 .7
ft
e
e

-------------

*

1
e
♦

•

4
ft
:

2,8*1 ; 96 : 96 •• 6 .3 : 7 .2



fa b le  &

E f fe c t  o f  M ixing F e r t i l i z e r  w ith  S o liz  on the T ox ic ity  o f  F e r t i l i z e r *

to  the germ ination  o f Cora

;  Bate o f  2 
» a p p lic a t io n  :

$  g em  i n  s
Brookston loam t

£  g e  m  i n  :  

Miami s i l t  lean}
i* g em  i n  

Fox e m ir  loam
F e r t i l i z e r  5 I b a / A c r *  s

' - ■■ ------- - -  1 III 111 IL V i 11 n --------  - 1 n  niLif ................ r  ............:

c o n tra c t : mined ;
T ,  , v .m ^ .r - . t ...........................*

mixed smixed 
lim ed snot lim ed

i  s s * * 
e  • ea

Cbeek s — —  : 100 : 98 98 3 100 s 98 : &
J ! 3 * 3 \
: 2 j 3 3 1

20^  2 6,250  * 90 : . 3 80 3  —  3 —  j —
t s 1 3 S
2 1 2 . 5©0 ! **€ : 98 90 : 98 100 100
i  3 % ••

: 25,000  2 0 98 12 3 98 100 100

t 50,000  : 0 100
* j 

0  1 100 100 100
$ : s I

r 100,000 :
m

100 — s 98
•  j

Off 92
i •

t :
e  4
1 R7

UM A s 2 ,« 4 l  J 98 « * - 9n i  —  : —

t 3 :  ;

i 5.682 t J$ t 9 6 m  t 98 98 100
L-

3  1 1 , 5 6 4 16 I 100 52 :  100 
a

100 98

»  22,727 0  ;  100
•

O  :  1 0 0 100 100
t 1 i :
t 4 5 , 4 5 4

5

— ~ 100 t  —  1 9* 
;  :

8 6

44* B ! 2,841 7^
-

1

s —

1 e

s 6  I  —
3 e

— 1 —

i 5.682 I 56
f

; 100 44 8 98 100 100

i 11,364 i 6 A d f
y o 18 8 96

*

1 98
J

98

! 2 2 .F 7 0 9« 0  s 98 
•

j 100 s 98
*

•  45.454 — 9% i —  * 92 2 0
•
♦  1 : •  •  •  •

pH o f  M i l 7.13 5.18 G M  5.10



fa b le  S

T o x lttity  o f  I t s l i U t t T s  to  Germination o f  Com 

i n  F ie ld  Saqperioenis

Obo*
s o .

t  Bate o f
3F e r t i  ilz e ir t a p p lie s  t i  on: above : bellow seed below weed
* 0e e

. e . we endaaneim s f#  e s itm ■r A we embryo
3

1 3 Ckwfc
:

e

*-e
ee

a
38 s 32

•«

3 0^
i »e : *i* 3

2 . :  SO?! : 50 lb s/A 3 86 i 38 ftft 5**• : s 4ftk ft
ft

3 : 1 100 3 63 : 20 14
3

b  3
!
: 200

•
•« 60 • 8

ft

ft
ft 0

5 : 4 4 ^
:
i *  50

•
e• 96 S4 ftft 88

s  i * ■ 100
*

3 $ 53
•'
ftft 26

7 1
t
t - 200

e
e• bS 2% ftft 24

m
8  : 44#B

ft
s 0  5©

ft•
«e 08 M

ft
•ft
ft 3*

9  : j ■■ 100
•
e• m %k

ft
ftft 6

*

10 I j - 2 0 0 •• € ftft 0

S o il  type t H il ls d a le  loam H illsd a le  loam H ills d a le  sandy loam

S o li m oletere & u i 21.1 1 0 .4

7 .86 7.81 7 .84


