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THE EFFECT OF THE ADDITION OF ORGANIC MATERIALS ON THE 
DECOMPOSITION OF AN ORGANIC SOIL

INTRODUCTION

Organic s o i l s ,  mucks and p e a ts , g e n e ra lly  a r is e  where cond itions 

a re  fav o rab le  f o r  swamp v eg e ta tio n  and when decomposition of the  

p la n t rem ains ta k e s  p lace  a n a e ro b ic a lly . Decomposition i s ,  th e re 

fo r e ,  slow and incom plete. Thus, th e re  accum ulates a  d ep o sit of 

p a r t i a l l y  decomposed, r e l a t iv e ly  r e s i s t a n t  organ ic  m a tte r which may, 

when d ra in ed  and c le a re d , provide a  s o i l  s u i ta b le  fo r  the  in ten s iv e  

c u l t iv a t io n  o f h igh  value c ro p s .

Due to  the  in h e ren t c h a r a c te r is t ic s  of th e  s o i l s  and the  natu re  

of th e  type o f a g r ic u ltu re  c a r r ie d  out on them, c e r ta in  problems 

a re  u n iv e rs a lly  a sso c ia te d  w ith  them. The most common of th ese  i s  

th e  problem of subsidence sometimes termed shrinkage or m erely lo ss  

of s o i l .

The s o i l s ,  being  high  in  c o llo id  co n ten t, can hold  a  la rg e  

amount o f w a te r . A fte r  d ry ing  they  a re  u su a lly  unable to  reg a in  the  

t o t a l  amount o f w ater they  l o s t .  They a re  th u s , by n a tu re , su b jec t 

to  sh rin k ag e . T heir s p e c if ic  g ra v ity  i s  q u ite  low leav ing  them 

p a r t ic u la r ly  su sc e p tib le  to  wind e ro s io n . T heir h igh organic con ten t 

and loose p h y s ic a l s tru c tu re  when d ra in ed , th e  freq u en t c u lt iv a tio n s  

they  re c e iv e , make them su b je c t to  a c c e le ra te d  b io lo g ic a l  deccanpositicn.

While co n sid erab le  e f f o r t  has been d ire c te d  towards slowing down 

th i s  b io lo g ic a l  decom position, in v e s t ig a tio n s  in to  th e  p o s s ib i l i ty  

o f b u ild in g  up th e  organic co n ten t have been l im ite d . A considerab le
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amount o f tim e and e f f o r t  has "been spen t t ry in g  to  b u ild  up, or 

m ain ta in , th e  organic m a tte r  of ino rgan ic  s o i l s  by th e  a d d itio n  of 

barnyard  manure, green manures and mulching m a te r ia ls .  That th i s  

i s  n o t tru e  f o r  organic s o i l s  i s  probably due to  th e  in te n s iv e  type 

o f a g r ic u ltu re  p ra c tic e d  on them. Crops produced on these  s o i l s  

a re  g en e ra lly  h a rv ested  v ith o u t leav in g  any re s id u e  and one crop 

fo llow s ano ther w ith  no tim e taken during  the  growing season fo r  

green manuring c ro p s . Whether manuring p ra c tic e s  would be b e n e f i

c i a l ,  d e tr im e n ta l or econom ically f e a s ib le  has never been e s ta b 

l is h e d . C onsidering th e  high  p ro d u c tiv ity  o f th ese  s o i l s  and the  

magnitude o f th e  problems a r is in g  from lo ss  of th e  s o i l  i t  would 

seem th a t  co n sid erab le  in v e s t ig a tio n  in to  th i s  phase would be 

m e rite d .



LITERATURE REVIEW

Skertchey as re p o rte d  by Powers (29) c i te d  evidence o f su b s i

dence of organic s o i l s  n ear E ly  in  England. In  s ix ty - f iv e  y ea rs , 

te n  f e e t  o f s o i l  was l o s t .  In  L ou isiana , Bowers re p o rte d  lo ss  of 

e ig h teen  inches lri e ig h t y e a rs . The depth  o f th e  d ep o sit ranged 

from a  few inches up to  e igh teen  f e e t .

By ta k in g  su rface  le v e ls  i t  was shown (32, k l )  th a t  a  tu le  

(S c lrpus l a c u s t r i s ) p e a t on th e  San Joaquin , Sacramento d e l ta  farmed 

tw enty years l o s t  an average of 0.19 f e e t  annually  in  th e  nex t ten  

y e a r s . For s o i l  farmed seven years and one year th e  annual lo ss  was

0.22 and O.33 f e e t  re s p e c tiv e ly .

N e lle r  (21 ) re p o rte d  th a t  a  h igh  w ater ta b le  reduced subsidence 

o f a  F lo r id a  p e a t .  Annual lo s s  under a  t h i r t y  s ix  Inch ta b le  was 

1 .80  in c h es . Under a  twelve inch  ta b le  i t  was O.55 in c h es . N e lle r 

and Deane (22 ) f u r th e r  showed th a t  a d d itio n  o f energy supplying 

m a te r ia ls  to  th ese  s o i l s  caused an in c rease  in  m ic ro b ia l a c t iv i ty  

and r e s u l te d  in  h ig h e r crop y ie ld s .

Edelman (11) l i s t s  some o f the  problems a r is in g  from subsidence 

of o rgan ic  s o i l s  in  H olland.

Very l i t t l e  re se a rc h  on th e  e f f e o t  o f manuring p ra c tic e s  on 

lo s s  o f o rganic  s o i l s  has been re p o rte d  in  th e  l i t e r a t u r e .  The 

analogous s i tu a t io n  in  m in era l s o i l s  i . e . ,  th e  e f f e c t  of manuring on 

th e  amount o f o rganic  m a tte r in  th e  s o i l ,  has re c e iv e d  a  g re a t d ea l 

of a t t e n t io n .  I t  should  prove h e lp fu l in  e s ta b lis h in g  fundam ental
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p r in c ip le s  to  review  some of the  work done on inorgan ic  s o i l s ,  

though i t  i s  n o t to  he expected th a t  organic s o i ls  w i l l  r e a c t  

th e  same.

One o f the  f i r s t  re p o r ts  was made by B ousingault (5) who 

showed th a t  decomposition of organic m a tte r in  the  s o i l  r e s u lte d  in  

oxygen u t i l i z e d  and carbon dioxide evolved in  alm ost equal volumes. 

This le d  to  considerab le  re se a rc h  on the  su b jec t using  carbon d i-
1

oxide as an index of decom position, a  p ra c tic e  ex ten s iv e ly  review ed 

by P o tte r  and Snyder (28 ) ,  Gainey (12) , and Waksman and S tarkey  

0*0).

I t  has been determ ined th a t  th e  organic composition of the  

m a te r ia l added to  a  s o i l  has considerab le  e f f e c t  on th e  r a te  and 

amount o f decomposition tak in g  p la c e . Soluble  m a te ria ls  such as 

glucose qu ick ly  decompose w ith  a  s h o r t ,  sharp  b u rs t o f carbon d i 

oxide e v o lu tio n . Adding n itro g en  w ith  su cro se , Broadbent (6) 

measured 100J& lo s s  of added carbon in  67 days. Gray (lU ), by te s t in g  

f o r  glucose added to  a  podso l, was unable to  f in d  any l e f t  a f t e r  

th re e  days. Lees and Porteous (17 ) , using  s o i l  p e rc o la to rs , showed 

th a t  a t  e q u ilib riu m  one th i r d  o f the  carbon added as glucose r e 

mained in  th e  s o i l .

Turk (3 5 ), in cu b atin g  w ater e x tra c te d  soybeans in  a  (Jerald s i l t  

loam, found th a t  tak in g  out the  w ater so lu b le  c o n s ti tu e n ts  r e s u lte d  

in  a  drop o f 5Oja in  the  carbon evolved during  the  i n i t i a l  decomposi

t io n  p e rio d . L a te r  the  r a t e  o f lo s s  was s l ig h t ly  h igher than  fo r  the
9

complete p la n t  m a te r ia l .
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Peevy and Norman (23) incubated  s traw  p rep a ra tio n s  in  a 

Thurman loamy f in e  sand . These p rep a ra tio n s  high in  l lg n in  lo s t  

th e  l e a s t  carbon during  a  p e rio d  of 833 days follow ed by th e  com

p le te  s traw , c e llu lo se  and dex trose  in  th a t  o rd e r. The high lig n in  

t r e a te d  s o i l  re ta in e d  22.6$ of th e  added carbon, the  glucose 2 .8 £ .

On two sandy s o i l s  used f o r  tru c k  gardening, Bear (k ) , over an 

e ig h t year p e rio d  attem pted to  in c rease  th e  i n i t i a l l y  low supply 

of organic m a tte r  by a  syBtem of crop re s id u e  r e tu rn ,  green manuring 

and compost a d d it io n s . On th e  sandy s o i l  alm ost a l l  trea tm en ts  

r e s u l te d  in  an in c re a s e . The b e s t  r e s u l t s  were ob ta ined  from a 

combination o f a l l  th re e  p ra c t ic e s .  On th e  more loamy s o i l  only 

the  use of l ig n in  or p e a t as a  compost combined w ith  th e  o th e r two 

trea tm en ts  gave an in c re a se . The amount ap p lie d  over the  e ig h t year 

p e rio d  was between 3^ and 37 to n s  of dry m a tte r p e r a c re .

A lliso n  e t  a l .  (1 , 2 ) p o in ted  out th a t  as long as equal q u a n ti

t i e s  o f carbon were ap p lie d  su ccu len t p la n t m a te r ia l su p p lied  a l 

most as much organic m a tte r  to  th e  s o i l  as more m ature m a te r ia l .  In 

one y ear on th e  average of th re e  s o i l s ,  n itro g en  added and no t added, 

s traw  r e s u l te d  in  only 120 pounds p e r a c re  more carbon re ta in e d  than 

green o a ts .  A pp lica tio n s  were a t  th e  r a t e  of 6000 pounds of carbon 

p er a c re .

Pinck e t  a l .  (26, 2 J )  showed th a t  i t  was p o ss ib le  to  in c rease

organic m a tte r con ten t in  the  s o i l  by n itro g en  a d d it io n s . The e f f e c t

of n itro g en  was due c h ie f ly  to  i t s  r e la t io n  to  more abundant p ro - 
♦

duction  of ro o ts  and o th e r re s id u e s . They concluded from th e i r  work
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t h a t  the  decom position of added m a te r ia l and the  e f f e c t  on the  

organic con ten t o f th e  s o i l  a re  fu n c tio n s  o f: (a ) chem ical compo

s i t io n  o f th e  m a te r ia l ,  (h) chem ical composition of the  s o i l ,  (c) 

th e  carbon-n itrogen  re la t io n s h ip .  For a  given m a te r ia l , reducing 

th e  carbon-n itrogen  r a t i o  r e s u l te d  in  sp eed ie r decomposition and 

o ften  s l ig h t ly  more organic m a tte r rem aining in  the  s o i l .  B ringing 

two d i f f e r e n t  m a te r ia ls  to  th e  same carbon-n itrogen  r a t i o ,  e .g . ,  

a l f a l f a  and s traw , d id  no t mean th a t  th ey  would decompose a t  the  

same r a te  o r reach  th e  same degree of decom position.

Broadbent and Bartholomew (7 ) found th a t  in c reas in g  the  amount 

o f manuring m a te r ia l added to  th e  s o i l  r e s u l te d  in  a  decrease in  

th e  r a te  o f decom position. They concluded th a t  la rg e  in freq u en t 

a p p lic a tio n s  of manures were b e t te r  than sm all more numerous ap

p l ic a t io n s .  Pinck e t  a l .  (27) concluded th a t  u su a lly  green manures 

were added in  such sm all amounts th a t  b u ild  up of s o i l  organic 

m a tte r t h i s  way i s  d i f f i c u l t  o r Im possib le.

B ecen tly  Broadbent (6) using  iso to p ic  n itro g en  and carbon 

showed th a t  a  1 .2$ ad d itio n  o f carbonaceous m a te r ia l to  a  C larion  

s i l t  loam caused an In c rease  in  ev o lu tion  o f carbon d iox ide and 

n itro g en  from  the r e s id u a l  s o i l  organic m a tte r . A dditions of 1 and 

256 had no e f f e c t  on th e  o rgan ic  m atte r of a  v irg in  W ebster c lay  a l 

ready  h igh  (13$ ) in  carbonaceous organic m a tte r . Broadbent and 

Norman (8 ) from s im ila r  r e s u l t s  suggested th a t  th e  whole p ra c tic e  of 

green manuring ought to  be re v a lu a te d  s in ce  i t  appeared p o ss ib le
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t h a t  i t  could  le ad  to  a  n e t lo s s  of organic n a t t e r .

This work was review ed c r i t i c a l l y  hy Pinck and A lliso n  (2k) 

who p o in ted  out th a t  th e  a c c e le ra te d  o x id a tio n  of th e  s o i l  organic 

m a tte r was alm ost complete in  th e  f i r s t  v e ry  few days. Furtherm ore, 

even though a p p lic a tio n s  were la rg e , the  lo s s  o f s o i l  organic m a tte r 

amounted to  n o t more than  %  of th e  t o t a l  w ith in  th e  s o i l .  They 

p resen ted  d a ta  to  show th a t  i f  th e re  was a  lo s s  o f s o i l  organic 

m a tte r  i t  was to o  sm all to  he of any s ig n if ic a n c e .
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PURPOSE OF THE STUDY

S c ie n t i f ic  l i t e r a t u r e  and th e  h is to ry  of a g r ic u l tu r a l  marshes 

in  th e  S ta te  of Ohio (10) , and throughout th e  world show th a t  sub

sidence and lo s s  o f organic s o i l  d ep o sits  i s  a  problem of co n sid e r

ab le  im portance. I t  i s  ev id en t th a t  b io lo g ic a l  decomposition i s  to  

some e x te n t re sp o n sib le  fo r  th i s  lo s s .  Whether or n o t green manur

in g  p ra c tic e s  enhance th e  b io lo g ic a l decomposition o f organic m at

t e r  in  in o rgan ic  s o i l s  i s  a  m a tte r o f con troversy  a t  th e  p re sen t 

tim e . Whether o r n o t i t  i s  tru e  in  organic s o i l s  has n o t been 

determ ined.

This la b o ra to ry  study  on an organ ic  s o i l  from N orthern Ohio was 

c a r r ie d  ou t to  p rovide a  b a s is  f o r  f i e l d  experim entation  on th e  

problem of conserv ing  th e  organic s o i l s  by slow ing down o r compen

s a tin g  fo r  b io lo g ic a l  decom position.

An a ttem pt was made to  answer th e  fo llow ing  q u estio n s:

1 . Under c o n tro lle d  co n d itio n s  in  th e  la b o ra to ry , does the  

a d d itio n  o f organ ic  m a te r ia ls  to  an o rganic  s o i l  speed up th e  break 

down of th e  organic m a tte r of th e  s o i l ,  a  process h e r e i f t e r  r e 

f e r r e d  to  as  a  grim ing a c t t a n .

2 . I f  a  prim ing a c tio n  does take  p la c e , i s  i t  la rg e  enough to  

cause a  n e t  lo s s  o f dry m atter?

3 . I f  a  prim ing a c tio n  does ta k e  p la c e , a re  m ature, f ib ro u s  

p la n t  m a te r ia ls  co n ta in in g  a  la rg e  p ro p o rtio n  o f in so lu b le  organic 

c o n s t i tu e n ts ,  or su ccu len t m a te r ia ls  co n ta in in g  a  la rg e  so lu b le  

f r a c t io n ,  c h ie f ly  resp o n sib le?
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METHODS AMD MATERIALS

1 . G eneral:

Although th e re  a re  some o b jec tio n s  (18 ) to  th e  use of COg c o l

le c t io n  as a  c r i te r ia n  o f b io lo g ic a l a c t i v i ty  w ith in  a  s o i l  i t  has 

been shown to  c o r re la te  w ith  lo s s  of carbon as determined, by oxida

t io n  methods and w ith  weight lo s s  (15) .  I t  was used in  t h i s  study 

fo r  t h i s  reason  and because i t  f i t t e d  in  w e ll w ith  the  use of 

iso to p ic  carbon. I t  i s  p o ss ib le , by use o f organic m a te ria ls  

la b e le d  w ith  th e  l a t t e r ,  to  d iv id e  th e  C02 evolved from a tr e a te d  

s o i l  in to  th e  f r a c t io n  a r is in g  from th e  added m a te r ia l and the  

f r a c t io n  a r is in g  from th e  s o i l  o rgan ic  m a tte r . In  th i s  way, by 

comparison to  CO2 a r i s in g  from an u n trea ted  s o i l ,  th e  amount of 

prim ing can be ev a lu a ted .

To determ ine the  prim ing e f f e c t  of so lu b le , r e a d ily  decompos

ab le  m a te r ia l ,  glucose tagged w ith  carbon -lh  was added to  th e  s o i l .  

The s o i l  was incubated  and CO2 c o lle c te d . Complete a l f a l f a  evenly 

la b e le d  w ith  c a rb o n -It was used to  ob ta in  an e stim a te  of th e  prim ing 

a c tio n  o f complete p la n t m a te r ia l , and th e  a l f a l f a ,  w ith  w ater 

so lu b le  c o n s ti tu e n ts  e x tra c te d , was used to  e stim ate  the  e f f e c t  of 

th e  f ib ro u s  f r a c t io n .

The C02 was absorbed in  NaOH and p re c ip i ta te d  as BaCC^. 

A c tiv ity  counts were made by p la t in g  a  weighed sample o f BaCO  ̂ on an 

aluminium d is h . The read ings were made on a  Landsverk model L-75 

e le c tro m e te r .
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2 . M a te r ia ls :

(a ) Muck S o il :

The s o i l  samples were taken from th e  S ta te  E xperim ental Muck 

Farm in  Huron County, Ohio. Two samples were taken , "both from the  

to p  6 inches o f r e la t iv e ly  undecomposed muck which had been farmed 

f iv e  y e a rs . The f i r s t  sample was c o lle c te d  in  A p ril  a f t e r  the  s o i l  

had warmed up and rece iv ed  seme sp rin g  c u l t iv a t io n .  The second 

sample was c o lle c te d  in  January a f t e r  a  prolonged p e rio d  o f r a i n f a l l  

and was frozen  to  a  depth  of 6 in c h es . This sample, used fo r  the  

a l f a l f a  incubation  experim ents, evolved le s s  COg per u n i t  tim e on 

incubation  than the  f i r s t  sample which was used fo r  th e  glucose and 

s traw  v s .  rye  g rass  in c u b a tio n s . I t ,  obviously , had been leached of 

same o f i t s  so lu b le  organic m a te r ia l  and so lu b le  n itro g e n .

The s o i l  had been c la s s i f i e d  as a  R if le  p ea t (3k ) . The d ep o sit 

sampled i s  approxim ately  6 f e e t  deep, has a  pH of about k .9 , exchange 

c ap ac ity  of 122 m .e. and co n ta in s 2.556 t o t a l  n itro g e n .*

(b ) Glucose Labeled w ith  C arbon-lk:

Labeled glucose was b io sy n th esized  as d esc rib ed  in  th e  sec tio n  

on m ethods.

(c ) Hanger A lfa lfa  Evenly Lebeled w ith  C arbon-lk:**

This a l f a l f a  was c u ltu re d  throughout i t s  growth p e rio d  in  a  con-
lkt r o l l e d  atmosphere co n ta in in g  C 0g . I t  was h a rv ested  Ju s t before

* A nalysis by E . E . Barnes, Ohio A g ric u ltu ra l  Experiment S ta t io n .
** The carbon -lk  la b e le d  a l f a l f a  used in  th i s  in v e s t ig a tio n  was sup

p l ie d  by The Argonne N atio n a l L aboratory  of th e  U nited  S ta te s  
Atomic Energy Commission.
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"blossoming, d r ie d  and ground to  pass a  60 mesh sc ree n . The amount 

ob tained  was 5 .9  B* con ta in ing  0 .6  m /c.

(d) U nlabeled Banger A lfa lfa :

This m a te r ia l ,  don ta ted  by th e  Argonne L ab o ra to rie s , was used 

to  d i lu te  the  la b e led  a l f a l f a .  I t  was th e  same v a r ie ty  as  the  la b e l 

ed m a te r ia l ,  c u ltu re d  on the  same so lu tio n  bu t was n o t grown in  the  

same r ig id ly  c o n tro lle d  atm osphere.

3 . Methods:

(a) C o llec tio n  of CO2 Evolved on Incubation  of the  S o il :

The apparatus used in  the incubation  experim ents was s im ila r  to  

th a t  d esc rib ed  by Bartholomew and Broadbent (3) w ith  a g la ss  bead 

absorber p a tte rn e d  on Heck's ( l 6 ) .  A ir from an a i r  p re ssu re  l in e  was 

run through a  s e r ie s  o f sc ru b b ers , (soda lime and s a tu ra te d  Ba(0H)2 ) 

bubbled through w ater to  s a tu ra te  i t ,  and in to  a  h f t .  by 1 .5  in .  

g la ss  m anifold w ith  20 o u t le t s .  To th e se  o u tle ts  1 l i t e r  Erlenm eyer 

f la s k s ,  co n ta in in g  th e  s o i l ,  were a tta c h e d . A fte r  pass in g  over th e  

s o i l  th e  a i r  passed  through a  g la ss  bead bubbler p a tte rn e d  on Heck's 

a b so rb e r. B ate of bubbling was c o n tro lle d  by a  sec tio n  of c a p i l la ry  

tu b in g  p laced  between th e  Incubation  f la s k  and th e  abso rber and by a 

mercury manometer on th e  a i r  l i n e . The r a te  o f flow  through each f la s k  

averaged between 1 and 1 .5  l i t e r s  p e r hour.

In  the  glucose experim ent, 1+0 m l. o f approxim ately 0 .5  N N&OH 

was measured roughly  in to  each absorb ing  tow er. The absorbed COg
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was estim ated  g ra v im e tr ic a lly  as fo llo w s . The bubbler was washed 

down in to  the  c o lle c tio n  f la s k  w ith  a  j e t  of CO2 f re e  w a te r . Four 

m l. of k N NHkCl was added through th e  tower (9) follow ed by 

thorough washing in to  the  f l a s k .  Ten m l. o f 3 N BaCl2 was added to  

p re c ip i ta te  th e  CO2 absorbed . The f la s k  was then  stoppered  and 

p laced  on the  steam  p la te  fo r  1 hour fo r  d ig e s t io n . The p re c ip i ta te  

was c o lle c te d  on a  ta re d  s in te re d  g la ss  f i l t e r  fu n n e l and d r ie d  a t  

130° C. and weighed.

The CO2 in  a l l  o th e r incubation  experim ents was determ ined 

Y o lu m etrica lly . In  th e  wheat s traw  v s . rye  g rass  and th e  a l f a l f a  

ln so lu b le s  v s . complete a l f a l f a  experim ents, th e  bead abso rber was 

m odified  s l ig h t ly  in  th a t  th e  c o lle c tio n  f la s k ,  a  500 m l. e x tra  wide 

Erlenm eyer f la s k ,  was changed to  a  common ta b le  g la ss  tum bler which 

could  be p laced  on a  Beckman, Model K Automatic T i t r a to r  f o r  the  

t i t r a t i o n  o f th e  excess NaOH. The absorbers  rece iv ed  an a c c u ra te ly  

measured (autom atic  p ip e t te )  amount o f s tan d a rd  IN NaOH. Enough 

NaOH was used so  th a t  th e  q u a n tity  n e u tra l iz e d  by CO2 never exceeded 

tw o -th ird s  of th e  t o t a l  amount in  any c o lle c tio n  p e rio d .

The bead tow ers were washed down in to  th e  tum blers w ith  CO2 fre e  

w ater a t  th e  end of each c o lle c tio n  p e rio d . Excess BaCl2 was added 

and th e  excess NaOH t i t r a t e d  on the  autom atic  t i t r a t e r  w ith  s tandard  

HC1 to  a  pH of 8 .5 .  This procedure was run th rough as qu ick ly  as 

p o ss ib le  to  minimize ab so rp tio n  o f CO2 from th e  atm osphere. The 

p r e c ip i ta te  was then  d ig e s te d  as b e fo re , f i l t e r e d  on s in te re d  g la s s ,
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d r ie d  and s to re d  in  a i r  t ig h t  v ia l s  f o r  coun ting .

S ince th e  la b e led  v s . un labeled  a l f a l f a  experim ent d e a lt  w ith 

a  sm all wdlght of s o i l  (20 g .)  and thus q u ite  low CO2 y ie ld s ,  a 

m icro-apparatus was designed f o r  i t  s im ila r  to  the  la rg e r  one ju s t  

d e s c r ib e d .. In s te a d  o f a  la rg e  g la ss  m anifo ld , a 2 pound chemical 

j a r  was used w ith  12 o u tle ts  in  th e  s to p p e r . Erlenm eyer f la s k s  

were used fo r  th e  incubation  f la s k s  and th e  absorber co n s is te d  of 

a  1 .6  by 20 cm. t e s t  tube w ith  th e  i n l e t  extending to  the  bottom of 

th e  tu b e . C a p i lla r ie s  between th e  abso rber and incubation  f la s k  

and an H2S0^ b leed ing  valve  on th e  a i r l i n e  gave c o n tro l of the  

a s p ira t io n  r a t e .  S tandard  NaOH and CO2 f r e e  w ater in  vary ing  p ro 

p o r tio n s , depending on th e  amount of CO2 given o f f ,  were measured 

in to  th e  c o lle c t in g  t e s t  tu b e . At the  beginning of th e  c o lle c tio n  

p e rio d  th i s  was 6 m l. o f 1 . 002N NaOH and 10 m l. Of w a te r . The 

t o t a l  volume was kept co n stan t throughout and th e  amount of base 

d ecreased . At th e  end o f each c o lle c tio n  p erio d  excess BaCl2 and 

2 drops of pheno lph thale in  were added and th e  excess NaOH t i t r a t e d  

w ith  s tan d a rd  BC1 using  a  stream  o f n itro g en  bubbles f o r  a g i ta t io n ,

(b) B iesy n th esis  of Carbon-lU Labeled G lucose:

A detached bush bean le a f  ( f re s h  w eight 3 g .)  was used as the 

sy n th es is  organ. I t  was d ep le ted  of s ta r c h  by keeping i t  in  the 

dark 48 hours befo re  exposure to  C-^02 and l i g h t .

The exposure was c a r r ie d  ou t as d esc rib ed  by Varner (39) using 

th e  same chamber. The amount of BaC^02 used was 2 .6  mg. con ta in ing
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20 m icrocuries of p er mg. and 200 mg. con ta in ing  only a  very  

sm all amount o f r a d io a c t iv i ty .*

Exposure was continued f o r  2 k h o u rs . The le a f  was then frozen  

w ith  dry i c e ,  ground in  a m ortar and e x tra c te d  w ith  8C$ a lco h o l.

The so lu b les  ob tained  were d isca rd ed .

S ta rch  was e x tra c te d  from th e  rem aining m a te r ia l  a s  o u tlin e d  by 

Pucher e t  a l .  (30) w ith  h y d ro ly sis  according  to  Putman and co

workers (3 1 ) .

J u s t  befo re  h y d ro ly sis  1 g . of dex trose  was added to  the  

e x tra c te d  s ta r c h  to  a c t  as a  c a r r i e r .  A fte r  h y d ro ly sis  the  so lu tio n  

was p u r if ie d  by running  i t  th rough a  ca tio n  and an anion exchange 

column (S u o lite  C-3 and D uolite  A-3 ) .  The re s u l t in g  so lu tio n  

(300 m l.) was concen tra ted  by slow  evaporation  to  about kO m l.

7 g . o f dex tro se  was added as  a  d i lu e n t  and th e  r e s u l t in g  so lu tio n  

quick fro ze n .

An unsu ccessfu l a ttem pt was made to  c r y s ta l l iz e  th e  m a te r ia l 

by freeze  d ry in g . In s te a d  of c ry s ta ls  a  c le a r  amorphous mass was 

ob tained  which c r y s ta l l iz e d  re a d i ly  when dehydrated w ith  ab so lu te  

a lc o h o l. A fte r  d e s icca tio n  over CaSOh th e  w eight of glucose 

ob tained  was. 8.006 g .

(c ) D eterm ination of Organic Carbon:

Organic carbon was determ ined by wet ox ida tion  u sing  Van Slyke *s 

o x id iz in g  m ixture (38) and a  com bination of th e  apparatus used by 

McCready and la s s id  (20 ) and G artn e r (13) .

*The BaC-^O^ used in  t h i s  in v e s t ig a tio n  was su p p lied  by The Oak Ridge 
N atio n a l L aboratory  o f the  U nited  S ta te s  Atomic Energy Commission.
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The CO2 evolved from un labeled  m a te r ia l was determ ined 

g ra v im e tr ic a lly  by ab so rp tio n  on a s c a r i t e . C02 from la b e led

m a te r ia l  was c o lle c te d  in  NaOH using  a  bead tower and determ ined 

e i th e r  g ra v im e tr ic a lly  or v o lu m e trica lly  as d esc rib ed  p rev io u s ly .

(d) D eterm ination of R a d io a c tiv ity :

In  th i s  study  r a d io a c t iv i ty  measurements were made on only one 

m a te r ia l ,  BaC-^O-j. I t  was p la te d  on an aluminium d ish  approxim ately 

3 .5  cm. in  d iam eter a t  th e  bottom .* A q u a n tity  la rg e  enough to  give 

maximum th ick n ess  (20  mg./cm.2 ) was ground in  a  sm all m o rta r. Two 

o r th re e  drops o f w ater were added and thoroughly  mixed w ith  the  

powder fo llow ed by enough 95$ a lco h o l to  g ive a  s lu r r y ,  re a d ily  

sp read  w ith  an eye d ropper. The s lu r r y  was then  tr a n s fe r re d  to  the  

aluminium d ish  and sp read  evenly on th e  bottom . R ep ro d u c ib ility  of 

a re a  and even th ick n ess  o f th e  p la te  depended on having th e  proper 

amount o f s lu r ry  a t  th e  c o rre c t  co n sis ten cy .

The p la te s  were slow ly d rie d  on a  hot p la te  and s to re d  in  a i r  

t i g h t  c o n ta in e rs . The w eight of th e  BaCl1* ^  p la te  was recorded  and 

c o rre c tio n s  f o r  s e l f  ab so rp tio n  made as exp lained  by Varner (3 9 ) .

His BaC^Oj graph was used to  ob ta in  th e  c o rre c tio n . A ll counts 

were made on a  Landsverk Model L-75  E lec tro m e te r.

The glucose experim ent m a te r ia l was counted on one instrum ent** 

and th e  a l f a l f a  m a te r ia l  on a n o th e r . The l a t t e r  was found to  contain

♦Kauffman and L attim er C a t. No. IO676.

**Loaned by th e  A g ric u ltu ra l  B iochem istry Departm ent.



16

a  co nsiderab le  e r ro r  due to  n o n lin e a r ity  of the  s c a le .  To c o rre c t 

f o r  th is  a  number o f samples o f d i f f e r e n t  a c t i v i t i e s  were counted 

acro ss  th e  s c a le .  Using th e  method of l e a s t  squares (33) th e  b e s t 

f i t t i n g  s t r a ig h t  l in e  was drawn through th ese  p o in ts .  Three such 

l in e s  a re  shown in  f ig u re  6 and th e  summarized d a ta  in  ta b le  13.

The sca le  e r r o r  between 0 and 100, on an average of 13 d e term in a tio n s, 

was 16 .9$ .  This e r r o r  was d is t r ib u te d  over th e  sc a le  as i l l u s t r a t e d  

in  ta b le  iU . P o in t 80 on the  sc a le  was taken as the  accep ted  value 

and a l l  read ings c o rre c te d  to  i t .

(e ) D eterm ination of T o ta l N itrogen:

The method adopted was t h a t  o f Murneck and Beinze (19) except 

t h a t  the  de term ination  was adapted  to  m icro-K Jeldahl procedure and 

th e  c a ta ly s t  used was selenium  and Na2S0k. D is t i l l a t io n  was c a r r ie d  

out on a  P regl-B arnas -Wagner M icro-K Jeldahl D is t i l l in g  Apparatus and 

the  ammonia was c o lle c te d  in  2<f> b o ric  a c id  using  a  m ethyl re d -  

brom ecresol green mixed in d ic a to r .

( f ) pH D eterm ination:

pH was measured w ith  a  g la ss  e le c tro d e . Measurements were made 

on a  1 to  3 s o il-w a te r  suspension .

(g) E x trac tio n  o f Soluble M ate ria ls  from A lfa lfa :

To o b ta in  the  in so lu b le  f r a c t io n  f o r  th e  a l f a l f a  incubation

experim ent enough complete a l f a l f a ,  9 g . ,  29 p a r ts  untagged 1 p a r t

tagged , were weighed in to  a  500 m l. f la s k  and shaken 2 hours on an

elbow sh ak e r. The a l f a l f a  was t r a n s fe r re d  to  an e x tra c tio n  thim ble 
*

and e x tra c te d  w ith  80jf> a lco h o l in  a  continuous e x tra c tio n  apparatus



fo r  3 h o u rs . The co n ten ts  of the  thim ble were d r ie d  and weighed 

to  determ ine the  percen tage of in s o lu b le s . The m a te r ia l was 

tr a n s fe r re d  to  a  f la s k  and mixed again  by shaking fo r  2 h o u rs . 

P o rtio n s  o f th i s  m a te r ia l (1 .6  g .)  were weighed in to  each of 

th re e  o f th e  incubation  f la s k s .
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EXPERIMENTAL

1 . Glucose experim ent:

Two glucose incubation  experim ents were c a r r ie d  o u t. The f i r s t  

d u p lica ted  th e  second in  a l l  re sp e c ts  w ith  th e  exception th a t  un

la b e le d  dex trose  was used in  p lace  o f the  lab e led  g lucose . The 

p re lim in a ry  experim ent in d ic a te d  th a t  the  p lan  was sound and 

methods p r a c t ic a l .

Three trea tm en ts  r e p lic a te d  fo u r tim es were ap p lied  in  the  tagged 

glucose experim ent. These were: ( l )  no g lucose , (2 ) 0 .6  g . glucose

and (3 ) 1 .2  g . glucose p er 100 g . o f a i r -d r y  muck. The amount of 

a c t i v i ty  a p p lie d  was approxim ately 0 .5  and 1 .0  m icrocuries 

r e s p e c tiv e ly . These a p p lic a tio n s  o f glucose were chosen to  s im ulate  

th e  so lu b le  m a te r ia l  of 2 .k  g . and U.8 g . of d r ie d  rye  g ra ss  on th e  

assum ption th a t  i t  con tained  2%  so lu b le  m a te r ia l .  These l a t t e r  

trea tm en ts  s im u la te  f i e l d  a p p lic a tio n s  of 6 and 12 tons per acre  

r e s p e c t iv e ly .

A ll  f la s k s  re c e iv e d  3 .k  mg. of NlfyCl, 150 mg. o f K2CO3 and IkO 

mg. of KHgPOj .̂ These s a l t s  approxim ate a  f i e l d  a p p lic a tio n  of 2 

tons p e r  ac re  o f a  3-9-18 f e r t i l i z e r .

The f e r t i l i z e r  s a l t s  were ground in  a  m ortar and kept in  

sto p p ered  c o n ta in e rs . The glucose was a lso  ground bu t con tained  a 

number o f sm all lum ps. As th i s  m a te r ia l was very  hydroscopic the  

w eighing tim e was s e t  a t  3 m inutes and w eights of 0 .6  or 1.2 

g . f  10 mg.♦were accep ted .
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The f e r t i l i z e r ,  ahout one h a lf  the  s o i l  and glucose were 

weighed in to  the  incubation  f la s k ,  stoppered  and mixed by ro ta t in g  

th e  f l a s k .  The rem aining s o i l  and glucose was then  added and 

mixed in  th e  same way.

The s o i l  was brought to  l8C$ m oistu re , b a s is  a i r -d r y  s o i l ,  by 

weighing 180 g . of w ater in to  each f la s k .  The f la s k s  were im

m edia te ly  p laced  on th e  a sp ira tio n  m anifold in  a  co n stan t tempera

tu re  room and c o lle c tio n  o f CO2 begun. Temperature was m aintained 

a t  28° C.

D eterm ination o f CO2 evolved was made every h a lf  day f o r  3 days, 

then every  day f o r  6 days and then a t  longer in te rv a ls  as th e  r a te  o f 

ev o lu tio n  decreased . The BaCl^O^ c o lle c te d  was s to re d  in  v ia l s  and 

counted as tim e p e rm itte d . T o ta l n itro g en  and pH were determ ined 

before  and a f t e r  in cu b a tio n . C o llec tio n  o f CO2 w a s .c a rr ie d  out 

con tinuously  fo r  16 days. The f la s k s  were a e ra te d  con tinuously  fo r  

ano ther 16 days w ithou t determ ination  of th e  CO2. C o llec tio n  was 

then  c a r r ie d  out again  f o r  a  two week p e rio d  a f t e r  which incubation  

was d isco n tin u ed .

2 . Wheat s traw  v s .  rye g rass  experim ents

P o rtio n s  o f the  same s o i l  sample used in  th e  glucose incubation  

experim ent were used in  th i s  one. A s im ila r  f e r t i l i z e r  a p p lic a tio n  

was made except th a t  th e  fo llow ing  s a l t s  were used, 100 mg. KNO3 and 

72 mg. KHgPOjj,.
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Three trea tm en ts  re p l ic a te d  th re e  tim es were ap p lied : a

check treatm ent,w heat s traw , and rye g ra s s . These m a te ria ls  were 

added to  g ive a  1$ a p p lic a tio n  of carton  i . e . ,  2 .22 g . wheat s traw  

and 2 . 1+1* g . rye  g rass  per 100 g . a i r -d r y  s o i l .  They were f i r s t  

ground in  a  sm all Wiley M ill using  a  number 20 screen and then 

mixed s im ila r ly  to  th e  glucose in  th e  preceding experim ent. Before 

adding w ater to  b rin g  th e  m oisture  con ten t to  I8c$ , 10 g . of the  

m a te r ia l  from each f la s k  was "taken out fo r  pH and t o t a l  n itrogen  

d e te rm in a tio n s .

CO2 was c o lle c te d  a t  in te rv a ls  as re q u ire d  fo r  98 days.

T o ta l n itro g en  was determ ined before and a f t e r  in cu b a tio n .

3 . Camparison of tagged and untagged a l f a l f a :

In  the  experim ent th a t  fo llow s th e  la b e led  a l f a l f a  was d ilu te d  

w ith  un labeled  a l f a l f a .  This d ilu tio n  served  two purposes. There 

was n o t enough la b e led  m a te r ia l  to  make an a p p lic a tio n  of 2.1+ g . 

p e r 100 g . of a i r  dry  muck. This r a te  of a p p lic a tio n  had a lread y  

been chosen and ap p lie d  in  th e  glucose experim ent. To apply  i t  in  

t h i s  experim ent would have re q u ire d  the  red u c tio n  of th e  amount o f s o i l  

p e r  f l a s k  to  le s s  than 1*0 g . The d i lu t io n  made i t  p o ss ib le  to  keep 

th e  w eight o f th e  Incubating  sample a t  100 g . and a t  th e  same time 

b rin g  th e  a c t i v i ty  o f th e  evolved CO2 in to  a  convenient read ing  ran g e . 

ThiB tagged  v s . untagged experim ent was c a r r ie d  out to  determ ine i f  

th e re  was any d iffe re n c e  in  th e  b io lo g ic a l breakdown of th e  two 

m a te r ia ls  as measured by C0g e v o lu tio n .



21

The s o i l  sample was th e  same as th a t  used in  th e  a l f a l f a  

incubation  experim ent. F e r t i l i z e r  s a l t s  and w ater were added in  

th e  same p ro p o rtio n s . Twenty g . of a i r  dry  muck were weighed in to  

each o f ten  f l a s k s . F ive f la s k s  rece iv ed  1+80 mg. tagged a l f a l f a  

(approxim ately 50 m icrocuries of C -lk ) and f iv e  rece iv ed  k80 mg. 

untagged a l f a l f a .  CO2 was c o lle c te d  d a ily  fo r  f iv e  days. Two 

f la s k s  were taken o ff  a t  th a t  tim e f o r  ano ther experim ent and th e  

rem aining e ig h t f la s k s  incubated  ano ther e ig h t days w ith  CO2 c o l

le c te d  a t  vary ing  in te r v a ls .

k . A lfa lfa  in so lu b le s  v s . complete a l f a l f a  experim ent:

This experim ent involved th re e  r e p lic a t io n s  o f th re e  tre a tm en ts : 

a  check tre a tm en t, 2 . If g . o f complete a l f a l f a  (approxim ately 8 

m icrocuries of C - lk ) , and th e  in so lu b le  m a te r ia l ( 1 .6  g .)  from 2 .1+ 

g . o f a l f a l f a  (approxim ately 5 .1+ m icrocuries  o f C -lU ). The so lub le  

m a te r ia l was e x tra c te d  as o u tlin e d  under Methods and M a te r ia ls . 

F e r t i l i z e r  s a l t s  were added as in  th e  s traw  v s . rye  g rass  experim ent.

F ar reasons given above, the  la b e led  a l f a l f a  was d i lu te d .  The 

d ilu e n t used was th e  untagged a l f a l f a  d esc rib ed  p rev io u sly  voider 

Methods and M a te r ia ls . By incubation  o f 2 o r 3 d i f f e r e n t  d ilu tio n s  

and counts of th e  evolved COg i t  was found th a t  a  d i lu t io n  o f 29 

p a r ts  untagged t o  1 p a r t  tagged gave CO2 th a t  could be a cc u ra te ly  

counted.

The proper p ro p o rtio n s  o f the  complete a l f a l f a  were weighed 

in to  th re e  o f th e  f la s k s  and shaken on an elbow shaker fo r  two hours
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w ith  freq u en t tapp ing  and tu rn in g  of the  f la s k  to  in su re  a  good 

m ix. The f e r t i l i z e r  s a l t s , th e  same as in  the  s traw -rye  g rass 

in cu b a tio n , and 100 g . o f a ir - d r y  s o i l  were weighed in to  th e  f la sk s  

and shaken f o r  1 hour on th e  elbow sh ak er. S ince th e  a l f a l f a  con

ta in e d  67$ in so lu b le s , 1 .6  g . o f th e  e x tra c te d  a l f a l f a  was added to  

each of th re e  f l a s k s . F e r t i l i z e r  and s o i l  were added as w ith  com

p le te  a l f a l f a  and the  f la s k s  shaken fo r  an hour. Water was added 

to  the  f la s k s  as in  th e  prev ious experim ents and th ey  were then 

connected to  the  a s p ira t io n  ap p a ra tu s . COq was c o lle c te d  a t  con

v e n ien t in te r v a ls ,  measured v o lu m e trica lly  and th e  a c t i v i ty  counts 

made on BaC^O^ as in  th e  glucose experim ent. Incubation  was 

c a r r ie d  out fo r  70 days. T o ta l n itro g en  and pH were measured before  

and a f t e r  in cu b a tio n .
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TABULATION OF BESULTS

Note: In  ta b le s  1 , 2 , and 3 th e  c a lc u la te d  check column is

obtained  from  a c t iv i ty  c a lc u la t io n s . These c a lc u la tio n s  

a re  summarized in  appendix ta b le s  18, 19 , and 2 0 . The 

measured check i s  th e  average CO2 evolved from the  check 

trea tm en t f o r  th e  p e rio d  in d ic a te d .

f

*
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Table 1 . Priming E ffect 0 .6  g . Glucose/100 g . Air Pry Muck

Pay C alcu la ted  
Cheok 

Mg. C02

Measured 
Check 

Mg. C02

Priming 
Mg. C02

E ate of Priming 
Mg. Carbon 

p e r Pay

1 150 197 - 1*7 -12 .8
2 119 123 -  k -  1 .1
3 111 106 5 l , b
b 91* ' 89 5 l . b
5 61 55 6 1 .6
6 51* 52 2 0.5
7 51 ^3 8 2 .2
8 53 50 3 0 .8
9 1*9 43 6 1 .6

11 82 71* 8 l . l
13 63 67 -  1* -  0 .6
16 113 109 b 0.1*
19 133 122 11 0 .6
25 218 196 22 0 .1
32 201 177 2b 0 .9
b6 _258 _222 10 0.3

T o ta l 1810 171*2 68 , 19 mg. carbon

♦
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Table 2 . Priming E ffect 1.2 g . G-luoose/lOO g. Air Dry S o il

Day C alcu la ted  
Check 

Mg. COg

Measured 
Check 

Mg. C02

Prim ing 
Mg. CO2

B ate of Prim ing 
Mg. Carbon 

per Day

1 lUO 197 -57 - 15.5
2 id* 123 -19 - 5 .2
3 109 106 3 0 .8
1* 8 9 89 0 0 .0
5 61* 55 9 2 .5
6 62 52 10 2 .7
7 57 1*3 ll* 3 .8
8 61 50 11 3 .0
9 50 ^3 7 1 .9

11 81 7^ 7 1 .0
13 7 6 67 9 1 .2
16 129 109 20 1 .8
19 13^ 122 12 1 .1
25 225 196 29 1.3
32 201 177 21* 0 .9
1*6 260 J 2 1 21 0.1*

T o ta l 181*2 171*2 100 * 27.3 mg. carbon

I



Table 3 . Priming E ffect

26

1 .6  g . A lfa lfa  In so lu b lea  2 .k g . Complete A lfa lfa
Day C alcu- Measured. Prim ing B ate o f C alcu- Measured. Priming Bate of

la ted . Check Mg. CO2 prim ing la ted . Check Mg. CO2 prim ing
Check Mg. COg Mg. C ar- Check Mg. CO2 Mg. C ar-
Mg.COg bon/Day Mg.COg bon/Day

1 55 55 0 0 81 55 26 7 .1
2 56 39 17 k .6 118 39 79 21.5
3 51 2k 27 7 .k 7k 2k 50 13.6
k 59 kO 19 5 .2 62 ko 22 6 .0
6 91 56 35 k .8 106 56 50 6 .8
8 72 51 21 2 .9 123 51 72 9 .8

10 97 5k k3 5 .9 132 5k 78 10.6
12 lk9 60 89 12.1 108 60 ^ k8 6.5
lk lk8 5k 9k 12.8 62 5k 8 1 .1
16 81 k l ko 5 .5 k5 k l k 0.5
20 102 86 16 l . k 81 86 -5 -0 .3
25 125 118 7 O.k 110 118 -8 -O.k
32 167 l k l 26 1 .2 lk 3 l k l 2 0 .1
ko 201 17k 27 0 .9 170 17k -k -0 .1
k8 171 186 -15 -0 .5 165 186 -21 -0 .7
60 266 292 -26 -0 .6 259 292 -33 -0 .8
70 J I 2 -1 .0 J& L 215 -80 -2 .2

T o ta l 2070 1686 38k 197k 1686 288

38k Mg. CO2 s 105 Mg. C. 288 Mg. C02 = 79 Mg. C.
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Table ^. Summary of Priming E ffects

Treatm ent Mg. Carton L ost Incubation  P eriod
Days

0 .6  g . Glucose 19 b6
1 .2  g . Glucose 27 b6
1 .6  g . A lfa lfa  ln so lu b le s 105 70
2 .k  g . Complete a l f a l f a 79 70

Table 5 . Percentage of Added M ate ria l B etained

Treatm ent Carbon
added
Mg.

C alcu la ted  
lo ss  of 

added carbon

$ Carbon 
re ta in e d

Days
Incuba

tio n

0 .6  g . Glucose 2^0 185 22 .9 k6
1 .2  g . Glucose U80 391 I8 .5 b6
1 .6  g . A lfa lfa 66 l 3lU 52.5 70

ln so lu b le s
2 ,1  g , Complete 953 573 39.9 70

a l f a l f a
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Table 6 . Total Carbon Evolution Strav-Bye Grass Incubation
Mg. Carbon/100 g. Air Dry Muck

Treatment
1

E ep lica tio n  
2 3 Mean

Check 881 880 872 878
Wheat straw 1508 151U 15^7 1523
Bye g rass 11*91* 1515 11*63 11*91

L.S .D .(P ■ 0 .05) .  39

Table 7 . T o ta l Carbon E volu tion  A lfa lfa  Incubation
A ir Dry Muck

Treatm ent
1

E e p lic a tio n
2 3 Mean

Check 1*70 
1 .6  g . ln so lu b le s  886 
2 .1* g . A lfa lfa  1122

1*73 1*51
886 885 

1130 1101*

1*65
886

1119

(S tandard e r ro r  of the  mean * i  10 )

(Incubation  p erio d ■ 70 days)
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Table 8 . Total Carbon Evolution Glucose Incubation
Mg. Carbon/100 g. Air Dry Muck

Treatm ent
1

E e p lic a tio n
2 3 k Mean

Check k80 k82 k72 U65 k75
0 .6  g . Glucose 679 673 680 69k 682
1 .2  g . Glucose 879 839 882 876 869

(S tandard e r ro r  of th e  mean = f  6 .3 )

(Incubation  p e rio d = k6 days)

Table 9 . Net Loss of Carbon

Treatm ent T o ta l carbon Carbon added Net Days
l o s t . Mg. Mg. lo s s Incubated

Check k75 k75 k6
0 .6  g . Glucose 682 2k0 kk2 k6
1 .2  g . Glucose 869 k80 389 k6

Check 878 •» 878 98
Wheat s traw 1523 1000 523 98
Eye g rass lk91 1000 k91 98

Check k65 k65 70
1 .6  g . A lfa lfa 886 661 225 70

in so lu b le s
2 .k  g . Complete 1119 953 166 70

a l f a l f a
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Table 10. Labeled v s . Unlabeled A lfa lfa  Incubation
Carbon Lost Mg./20 g . Air Dry Muck

Tagged____________   Untagged
Day A B c D G H I J

1 26 .0 27.8 26 .9 22.6 103.3 2 k .7 23.9 2 k .1 2 k .5 97.2
2 18.5 18.2 18 .1 18.1 72.9 22.9 22.3 23.3 22.6 91.1
3 11.8 11.6 10 .0 11.1* kk.5 13.6 l k . 3 l k . i 13.6 55 .6
k 8 .9 9 .1 9 .1 9.2 36.3 10.1 10.3 9 .8 10.0 ko.2
5 9 .6 9 .7 9 .7 9.7 38.7 11.2 11.3 10.5 10.7 k3 .7
6 5-7 5 .7 5 .6 5 .8 22 .8 7 .3 7 .3 7 .0 7.2 28 .8
8 13.5 l k . l 13 .0 13.6 5k .2 18.5 1 8 .k 17.2*■ 18.3 7 2 .k

10 13.2 13.1 12.9 12.6 51.8 13.2 13.6 13.6 13.5 53.9
13 10 .6 9 .9 10.3 10.0 ko.8 11.1*■ 9 .6 9 .8 9.7 k0.2

117.8 119.2 115.6 112.7 1^65.3 132.6 131.0 129.k 130.1 523.1

Variance Due to Degree of 
Freedom

Sum of 
Squares

Variance F

Treatm ent 1 k6.k0 k6.k0 105.k**

Days 8 220k.20 275.53 626.2

Treatm ent -  Days 8 16.58 8.32 18.9**

E rro r 51 22 .k0 O.kk

T o ta l 68

* M issing values

** S ig n if ic a n t  a t  0 . 01$ le v e l
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Table 11 . T o ta l N itrogen
Mg. N/100  g . Oven Dry Muck

Treatment Before Incubation A fte r  Incubation

Check 3 .U 3 . 1^
0 .6  g . Glucose 3.11 3.17
1 .2  g . Glucose 3.11 3.23

(L .8.D . (P • 0 .05) = 0.11 mg.)

Check 3.06 3.12
Wheat straw 3.00 3.11
Bye grass 3.12 3.18

(L.S.D . (P ■ 0,05) ■ 0.10 mg.)

Check 3 .3^ 3 . te
A lfa lfa  in so lu b le s 3.^0 3.08
Complete a l f a l f a 3.38 3.U0

(L .S.D . (P S 0.05) 8 0.57  n g .)

Table 12 . pH D eterm inations

Treatm ent Before Incubation A fte r  Incubation

Check h .6
0 .6  g . Glucose ^*9 h ,6
1 .2  g . Glucose fc.9 k .6

Check ^.5 ^•3
A lfa lfa  in so lu b le s *.5 h.2
Complete a l f a l f a fc.5 k .2
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DISCUSSION

With th e  excep tion  of th e  graphs i l l u s t r a t i n g  r a te  of t o t a l  

carbon lo s s ,  which a re  p resen ted  on th e  b a s is  of 100 g . of oven dry 

s o i l ,  a l l  trea tm en ts  and a l l  r e s u l t s  a re  based on a i r  dry s o i l .  In  

a l l  experim ents 100 g . of a i r  dry s o i l  contained  90 i  1 g . oven 

dry  s o i l .

A ll  BaC^Oj counts from C3-1̂  c o lle c tio n  In th e  glucose incuba

t io n  experim ent were compared to  th e  BaC3-1* ^  obtained  from chemical 

ox id a tio n  o f the  g lu co se . Three p la te s  were made from the  BaC3-1* ^  

o f one glucose o x id a tio n . Eleven sep a ra te  counts o f th ese  p la te s  

were made and th e  r e s u l t s  averaged. Using the  s tan d ard  sample men

tio n e d  in  ta b le  13 th i s  count was converted  from d iv is io n s  per hour 

to  counts p e r m inute.

Maximum a c t i v i t y  of BaC^Oo from glucose ox ida tion  - 
154 .lt D iv ./H r.

C a lib ra tio n  o f in strum ent -  1 D iv ./E r . -  46.4  c ./m in .

Maximum a c t i v i ty  of BaC3-1̂  -  7160 c ./m in .

BaC3-^03 a r is in g  from CO2 c o lle c tio n  in  th e  a l f a l f a  incubation

experim ent was compared to  th e  BaC^O^ from th e  chem ical oxidation

of e i th e r  th e  in so lu b le  f r a c t io n  o r th e  complete a l f a l f a  depending

on which trea tm en t i t  a ro se  from . Table 13 appendix shows th a t  a t  80

on th e  s c a le  th e  s tan d a rd  sample re a d  38.5 D iv ./h r . Therefore 1

D Iv ./h r . i s  eq u iv a len t to  57 c ./m in . The average o f th e  f iv e  read ings

f o r  in so lu b le s  o x id a tio n  i s  426.4  D iv ./h r .  o r 24,310  c ./m in . L ike- 
♦

wise th e  count o f th e  complete a l f a l f a  i s  22,610 c ./m in .



F igures 1 and 5 show th a t  th e  r a te  of carbon lo s t  from glucose 

t r e a te d  s o i l s  qu ick ly  reached  a  peak and dropped down again  iD  

about k d ays. The r a te  of lo ss  of carbon added as glucose fo llow s 

th e  same p a t te r n .  However, no t a l l  th e  added carbon was lo s t  a t  

th e  end of k6 days o r even a t  the  end o f 106 days. At the  end o f 

k6 days only about 8C$ of th e  added carbon had been l o s t .  The 

rem aining 20$ was probably e n t i r e ly  in co rp o ra ted  in  sy n th esized  

b io lo g ic a l t i s s u e .  Gray ( lk ) ,  w ith  a  much sm alle r a p p lic a tio n  of 

glucose to  an ino rgan ic  s o i l ,  found no glucose as such remained 

a f t e r  the  t h i r d  day. At t h i s  time only kl$ of th e  th e o r e t ic a l  

amount of CO2, prim ing a c tio n  n o t considered , had been evolved.

I t  i s  p o ss ib le  th a t  a l l  th e  glucose added to  th e  muck was decomposed 

in  th e  f i r s t  week.

Tables 1 and 2 show th a t  in s te a d  of a  prim ing a c tio n  during  the 

f i r s t  two days th e re  was a c tu a lly  le s s  s o i l  organic m a tte r l o s t  than 

in  th e  check. The e f f e c t  was g re a te r  w ith  th e  la rg e r  glucose a p p l i 

c a t io n . This would in d ic a te  th a t  th e  added so lu b le  m a te r ia l  was 

u t i l i z e d  as an energy source in  p reference  to  th e  s o i l  organic 

m a tte r . This i n i t i a l  e f f e c t  was so  la rg e  th a t  i t  alm ost co u n ter

a c te d  the  sm a ll prim ing e f f e c t  th a t  fo llow ed reach ing  a  peak a t  

about the  e ig h th  day.

Since t h i s  peak occurred  about th e  estim ated  tim e of th e  

glucose d isappearance, i t  would fo llow  th a t  any prim ing e f f e c t  of 

th e  so lu b le  m a te r ia l  i s  brought about by la ck  of a  s u i ta b le  sub-I
s t r a t e  o th e r than  th e  s o i l  organic m a tte r I t s e l f .  The reason  th e
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prim ing a c tio n  was so  sm all may be due to  th e  f a c t  th a t  the  popula

t io n  b u i l t  up when so lu b le  m a te r ia l i s  added i s  h igh ly  s e le c tiv e  

as to  s u b s tr a te .

The percentage of t o t a l  n itro g en  ro se  s l ig h t ly  on incubation  

in d ic a tin g  th a t  the  carbon lo s s  was g re a te r  than the  n itro g en  lo s s .  

This apparen t n itro g en  in c rease  was s t a t i s t i c a l l y  s ig n if ic a n t  a t  

th e  0 .05$ le v e l  only in  the  high  glucose tre a tm e n t. The pH of the  

s o i l  f e l l  s l i g h t ly .

In  the  wheat s traw  v s ,  rye g rass  experim ent, ta b le  6 shows th a t  

th e re  i s  no s ig n if ic a n t  d iffe re n c e  in  the  amount o f carbon lo s t  due 

to  th e  two tre a tm e n ts . Pinck e t  a l .  (27) found no c o n s is te n t s ig n i 

f ic a n t  d iffe re n c e  in  carbon l o s t  when young and m ature m il le t  were 

added to  two in o rgan ic  s o i l s .  Those th a t  were s ig n if ic a n t ly  

d i f f e r e n t  gave in  a l l  cases a  g re a te r  carbon lo s s  fo r  the  younger 

m a te r ia ls .

F igure  2 shows th e  e f f e c t  o f th e  h igher co n ten t o f so lu b le  

m a te r ia l  and n itro g en  In the  rye  g rass  in  th a t  i t  l o s t  considerab ly  

more carbon in  th e  f i r s t  few days than th e  s traw  d id . From the 

f i f t e e n th  to  th e  f i f t i e t h  day, however, th e  s traw  t r e a te d  s o i l  l o s t  

more.

I t  i s  t o  be expected  th a t  th e  supply  of n itro g en  was n o t a  

f a c to r  here  s in ce  th e re  was s u f f ic ie n t  added to  b rin g  th e  C/N r a t i o  

of th e  s traw  to  21 :1  and a ls o  th e re  would be n itro g en  m inera lized  

from th e  s o i l  o rganic  m a tte r (carbon n itro g en  r a t i o  16:1) as shown 

by Broadbent and Norman (8 ) .  As in  th e  glucose experim ent th e re  was
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a  tendency fo r  th e  percentage of t o t a l  n itro g en  to  in c rease  on 

incubation# This in c rease  was s ig n if ic a n t  a t  th e  %  le v e l  only 

in  th e  s traw  tre a tm e n t.

The n e t e f f e c t  a f t e r  98 days of incubation  under th e se  condi

t io n s  was an in c rease  in  organic m a tte r over th e  untreated , s o i l .

I t  should  be p o in ted  out th a t  n e ith e r  of th ese  trea tm en ts  r e s u lte d  

in  an in c re a se  in  th e  amount of organic m atte r of the  muck but 

r a th e r  a  sm alle r n e t  lo ss  than  from th e  u n tre a ted  s o i l .  This was 

tru e  of a l l  experim ents in c lu d in g  the  glucose though the  e f f e c t  

was much sm alle r th e r e .

A nalysis of the  complete d a ta  in  th e  tagged v s . untagged 

a l f a l f a  in cu b a tio n , ta b le  10 , g ives a  h igh ly  s ig n if ic a n t  trea tm en t 

d if f e re n c e . I t  may be concluded, th en , th a t  th e  la b e led  a l f a l f a  

does n o t lo se  carbon as COg a t  th e  same r a te  as th e  unlabeled  

m a te r ia l .  This d iffe ren c e  could be caused by the  r a d io a c t iv i ty  or 

by a  d iffe re n c e  in  organic com position of the  a l f a l f a  brought about 

by th e  s l i g h t ly  d i f f e r e n t  environment under which the  two m a te ria ls  

were c u ltu re d . S ince th e  trea tm en t x day in te ra c t io n  was a lso  h ig h ly  

s ig n i f ic a n t ,  i t  i s  p o ss ib le  th a t  the  d iffe ren c e  ev en tu a lly  d is 

appeared a s  in d ic a te d  by th e  d a ta . From th e  second to  th e  e ig h th  

day th e re  i s  a  c o n s is te n tly  g re a te r  lo ss  of th e  untagged m a te r ia l 

averag ing  about l 8£ . I t  i s  then q u ite  p o ss ib le  th a t  th e  c a lc u la te d  

prim ing e f f e c t  in  th e  a l f a l f a  v s .  In so lu b le  experim ent i s  to o  la rg e  

by th a t  amount during  th a t  p e rio d .
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F igure  3 shows a  high i n i t i a l  peak of c a rto n  lo ss  from the  

complete a l f a l f a  trea tm en t s im ila r  to  th e  rye  g rass  trea tm en t men

tio n e d  p rev io u s ly . These peaks a re  s im ila r  to  the  one produced ty  

trea tm en t w ith  g lu co se . They m ust, th e n , re p re se n t th e  ra p id  

i n i t i a l  lo s s  o f th e  so lu b le  f r a c t io n  o f the  added m a te r ia l .  N either 

th e  wheat s traw  o r th e  a l f a l f a  in so lu b le s  give r i s e  to  th i s  h igh 

peak. This i s  to  be expected as th ey  do no t con tain  an app reciab le  

so lu b le  f r a c t io n . Both s traw  and th e  a l f a l f a  in so lu b le s  have a  

sm all peak in  t h i s  p e rio d . This could  be due to  the  presence of 

seme r e a d i ly  a v a ila b le  p e r t  o f the  in so lu b le  m a te r ia l and to  th e  

presence o f a  sm all amount o f  so lu b les  in  the  s o i l  eis in d ic a te d  by 

th e  check tre a tm e n t.

The s ig n if ic a n t  p o in ts  i l l u s t r a t e d  by th e  curves a re  the

presence o f secondary peaks and the f a c t  th a t ,  beginning about th e

tw e lf th  day, th e  r a t e  of carbon lo ss  from the  in so lu b le  t r e a te d  s o i l

exceeds th a t  of th e  complete a l f a l f a  tre a tm e n t. This in c rease  i s

q u ite  marked fo r  about a  week and then  the  r a te s  of lo s s  became

alm ost e q u a l. The change in  rank  tak es  p lace  a t  the  same time th e

r a te  o f carbon lo s s  f o r  in so lu b le s  reaches a  peak . This co incides

a ls o  w ith  th e  maximum r a te  o f  prim ing ac tio n  due to  th e  in so lu b le s ,

ta b le  3, f ig u re  5 * The complete a l f a l f a  prim ing ac tio n  a lso  reaches

a  peak a t  th e  same tim e th e  t o t a l  carbon lo s t  f o r  a l f a l f a  reaches

i t s  secondary peak. I t  i s  p o ss ib le  th a t  th ese  secondary peaks a re

a t  l e a s t  p a r t i a l l y  due to  th e  in c rease  in  prim ing a c t io n . That 
*

o th e r fa c to r s  a re  involved  i s  in d ic a te d  in  th a t  the  complete a l f a l f a  

peak i s  la rg e r  than  the  one f o r  in so lu b le s  whereas i t s  prim ing a c tio n
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peak i s  s m a lle r .

The maximum number of microorganisms does n o t co incide w ith 

th e  i n i t i a l  C02 peak h u t comes one o r two weeks l a t e r  (15, 36, 3 7 ).

In  a  p e a t s o i l  Vandecaveye (3 6 ), and in  a  podso l, Gray and Taylor 

(lU ), showed th a t  when organic m a tte r i s  added to  the  s o i l  th e re  i s  

a  la rg e  decrease in  the  number of b a c te r ia  in  th e  f i r s t  3 o r k 

days accompanied by a  s tead y  con tinu ing  in c rease  in  the  number of 

fu n g i. I t  I s  p o ss ib le  th a t  the  secondary peaks a re  due to  th is  

in c reased  fu n g a l p o p u la tio n . I t  i s  a ls o  probable th a t  th e  prim ing 

peaks develop a t  t h i s  tim e fo r  th e  same rea so n . Fungi a re  b e t te r  

a b le  to  u t i l i z e  complex m a te r ia l  than  b a c te r ia  and as t h e i r  number 

In c rease s  they  come in  c o n tac t w ith  a  la rg e r  amount of s o i l  organic 

m a tte r .

Table 3 and f ig u re  5 show th a t  bo th  trea tm en ts  ev en tu a lly  

caused a  sm alle r carbon lo s s  from th e  s o i l  organic m atte r than  in  

th e  u n tre a te d  check. This i s  much more ev id en t in  the  complete 

a l f a l f a  trea tm en t and i s  th e  reason fo r  th e  g re a te r  t o t a l  prim ing 

a c tio n  o f th e  in so lu b le  a l f a l f a .  I t  w i l l  be no ted  th a t  th e  complete 

a l f a l f a  trea tm en t caused a  g re a te r  t o t a l  prim ing a c tio n  up to  the  

t h i r t y  second day. T h e rea fte r i t  was la rg e ly  n e g a tiv e . The probable 

ex p lana tion  of t h i s  g re a te r  carbon lo s s  from th e  s o i l  l i e s ,  as 

p o s tu la te d  in  th e  glucose tre a tm e n t, in  a v a i l a b i l i ty  of s u b s tr a te .  

P inck (2*0 suggested  th a t  th i s  might tak e  p la c e . I t  would then 

fo llo w  th a t  th e  reason  i t  i s  g re a te r  in  th e  complete a l f a l f a  t r e a t -  

ment i s  due to  a  d i f f e r e n t  popu la tion  -  one le s s  ab le  to  u t i l i z e  th e
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complex m a te r ia l o f th e  s o i l  organic m a tte r .

F igure  5 shows th a t  th e re  was a  d iffe ren c e  in  th e  prim ing 

e f f e c t  o f th e  so lu b le s  when added as glucose and when added as a  

f r a c t io n  o f p la n t m a te r ia l  such as th e  complete a l f a l f a .  In  th e  

l i g h t  o f th e  o th e r d a ta  and th e  fo regoing  explanation  i t  would he 

expected th a t  the  r a te  of prim ing f o r  complete a l f a l f a  would he 

q u ite  low in  th e  beg inn ing . In s te ad  th e re  Is  a  pronounced peak fo r  

th e  second and th i r d  days. This peak would in d ic a te  th a t  th e  break

down of th e  so lu b le s  in  th e  a l f a l f a  caused considerab le  prim ing 

e f f e c t ,  a  conclusion  n o t in  keeping w ith  the  glucose d a ta .

I t  should  be p o in ted  ou t th a t ,  as mentioned p rev io u s ly , th e  

c a lc u la te d  r a te  o f prim ing fo r  th i s  p e rio d  i s  approxim ately ldf> too  

h igh  due to  th e  d i f f e r e n t i a l  r a te  of decomposition of th e  tagged and 

untagged m a te r ia l .

Table 3 shows th a t  th i s  peak i s  due to  bo th  an in c rease  in  the  

c a lc u la te d  check and a  decrease in  th e  measured check. This two day 

decrease  i s  unusual. I f  i t  was n o t p re se n t th e  r a te  o f prim ing a t  

t h i s  p o in t would be reduced ano ther 6$ on th e  second day and about 

50j& on th e  th i r d  day.

I t  should  be p o in ted  out again t h a t  th e  s o i l  f o r  th e  a l f a l f a  

incubation  and th e  s o i l  f o r  th e  glucose incubation  were c o lle c te d  

under e n t i r e ly  d i f f e r e n t  c ircum stances. A lso , through an e r ro r ,  the 

g lucose t r e a te d  s o i l  re c e iv e d  i t s  n itro g en  f e r t i l i z e r  as TTHICI, the  

a l f a l f a  t r e a te d  s o i l  as ENO^. I t  does no t seem lo g ic a l  th a t  th ese  

d iffe re n c e s  should  cause such a  marked d iffe ren c e  In prim ing a c tio n .
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The a l f a l f a  s o i l  was probably low in  so lu b le  n itro g en  and. so lu b le  

organic m a tte r bu t s u f f ic ie n t  n itro g en  was added, to  supply the  

immediate needs of the  m icroorganism s. The lower con ten t o f so lu b le  

s u b s tra te  in  th e  a l f a l f a  incubated  s o i l  would no t be a  f a c to r  s in ce  

th e re  i s  p le n ty  of a v a ila b le  added s u b s tr a te .  A low so lu b le  sub

s t r a t e  in  th e  s o i l  a t  th i s  s tag e  o f incubation  would be expected to  

decrease r a th e r  than in c rease  prim ing.

This leaves th e  added su b s tra te  o r an unaccountable a c t i v i ty  

d i lu t io n  e f f e c t  to  exp la in  th e  d iscrepancy . The d i lu t io n  has been 

shown to  be somewhat re sp o n s ib le . Perhaps i t s  magnitude was under

e s tim a ted . U nfo rtu n ate ly , no breakdown of th e  n itro g en  f r a c t io n  

of th e  a l f a l f a  or of i t s  organic composition was made so i t  i s  

im possible to  determ ine whether th ese  may have been re sp o n s ib le .

In  o rder to  make a  sound exp lanation  of th ese  prim ing e f fe c ts  

more d a ta  Eire re q u ire d . B io lo g ica l counts should be made so  th a t  

changes w ith in  the  popu la tion  could  be c o rre la te d  w ith  changes in  

th e  lo s s  o f s o i l  organic m a te r ia ls .  The n itro g en  f r a c t io n  o f both 

s o i l  and added m a te r ia ls  should be thoroughly  defined  and a  knowledge 

of th e  o rganic  com position would be h e lp fu l.

Not con sid e rin g  prim ing, ta b le  9 , th e  amount of carbon lo s t

in  excess o f th e  check, expressed  as a  percentage of added carbon, i s

Qtfo f o r  the  in so lu b le  and 6956 f o r  th e  complete a l f a l f a .  I f  they  had

been added in  equal amounts, assuming th a t  q u a n tity  has l i t t l e  e f f e c t

on th e  percentage lo s s ,  the  sinso lub les would r e s u l t  in  e s s e n t ia l ly  
*

th e  same carbon lo s s  as the  complete a l f a l f a .  This i s  borne out by



the  rye g rass  v s .  wheat straw  experim ent and. "by Pinck (27 ) using 

mature v s .  immature manuring m a te r ia ls .  This tak es  p lace  d esp ite  

th e  f a c t  th a t  more of th e  carbon of th e  added, in so lu b le s  than  of 

th e  complete a l f a l f a  remains in  the  s o i l ,  ta b le  5 , and can only be 

exp lained  in  th e  g re a te r  prim ing e f f e c t  of th e  in so lu b le s .

There was no tendency toward a  percentage in c rease  in  t o t a l  

n itro g en  as in  th e  p receding  experim ents. There was a  s l ig h t  

decrease  in  pH.



SUMMARY

A study  was made of th e  e f f e c t  of c e r ta in  added, organic m a te ria ls  

on th e  "breakdown of th e  organic m a tte r of a  R if le  P e a t. This 

"breakdown has "been re fe r r e d  to  as a  prim ing a c tio n .

Methods a re  o u tlin e d  fo r  th e  use o f carbon-lU  in  a study  of th is  

ty p e .

Glucose la b e led  w ith  carbon-ll)- was incubated  w ith  th e  s o i l  to  

determ ine th e  prim ing e f f e c t  of so lu b le  m a te r ia l .

A lfa lfa  evenly la b e led  w ith  carbon-lU  and th e  in so lu b le  f r a c tio n  

of th e  a l f a l f a  were incubated  w ith  th e  s o i l  to  determ ine the  

prim ing e f f e c t  o f t h i s  p la n t m a te r ia l  and of f ib ro u s , in so lu b le  

m a te r ia l .

Rye grass  and wheat s traw  were added to  th e  s o i l .  Carbon lo s t  

as CO2 was measured over a  p e rio d  of 98 days to  determ ine which 

would have th e  g re a te s t  e f f e c t ,  i f  any, in  decreasing  subsidence 

of an organic s o i l .

I t  was found th a t  glucose a lone caused a  v e ry  sm all lo s s  o f s o i l  

organic m a tte r . In s te a d  of a  prim ing e f f e c t  th e re  was a  depres

sion  in  the  amount o f s o i l  organic m atte r l o s t  during th e  f i r s t  

2 days.

R ate of prim ing w ith  bo th  complete a l f a l f a  and a l f a l f a  in so lu b le s  

reached two peaks th a t  corresponded w ith  peaks of t o t a l  CC>2 l o s s . 

The prim ing ac tio n  ev en tu a lly  became neg ativ e  as  a  r e s u l t  of both  

trea tm en ts  b u t t h i s  e f f e c t  developed sooner and became more marked
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in  th e  complete a l f a l f a  tre a tm en t. The t o t a l  lo ss  due to  

prim ing was g re a te r  from th e  in so lu b le  f r a c t io n  than from 

th e  complete a l f a l f a  tre a tm en t.

8 . I t  was suggested th a t  prim ing ac tio n  was a  fu n c tio n  o f a v a i l 

a b i l i t y  o f s u b s tr a te .  A m ic ro b ia l popu la tion  b u i l t  up due to  

added su b s tra te  would, as th a t  added s u b s tra te  decreased , 

u t i l i z e  th e  s o i l  organic m a tte r as an energy so u rce . I f  only 

r e a d i ly  a v a ila b le  m a te r ia l i s  added a  popu la tion  b e s t adapted 

t o  u t i l i z e  such m a te r ia l qu ick ly  develops and uses i t  in  

p re fe ren ce  to  s im ila r  m a te r ia l  in  th e  s o i l .  T his i s  probably 

due la rg e ly  because th e  co ncen tra tion  o f the  added m a te r ia l in  

th e  B o il so lu tio n  i s  g re a te r  than th e  con cen tra tio n  o f s o i l  

organic m a tte r so lu b le s  and p o ss ib ly , in  p a r t ,  because th e  

added m a te r ia l i s  more chem ically  a v a i la b le . As the  added 

m a te r ia l  d isap p ea rs , more o f th e  more so lu b le  s o i l  organic mat

t e r  i s  u t i l i z e d  b u t s in ce  t h i s  f r a c t io n  i s  u su a lly  lim ite d  no 

la rg e  lo s s  o f s o i l  organic m a tte r tak es  p la c e .

I f  th e  added m a te r ia l i s  la rg e ly  in so lu b le  th e  population  

th a t  develops i s  b e t te r  adapted  to  u t i l i z e  complex sub stan ces . 

Following reason ing  s im ila r  to  th a t  above, i t  would be concluded 

th a t  co n sid erab le  s o i l  organic m atte r may be l o s t .

9 . Under c o n tro lle d  cond itions in  th e  la b o ra to ry  i t  was found th a t ,  

from th e  R if le  P e a t, th e  lo ss  o f s o i l  organic m a tte r due to  th e  

prim ing e f f e c t  o f added organic m a te r ia ls  was n o t s u f f ic ie n t  to
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o f f s e t  th e  gain due to  th e  re s id u e  of th ese  m a te r ia ls .

10 . Under th e se  cond itions i t  was found th a t  added m a te r ia l h igh  

in  so lu b le s  had about the  same n e t e f f e c t  on lo ss  o f organic 

m atte r as  more m ature m a te ria ls  w ith  a  h igher con ten t of 

in s o lu b le s . The l a t t e r  m a te r ia ls  cause a  g re a te r  lo s s  of th e  

organic m a tte r  of th e  s o i l  bu t leave  a  la rg e r  re s id u e .

11 . I t  was n o t p o s s ib le , under lab o ra to ry  cond itions and w ith  the  

amounts added, to  e f f e c t  an in c rease  in  th e  w eight o f th e  s o i l  

over a  p e rio d  o f tim e by adding organic m a te r ia ls .  In  a l l  

cases more carbon was l o s t  than was added. However, th e  n e t 

lo s s  when th e se  organic m a te r ia ls  were added was always le s s  

than  th e  t o t a l  lo s s  from th e  u n tre a te d  s o i l .

*
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Table 13 . E r ro r  Due to  Non l in e a r i ty  of E lec trom eter S cale

Sample
Sample Counts in  D iv is io n / 
Hour From Graph -  F ig . 6 Scale

Scale
p o in t

100

Scale
p o in t

0

Scale
p o in t

50

Scale
p o in t

80

e r ro r
D iv ./

Hr.

e r ro r

Chemical O xidation #1 
A lfa lfa  In so lu b le s  

P la te  1 
P la te  2 
P la te  3**

1*23.0 
1*31 '. 0 
1*36.0

361.6
367.3
368.5

392.5
1*03.5
1*02.5

1*11.0
1*26.0
1*23 .0

6l.l*
63.7
67.5

15.6
15.8
16.8

Chemical Oxidation #2 
A lfa lfa  In so lu b le s  

P la te  1 
P la te  2**

1*1*3 .0  
1*50.5

365.3
380 .1*

1*09.0
1*15.0

1*35-5
1*36.5

77.7
70.1

19 .0
16.9

Chemical Oxidation #1  
Complete A lfa lfa  

P la te  1 
P la te  2 
P la te  3

1*09.8
1*00.0
1*11.0

350.0
332.0  
31*5 .0

379.9
366.2
378.0

397.8  
386.5
397.8

59.8
68.0
66.0

15.7
I8 .5
17 -1*

Chemical O xidation #2 
Complete A lfa lfa  

P la te  1 
P la te  2

1*21.7
1*08.7

352.0
35l*.0

386.9
381.1*

1*03.8
397.8

69.7
5l*.7

18.0
l l*.3

Chemical Oxidation 
of Glucose

P la te  1 
P la te  2

137.1
13^.3

115.8
112.0

126.1*
123.3

132.8
129.8

21.3
22.3

16.9
18.1

•^Standard Sample 
2200 Counts p e r 
minute**

39.8 33.3 36.5 38.5 6.5 17.8

Average p e rcen t c o rre c tio n 16.9

^Supplied  by J .  E . V arner, A g ric u ltu ra l  B iochem istry Department. 

**P la te  counts i l l u s t r a t e d  in  F igure  6 .
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Table I k .

56

C orrection  fo r  N o n lin ea rity  of S c a le . 
Landaverk E lec trom eter Model L-75,  S e r ia l  II36

S cale i> Corre<

86-80 -1

80-7k +1

7^-68 +2

68-62 *3

62-56

56-50 +5

50-kk +6

kU-38 +7

38-32 ♦8

32-26 +9

26-20 +10

2 0 -lk +11

i t - 8 m

■I
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Table 15. BaC^Oj Counts 0.6 g . Glucose Treatment

Day F lask
No.

Maximum
a c t iv i ty
D iv ./H r.

Average
A c tiv ity
D iv ./H r.

Average
a c t iv i ty

C/M

A c tiv ity
r a t i o

0 .5 5 51.1
6 U5.8
7 1*0.8 1*5 .6 2115 0.295
8 1*1*.5

1 .0 5 105.3
6 113.3 109.3 5070 0.708

1-5 6 102.9
8 107.0 105.0 1*870 0.680

2 .0 5 79.0
6 78.8 78.9 3660 0.571

2 .5 6 62.1
7 67.3 61* .7 3000 0 .1*19

3 .0 5 53.2
6 50.8 52.0 21*10 0.336

1* 5 1*1.2
8 1*1*.9 1*3 .1 2000 0.279

5 • 5 35.9
6 37.3 36.6 1700 0.237

6 7 31.1
8 35.6 33 .1*

7 5 33.3
6 29.1* 31 .1* 11*60 0.201*

8 5 25.9
7 27.2 26.6 1230 0.172

9 5 22.6
6 21.8 22.2 1030 0.11*1*

11 6 22 ,1
8 2U.1 23.1 1070 0 .11*9
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Table 15. Continued

Day F lask
No.

Maximum
a c t iv i ty
D iv ./H r.

Average
a c t iv i ty
D iv ./H r.

Average
a c t iv i ty

C/M

A c tiv ity
r a t i o

13 5 16.3
6 16.7 16.5 770 0.108

16 6 17.0
7 17 .lv 17.2 800 0.112

19 5 1U.7
6 12.8 13.8 61v0 O.O89

25 6 ll .lv
7 12.3 H .9 550 0.077

32 5 12.9
7 12.5 12.7 590 0.082

U6 5 7 .9
7 7 .1v 7 .6 350 0 .0k9

*106 6 2 .6
8 3-1 2 .9 130 0.018

♦[Represents a c t i v i ty  in  BaCOj c o lle c te d  from 92-106 days, i . e . ,  no 
counts made on BaC03 from. Iv6th-92nd day.



Table 16 . BaC-^03 Counts A lfa lfa  Inaolubles Treatment

59

Day F lask
No.

Maximum
a c t iv i ty
D iv ./H r.

Average
a c t iv i ty
D iv ./H r.

Average
a c t iv i ty

C/M

A c tiv ity
r a t i o

1 k 187. k
5 199.6
6 176.2 187.7 10700 O.kkO

2 5 2 1 9 .I
6 219.3 219.2 12k90 0.51k

3 k 223.0
5 228.2 225.6 12860 0.529

k k 209.2
6 218.8 21k. 0 12200 0.502

6 k 21k .9
5 223.6 219.8 12500 0.51k

8 5 233.2
6 22k .2 228.6 13030 0.536

10 k 217 .k
6 215.8 216.6 12350 0.508

12 k 216.3
• 6 219.7 218.0 12k30 0 .5 I I

lk 5 205.1
6 202.9 20k .0 11630 0.k78

16 5 183 .k
6 180.k 181.9 IO37O 0 .k27

20 5 15k. 8
6 157.7 156.3 89IO 0.367

25 k I2 k .3
6 120.9 122.6 6990 0.288

32 k 100.3 102.8 5860 0 .2 k l
6 105.3

T
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Table l 6 . Continued

Bay F lask
No.

Maximum
a c t i v i ty
D iv ./H r.

Average
a c t iv i ty
D iv ./H r.

Average
a c t iv i ty

C/M

A c tiv ity
r a t i o

U0 b 78.7
5 79 79.1 U5IO 0.186

kQ b 61.0
b 59-7
5 60.5
6 63.5 61.4 3500 O.lV*

60 k b2 .6
5 b2.b fcl.U 2360 O.O97

70 b 63 .0
6 61.9 62.5 3560 0.1^6
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Table 17. BeiC^O  ̂ Counts Complete A lfa lfa  Treatment

Day F lask
No.

Maximum
a c t iv i ty
D iv ./H r.

Average
a c t iv i ty
D iv ./H r.

Average
a c t iv i ty

C/M

A c tiv ity
r a t i o

1 8 299.5
9 291.9 295.7 I685O 0 .71*5

2 7 273.0
9 268.7 270.9 151*1*0 O.683

3 8 269.2
9 269.1* 269.3 15350 0.679

1* 7 255.O
9 256.1* 255.7 11*570 0 . 61*1*

6 8 252.7
O.6369 252.1 252 .1* ll*390

8 7 256.1
9 258.7 257 .1* 11*670 0 .61*9

10 7 250.1*
8 259.5 255.0 11*51*0 0 .61*3

12 7 216.5
8 221*. 3 220.1* 12560 0.556

11* 7 200.3
8 203.5

0.501*9 195.8 199.9 11390

16 7 189.1
8 188.3 188.7 10760 0.1*76

20 8 176.6
9 179.1 177.9 1011*0 0.1*1*9

25 7 156.2
87609 151.0 153.6 O.387

32 7 131.6
8 131.3 131.5 7500 0.332
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Table 17. Continued

Day F lask
No.

Maximum
a c t iv i ty
D iv ./H r.

Average
a c t iv i ty
D iv ./H r.

Average
a c t iv i ty

C/M

A c tiv ity
r a t i o

i*o 7 99.6
9 103.2 101.1* 5780 O.256

1*8 7 81.1
8 81* ,2
9 83 -3 . 82.9 1*730 0.209

60 6 63.3
6 61*.6 61*.0 3650 0.161

70 7 77 . ^
9 78.6 78.0 1*1*50 0.197

I
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Table Id . Calculated Check -  0.6 g . Glucose

A c tiv ity  Mg. CO2 Aver- C alcu la ted  Aver- C alcu la ted
Day r a t i o s o i l  f  

t r e a t 
ment

age Mg* COg 
from 

glucose

age Check 
Mg. CO2

0.5 0.295 *11*1 100 30 70
97 29
98 29

105 31

1 .0 0.708 293 273 208 193 80
317 225
252 178
229 162

1 .5 0.680 171 175 116 118 57
175 119
182 121*
171 116

2 .0 0.511 127 127 65 65 62
132 68
123 63
128 65

2 .5 0 .1*19 *90 ioe ^3 59
97 1*1

106 1*1*
103 ^3

3 .0 0.336 78 79 26 27 52
79 27
81 27

*85 -

1* O.279 129 131 36 37 91*
135 38
128 36
13I* 37

5 O.237 ■*59 80 19 61
77 18
80 19
83 20
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Table 18. Continued

A c tiv ity  Mg. C02 Aver- C alcu la ted  Aver- C alcu la ted  
Bay r a t i o  s o i l  4 age Mg. C02 age Check

t r e a t -  from Mg. CO2
_________________ ment______________________________glucose_____ ______

6 0.217 *85 70 -  16 5k
67 15
70 15
72 16

7 0.20k 62 6k 13 13 51
*k6

62 13
68 lk

8 0.172 63 6k 11 11 53
*80

62 11
66 11

9 O.lkk *51 57 8 k9
55 8
59 9
58 8

11 0.1k9 92 96 lk  lk  82
*89

96 lk
101 15

13 0.108 69 71 7 8 63
71 8 

*89
73 8

16 0.112 13k 127 15 lk  113
12k lk
123 lk

* lk7

19 O.O89 lk2 lk6  13 13 133
*l3k

lk6  13
151 lk
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Table 18. Continued

Day
A c tiv ity

r a t i o
Mg. CO2 
s o i l  + 
t r e a t 
ment

Aver
age

C alcu la ted  
Mg. CO2 

from 
glucose

Aver
age

C alcu la ted  
Check 

Mg. CO2

25 0.077 223 236 17 18 218
227 17
2k2 19
253 19

32 0.082 211 219 17 18 201
*202 -

221 18
226 19

b6 0.0h9 272 271 13 13 258
265 13
275 13

*293 -

92- 0.018 376 382 7 7 375
106 377 7

*365 -
392 7

* These re p lic a t io n s  exceeded tw ice th e  s tan d a rd  d ev ia tio n  o f the  
o th e r th re e  and were em itted  on th i s  b a s is .
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Table 19. Calculated Check -  1 ,6  g . A lfa lfa  Insolubles

A c tiv ity  Mg. CO2 Aver- C a lcu la ted  Aver- C alcu la ted  
Day r a t i o  s o i l  4 age Mg. CO2 age check

t r e a t -  from Mg. CO2
_________________ ment________________ In so lu b les_____________________

1 O.kkO 101 98 U5 1+3 55
112 k9

81 36

2 0.51k 117 115 60 59 56
120 62
108 56

3 0,529 111 109 59 58 51
110 58
106 56

k 0.502 12k 119 62 60 59
109 55
123 62

6 0.51k 183 187 9k 96 91
177 91
200 103

8 0.536 150 156 80 8k 72
160 86
159 85

10 0.508 167 190 85 93 97
215 109
189 96

12 0.511 306 306 157 157 lk 9
319 163
29k 150

lk  0.k78 297 283 lk2 135 lk8
263 126
288 138

lk8  l k l  63
12k 53
150 6k

16 0.k27 lk8  l k l  63 60 81
12k 53



67

Table 19. Continued

Day
A c tiv ity

r a t i o
Mg. CO2 
s o i l  + 
t r e a t 
ment

Aver
age

C alcu la ted  
Mg. CO2 

from 
in so lu b le s

Aver
age

C alcu la ted  
check 

Mg. CO2

20 0.367 162 161 59 59 102
15!* 56
166 61

25 0.288 172 176 50 51 125
178 51
177 51

32 0.21*1 221 220 53 53 167
226 55
212 51

i*o 0.186 21*8 21*7 1+6 1*6 201
21*2 1*5
252

kd O.lM* 212 210 39 39 171
205 38
212 39

60 0.097 296 295 29 29 2 66
298 29
292 28

70 0.11*6 208 210 30 31 179

212 31
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Table 20. Calculated Check - 2 .h  g . Complete A lfalfa

A c tiv ity  Mg. CO2 A v e r -  C a lcu la ted
Day r a t io  s o i l  f a g e  Mg. CO2

tre a t-  from
ment a l f a l f a

A ver- C alcu la ted  
age check

Mg. CO2

1 0.7^5

2 0.683

3 0.679

h 0.6l*h

6 0.636

8 0.6U9

10 0.6̂ 3

12 0.556

lh  0.50U

16 O.I+76

330
309
312

375
378
371

23lf
222
230

181
l6h
178

290
29U

360
3kk
3^9

389
381
357

227
282
217

122
129
128

82
87

86

317

37*1

229

17h

292

351

376

2h2

126

85

2h6
230
233

256
258
253

159
151
156

117
106
115

185
187

23b
223
226

252
2b 7
232

126
157
121

62
65
65

39
h i
h i

236

256

155

112

186

228

2hh

13h

6h

ho

81

118

7^

62

106

123

132

108

62

h5
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Table 20. Continued

Day
A c tiv ity

r a t i o
Mg. C02 
s o i l  * 
t r e a t 
ment

Aver
age

C alcu la ted  
Mg. COg 

from 
a l f a l f a

Aver-*
age

C alcu la ted  
check 

Mg. COg

20 0 .1*1*9 1*3 ll*7 61* 66 81
150 67
l l*9 67

25 O.387 178 179 69 69 110
180 70
178 69

32 O.332 216 2ll* 72 71 l l*3
216 72
211 70

1*0 O.356 22»* 228 57 58 170
232 59
228 58

1*8 0.209 213 209 *5 1*1* 165
208 kk
205 1*3

60 0.161 306 309 1*9 50 259
318 51
30U 1*9

70 0.197 219 222 86 87 135
227 88
220 86
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