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SUMMARY 

Resu l t s  of a l a b o r a t o r y  i nves t i ga t i on  showed  t h a t  anaong soils in  D e n m a r k  
i t  are chieI ly  those  r ich  in c lay  minera l s  t h a t  will  f ix  a n d  release p o t a s s i u m  
and  a m m o n i u m .  T he  two ca t ions  were f ixed in nea r ly  e q u i v a l e n t  p ropor t ions ,  
b u t  a m m o n i u m  was f ixed p r e f e r en t i a l l y  to  p o t a s s i u m  w h e n  added  t o g e t h e r  
to  t he  soil. 

T h e  m a x i m u m  f ixa t i on  r eached  20 to  30 pe r  cen t  of the  add i t i on  in t op  soil 
l ayer  b u t  50 to 80 in subsoil .  

Soils f rom a p e r m a n e n t  Ier t i l izer  e x p e r i m e n t  showed  t he  s t ronges t  f i x a t i o n  
a n d  leas t  re lease of p o t a s s i u m  where  no po tass ie  fer t i l izer  h a d  been  app l ied  
for  more  t h a n  70 years .  I n  soils i r o m  a n o t h e r  f ield e x p e r i m e n t  on  res idua l  
e•iect of va r ious  n i t rogenous  fer t i l izers  t he re  was a sma l l  b u t  s ign i I i can t  in-  
crease in c o n t e n t  of ino rgan ica l ly  f ixed  a m m o n i u m  where  u rea  h a d  been  
appl ied.  

INTRODUCTION 

Most soils contain considerable amounts of non-exchangeable 
potassium and ammonium which to a greater or lesser extent may 
be released and taken up by plants. Conversely, many soils have the 
property of immobilizing potassium and ammonium ions in a non- 
exchangeable form; this proeess is ealled fixation, regardless of the 
plant availability of the cations involved. 

Fixation and release of potassium and ammonium is predominant- 
ly associated with the Iraction of clay minerals which partly struc- 
turally and partly electrostatically are able to fix potassium, 
ammonium and other monovalent as well as also divalent cations. 
Exchangeable potassium and ammonium ions are mainly attached to 
the surfaces of clay and humus particles, while Iixed potassium and 
ammonium ions are trapped between the replicate layers of the clay 
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minerals, particularly illite, montmorillonite and vermiculite, a- 
mong which the first two are predominant clay minerals in Danish 
soils. 4 

For evaluating the effect of potassium and ammonium fertilizers 
it is essential to know if parts of the applied plant nutrients are 
converted into forms more or less available to the crops. The present 
paper records the results of a laboratory investigation on the extent 
and degree of potassium and ammonium fixation and release, which 
has not hitherto been studied in Danish solls. The processes of fixa- 
tion and release can go on as well under wet as under dry conditions 
and both princips were used in the investigations. 

METHODS 

Exchangeable potassium is determilled by shaking 10 g dry soil for one 
hour with 50 ml 0.5 N ammonium ace±ate. 

Potassium released by ignitio~¢ 6 is es*imated after simitar extraction of 10 g 
soll followed by Iiltration and washillg of the soil residue with 3 × 15 Inl 
0.5 N ammonium acetate. Soil -k filter paper is ignited for 2 hours at 500°C 
and extracted with 50 ml 0.5 N ammonium acetate. 

For determinatioI1 of potassium released by hydrochloric acid, 2.0 g soil and 
50 ml 2 N I-IC1 are placed in a 100-tal flask whicla is kept for 2 hours in a 
boilillg waterbath; after cooling, the flask is filled up to volume with distilled 
H20 and the soil removed by filtratioll. The differellce between extracted 
potassium and the fractioll of exchangeable potassium expresses the content 
of potassium released by 2 N tlydrochloric acid. 

'Wer/ixation' o/polassium 9 is determilled by sllaking 20 g soil for one hour 
witla 50 ml 0.01 N KC1, additioll of 50 ml 1 N ammonium acetate, and 
shaking for 1 tlour more, followed by filtratioll. Fixed potassium is ex- 
pressed as the sum of added and exchallgeable potassium minus exchallgeable 
potassium after reactioll with 0.01 37 KC1. 

'Dry /ixation' of potassiu~n is determilled by shaking 10 g of soll for olle 
hour with 25 ml 0.01 N KC1, evaporating the soil suspensioI1 to drylless, and 
desiccatillg for 16 hours at 70°C, followed by shaking for olle hour with 50 ml 
0.5 N ammollium acetate. Fixed potassium is calculated as in the 'wer fixa- 
tioll ' process. 

P o t a s s i u m  ill a l l  e x t r a c t s  is d e t e r m i n e d  by  f l a m e  p h o t o m e t r y .  
Exchangeable ammonium is determined by three successive extractions of 

5 g soll witla 25 ml 1 N KC1, followed by 3 × 25 ml destilled H20 and celltri- 
fugation after each washing. Ttle determinatioll of exclaangeable ammonium 
is of analytical importance ollly because part  of the soluble ammonium will 
probably be ilitrified during ttle t ime interval betweell samplillg and analysis 

Nalurally/ixed ammonium 1 is released after removM of the exclaangeable 
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f r ac t ion  b y  s h a k i n g  5 g of e x t r a c t e d  soil for 20 hours  w i t5  200 inl  (1-N HC1 
and  1 - N  H F ) .  

'Wet/ixaLio~¢' o/ammo~ium 11 is d e t e r m i n e d  in 5 g soiI b y  a d d i n g  f i rs t  2.5 
m l  0 . 0 5 - N  HN4C1 a n d  t h e n  2.5 rel. H20 ,  to  m a k e  a soi l / l iquid r a t io  of 1 : 1. 
T!ae samples  are lef t  a t  5°C for a t  l eas t  2 × 24 hours ,  w i t h  add i t i on  of two 
drops  of to luene  to  p r e v e n t  n i t r i f ica t ion .  T he  difference be tween  a m m o n i u m  
fixed a f t e r  c o n t a c t  w i t h  a m m o n i u m  a n d  n a t u r a l l y  f ixed a m m o n i u m  express-  
es t h e  a m o u n t  of 'wet - f ixed '  a m m o n i u m .  As a check on t h e  d i ree t ly  de ter -  
m i n e d  a m m o n i n m  I ixa t ion  i t  was  d e t e r m i n e d  ind i rec t ly  in t he  KC1 ex t rac t .  

'Dry fixaXio~' o~ a~mo~,ium 11 is d e t e r m i n e d  as above,  excep t  t laat  a f t e r  
add i t i on  of NH4C l - s o l u t i on  a n d  w a t e t  t h e  soll samples  are dr ied for a t  l eas t  
24 hou r s  a t  55°C. 

Determinat{on o/ammonium-N. A m m o n i a  (NHa) is l i be r a t ed  b y  a d d i t i o n  of 
a n  excess (5 g) of m a g n e s i n m  oxide to  t h e  acid- or K C l - e x t r a c t  and  recovered  
b y  dis t i l la t ion .  Fo r  i ts  q u a n t i t a t i v e  d e t e r m i n a t i o n  t h e  more  sens i t ive  colori- 
me t r i c  m e t h o d  w i t h  Nessler ' s  r eagen t  was  prefe r red  to  ac id - t i t r a t ion .  A volu-  
me  of d i s t i l l a te  co r respond ing  to  2.10 .3 to  15.10 -a me  a m m o n i u m  was t r ans -  
fer red  to a 100 ml  measu r ing  f lask  tlalf  Iilled w i t h  wa te t ,  2 ml  of a 1 °/o so lu t ion  
of g u m  a rab ic  was added  to  s tabi l ize  t h e  colour  t h a t  ensued  b y  add i t i on  of 
5 ml  Ness le r - reagen t  8. T he  f lask was filled to vo lume  wi t5  dist i l led water ,  
a n d  a f t e r  15 m i n  t h e  colour  i n t e n s i t y  was m e a s u r e d  in a n  Enge l l  co lor imete r  
w i t h  f i l ter  no. 43 (420-465m/~). 

EXPERIMENTAL 

A.  - Fixa~io~, and release o /potass ium a«¢d ammonium i~, 'speci- 
men' soils. 

The soils to be studied were taken from a collection of samples re- 
presenting most Danish soil types and selected from 17 localities, 
eaeh at 0-20, 20-50 and 50-100 cm depth. Since the capacity for 
potassium and ammonium fixation depends strongly on the clay 
minerals and typieal sand solls show no fixation, only solls with a 
comparatively~high clay and silt content were ehosen for the in- 
vestigation. 

1. T h e  f i x a t i o n  p r o c e s s e s .  Fig. 1 shows the relations between 
wet and dryfixation of the two cations. The determinations of fixa- 
tions under wer and dry conditions show correlation coefficients (r) 
of 0.87 and 0.76 for potassium and ammonium, respectively, and 
dry fixation of both cations is higher than wer fixation. 

The potassium and the ammonium ion have many physical and 
chemical properties in common:-  they both carry a single positive 
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Fig. 1. Relationship between wet-and dry fixation of K and NH4. Fixation 
estimated in soll samples from varying depths, added 2.5 me of K or NH4. 

electric charge, and with most anions they form readily soluble salts 
that  are completely dissociated in aqueous solution; their ionic ra- 
dius is approximately the same, and they take part in cationic ex- 
change processes in the soil where they are mutually interchangeable. 
Owing to these analogies, both ions are liable to fixation in the clay 
minerals of the soil, and signiIicant correlations have been Iound (10) 
between the amounts of potassium and ammonium ions liable to 
wet Iixation when added in equivalent concentration. 

Fig. 2 shows the relationships between potassium and ammonium 
Iixation in a series of samples from different localities and at vary- 
ing depths. There is a significant correlation between the fixation of 
the two catlons under wet as weil as dry conditJons ; in the first case 
the fixed amounts are nearly equivalent, but dry fixation shows an 
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Fig .  2. Rela t ionsh ip  b e t w e e n  f i xa t ion  of K and N H 4 .  F i x a t i o n  e s t i m a t e d  in 
soi l  samples  from v a r y i n g  depths ,  added 2.5 me  of  K or  N H 4 .  

excess of potassium compared to ammonium. In the next experi- 
ments the two cations were added together, such as is the case in 
practical use o5 mixed fertilizers containing potassium and ammo- 
nium in ionic form; under such conditions the two ions will compete 
for the sites of fixation on the clay minerals, and since they are un- 
able mutually to displace each other from the sites, the rates of 
fixation will decide which ion will predominantly be fixed. 

The fixation o5 ammonium added in rising doses, was studied in 
four soils with comparatively high fixing eapacities. Table 1 shows 
some of their physical and chemical properties. The experiment was 
divided into three sections: (a) ammonium alone, (b) ammonium + 
2 me potassium/100 g soil, and (c) the same but potassium added 24 
hours before ammonium. Fig. 3 shows the results for ammonium 
fixation. 
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T A B L E  1 

T e x t u r e  and  p H  

Percen t  

Local i ty  Dep th  Clay Silt Fine Coarse H u m u s  p H  

c m  sand  sand  

5b Abed.  Lol land 20-50 14.2 30.0 36.4 18.5 0.8 8.2 

7a B l a n g s t e d g a a r d  Funen  0-20  13.3 15.4 42.2 26.9 2.2 6.7 

7b - - 20-50 14.1 16.8 39.1 28.8 1.2 7.7 

7c - - 50-100 14.5 20.5 37.9 26.5 0.6 8.3 

By addition alone of 1 me/100 g to the subsoil samples the wer 
fixation amounts to 50 per cent and the dry fixation to 75 per cent, 
approximately. The fixation in the 0-20 cm layer is much less than 
in the deeper layers although the clay content is much the same. 
In allthe tested soils the ammonium fixation is constantly stronger 
under dry than under wet conditions, and the dry fixation is almost 
proportional to the amount of added ammonium even up to 2 me/ 
100 g. The relationship between the soils is the same with regard to 
the wet and the dry fixation. Addition of 2 me potassium/100 g soil 
together with ammonium has only a slight influence on the latter, 
but  the ammonium Iixation is considerably reduced if the soil has 
already Iixed some potassium before ammonium; this applies parti- 
cularly to the wet fixation hut is also noticeable in the dry process. 

N ö m m i k  7 has studied the effect of increaäng amounts of po- 
tassium on the fixation of simultaneously added ammonium in a 
vermiculite soll. When equivalent amounts (1 me/100 g) were added, 
ammonium and potassium were fixed in the ratio of 3.4/1. Addition 
of potassium resulted at lower concentrations in a small increase 
in ammonium fixation, but apart from this the relatively large ad- 
ditions of potassium did not influence the wer fixation of ammonium. 

In Fig. 4 the Iixation of added potassium is shown in the presence 
and absence of simultaneously added ammonium (2 me/100 g). 
Within the range of concentrations tested, the fixation, wet as well 
as dry, increases with increasing amount of potassium, and the re- 
lationship between the various soils is the same as in ammonium 
fixation. 

The surface soil 7a fixed less potassium than the subsoils although 
the clay content is much the same at all tree depths. Dry fixation, 
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especially of higher potassium additions, is again somewhat stronger 
than wet fixation. Percentage fixation is highest with minimum ad- 
ditions and is almost proportional to the actual addition up to 2.0 
me/100 g. Addition of potassium does not reduce the fixation of 
simultaneously added ammonium, but  Fig. 4 shows that  fixation of 
potassium is reduced by  simultaneous addition of ammonium (2 
me/100 g). In most soils wer fixation is reduced by 50 per cent, but  
the shape of the eurves varies strongly in the individual soils. In the 
top soil 7a the ammonium ion particularly inhibits the dry fJxation 
of potassium, with only a slight effect on the wet process, but  in the 
subsoil 7c it has comparatively little effect on potassium fixation, 
wet or dry. The inhibitory effect of the ammonium ion is most 
striking towards small doses of potassium comparable to those used 
in field praetice. Fixation of ammonium thus takes place more rapid- 
ly than that of potassium when the two ions are added together and 
in equimolar concentrations, but  potassium appears to be fixed 
slightly stronger when potassium and ammonium do not compete for 
the sites of fixation. We may therefore expect that  the combination 
NH + versus K + in the fertilizer application will be of importance 
for the degree of fixation of these two plant nutrients. 

Table 2 shows the correlations between potassium and ammonium 
fixation calculated per 100 g soil and per 100 g clay. Because the 
same soils and the same clay minerals fix the two cations, the corre- 

TABLE 2 

Correlatiorl between potassium and ammonium fixation 

Dry fixation Wet f ixatiml Dry f ixat ion Conter~t 
of K of NH4 of NH« of clay 

Calculated per zoo g soll 

Wet f ixat ion of K 0.87*** 0.86*** 
Dry fixation of K 0.80*** 
Wer fixatioi~ of NH4 
Dry f ixat ion of NH4 

Calculated par quantity o/soil  containing zoo g clay 

Wer fixation of K 0.88*** 0.87*** 
Dry fixatio~l of K 0.88*** 
Wer f ixat ioa  of NH4 
Dry fixation of NH4 

0.77*** 0.37** 
0.82*** 0.33* 
0.76*** 0.21 

0.22 

0.82*** --0.20 

0.85*** --0.34* 

0.85*** --0.08 

--0.30 

* Significant at P ~ 0.05, ** at P < 0.01, *** at P < 0.01 
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lation coefficients remain practically unaltered regardless of the basis 
for calculation, and potassium and ammonium fixation are positi- 
vely correlated. There is also a positive correlation between clay con- 
tent of soils and fixation, but  the correlation disappears or becomes 
slightly negative if calculated per quanti ty of soff containing 100 g 
clay. 

2. - The  p r o c e s s e s  of r e l ea se .  - Potassium in soll is found 
partly in a water-soluble and partly in a water-insoluble state, 
some of the latter in a stare readilly exchangeable against other 
cations. The water-soluble and the exchangeable potassium compo- 
nents are usually pooled and represent the fraction of soil potassium 
most readily taken up by the plants roots. In rutine soil analysis in 
Denmark exchangeable potassium is defined as the amount re- 
moved by  extraction with 0.5 N ammonium acetate. This includes 
water-soluble potassium but  accounts for only a small fraction of 
total soil potassium. Extraction with dilute mineral acids (8) re- 
moves some of the non-exchangeable potassium from the clay mine- 
rals without their crystallic structure being destroyed. Another 
method 6 for determination of non-exchangeable potassium is based 
upon saturation of the soil with ammonfum and subsequent ignition 
at 500°C for 2 hours; this removes the ammonium, the clay minerals 
expand vertically to the orientation of their lamellae, and the non- 
exchangeable potassium becomes partly exchangeable against am- 
monium ions. 

Fig. 5 and Table 3 show the release of non-exchangeable potas- 
sium (a) following ignition and (b) by extraction with 2 N hydro- 
chloric acid. The results of the two methods show a good correlation 
although ignition releases only 34 per cent of the amount extracted 
by hydrochloric acid. The correlation becomes less marked when cal- 
culated on the basis of clay instead of the soff itself. The same is the 
case between exchangeable potassium and release and the significant 
correlation, disappears altogether when calculated per 100 g of clay 
(Table 3). - The soil also eontains certain amounts of naturally tixed 
ammonium (i) soluble in 1 N (HC1 + HF). As shown in Table 3, 
this fraction shows some correlation with the release of potassium 
after ignition or acid extraction, but  the correlation is less than be- 
tween fixation of potassium and ammonium, and again it disappears 
when calculated per 100 g clay instead of soil. 
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TABLE 3 

Correlation between potassium and ammonium release 

K released K released Naturally Content 
by ignition by HC1 fixed NH4 of clay 

Calculated per zoo g soil 

Exchangeable K 0.58*** 0.56*** 
K released by ignition 0.97*** 
K released by I-ICl 
Naturally fixed NHa 

Calculated per quantity o] soil containing zoo g clay 

Exchangeable K 0.20 0.06 
K released by ignition 0.69 
K released by HC1 
Naturally fixed NH4 

0.52*** 0.56*** 
0.59*** 0.89*** 
0.69*** 0.86*** 

0.38** 

0.18 --0.28 

0.09 --0.01 

0.15 0.16 

--0.19 

* Significant at P < 0.05, ** a tP  < 0.01, *** P < 0.001. 
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3 . -  R e l a t i o n s h i p s  b e t w e e n  f i x a t i o n  a n d  r e l ea se .  As 
shown in Table 4, certain correlations exist between fixation and 
release of potassium, which may be explained on the assumption that  
both processes are connected with the clay fraction. If an equilibrium 
exists between the three potassium fractions: 
exchangeable K ~-- fixed K ~ lattice K, a high content of the first 
two fractions should lower the capacity of the soil for potassium 
fixation. This does not become apparent when potassium is calcu- 
lated per 100 g soll. There is no correlation between exchangeable 
potassium and potassium fixation but contrary to the theory of 
equilibrium there is a positive correlation between fixation of ex- 
changeable and release of non-exchangeable potassium. When cal- 
culated on the basis of 100 g clay, the figures for exchangeable po- 
tassium and potassium fixation show no correlation, while the 
positive correlation between fixation and release of potassium now 
appears negative. The soil content of naturally fixed ammonium 
shows little or no correlation with the ammonium fixation, regard- 
less of the basis for calculation. 

Table 5 shows fixation and release of potassium and ammonium 
at different soil depth. As might be expected, the content of ex- 
changeable potassium decreases from top layer to subsoil while 
fixation of ammonium and potassium inereases. The release of 
potassium (but not of ammonium) also increases with the depth. 

TABLE 4 

Correla t ion be twe e n  f ixa t ion  a nd  release of p o t a s s iu m and  a m m o n i u m  

D r y  

Wer  f ixa t ion  D r y  f ixa t ion  Wer  f ixat ion f ixa t ion  

of K of K of NH~ of NH4 

Calcul«ted per zoo g o] soil 

E x c h a n g e a b l e  K 0.05 0.04 0. I5 -- 0.3~* 

K re leased b y  igni t ion  0.31 * 0.23 -- 0.04 0.02 

K re leased b y  HCI  0.33* 0.39** - -0 .07  0.03 
N a t u r a l l y  f ixed NH4  0.16 0.27 --0.07 0.21 

Calculated per quantity o] soil containing zoo g cl~y 

E x c h a n g e a b l e  K --  0.05 -- 0.13 -- 0.16 -- 0.41"* 

K re leased b y  igni t ion - -0 .36** --0.31 - -0 .32  - -0 .37** 

K re leased by  HC1 0.05 - -0 .04  --0.  i2 --0.11 

N a t u r a l l y  f ixed HN4 0.15 - -0 .10  --0.21 - -0 .18  

* Signif icant  a t  P < 0.05, ** at  i ° < 0,01, *** a t  P < 0.001 
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T A B L E  5 

Fixat ion and release of potass ium and a m m o n i u m  in soll profiles (me per 100 g soll). Average and s tandard  
deviation in parentheses for samples from 17 localities and 3 depths 

Ex-  

Depth ehange- Wet  fixation Dry fixation Release 
able 

Con- 
I gnition HC1 Natural ly  tent  

K K NH4 K NH4 K K fixed of 
NH¢ clay 

0-20 cm 0.40(0.20) 0.30(0.14) 0.21(0.16) 0.62(0.41) 0.46(0.35) 0.99(0.72) 2.74(2.09) 0.86(0.63) 13 
20-50 cm 0.28(0.21) 0.37(0.33) 0.29(0.32) 0.81(0.67) 0.58(0.53) 1.07(0.87) 2.81(2.32) 0.77(0.61) 15 
50-100cln  0.25(0.28) 0.39(0.32) 0.39(0.32) 0.85(0.54) 0.63(0.43) 1.18(0.85) 3.35(2.37) 0.67(0.51) 17 

B. - Fixation and release o~ potassium and ammonium in soils 
/rom/ertilizer experiments. 

Exhaustion of soil potassium will gradually result from continuous 
cropping without compensation for the removed potassium. Contents 
of exchangeable as well as HCI -soluble potassium should then be 
expeeted to decrease and the potassium fixation to increase in ac- 
cordance with the theory of equilibrium. Information on this point 
was sought through analyses of soils from permanent fertilizer ex- 
periments. 

Very long-range experiments are found at two experiment sta- 
tions: Askov, representing medium loam, since 1893, and Studsgaard 
representing light sandy soff, since t908. The sampled plots had 
received no organic manure, but N-  and P-fertilizers with or with- 
out potassium, or were wholly unmanured. 

Actually the data in Table 6 show a very low content of exchan- 
geable as well as HCl-soluble potassium in the plots receiving no 
potassium; this is most pronounced in the plots supplied with N and 
P fertilizers where larger crops are carried away. The exhaustion 
has little influence on the fixation, except for a suggestion of lower 
values in the plots receiving potassium; this applies to both soll 
types. 

The sand soll seems rapidly to reach an equilibrium where the 
release of HCl-insoluble reserves together with potassium in the 
precipitation compensates for the removal of potassium in crcps 
and by leaching from the soll. The riet removal amounts in the m> 
fertilized plots to some 25 to 30 kg/ha annually, depending on the: 
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TABLE 6 

Invest igat ions of f ixat ion and release of potassium in soils (mg K per 100 g soil) from 
permalaent fertilizer experiments.  

Trea tment  Exchangeable Dry i ixa t ion  Released by HC1 

A skov (medium loam) 5 replicat~oßs 

Unmanured 2.6 15.4 48.2 
P + N 2.0 18.4 45.8 
N + K 7.2 14.5 56.3 
N + P + K 12.6 13.3 59.6 

Studsgaard (light sandy soll) 5 replications 

Unmanured 2.6 4.6 24.1 
P + N 2.8 5.5 24.8 

N + K 7.4 3.9 25.5 
N + P + K 8.2 4.2 27.3 

crop yield. The progressing exhaustion does not lower the content of 
tICl-soluble non-exchangeable potassium, which is presumably 
maäntained by  release from normally insoluble reserves. In the loam 
soil plots that receive no potassium the supply seems also to be 
mainly derived from similar reserves, although there is here a 
noticeable decrease in the acid-soluble reserves. 

As already mentioned there was no correlation between fixation 
and content of exchangeable potassium in the samples from the 
solls collection. As shown in  Table 7 there is, however, some indi- 
cation of negative correlation between content and fixation of potas- 
sium, as was to be expected according to the theory of equilibrium. 
No such correlation is visible in the sand soll, perhaps due to its low 
d a y  content and low capacity for fixation, while some potassium 
is released from other soff constituents. 

Table 8 records the results of another set of analyses of solls 
from exp¢riments on the residual effect of nitrogenous fertilizers. 
The N-fertilized plots were annually added 90 kg N per ha. The 
samples were taken from the upper 20 cm layer in the autumn 1969, 
4 years after the first application of nitrogên. The average contents 
of naturally fixed ammonium are seen to be highest in the loam solls 
but  differed strongly from one experimental site to another. The 
figures are upon the whole lower than in the 'collection' soils, most 
of which came from experimental stations where the applications of 
nitrogenous fertilizer are probably on the whole more plentiful than 
in average farm practice. 
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TABLE 7 

Correlation between dry fixation of K, exchangeable K and K released by HCI in samples 
from permanent fertilizer experiments at Askov (medium elay) and Studsgaard (light 

sandy soll). 

Dry fixation of K K released by I-IC1 

Askov Studsgaard Askov Studsgaard 

Exchangeable K --0.46 --0.03 0.51 0.26 
Dry fixation of K --0.38 --0.10 

TABLE 8 

Effeet of N-fertil izers on the content of naturally fixed NH4 (me per 100 g of soil). The 
N-%rtilized soiI supplied with 90 kg N/ha annually for 4 years. 

No. No Calcium 
of N-ferti l izer ammonium 

soils NPK nitrate Urea Ammonia 

Averages 
Clay 11 0.765 0.762 0.781 0.848 0.796 

Sand 9 0.476 0.439 0.446 0.477 0.451 
20 0.635 0.618 0.630 0.681" 0.641 

For 20 samples 0.033 me NH4 is significant difference (*). 

It has often been pointed out that incorporation of anhydrous 
ammonia in the soil exposes the soil particles to such strong local 
influences that its value as fertilizer might be lowered. The strongly 
alkaline reaction which arises locally after application of anhydrous 
ammonia might well create favourable conditions for ammonia 
fixation. However, the figures in Table 8 do not show a particularly 
high content of fixed ammonium after 4 yeärs of treatment with 
anhydrous ammonia, and if ammonium has been fixed it must appa- 
rently be readily release& Urea, which is rapidly ammonified in the 
soil, differs from other fertilizers in causing a minor but significant 
increase in fixed ammonium. It might appear as if the scattering of 
urea on the soil surfaee causes a stronger fixation of ammonium 
than other N fertilizers. The surplus fixation, however, amounts 
merely to 0.08 me/100 g at the highest, or 10 per cent of the applied 
nitrogen. Possibly a small fraction of ammonium could be fixed 
below the top soil layer, but experiments at the Askov Station 5 
have shown that practically all spring - applied ammoniacal nitro- 
gen is oxidized to nitrate before being transported to the subsoil by 
the precipitation. 
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DISCUSSION 

The potassium and ammonium transformations represent an im- 
portant chapter in soil research and are of equal value in the practi- 
cal management of fertilizers supplies. 

The present investigation dealt with Danish soils mainly rich 
in clay and silt fractions because previous investigation 9 has shown 
that the proeesses of potassium and ammonium fixation are of 
prime importance in soil of this character. 

The same soils were responsible for the fixation of potassium 
and ammonium under wet and dry conditions and the two cations 
were fixed in nearly equivalent amounts. 

The ammonium ion was fixed prior to the potassium ion after 
simultaneous addition, and their combination in fertilizer applica- 
tion might therefore be of practical significance. Presumably their 
presence in mixed fertilizers would result in a greater ammonium 
fixation than would happen after application of potassium a few 
weeks prior to ammonium, which is usually the case when anhydrous 
ammonia is used. 

The question arises how the degree of fixation under field con- 
ditions compares with the results of laboratory experiments where 
cations are added in concentrations far exceeding the practical use. 
The actual fixation increases with the coneentration of cations but  
the percentual fixation is strongest at low concentration. Further- 
more, under field conditions the fertilizer is allowed to react with 
the soil for a much longer time than in the laboratory, and inter- 
mittent  periods of drying and re-wetting may permit the fixation to 
proceed much longer than in the laboratory. The homogeneous 
mixing of soil particles and electrolytes favour the fixation in the 
laboratory, opposite to time and eoneentration in the field. Upon 
the whole it is difficult to estimate the amount of field fixation, but  
the present results indicate that  some fixation does take place in 
clay soils, particularly in the subsoil. 

Considerable amounts of non-exehangeable potassium and am- 
monium were released by  acid extraction or ignition, and some re- 
lations could be seen between release of the two ions if calculated on 
the basis of 100 g soll. This might probably be an effect of the clay 
fraction, and the correlation disappeared when calculated on the 
basis of 100 g of clay. Out knowledge of the availability of fixed 
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potassium and ammonium under practical conditions is quite defici- 
ent although we may assume that parts of the fixed cations may be 
released and taken up by  the plants. Non-exchangeable potassium 
is only slowly released under normal soil management, but  during 
the exhaustion of soff for potassium a certain amount becomes avai- 
lable, and under such conditions the plants have recourse to an 
ultimate reserve of potassium. Fixation and release are supposed to 
be opposite processes and some negative correlation could be seen 
for potassium when calcu]ated on the basis of 100 g of clay. 

The potassium status of the soil seems decisive for the fixation and 
the release of fixed ammonium 7. Potassium has two opposite 
effects: its addition may reduce the fixation of exhangeable am- 
monium but  counteract its release after fixation. Generally, plant 
utilization of naturally fixed ammonium seems to be a minor 
process. Most investigations 2 12 indicate that considerable release of 
this fraction only happens when the content of exchangeable potas- 
sium is very low. Presumably the ammonium fixed after addition to 
the soil may be somewhat more available than the naturally fixed 
fraction. 

It might be expected that the use of potassic and ammoniacal 
fertilizers should increase the soil content of non-exchangeable, 
acid-soluble potassium and ammonium. This was actually the case 
with potassium in the long-range experiment on loam soil at Askov 
(Table 6), and in the 4-year residual experiments (Table 8) where 
the use of urea led to a small increase in fixed ammonium in com- 
parison with other nitrogenous fertilizers, or no nitrogen. 

From these experiments it can be concluded that the same soils 
may show fixation as well as release, but  this relation is mainly due 
to the clay fraction. Potassium and ammonium ions are fixed in 
equivalent amounts and the way of application decides which of the 
two ions will be fixed. Ammonium is fixed in preference to potassium 
when added simultaneously to the soil. In broad generality the im- 
portance of potassium and ammonium fixation in local Danish 
soils should not be overrated, since the process only reaches signifi- 
cant proportions in soils rich in clay minerals, and here it is chiefly 
the subsoil that displays a major propensity for fixation of the two 
cations. 
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