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EAA®OAOTTIA.— Recovery by plants and exchange resin of ferti-
lizer potassium which is fixed by soils, by A. D. Simonis*, S
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INTRODUCTION

Many aspects, often contradictory, have been expressed, concerning
the consequences caused on the plants by potassium fixation in the soils
[4, 11, 14]. One consequence is the reduced availability of potassium. Nev-
ertheless, this has a transient only character and may be considered as a
disadvantange of short duration [5, 18]. According to the recent concepts
[10, 17, 18], the fixation of potassium by soils is a process of conservation
protection of potassium by soil, that minimize losses by luxury consumption
in the plants and by leaching in the soil and acts, in the long term, benefi-
cially for the plants.

Many research workers [1, 10] avoid to use the term «fixation» due to
the fact that this term leads by itself often to misunderstanding and confu-
sion. First of all, the term «fixation» is a relative concept, since many factors
(mainly wetting-drying, temperature and level of exchangeable potassium
of soil) are acting, so that the dynamic equilibrium in the system: fixed K
K2 exchangeable K moves towards the direction of fixation or desorption
of potassium (10, 11, 13). Only the plant determines if and to what extent
the fixed potassium defined by laboratory methods, is of no importance in
terms of nutrition of plants. We shculd stop talking about «fixed» potassium
in soil and talk about its ease of exchange ability [1].

The fixation of fertilizer potassium added to the soil and its afterwards
removal by chemical extraction or by plants has been studied by many re-
searchers [7, 8, 12]. Recently, it was noticed, in potassium fixation experi-
ments in Nortern Greece soils, that significant amounts of K, fixed previou-

* A A TIMQNH, IpéoAndn &mo té uta xal entivy éveddayfis Tod xaAiov
TRV MTaopdTwy Tob Seopedetar dmd Th &5den.



TYNEAPIA THE 20 NOEMBPIOY 1986 403

sly by soils, were subsequently released to exchange resin [16].

The purpose of the present investigation was to examine, compara-
tively, the recovery of fixed fertilizer potastium of soils by plants and exchan-
ge resin.

MATERIALS AND METHODS

Fourteen surface (0-25 cm) soil samles were selected from diferent
locations of Ncrtern Greece and were subjected to various analyses in the
laboratory, according to the standard procedures [6]. Some pedological and
physicochemical characteristics of these soils are given in Table 1.

Two series of experiments were carried out:
1. —laboratory experiments of potassium fixation-release of potassium
fixed with exchange resin and

2.— greenhouse recovery experiments of fixed potassium of soils by oat
plants.

In the potassium fixation-release experiments, quantities of 1050 g
from each soil in ninefold repetition (3 K levels - 0, 16, 32 mg K /100 g soil -
X 3 replications) were transferred in plastic containers and mixed thoughout
with distilled water and K,SO, solution. The soils were dried at 30° C for
20 days and subjected to four cycles of wetting and drying.

For the determination of fixed K released to exchange resin (Amper-
lite 1R-120), 5 g of resin and 50 cc of distilled water were added, after the
fixation treatment, in 10g of soil. The soil-resin-water mixture was stirred,
at intervals, for a period of two weeks. The resin was selected from the soil,
wasted with distilled water, then transferred quantatively, in an adequate
glass apparatus and after washing with 50 cc of N HCI solution, the K rele-
ased from the resin, was determined by flame phctometry.

For the determination of the recovery of fixed potassium of soils by
plants, the soils were ~—after the fixaticn experiments— fertilized with a-
dequate amounts of N and P and cultivated in the greenhouse, successively,
3 times with oat plants. The harvested plant material of every cut was dried
at 80° C, weighted and ground. The dry matter of plant meterial was ashed
at 550° C, the residue was dissolved in a solution of 20%, HCI and K was de-
termined by flame photometry.

Determinations of exchangeable potassium were made by the ammo-
nium acetate technique in the initial soil samples, as well as, in the soils a-
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Quantities of K fixed by soils at two levels of K application and quantities of fixed K
of soﬂs obtained by three successive crops of oat and released to resin.

Fixed K Fixed K | Fixed K | Fixed K | Fixed K
Soil K added taken up | released | taken up | released
K /100 by plants | to resin | by plants | to resi
samples e mgK /100 | 9% ot yP 0 y plents | to resin
g soil ; mgK / 100g/mgK / 100g|% of fixed %of fixed
g soil added g i
soil soil K K
1 16 9.1 56 9 2.4 1.7 26.4 18.7
32 18.3 57.2 9.4 6.7 51.4 36.6
2 16 7.0 43.8 2.6 2.1 37.1 30.0
32 9.0 28.1 3.4 2.9 37.8 32.3
3 16 9.0 56.4 4.0 3.5 44 4 38.9
32 14.0 43.8 7.2 6.0 51.4 46.4
4 16 9.1 56.9 0.7 2.1 7.7 23.9
32 12.5 391 1.9 3.2 15.2 25.6
5 16 12.5 78.1 5.7 4.8 45.6 38.4
32 19.3 60.3 8.2 6.5 42.5 33.7
6 16 11.6 72.5 3.5 2.9 30.2 25.0
32 21.2 66.3 8.0 6.4 37.9 30.2
7 16 3.6 22.5 1.3 0.9 36.1 25.0
32 12.7 39.7 5.4 4.5 42.5 30.2
8 16 12.1 75.6 5.2 4.3 43.0 35.5
32 21.9 68.4 5.4 5.0 24.7 22.8
9 16 V.7 48.1 5.1 2.9 40.3 37.7
32 20.4 63.8 9.1 8.8 44.7 37.3
1¢ 16 3.6 22.5 1.6 1.4 44 .4 38.9
32 11.2 35.0 3.7 3.2 33.0 28.6
11 16 10.2 63.8 4.7 3.6 46.1 35.3
32 18.3 57.2 7.9 8.5 43.2 46.5
12 16 8.5 59.4 4.6 3.5 48.4 36.8
32 13.3 41.6 7.4 6.4 53.4 48.1
13 16 11.8 73.8 6.2 4.5 52.5 38.1
32 19.3 60.3 8.3 7.0 43.0 36.3
14 16 10.8 67.5 0.9 0.7 8.3 6.3
32 17.4 54.4 2.5 1.6 14.4 9.2
Mean 16 8.1 57.0 3.3 2.8 36.4 30.6
value 32 16.3 5i.1 6.3 5.9 38.2 33.5
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fter the processes of the fixation, treatment of soils with exchange resin
and cultivation of soils with oat plants.

RESULTS

The quantities of K fixed by soils at the 16 and 32 mgK /100 g soil
levels of K application and the quantities of fixed K of soils, taken up by
three successive crops of oat and released to resin, are given in Table 2.

The quantities of K fixed by soils at 16 and 32 mgK /100 g soil levels
of K application were determined from the relationship:
fixed K=initial exchangeable K of scils+added K - exchangeable K of soil
after the fixation.

The quantities of fixed K taken up by the plants and released to resin,
were determined, for each soil, from the relaticnships:

1.— Obtained exchangeable K= initial exchangeable K (after the fixation)
- final exchangeable K (after the cropping or treatment with resin)

2.— Obtained non exchangeable K= total K uptake - obtained exchange-
able K.

3.— Obtained fixed K= obtained non exchangeable K from K-treated
samples (native--fixed K) - obtained non exchangeable K from the
control (unfertilized) samples (native K)

Figures 1 and 2 show the relations between the quantities of fixed K
obtained by oat plants and released to resin, at the 16 and 32 mg K /100 g
soil levels of K application.

DISCUSSION - CONCLUSIONS

The K fixation values in the studied soils, ranged from 3.6 to 12.5 and
9,0 to 21.9 mgK /100g soil, respectively, at the 16 and 32 mgK /100 g soil
levels of K application, while the quantities of fixed K wich were obtained
by plants, ranged from 0.7 to 6.2 and from 1.9 to 9.4 mgK /100 g soil, respec-
tively (Table 2). On a percentage basis, the quantities of K obtained by
the plants, ranged from 7.7 to 52.5%, of the fixed K, with a mean value of
36.4%, and from 14.4 to 53.4%, with a mean value of 38.2%, respectively,
for the 16 and 32 mgK /100 h soil levels of K application (Table 2).

The quantities of fixed K released to exchange resin, ranged from 0.7



408 ITPAKTIKA THEX AKAAHMIAY AGHNQON

to 4.8 and from 1.6 to 8.8 mg K /100 g soil, at the 16 and 32 mgK /100 g soil
levels of K application, respectively. The percent amount of fixed K released
to exchange resin, ranged from 6.3 to 38.59, with a mean value of 30.6%, and
from 9.2 to 48.19,, with a mean value of 33.5%,, respectively (Table 2).

The K uptake by the plants and the resin, from the fixed-non exchange-
able K, from the soils of the great soil groups, was in the order: Red Medi-
terranean Soils> Acid Brown Forest Soils> Alluvial Soils> Rendzina. The Al-
luvial Soils fixed 66%, of the added K (mean value of the two levels of K ap-
plication) and subsequently released 23%, to plants and 18.59%, to resin, of
the fixed-K 569,, while the Red Mediterranean soils fixed 569, of the added
K and releaded 44%, and 379%, of the fixed K, respectively, to plants and to
resin Table 1. 2).

The ability of the oat plants to obtain fixed- non exchangeable K from
the soils, did not differ considerably, from the respective ability of the excha-
nge vesin (Table 2), and the correlation relating, fixed K, obtained by the
oat plants to «fixed K» released to resin, was, statistically, significant (P
0.001) (Fig, 1, 2).

The K obtained by plants and exchange resin from the soils, was de-
rived from three sources-froms of K: exchangeable K (4K of soil solution),
fixed-non exchangeable K and native-non exchangeable K. A conciderable
proportion of the K-uptake, was derived from forms of K which were non-
exchageable at the time of seeding the oat plants. The fixed K contributed,
greatly, to the total K-uptake by the plants and accounted for about 269,
of the uptake. This result supports the view (1) that the fixed K is in equi-
librium with the available-labile forms of K:
fixed KZlabile K and is used, as a suplying reserve of the exchangeable
K ({, 2, 5).

The fixed-non exchangeable K, is characterized in the literature as
welatively loosely held non exchangeable K» [2] or «@ntermediate» form of
K [3] it would be possible to use these terms, instead of the term «fixation,
for the fixed but potentially useful K which may be released from soil for
use by crops, thus correcting the ambiguity which is inherent in the latter
term [10]. With the technique of Matthews and Beckett [9, 14, 15] potassium
is released, only, from the «ntermediate» form of K [3].
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Xpnowpomorhfnxay 14 dvrimpocwmevtind Selypata éddpoug xal Eywav mer-
papatx Séopeuorg xahion —dnereubépwong deopevpévon xariov pé pyrivy Eveda-
Yiig oT6 épyaotiplo xal Telpduata mpdoAdms Seopevpévov xarfov ué Qura Bpd-
ung ot Oeppoxnmio.

I 16 obvoro tév Edapdv mod pekernbyxav 37% tob Seopevpévon xaiov
npocMebnxe dmd tpels Suadoyints xadépyeies Boduns ol 32% dmedeubepdbnxe
pe pyrivy dvaddayiis ot wea meplodo dud ERSopddwy. Of mocbrnreg o Seopsvué-
vou xahiov od mpoohiplnxay dnd o QuTe cueyetilovtay oTATIOTIXG oNEAVTIKK

(P<<0,001) p& g dvriorolyeg mocbrnteg mod dnereubepmbnuay pt ) pnrivy.
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