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In the name of Allah

POTASSIUM IN LEBANESE SOILS AS
REFLECTED BY ELECTRO-
ULTRAFILTRATION, CHEMICAL
EXTRACTION, AND CROPPING®

M. Sahyouni and J. Ryan2

ABSTRACT

Short-term plant growth stdudies
have indicated that Lebanese
soils are adequate in available
K, but there are no estimates of
their long-term supplying power.
Therefore, this aspect was stud-
ied by electro-ultrafiltration
(EUF), extraction with 1N HNO
and IN NH OAc, and by successive-
ly taking one corn (Zea mays L.)
and six Italian ryegrass (Lolium
multiflorum L.) crops in the
greenhouse. There was no signi-
ficant response to K fertiliza-
tion at any harvest. Total up-
take in the $ix untreated soils
was significantly related to
both exchangeable and HNO3- ex-
tractable K. Amounts of K ex-
tracted after 10 and 35 min.

by EUF were related to water-
soluble and exchangeable K,
respectively. However, EUF
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parameters were poorly related to o haly e S0 o Lig i liy ol
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study has implications for soils L B GS_HJ I’DLHTJJ&S&BM__:_I—-IS
of arid and semi-arid regions s L 155 ) d#MgJ,LH,g;J:S;u;J,a
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weathered and comparatively rich ok s

in available K.

INTRODUCTION

Soils of the Middle East, and arid regiQPq)in general, tend
to be well supplied with plant available_k, except for those
that are sandy and intensively cropped under irrigation.
Short-term cropping experiments in Lebanon have shown vir-
tually no response to added K (1, 3). Though some soils
may not respond to K application, the supplying power may
be quite limited as indicated by Martini and Suarez (6) for
some tropical soils. Assessment of the capacity factor for
soil K is particularly crucial with high K-requiring crops.
The K-supplying power has been measured by successive cropp—
ing of Peruvian {11) an%#:osta Rican (6) soils. Chemical
procedures such as extraction with 1IN HNO3 (nitric acid) and
0.3N NaTPB (sodium tetraphenylborate) have been used to
replace the more time-consuming growth experiments. AsS €x-
changeable K is, theoretically, in equilibrium with slowly-
available K, extraction by NH40Ac (ammonium acetate) should
also reflect the supplying power.

Non-chemical methods such as electrodialysis have shown
good correlation with long-term crop K uptake. Electro-
ultrafiltration (EUF), a modified electrodialysis technique
was used by Nemeth (7) as a new approach to soil testing.
This procedure is designed to characterize the behavior of

cations and anions in soils. EUF parameters are postulated
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to reliably reflect intensity, exchangeable K, and the
buffering and K fixation capacities. Desorption curves
obtained by EUF and soil solution K concentration were
shown to behave similarly after fertilization (8).

The rapidly developing interest in EUF was reflected in
the first conference on its use in agricultural production
(Budapest, May 1980); the proceedings (10) highlight not
only the potential of EUF for characterizing soil K but
also for other nutrient elements such as N, P, and B,

Though the EUF procedure appears toc have considerable
potential for soil research and testing, its application
to date has been limited, especially in arid-region soils.
Therefore. the objectives of this study were to evaluate
the K-supplying power of six representatiue;Lebanese soils
by EUF, extraction by 1N NH,O0Ac and 1N HNO., and by suc-

4 3
cessive cropping.

MATERIALS AND METHODS

So0il samples were collected from different areas of
Lebanon. Two samples were from uncultivated areas in the
Cedar region of Mount Lebanon, one uncultivated soil from
the eastern slope of these mountains (Der-el-Ahmar), and
three samples from important cultivated soils in the
central Bega'a valley. The samples were taken to a depth
of 20 cm, air-dried and passed through a 0.5-cm screen for
greenhouse and 1aboratofy studies. Selected soil pro-
perties are presented in Table 1. _

For the greenhouse study, 1.5 kg soil lots were potted
and mixed with K2504 solution to give 100, 500, and)TSO
mg K per pot, with four replications. 8ix seeds of corn
(Zea mays L. var. 'Funk 266 Double Cross') and 1 g of
Italian ryegrass (Lolium multiflorum L.) seeds were sown
in each pot. Upon emergence, corn was thinned to five
seedlings per pot. Nitrogen was added in solution at 450

mg/pot at planting, and after each harvest. Phosphorus
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These nutrients were added in solution to the soil after
each harvest to €nsure that po element other than K would
limit growth. After 6 weeks, the corn was harvested, Six
harvests of r'yegrass were Subsequently taken over the next
7 months. After oven-drying at 75°C, the plant material
was digested with HNOB--Hclo4 and K was determined by flame
pPhotometry,

PH with pH meter on 1:2.5 soil-water extract, organic
carbon by that of Walkley—Black, and CaCO3 equivalent by
Co2 Mmeasurement with a Bernard calcimeter using 10% HC1,
Cation exchange Capacity was determined using saturqtion
with IN NH,C1 (pH 8.5) ang displacement with a 253 k¢
solution, Clay minerals were determined according to
Jackson (4), The soils, in general, contained roughly
€qual amounts of illite and kaolinite with smaller amounts
of montmorillonite and vermiculite. The exceptions were
traces of illite for the Kabelias soil and somewhat higher
amounts of illite and kaolinite for the Der-el-Ahmar soil,
Water-soluble K was determined in g saturation extract.
Exchangeable g was calculated by subtracting water-soluble
K from that eéxtracted by 1N NH4OAc. The K—suuplying power
was estimateq by the amounts of K removedq by extraction
with 1N HN03. Total K was determined according to the
method of Jackson (5). Potassium was extracted by EUF accord-
ing to Nemeth (7) as follows: a 5 9 air-dry soil sample
was extracted with deionized water. The amount of water
in the soil Suspension was kept constant at about 50 m1,

During the 35 min - extraction Period, voltage wasg varied

as follows: 59 v the first 5 min , 200 v the next 25 min ,

and 400 v during the last 5 min. Potassium ip each 5 min
extract was determineq by atomic absorption Spectrophoto-
metry.
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RESULTS AND DISCUSSION

Despite variation in K forms, there was né significant re-
sponse to K at any rate of application as reflected by corn
dry matter for the first growth period (Fig. 1). Yields
for each harvest varied depending on growth period and en-
vironmental conditions, but even after six ryegrass cropp-
ings, there was no obvious decrease in yield. Total dry
matter yields of corn and ryegrass were not significantly
increased by K application on any soil.

TuTAL CW\{ AND RYEGRASS
L,
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Fig. 1. Crop dry matter yields in relation to K fer-

tilization of six seils.
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i.e. 0.22 meg/100g9 for loamy sands
to 0.32 meq/100g for clays, a growth response would be yp-
likely on any of the six soils,

illite, a K-supplying mineral
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below which a deficiency is 1

of Doll and Lucas (2);

In the absence of a growth response,
characteristicg of the soil may be vali
sidering plant k concentrations,
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Fig. 2. Potassium concentrations in corn and Ital-

ian ryegrass grown on unfertilized soils.

period at physidkgicaliy adequate levels according to cri-
teria for K tissue concentrations.

Though soil K pehavior is most reliably reflected in
crop growth data, it is pertinent, in this case, to con-
sider other estimates of both the short- and long-term K
availability and the relationships between them. In the
EUF procedure, Nemeth (7) suggested that the amount of K
desorbed after 10 min represents the K concentration in
the soil solution or the intensity factor, while the sum
of K released after 35 min reflects the quantity factor

or exchangeable K. The amounts of K released from 30 to
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35 min at 400 V reflect'the soil capacity to release K from
less available sources; the steeper this part of the de-
sorption curve the higher the amounts of K released over

the growing season.
Extraction curves by EUF for four of the six soils show-
ed a similar pattern, with amounts extracted after 30-35
min being greater than extracted after 5-10 min (Fig. 3).
In other words, these soils not only had an initial high
level of exchangeable K but also a high buffering capacity
as indicated by the extraction curves. Though the EUF
data suggest differences between the Kabelias and Der-el-Ahmer
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soils with respect to K, such differences were not greatly
reflected in either yield or plant K concentrations.
Such a discrepancy, at least, questions the reliability
of EUF as a procedure for adequately chardcterizing soil
K behavior. The poor relationships observed here may be
attributed to the high initial levels of exchangeable K,
since the good agreement found by Nemeth (8) was obtained
for soils with a lower range of exchangeable K; i.e. 0.23-
0.46 meq/100g soil. Furthermore, for water-logged soils
with even lower levels of initial exchangeable K, Wanasuria
et al. (12) showed that EUF-K was more closely related to
rice (Oryza sativa L.) yield than exchangeable K. However,
in this study, the EUF data showed a relationship to soil
forms of K which was consistent with the literature.
Water-soluble K was related to EUF-K after 10 min (r = 0.59)
and exchangeable K to EUF-K after 35 min I(r = 0.57).
Though K uptake was not significantly related to EUF para-
meters, the relationship with both exchangeable (r = 0.86)
and HN03—extractable K (r = 0.87) was significant (P< 0.05).
This latter value indicates that some K was released from
non-exchangeable sources.
Though Nemeth (8) found that EUF desorption data provided
a better measure of K release than exchangeable K, these
data indicate that, in some soils, exchangeable K would
predict K availability as reliably as the more laborious
and time-consuming HNO3 and EUF procedures. However, these
results must be examined in light of improvement in the EUF
procedure (9) based on the alteration of temperature as
well as voltage. Potassium reserves appeared to be more
clearly reflected in the fraction of 30-35 min when
temperature is increased from 20°C to 80°C along with an
increase in voltage from 200 to 400.
In conclusion, this study indicated that Lekanese
soils have a high capacity to supply K to plants; “This
reflected their poorly weathered status, comparatively
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high CEC, andg content of jillite, While EUF paraméters may
reflect intensity, rate, and quantity factors of soil K,

evaluation of soil K. However, more definitive conclusions
regarding EUF-K should be based on a wide range of soils
with considerabie variation in clay minerals ang in the
degree of K saturation of the exchange complex. Never-~
theless, in view of the fact that intensity ang quantity
of soil K can be readily ang reliably estimated by chemical
Procedures, the refinements achieved by EUF may not always
be warranted, eéspecially as a routine analysis. The ammo-
nium acetate Procedure for exchangeable K, with measurement
of K by flame pPhotometry, is likely to remain in vogue,
particularly in developing countries, Elsewhere, extended

Potassium is frequently applied in compound fertilizers
to soils which are already well supplied with K, Consider-
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