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SUMMARY

In a pot experiment, we have studied the effeaeolite and bentonite in different dosages [cdir(ix)-10 (2x)-15 (3x)-20 (4x) g kg
" in comparison to the control treatment on acigii20=5.58) humus sandy soil. The experiment was sét @007 in the greenhouse of
the UD CASE Department of Agrochemistry and SoieSce. As a test plant, perennial ryegrassium perenne L.) was used. The samples
were collected four and eight weeks after sowing.

In laboratory examinations, nitrate-N contentdiBaavailable phosphorus and potassium contenewetermined. From among soil
microbial parameters, the total number of bactéhia,amount of cellulose-decomposing bacteriac#trbon-dioxide production of soil and
saccharase activity were measured.

The effect of zeolite and bentonite in differemisdges on the studied chemical and microbial so#meters of a sandy soil can be
summarized as follows:

. Regarding the readily available nutrient conterthefsoil, low and medium dosages proved to betffe high dosages of
both treatments reduced the nitrate-N content. ghhdosage of zeolite significantly increased thadilg available
phosphorus content of the soil, it also increased §ignificantly) the AL-soluble potassium conteAthigh dosage of
bentonite reduced (not significantly) the AL-soleitphosphorus content of the soil and increaseddhéily available
potassium content.

* Among the soil microbial parameters, the total nemtf bacteria was measured and it was increasdabthytreatments.
The low (1x) and medium (2x, 3x) dosages resultedh isignificant increment for zeolite and bentortiteatments,
respectively. The bentonite treatments resultetlarger increment than the zeolite treatments.

. The twofold dosages of both treatments tripled ibenber of cellulose-decomposing bacteria. The nursbédacteria
increased significantly as a result of the mediwsadie bentonite treatment. The highest dosagetloftteatments reduced
the number of bacteria below that of the control.

. The CQ-production of the soil was significantly increassdthe two- and threefold dosages of zeolite anthb low and
medium dosages of bentonite. Based on our reghkszeolite treatments proved to be more effectibeegards soil
respiration.

. Saccharase activity was significantly increasedhigybasic dosage (1x). Medium dosages resultegignificant and non-

significant increase in enzyme activity in the ca$éentonite and zeolite treatments, respectivehe largest dosage of
both treatments reduced the enzyme activity.

. In the correlation analysis, we found a tight pesitcorrelation between the soil nitrate-N contantl the saccharase
activity (r=0.880). In the case of the bentonigatments, we also found a tight positive correfabetween the changes in
the total number of bacteria and saccharase acfivi0.869). We found medium correlations betweemerous other soil
parameters.

In sum, it can be stated that both zeolite anddmite treatments had a favourable effect on soméiesd chemical and microbial
parameters of acidic sandy soils. The zeolite tmeats were more effective regarding the nutriemtksof the soil. For microbial activity,
the zeolite treatment proved to be advantageouth#icarbon dioxide production of the soil, white tbentonite treatments had a better
effect on the total number of bacteria, the amadicellulose-decomposing bacteria and the sacchaetsvity.

INTRODUCTION

An essential tool for increasing agricultural puotion and for successful crop production is thetgution of
soils, the preservation of their fertility. The mi@nance and enhancement of soil fertility can daysolved by
enlarging the range of materials with a more compliéect for soil amelioration and yield enhanceméip-to-
date agrotechniques become profitable only whesentitessary conditions are provided, that is ols soth
appropriate fertility (Balogh, 1999).

Nowadays, the notion of "sustainable agricultusetvidely used worldwide, the cornerstone of whighhe
sound utilization of our most important naturaloexe, the soils, their protection and the maimeneof their
diverse functions (Varallyay, 2005). With a view tttese requirements, the use of natural matenmlsoil
amelioration such as alginite (Solti, 1987; Ka1&i94), zeolite (Kazd, 1981; Kdhler, 2000), or baite (Marton
& Szabéné 2002; Makadi et al. 2003; Tallai, 200ze&r et al. 2008) is increasing.

Zeolite is an aluminium-silicate, which generdityms in the caves of basic vulcanic rocks (bajaltst it
can appear as an accompanying mineral in hydrotestneaks of ore.

It is used for multiple purposes both by the indusnd agriculture. As a fertilizer, it has an adtageous
effect on soil pH (reduces acidity) and the manag@nof rare elements (Simon, 2001; Muhlbachova &I,
2003). It enhances water uptake by plants and #tervmanagement of soils. A major utilization foofit in
agriculture is as a feed additive in animal husbar({@eljko et al., 2007; Speranda et al. 2008)prié¢vents
deficiency diseases by supplying rare elements.



Bentonite is a rock consisting mainly of montmloriite (Fekete & Stefanovits, 2002), but it alsoizins
kaolin, quartz, mica, feldspar, illite, crystobeliand lime (Partay et al., 2006). It is consideaedromising
amelioration material, as literature data supplat it has a favourable effect on the physical,ndbal and
biological characteristics of soils with unfavoueparameters.

Bentonite contains three-layered clay minerals dunel to the isomorph replacement of central ionsag a
high cation adsorption capacity. By mixing thesetarials into the soil, it increases the nutrienhtemt via
preventing them from leaching (Noble et al., 2000).

The primary effect of bentonite is the increasetlté available water content of the soil. Therelty, i
contributes to the inducement of biological acti\as the wate potential of the soil is one of theshimportant
factors for the microbes. There is a tight coriefabetween the moisture content of the soil ardaimount of
soil algae (Shitina & Bolyshev, 1963; Shimmel & [yt 1985).

According to Lazanyi & Karucka (2003), bentonitecasases the water permeability of sandy soils. The
results support that the macropores determinepgbedsof water movement in soils almost saturateld water.
As a result of a bentonite treatment, the amountvafer permeating through the soil profile is restlic
depending upon the dosage and the depth of mikimgoi soil. The reduction is greater if the whal@ount of
bentonite is applied to the 0-20 cm soil layer.afsseffect of bentonite mixed into the soil colurtiie amount of
withheld water increased. The increase was notfgignt, but it could be detected well at the 6rkgdosage.

In the experiment of the University of Miinchen, whéentonite was mixed to the soil of salad segdlin
the 3% dosage had a favourable effect on the finessght of seedlings, but a higher dosage had aedsjiy
effect on plants (Schnitzler et al., 1994).

According to Kétai et al., (2007), manure compostéth bentonite significantly increased the totahmber
of bacteria, the total number of fungi, the amoaintellulose-decomposing bacteria and the biomase+@ent
of sails.

In an incubation experiment, Usman et al. (2006ylisd the effect of different clay minerals (Ca-tugrite,
Na-bentonite, zeolite) on the heavy metal pollutaord microbial characteristics of soils treatedhvéewage
sludge. According to their results, the metal com@ion of the soil decreased, while soil resprat soil
microbial biomass-C content and inorganic N conbecteased as a result of clay mineral treatmesgpgcially
in Na-bentonite and Ca-bentonite treatments). Surgnuip, their results proved that clay minerals hawe
advantageous effect on soil microbial activity.
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MATERIALS AND METHODS

The pot experiment was set up at the greenhousieed/D CASE Department of Agrochemistry and Soil
Science on humus sandy soil (i) 5.65) in 2007. In the treatments, the same doseafgesolite and bentonite
were applied. The different treatments are preseimeTable 1. The experiment was performed in three
repetitions with 1 kg soil per pot. The moisturetsmt of soils was set to 70% of maximum water capathen
they were irrigated daily to a constant mass. Assh plant, perennial ryegra@solium perenne L.) was used.
Samples were collected in fourth and eighth weékkbeseason. After thorough homogenization, thedatory
examinations were performed at the soil chemistrg soil microbiology lab of the Department. As asiba
treatment, 100 mg .Ps and 100 mg KO was applied to each pot as a common solution cddgsium-
dihydrogen-phosphate and potassium-sulphate. Wesune the nitrate-N content (Felféldy, 1987) and th
readily available phosphorus and potassium cor{teatei, 1970). From among the microbial parametyes,
total number of bacteria were determined by pldtgidn from soil-water suspension (on Bouillon goagar)
(Szegi, 1979). The number of cellulose-decompodiagteria was determined by most probable number of
germs method of Pochon & Tardieux, (1962). We aisasured the amount of carbon-dioxide released fhem
soil in 10 days (Witkamp cit. Szegi, 1979) and dlctvity of the saccharase enzyme (Bertrand cig§2979).

The results were evaluated statistically, the medrsamplings, deviation and significant differesagere
calculated and correlation analysis was applieddeealing the relationships between the studiedrpaters.
Statistical evaluation was done using the SPSSr@gramme.

Treatment No. Dosages Treatments
ZEOLITE BENTONITE
1. - control control
2. 5 g kg 1x 1x
3. 10 g kgt 2X 2x
4. 15 g kg 3x 3x
5. 20 g kg 4x 4x

Table 1. The applied zeolite and bentonite treatments



RESULTS AND CONCLUSIONS

The results presented in the study are the averafyéise repetitions at the two sampling dates. im o
examinations, we measured the readily availablgemitcontent of soils.

As an effect of the zeolite treatments, the nitidteontent of the soil (Figure 1) ranged betweddb3and
5.91 mg kg. The treatments did not have a significant efféchigher nitrate-N content was measured for the
1x dosage. The highest dosage of treatment 5 rddnoa-significantly) the nitrate-N content of theil.

In the bentonite treatments, the nitrate-N conténhe soil varied between 3.53 and 4.80 mg. ks a result
of the low and medium dosages (treatments 2 anth@)oil nitrate-N content increased significantifile the
nitrate-N values at the two highest dosages (treatsd and 5) were lower than that of the control.
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Figure 1: The effect of zeolite and bentonite treatments on the nitrate-N content of the soil (averages of samplingsin 2007)

Regarding the readily available phosphorus andsgaten content (Figure 2), the soil was in the mediu
(100.66; 94.5 POs mg kg'), and well-supplied categories (220.00; 246.6;0Kmg kg'). In the zeolite
treatments, both phosphorus and potassium conteatsased significantly, phosphorus content in@das
significantly also as a result of the high dosageafment 5) (130.33,8s mg kg"). Potassium content also
increased (but not significantly) as a result &f fburfold dosage (246.67,& mg kg'). In the case of bentonite
treatments, the low and medium dosages (treatnizraad 3) proved to be effective, phosphorus content
increased significantly as a result of the mediursagje (111.66 mg Ky The two highest dosages reduced
phosphorus content, though not significantly. Thghést value of AL-soluble potassium (283.33 mg)kgyas
measured at the low dosage (treatment 2), butieased significantly also in treatments 3 andhe highest
dosage resulted in a non-significant increment.
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Figure 2: The effect of zeolite and bentonite treatments on the readily available phosphorus (2a) and potassium content (2b) of the soil
(averages of samplingsin 2007)



Among the soil microbial parameters, the total nambf bacteria was measured in both treatment types
Regarding the zeolite treatmeiif@ble 2) it can be stated that the low- and medium-dosagdrhents proved to
be effective, that is treatments 2 and 3 incredisedotal number of bacteria significantly and rsigrificantly,
respectively. The three- and fourfold dosages teduh a non-significant reduction.

The number of cellulose-decomposing bacteria wemeased also by the low and medium dosages,
treatment 3 significantly increased (tripled) theimber. Treatments 4 and 5 reduced their numbeugh not
significantly, the highest dosage reduced it tol¢lvel of the control.

The CQ-production of the soil was increased non-signiftbaby the 1x dosage and significantly by the
two- and threefold dosages. The highest dosagéisamtly reduced the carbon-dioxid production loé tsoil.

The activity of the saccharase enzyme increasettestments 2, 3 and 4, the 1x dosage resulted in a
significant increase. Treatment 5 non-significaméigluced the activity of saccharase.

T . Total number of Cellulose_— CO,-production Saccharase
reatment Zeolite b . decomposing .

No. treatments " %Ct_efna. bacteria (CC.mg _10091 (Glucos-e
(*10° g™ soil) (10° g soil) 10 nap') mg 100¢")
1. control 2.12 155 4.05 4.38
2. 1x *3.30 2.40 4.48 *7.13
3. 2X 2.35 *4.65 *6.98 6.93
4. 3x 1.85 2.35 *4.63 5.21
5. 4x 1.93 1.50 *3.55 3.44
*SDsy, 0.56 1.29 0.47 2.74

Table 2.: The effect of zeolite treatments on some soil microbial characteristics (avarage of the samplesin 2007.)
Number of treatments; Zeolite treatments; Total number of bacteria (*10° g™ soil); Cellulose-decomposing bacteria (*10° g* soil); CO,-

production (CO, mg 100g™ 10 days™ ), Saccharase enzyme (glucose mg 100™)

Regarding the bentonite treatmeriialie 3), it can be stated that the total number of bactedeeased (non-
significantly) already as a result of the lowessalge (treatment 2). The two medium dosages (tredsn3eand
4) significantly increased its value, the more etffee was treatment 3. The highest dosage reduwedotal
number of bacteria to the level of the control.

The highest number of cellulose-decomposing bacidour times higher than that of the control) vadso
measured in treatment 3 (medium dosage), but thenber was already significantly increased by tneatt 2.
As a result of treatment 4, a somewhat higher nurabbacteria was measured, but the value was ¢toteat
of the control. The highest dosage resulted inrasignificant reduction.

The CQ-production of the soil increased significantlysasesult of the low and medium dosages (treatments
2 and 3), the largest G@roduction was measured in treatment 2 (lowesages Treatments 4 and 5 reduced

soil respiration, the highest dosage resulteddigaificant reduction.
The activity of saccharase was significantly inseghto almost 250% by small and medium dosages

(treatments 2 and 3). Treatment 4 also increased-gignificantly) enzyme activity, while the highaefosage
reduced the enzyme activity under that of the @bntr

Cellulose- .
. Total number of . CO.-production
Bentonite . decomposing g Saccharase
Treatment No. treatments (*1%%3322”) bacteria_ (C%org%;lo)ogl (Glucose mg 1009
(*10° g*soil)

1 control 2.27 2.45 4.60 4.62
2. 1x 2.95 *8.65 *5.88 *10.03
3. 2X *4.92 *8.80 *5.43 *11.21
4 3x *3.73 2.90 4.25 5.65
5. 4x 2.25 1.49 *3.25 3.75
*SDsy 1.23 2.36 0.39 2.81

Table 3.: The effect of bentonite treatments on some saitohial characteristics (avarage of the sampl@90v.)
Number of treatments; Bentonite treatments; Totahber of bacteria (*10g™ soil); Cellulose-decomposing bacteria *1f) soil); CO-
production (C@mg 100¢' 10 days ), Saccharase enzyme (glucose mg“00

The results were evaluated by correlation analysidetermine the relationship between the changéle
soil nutrient content and the studied microbiakpaeters separately for the zeolite and bentordtdrirents

In the zeolite treatmen{3able 4) a medium positive correlation was found betweenntitrate-N content of
the soils and the readily available phosphorusestn(r=0.622). A medium correlation was also folmedween
the nitrate-N content (r=0.709), the readily auaiaphosphorus content (r=0.627) and the total reundf
bacteria. Further medium correlations were fountivben AL-soluble phosphorus and saccharase activity
(r=0.765), and the total number of bacteria anctlsa@se activity (r=0.788). There was a tight datien
between the changes in the nitrate-N content o$dlileand the activity of the saccharase enzym@.880).



. Cellulose-
Measured Nitrate- Total number of . CO- Saccharase
soil characteristics N AL-P0s ALK0 bacteria degompo_smg production|  enzyme
acteria
Nitrate-N 1
AL-P,0s .622* 1
AL-K 0 .298 .455 1
Total number of bacteria .709* .627* .316 1
Cellulose—dec_omposmg 352 121 113 487 1
bacteria
CO,-production .286 452 .308 .392 -.123 1
Saccharase enzyme .880** .765* .339 .788* .348 .304 1

Table 4: Correlation analysis ( r) (Zeolite)

Measured soil characteristics; Nitrate-N; AL-phospls; AL-potassium; Total number of bacteria; QeBe-decomposing bacteria; €O
production; Saccharase enzyme

In the bentonite treatment$aple 5) a medium positive correlation was found betweencth@nges in the
soil nitrate-N content and the readily availanlgéagsium content (r=0.679), and between the readigilable
potassium and phosphorus contents (r=0.526). Thegehin the soil nitrate-N content had a positiffect on
the total number of bacteria, a medium correlati@s found between them (r=0.544). The changesearsdfi
nitrate-N content and the saccharase enzyme actléio showed a medium positive correlation (r=0)66
There was a medium positive correlation betweenatheunt of cellulose-decomposing bacteria and g C
production of the soil (r=0.773). There was a tigbsitive correlation between the total number adtbria and
the changes in the saccharase activity (r=0.869).

. Cellulose-
Measures soil characteristig N't,';late' AL-P,0s AL-K 0 Tg;ag :Cl:gnrit;er degompo_sing pr occ:i(a?:_ti on Sg(r:](;r;%rgse
acteria
Nitrate-N 1
AL-P,0s 117 1
AL-K 0 .679* .526* 1
Total number of bacteria .544* 174 .301 1
Cellulose—dec_omposmg 018 161 086 351 1
bacteria
CO,-production -.152 151 -.016 -.147 T73* 1
Saccharase enzyme .667* .092 .225 .869** .167 -.240 1

Table 5: Correlation analysis ( r) (Bentonite)

Measured soil characteristics; Nitrate-N; AL-phospts; AL-potassium; Total number of bacteria; Aelle-decomposing bacteria; €O
production; Saccharase enzyme
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