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soil and on the biomass of a testplant
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I ntroduction

For preservation and sustainability the produgtiat soil we have to take
special regard to the sandy soils having unfavderaboperties. These soils
have very low colloid contents, their water manageiris extreme due to the
weak structure with only transmission pores, aral rihtrient management is
also pour (HENZSEL, 2008). According to LAZANYI, @3) the natural soil
amendments for acidic sandy soils can arrange timee groups: 1. green
manure and other organic matter, 2. farmyard maandedifferent composts, 3.
mining soil improving material originating from niity industry, e.g. alginite,
bentonite, zeolite.

The bentonite is a rock containing clay mineralaimy Smectites (PARTAI
et al., 2006). The primary effect of bentonite asimprove the water holding
capacity and moisture content of soil and throunig property contribute to the
stimulation of biological activity (SHIMMEL & DARLE, 1985; USMAN et
al., 2005, LAZANYI 2005). When mix the bentonitetiwisolil, increase the
mineral nutrient content, the colloid content ofl,sand with the higher colloid
content decrease the leaching of different nusiéNOBLE et al., 2000).

The zeolites is crystalline hydrous aluminiosilestthe two main important
mineral of it the Clinoptilolite and Mordenite tesilicates (MATYAS, 1979).
In plant growing experiment where the zeolite wasdias nutrient supply,
decreased the acidity of soil, favourably influethtlee micro-elements supply,
(GHRAIR et al., 2008), moreover helped for plamsthe water lifting, and
improved water management of soil (PISAROVIC et2003).

In a pot experiment the effect of increased dosafiéentonite and zeolite
[5; 10; 15; 20 g kg sofl was studied on some chemical properties, the
microbial dynamic, the enzymological properties amda testplant's biomass
(Lolium perenne L.) of an acidic (pH.0=5.65) humic sandy soil [WRB:
Lamellic Arenosol (Dystric)].



Materialsand Methods

The pot experiment was set up in 2007 and 2008arDiebrecen University,
Department of Agrochemistry and Soil Science ordiachumic sandy soil.
Every pot had 6 kg soil. Treatments were the saiitie thve increased dosages
of bentonite and zeolite (Table 1.). Five treatragtwo amendments and three
repetitions, it means 30 pots. The water contentezftments was in the same
level, as the 70% of the maximum water capacitye phts were sprinkled in
every day to the same weigh. The testplant waspe&keryegrass; the sowing
was in spring (14. 05. 2007; 21. 04. 2008).

As basic treatment 100 mg nitrogen — CagN@®olution — 100 mg s and
100 mg KO solution of potassium dihydrogen orthophosphaid @otassium
sulphate to every one kg soil. Soil and plant sesplere taken in the fourth
the eighth week after the seeds sprouted. The grasscut by scissors. After
the second sampling the experiment was liquidaldte pH of soil was
measured in suspension of distilled water and M [o€l.0y, PHkcy] and the
hydrolytic acidity (FILEP, 1995), besides nitraiéragen content and the level
of nitrate mobilization (FELFOLDY, 1987), furthehé ammonium lactate-
acetate soluble phosphate and potassium contergoibfwas determined
(FILEP, 1995 cit. GEREI, 1970).

Among the microbiological parameters the total narabof bacteria (in
meat soup agar) the number of microscopic fungpéiptone glucose agar) was
determined by plate dilution method according t&E6Z (1979). The number
of aerobic cellulose decomposing and nitrifying tbda was determined
(POCHON & TARDIEUX, 1962) with the MPN (Most ProdabNumber)
method in liquid culture media. The further paraangeiwere the soil respiration
(WITKAMP, 1966. cit. SZEGI, 1979), the microbialdmhass C (MBC) and the
microbial biomass N (MBN) (JENKINSON & POWLSON, 187 the activities
of saccharase enzyme (BERTRAND cit. SZEGI, 1978y arease enzyme
(KEMPERS cit. FILEP, 1995). The biomass of tesnplaso was measured in
every sampling time. Statistical evaluation wasedby SPSS 13.0 program.

Table 1.
Treatments and their designation in the tables{Z1D8)
Treatments and Dosages
dosages g kg*
BENTONITE | ZEOLITE
1. Control 0 0
2. Little dose 5 5
3. Middle dose 10 10
4. Middle-large dose 15 15
5. Large dose 20 20




Results and Discussion

The results are discussed according to the avesalges of the two year of
experiment.

By the effect of little dose of bentonite the guitl,,c increased significantly
(Table 2). Regarding the treatments of zeolite Isintendency was observed,
by the effect of little dose increased thepypdlof saoil, but in this case the
difference was not significant. Concerning thexggHhe small doses of every
two amendments increased this pH, the small andledbses of bentonite and
the small dose of zeolite significantly. The gaHdecreased in a little scale by
the treatments of large doses.

The values of hydrolytic acidity generally decrehsespecially in case of
bentonite; concerning the little and middle dosée tifferences were
significant.

Table 2.
Effect of treatments on the pH and the hydrolyticliay
(2007-2008. average values of two years)

BENTONITE ZEOLITE
Treat Hydrolytic Hydrolytic
ments | PHt20) PHker )zilcidit);/t PH20) PHken )zilcidit);/t
1 5.78 451 13.51 5.84 4.65 12.85
2 6.07 5.03 12.04 6.09 4.96 12.31
3 5.86 4.71 12.37 5.92 4.74 12.28
4 5.74 4.47 12.64 5.69 4.74 12.25
5 5.70 4.45 12.88 5.72 4.62 12.22
LSDs, 0.29 0.25 0.95 0.43 0.22 0.67

With reference to the macro-nutrients of soil samilar results could be
observed. By the effect of little and middle dosédentonite, (Table 3.) the
nitrate nitrogen content of soil increased sigaifity (Treatments 2. and 3.),
while in the treatments of the larger doses (4. anleatments) decreased the
NOs-N content, below the control pot. Regarding toliteothe little and
middle doses of amendment increased the;-NQontent of soil, but this
difference was not significant.

The easily available AL-phosphorus content of sa@ls increased by the
effect of middle dose of bentonite. Regarding ® Ab.-soluble potassium, the
litttle and middle doses of bentonite increasedethsly available potassium of
soil significantly. By the effect of zeolite, in ery treatment both phosphorus
and both potassium content of soil increased, istroases significantly. It has
to emphasize that the available potassium congsmond to positively to the
all doses of zeolite.



Table 3.
Effect of treatments on the easily available natseof soil
(2007-2008. average values of two years)

BENTONITE ZEOLITE
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1 3.82 92.47 240.42 4.01 97.34 231.09
2 511 | 98.25 | 297.92 4.57 122.25 | 268.75
3 521 | 111.83 | 275.67 4.28 107.67| 255.00
4 3.70 88.22 264.59 4.18| 12595 | 268.92
5 3.24 87.78 248.75 3.33| 115,50 | 270.84
LSDsg 1.04 7.41 25.63 1.04 12.51 21.43

In order to get more information about the effeatswo soil improving
material, the dynamics of soil microorganisms ananges in their activity also
was investigated (Table 4.).

Regarding the measured soil microbial parametearst 6f all the total
number of bacteria was determined. Among treatmefntise two amendments
the little and medium dosages proved to be vergcéffe on bacteria number,
in the mentioned treatments the differences wegnifsiant, moreover
concerning bentonite the middle-large dose alsoltexs significant increase in
bacteria number. The large doses did not resutifsignt differences compare
to control.

Evaluating the number of microscopic fungi, onlg thtle dose of bentonite
and middle dose of zeolite increased the numbéurdji, in all other treatments
decreased their number. The effect of large dosamendment had depressive
effect on soil microscopic fungi.

Among the physiological groups of bacteria the nemtif aerobic cellulose
decomposing and nitrifying bacteria was measurdw fiumber of cellulose
decomposing bacteria increased significantly byetfiect of little and middle
treatments of bentonite. Regarding to zeolite, #ifect of middle dose
increased the bacteria number significantly. Thenlmer of bacteria decreased
in the pots treated with large dosages of amendment

The middle dosages of amendments increased the erunfbnitrifying
bacteria, and the little dose of bentonite alsov@doto be effective. The large
does of zeolite decreased — not significantly ‘theber of nitrifying bacteria.



The similar tendency was experienced regarding he mitrogen
mobilization, where the little, middle and midderdge treatments of both
natural amendments increased significantly the@gén mobilization.

Table 4
Effect of treatments on some microbiological preiesrof soil
(2007-2008. average values of two years)
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1| 2.39 56.58| 2.70 1.33 5.52 4.838 153.3 1171 4.7PB.146
2| 379 | 5741 | 660 | 210 | 7.91 505 | 192.7 | 17.58 | 8.40 | 72.09
3| 470 | 5492 | 740 | 278 | 7.31 5.63 | 178.7 | 22.66 | 10.71 | 74.31
4| 3.87 | 54.25 | 3.75 1.55| 7.59 498| 152.9| 16.76 | 6.92 | 82.06
5| 2.84 50.75| 1.90 1.35 4.797 409 148.0 1272 4.3F1.35
L SDsg,

1.36| 8.93 159] 0.7 106 0.6p 10.b5 2.31 1(78 7.27

ZEOLITE

1| 2.20 63.50| 2.35 1.43 5.3 4.04 158.2 1071 4.337.73%
2| 409 | 6291 | 2.58 1.78| 8.12 482 | 199.7 | 1566 | 6.23 | 72.63
3| 465 | 6450 | 383 | 258 | 8.19 6.66 | 189.4 | 16.71 | 6.21 | 71.04
4| 2.54 60.58| 2.68 1.32 7.55 491 | 1746 | 1769 | 4.52 | 73.04
5| 222 | 5691 | 1.50 | 0.86| 6.03 411 169/416.26 | 3.70 | 66.47
L SDsg,

0.95| 6.34 | 0.78 0.58 1.81 058 1285 2.65 147 7.26

With reference to C@production similar tendency was experienced as it
was in case of nitrogen mobilization, the littleéddie and middle-large dosages
of amendments increased significantly the,@@duction.

The quantity of microbial biomass C increased sigatly by the effect of
littte and middle dose of bentonite and also ljittheiddle and middle-large
dosages of zeolite.

The effect of amendment was more effective to thentjtative change of
microbial biomass N, because every dosage of biatand zeolite increased



the quantity of MBN significantly, except one tneant, the large dose of
bentonite, where the result did not reach the Bagmt level.

Concerning the activity of saccharase enzyme sagmf increase was
proved by the effect of little and middle dosaged also the middle-large dose
of bentonite. The large dosages of amendment demnleéae saccharase activity,
but not significantly.

Regarding the urease enzyme activity, every traatnoé bentonite was
effective, especially the middle-large and largatments, where the increases
were significant. In the treatments of zeolite, #@zyme activity did not
increase considerably.

At the end of experiment in 2007 and 2008, the e plant biomass was
measured (Figure 1.)
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Figure 1.
Effect of bentonite and zeolite on the quantitatitange of the test plant’ biomass
(2007-2008. average values of two years)

Every treatment of bentonite and zeolite increabedquantity of test plant
biomass. Regarding bentonite treatments the dryemat plant was between
2.80-3.269 in the average of two years, signifidantease was measured by
the little and middle dosages. In case of largeedasatment, the increase of dry
matter was more moderate. Concerning zeolite treatisrthe dry matter of test
plant was between 2.85-3.25¢ in the average ofyars, significant increase
was measured by treatment of middle-large doseilé®imesult was measured
by the effect of large dose of zeolite, than in lleatonite, the increase of dry
matter was moderate.

Correlation analyses was made to seek the relatomsng the different
parameters (Pearson Correlations, HUZSVAI, 2004hatbase of the result of
two years, (2007-2008) separate to bentonite aolkitee

With reference to bentonite treatments the coimdietween the hydrolytic
acidity and aerobic cellulose decompose bacteria nemative (r=-0.660), on
the other hand middle positive correlation wasl@istaed between AL-soluble
potassium and nitrifying bacteria (r=0.755). Morenv the AL-soluble
potassium was correlated with microbial biomass r€0.¢73) and with



microbial biomass N (r=0.724), while the AL-solublghosphorus was
correlated with microbial biomass C positively (r785). Also positive
correlation was established between the-G@duction and number of aerobic
cellulose decomposing bacteria (r=0.766), as wellttee between the GO
production and microbial biomass carbon (r=0.75Rggarding the plant
biomass, only the nitrate-nitrogen content showesitive correlation with the
biomass of test plant. Close correlation was estadad only between aerobic
cellulose decomposing bacteria and saccharase eragtmity (r=0.864).

Regarding zeolite treatments, middle scale posito@relation was
established between the gl and easily available AL-soluble phosphorus
(r=0.647), as well as between the Hand total number of heterotrophic
bacteria (r=0.793), besides it the AL-soluble plnasps was correlated with the
cellulose decomposing bacteria (r=0.696) positivelggative correlation was
established between the hydrolytic acidity and Aluble phosphorus content
of soil (r=-0.696). Concerning the microbiologicgarameters, positive
correlation was proved between the microbial bisn@sand the activity of
saccharase enzyme (r=0.741), also positive coioelatas established between
the CQ-production and number of aerobic cellulose decaimgp bacteria
(r=0.600). Close correlation was established onégwieen the number of
nitrifying bacteria and microbial biomass C (r=0191

The effectiveness of soil amelioration can be djgaliwith the increase of
soil productivity. The effectiveness of differerdshges of bentonite and zeolite
as natural soil amendments in acidic sandy sail,imqualify with changes in
soil properties, in biological activity of soil amthe quantity of plant biomass;
these parameters were investigated in our expetimen

By the effects of especially the little and middlesages of all two soil
amendments — bentonite and zeolite — increasedsdhepH, similar to the
deduction of GHRAIR et al., (2008), and KATAI et.,42007). The little and
middle dosages are equivalent with 15, and 30'tamendments. With the
increase of pH, decreased the hydrolytic aciditysaif, concerning bentonite,
the result was significant.

The easily available AL-phosphorus and potassiumtecd and nitrate
mobilization give information about the nutrientpplying capability of sail.
Even the little and middle dosages of bentonite atiddosages of zeolite
increased the available AL-phosphorus and potassmomtent of acidic sandy
soil, in some cases significantly.

These amendments having high cation exchange t¢gptmy increase the
clay and nutrient content of soil, through thesepprties they decrease the
leaching of nutrients, and create the balance tofemi uptake (NOBLE et al.,
2000; LAZANYI, 2003, SAVVAS et. al., 2004). Concémg the nitrate-
nitrogen content of experiment, the little and nhéddosages proved effective to
increase it.



By the effect of bentonite and zeolite treatmehts Iviological activity of
soil increased in the pot experiment through soifierdnt soil microbiological
parameters, similar to the results of SHIMMEL & DIRY, (1985), or
USMAN et al., (2005). Ten soil microbiological pareters were investigated
in the experiment and among the treatments tHe Himd middle dosages of
bentonite and zeolite were the most efficient oa fgarameters examined.
Positive effect of all dosages of zeolite and bem¢oon microbial biomass
nitrogen, the effect of zeolite on nitrate mobitiaa has to be emphasized. The
number of microscopical fungi, the number of aeratgllulose decomposing
bacteria, the C@production, and saccharase enzyme activity weoeedsed
by the effect of large dosages of the two amendsnent

The quantity of test plant biomass increased inlietonite and zeolite
treatments. The little and middle dosages of bet@@nd large dose of zeolite
resulted significant increase in plant biomass.

Conclusion

The low pH is one of the limiting factors in soilogluctivity, especially if it
associates with low colloid content, weak nutriemnagement and extreme
water management of soils. The amelioration ofdlssls is urgent, and to test
the new and perspective soil amendments is imptorégearch field.

At the bases of our research work it can be stdiatlthe bentonite and
zeolite as natural amendments suitable for the iama#ibn of the acidic
(PHH20=5.65) humic sandy soil in Nyirség, Hungary throubk favourable
influence of chemical and microbiological propesta soil. Among the applied
five different dosages the little and middle dosagkey equivalent with 15 and
30 t ha dosages, influenced the soil properties most falilyr The effects of
larger dosages than 30 t*han soil chemical and microbiological properties,
was not unambiguous or positive.

Summary

In a pot experiment, the effect of increased dos§gel0; 15; 20 g kgoil™]
of bentonite and zeolite was studied on some chamioperties and ten soil
microbiological and enzymological properties ofandic (pHi20=5.65) humic
sandy soil [WRB: Lamellic Arenosol (Dystric)], asellvas the biomass of
perennial ryegrass as test pléodlium perenne L.).

The pot experiment was set up in 2007 and 200BarDiebrecen University
Department of Agrochemistry and Soil Science ir¢hrepetitions. The average
results of two year’'s experiment can be summarézefibllows:



The pH increased by the effect of low and middisadjes of amendments.
The bentonite treatments were more effective tharzeolite. With the increase
of the pH, the hydrolytic acidity — in case of theentonite treatments
significantly — decreased.

Concerning the easily available nutrient conteinthe soil, the little and
middle dosages of amendments proved to be effeclie large dose of
bentonite treatments reduced the nitrate-N contéiné, easily available
phosphorus, and potassium content of soil; by tealeatments the high dose
decreased the nitrate — N content of soil. Theelatgse of zeolite increased
both phosphorus and both potassium content ofiaaihost cases significantly.

Regarding the measured soil microbial parametess,little and medium
dosages of amendments proved to be most effective.

The bentonite and zeolite treatments increasedbibmass of perennial
ryegrass especially the low and medium dosagesmbhite and large dose of
zeolite were significant.

According to the statistical analyses moderate eode correlation was
found between the parameters studied.

In the treatments of bentonite, close correlatias wstablished between the
aerobic cellulose decomposing bacteria and sacehaenzyme activity
(r=0.864) of soil. Concerning zeolite treatmentdpse correlation was
established between the number of nitrifying baatand microbial biomass C
(r=0.911) of sail.

Keywords: bentonite, zeolite, acidic humus sandy soil, sedt@ires, dynamics
of microbes, microbial activity, enzymes activipjant biomass.
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