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Summary

The two-year greenhouse experiment on calcareoeimokem soil was performed to study the effedtgoéértilizer in the presence of
chemical fertilizer on the yield, nitrogen, phospi®and potassium content of cabbage head lettuaetifca sativa L.) and bioavailable
nitrogen, phosphorus and potassium nutrients measur 0.01 M CaGJ and AL soil extracts. In the experiment bi-faitbtrials were
arranged in a randomized complete block design fath replications, applying four levels of N as MD; with or without application of
biofertilizer as Phylazonit MC. Inoculation of seiith biofertilizer was performed only in the firgear, at the start of the experiment, the
chemical fertilizers were applied in both experitaégears.

The results obtained suggested: Nitrogen dosesbetin years- markedly increased growth of lettucéd alight increasing trend was
recorded for fresh weight as Phylazonit applicatiappeared. Measured soil parameters are in gooceagrent with results of plant
analysis. We measured higher N and K content tefdetgrown in the first experimental year (in 2086 besides we could measure higher
CaCl- NOs-N and AL-KO in soil extracts in 2006 than that of in 2007. e contrary, the P content of plants grown in seeond year
was higher and we could measure higher AD{fvalues in 2007, also.

Increased N fertilizer caused increased N contémtlant and available nitrogen forms in soils inthgear. Effect of biofertilizer on
the N content of plant and mineral N content of alsio was the same.

Nitrogen fertilization did not caused statisticaBlignificant effect either P content of lettuceAdr-P,0Os values. With application of
biofertilizer there was a tendency to increase Roemtration of plant.

The increase of nitrogen doses did not resultesignificant exchange of K content of lettuce, h@xéiofertilizer application had
increasing effect on the K content of plant. THiisat was not significant, but was expressed irs#eond experimental year.

INTRODUCTION

Nitrogen as a major constituent of all plants i® @i the most important nutrients. It has got aguei
position because relatively high amounts are reguiry most agricultural crops for optimal yielddaék, 1968,
Stevenson and Cole, 1999). The use of nitrogeitifers is standard practice in vegetable productgstems.
Extensive use of chemical fertilizers may causeirenmental pollution, ecological damage and inceeas
production cost (Ghost and Bhat, 1998). Increasimucern over nitrate contamination of soils, nérkgaching
in groundwater and nitrate content in vegetable mempire a reduction in N application in crop protion,
while maintaining optimal productivity (Gutezeit carFink, 1999). For reducing application of chemical
fertilizers, an alternative method must be devedogeor this reason, environmental friendly prodsgth as
biofertilizer should be used. Applications of bidiizers may help to avoid environmental hazarais glants,
animals and human beings and may hold a great pectmiimprove yield trough better nutrient supphu(et al,
2005). Biofertilizers are products containing diffiet types of microorganisms, which have an abibtgonvert
nutritionally important elements from unavailabteavailable form (Hegde et al., 1999; Vessey, 2008)ce,
1997). The major objective of our experiment wasetmluate the effects of nitrogen- and biofertilize
(Phylazonit MC) on the promotion of growth and merits uptake of lettuclactuca Sativa L.)n greenhouse
pot experiment, had been lasted for two years.

MATERIALS AND METHODS

The two-year greenhouse pot experiment was cawoigdusing calcareous chernozem soil from region
Debrecen-Lat6kép. Some properties of soil useihateded inTable 1.

Table 1
Properties of experimental soil
pHkai pH20 pHcaci2 Hu% Ka
5.9 6.7 6.2 2.5 42

Ka: Plasticity index according to Arany
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In the first experimental year 10 kg soil were viwid into Mitscherlich type pots. The experimentknp
selected was cabbage head lettu@{uca sativa ). Four seeds of lettuce were sown per pot on 03006.
lon exchanged water was added to all pots to khepsbil at constant moisture (60% of the water-igold
capacity) using daily weighing.

The bi-factorial trials were arranged in a randadizomplete block design with four replicationsplging
four levels of N with or without application of batilizer. The scheme of treatments applied carsden in
Table 2. P and K doses applied were identical in all 018 g BOs pot* and 0.2 g KO pot?).

Table 2.
Scheme of treatments applied
N doses Phylazonit doses in sandy soil| Phylazonit doses in chern. soi
Treatment g pot* cn? pot? cn? pot* code
diluted one-thousandfold diluted one-thousandfold
1. 0 0 0 control
2. 0 40 35 N+phyl
3. 0.05 0 0 N
4. 0.05 40 35 Nrphyl
5. 0.1 0 0 N
6. 0.1 40 35 M-phyl
7. 0.2 0 0 N
8. 0.2 40 35 N+-phyl

The nitrogen, phosphorus and potassium were addsalution of NHNO3, KH,PQ, and KClI, respectively
in both experimental years. The applied biofeeilizvas Phylazonit MC (phyl), which contains carbmeéthyl-
cellulose (CMC), microelement#zotobacter croococcum, Bacillus megatherisail bacteria, heteroauxin,
gibberelin and vitamin B. The soil in each pot wtisred well to ensure uniform mixing of soil, Pagbnit MC
and nutrients. Before application Phylazonit MC widated one-thousandfold and than 35°@ot" was added
to the soil. The bacterial inoculation of soil weesformed only in the first experimental year, e beginning of
experiment to study the long-lasting effect of ghieduct in the second experimental year also.

At the sixth week after sowing leaf samples werkected and fresh weights were determined, soilpgasm
were taken also from all pot and the other pathefsoil were put back again into Mitscherlich typms. Next
summer four levels of nitrogen (according to TaBl¢, identical phosphorus and potassium (withquuliaation

of Phylazonit MC) were added to each pot as a pe#ore. Four seeds of lettuce were sown into &i pgain.

At the end of the growing season leaf samples wetkected —as a year before- and fresh weights were
determined.

Plant leaves -from both experimental years- aftging were digested by #30,-H,O, method for P and K
analysis. P was determined colorimetrically usimg molybdenum blue colorimetric method, while psitas
was quantified by atomic emission spectrophotom@is™-N of plant was measured from water extract by ion
chromatography (Ballané, 2004) and the total nérognalysis was performed by dry combustion me{htzdyy,
2000).

Soil samples were air dried and sieved (<2mm) diothEr analysis. Concentration of water solubleogign
forms were measured in 0.01 M Ca@ixtracts with 1:10 soil:solution ratio (Jaszbeiéel al., 1994) by
autoanalyser (SKALAR Segment Flow Analyser). Comiion of phosphorus and potassium in the soiiak
up easily by plant were determined in ammonium al@et acetic acid (AL) extract. P was measured
colorimetrically, while potassium was quantified &tpmic emission spectrophotometry.

Analysis of variance was carried out on the datarider to provide a statistical comparison betwésn
treatment means. The least significant differenc®d) test was used to detect differences betweemnmat
probability level P< 0.05.

RESULTS
Yield

The effects of bio- and nitrogen fertilization aiegh weight of lettuce cultivated in 2006, 2007 rgeare
summarized ifFigure 1., in Table 3.

Figure 1.:Mean of lettuce fresh weight in 2006 and 2007 asfinenced by NH,NO; and Phylazonit MC applications For
interpretation of treatments see Table 2.
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Table 3.
Summary of ANOVA (F-test) for different source of \ariance

fresh weight
Source of variation
2006 2007
significance LS significance LSk
NHsNO; ok 15.02 ok 19.07
Phylazonit doses n.s. - n.s. -

n.s.:non-significant; ***:significant at P<0.1%;

The lettuce plant grown in two experimental yeaasiad in total fresh matter. The fresh weight rahge
210.6 - 248.4 g.pdtand 201 — 249,3 g.pbin 2006, 2007 respectively. In the second yea0d7, the yield of
lettuce in each pot was lower, than that of in 2006

On the basis of ANOVA test it can be concluded thdeértilisation significantly increased fresh witg of
lettuce. This effect was significant in both expental years.

The application of biofertilizer was not as effeetias N fertilizer. However, a slight increasingna was
recorded in both years for fresh weight as Phylazapplication appeared, but this effect was natistically
significant.

N, P and K content of lettuce

The effects of bio and nitrogen fertilization otragen, phosphorus and potassium content of letjuoen
in 2006, 2007 are summarizedHigure 2-4, in Table 4.

Figures 2., 3.Means of lettuce N % and P % harvested in 2006 an2007 as influenced by NENO3z and Phylazonit MC applications.
For interpretation of treatments see Table 2.
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Figure 4.: Mean of lettuce K % harvested in 2006 and 2007 asfluenced by NHINO3 and Phylazonit MC application. For
interpretation of treatments see Table 2.
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Table 4.
Summary of ANOVA (F-test) for different source of \ariance
2006 2007
Source of variation
significance LSy significance LSl
N %
NHsNO; i 0.354 ik 0.255
Phylazonit + +
P %
NH4NO; n.s. - n.s
Phylazonit n.s. -
K %
NH4NO; n.s. - n.s.
Phylazonit n.s. - n.s.

n.s.:non-significant; ***:significant at P=0.1%;skgnificant at P=10%;

Studying the nitrogen content of lettuce leavesfovend, that these values in 2006 were a littlehiher
than that of in 2007. The N % of plants ranged 3403.99 %, and 2.35 % - 3.24 % in 2006, 200 Qaetvely.
On the basis of statistical analysis it can be kaled that there was highly significant relatiopshetween N
treatments and plant N content. This effect wasii@@nt at P = 0,1 % in both experimental yeared& of
biofertilizer on N content had not been so definket it is worth mentioning, that inoculation dilswith
Phylazonit slightly increased this nutrient contehplants. This increasing effect on N % can éensin both

experimental years at P = 10 % significant level.

In contrast with N content, the phosphorus conedioin of plant was higher in the second experinienta
year. The phosphorus content ranged from 0.385 %4b0 % and 0.466 % to 0.547 % in 2006 and 2007,
respectively. Nitrogen fertilization did not causttistically significant exchange on the P conihlettuce.
With application of biofertilizer there was a tendg to increase P concentration of plant. The éffeas
stronger and significant at P = 10 % only in theosel experimental year.

Similarly as nitrogen content of lettuce, the psias content of plant was higher in the first expental
year. The K % of plants in 2006 ranged from 7.9%09%.23 %, and in 2007 ranged from 5.39 % to 5.97Mh&
increase of nitrogen doses did not resulted iniogmt exchange of potassium content of lettucayéwver
biofertilizer application had a slight increasinf@eet on the K content of plant. This effect wad smnificant,
but was stronger in the second experimental year.

Concentration of CaClL-N, CaClL-NOs-N, AL-P,05 and AL-K ,O

Concentrations of water soluble NEN and total N measured in 0.01 M Ca6bil extracts and means of
AL-P,0Os, AL-K,0 in 2006, 2007 are presentedHigures 5., 6., 7., 8Analysis of variance are summarised in

Table 5.

Figures 5.,6.Means of total N and NQ-N (mg kg™") measured in CaC} soil extract. For interpretation of treatments seeTable 2.
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Figure 7.,8.:Means of AL-P,Osand AL-K ,O (mg.kg?) influenced by NH;NO; and Phylazonit application rates. For interpretation of
treatments see Table 2.

O AL-P205,2006m AL-P205,2007

266,0

AL-P,05 mg kg

560 -

540

520 4

500

AL-K,0 mg kd¢

O AL-K20,2006 m AL-K20,2007

543

490

Table 5.
Summary of ANOVA (F-test) for different source of \ariance
2006 2007
Source of variation
significance LSk, significance LSk
CaCl-total N
NH4NO; el 1,44 * 1,04
Phylazonit + - + -
CaChk-NOs-N
NHsNO; *x 1,04 wxk 0,98
Phylazonit Fkk 0,73 ** 0,69
AL-P,05
NH4sNO; - n.s. -
Phylazonit n.s. - n.s. -
AL-K,0
NH4NO; il 11,67 n.s -
Phylazonit xxx 8,25 n.s. -

n.s.:non-significant; ***:significant at P=0.1%;skgnificant at P=10%;

The concentration of total N measured in 0.01M Gaslil extracts was almost the same in both
experimental years. On the contrary, the Ga@D;-N was much lower in soil samples measured in 20t:h
measured in the first year. This fact is in googragment with results of plant analysis, namelyNheontent of
lettuce was also lower in the second experimergat.y
Increase of N fertilizer doses had resulted ingmifcant enhancement in both N forms measured.@i 0/
CaCl, soil extracts.



Application of Phylazonit increased Ca@btal N at P = 10 % significance level, and incexhCaG-NO;-

N at P = 5 % significance level. This increasinfgetfcan be seen not only in the first but in theand year also.

In the first experimental year, in 2006, the meadubL-P,O5 values were lower by turns than that of in
2007. There was a weak relationship between Nlifation and measured AL,®s values. The increased N
fertilizer doses caused improvement in ALGP values, but this effect proved to be only in 20B&fertilizer
did not cause any effects on these values.

Measured data show that similarly to CaRD; -N, the values of AL-KO were higher in the first
experimental year by turns and the increased Nifertdoses and appearance of biofertilizer cawssguificant
improvement in these parameters. In the second ye2a007, this effect can not be seen any longer.

Measured soil parameters are in good agreementr@stiits of plant analysis. We measured higher dNkan
content of lettuce grown in the first experimentehr and besides we could measure higher £&;-N and
AL-K ;0 in soil extracts than that of in 2007. On thetcany, the P content of plant was higher grownhe t
second year and we could measure higher ADsRralues in 2007 also. Increased N fertilizer insezA N
content of plant and the NON, total N forms of CaGlextracts. Effect of biofertilizer on the N conterftplant
and mineral N content of soil also was the sammih experimental years.

CONCLUSION

As a result of our experiment it can be concludbdi the effect of chemical fertilizer was strongéfith
increasing of NENO; significantly increased the fresh weight and thedwtent of lettuce and the N forms
measured in 0.01 M CagHoil extracts. Biofertilizer application was noteffective as N fertilizer, but it can be
underlined that when Phylazonit application appgastight increasing trends were recordedoth yearsfor
fresh weight, N, P and K content of lettuce andNi®;” forms in 0.01 M CagGlsoil extracts. Biofertilizer did not
cause any significant effects on AL, but improved AL-KO values measured in the first year.

The effect of biofertilizers in practice, for exalepin different type of soils has not achievedstant effect
and the mechanisms, interactions, the time of fiiscestill are not well understood. To gain moreliable
applicability of Phylazonit MC, further studies areeded.
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A MUTRAGYAZAS ES A BIOTRAGYA HATASA A FEJESSALATA ( LACTUCA
SATIVA L.) TERMESERE, NITROGEN-, FOSZFQR- ES KALIUMTARTALMAR A
KETEVES TENYESZEDENY KISERLETBEN



