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M. B6hme

Strategies of vegetable nutrition in soil-less culture
Humboldt-University of Berlin, Dept. Horticultural Sciences, Lentzeallee 75,
D-14195 Berlin, Email: michael.boehme@rz.hu-berlin.de

Summary

The principles involved in the preparation of nutrient solutions used in soil-less culture systems
are discussed. Mostly, composition is based on a recipe obtained from the literature. Sometimes
correction factors for some elements are included. Here, an algorithm to calculate the amount
of fertilisers in nutrient solutions taking into account water quality, drainwater analysis, growth
stages and radiation is presented and discussed. The currently used algorithm is well adopted for
an open system and can also be applied in closed systems. For closed systems, however, the
target values have to be corrected to avoid a surplus in nutrient supply. The calculation system
can also be used if organic compounds are included in nutrient solutions.

Introduction

It is well established that conditions influencing nutrient supply to vegetables and ornamental
plants grown in hydroponic systems differ greatly from those prevailing in soil. When
calculating nutrient solutions required for hydroponic systems, however different culture
techniques - such as substrate culture, water culture and aeroponics - have, also to be
considered in a subtly differentiated way. Nowadays, mostly recipes from the literature are
used to prepare nutrient solutions. An essential improvement was introduced by Sonneveld
and Strayer (1989) with the development of correction factors for some elements. The
interactions between nutrient supply and other growing factors, however, have still to be
investigated further. Improved understanding of these interactions can lead to a higher yield
and improved quality combined with better use of resources.
From now on for growing plant in greenhouses, there will be an increasing necessity to switch
from open hydroponic systems to closed ones. Some countries, such as The Netherlands, have
already enacted legislation demanding a swift transition in this change (Ammerlaan, 1993).
Advantages of closed systems are their better environmental compatibility beside a more
efficient use of inputs, particularly fertilizers and water. Currently, by ,,closed system" we
chiefly mean the recycling of surplus nutrient solution (drainwater).
Several aspects have to be considered with regard to water and nutrient supply in drip-
irrigated substrate culture: the amount of drainwater may vary widely from day to day, the
nutrient concentrations in the surplus solution may vary, and there may be a certain inflow of
harmful amounts of chlorine, sodium and sulphate, particularly from poor-quality water (Ohta
et al., 1991; Bdhme, 1994, 1995). One possibility to minimize or prevent adverse effects on
plant growth is to use organic substances acting as bioregulators. According to previous
investigations (Bdhme, 1999), lactates (salts of lactic acid) and humic acid (Bbhme, Hoang,
1997, Bohme et al., 2001) seem to produce bioregulatory effects. The application of lactates
and humates was tested as an approach to improve both nutrient balance and plant vitality. It
is contemplated, also from the ecological point of view, to use organic fertilisers. In most cases
the availability and stability of such fertilizers had been the problem so far.
Against this background, several questions have to be answered for calculating the nutrient
solution for different hydroponic systems:

7



- What could be used for an algorithm for calculation of different nutrient solution?
- How often should nutrient solution be applied?
- Large or small amounts of drain water - which is the better choice?
- Effects of closed system on water and nutrient balances;
- Is it possible to use organic nutrient solution?
- Are there effects from leaf treatments with organic substances?
To show some strategies for vegetable nutrition in soil-less culture three experiment are
reported in this paper. Trials so far have been reported mainly with tomato (Guillaumin, 1992),
but this crop does not yet allow a satisfactory evaluation of recycling techniques. That is why
cucumber, known to be a more sensitive crop, was used for the experiments reported here.

Material and methods

Developing and testing of a calculating programme for nutrient solution in hydroponic
systems

Experiments and modelling were aimed at the development of an algorithm, applicable in soil-
less culture, e.g. substrate culture.
The algorithm has to take into account the nutrient content of the mineral or synthetic
substrates used, the water quality, the growth stage of the plants and the light conditions as well
as the supply of usable fertilizers. The nutrient content of the irrigation water is then based on
this information calculated so that the daily requirements of the plants are continuously met.
The basic data for the computer program were obtained in experiments with various crop
plants; the most extensive results were available for greenhouse cucumber. Several varieties
and methods were examined in experiments conducted over the past 10 years.
Different substrates, e.g. rockwool, perlite and organic substrates were used in these
experiments. In each variant, ca. 8 litres of substrate were available per plant. The preparation
of the nutrient solution was regulated through an automatic pH and electric conductivity (EC)
control. The amount of nutrient solution to be fed in was controlled depending on radiation
intensity. Each plant was supplied with its own trickier. Chemical analysis of substrate, plants
and excessive nutrient solution was made every two weeks.
Finally, an algorithm for a computer program was developed called ,,Hydrofer" and tested in
experiments with different crops. Here, results for cucumber are shown.

Comparison of open and closed systems with hydroponic substrate culture of cucumber

This experiment was carried out in a greenhouse with two separate nutrient solution cycles. In
both test facilities, slabs (rockwool) or containers (perlite) were put in channels for drainwater
collection. In the open system each channel collected the drainwater and its quantity was
recorded daily. In the closed system the drainwater from all channels was collected in a pipe

and put into a tank. This drainwater was then admixed to the ,,new" solution, using the EC
value of the drainwater as a basis.
The same amounts of substrate per plants were used. NETAFIM drip irrigation was used to
supply the solution to the test plants. To eliminate substrate-specific effects on the drainwater,
inert substrates, rockwool and perlite, were used exclusively.
The radiation threshold regulated the irrigation frequency. A separate radiation value was set
for each variant. The radiation values were between 50 and 140 J * cm-2 * d-1. Due to the wide

range of variation particularly in substrate water capacities, the amount of nutrient solution
applied was continuously adjusted, and the dripping times had to be modified.

8



In each variant the drainwater contents were determined daily, while the concentrations of the
plant nutrients as well as the pH and EC values were analysed every month or every two
month. The new nutrient solution was recalculated after each analysis of the substrate solution
with the ,,Hydrofer"-program.

Comparison of organic and mineral nutrition

Cucumber was grown in a hydroponic system in a greenhouse with four closed solution cycles,
using two different planting dates each. The same solution was used in each two of the four
cycles. One solution consisted mainly of LACTOFOL® supplemented with the deficient plant
nutrients, and the second one were made up of the standard mineral salts and acids.
In addition, different leaf treatments with LACTOFOL® and humic acid were tested. In this
experiment only mineral substrates were used: perlite in containers, and rockwool slabs. The
slabs/containers were put in channels for drainwater collection. The space available for the root
system was 8 litres per plant. Drip irrigation was used to feed the solution to the test plants.
The calculation of the nutrient solution was done with the ,,Hydrofer"-program and the
experimental facilities were the same as in the previous experiments

Results and discussion

Developing and testing the calculating programme for nutrient solution in hydroponic
systems

The developed algorithm - ,,Hydrofer"-program - is the result of a review of the literature and
our own experiments.
1. The calculation of the nutrient solution is based on the analysed data of plant nutrient

content and the content of chemical elements in the water used for micro-irrigation.
2. Later on, the calculated data available from the analysis of substrate or drainage water are

recorded and classified according to five levels of nutrient content. States of plant
development and light conditions are considered.

3. Based on these analysed data the nutrient values of the applied solution are calculated to
reach an appropriate nutrient content in the substrate, to prevent excessive or inadequate
nutrient supply.

4. There are options to choose between several acids and their concentrations for bicarbonate
neutralization. Moreover, fertilizers can be chosen from a range of standard fertilizers, and
completely new one- or multi-nutrient fertilizers,

The results shown in Fig. I demonstrate the application of this calculation program in
cucumber growing. The graph reveals three different periods: one period with little nutrient
extraction from January to March, one period with very high extraction in April and in August,
and medium extraction from May to July.
This example demonstrates how the ,,Hydrofer"-program adopts easily to different analysis
values. Had there been a risk of nitrogen overdressing according to the analysed data of March
30 and June 22, no nitrogen would have been applied to the fresh fertilizer solution. Higher
target values were used when the cucumber plants extracted substantial quantities of nitrogen
between April 13 and June 8.
These results underline the statement on the need for more differentiation of the target values
in depending on the stage of cucumber plant development.
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Comparing the values of potassium analysis and the new target values, it is obvious that the
target values under those conditions should be higher between March 30 and June 22 than
from the beginning.
In recent years, it has been assumed that the leaching of excess solution into the soil can be
prevented using ,recirculated systems". In future this will be the only way to fully prevent the
leaching of nutrients. Such an objective, however, does not relieve us of the need to look for
methods and programs which better match nutrient supply with the needs of the vegetable and
ornamental plant species. Therefore, water supply has also to be brought more into line with
the requirements of the crop plants.

Figure 1: Content of elements in drainwater of cticttmber cultutre in perlite and targets for ntew
mattrienzt solution by calculating with the progrannme .Hydrofer" (in rag/l)

Comparison of open and closed systems with hydroponic substrate culture of cucumber

This experiment investigated the nutrient balance (Fig. 2) and the yield (Fig. 3) in both

systems.
A comparison of the macronutrients - nitrogen, phosphorus, potassium, magnesium and
calcium - applied to the cucumber plants during the 131-day vegetation period essentially
proved the hypothesis that in closed systems nutrient supply can be reduced (Fig. 2). Only
magnesium and calcium consumption was somewhat higher in the closed system. This fact
may, of course, also indicate that the target values in the 'Hydrofer' fertilizer calculation
program (Brfhme, 1993) can be used also for closed systems but needs to be brought more into
line with the associated specific conditions. Besides the lower consumption of nutrients in the

closed system the yield was the same as in the open ones (Fig. 3).
To shed more light on the differences in nutrient balance between the two systems,
macronutrient concentrations were determined in the rhizosphere and in the drainwater

collection tank of the closed system.
The following conclusions can be drawn:
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- The target values for closed systems should be adopted, and lowered based on the quantity
of drain water added to the irrigation water.

- The drainwater analysis confirmed, that excessive nitrogen and calcium concentrations were
lowered if the application of these elements were reduced.

- In the closed system there is a risk that ballast elements (sulphate, sodium, chlorine, etc.)
accumulate, which means that there may be a need for limiting the service life (recycling
period) of the drainwater, particularly in the case of poor water quality.
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Figure 2: Nutrient quantities applied per cucuthyber plant in substrate culture - open and closed
systems
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Figure 3: Cucumber yields in open and closed substrate culture systems; overall result of one
spring culture and one auttumn culture (175 antd 83 vegetation days, respectively)

Comparison of organic and mineral nutrition

The effects of a ,,standard" mineral solution on the growth and yield of cucumber plants were
determined in comparison with an organic solution consisting mainly of LACTOFOL-O.
The variants with LACTOFOL®-O yielded 19% higher than those with standard solution
(Fig. 4). Perlite was 7% better than rockwool. Leaf treatment (spraying), too, produced highly
beneficial effects in all solution and substrate variants and was much superior to the controls.
The higher crop yields may have been due also to different nutrient quantities. As can be seen
from the specific nutrient uptake per plant (Table I), the LACTOFOL®-O solution supplied
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has somewhat larger quantities of all macronutrients except for phosphorus. The higher

nitrogen rates were confirmed by the N0 3-N dynamics in rockwool, but those values did not

differ significantly between the two solutions, and they were in the normal range of variation.

SrA dt Soltion wib LACTOFOL- 0 Snu anilemt Sfltil n

E2W.

ILf= .c..-- It tt %

VP CP7J'I 'yOS,j P

Led Teflhsfl

Figure 4: Yield of cucumber grown in perlite and in rockwool slabs, using two different solutions

and leaf treatment with LACTOFOL ®-O, LACTOFOL ®-Fe or humic acid

Table 1: Nutrient consumption of cucumber over one vegetation period cultivated in different

substrates [glplantJ

Nutrient Standard solution LACTOFOL®-O solution

N 22.95 37.35

P 6.53 3.27

K 45.37 63.22

Ca 8.52 13.75

Mg 5.07 8.14

Conclusion

The presented strategy of the continuously correction of the target values based on data from

analyses of drainwater and the content of elements in the substrate enables a high yield even

in a sensitive crop like cucumber despite a lower supply of nutrients. There is a need, however,

for further investigation to adopt the target values in different growing systems. This program

also exists for tomato and it is planed to apply it to other crops.
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Osszefoglalds

A trigyizais strat giija talaj n6lkiili
z61ds gtermeszt sn l

M. Bdhme

Humboldt-University of Berlin, Dept. Horticultural Sciences, Lentzeallee 75,
D-14195 Berlin, Email: michael.boehme@rz.hu-berlin.de

Az el6adfs a talaj ndlkdli kultfirknAl hasznAlhat6 tipoldatok kdszit6s6t tgrgyalja. A tipoldat
legt6bbsz6r a szakirodalomban talhlhat6 receplek alapjzin 6ssze6llithat6, n6hiny elemere
n6zve korrekci6s faktorokat is kdzdlnek. Jelen dolgozatban m6dszert ismertetnek a tApoldat
dsszetdtel6nek kiszAmitAsdra, amelyben figyclembe veszik a viz min6s6g6t, az elfoly6 dr6nviz
6sszet6tel6t, a termeszt6si kdrilm6nyeket 6s a f6nyviszonyokat. A szAmitAsi m6dszer nyitott 6s
zart rendszerekre egyartint j61 adaptilhat6. A m6dszer akkor is alkalmazhat6, ha a tfpoldat-
ban szerves komponenseket is hasznlunk.
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Bernith Jen6

A taipanyag-ellitottsig hataisa a gy6gy-
es aroman6v nyek biomassza- es speciilisanyag-

produkci6jira
SZIE, Kert~szettudomfnyi Kar, Gy6gy- is Aromaniivknyek Tanszkk,
1118 Budapest, Vilinyi 6t 29/45.

Bevezet~s

A gy6gy- 6s aroman6nyek tipanyagfelv6tel6nek dinamikdija alig ismert, kiil6nsen, ha ezt
a sz6imunkra fontos specidlis (szckunder) anyagok k6pz6d6se vonatkozfisfban kivAnjuk
tOrgyalni. A specilis anyagok szint6zis6re vonatkoz6 korszer6 ismeretek alapjAn azonban nyil-
vfnvald (Waller 6s Nowacki, 1978, Vdgujfalvi, 1990), hogy czen anyagok az univerzflis
(primer) folyamatokhoz kapcsol6dva k6pz6dnek, s felhalmoz6dfsuk a prekurzorgramlAs,
az akkumulAci6 6s a mir felhalmozott anyagok metabolIzis6nck fiiggw6nye. A speciAlis n6-
v6nyi anyagok biogenctikai rendszere alapj6n 6t f6 n6vdnyi (szekunder) anyagcsoport ismert:
a) szacharidok, b)fenoloidok, c) poliketidek, d) terpenoidok, e) az N-anyagcsere-folyamatokban
k6pz6d6 azotoidok. A specidlis anyagok fenti csoportjainak felhalmoz6dAsa 6s a tipanyagok
felvdtele kz6tti cgzakt, szArmszerdsitett, biok6miailag, illetvc fiziol6giailag igazolt
6sszeftigg6sek ma mdg csak rdszben feltdrtak. A tApanyagok hatIsAra vonatkoz6 feltAr6
munkfk inkbb a biomassza - ezen bellil a hat6anyag-produkci6 -, a talajb6l felvett, illetve
a drogok cgys6gnyi mennyisdgdbe be6pftett tApelemek mennyisdge alapj~in k6zeliti meg
a k6rd6st (Anonymus, 1987-1988).

A tipanyag-ellItottsdg szerepe a hat6anyag-produkci6 m6dositAsiban

Az ui6bbi k6t 6vtizedben ktzreadott kis6rleti eredmdnyek, gyakorlati (termeszt6stechnol6giai,
agron6miai) tapasztalatok alapjfn az 6kol6giai tdnyez6k, ezen bMill a tApanyag-ellftottsAg
h6rom f6 hatzisirgnyon keresztiil, a szArazanyag-produkci6 m6dositisAval, a szervi arAnyok
befolyfisolfisa r6vdn, illetve a speciAlis anyagok felhalmoz6dfsi szintj6nek megvfltoztatAsdval
hathat a speciilisanyag-produkci6ra (Bernith, 1996).
A szArazanyag- 6s speciAlisanyag-produkci6 6sszeffiggkse: E tekintetben leg'ltalfnosabb 6s
gyakorlati szempontb6l is j61 nyomon kdvethet6 a inedris produkcios kapcsolat (Y = A +bX),
amikor egysdgnyi sz'razanyagprodukci6-n6vekedds (X) egys6gnyi specidlisanyagprodukci6-
n6veked6sscl (Y) jar egyfltt. Ez lnyeg6ben azt jelenti, hogy a taipanyag-ellAtottsdg vdlto-
ztiszinak hatAsAra a primer produkci6 vAltozatlan beltartalmi 6rt6kek mellett m6dosul, azaz
az univerz6lis 6s speciAlis anyagcsere-folyamatok intenzitisinak ar,,nya v6ltozatlan marad.
SzAmos ilyen produkcids kapcsolat ismert. Mivel kialakulAsa fajt6l (de esetenk6nt 6kotipust61
is) fogg6, tdnyleges jelenI6tft egzakt vizsgflatokkal lehet eld6nteni. Jellegzetesen ilyen
produkci6s kapcsolat All fenn, azaz kazel lineAris asszefflggds szerint m6dosul tmbb Solanaceae
faj alkaloidprodukci6ja a tfpanyag-ellitottsigi szint vAltozAsakor. Sajit vizsgdlataink alapjfn
az orvosi csucsor (Solantwn laciniaturn) szdrazanyag-produkci6jAnak n6veked6se tApanyagha-
t6sra gyakorlatilag v.ltozatlan hat6anyagszinten megy vfgbe (I. Abra). Az ill6olajos ndvenyek-
re is hozhat6 ilyen p61da. Bains et al. (1977) japAn mentAra (Mentha an'ensis) vonatkoz6
vizsgdlatai alapjdn a fokoz6d6 mennyiseg6 nitrog6n optimumg6rbdnek megfelel6 vAltozdst
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indukil a friss ndv6nytbmeg k6pz6d6s6ben, de czzel egyidejflleg az ill6olajszint gyakorlatilag
valtozatlan marad. Ez egyben azt is jelenti, hogy a tfpanyaghatis az dsszcs produkci6val
artinyosan (linedrisan) ndveli az ill6oiajhozamot.
A primer (6sszes n6v6nvtdmeg) ds specidlisanyag-produkci6 viszonya szfmos esetben inkdbb
hatvdnyffiggveinyeljelleneziet6 (Y =AxXb). Ilyenkor a specihlis anyag n6v6nyben felhalmozott
osszmennyis6ge (Y) a szirazanyag-produkci6 noveked6se alapj.n virhat6 6rtdkn6l (X) na-gyobb. Ez tulajdonk6ppen azt jelenti, hogy egy adott effektiv t6nyez6 hatAsak6nt (p6idiul
adott esetben tfpanyaghatsra) a speciAlis anyagok irdnyfiba tol6dik el az univerztilis 6s
speciflis anyagok felhalmoz6dgsi arAnya. Jellegzetesen ilyen vhltozfst mutat sajit
vizsgAlataink alapjfn a Digitalis lanata lanatozid - C produkci6jAnak nitrogdnellftottsAgt61
fiigg6 v~ltozisa (2. fAbra). 1i6olajos n6vdnyek kbz6tt borsosmentval (Mentha piperita) v6gzett
kisdrletei bizonyftanak ilyen tipus6 dsszefugg6st (Hornok, 1990). NO, N15 , N250 , N39) szerint
ndvekv6 nitrog6n-mtrigyfizAs hatsgira az dsszes primer produkci6 tdbb mint
megtizszerez6dbtt, de ezalatt az ill6olajok felhalmoz6disfAnak intenzitisa is 0,911%-r61
1,52 8%-ra fokoz6dott.
R6szleteiben legkev6sb6 tisztfzott, s egyben a gyakorlati termeszt6s szempontjgb6l is legkriti-
kusabb ez a polinonnal k6zelithetd osszefuiggdsifonna (Y=A +BX+BX2 +.B....BA), amikor a
specialis anyagok fclhalmoz6d6sinak intenzitAsa (Y) mAr a szdrazanyag-produkci6 (X)
intenziv noveked6si szakasziban csbkkenni kezd. Ez a kapcsolati dsszeffigg6s talan az i116-
olajos fajok vonatkozisiban a legismertebb. Igy Vigujfalvi (1962) szerint mig az Altala alkal-
mazott nitrog6nd6zis varidci6s sorban az orvosi sz6kfO (Matricaria recutita) hajtAs- 6s virAgpro-
dukci6ja optimumgbrb6t mutat, addig az ili6olaj-tartalom mAr az intenziv produkci6s szakasz
kezdctdn megkezdi 6rt6kszintcsdkken6s6t (3. Aibra). Indiai tapasztalatok ezzel egyez6cn azt
mulatj6k, hogy e faj produkci6s t6meg6t mcgkdlszerez6 nitrog6nszint az ill6olaj-tartalmat
0,64 %-r61 0,59%-ra csokkenti. Hornok (1990) ugyancsak nitrog6nhatAsra az Anethum
graveolens-nl jelez hasonl6 tipus6l 6sszefflgg6st. amit ut6bb holland szerz6 (Bouwmeester,
1991) rszletes vizsg-latokkal is igazolt.
Szervi arAnyok v6ltozAsa: J61 ismert, hogy a speciflis nbv6nyi anyagok a kflldnbdz6 nbv6nyi
szervekben elt6rd mennyis6gben halmoz6dnak fel (szervi differenciiltsig). igy a ndv6nyekre
hat6 valamennyi effektiv t6nyez6, amely a szervi arAnyok m6dosuiAsfihoz vezet, a spcciAlisanyag-
produkci6t is befolyAsolhatja. Rendszerint vAltozik a felhalmozott specilis anyagok mennyis6ge
akAr a kdpz6d6si hely, akAr a felhalmoz6 szerv vagy mindkett6 produkci6s hiAnyada eltol6dik.
Ma mir klasszikus p6ida e tekintetben az orvosi csucsor (Solantun laciniatum) 6s azebsz6l6
aucsor (S. dulcamara) alkaloidokat intenziven akkumulIl6 szcrv6nek - bogy6term6s6nek
tipanyag-ellitottstgi viszonyokt6l fiiugg6 v6ltoz6konysiga. A 4. 'bra alapjiAn j61 lfthat6, hogy
p61dAul az orvosi csucsor eset6ben a fokozott nitrog6nlh'tAs hatAsAra az alkaloidokat minimilis
mennyis6gben (0,1-0,2%) felhalmoz6 szjrr6sz tmege n6, a 2,5-3,0% szolaszodintartalmi
bogy6 mennyis6ge viszont abszol6t 6s relativ 6rtelemben egyarfnt csdkken.
A szervi arlnyok vAltoz5sa az ill6olajos fajok vonatkoziisiban is ismert jelens6g. Az orvosi
szekffO (Matricaria recutita) vonatkozAsAban Vdgujfalvi (1962), a kapornl (Anethum
graveolens) Hornok (1990) hivta fel a figyelmet a szervi artinyok v-dltozAsrnak jelent6s6gdre.
Az ill6olajos fajok kdz6tt metodikai szempontb61 is 6rdekes k6rd6st vetett fel a macskagybk6r
(Valeriana officinalis) szervi arfinyainak tApanyag-cllitottsjgt6 fiigg6 vAltozAsa. A specizilis
anyagok felhalmoz6dAsfnak helye ugyanis itt a gy6k6r. VizsgAlataink alapjAn a nitrog6nellIA-
tottsAg ndveked6se (5. Abra) optimumg6rbenek megfelei6 friss produkci6vdltozfst eredme-
nyez. Amig azonban a hajtstomeg noveked6s6ben az N4-d6zis, addig a gybk~rtdmeg n6veke-
d6s6ben mAr az N3-d6zis jelenti az optimumot. A hajtsn6veked6s fokozott, a yk6rn6veke-
d6s viszonylag kisebb nitrog6nig6ny6t jelzi a gydk6r/hajtAs arAny vAltozisa is. Ert6ke a nitro-
g6nellit~s n6veked6s6vel pfrhuzamosan 1,356-r61 0,696-ra cs6kken. A nitrogdnellAt~s
fokoz6dd sval ugyanakkor artinyosan kisebb a gy6krfefilet is (az egy nbv6nyndl m6rt
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0,4417 m2-r6l 0,1009 m2-re csokken). A foszforellftottsfg vfltozAsa, ha kisebb m6rt6kben is,

de jellegben a nitrog6nhez hasonl6an hat.
SpeciAlis anyagok felhalmoz6disi szintje: A specifIis n6v6nyi anyagok bioszint6zis-fitjainak

megismer6se mind nyilvfnval6bbA teszi, hogy a kdrnyezet befolydsa a speciAlis folyamatokra

els6sorban k6zetetten, a primer folyamatok m6dositAsn keresztiil val6sul meg (Bell-

Charlwood, 1980). Egy cffektivnek v6It t6nyez6, igy a tfipanyag-elldtottsig hatisa a speci4lis

anyag felhalmoz6dfsi szintj6re dsszetett biok6miai viltoztsok sorAn nyugszik.

A tipanyagellAt~s 6s a specidlis anyagok felhalmoz6d~isi szintjc k6zdtti kapcsolatot ennek

ellen6re tdbb szerz6 is igazolta. [gy Vfigujfalvi (1967) sz6ds6s6gesen nagy intervallumi

tfpanyagd6zisok alkalmazisakor a csattan6 maszlagnl (Datura innoxia) optimumgorb6nek

megfelel6 vAlaszreakci6t mdrt. Ehhez hasonl6 optimumhatfst tapasztaltak a dohAny

(Nicotiana tabacum), a ricinus (Ricinus communis), a r6zsamet6ng (Catharanthus roseus) 6s az

anyarozs alkaloidjainak nitrog6nelldtottsigt6l fiigg6 felhalmoz6disdban (Bernath, 1985).

A makkal (Papaver somniferum) v6gzett sajAt vizsgflataink alapjfin ugyanakkor bizonyftottuk,

bogy a tipanyag-utAnp6tlAs bcfolyisa a specifflis anyagok felhalmoz6dAsAra a t6bbi kdrnyezeti

faktort6l nagym6rt6kben fflgghet. A 6. Abrfn bemutatottak szerint fitotronban v6gzett

modellkis6rletek alapjin (Bernith, 1985) alacsony f6nyintenzitison (8 klx) 6s r6vidnappalos

felt6telek kdzdtt, de ugyanigy er6s f6nyintenzitis alkalmazfisakor (32 klx) a tipanyag-ell~tott-

sAgi szint aug befolysolja az alkaloidok felhalmoz6dsAt. Ezzel szemben az optimum kozeli

16 klx f6nyintenzitfson a tApanyag befolyAsa jelent6s 6s mindk6t tirsalkaloid mennyis6ge a k6-

zepes (NL 3) d6zisban a maximflis.
Terpenoidos n6v6nyfajok vonatkozAsfban viszonylag dsszetettebb kp alakult ki, hiszen a tip-

anyagok hatAsa e speciilis anyagok felhalmoz6dfsi szintjdre egyarant lehet pozitfv 6s negativ

ir~inyfi. Igy a kapor (Anethum graveolens) mfitrfgytzfsakor Hornok (1990) k~zepes tApanyag-

szinten tapasztalta a maximAlis ill6olaj-tartalmat (3,33%). Fldesi 6s SvAb (1978) az 6desk6-

m6ny (Foeniculum vulgare) 6s a levendula (Lavandula angustifolia) p6tl6lagos tdpanyag-

elldtAsakor ill6olajtartalom-cs6kken6st m6rt (valamennyi tApelem hatAsak6nt). Bains et at.

(1977) a japAn mentdt (Mentha arensis) vizsgdlva a fokoz6d6 nitrog6n 6s foszfor hatAsak6nt

mintegy 100%-os droghozam-n6veked6st 6rt el, vltozatlan ill6olajszint mellett. Nikolova et

al. (1999) pedig a kamilla (Matricaria chamomilla) ill6olaj-tartalmAnak nOvekedfs6t

tapasztalta foszfortrAgyAz6s hatAsfra.
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I. Abra: A nitrogenelldtotisdg n6vekedisdnek hatdsa az orvosi csucsor (Solanum laciniatum)
szdrazanyag-produkcidjdra is drogidnak alkaloid (szolaszodin) -tartalndra
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2. Abra: A nitroginelldrottsdg hattsa a gapjas yAD7szIvirdg (Digitalis lanata) Iev'Flprodukcidjdra
ids szivglikozid-tartalmdra (Berndth, 1985)

17



to,

3. Aibra: A nitrog(!nedlltottsdgi szint vdllozeisdnak a hlatdsa az orvosi sz~kffi (Matricaria recutita)
virtg- es hiatdsprodukci6jdra, valamint ill6olaj-tartalm~ra (Vdgujfalvi, 1962)
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5. Abra: A tdpanyag-eldtottsdg hatdsa az orvosi dacskagokcr (aleriana officinalis) eukr-

6p hajtdsprodukcidjnra (Bedth et al., 1975)
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6. 6bra: A tdpanyag (NLI-3) is a fdnyelldtottsdg kdlcs/nhatdsa a mdk (Papaver somnifernm)
morfin- s kodeintartalmdra (Berndth, 1985)

Sumntary

Jen6 Bernith

Effect of nutrition on biomass and active agent
production of medicinal and aromatic plants

SZI University, Faculty of Horticultural Sciences, Department of Medicinal
and Aromatic Plants, 1118 Budapest, Villinyi str. 29/45

The relationship between the nutrition and metabolic processes leading to the formation of
special products (active agents) is certainly important, but little is known of this relationship.
However, the production of these compounds - in harmony with other ecological factors -
may be affected by nutrition in three different ways:
- Influencing the dry-matter production as a whole,
- Changing the ratio of organs having a central role in accumulation,
- Modifying the accumulation level of active agents, directly.
The most general relation between production of dry matter and special compounds is, when
the unit growth of dry matter results a unit accumulation of a secondary product. This type of
relation (linearlike) is generated by nutrition in alkaloid accumulation of Solanum laciniatum
and S. dulcamara. However, as has been proved in other experiments carried out on Digitalis
lanata and Mentha piperita, the quantitative accumulation of active agents may exceed the
increase of dry matter production and in that case the relation can be characterised by a power
function. On some other occasions (Matricaria recutita, Anethum graveolens) the relation of dry
matter and active agent production, modified by nutrient supply seems to be much more
complicated and can be approached, only by orthogonal polynomal.
Nutrition that leads to a modification in the ratios of plant organs to whole plants (taking into
account localisation of secondary products) also influence the total production of active
agents. This type of action was proved in the cases of plant species accumulating alkaloids
(Solanum laciniatum, S. dulcamara) and volatile compounds (Matricaria recutita, Anethum
graveolens, Valeiana officinalis) as well.
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The accumulation level of active agents, can also be modified by nutrition. This statement is
supported by the results achieved in the case of many species accumulating either alkaloids
(Datura innaxia, Nicotiana tabactum, Catharanthus roseus, Papaver somnifenant), or volatile
compounds (Anethtm graveolens, Foeniculum vulgare, Lavandula angustifolia, Mentha anrensis,
Matricaia chamomilla). However, many contradictory results have been obtained under open
field condition due to the complexity of the external factors.
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Terbe IstvAin - SlezAk Katalin - Kappel Noimi - T6th Kamil

A kiliumtraigyizais hataisa a z61ds gn6v nyek
term smennyisgere es min6segere

Szent Istvfin Egyetem Kert~szettudomgnyi Kar Z6Ids~g- 6s Gombatermeszt6si
Tanszk, 1118 Budapest, M~nesi t 44., zold@omega.kee.hu

Osszefoglalds

Az elmilt tfz 6vben jelent6sen visszaesett MagyarorszAgon a mftrdgya-feIhasznMlfs, ezen be-
11 is kfildnbsen s6ilyos hiAny mutatkozik a tfpanyagmerlegben. Talajvizsgdlatokkal j61 nyomon

kdvethet6 a talajok kfliumtartalmAnak cs6kken6se. Az 1980-as 6vekben talajaink kAlium-
tartalma kifejezetten j6 volt, napjainkban egyre t6bb terfllet kerfil it a ,gyenge" 6s a ,,k6zepes"
ellAtottsfg6 kateg6ri.ba.
A nem kiel6git6 kAliumellAtfsnak, a k6zismerten kliumig6nyes kert6szeti n6v6nyek eset~ben
a term6smennyis(g cs6kken6s~n kiviil, sdlyos kdvetkezm6nyei lehetnek az EU-csatlakozis
kapcsAn egyre tdbbet hangoztatott min6s6g vonatkozAsdban is.
A j6v6ben a z6Ids6gf6l6k eset6ben jobb - okszerdbb - kiliumtrfgyAzAs mellett nagyobb
figyelmet kell forditani a kAiliummiitrgyAk szakszerO megv6ilasztisdra 6s a kfliumadagok he-
lyesebb megosztAsfira is.

Bevezetis

MagyarorszAgon a mez6gazdasAgi - ezen belhil a kert6szeti - termesztds kapcsfn egyre t6bb
sz6 esik a term6shozamok mellett a min6s6gr6l. Mig korAbban megkOl6nbdztettonk belf6ldi
6s export min6s6get, kelet-eur6pai 6s nyugat-eur6pai piaci ig6nyt, addig napjainkra kdrvona-
laz6dott, hogy a liberalizfl6dott kereskedelmi viszonyok mellett 6s a tflkinAlat hatAsfra csak
j6 6s rossz term6kr61 besz6lhetflnk, kizir6lag csak j6 min6seggel van es6ly a nemzetkdzi
viszonylatban kereskedni, de rossz fruval m6g a bcls6 - hazai piacokr6l is kiszorulunk.
A term~smin6s6g nagyon dsszetett, sok vonatkozfsban meglehet6sen szubjektiv, bar az ut6bbi
15-20 6vben az organoleptikai vizsgAlatok mellett szimos rcol6giai m6dszert is kifejlesztettek,
Cs korszerdsitettdk a konzisztencia, az eltarthat6sAg, az izanyagok, a szindsszet6tel, az emberi
tfplilkozAs szempontjfb6 ndlkiildzhetetlen vitaminok 6s feh6rjeanyagok kimutatfsfra
szolg.16 m6r6seket. Rdszben a fejleszt6sek, r6szben a min6s6gre irfnyul6 m~r6sek 6s kutat-
sok sordn vflt ismerttC sok 6sszefugg~s a min6sdg Cs a n6v6nyttplAlIAs kdzdtt. Azok a korgbbi
felt6telez6sek 6s sejtdsek, amelyek csak r~szben voltak szdmadatokkal alftfmasztva, a mdsze-
res vizsgflatokkal sok esetben igazolfst nyertek, 6s a konkr6t 6sszefiigg6sek ismeret6ben
lehet6v tett6k a term~smennyis6g mellett a min6s~g drdekdben v6gzett okszer6 6s c6ltudatos
tdpanyag-utdnp6tist.

A talajaink tipanyag-elIfitottsAga

Az 1970-es 6s az 1980-as dvekben Magyarorszdgon eur6pai m6rc6vel is egy j61 dsszehangolt,
minden fontosabb talajparamdterre kiterjed6 talajvizsgAlati rendszer mfkbdbtt kozponti
irAnyitfssal, Cvente a levizsgAlt talajmintfk szAma meghaladta a f6imilli6t, ami lehet6v6 tette
az orszAg term6talajair6l egy folyamatos 6s ftfog6 kp megszerz6s6t. Az utols6 r6szletes
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talajvizsgflat, amely a mftrdgyfzAs csfcsid6szak6nak szdmit6 80-as 6vek mfsodik fel~ben k6-
szfilt, meglehet6sen kedvez6 k6pet adott a hazai talajok tOpanyag-ellitottsAgfr6l. A nitrogen
73%-ban, a foszfor 89%-ban, a kAlium 83%-ban k6zepes vagy annAl kedvez6bb ellftottsAgi
szintet mutatott, a kifejezetten gyenge kateg6ridba tartoz6 talajok szima egyik tpelem
eset~ben sem 6rte el a 10%-ot. Az 1996-97-es 6vekben v~gzett, igaz, nem teljes kbrfi talajtdp-
anyag-felm~r~s alapjin - minddssze 80 000 ha-on t6rt~ntek konkr~t vizsgdlatok 6s a tovAbbi
tertileteken becsl~sek - azt az eredm~nyt adtAk, hogy a foszfor 6s a kflium tipanyagok eset6-
ben jelent6sen csOkkent a j6 6s az igen j6 kateg6riAba tartoz6 talajok szjma, 6s jelent6s m~r-
t~kben nbvekedett a kozepes cllftottsAgi szintet mutat6 tertiletek arAnya [1; 2].

A mfitrigya-felhasznils alakuAsa

MagyarorszAgon a mfitrigya-felhasznis az 50-es 6vek mAsodik fel~ben indult meg, 6s egy di-
namikus noveked~s utn a 80-as 6vek v~g~re eldrte a cs~csot, az 1,5 milli6 tonna
hat6anyagmennyis~get, ami mfivelt teriletre szAmitva a 220-230 kglha/6v volt, 6s czzel
nemzetk6zi vonatkoz~sban is az 61vonalba keruilt. Ezt k6vet6 hirtelen zuhan5ssal (1991/92) a
nitrog~ntrgyAzAs szintje a 60-as 6vek, a foszfor 6s a kAlium az 50-es 6vek szinvonalkira esett
vissza. Jelenleg egy lass0 ndveked~s figyelhct6 meg mind a hdrom tOpelem eset~ben, de ez
messze nem fedezi a ndv~nyek Altal kivont tipanyagok mennyis~g~t, a termeszetes
vesztesdgeket (tipanyag-kimos6dfs, tfpanyag-lekdt6d~s) [3; 4].

A termdtalajaink tfpanyagmrlege

Egy orszfg mez6gazdasAgfnak szinvonalit j61 jellemzi a talajok tfpanyagm~rlege. Igaz,
az ilyen szfmitAsok a konkr~t m~r~sek 6s statisztikai adatokon kfviol tobb-kevesebb becsl~sre
is 6pailnek. Ennek ellen~re j6 6sszehasonlitdst adnak a 80-as 6s a 90-es 6vek ttipanyag-utdnp6t-
l5si viszonyokr6l. Az adatokb6l j61 Iithat6, hogy a 90-es 6vek tOpanyagm~rleg-hifinya - ami ki-
zdir6lag a mfitrAgyfzAs alacsony szinvonalfb6l ad6dott - annyi, mint az azt megel6z6 6vekben
az aktivum: 70 kg/ha (I. tAblAzat) [5; 6].

A z6ldsgtermeszt~s agrok~miai vonatkozisai

A ndv~nytermeszt~s speciilis Aga a zdlds~gtermeszt~s, amely szAmos vonatkozzisban megegye-
zik a szfnt6f6ldi n6v~nyek termesztdsdvel, de att6l sok vonatkozAsban el is ter. Ez 6rvdnyes
a tripanyag-visszap6tlfsra is, hisz a zd1ds6gfdl~k termeszt~se r~szben a sz6nt6fdldi
n6vdnyekkel egyuitt, kombinAlt vet~sforg6ban t6rt6nik, ugyanakkor eg~szen speciAlis
trAgydzAsi rendszere van az intenziv zoldsdgtermeszt~snek (fdlia alatti hajtatAs, iiveghdzi
termesztds, sfkf6lifs termeszt~s, tfmrendszeres paradicsom- 6s uborkatermeszt~s) 6s az
6ntbzbtt zdlds~ges vet6sforg6kban is mfsok a tApanyag-ellftisi viszonyok.
Relis helyzetk6p csak akkor alkothat6 a szabadfbldi (szdntdfdldi) nem intenziv zdldsdgtermesz-
tds mtr gya-felhasznAldsdr6l, ha kulOn 6rt~keljflk a kombinilt szAnt6fbldi forg6ban termelt
n6vdnyeket (bors6, bab, hagyma, ffiszerpaprika, ipari paradicsom) 6s az 6nt6zdtt zdlds~ges
vet~sforg6 n6v~nyeit. Mig az els6 csoport eset~ben ugyanazok a tendenciAk 6rv6nyesiilnek,
mint a szAnt6fOldi nivdnyekn6l: cs6kken6 tApanyagtartalom, rendkivil alacsony mtitrdgya
felhasznAilAs, egyoldal6 nitrogen mfitrdgyAzAs gyakorlatilag kflium- Cs foszforfelhasznlIAs
n6lkil, addig az dntdzdtt vetsforg6kban nagyobb a mtrAgya-felhasznmlfs, 6s a mdrleg ltalIA-
ban nem mondhat6 negativnak. Meg kell azonban jegyezni, bogy a kombinilt forg6n beilil
a zblds~gf~ldk kedvez6bb helyzetet 61veznek, inert az Ozemek adottsAgft6l, p6nzigyi lehetd-
s~geit6l fOgg6en - szemben a szAnt6fdldi nbv~nyekkel (bhza, rpa, kukorica, takarmAnyn6vC-
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nyek) - igyekeznek els6sorban a nagyobb brutt6 termel6si 6rt6ket k6pvisel6 zdlds6gfajok tipa-
nyagig6ny6t biztositani [6].
A zbldsdges vetdsforg6ban, ez f6leg a kisebb Arutermel6 gazdasAgokra vonatkozik, a mitrtgya-
felhaszntlgs a 90-es 6vekben kisebb m6rt6kben csdkkent, mint a kombindlt vet6sforg6ban, el-
s6sorban nagyiizemi kdriilm6nyek k6z6tt termesztett z6Ids6gfajok cset6ben. A gazdtik trek-
szenek a talajok tApanyag-elltottstgAt mdg a j6vedelmez6s6g rov~stra is fenntartani, igaz, ez
f6ieg a nitrog6nellAtsra vonatkozik. Ami kfros jelens6gkdnt mdg ezen a t6ren megtllapithat6,
az az dllattliomiAny csbkken6s6b6 ad6d6 egyre kevesebb szervestrAgya-felhasznilAs. Ez pedig
a kivtl6 talajszerkezetet felt6teIez6 z6!ds6gfajok, az An. szervestrfgya-ig6nyesek (trAgyAs
kapfsok) eset6ben sOlyos min6s6gi 6s mennyis6gi gondokat vet fel a term6seredm6nyek
vonatkoz stban.
Az intenziv z6ldsigtermeszws tendjetn - ttmrendszeres uborka, paradicsom, valamint az alagu-
tas dinnyetermeszt6sben, tovAbbt a z61ds6ghajtatfsban - az ut6bbi dvekben egy jelent6s vtl-
tozas figyelhet6 meg. Az Ailtaltnosan elterjedt cseppcnknti 6nt6z6s kapcsAn egyre t6bb ter-
meszt6 az dsszetett 6s komplex mitrtgy-kat hasznAlja, amelyek tfpelem-6sszet6tcle a ndveny
ig6nye szcmpontjdb6l 16nyegescn kedvez6bb. A magasabb jdvedelem, a gyorsabb mcgt6riiles
k6vetkeztdben sokkal nagyobb a mt~trtigya- 6s a szervestrAgya-fclhaszntlts, ebb6l ad6d6an
a talajok tApanyag-elidtottstiga is j6, nem egy esetben pazarl6.
AltalAban elmondhat6, hogy az agrokdmiai szempontb6 kritikus helyzetben lv6 ndv6nyter-
meszt6sen belil a z61ds6gtermcszt6s valamivel kedvez6bb helyzetben van, de m6g igy is stlyos
tdpanyagm6rleg-hiAny 611 fcnn az Agazatban, els6sorban foszforb6l 6s kAliumb6.

KAilium a n6v6nyben

A z6Ids6gn6v6nyek 80-85%-ban vizet tartalmaznak 6s a fajt6i, termeszt6si kdriilm6nyekt6l
ftigg6en 15-20%-ban sz6razanyagot, amely nyersrostb6l, feh6rjb61, nitrog6nmcntes anyagok-
b6l All. Ez ut6bbi olyan fontos ndv6nyi tApanyagokb6l tev6dik dssze, mint a foszfor, a magnd-
zium 6s mindenekei6tt a kAlium, ami az 6n. hamuelemeknek t6bb mint a 60%-At teszi ki. Ez az

rt6k 5-10%-kal magasabb, mint Altalfban a gabonaf6I6kn6.
A n6vdnyek a kAliumot aktiv ioncsere keret6ben veszik fel K+ formAjAban, a gyok6r 16gz6se-
kor felszabadul6 H + leadAsa ellen6ben. Mindl nagyobb a talaj kfliumkinilata 6s min6l inten-
zfvebb a gydk6r mfk6d6sc, annAl nagyobb lehet a felv6tel. A talaj j6 oxig6nelltsa 6s a gyd-
kerek nagy sz6nhidrAttartalma el6segiti a kdlium felvdteldt, ami a talajoldat koncentrAci6jtnak
emelked6s6vel egy telit6d6si gbrbe szerint halad. A n6vdny kAliumtartalmfnak emelked6se
cs6kkenti a felv6tel m6rtdk6t. A csbkken6 kAliumfelv6tel fokozza a kalcium felv6tel6t. A kAli-
um felv6tele a h6m6rs6klet emelked6s6vel fokoz6dik. A gydk6r a ktliumot kbzvetlenfil
a talajoldatb6l veszi fel, amely 5-5 kg/ha mennyis6gben tartalmaz K20-t, cz 16nyegesen
kevesebb, mint amennyit a nbv6ny egy Atlagos term6smennyis~g kifejleszt6s6hcz felhasznil.
A talajoldatb6l elfogy6 kAlium az agyagAsvAnyok feliilet6r61 ioncsere itjAn folyamatosan
p6ti6dik abban az esetben, ha a talaj elegend6 kfliumot tartalmaz. Term(szetes k6riilm6nyek
k6z6tt az agyagAsvtnyokban gazdag talajok t6bb kiliumot tartalmaznak, mint a homoktalajok,
ezekn6i a talajoldat feltlt6d6se gyorsabban v6gbemegy, de m6g igy sem elegend6 a nagy
klium-ig~nyt z6lds6gfajok tApanyagfelv6teldnek fedez6s6re. Arr6 nem is sz6iva, hogy a z6ld-
s~gterm6 kbrzetek tobbnyire rossz kdlifeltir6dfsfi, homok jellegO talajon helyezkednek el.

Term~smennyis~g 6s a termsmin6s~g 6sszeftigg~se a kfliumellitAssal

A z6lds~gfajok kAIiumig6nye nagyon elt6r6, egy-egy z6lds6gkultira kAliumfelhasznflssa ftgg
az adott n6v~ny fajlagos kAliumig~ny6t6, a term~smennyis~gt6, a termesztdsi k6riilmdnyekt6
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6s a term6talaj tfpusit6. Altalinossdgban elmondhat6, hogy a kcrt6szeti nv6nyek, ezen bellil
a z6lds6gf~lkk az Atlagosnil i6nyegesen t6bb k'liumot hasznositanak a term6sdk
kifejleszt6s6hez.
Termeszt6si szempontb6l a kiliumnak mint n6v~nyi tApelcmnek a szerepe hirmas [7]:
Noveli a termdsnzennyisdget.
- Az optimilis kdliumellAtis el6segiti a zavartalan ndv6nyianyag-cserdt 6s ezen keresztiil

jelent6s m6rt6kben hozzdjArul a kiemelked6 term6seredm6nyek el6rds6hez.
- Tbb z6lds6gfaj gazdasigi 6rtelemben vett term6se igen jelent6s mcnnyis6gben tartalmaz

kdliumot, ez6rt a term6sn6veked6ssel a n6v6ny k6liumfelvdtele is k6zel egyenes arAnyban
nbvekszik.

Fokozza a termesbiztonsdgot.
- Javitja a ndvdnyck hidegtir6 k6pess6gdt.
- Ndveli a betegs6gekkel szembeni ellenAIlt6 k6pessdget.
- Fokozza a szArazsfgtflr6 k6pess6get.
Javitja a termnsmin6sdget.
-A kalium el6segiti az aroma-, az iz- 6s a szinanyagok kialakul6sit.
- Fokozza a fotoszint6zist 6s az enzimreakci6kat, eziltal magasabb a terms cukor-, feherje-

6s vitamintartalma.
- Javitja a termds kfls6 megjelen6set, a piacossiglt aziltal, bogy fokozza a szinanyagok k6p-

z6dfs6t.
- Noveli a term6s szirazanyag-tartalmit 6s a sejtfalak vastagsAgit, eziltal javitja a t6rolhat6-

slgot.
A kilium legnagyobb mennyis6gben a fiatal n6v6nyi r6szekben fordul e16 ott, ahol az anyag-

csere lejitsz6dik 6s ott, ahol a sejtoszt6dAs intenziven megy vdgbe. Mobilitisa igen nagy, mivel

a szerves anyagokba alig 6piil be, t6bbnyire ionos formdban van jelen a n6vdnyi sejtnedvben
6s a kolloidokon. Els6sorban a vegetativ r6szekben halmoz6dik fel, 6s igy n6hlny z6ldsdgfajnAl

- ellentdtben a gabona 6s tdbb mis szint6f6ldi nvSv6nnyel - a betakarits alkalmdval nem jut
vissza a talajba, hanem a term6ssel egyiitt elsz6llitisra kerill. P6Idiul: kposztaft6ik, levtlz6ld-

sdgf6l6k, gykdrzdlds6gek, burgonya stb. Abb6l addd6an, bogy a kAliumot a vegetativ r6szek

nagy mennyis~gben halmozzik fel, ezekn6l a ndvdnyeknl kulint6sen, de a tobbi z6tdsdgf6le
eset~ben is a felvett kUlium mennyis6ge jelent6s m6rtkben fiigg a term6smennyisfgt 6l. Igy
p~ldgul a kiposztaf6l6k eset6ben a 120 kg-ttl a 280 kg-ig terjedhet az egy hektlron felvett K,O

mennyis6ge (korai kAposztam, ill. 6szi-tfli tAroldsi klposzta). Egy-egy kiliumigdnyes faj

eset6ben a fajttk kbzdtt nagyobb az eltrds, mint az egyes z6Idsdgn6v6nyek kbzbtt. A 2.

tiblizatban az egyes z6lds6gfajok kAIiumigdnye l6that6 a termdsmennyis6g fuggv6ny6bcn [7].

Kis~rIetekkel igazolt 6s a gyakorlatban is bizonyitott, bogy a kiliummal j61 ell6tott ndv6nyek
kev6sbd 6rz6kenyek a fagyra [8]. A magasabb szintfi kAliumellvits hatisira n6vekszik a sejiol-

dat koncentrAci6ja - ezzel egyiitt az oldat fagytspontja -, igy javul a n6v6ny fagytflr6
kepess6ge. Ez a kiildnbsdg, amely legfeljebb 0,5-1 0C-ban fejezhet6 ki, azoknil a

zolds~gfajoknMl bir nagyobb jelent6sdggel, amelyek az in. hidegtfr6k csoportjiba tartoznak ds

termeszt6siik a kritikus fagyveszdlyes id6szakba nytilik, pl. kAposztafd6k, gyokdrz6lds6gek, de

a melegig6nyes paprika vagy pl. paradicsom eset6ben ennek a hatdsnak, szmottev6
jelent6sdge nincs.
A kliummal j61 ellAtott ndvdnyek ellenill6 k6pess6ge n6vekszik a gombis 6s bakteriumos

eredet betegs~gekkel szemben [9]. A kiliumlrAgyizAs hatisAra vastagabb, egyben ellenill6bb

sejtfalak k~pz6dnek, amelyck megnehezitik a ktrokoz6k megtelepedds6t, ill. infekci6jdt.

A k6liummal j61 ellAIott ndv~nyekben nem 6llnak a betegsdgek rendelkezsre a ktrokoz6k

tplisdhoz szOks6ges oldhat6 amidok, aminosavak 6s kismolekulIj6 cukrok, mivel ezek egy

kiegyenstilyozott N:K ellAtlsnil gyorsan talakulnak nagyobb molekulAj6i anyagokk6. Egyes

6ijabb vizsgAlatok arra utalnak, hogy a j6 kdliumellItAs cs6kkenti a sztr6-sziv6 szijszervi
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kairtev6k fell6p6st. A zd1dsdgf6l6k eset6ben ezeket a megfigyel6seket alAtfmasztottAk azok
a kisrletek 6s gyakorlati tapasztalatok, amelyek arr6l szimoltak be, hogy a botritiszes 6s pe-
ronoszp6rAs fert6z6sre 6rz6keny n6v~nyek (fejes salfita, kfposzta, uborka stb.) magasabb kA-
liumellftis mellett kev6sb6 tiintek fog6konyaknak a betegs6gekre.
Tbb szerz6 beszimol kis6reteinek 6s a gyakorlatban tdrtent megfigyel6seinek ismertet6s6ben
art6, hogy a kfliummal j61 elldtott n6v6nyek stressztflr6 k6pessdge javult [6, 7, 8]. igy kev6sb6
mutatnak drz6kenys6get a hideghatfs mellett a szirazsAg ds ltaliban a vizhiAny okozta
kedvez6tlen behatdsokra. A kilium ilyen jellegfi kedvez6 hatfsa a csemegekukoricnil, babnMl
6s a paradicsomnmil figyelhet6 meg leggyakrabban, amelynek sorAn a tApanyagokkal,
mindenekel6tt a kliummal j61 ellitott talajokon a jellegzetes vfzhifnytiinet, a lev6lp6dr6d6s
vagy ndpiesebben a ,,levelek furuly6zfsa" k6s6bb jelentkezik.
Az ut6bbi dvekben egyre nagyobb szerepet kap a z6lds6gn6vdnyek min6sft6s6ben az iz, a szfn
6s az aroma, tovAbb6 a vitaminok jelenlte, ill. mennyis6ge. KialakulAsuk biok6miai vonatko-
zAsai m6g sok vonatkozisban nem tisztizottak 6s m6g az sem eg6szen ismert, hogy az egyes
k6rnyezeti t6nyez6k milyen hatAssal vannak k6pz6d6sukre. Rdszismeretek vannak, t6bbek
k6z6tt az is bizonyftott, bogy a k6lium el6segfti a kem6ny, egyenletesen drett, nehezen reped6
term6s kialakulIsAt [6, 7, 8, 10]. A paradicsomnil az in. z61dtalpassig 6s z6ldfoltossfg
betegs6gek az arra hajlamos fajtik esetben leginkdbb a kAliumhifnyos t6veken alakulnak ki.
Szabadf6ldi k6riilmdnyek kozdtt kimutathat6an tdbb a zOldtalpas paradicsom azokon a
talajokon, ahol a kAliumszint alacsonyabb, mint 200 ppm. A kflium nOveli a term6s
cukortartaImit, ett6l a bogy6 izletesebb lesz. T6bb szerz6 hivatkozik a kAliumtrtgytzAsi
kfs6rletei kapcsfn olyan eredm6nyekre, amelyek azt bizonyitott6k, bogy a paprikAnil 6s a
paradicsomnil a nagyobb kiliumadagok hatnisfra a C-vitamin-tartalom emelkedett [11, 12].
Tobb megfigyel6s t6rt6nt a kdposztaf6l6k min6s6g6vel kapcsolatban is, ezek mind a kfliumnak
a termds min6s6g6re gyakorolt kedvez6 hatAsft emelik ki. P61dziul: kfliumban szeg6ny talajon
a kelbimb6 termdsei apr6bbak, kesertibbek, rosszabb f6z6si tulajdonsAgokkal rendelkeznek,
a k6liummal j61 ellAtott kfposzta a magasabb cukortartalom miatt jobban savanyithat6, a kel-
kAposzta, karalib6 6s fejes kfposzta tfirolhat6sfga javul, a v6rdskdposzta szne kedvez6bb.
A sfrgar6pa eset6ben kimutattfk, bogy nemcsak a tfrolhat6sfga jobb a term6snek, de a cu-
kortartalma, ize 6s a szinanyagtartalma is kedvez6bben alakul.
A m6retes uborkinAl gyakran tapasztalhat6 konzervAkls utini puhulfs oka, feltehet65leg a
rossz fajtdkon, tov6bbWi a betakaritis 6s a feldolgozfs kdzOtti helytelen Aitmeneti t6rolfs 6s
kezeldsen kivail, az egyoldali nitrog6ntrfgyiizlis, a rossz N:K ariny, azaz a kalium relativ
hiinya [13]. Ugyanakkor mis szerz6k a puhuiAs okfit - trzigyzfsi oldalr6 - az alacsony
foszfortartalomnak tulajdonitjfk.
A g6r6gdinny6nd1 a kfliummal j61 ellitott talajokon az 6sszes-cukor mennyis~ge eldri a 8-9%-
ot, az 6des izt ad6 redukAlhat6 cukor pedig a 6-7%-ot, ugyanakkor olyan talajok esetdben,
ahol alacsony volt a talajban a kAiliumszint, ezek az 6rt6kek alig haladtAk meg a 6, illetve
a 4-5%-ot [14].

A z6Ids~gfl~k kliumtrAgyfzdsa, kilintis tekinteltel a term~smin6s~gre

A z6ldsdgfl6kre vonatkoz6 kiliumtrgyAzAsi irfnyelvek ]6nyegdben megegyeznek a szAnt6fdl-
di n6v6nyekn~l alkalmazott szabflyokkal, amelyck szerint a szfmitds alapja a fajiagos tApa-
nyagig6ny, vagyis az egys6gnyi term6s el6illitAsAhoz sziiks~ges k6lummennyis6g. Amiben kii-
i6nbs~g van az a kijuttatott kfliummennyisdg, az adagok megosztisa 6s a felhasznflt miitri-
gyAk bsszet6tele.
A kisz6risra kertil6 mitrigyaadagot Ogy szAmoljuk ki, hogy a vfrhat6 term6smennyis6get
megszorozzuk az egys6gnyi term6s e!6illitAsAhoz sziiks6ges kdlium mennyis6g6vel (3. tfblA-
zat), ds ezt az 6rt6ket korrigAijuk a talaj kfiliumellItottsfgdnak fiiggv6ny6ben. A talaj ,,megfe-
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IO6 " kiliumelltotts6gnMl a sztimitott 6rtfket, ,j6" kateg6ria esetfn a felt, ,,nagyon j6" eli-
tottsAgnfl nem hasznlunk kiliummfltrdgySt. ,,Kdzepes", ,,gyenge" 6s ,,igen gyenge" kateg6ri-
6iba tartoz6 talajok esetfben 20, 40, illetve 60%-kal tdbb kliumot adunk, mint a ,,megfclel6"
elltottsAgnAl [8]. Az fgy sztmftott 6rtfkek jelent6sen mcghaladjAk kliumb6l a szAnt6f6ldi
n6vfnyek al javasolt mtitrtigyafrtfkeket, ezfrt mondhat6, hogy a kijuttatott kiliumadagok
tekintetfben a zbldsfgffl~k jelent6sen feliilmtiljtik a gabonaf6lfket, a takarminyn6vfnyeket
6s tdbb ipari n6vfnyt is.
Rfszben a nagy adagok, rfszben a zoldsdgfflk folyamatos 6s kiegyenliftett k6liumig6nye
szflksfgess6 teszi a kijuttattisra keril6 mfitrAgyamennyisfg megosztfsdt. A hosszabb teny6sz-
ideji ndvfnyeknfl az alaptrzigya mellctt indit6 6s fejtrtgya formijdban is szifksfges ktiiumot
adni annak 6rdekfbcn, hogy a n6vfny folyamatosan juthasson kiliumhoz. A fejtrfgya formA-
jtiban kijuttatott kdlium a fejes Cs kelkposztinI az eltarthat6sigra, a fiszerpaprikn~tl 6s
a paradicsomnil a szinesedfsre, a sfrgarfpnmil az eltarthat6sAg mellett a szfn- 6s cukorkfp-
zfsre, egyesek szerint - ellenstilyozva a nitrogfn hatisAt - a nitrTitfelhalmoz6dAs megakadilyo-
zzisftira, valamint az uborkn6il az in. remontdl6 kfpessfgre gyakorol igen kedvez6 hatAst [8].
Az egyszerre kijuttatott k'lium mennyis6ge alaptrAgyAztiskor a s6veszfly miatt nem haladhatja
meg a 200, ill. a 300 kg/ha adagot, indit6 6s fejtrigy~zAsok alkalmdval a 100, ill. 150 kg/ha-t.
(A nagyobb 6rtfkek a s6ra kevfsb6 6rzdkeny fajokra, pl. k~tposztafflfk, paradicsom,
az alacsonyabbak a s66rz6kenyekre vonatkoznak, pl. fejes sal~tta, s~trgarfpa, uborka, paprika.)
A kereskedelemben alapvet6en h~Irom tipusba (6sszetftel) sorolhat6k a kAliummtitrAgyik:
szulfAt, nitrflt 6s klorid. Ennek a csoportosittsnak els6sorban a zdldsfgfflfkn6I van nagy jelen-
t6sfge, mivel azokra az egyes ktiliumot kisfr6 anyagok kedvez6 vagy mfrgez6 hattssal vannak.
A kl6rra - szemben a sz;int6fdldi ndvfnyekkel - a legt6bb ztldsfgndvfny 6rzfkeny, kivftelt
csuptn a gy6kfrz6ldsfgfflfk csoportja jelent, de ebb6l is kfil6n kell a zellert megemliteni,
amely szAmtra a szulftt tipusti trAgytk hasznflata kedvez6bb [8]. Az intenziv z6ldsfgtermesz-
tfsben alaptr~tgyakfnt, kedvez6bb rfekv~silk miatt a szulfditformik javasolhat6k, mug a csep-
penk~nti 6ntbz6berendezdsek miatt a fejtrAgytiztsok sorAn a vizben t6kfletesen old6d6 kdli-
um-nitrttot kell cl6nyben rfszesiteni. Sajnos ezen a t6ren hijinyzik a termeszt6k kdrfben
a sziiksfges szakismeret 6s informici6, ami a kloridhoz kfpest drigdbb, de mindcnkdppen
a min6sfgre kedvez6bb hattsf szulffit- 6s nitrzt-kliumtrigyk elterjedfsdt cl6segitenC.
Lnyegfben hasonl6 okok akadilyozzgk a gyiim61cs- 6s a sz6l6termeszt6sbcn is a terms mi-
n6sfge szempontjib6l kedvez6bb szulfttok elterjedfsdt az olcs6bb, de kedvez6tlen hat~tsOi klo-
ridtartalmfl mtitrdgyikkal szemben.

K6vetkeztetfsek

A kilium a termdsmennyis6g mellett sz mos vonatkozzisban javitja a zdldsfgfl6k min6sfgft,
beltartalmi 6rtfkft, piackfpessfg6t 6s ttrolhat6sig6t, amely tulajdonsdgok varhat6an az egyre
szigortibb piaci kdrilmfnyek ktzdtt nagyobb stilyt kapnak, esetleg meghatAroz6ak lesznek, igy
az olyan technol6giai elemek is, mint a kgliumtrigyizdts, el6trbe kerilnek.
Mig a nyugat-eur6pai orszAgokban a felhaszn~lt mftrigya-mennyisfget alapul vfve a N:K
artiny 1:0,44, addig cz az arzny nilunk 6s a k6rnyez6 orszAgokban 1:0.2-0,27. A fent emlftett
okok miatt ez a kAliumigfnyes kert6szeti ntvfnyekre n~zve - igy a zd1dsfgffldkre is - a
min6sfg szempontjb61 meglehet6sen kdros [4].
A kijuttatott mdtrdgyamennyisfg mellett a tApanyag-adagolAs m6dja, id6zftdsc 6s a mditrigya-
forma megvflasztAsa is, mint hatfkonys~got n6vel6 tfnyez6k, elengedhetetlen feltftelei lesz-
nek beltthat6 id6n beltil a piacon maradtsnak.
Csak az okszerfl, 6itgondolt 6s hatdkony ttipanyag-utAnp6tl6is mellett lesz elkfpzelhet6 a j6v6-
ben az olcs6 6s kivAl6 min6sfgti spanyol, olasz 6s 6szak-afrikai term6kekkel felvenni a ver-
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senyt, anndl is inkAbb mert az egyre szigordbb k6rnyezetv6delmi szabdlyok is a takarfkosabb
matrdgya-felhaszn6lAsra fogjik k~nyszerfteni a gazdAkat.
A talajaink termfkenys6gfnek rohamos cs6kkendsdt siirg6sen meg kell Mitani, ami a zdldsfg-
termeszt6si 6gazatot is sfdjtja. Sajnos a kialakult t6ltermelfsi vilsig (b6za, kukorica, cukorrdpa
stb.) 6s az ezzel egyfltt j'Ar6, roml6 jbvedelmez6sfgi viszonyok k6vetkeztben, tovAbb fog a j6-
v6ben cs6kkenni a tApanyag-utfinp6tlisra fordithat6 p6nzforrAs. Ez pedig a cs6kken6
term6smennyis6geken ds a kdlium kapcsfn is emlitett roml6 min6s6gen keresztil, kihatfssal
lesz a z6lds6gf6k termeszt~s6re (kombinlt forg6ban pl. gabonafl61kkel egyiitt termesztett
kert6szeti n6v~nyek), tovibb fogja rontani a magyar mez6gazdasAg 6s ezen bel1 a z6lds6gter-
meszt6s versenyk6pessgdt 6s j6vedelmez6s6g6t.
Elengedhetetlen lesz 6jragondolni a mez6gazdasigi tdmogat6sok ds hitelek rendj~t a sokat
emlegetett 6s 6lland6an hangsflyozott min6sdgi term6kek el66lltzisa 5rdekfben!
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I. tiblIzat: Tern6talajaink tdpanyagmirlege

Mrleg thtelei 1986-1990 1991-2000

N P20 5  K2 0 N P20 5  K20

Term6ssel kivont 88 40 70 85 32 83

Visszap6tolt:
mdItrfgydival 93 47 58 29 6 10

mell6kterm6ssel 8 4 27 7 3 24

istll6trfgyAval 13 3 27 12 12 23

pillang6sokkal 5 0 0 5 0 0

Osszes p6tla's 119 64 112 53 21 57

Egyenleg 31 24 42 -32 -11 -26

2. tfiblfzat: A z~ldsignovdnyek kdliumigbnye a termfsmennyisdgfiiggvjIyben

N6v~nyfaj Terms (t/ha) KAliumig~ny (K2O kg/ha)

Paradicsom 30-50 200-300

Paprika 15-25 105-175

Zbldbors6 4-6 90-135

Zfldbab 10-14 200-280

Uborka 30-40 90-120

Dinnye 20-30 190-280

Sfrgar6pa 40-50 240-300

Petrezselyem 10-20 80-160

Cdkla 10-20 80-160

Zeller 20-30 130-195

Retek 10-20 80-160

Fejes saldta 15-25 90-150

Vbr6shagyma 15-25 70-120

Fokhagyma 10-20 70-140

Karfiol 15-25 130-220

Fejes kAposzta 60-70 120-280

(Az adatok nem intenz ; szabadfildi ternesztfsre vonatkoznakl)
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3. tAblizat: Egy tonna termts kifejlesztdsdhez szflksdges kdliummennyisdg (K20 kgltonna)

Paradicsom 6,6
Paprika 7,0

Sirgardpa 6,0

Zeller 6,5

Retek 8,0

Hagyma 4,7

Bors6 22,5
Bab 20,0

Uborka 3,0
Fejes kiposzta 6,0

Karfiol 8,8
Fejes salita 6,0

Dinnye 9,3

Pctrezselyem 8,0

Ckla 8,0
Fokhagyma 7,0

(Az adatok szabadftldi z6ldsgtenmestsre vonatkoznak)

IstvAn Terbe - Katalin Slezfk - No~mi Kappel - Kamil T6th

The effect of potassium fertilization on the yield
and the quality of vegetable crops

Szent lstvfn University, Faculty of Horticultural Science, Department of
Vegetable and Mushroom Growing, M~nesi fit 44. Budapest H-1118, Hungary
zold@omega.kee.hu

Summary

In the past ten years, fertilizer application has significantly diminished in Hungary. Particularly
nutrient balances have shown serious deficits. The decrease in the potassium content of the
soils may be reliably traced by soil analyses. In the '80s, the potassium content of our soils was
expressly good, nowadays, however, more and more land belongs to the ,,poor" and ,,medium"
categories.
Besides decreasing the yield of horticultural crops well known for their high potassium
demand, unsatisfactory potassium supply may cause serious problems also in product quality,
emphasized so often in relation to joining the EU.
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In addition to the improved, reasonable potassium fertilization in vegetable growing, more
attention must given to the choice of potassium fertilizers and to the proper distribution of the
doses during the season.
Keywords: soil nutrient level, fertilizer consumption, potassium, vegetable quality.

Introduction

In Hungarian agriculture and horticulture, product quality is coming more and more into
prominence. Earlier, distinction was made between home and export quality, between the
requirements on the Eastern-European and the West European markets.
In relation to the present liberalized trade and as a consequence of oversupply only good
class produce may be sold on the international market, and there will be no place for low-class
produce even on the internal market.
Crop quality is very complex and in many respects rather subjective. In the past 15 to 20 years,
apart from organoleptic tests, a number of rheological methods have been developed and the
methods for the determination of consistence, keeping quality, flavour components, vitamins
and proteins modernized. Several relationships between product quality and plant nutrition
have been detected. Earlier suppositions, only partly supported by numerical data, have been
confirmed by instrumental experiments. The knowledge of defined interrelations has
furnished a basis for the reasonable, appropriate nutrient supply aimed at increasing yield and
improving quality.

Soil nutrient level

In the '70s and 'SOs, a well established network for soil analysis and advice was working under
central direction. The soil analyses covered all the important parameters. The number of soil
samples tested yearly was above half a million, enabling a continuous survey of the agricultural
land in our country. The last detailed soil survey effected in the second half of the '80s when
fertilizer use was at the maximum, showed a rather satisfactory situation as regards nutrient
level of our soils. The state of supply with nitrogen was found medium or even higher in 73
percent, with phosphorus 89 percent, with potassium 83 percent of the soils. Less than 10
percent of the soils were poor in any of these nutrient elements. The analyses carried out in
1996 and 1997 showed that the number of soils significantly diminished in the categories
,,good" and ,,very good" and there was a decided increase in the area defined as ,,medium".
It is to be noted, however, that the survey was not complete - chemical analyses were made on
80 thousand hectares and estimations on the remaining area [1, 2].

Tendencies in the fertilizer consumption

The use of fertilizers started in Hungary in the second half of the '50s. After increasing
dynamically, it reached the peak at 1.5 million mt active agent, that is 220-230 kg/ha arable land,
in the late '80s when Hungary ranked among the leading countries in fertilizer consumption.
After a decrease in 1991/92, nitrogen fertilization diminished to the level of the '60s, and
phosphorus and potassium fertilization to that of the '50s. At present, a slow increase may be
seen in the use of all the three nutrient elements, however, this increase by no means meets the
quantity taken up by the plants and the natural losses (leaching, fixation of the nutrients) [3, 4].
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The nutrient balance of our soils

The nutrient balance of the soils well characterizes the level of agriculture in a country.
Of course, these calculations are not completely based on defined measurements and statistical
data but more or less on estimates. In spite of this, they give a reliable basis for the comparison
between the nutrient supply in the '80s and '90s [5, 6]. As shown by the data, the deficit in the
nutrient balance in the '90s - resulting exclusively from the low level of fertilization - is just as
much as the surplus in the previous years: 70 kg/ha (Table 1).

Table I: The nutrient balance of the arable land in Hungary (kg/ha)
1986-1990 1991-2000

N P20 5  K 20 N P205  K20
Taken up by the crop 88 40 70 85 32 83

Supplied:
with commercial fertilizers 93 47 58 29 6 10
with by-products 8 4 27 7 3 24
with farmyard manure 13 3 27 12 12 23
with pulses 5 0 0 5 0 0

Total supply 119 64 112 53 21 57
Balance 31 24 42 -32 -II -26

The agrochemical respects of vegetable growing

Vegetable growing is a special branch of plant growing. It has a number of common features
with field crop production, however, it is different in several respects. This is true for nutrient
supply, too, because vegetables are partly grown together with field crops in combined
rotations. At the same time, intensive vegetable growing methods (forcing in glasshouses,
growing under plastic structures or under unsupported covers, tomato and cucumber growing
on supports) have quite special fertilization systems, and nutrient supply is different in
vegetable crop rotations also in relation to irrigation.
For a true survey of the situation of fertilizer application in non-intensive (field) vegetable
growing, the plants grown in combined field crop rotations (green peas. beans, onions, red
peppers, tomatoes for processing) must be considered separately from the crops grown in
irrigated vegetable crop rotations. In the first of these groups the tendencies are the same as
with field crops: declining soil nutrient content, extremely low fertilizer consumption,
iubalanced nitrogen fertilization practically without using potassium and phosphorus. As
compared to this, in the irrigated vegetable crop rotations more fertilizers arc used, and, in
general, the balance cannot be regarded as negative. It must he mentioned, however, that
vegetables are privileged in the combined rotations, as the farms make efforts to meet
nutrient demands of the vegetables which are of higher production value than the field crops
(wheat, barley, corn, fodder crops) [6].
In the vegetable crop rotations, mainly in the rather small market growers' farms, fertilizer
application in the '90s diminished to a lesser degree than in the combined rotations where
vegetable crops were grown mainly on a large scale. The farmers are striving to maintain the
nutrient level of the soil even at the expense of earning capacity, however, this is true mainly
for the nitrogen supply. Another disadvantageous factor is the ever diminishing application of
farmyard manure, resulting from the decrease in livestock production. This has a deleterious
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effect on the quality and the yield of the vegetables of the organic manure demanding row
crops which must be grown on soils of excellent structure.
In intensive vegetable growing a remarkable change has been observed recently. With the
general spreading of drip irrigation, more and more growers have made use of compound and
complex fertilizers which much better meets the demands of the plants in relation to nutrient
element composition. As a consequence of the relatively high income and the quick returns
much more chemical fertilizer and organic manure are used. The soils are well supplied, and
in some cases lavishly supplied with nutrients-
Regarding the critical situation in crop production from the viewpoint of agrochemistry, one
can state in general that circumstances in vegetable growing are somewhat better, however,
there is also a serious deficit in the nutrient balance, particularly in phosphorus and potassium.

Yield and quality in relation to potassium supply

The potassium demand of the various vegetable species differs greatly. The potassium
consumption of a vegetable culture depends on the specific potassium demand of the given
plant species, on the cultivation conditions and on the soil type. One can state in general that
horticultural crops, including vegetables, use up potassium much above the average for
developing the crop.
In vegetable growing potassium is effective as a plant nutrient in three different ways [7]:
It increases the yield
Optimal potassium supply helps the undisturbed metabolism of the plant and in this way it
contributes to achieve outstanding yields.
The crop of several vegetables contains considerable quantities of potassium. Their potassium
uptake increases almost in direct ratio with the yield increase.
It helps in achieving steady yields by improving
the cold resistance
the disease resistance
the drought resistance of the plant.
It improves crop quality
Potassium furthers the formation of flavour and colour substances
By increasing photosynthesis and some enzymatic reactions, potassium increases the sugar-,
protein- and vitamin content of the crop
It improves the appearance and the marketability of the crop by increasing the formation of
the colour substances
It improves keeping quality by increasing the dry material content of the crop and the
thickness of the cell walls.
The highest quantities of potassium are found in the young plant organs where metabolism
takes place and cell division is intensive. It is highly mobile and is mainly present in the cell
sap and in the colloids in the form of ions. It accumulates first of all in the vegetative plant
organs. Consequently, in several vegetable cultures - as opposed to cereals and some other
field crops - potassium is not returned to the soil after the harvest, but it is removed with the
crop (for example with cole crops, salad crops, root vegetables, potatoes a. s. o.). Owing to the
fact that potassium is accumulated in high quantities in the vegetative plant organs, the
amount of potassium taken up particularly by these crops (and by other vegetables, too)
greatly depends on the yield. For example, K20 taken up by cole crops may range from
120 kg/ha to 280 kg/ha (by early cabbage and autumn/winter cabbage for storage,
respectively). In a species of high potassium demand, the varietal differences may be higher
than the differences between the individual vegetable species [7]. The potassium demand of
the single vegetable crops, as a function to yield, is shown in Table 2.
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Table 2: The potassium demand of vegetable crops as a function of yield

Crop Yield (mt/ha) Potassium demand (KO kg/ha)
Tomato 30-50 200-300
Pepper 15-25 105-175
Green pea 4-6 90-135
French bean 10-14 200-280

Cucumber 30-41 90-120
Melon 20-310 190-280
Carrot 40-50 240-300
Parsley 10-20 80-160
Garden beet 10-20 80-160
Celeriac 20-30 130-195
Radish 10-20 80-160
Lettuce 15-25 90-150
Onion 15-25 70-120
Garlic 10-20 70-140
Cauliflower 15-25 130-220
Cabbage 60-70 120-280

(The data refer to non-intensive outdoor vegetable growing.)

Experiments have confirmed the practical observation that plants well supplied with potassium
are less susceptible to frost [8]. The higher potassium supply increases the concentration of the
cell sap, and, as a consequence. the freezing-point of the solution decreases and the frost
resistance of the plant increases. The difference may be 0.5 to I°C and is important in the so-
called cold hardy vegetables, as their cultivation period reaches into the autumn time
endangered by frost (e.g. cole crops, root crops). But it is of no significance in cultures of higher
temperature demand such as peppers or tomatoes.
The plants well supplied with potassium show an increased resistance to fungus and bacterial
diseases [9]. The thick and resistant cell walls restrict the establishment and the infection of
the pathogens. The soluble amides, amino-acids and low molecular weight sugars are not at
the disposal of the pathogens as they are quickly transformed into other substances *S ° if the
N / K ratio is properly balanced. Some recent investigations have shown that for plants well
supplied with potassium the attack of sucking and boring insects is diminished. In vegetable
growing, these statements have been supported by experiments and practical observations
showing that crops susceptible to Botrytis and mildew (lettuce, cabbage, cucumber a. s. o.)
seemed less susceptible when potassium supply increased.
A number of authors have reported on experiments and practical observations on the increased
stress-tolerance of plants well supplied with potassium [6, 7, 81- Besides cold tolerance, they are
less harmed by the adverse effects of drought and of water shortage in general. This favourable
effect may particularly often be observed in sweet corn, beans and tomatoes. The typical
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symptom of water shortage the curling of the leaves appears delayed on plots adequately
supplied with nutrients, and primarily with potassium.
Recently, taste, colour, aroma and vitamin content play an increasing role in the quality of
vegetables. Neither the biochemical processes involved in their formation nor the effects of
the different environmental factors are as yet at all well understood. We are in possession of
partial knowledge. Included in this knowledge, it has been proved that potassium helps in the
formation of firm, uniformly ripe tomato fruits highly resistant to cracking. In the tomato
varietes subject to greenback and green spot the disorder manifests itself mainly on potassium
deficient plants [6, 7, 8, 10]. In field grown plants, there are significantly more tomatoes
showing greenback on soils where the potassium level is below 200 ppm. Potassium raises the
sugar content of the fruit, by this means, it improves the taste. Several authors have cited
experimental results proving an increase in the vitamin C content of peppers and tomatoes as
a result of raised doses of potassium [11, 12].
Many observations have been made on the quality of cole crops. All these emphasize the
favourable effect of potassium on the crop quality. On soils poor in potassium Brussels sprouts
are small, bitter, and not so good for cooking. Cabbage well supplied with potassium is highly
suitable for making sauerkraut because of the high sugar content of the crop. Savoy, kohlrabi
and cabbage maintain quality well, and red cabbage has a pleasant colour.
Carrots were characterized not only by better storability, but the sugar content, the taste and
the colouring were superior when the crop was well supplied with potassium.
The causes of the often occurring softening of gherkins after picking may be presumably relate
to the use of unsuitable varieties and too great a storage period in excess of the short time
required from harvest to processing. Additionally is in the one-sided nitrogen fertilization, and
too high a N/ K ratio, which implies relative potassium deficiency [13]. However, some authors
attribute the cause of softening, in relation to fertilization, to a low phosphorus content.
In watermelons grown on soils well supplied with potassium the total sugar content is as high
as 8-9 percent, the reducible sugar content, responsible for the sweet taste, is 6-7 percent. On
soils where potassium level was low, these values were scarcely above 6 percent and 4-5
percent, respectively [14].

Potassium fertilization in vegetable growing, with special respect to crop quality

The principles of potassium fertilization in vegetable growing are practically the same as those
in field crop production. In both cases, the calculations are based on the specific nutrient
demand of the plant, that means, on the potassium quantity needed for the production of unit
crop. The differences consist in the amount of the potassium supplied, in the proportionment
of the doses and in the composition of the fertilizers applied.
The fertilizer dose to be delivered is calculated as follows: the expected yield multiplied by the
potassium quantity needed for the production of unit crops (see Table 3) and corrected as
a function of the degree of supply with potassium in the soil. When the degree of supply is
,,adequate", the calculated dose should be applied. Half of it is recommended for the category
,,good". If ,very good", no potassium fertilizer has to be used [8]. On soils included in the
category ,,medium", 20 percent more, on ,,poor" and ,,very poor" soils 40 and 60 percent more
potassium is needed, respectively, than on soils in the ,,adequate" category. The values
calculated for vegetables by this method considerably exceed the potassium fertilizer amounts
recommended for agricultural crops. One can state that, considering the potassium doses to
be given, vegetables significantly exceed cereals, fodder crops and several industrial crops.
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Table 3: The potassium quantity necessay for producing I nit crop (K20 kg/mt)

Tomato 6,6
Pepper 7,0

Carrot 6,0
Celeriac 6,5
Radish 8,0
Onion 4,7
Green pea 22,5
French bean 20,0
Cucumber 3,0
Cabbage 6,0
Cauliflower 8,8
Lettuce 6,0
Melon 9,3
Parsley 8,0
Garden beet 8,0
Garlic 7,0

(The data referto outdoor vegetable growing.)

Because of the high amounts required and the continuous, balanced potassium demand of the
vegetable crops, the whole fertilizer quantity to be applied must be portioned. In addition to
basic fertilization, starter and top dressing is necessary in long season cultures. Potassium given
as top-dressing has a favourable effect on the keeping quality of cabbage and savoy, on the
colouring of tomatoes and peppers. Besides improving the storability and the sugar content of
carrots, several authors say that it hinders the accumulation of nitrates by counterbalancing the
effect of nitrogen. In cucumbers, potassium helps the plants to renew their vegetative and
generative organs [8].
In order to avoid salt risk, the dose given as basic fertilizer must not exceed 200 to 300 kg/ha,
the single doses of starter or top dressing 100 to 150 kg/ha. The higher values apply to crops
moderately sensitive to salt (e.g. cole crops, tomato), the lower ones apply to salt sensitive
cultures (e.g. lettuce, carrot, cucumber, pepper).
The commercial fertilizers may be classified as sulphates, nitrates and chlorides. The
distinction is particularly important in vegetable growing since the accompanying substances
may exert favourable or adverse effects on the vegetable crops. Contrary to field crops, most
vegetables are sensitive to chlorides, with the exception of the group of root crops, however,
celeriac must be mentioned separately as it prefers fertilizers of sulphate type j8]. In intensive
vegetable growing, the use of nitrates may be suggested for basic fertilization because of the
relatively low price. When drip irrigation is practised, preference has to be given to the
perfectly water soluble potassium nitrate for feeding during the cultivation period.
Unfortunately, the necessary information and technical knowledge that would propagate the
use of the rather expensive but quality improving potassium sulphate and potassium nitrate
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fertilizers, is not at the disposal of the growers. Similar causes are hindering the spread of
sulphates as opposed to chloride containing fertilizers for improving produce quality in fruit
and vine growing.

Conclusions

Besides increasing the yield, potassium improves the quality of vegetables in several aspects,
such as the chemical composition, the marketability and the storability of the crop. As is to be
expected, these properties will be of growing importance under the ever harder market
conditions, and maybe, they will be of decisive importance. Consequently, some elements of
the production technology, like potassium fertilization, will come into prominence.
While mineral fertilizer application compared on the basis of the N / K ratio is 1 : 0.44 in the
West-European countries, the ratio is I : 1.2 to 1.0: 0.27 in Hungary and in the neighbouring
countries. This is rather unfavourable for the quality of the potassium exacting horticultural
crops, including the vegetables [4].
Before long, not only the quantity of the fertilizers applied but other factors increasing the
effectivity of nutrient supply, e. g. method, timing, fertilizer form, too, will be essential
conditions for being on the market with our products.
In the future, only reasonable and efficient nutrient supply may enable us to compete with the
cheap produce of excellent quality from Spain, Italy and North Africa. Moreover, our farmers
will be compelled to use of mineral fertilizers most efficiently also by the increasingly strict
regulations on environmental protection..
The decline of soil fertility impairing vegetable growing, too, must be urgently stopped.
Unfortunately, the crisis of overproduction that decreases the earning capacity in agriculture
(wheat. maize, sugarbeet production a. s. o.) will continue reducing the financial resources
assigned to nutrient supply. Consequently, the decreasing yields and the declining quality,
mentioned in connection with potassium supply, will have an influence on vegetable production
(on vegetables grown in combined rotation e. g. with cereals) and will continue to spoil the
competitiveness and the earning capacity of Hungarian agriculture, including vegetable growing.
The system of agricultural supports and credits absolutely needs further consideration in the
interest of the much talked-of high quality products.
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Sz6cs Endre 6s K6llay TamAs

Az almaffik taipelem-ellitottsigiinak,
term shozamfinak es a gyiim6ics miniis6g6nek

bsszefoglal6 6rt6kelkse
Erdi Gyiim6lcs- 6s Diszn6v6ny-termeszt6si Kutat6-Fejleszt6 Kht., Budapest

Az 6rugyflm6lcs-termeszt6sben a gyilmblcs piaci 6rtdk6n felil a term6s mennyis6ge 6s az alma
eltarthat6sgga ma mAr cgys6ges vizsgfilati k6rbe tartozik. Ert6kel6siink lWnyeg6t az almafa t6p-
16kozdsbiol6giai tulajdonslgainak megismer6se 6s azoknak a termcszt6stechnikai beavatko-
z6soknak a hatAsvizsgilata k6pezi, amelyck crcdm6nyek6ppcn rcndszeres term6shozam, j61
tArolhat6 6s kelend6 almagyiim6lcs nyerhet6.

Az almafik tAplAlkozAsbiol6giAjAra cls6sorban a tipanyagkfrilat 6s term6sterhel6s k6lcsdnha-
tAsai a jellemz6k. A fAk Altaltnos kondfci6jAt a talaj tApanyag-szolgiiltat6 k6pessfge alapvet6en
befolyisoIja, a kondici6 azonban a term6sterhelds alternanci6jib6l crcd6en ak6r sz6ls6s6gesen
is vihozhat. Kihagy6 flk tWiltApliltnak mutatkoznak, mug a term6kapacitist meghalad6
term6sterhel6s tPpanyaghilnyokhoz vezethet. A korszerfi almatermesztfsben az alternancia
csdkken6 tendencit murat, a sajAtos tfplflkozisbiol6giai klcs6nhatisok azonban kifcjez6sre
kerlilhetnek a gyfimOlcs egyedi tulajdonsigaiban, mint a m6rct, szinez6d6s, tirolAsi betegs6-
gekre val6 hajlam stb.
Az 6sszefUggfsek tisztizAsihoz azonban elengedhetetlenn6 vlt szimos gyfim6lcs6szeti kifeje-
z6s konkrftabb formiban t6rt6n6 meghatirozAsa, esctenkfnt m6r6szAmok alkalmazAsa is.

A talaj tdpanyag-szolgtiltatd kdpessdgdt mitrtigyzizissal fenntartott tartamkis6rletben kdzelitet-
tWk meg, 6rt6keltuk, milyen m6don jut kifejezfsre a talaj tdpanyagkinmilata afa tdpladtsdgdbn.
A fa tdpldltsdga azonban nem 6rtdkeIhct6 a term6shozam, az aktuilis term6sterhel6s n6lkail.
A k6lcs6nhatfs kifcjez6sre jut abban is, ahogy a term(sterhcls fokozza a fa t6panyagfelvdtc-
16t, asszimilfci6s, respirAci6s 6s transpirfci6s aktivit6stit is. E rendszcr j61 demonstrftlhat6
a lomb kfliumtartalma 6s a term6sterhel6s vagy a lomb K/Ca ardnya ds a term6sterhelds 6ssze-
fiiggfseiben. (1. Sbra 6s 2. 6bra)
Ha a talaj tOpanyag-szolgAltat6 k6pesseg6ben a fit ig6nyeihez mfrten ardnytalansdgok ad6dtak,
negativ eredmdnyt kaptunk a fa tOplIltsfgi viszonyaiban. A terms mennyis6ge az egyoldal]
nitrog6ntrAgyfzfs hatisira a trdgyAzatlan Allapothoz kfpest is cskkent. Ezt a visszaesdst a nit-
rog6nnel egyfitt adagolt foszfor ellensilyozni l]tszott, de a trigyAzatlant meghalad6 ter-
mdshozamot csak emelt kilium adagolisival lehctett el1rni.

Nagy vonalakban igazolhat6 volt, bogy a gyeng6 n terhelt fik termds6nek eltarthat6siga
rosszabb, mint a j61 terhelt fik termese. (3. ibra) A gyeng6bb termdfs dvekben, a kisebb
terhel~s hatfsra a fik lombozatiban relativ tApanyagb6s(g j6het 1i6tre. Ismert, hogy a megk6-
t6tt almagyilmbics cr6s tdpanyagvonz6 centrum (Sink), 6s cz a hatis els6sorban a lomb tip-
elemtartalmfban mutatkozik meg, mivcl az szolgAl a sziiks6gcs tipanyagok forrdsaknt
(Source). A gyilm6lcs6k egyedi tfpanyaonzdsa (Sink power) elt6r6, de t6bboldali mcgkb-
zelitfssel igazolhat6 volt, hogy a tWiizott tipanyagvonzfs gengiilt f,'lnzcsfiziol6giai 4ilapotot
jelletnez, azzal egyutt jir. A gyengilt Allapot cls6sorban a gyfim61cs sejtmembrinjai integriti-
sit vesz61yezteti, illetve abban nyilvinul meg. A tApanyag-vonzisbeli kil6nbsdgek a gyiimilcs
kationtartalmiban, illeive kation-dsszctdtelfben mutatkoznak meg, ezzel egydtt m6dosul
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a gyiim6lcs savhIztar-isa 6s pufferrendszere is. Az ilyen gyflm6lcsdk hajlamosak az Oivegese-
d~sre, a t~rol6ban r6videbb 6letfek.

A term6 fa sajitos tiplkozis-6lettani kapcsolatban All a term6ssel. Kdzelft6 adatok utalnak
arra, hogy a fa tfpanyag-szolg~ltat6 k6pess6ge akkor keri egyens~lyba a gyimblcs ig6nyeivel,
ha a lombozat t-pelemdsszet6tel6ben a gyfm6lcs6kb6 ered6 stimulus dazdkelhetrd, vflik.
Ejelensdget cs6kken6 k'lium- Cs fokoz6d6 Ca-tartalom illusztralja, legjobban a K/Ca ariny ala-
kulisa ad diagn6zisra alkalmas vfltozst. (4. fAbra) A K/Ca ariny-term6sterhel6s kapcsolata
t6bb, kild6nb6z6 term6kpess6gii almafajt~ndi is felismerhet6 (I. tiblizat). A gyiim6csmin6sdg
6s az almafa tplilkoznislettani tulajdonsfgainak kapcsolatft a term6sterhel6sb6l ered6 hatfsok
egyidejti drt6kelds6vel lehet jobban megk6zelitcni. Ogy tuinik, hogy a tfpanyagtranszportban
meghatfroz6 k-lium mellett a feh6rj6khez k6t6tt foszfortartalom feldtisulsa a lombozatban
a term~sstimulfci6val ellenkez6 ir~ny, tendencifAt ad ds fgy hasznilhat6 kiindulfsi alapot k~pez-
het a gyim61csmin6s6g tipldlkozils-Clettani alapokon t6rt6n6 kutatAsAhoz. (2. tiblizat)

A gyiim6lcsmin6s6gben mutatkoz6 vari~bilitisnak mintegy 40%-it sikerillt a terms Cs a tipa-
nyagelltAs komplexusival megmagyarzni. Kis6rleti adataink vannak arra n~zvc, hogy a gyti-
mdlcs6k fiziol6giai 1llapoutt mis t~nyez6k isjelent6sen befoly6solhatjik. Az id6j6r6isi tdnyez6k
k6ziji a megtermkcnyls el6tti (zdldbimb6s Allapot) tart6s lehi6s kfros hatisa bizonyithat6,
amely fokozott tipanyagvonz~sban mutatkozott meg, az azzal kapesolatos anomdliikkal egyfitt.

A termeszt~stechnikai eljir~isok gyflmdlcsmin6s6grc gyakorolt hatisfnak 6rtdkclsekor
tbbbnyire kapcsolat tallhat6 a tcrm6smennyis6g-tfipanyagelht-s 6sszefigg6srcndszer6vel.
Igy a metszdsi clj.iisok kdzii a tcrmdssel arfnyos lombfeliilctct crcdm~nyez6 mcgoldisok
filtaltiban pozitiv eredmdnnyel jiirtak, ezzel szcmbcn a tfnl er6s ,etszjs kdvetkeztdben el6ll6
csek~ly Crtk6i gyiim6cs/lomb ariny negativ hat;Is6 volt. A nydri metszds gyengdn berak6dott
ffknAl egydrtelm6en kedvez6 beavatkozfs. Az dntdzds termdsritkitis nglkfll fokozza az alter-
nancift, esetleg a ffik ttilterhelgsdhez vezethet, amely a rfk6vetkez6 Cvben gyenge berak6dott-
sagot 6s ezzel egyiitt rosszabb eltarthat6sfg6 almAt credmdnyezhet. Ebb6 kdvetkezik a ter-
msritkftds helyes alkalmazfisinak kdrd6se is. Esctcnkdnt a ritkftfs olyan mdrtk lehet, amely
mAr a gyflmdlcsmin6s~gben is megmutatkozik. A gyiim61csmret 6s szinez6d6s Iitvfnyos
javul6sfval szemben gyengflt fiziol6giai Allapot 6s ebb6l ered6en rossz tdroisi eredmenyek
szillettek. A vegszeres ritkitdsra jellemz6 6s ismdtelt v~lasz volt a t-rgydvben roml6, a rA ko-
vetkez6 6vben javul6 firolhat6sAg. Jellegzetes hatisa volt az drfst stimtudI6 etil~n-emergens
vegyszernek, az drdsi id6 el6tti alkalmazsfban. Az etil6n mell6khatdsak~nt l5tvfnyosan ndve-
kedett a gyiim6lcs6k tfipanyagvonzfsa Cs ezzel a kcserfifoltosodfisra val6 hajlama.

A tApanyagell6tis - termdsterhel6s - gyiimdlcsmin6sdg 6sszefogg6srendszer6nek tanulmfnyo-
z-sa kdzelebb vihet a helyes agrotechnika kialakitfisAhoz, amely rendszeres term~shozamban
6sj6l tfrolhat6 gyfim61csben mutatkozik meg.

Irodalom
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apple trees and the keeping quality of the apple. Ujabb kutatisi eredm~nyek a gyfim6lcs-
termeszt6sben, VI. GYDKI, Budapest, 43-50.
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1. Mhra: Jonathdn almafdk lomb K-tartahna e s a termdsterhekds dsszeffiggdse
(Matg~tdz~si tartamkisdrlet clusteranalizis adatai)
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3. Aibra: Jonathin almafdk term sterhelgse s a tdrolds alatt megbetegedett abndik arcinya
(Mditrcifydzjsi tartamkis~rlet clisteranalizis adatai)

Lomb WcCa ar y

4. 6bra: Jonathdn almafdik tdpldltsciga 6s a tdrolds alatt megbetegedett atrndk andnydinak
kapcsolata (Mgitrdgfdzdsi tartamkis~ret clusteranalizis adatai)

1. (Abbtizat: Almafajtdk lomb K/Ca ardnya is 4 eg ,mds utdni e'v termese (Ofehjrt6)

Fajta Lomb K/Ca Term~s kg/fa
Topred 1,07 21,7
Redspur 1,08 25,7

Nam6nyi Jonathfin 0,79 30,1
Golden Lee 0,95 31,7
M41 Jonathdin 0,91 33,7
Mutsu 0,94 33,8
Jonagold 0,89 34,9
Wellspur 0,97 35,1
Jonnee 0,81 36,6
ldared 0,78 37,1
Gloster 0,73 43,5
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2. tiblfzat: Az almagyimacs tdroldsi mintsigere hat6 tcnyezdk egyittes dnkelse (Mfitrdydzdsi
tartamkistrlet adatai, hdrom vdltozds regresszids egyenletek determindcids koefficiensei)

Tknyez6 1 HatAsa Tnyezd 2 Hatisa Thnyez6 3 Hathisa R %
Terms kg/fa + Lomb N + Lomb P 24%
Termds kg/fa + Lomb N + Lomb K 32%
Termns kg/fa + Lomb N + Lomb Ca + 17%
Terrors kg/fa + Lomb N + Lomb Mg + 24%
Term6s kg/fa + Lomb P - Lomb K 40%

Term6s kg/fa + Lomb P - Lomb Ca + 25%
Term6s kg/fa + Lomb P - Lomb Mg + 32%
Term6s kg/fa + Lomb K - Lomb Ca + 30%
Term6s kg/fa + Lomb K - Lomb Mg + 31%
Term6s kg/fa + Lomb Ca + Lomb Mg + 25%
Lomb N + Lomb P - Lomb K 33%
Lomb N + Lomb P - Lomb Ca + 20%

Lomb N + Lomb P - Lomb Mg + 27%

Lomb N + Lomb K - Lomb Ca + 18%
Lomb N + Lomb K - Lomb Mg + 19%

Lomb N + Lomb Ca + Lomb Mg + 18%
Lomb P - Lomb K Lomb Ca + 30%

Lomb P - Lomb K Lomb Mg + 32%

Lomb P - Lomb Ca + Lomb Mg + 28%

Lomb K - Lomb Ca + Lomb Mg + 18%

Summary

Endre Szfics & Tamis Killay

Synthesis of nutrition, yield and fruit quality
of apple (Malus Domestica Borkh.)

Research Institute for Fruitgrowing and Ornamentals, Budapest, Hungary

Experiments conducted in apple fruit tree nutrition over two decades have revealed
interrelations in yield, fruit load and fruit - storage - and quality. The nutritional behaviour of
fruits, based on source-sink relations, were correlated to fruit availability for storage. Results of
field experiments, in which nutritional status were shown to influence the behaviour of apple
trees and also of fruits, gave acceptable explanations for variability in fruit storage quality.
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[kvai Peter

Hidrokultirais diszn6v nytermeszt s gy6k rr6gzit6
kbzegei s taipanyagelhitaisa

Kecskem~ti F6iskola Kert~szeti FMiskolai Kar, Diszniiv~ny-termesztsi 6s
Kertfenntartisi Tansz~k, 6000 Kecskem~t, Erdei F. t6r 1-3.

Osszefoglalds

Az fzemi hidrokult6rAs termeszt6s alapjait az 1940-es 6vekben raktdk le, a technol6gia az 1960-
as 6vekben terjedt el, ennek felhasznilAsa a magyarorszAgi diszn~v6nytemeszt6sben gazdasii-
gi okok miatt minimilis volt. HazAnk vArhat6 Eur6pai Uni6hoz val6 csatiakozdsa 6s a kbrnye-
zetv6delmi el6irisok szigorodfsa kapcsjn ez a termeszt6si m6d vrhat6an nflunk is egyre
nagyobb arAnyban fog t6rt h6dftani, hasonl6an a nyugat-eur6pai orszfgokhoz, ahol a n6v6ny-
hizi vigott virAgok 6s a cserepes diszn6v6nyek zdm6t hidrokult6r6ban termesztik. A zdrt rend-
szerek a legszigorfbb kdrnyezetv6delmi el6irtsoknak is rnegfelelnek. A kis6rleti munka sorfin
a poliuretdn-6ter szivacsot fert6tlenft6s utAn t6bb 6vig alkalmazzuk, eg6szen a teljes lebom-
l6sig. A szivacs felhasznfitl6sfnak els6 id6szakfiban a szivacstfb]iba filtetjfik a ndv6nycket
(szegffi, k-ila). A k6s6bbiekben a hasznglt szivacsra helyezziik a kont6neres n6v6nyeket, v6giil
a szivacsot felaprtfs utin filtct6si kdzegk6nt alkalmazzuk a kont6neres termeszt6si m6dnAIl.

Bevezet~s

A Dszndv6ny-termesztdsi 6s Kertfcnntartfsi Tanszdken 1988-ban kezdtuik el a hidrokultor-s
termeszt6s Iehet6sdgeinck kidolgoziistit. A kutat6munkfiba bevont fajok: a ndv~nyhfizi szegfO,
a k-la, a r6zsa, a mikulisvirig stb. A hidrokultiris termesztdsi m6d jelent6s~ge napjainkban
egyre n6vekszik. A tcchnol6gia kidolgoziisit indokoija, hogy az urbanizfici6 fokoz6disa miatt
a term6feliiletek egyre csbkkennek, a rohamos ipari kitcrmcl6s k6vetkezt6ben a t6zcgkdsz-
Ictek megcsappantak, a felszini vizek elszennyez6d6sc 6s a talajlak6 gombfk elleni v~dekezds.
A zirt, cirkulAci6s rcndszerek a legszigorfbb kbrnyezetv6delmi el6irisoknak is mcgfelelnck.
A kis6rleti munka c6lja, hogy kul6nb6z6 termeszt6si m6dok 6s fajtAk esct~ben vizsgAljuk a ta-
laj ndlkili termeszts alkalmazisfival a n6vdnyek fejl6ddsdt, hozamfit 6s a virfgmin6segi tulaj-
donsfgokat. Ert6keljtk az iltct6si kdzegek hatfst a hozam ds a min6s~g ffiggv6nyfhen.

Irodalmi Attekint~s

A talaj n~lkfili technol6gia 16nyege, hogy a termeszt6st standard k6rfilmnyek kijz6tt v6gez-
hetjik, amelyck el6nyei:
* a kultra standardizi-lAsa, kil6nos tekintettel a gyakr kbrnyezet~re,
" a talajfert6z6s 6s a kfros anyagok fclhalmoz6dfsfnak kiz~r'sa,
" a vizfelhasznilfis cs6kkent6se,
* a tipelemek hatdkonyabb felv6tele,
* a ndv6nyek vegetativ- 6s gcnerativ fejl6ds~nek optimAlis szabMyozzisa,
* korAbbi, magasabb 6s jobb min6s~gO hozamok el6rse,
* a munkaszervezs racionalizflfsa,
* a kultfira automatizilfsfinak 6s g.pesits~nek k6nnyebb megval6sitisa (BENOIT 6s

CEUSTERMANS. 1995).
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A monokultirzban termesztett diszndv6nyek kbziil els6sorban a szegf6 6s a gerbera esct6ben
a k6rokoz6k oly m6rt6kben fert6zt6k a termeszt6berendcz6sek talajdt, hogy a biztonsigos ter-
meszt6s 6s a hozamok ndveked6se lehetetlenn6 vdlt, ezdrt n6tt az 6rdekl6d6s a hidrokult6ra
ir~nt (IMRE, 1995). A talaj n61kili termeszt6s c6lja a hozamndvel6s, az automatiz~lds, az
energiamegtakarftis 6s a talajb6l fert6z6 betegs6gek kiszorit~sa. A Grodin elnevez6sfi

k6zetgyapot j6 nedvszfv6 anyag, melyet az egyik legjobb kdzegnek tartanak 6sszet6tel6t 6s

fizikai tulajdons6gait tekintve, nagy hozamokat 6rhctfink el vele (WELLEMAN - VEWER,

1983). A ndvdnyhizi szegffi hidrokutlrs termesztds6n6l a talajt helyettesft6 szubsztrdtum-
knt AfltalAban k6zetgyapotot 6s szivacsot alkalmaznak. (SCHMIDT, 1999). IMRE (1995)

szerint a hidrokultirfs termeszt6sben eredmcnyesen alkalmazhat6 gy6kfrr6gzft6 kdzegek

tipusait csak a termesztdstechnol6gia szinvonalkinak, az adott orszfg gazdasAgi, termeszt6si

viszonyainak ismeretdben lehet mcghatirozni. BENOIT 6s CEUSTERMANS (1995) szerint
a poliuretzin (PUR) kdnnyen kezelhet6 6s 10 even keresztfll tijra felhasznidhat6, amennyiben
g6zzel fert6tlenitik. A kdzetgyapot k6rnyezetv6delmi hftr~inya a k6zeg rdvid 61ettartamAban
van, annak ellen6re, bogy g6zzel fert6tlenithet6. Egy hcktAr k6zetgyapot alapfl hidrokultoras
termesztfsben 60 m3 hullad6k keletkezik, amelynek megsemmisit6se vagy PjrafelhasznAilsa
probl6mAt jelenthet. Recikliz6lt6k az el6bb emlitett anyagot, de ez az eljfrfs dupla kdlts6gfi,
mint a g6zzel t6rt6n6 fert6tlcnit6s (BENOIT 6s CEUSTERMANS, 1995). SONNEVELD
(1986) ,,White Sim" 6s ,,Tanga" szegfffajtAk n6veked6s6t vizsgdlta 2,4 6s 6,0 mS/cm EC-
szintnl. Tlen magas, 6,0 mS/cm szintet, nyAron pedig 2 mS/cm-t tartottak. A kisdrletek azt

bizonyvitjAk, hogy a tart6san magas EC-szint (4-6 mS/cm) cs6kkenti a hozamot, a nydri id6szak-
ban nagyobb mrt6kben, tflen kev6sb6. WOOGT (1988) t6bb kis6rletet is v6gzett a szegffi
tfpoidatAnak vizsgAlat6val, a pH-6rt6k 4,5-8,5 kdzdtt mozgott. A pH-vfltozdst kfldnbdz6
mennyisfgfl NH 4-mal 6rtfk el. A n6v6nyek fejl6d6se az alacsonyabb pH-rt6k mellctt jobbnak
bizonyult. BOWE 6s REINELT (1991) szerint a szegffi hidrokultrfs termeszt(s6n61 a n6vC-
nyek fejl6dds6nck 6s az 6vszakok vdltakozisAnak megfelel6cn optimflis az 1,5-1,9 kdzdtti EC-

6rt6k, valamint az 5,8 p--6rt6k, melyet KOH hozzdadfsdval lehet beiftani. A tipoldat

elkfszitsfhez ajAnljak a Combivit tfpanyag-koncentratumot. A tipanyag-utinp6tls heti

gyors tesztvizsgilat alapjAn v6gezhet6. FOLK ORDbGH-TOTH (1999) szerint is a n6v6ny-

hizi szegfO hidrokultr-Aban j61 termeszthet6. A talaj nlkiili termeszt6sn6l jelent6s k6lts6g-

megtakaritAst jelent a talajfert6tlenitds, illetve a talajcscre elhagyfsa (LEVAI-FAR-
KAS-KOVACS, 1991).

A kisirletek anyaga 6s m6dszere

A hidrokultirAs termeszt(s k~t termcszt6berendez~sben folyik:
- NDK Prim6r-1 tipusi dveghizban, amelyben a vegetAci6s fflt6sen kivil talajfflt6s is talAilha-

t6, a tapoldat zArt cirkuhlci6s rendszerben Aramlik.
- 1993-94-ben a Phare-program t-mogat6sdval 16tesfilt a francia Filclair gyArtmuny6 hIz,

melynek klimaszabAlyoz6sa szfmit6g6pes irAnyftAssal m6kodik. A h6szigetel6st, 6rny6kolst

energiaerny6 biztositja. A betonpadl6zat 1, 5%-os lejt6ssel k6szfilt, a tdpoldat szint6n z-rt

cirkulAci6s rendszerben Aramlik.
A kfsdrletbe els6kfnt a n6v6nyhAzi szegfft vontuk be. A nbv6nyek kiiiltet6se Agy-sos rendszer-

be t6rt6nt, iiltetfsi k6zegk6nt Grodfnt 6s poliuretAn-6ter habszivacsot alkalmaztunk.
Vizsg6ltuk az egyes fajtik tulajdonsAgait 6s az flltetfsi kozegek hatist.
A kAla szjrmazdsdb6i Cs vfzigfny~b6l ad6d6an j61 illeszthetd a hidrokultfirds termeszt6s-
technol6gidba. A kisdrleti munkAban a Zantedeschia aethiopica ,,Perle von Stuttgart" fajtAt
vizsgdltuk.
HArom termeszt6si m6d hatAsAt tanulmAnyoztuk a teljes teny6szid6szakon keresztili (a kihaj-
t~st6l a beh6z6d6sig):

44



- szivacsba fltetett 'Allominy,
- kont6neres 1lomAny,
- talajftit6ses kont6neres 61lominy.
1999 61a foglalkozunk a cserepes virAgos diszndv6nyek kdzfbl a Poinsettia pulcherrima ter-
meszt6sdvel. A kutat6munka sorn h.rom fajtit vizsghlunk:
- ..Freedom Red": piros felleveli, k6zepes ndveked6sti, reakci6ideje 6-7 h6t
- ,,Cortez Red": piros fellevelfl, kompakt noveked6sd, reakci6idcje 8 h6t
- ,,Cortez White": feh6r fellevelfl, kompaki ndvekeddsti, reakci6ideje 8 hdt
Ultetdsi k6zegk6nt korfbban a vdgottvir'ig-termeszt6sben hasznflt felaprftott poliuretAn-6ter
habszivacsot alkalmazunk. A becserepezett n6v6nveket f61ifval bM1elt 9gyAsokba helyezzfik el.
A kisdrleteket hfrom ismdtidsbe Allitottuk be. A teny6szid6 folyamin m6rtiik a hozamot ds
a virdgmin6s6gi tulajdonsfgokat.

Eredmenyek

Az 19 95-96-os kis6rleti 6vekben a gydkeres szcgffidugvdnyok kiflltet6s6n6l GrodAnt 6s PU
szivacs k6zegeket alkalmaztunk. A ,Pink Castellaro" fajta esct6ben m6rtiik a szflhozam
alakulsdt a k6t kfil6nb6z6 termeszt6kbzeg eset6ben a tdvcnk6nti szflhozam alakulhsa
mindk6t termeszt6k6zegct vizsg6lva magas drtdket mutat, azonban a PU szivacsba fltetett
Allominy eredm6nyei meghaladtik a GrodAn6t. Ezek az drt6kek e6rik a n6v6nyhAzi szegfti
kemokultrfs termeszt6sdnek egy dvre vonatkoz6 szilhozamadatait. Az 1996-97. 6vi
kis6rletn6l a gyokeres szegf6dugvfnyokat poliuretAn-6ter szivacsba jiltetitik. Osszehasonitva
a fajt6kat megfllapithat6, hogy legmagasabb hozammal a ,Tornio" fajta rendelkezett, a
,,White Candy" kds6bb indult virdgzgsnak, ennek ellen6re intenziv fajt.nak mondhat6.
Elmondhat6, bogy az egy t6re es6 szdlhozam cidri a hagyominyos termesztdsi eljdrfs eset6n
kaphat6 eredm6nyt, a 7-9 szil/t6 hozamot 6ves viszonylatban. A virAgftmdr6t vizsgflva
megdllapithat6, bogy a ,,White Castellaro" 6s a ,,Torino" fajtAk a tenydszid6 folyamfin
Atlagosan 7, illetve 7,2 cm-es virfigfitmdrit produkAltak. Ezck az drt6kek megfelelnek
a szabvinyban el6frt I. osztilyO dru param6tereinek. A szegfiivel vdgzett kis6rletek
eredmdnyeit 6rt6kelve megfllapithat6, hogy a ndvdnyhAzi szegftifajtjk hidrokultfrfban j61
termeszthet6k, a Grodfn (k6zetgyapot) 6s a PU szivacs kozegek kdzlI a szivacs
el6nydsebbnek bizonyult, mert lazfbb a szerkezete, igy ebben a k6zegben a dugvdnyok
hamarabb begydkeresedtek, valamint a szivacs teijes lebomlisAig alkalmazhat6 e termeszt6s
kdzegek6nt, ezAltal k6rnyezetbarAt, nem okoz probl6mat az iljrahasznositfsa.
A kAila termeszt6si m6djai (a szivacsba iiltettt, a kont6neres Os a talajfft6ses kont6neres 'Illo-
many) kIzM az ut6bbi mutaija szignifikfnsan a legjobb eredm6nyt. Az 1996 -98-as 6vek adatait
figyelembe vdve a t6venk6nti Atlagos virighozam 5,2 6s 12,0 kdz6tt vAltozott, szivacsban
5,2-5,3 szAI/t6, kont6nerben 11,7-12,0 szAl/t6, talajfdtssel 8,4-8,8 szAl/t6 (1. tAblhzat).
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1. tiblizat: Hidrokultards kdla novcnymagassdgdnak (s virdgszcmdnak alakuldsa kfllbnboz6
termesztsi m6dok esetin (Kecskemft, 1996-98)

1996-1997 1997-1998

Kezel6sek Ndv6ny- Virag- N6v6ny- Virig-
magass~g szam magassfg szam

_atlag (cm) _Atlag (db/t6) Atlag (cm) itlag (db/t6)

Szivacs 57,6 5,2 59,2 5,3
Kont6neres 58,0 11,7 63,0 12,0
Talajffit6ses kont6neres 86,5 8,4 87,1 8,8
SZD 5 % 11,8 3,4 20,3 3,4

A mikultsvirag hidrokultrs termeszt6se eset6ben dsszehasonlitottuk az alkalmazott fajtAkat,
valamint vizsgfluk a k6t termeszt6berendez(s fajtAkra gyakorolt hatast. A ,,Freedom Red"
- mint kdzepes n6veked6sfl fajta - egyedeinck magassdiga meghaladta a ,,Cortez Red" 6s
a ,,Cortez White" fajtfk magassfgAt. Az ut6bbi fajtik kompakt noveked6st mutattak. A legin-
tenzivebb lev6lk6pz6d6st a ,,Cortez" fajt6k eset6ben tapasztaltuk, ezen fajtik a kompakt
n6veked6s mellett a legtdbb lev6llel rendelkeztek, igy bokros n6vekeddsaek voltak. A ,,Cortez
White" lev6lszfma messze meghaladta a mAsik k6t fajtA6t. A rozettAban Mi116 fellevelek Atme-
r6j6nck tekintet6ben a ,,Freedom Red" fajta adta a legjobb min6s6get, hiszen ezek voltak
a legnagyobbak. Osszehasonlitva a k6t termeszt6berendez6s (Filclair f6liahAz 6s Prim6r-t
ndv6nyhAz) n6v6nyekre gyakorolt hatisSt, megillapithatjuk, hogy mindhArom fajta eset6ben
a termeszt6berendez6sek elenydsz6en befolyfsoltAk a n6v6nymin6s6gi tulajdonsAgokat
(magass~g, lev6lszdm, fellevelek tm6r6je). Ezen eredm6nyek el6zetes kutatisi eredm6nyek,
a mikuldsvir~g hidrokultfrds tcrmeszt6stechnol6giijnak kidolgoztisa, valamint a fajtdk dssze-
hasonlitAsa tovdbbi kutat6munkit ig6nyel.
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Summzary

Pter Lvai

Root-fixing materials and nutrition in hydroponical
cultivation of ornamental plants

Faculty of Horticulture of the College of Kecskemit, Department of Floriculture and
Park Maintenance, Department of Vegetable Growing, 6000 Kecskem~t, E Erdei 1-3.

Hydroculture was established in the early 40's and in the 60's became wide-spread. Because of
the economic considerations, however, it played minimal role in Hungarian ornamental plant
growing. The forthcoming joining of the EU as well as the strict environment protcction
regulations, this technology is likely to spread in our country and, like in most of the West-
European countries, cut flower will be grown in hydroculture. Closed systems have to meet the
most strict environmental regulations. PUR aggrofoam is used in our research work for the
several years until it decays. At first, when PUR aggrofoam is new, we plant carnations and
calla in it. As aggrofoam becomes old we put plants in containers on these used PUR blocks,
and the ultimate usage of PUR is to fill containers with it and use it as a substrate.
We have studied three growing methods; PUR-aggrofoam, container and soil-heated, of
which, soil-heated proved to be significantly the best. Growing without soil is an
environmental friendly and efficient method. The investment is costly but the utilisation of
water and nutritional materials is decreased and the qualities of plants improve. It is only
growing without soil which conforms to the most severe requirements of environmental
protection. Based on the results of experiments it can be stated that the greenhouse types of
carnation can be grown well.under hydro-cultural conditions. Concerning the yield of flowers
the outstanding varieties are ,,Pink Castellaro", ,Torino", ,,Rebecca" and ,,Bizet".
The diameter of the flowers for the varieties reaches the parameters of the 1st class goods, that
is 7 cm or more. Concerning the diameter of the flower ,,White Castellaro", ,,Torino". ,Bizet"
and ,,Rebecca" proved to be the best. As a result of our Calla growing technology research,
that was conducted in 1996/97, and of the measured results, it can be stated that sub-heated
containers resulted significantly in the best growth, while per stock yield of cut flowers was
favoured by the normal container technology. The difference in height can be explained by the
different heating systems. Retarded plant growth and development is also explained by the
fact that plastic foams are less likely to warm up than peat-based soil substitutes. The Primeur-
I house has the most favourable heating system and here we set the third technology. Sub-
heating was the most favourable for the development of the plant. As far as cut flower yield
per plant is concerned, normal container technology was the most successful. Yield was
slightly lower in sub-heated technology. Here the higher temperature resulted an excess
growth. Yield could be increased in PUR agrofoam blocks by applying subheating.

In 1999 we carried out some experiments on Poinsettia pulcherrima growing in hydroculture
in two different types of growing houses. Rooted cuttings were planted into 12 cm diameter
pots, filled with agrofoam . The experiment was carried out with three different varieties:
,,Freedom Red", ,,Cortez Red" and ,,Cortez White". At the breeding season the high of plants,
number of leaves, as well as diameter of bracts were continuously measured. The main
purpose of our experiment was to compare growth of these three varieties and the effect of
two different growing houses on the quality attributes of flowers. ,,Freedom Red" - medium
growth variety - had higher shoots than ,,Cortez Red", which showed a compact growth, but
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an intensive development of foliage. ,,Freedom Red" had the largest bracts diameters. We
found, that the growing houses had no significant effect on the quality attributes of flower.
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Schmidt G6bor

Tfipanyagellita'si rendszerek
a dfszniiv6nytermesztesben

Szent IstvAn Egyetem, Diszn6viny-termeszt6si 6s Dendroi6giai Tansz~k
1118 Budapest, Vilinyi it 35-43., disz@omega.kee.hu

A tOpanyagelltfis a diszn6v6nytermcsztdsben a min6sdg 6s a j6vedclmez6sdg egyik meghatff-
roz6 t6nyez6je. Helyes alkalmazisa megt6riIl:

1. A nagyobb hozamokban
2. A jobb min6s6gben
3. A kultfiraid6 lerovidul6s6bcn

Az indokolatlan tiiltfpl6ifs vesz61yei lehetnek: a ,,l6tszatmin6s6g" (6s mennyis6g), valamint
a rosszabb tart6sstg.

A diszn6v6nytcrmeszt6s rendkiviil vdltozatos ndv6nyanyaggal 6s termeszt6si rendszerekkel
dolgozik. A termel6s k6lts6gtnycz6i kzil fajlagosan Altaliban (de nem mindig!) a tipanyag-
utinp6tlAs a legolcs6bb. A diszn6v6nyek tApanyag-utfinp6tlhsi m6dja ds m6rt6ke ennek meg-
felel6en igen kfildnb6z6 lehet: a legegyszeribbt6l (pl. monom6trzgyfk) a csflcstechnol6gidig
(kontrollilt tOpanyagleadds6 komplex m6trAgyAik, komputer vez6rl6sO zdrt tOpoldatozAsi
rendszerek).

Az el6adds Attekinti a legfontosabb terfileteket 6s az azokon alkalmazott vagy alkalmazhat6
tOpanyageIlIAtsi rendszereket, az alAbbi csoportositAsban:

Kondicionilt felfiletek alatti (ndv6nyhzi) disznov6nytermeszt6s, ezen beluil:
- vggottvirig- 6s vfigottz6ld-termeszt6s,
- cserepes dfszn6v6nyek el6Ailtisa,
- vir6gpalInta-nevel6s (f6k6pp egynydriak),
- diszfaiskolai szaporft6anyagok ei66ift~isa.

Szabadfdldi diszn6v6nytermeszt6s, ezen belfil:
- diszfaiskolai termeszt6s,
- r6zsat6termesztds,
- 6ve16 diszn6v6nyek eI6Ailtfsa,
- virfghagyma-tcrmeszt6s,
- virdgmagtermeszt6s,
- szabadfdldi vfgott virfgok termesztv6se,
- szdrazvirig-termeszt6s,
- szabadfoldi virgpaldnta-nevel6s (f6k6pp ktnyfriak).
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G6bor Schmidt

Fertilization systems (nutrition supply)
in ornamental plant production

Szent 1stvin Egyetem, Diszn6v6ny-termeszt~si 6s Dendrol6giai Tansz~k
1118 Budapest, Villinyi 6t 35-43., disz@omega.kee.hu

Fertilization is a key factor in ornamental plant production, having a determining effect on:
* the yields,
" the quality,
* the cropping time and the duration of the growth period, and, therefore,
* the profitability of the whole crop-

Over- and under-use of fertilizers may be equally harmful or dangerous. The range of
ornamental plants is immensely wide and diverse as it includes practically the whole Plant
World. The ways and methods for their optimal nutrient supply depend not only on the given
plants but also on the way of their cultivation and the type of product aimed at, as follows:

1. Open ground cultivation (Plants grown mainly for outdoor decoration or as a starting
material for protected cultivation)
* Woody nursery stocks (deciduous trees and shrubs, broadleaved evergreens, climbers and

conifers, grown either in the field or in containers),
" Herbaceous perennials (usually container- or pot-grown in perennial nurseries),
* Rose bushes (grown in specialized rose nurseries),
* Flower bulbs corms and tubers (grown for forcing in greenhouses or for planting out in the

open),
* Open-ground cut flowers and cut foliage,
" Dried flowers,
* Some bedding plants, grown (or finished up) in the open.

2. Protected cultivation (Plants grown mainly for indoor decoration)
* Cut flowers
" Cut foliage

* Pot plants (flowering pot plants and foliage pot plants)
* Bedding plants and balcony plants (Annual, biennial and partially perennial ornamentals,

grown under cover but used mainly outdoors)

The presentation gives an overview and evaluation of the most various systems used and
applied in the above-listed fields of ornamental plant production, ranging from the simplest
ones (e.g. the use of mono-fertilizers) through to the slow- and control-release fertilizers, up
to the most sophisticated hydroponic systems nutritive compounds with full automatation and
recycling of fertilizer compounds.
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Lakatos Andris

A szi6 taipanyag-gazdilkoda'si specifikumai
a flszdiraz tr6pusokon

AGROINVEST RT., 1117 Budapest, Budafoki fit 79.

Az AGROINVEST RT. mAr kt t6vtizede dolgozik a brazil tr6pusi tjakon, az 6szak-keleti
l6rsdgben. Kezdctben az ddesvizi haltenyfszt6s 6s szaporitls. majd 1986 6ta a sz6i6iermeszt6s
is feladata lett, ahol szaktanAcsad6i min6sfgben a CODEVASF-fal (a Sao Francisco foly6 tar-
s6gfnek fejlesztdsft v6gz6 allami vAllailat) ktftt 6s a kt korminy tcchnol6giai
cgytttmiikbdds6nek keret6ben, 14 6ven At tartfs kikilddttk6nt v6gcztem feladataimat. Az cls6
6vek utdn, mivel a brazil partnertink mAr e kezdcti eredmfnyeket is pozitivan 6rtdkelte, a ma-
gyar sz61ksz-borfsz szaktanAcsad6i !dtszfmot 6t f6re krte felemelni, igy ezen szakembergArda
vezet6jekdnt is ellittam feladataimat.

A taj gytljt6pontj;Iban fekszik Petrolina vArosa, Pernambuco Allamban (az 61lam sz6khelye,
Recife 900 ki-re fekszik 6szak-keletre). F61drajzi meghatfrozfisban a d61i sz6lcss6g 9,23 ds
a keleti hosszfis~g 30-as mdretdben, 376 m tengerszint feletti magassAgban, a Koeppen-ffle
tr6pusi kima fclosztfsaban a frlszAraz tr6pusnak megfelel6 kateg6riAban. Az 6ves csapadfk
400 mm 6s az 6tlagh6 26,9 'C. Ett6I a kdzponti helyt6l d6lre, vdgig a Sao Francisco foly6
vdlgydben, egdszcn a 17. szflessfgi fokig (Pirapora, Minas Gerais 6llam) feladatom volt
bizonyos Altalanos felOgyelet ds oricntAci6. fgy emiatt a mar emlitctt klimaz6na mellett a kissd
nedves 6s a fflnedves tr6pusi z6n~kba es6 sz6l6tcrmesztfsscl is foglalkoztam, melyeknek
adottsAgai mAr sokkal kev6sb6 kildnlegesek 6s inkfbb hasonlithat6k a temperAlt kIfmin foly6
sz616termeszt shez.

A f6 feladatot jclent6 fdlszAraz tr6pusi (petrolinai kbzponttal meghatArozhat6) z6nara jellem-
zo, bogy AltalAban az 6v egdsz6ben lehetsfges bArmilycn ndvdnyi veget6ci6. Igy a sz6l6ter-
mesztfsben a csemegesz6l6n6l 2,5-3-szori, a borsz616nl hAromszori szuret naptdri 6vekben
AIltalanos- Az emlitett csapadk 6s az 6tlagh6mersfklet azt jelzi, hogy rendszeres alapellftAst
biztosit6 6ntbzds nflkfl nem lehet sz616t termeszteni.

Mi, a magyar sz6Iszeti-borAszati szaktanicsad6k, munkdnkat azzal kezdtiik, bogy alaposan
tanulmfnyoztuk a tr6pusi viszonyokat, megtanultuk, megismertk azokat a kdriilm6nyeket 6s
k6vetelmdnyeket, melyeket a klima adottsAgai nyajtanak 6s az ottani termesztfk eddigi ta-
pasztalatait tanulmAnyoztuk. Majd az itthoni magyar sz61iszeti tapasztalatainkat osszevetet-
LWk azokkal az ismeretekkel, miket a fejlett sz6i6termeszt6 orszAgokban tapasztaltunk Eur6-
pAban 6s a tengerent6li terijleteken. A sz6lszet vilIgirodalmfb61 6sszegyrijtbttiIk azokat az
ismereteket, melycket neves termel6k 6is tud6sok lekozdltek. Mindezekb6l a sz616 biol6giAja
t6rvinyszerflsfgeit Mtvetitettfik 6s szintfzisbe hoztuk a tr6pusi tapasztalatainkkal. Val6jiban
nemcsak megismerni s tudni akartuk az itteni tcnnival6kat, hanem az eddigiektdl eltdr6, mo-
dern bioldgiai felkfsziiltsfggel nekilattunk a termesztfs korszer technol6giajanak kiala-
kitasAhoz.

Miutan az emlitett tr6pusi klima kv-zi az tiveghfizi termesztfs k6riilmfnyeihez hasonl6 6s
a folyamatos termesztrst teszi Iehet6v6, szembe talAltuk magunkat azzal a tfnnyel, bogy itt
a szflA talAn nincs is mdly nyugalmi ilapotban, amir6l ma az a tudomainy vdlemfnye, hogy ez
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ndlkil6zhetetlen e n6v6ny tcrmesztfsdhez. tgy gondoijuk, ennek a megfllapitAsa mfg sokf6le
tudomAnyos vizsgMl6dAst tesz szfiksdgess6. Az eddigi tapasztalatok azt mutatjdik, bogy
gyakorlati szempontb6l nines gond, inert ha a vesz6k 6s r~igyek be6rdse a term6sfr6ssel egy
id6ben vagy rdvid id6 mtiltfin bek6vetkezik, a sz0ret utin egy-kft h6ttel ijra beindfthat6 az
6jabb vegetici6 a metsz6ssel.

A mar emlitett folyamatos termeszt6s igen nagy mfrtdkben kihasznilja a n6v6ny teljesit6kC-
pess6gdt. Ugyanakkor a fdlszlraz klima k6vetkezt(ben a tdrs6gben (ahol mindenf6le n6v6ny-
kultfira, igy a szC16 termeszt6se is csak 25 6ves m6iltra tekinthet vissza) a koribbi 6sn6v6nyzet
nem tudott f6v6 fejl6dni, esak bokros n6v6nyt~rsulksok voltak 6s vannak a mg termeldsbe
nem vont terilleteken. Ennek ok6b6 a talajok szervesanyag-tartalma igen alacsony,
0,10-0.40%. nemkil6nben a zdmmel homokos talajok isvAnyianyag-szegdnys6ge miatt,
jelentfs szerves 6s mfltr~igya is szuksdges a magas min6sdg 6s a termel6si hozamok 6rdekdben.

A sz616 tipanyagig6nye tekintet6ben szdmunkra irAnyad6k voltak azok a termel6si tapasztala-
tok, amelycket Balatonbogl6ron az Allami GazdasAgban annakidejfn kialakitottunk 6s tapasz-
taltunk. Ezeket az ottani gazdasigban l6trehozott kutat6laborat6riumban a francia Lwy
professzor, majd Gartel, Huglin. Kliewer 6s mds neves kutat6k nyomdokain dr. Eifert J6zsef
laborvezet6 bntdtt mai formiba szimunkra. Ezt kdvet6en z6mmel mir a braziliai munkAnk
sorin jutottunk 6jabb ismerctekhez Francois Champagnol lcgfljabb munkijiib6.

Mindezekb6l ad6dott a feladat szimomra, bogy a tr6pusi sz6l6termeszt6shez kialakitsak egy
olyan, a gyakorlat emberci szimAra j61 felhasznilhat6 orientici6s tAbl6zatot, mely mir az ott
megszerzett 6jabb tapasztalatokra 6s a koribbi tudominyos 6s gyakorlati ismeretekre Cpiil. Az
1. szimti mell6kleten mutatom be ezt a tAblAzatot, melynek alkalmaziisival az Clen jdr6
sz6l6termeszt6k a tdrs6ghen igen kivAl6 credm6nyeket rnck el. Ennek egyik korAbbi vailtoza-
tOt mr leiltuk abban a kbnyvben, melyet a f6lsziraz tr6pusi sz6l6termeszt~sr6 irtam kft
szerz6tarsammal (Lajos Hegedfis 6s Amancio Holanda de Souza), Cs czt tankdnyvnek szin-
tam a mez6gazdasigi technikumokban. (Edicao SEBRAE - PE. RECIFE 1996)

A tAblizatban hArom csoportjAt kil6nb6ztettem meg a fajtiknak, ezen belfil, illetve ezen kivl
mfg egydb megkIlOnbbztcl6seket is lehel vagy szfiks6ges mcgtennfink, bizonyos esetekben.
Ezekr6l majd az egyes tApanyagokn6l kOl6n fogok emlitdst tenni. Most csak annyit, hogy a vd-
rdsborfajtOkra 6ltaliban a Red Globe fajtAra frott szfimok az irAnyad6k, kiv6ve a foszfort.

A tiblAzat szzimaihoz a kdvetkez6 indokolisok, magyarizatok szoksdgesek:

A nitrogen szerepe itt m~g talin fontosabb, mint a temperAlt klimin. Kiildndsen a t6k6k, t6r-
zsek, karok, vessz6k, hajisok er6ss6ge, a magas hozamok, a folyamatos termel6s, a firt- 6s
bogy6mdret alakulisa 6s egyAltalin a sz6l6ink dlettartama tekintetdben. Itt jegyzem meg, bogy
az dvi hAromszori term6s 6s a jelent6s mennyisdg, a hozzA alkalmazkod6 kivAl6 min6sdg a sz6-
16t6kdk dlettartamit 6rthet6en leroviditi.
Ennek k6vetkezt6ben 15-18 6vn61 tovbb nem 6rdemes egy sz6l6iiltctv6nyt fenntartani.
A nitrog6nellitisnil a t'blizatban jeltl szimok el6rdse tekintetfben igen jelent6s szerepe
van itt a szervesanyag-ellitottsAgnak. Miutfn a talajok szervesanyag-t6k6je majdnem semmi,
jelent6s szervesanyag-felhasznilAst sziiks6ges vfgrehajtani. Ennek leggyakoribb formija
a komposztk~szit~s 6s -felhasznAlts. Miutin a tfrsdgben hatalmas cukorniddiltetv6nyek
vannak, a cukorgyArakb6l kikerfll6 tork6ly jelent6s mennyis6get kdpvisel, mis esetben pedig
magasra nov6 ff66t termelnek a szerves anyag biztosit6slra, pl. elcfintfiivet. Altaliban
a komposztkdszitdshez istill6trigyAt hasznilnak fel, kisebb r6szben szarvasmarha-. de f6leg
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kecske- ds birkatrfgyit. A komposztot 6rlelik, keverik, bntdzik, esetenkfnt erjeddst beindit6
anyagokkal vagy mfitrgyzkkal is keverik, 6s rlelt formban hasznAljlk fel. A jobb terme-
!6knfl ezzel a komposztfelhasznilissal 2-3%-os szervesanyag-mennyisfg is van a talajban, ami
mar ideilis.
Fontos szempont itt is a nitrogfn tekintet6ben az egyens6ilyi Allapot biztositdsa, aminil a fajtdk
kil6nbbz6 tulajdonsigainak igen nagy szerepe van. De itt mindjfrt kijelenthetjk, hogy az
egfsz termesztdsndl, ami a tr6puson igen intenziv formAjO, a fajtik eltfr6 tulajdonslgaira nagy
figyelmet kell sznnunk, mondhatnink azt is, hogy a temperilt klfmin szerzett tapaszta-
latokfnMl nagyobb ennek jelent6sfge. En ugyan megkockiztatom kijelenteni azt is, hogy talin
nem figyelttink fel koribban ennek itthoni jelent6sgdre.

A foszforellitis eset6bcn az itt termelt fajtik (ltilia, Piratininga, Rubi, Benitaka stb.)
iltalfnos ffrthozamit, azt, hogy dont6en hajtisonkfnt I fuirtdt hoznak, kellett alapul venni.
Ugyanis jobb foszforellitsnmil kft, akir hirom flrt hozamra is kfsztcthetfk czek a fajtjk. St
kilon csoportba kellett tenni a most igen divatossa vAlt 6j fajtit, a Red Globe-ot 6s mfg inklbb
a magn6lkiilieket. Az el6z6 ugyanis a hajtisonkfnti egy firttel nem ad kielgft6 term6st, mig
a tblizatban szerepl6 6rtfkekkel akr 50 t/ha/sziret termdst is ad.
A mag nflktili fajtknMl nem lehet elkerulni a tOpellts esetdben semt azt a korilmfnyt, mely
jellemzi a tr6pusi termesztfst, ftiggetleniil, hogy a Kdeppen-fdle tiblizat melyik dvezetfbe
tartozik.
A nagy gond a tr6puson, hogy nincsenek hossz6 nappalok. A Pierre Huglin kdnyv6ben
a Biologic et 6cologie de Ia vigne cimfiben van egy beszimol6 egy ausztriliai 18 6ves
tartamkisfrletr6l. Baldwin kutat6 a lcgfontosabb mag nCIki1i fajt~val, a Sultanine-nel vfgzett
kis6rletfben tapasztalta, hogy rbvid nappalossfg esetben nincs clegend6 termfkeny ruigy
enndl a sz616nfl. Tehit a termfkenys6g a napffnnyel 6sszefdgg, s miutln a legtdbb mag nIlkli
fajta egyik sziiljc vagy ez a fajta, vagy a Korinthosi, mindkett6 ezt a napf6nnyel kapcsolatos
tulajdonslgot 6rbkiti.
Ez a korflmfny a term6kenysfgre dont6en kihat. Ugyanakkor a tudominyos gondolkodis
I6trehozta azt a gondolatot, hogy mivel a fiirtdifferenciil6dis a sz6l6nCl a virigzissal egy
id6ben tdrtfnik a rlgyben a kdvetkez6 vegetici6 6rdekeben 6s ezt a folyamatot a sz616ben
megldv6 cytokinine irinyftja, befoly solja, igy ad6dott mis hasonl6 ndvfnyi hormonoknml is,
mint pl. a gibberellinnfl a mestersfges el66llitis lehet6sfge.
llyen k6vetkeztetfs alapjjn kertilt a BASF chilei gydrdban a cytokinine el6dIlitAsa 6s forgalma-
zisa SITOFEX nfven. Igaz, hogy Chilfben czt a gibberellin helyett a bogy6novekedfs
el6segitfs~re hasznmijik, de mi az emlitett rigydifferenciil6dls el6segitfsfre haszniljuk fel
magnflkiilieknfl. De mfg ez is eredmfnytelen a Sultanine-nfl. De meg kell jegyeznem, hogy
nemesak ezt sziiksfges hasznilni ilyenkor, mikor a firthozammal van a baj, hanem mfg
regulhtort is, mint pl. a CCC a cycocel-t is. Ezzel ugyanis a vegetici6s fAzist tudjuk csdkkenteni
hatds-ban, mig az el6zfvel, a cytokikine-nel a generativ fizist erfsitjk.
Mindezek mellett 6s dacira, a foszforellftottsig magasabb foka sziiksfges a kell6 hatAs
elfrdsfhez, 6gy, mint a tblAzatban a magnflkiiliekndl ez szimszerfsitve van.
Mfg szeretnm kihangsflyozni, bogy a foszforellitis Cs egy-egy sz616tfke magasabb termfse
k6z6tti olyan drasztikus hatist, mint a tr6puson, itthon sosem tapasztaltunk.

A kilium, mint az egyik legielent6sebb tdpanyaga a sz6l6nek, teljesen ltalnos. Mdgis a tr6-
pusi termesztfs ezt nyomatfkosabbA teszi. TtCl azon, hogy a sz616 majdnem minden min6s~gi
mutat6ja szempontjlbfl ez a legddnt6bb, vagyis cukortartalom, savdsszetdtel, aroma, illat,
zamat, bogy6k ropog6ssfga, szinez6d~se, vessz6k, rflgyck befrtse, majd biol6giai aktivitisa
szempontjib6 elsfsorban meghatlroz6 a tdbbi tipelem kdzdtt. Mindezeken felil a fort- Cs
bogy6mfret kialakulsiban is d6nt6 szerepe van. Nagyszerd bogy6mdrctre gyakorolt szerepe
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van az el6bb emlitett hormonnak a gibberellinnek, de ha hatfs6t magas mennyisfgi kAlium
tfmasztja alA, hatAsa lnyegesen jobb 6s hAtrAnyok ndlkl1i. Emiatt is kellett a tr6pusi K
mennyis~g~t a levlben felemelni. A firt- 6s bogy6m~ret a csemegesz6l6-termeszt~sben
6rtdkmeghatAroz6 (til az izbeli, zamatbeli 6rt~keken).

Van a k-liumnak egy olyan hatAsa, melyre korAbban itthon nero figyeltfnk fel. Valamikor j6
kapcsolatunk volt a Geiseinheim i Kutat6int~zettel, szemely szerint prof Helmuth Beckerrel.
6 azt tapasztalta a n~metorszAgi sz6l6kben, ahol igen magas a tOpelltas, f6leg K tekintet-
ben, ott a kfilnf~le virusok kev~sbC hatnak.
Ennek alapjAn egy tobb hektaros Piratininga sz6IdtAblit, melyben a Leafroll virus igen legycn-
gitette a t6kaket 6s a term~s 10 t/ha/szfret alA csbkkent, olyan mennyis~gd kliumszulfittal
lAttuk el, hogy az 6r~s kczdetn a lev~lben mort 6s a szirazanyagra viszonyftott kAliumszint
el~rte a 2,5%-ot. Ennek hatfsAra sz616tfbla termse a 30 t/ha/sziireti mennyis~get clWrte, kivA-
16 min6s~gben, t6bb cikluson At. A virus tiinetei ner manifesztAl6dtak.
Egy masik terfileten, Itzilia tAiblAban egy fiatal, m~g nem term6 sz6l6ben a Fanleaf virus tfnetei
jelcntkeztek igen er6sen. A fiatal hajtdsok rovid izkbzfek, lapitott szbgletesek lettek. itt tAp-
oldatos dntoz~ssel a kiliumszintet 2% fod vittilk, 6s abbamaradtak a tiinetek, a sz616 az6ta rC-
gen term6re fordult.

A kalcium szerepe is meghatdroz6. A talajok, fdleg a homokos tertileteken savany6 k~mhat-
soak, igy a rendszeres kalciumadagolls emiatt alapvet6en szijks~ges. De a kotott agyagtalajo-
kon is, ahol eredend6en 6ltaliban van elegend6 m6sz, vagy abszolft drt~kben, vagy csak
a felvehet6s6g miatt jelentkeznek bizonyos hiAnytunetek.
A csemegesz6l6kn~l, de a vorosbort ad6 fajtiknl is mcgfigyeltik, hogy a bogy6h6jvastagsag
6sszefiigg~sben van a kalciumcllatottsggal. Ugyanis s bogy6haj fajtAnk~nt meghatmrozott
sejtsorokbl 6pfll fel, pl. az ItAlia 12 sejtsor esetdben adja az ideAlis h~jvastagsigot. A h6j
vastags~gdnak a szfllftAs, cltarthat~sfg bizonyos 6rtelemben vett rezisztenciAjdnak, tovdbbA az
illat- 6s zamatanyagoknak, szinanyagoknak milyens~g~t 6s mennyis~gdt is behatiroija. Vagy pl.
a Red Globe fajtinal az 6n. nap~gas k6nnyen jelentkezik, ha a levdlbcn m6rt kalcium nem 6ri
el a 4 vagy 5%-os 6rt~ket.

A magn~zium szerepe egyarant fontos, mint a temperilt klimin, de a nagyobb term~s miatt
valamivel nagyobb koncentr~ci6 szfiks~ges a levln~l. A kocs.nyb~nulAs okozza a legfdbb
gondot, f~leg a szines csemegesz6l6kn~l 6s a vdrosborsz6l6kn~l. Elg sok neh~zs~get okoz az,
ha lev~lcn zit kell p6tolni a hiAnyt, inert a felszivddasa a kOlInfCle Mg-vegyuileteknek el~ggC
lassA. Kdnnyebb a helyzet ott, ahol tdpoldatos ontbz~s van, inert itt az dntdz5vizen 6s a
gybkereken At jobb a felsziv~dds.

A mikroelemck szerepe a tr6puson fokozottabban jelent6s.

A b6r szerepe a virAgzAsnal, a megterm~kenyit~sn~l a legfontosabb. Tapasztaltuk, hogy gyak-
ran idjiirfsi t~nyez6nek tartott elrgfgAst a brhiany okozta. Ugyanakkor a t~bblet ebb6l a trip-
elemb~l ugyancsak abortuszt okoz, nagyon fontos a tobbi tfpelem 6s a fajta speciAlis ig~ny6-
nek ismerete a mennyis~g meghatArozAsAnal. Legfontosabb bsszefdigg~se e tApelemnek a fosz-
forral van. Ugyancsak dnt6 eleme a j6 hatmsnak az alkalmazAsi id6pont.

A cink az el~z~vel egyutt fontos szerepet jftszik a megtermkenyit~s id6szakdban, a bogy6k
magkdpzfse tekintet~bcn. A csemege-, de a borfajtdkndl sem mindegy, bogy hAny mag k~pz6-
dik ekkor, ugyanis a magvak sz~miAt61 fflgg a bogy6mret. Olyan tapasztalatunk is van egyes
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fajtdkndl, hogy a bogy6m6rcten kivill a bogy6k zamatanyaga is cs6kken kevcsebb magszAm
eset6n. Az idedlis magsz6m bogy6nknt a 4 db.
De e k6t mikroelem (B, Zn) a rOgy dsszet6tel6ben, s a differencitilisban is termeszetesen
a foszforral egytitt fontos szerepet jitszanak. Fontos az is, bogy mindk6t elem a gy6kereken
keresztiil hasson, f6leg a Zn, mert jelenl6te a gykdrsz6r6kn61 a foszfor felv6tel6t segiti.

A vas ds at r6z, r6sztvev6n a fotoszint6zis folyamatAban, az anthociink6pz6d6sben s igy a szi-
nes csemcgcsz6l6-fajt~k 6s a v6r6sbort ad6 fajtAknAl jelentik a legtbbb gondot. Azonban, ha
kisebb m6rt~kben is. valamennyi fajta szimuira fontosak e mikroelemek, gondoljunk csak
a kalciummal 6s a magn6ziummal kapcsolatos 6sszefiiggdsre. A vassal a jobb szinez6d6s 6rde-
k6ben m6g esetenk6nt lombtrdgya gyanint kipermezett vas-szulfAttal is j6 eredm6nyeket lehet
el6rni. Amennyiben enn6l felsziv6ddsi neh6s6gek vannak, Ogy a citromsawal val6 kieg6szit6s
javitotta a hatisit. Sok termel6n6l tudtunk ezzel f6leg a Red Globe ds a Benitaka szines
fajtdknail jobb min6s6g6 6s piacosabb m61y szint biztositani.

A vas mint mikroelem mindezeken kivil j6nak bizonyult virustinetek kezeld6sn61 is. A Yellow
speckle virus tiineteinek jelentkez6sekor, a levdl vastartalmAt j6val a 300 ppm fU6 emelve,
meg leheteit sazintemi a virus manifesztAl6disit igen gyorsan akkor, ha tApoldatos beavatko-
zassal v6geztiik az adagolAst.

A molibdn 6s a kobalt is fontos szimunkra a tr6pusi csemegcsz6l6 termeszt6s6hen. Az els6
a fflrtm6rct meghosszabbitiisit 6s a bogy6m6ret noveked6s6t tudja serkenteni, igy kivilthatja
a gibberellint. A kobalt pedig a bogy6k stilyinak 6s ropog6ssiginak n6vel6s6t tudja segiteni.

A mangAn hinya a fotoszintetikus effektust gyengiti, tbbblete pedig toxikus hatisti.

Ugyangy f6bb gondunkat a toxicitas jelenti az aluminium 6s a s6k magasabb szintje eset6n. Ez
f6leg a dr6nez6s n6lkuli 6nt6z6sek eset6n 6s a nem megfelel6 talajmunkak miatt az oxi-
g6nhiunnyal van kapcsolatban. Ezekben az esetekben a sz616 fejl6ddse csokdtt lesz, a min6s6g,
a mennyis6g nagym6rt6kben cs6kken, adott esetben akir el is pusztulhat egy ilyen fltetv6ny.
A talajt6mbr6dds megsziintel6se, a dr6nek kialakitAsa, az altalajlazitis, a sorok k6zepe feld
lejt6s talajfelszin (bakhAt) kialakitdsa 6s sok mAs olyan fljdonsAg van melyen az AGRO-
INVEST szakemberei dolgoznak. Ezek az 6j m6dszerek az ontdz6s 6s a gyakori g6pi taposis
talajt6m6rit6 hatdsAt vannak hivatva kikiusz6bilni. A legjobb sz6l6birtokokon m~r a kezdeti
sikereken til vagyunk.

Vgezetiil m6g szeretn6m megjegyezni, hogy a tApanyag-adagol6s 6s mindazok a gondolatok,
tapasztalatok, melyek felemlit6sre keruiltek, egy igen intenziv 6ntbz6si kulftira k6riilm6nyei
k6zottiek. Az esetek dbnt6 t6bbs6g6ben a mftrigy .z~s tdpoldatoz~ssal t6rt6nik, melynek tAp-
elemelosztisit az egyes vegetAci6s fAzisok alatt a 2. szimil mell6kleten mutatom be. A szerves
anyag (komposzt) kijuttat~sa Altal6ban k6t-hdrom ciklusonk6nt a metsz6s el6tt 10 nappal tbr-
t~nik, barAzdAba kijuttatva.

A term~seredm6nyeket illet6en az 61enj~r6 sz6l6gazdasigokban tanicsaink szerinti tipiis
mellett ciklusonk6nt a fajtAkt61 fflgg6en 25-50 t/ha-t tudnak produkilni els6 oszt-ly6l term6k
tekintet(ben. A mag n61kili fajtukntil a hozam ennek csak 35-40%-a jelenleg.
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1. tOblIzat: Orientdci6s tdbldzat a tr6pusi sz616termeszttsntl a leviltpanyagszintekre (15 brix
cukorfokncl)

TApelem mertikegys~g normfl szint sznes fajtik mag nlkiili

Nitrogen N % 2,25-4,00 2,00-2,80 1,80-2,40

Foszfor P % 0,30-0,70 0,60-0.90 0,60-1,20

KAlium K % 1,20-2,50
Magn~zium Mg % 0,30-0,60 0,50-0,90
Kalcium Ca % 2,50-4,00 3,50-5,00
B6r B ppm 80-160

Cink Zn ppm 80-300
Vas Fe ppm 100-200 300-400

Rz Cu ppm 13-25 25-50
MangAn Mn ppm 20-100
Kobalt Co ppm 0,50-10,00
Molibd6n Mo ppm 0,50-10,00

2. tfiblAzat: Tdpoldatos dntOzesndl kijuttatolt mfltrdgydk vegetdci6s fdzisonkdnt

DekAdok fenol6giai ciklus N P K Mg Ca B Zn Fe Cu

RougyfakadAs el6tt bar5zdAba 30 25 25 30 30 40 40 30 30

. dek~d RuigyfakadAs 10 10 - - - - - - -

2. dekdd Rfigyfakadis 10 10 - - - 35 35 - -

3. dekid Zdld vlogatds 10 15 10 30 30 10 10 20 20

4. dekdd VirAgzAs - 10 10 - - - -

5. dekdd Megterm6kenyit~s At. 10 10 10 - -

6. dekAd Zdldbors6 mdret 15 10 10 30 30 10 10 30 30

7. dekid Bogy6 int. n6vk, 10 5 8 - - 5 5 - -

8. dckid Bogy6 int. n6vk, 5 5 7 10 10 - - 10 10

9. dekAd Er6s kezdete - - 10 - - - - 10 10

10. dekd Er6s - - 10 - -

11. dekAd Er6s-sziiret - - -

A fentiek szerint az egyes mfitrigyaf6les6gek alkalmank6nt kijuttatott szzalkkt tiinteti fel

a t-bltzat, m6gpedig az els6t, az 6n. alaptr6gyfzAst nem tipoldatban, hanem a sorok mellett
kihdzott barAzdAkban.

Az 6sszesen kisz6rand6 mftr6gyft a lev6lanalizis szerint mi, szaktancsad6k javasoljuk, s an-
nak a fenti sz6tosztAs~t mutatjuk be. Ezek szerint minden tiz napban van egy tpoldatos

6ntdz6s. A 11. dekfdot az6rt tintetjtik fel, inert akkor m6g a szflret napjAig bezAr6lag kell

dnt6zni 6s el6fordulhat, hogy valami rendelleness~g - pl. vessz6, rilgy jobb be6r6se - miatt

tartal6kban egy tpoldatos dntdz6st sziiks6ges lehet kalkulAlni.
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Specific conditions of plant nutrition in viticulture
of the semi-arid tropics

AGROINVEST RT., H- 117 Budapest, Budafoki it 79., Hungary

AGROINVEST RT Co. has been active for more than 20 years in the tropical region of Brasil,
especially in the NE region. Earlier, it was in fresh-water pisciculture and hatchery, then, since
1986, also in the development of viticulture as consultant of CODEVASF (a State Enterprise
for the Development of the Sao Francisco River Valley Region). The work is based on an
inter-governmental technological co-operation. The author spent his permanent mission over
14 years in this area area. After the initial years, as the Brazil Government appreciated the
activity, the crew of Hungarian consultants in viticulture and enology was enlarged to 5
persons, and I served as the head of the group.

The town Petrolina is located in the centre of the region, which is in Pernambuco State, (the
capital of State being Recife, 900 km to NE). The geographical position is characterised as 9.230
of southern latitude and 30' of eastern longitude, 376 m altitude. According to the Koeppen, the
region lies in the semi-arid tropics category. The annual precipitation is about 400 mm and the
mean temperature is 26.9 'C. That region extends south along the valley of the Sao Francisco
River to the 17' southern latitude (Pirapora, Minas Gerais State). As I was responsible, generally,
for the supervision and orientation, I was also attentive to the neighbouring regions, i.e. slightly
humid and semi-humid tropics, and especially to the possibilities of viticulture under the given
conditions, less aberrant and much more similar to the conditions of the Temperate Zone.

The main characteristic of the target area (semi-arid tropics with the centre of Petrolina) is the
possibility of vegetation all around the year for practically all kinds of cultivated plants.
Viticulturists calculate, generally, 2.5-3 vintages per year in table grapes, and 3 in wine grapes.
However, because of the low level of precipitation and high temperature means the necessity
of regular irrigation is indispensable.

As Hungarian consultants of viticulture and enology we started our work with the thorough study
of the climatic conditions of the tropics on the spot, to assess the possibilities offered by the local
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conditions in relation to experience gained by the growers and pioneers of the area. Subsequently,
knowledge and traditions acquired in Hungary have been compared with those experienced in
wine producing West European countries and overseas. Sources of the world-literature were
explored too in order to obtain a comprehensive picture on the biology of grapes, and especially
its performance expected under tropical conditions. Synthesising all this information we
endeavoured to elaborate an agenda, of what are the most advanced biological and technical
considerations to be applied in a program to develop viticulture unprecedented in the given area.

The climatic conditions of the semi-arid tropics are closely analogous to that of the greenhouses,
suitable for continuous cultivation. It has been postulated that here the grape plant is not bound
to develop an obligate rest period in spite of the traditions of viticulture in the Temperate Zone,
i.e. in Hungary too. Although this question has not be answered yet and needs further research,
but practically the new period of growth can be started one or two weeks after vintage by pruning
back to the buds already containing ripe primordia of inflorescences.

The continuous cultivation, however, exhausts the yielding capacity of the plant. Because of
the semi-arid conditions the local vegetation is limited to a bushy growth, which produces the
typical brushwood landscape. Regular cultivation of plants, grapes included, has been
attempted some 25 years ago. Considerable areas are still fallow. So, organic matter content
of the soil is less than 0.1-0.4 %, moreover, the light, mostly sandy soils are also deficient in
mineral compounds. Agricultural utilisation, let alone the production of a high quality crop,
therefore, requires the profuse the administration of organic as well as mineral fertilisers.

Concerning the requirements in nutrients of the grape, we used experiences that accumulated at
the State Farm of Balatonboglir. There, in the research laboratory, J6zsef Eifert summarised the
respective findings of the French Professor Lewy as well as of Gartel, Huglin and Kliewer,
applied to the local conditions. Subsequently, Brazilian studies of Franqois Champagnol's recent
results contributed to our stock of knowledge.

All those outlined our endeavour to develop a general table of orientation for the purpose of
guiding growers committed to tropical viticulture. There, world-wide results of viticultural
research and local experiences are synthesised. In attachment No. 1 (Table 1) data collected
from the most successful growers are presented. An earlier variant of the Table has been
published in the book written in common with two co-authors destined to be a text for technical
trainees of growers in the semi-arid tropics (A. Lakatos, Lajos Hegedfis and Amancio Holanda
de Souza, Edicao SEBRAE -PE. - RECIFE 1996).

In Table 1, the varieties are grouped into three categories, further distinctions, for special cases,
may or ought to be justified within or outside those groups. They will be pointed out in relation
to particular nutrients. For the moment, we state only that red wine varieties could be handled,
generally, as suggested for Red Globe, except for Phosphorus.

The numerical data presented in Table I need some explanation as follows:

The role of Nitrogen is more accentuated here than under temperate climatic conditions. It is
especially recommended because of the vigour of the vine-stock, branches and shoots, the high
yields, the continuous vegetation, the size of clusters and of the berries, and generally for the
longevity of the plant. Remarkably, three vintages per year, the large volume of the crop,
nonetheless the high quality observed all the time shorten the life expectancy of the plant,
considerably. That's because the recommended life span of a plantation is about 15-18 years.
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The yields indicated at the given doses of Nitrogen presuppose, however, certain levels of
organic matter content in the soil. As the original content of the soils is usually negligible, the
grower should supply the quantity necessary. The most practical way in doing that is to make
compost. As huge sugar-cane plantations are in the region, the cane stems (murk) recycled from
the factory would serve as ground material, otherwise, vigorously growing grasses, e.g. elephant
grass are recommended. Generally, stable manure of cattle, sheep or goat, is used. The compost
should he mature, mixed and watered, occasionally, the fermentation is stimulated, fertilisers
added. Most successful growers achieved even 2-3% of organic content of the soil, which is
considered as ideal.
For the Nitrogen supply we have observe the balance of nutrients, which depends, highly, on
the character of varieties. Here, we have to emphasise that viticulture in the semi-arid tropics
is one of the most intense type of technologies, varietal differences deserve much more
attention, than under the Temperate Climate. I dare say, moreover, that the importance of the
differences was unduly ignored even in our traditional viticulture.

In Phosphorus nutrition, the local varieties (Italia, Piratininga, Rubi, Benitaka, etc.) are taken
into account as they bear one cluster per shoot as a rule. At higher P levels, however, these
varieties may produce two or even three clusters. Some new popular varieties as the Red
Globe and even more the seedless ones deserve to put them in a category of their own. The
former e.g. does not yield the sufficient quantity with one cluster per shoot, whereas with doses
indicated in the table 50 t/ha yields are achieved.
In the case of seedless varieties, we are confronted with the question of plant nutrition under
tropical conditions regardless of the meteorological characterisation of Koeppen. The main
concern of tropical viticulture is the lack of long days (photoperiods). In the book of Pierre
Huglin: ,,Biologie et 6cologie de la vigne", there is an account of an 18 year-long experiment
performed in Baldwin, Australia in which it was found that the seedless variety Sultanine
cannot develop sufficient fertile buds under short photoperiods. Fertility depends on the
photoperiod too, so most seedless varieties are progenies either of Sultanine or of Corinth.
Both perpetuate this character, which impairs fertility. Recent results of research revealed that
the primordia of inflorescences are initiated during blooming and depends on the content of
Cytokinin, hence came the idea of administrating plant growth substances as a possibility to
regulate flower initiation as was shown with the application of Gibberellins.
That inspired the BASF factory in Chile to release cytokinin in a product named SITOFEX.
There, in Chile, it is used instead of Gibberelline to stimulate the growth of berries but we
applied it to enhance the initiation of flowers in the buds of seedless grapes. In the case of
Sultanine, however, we did not succeed. I should remark that we also need other chemicals to
regulate the number of inflorescences, e.g. CCC or Cycocel, which breaks vegetative growth.
On the other hand, Cytokinin stimulates the generative phase of growth. By all means, an
enhancement of Phosphorus nutrition is necessary as shown with numerical arguments for
seedless grapes for the table.
It is opportune to state that the high correlation between Phosphorus doses and grape yields
experienced here in the tropics was outstanding, and cannot be compared with the results
obtained in Hungary.

Potassium is one of the most important nutrients recognised in viticulture. Likewise in the
tropics its importance has to be emphasised. In addition to the fact that K is decisive in the
development of almost all characters contributing to the quality of the produce as sugar content,
acid composition, flavour, smell, taste, crispness, colour of berries, maturity of shoots and buds,
it has an important role in most biological activities. The size of clusters and of the berries
depends also on potash, although the growth substances, as Gibberellins, are successfully used,
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but its effect is based on the presence of that nutrient. It hardly has any negative effects. In the
tropics the doses of potash had been increased for those reasons. The size of clusters and of
berries is a decisive component of quality in table grape (let alone the taste and flavour).

There is another important advantage of potash fertilisation, which was almost ignored in
Hungary. In the past we maintained friendly relations with the Research Institute of Geisenheim
(Germany), where Professor Helmuth Becker observed that in vineyards highly supplied with
potash the different virus diseases were less expressed.
Based on this observation, we chose a grape plantation of several hectares near Piratininga,
where the Leafroll virus weakened the wine-stocks considerably and yields attained hardly 10

t/ha. A high dose of potash-sulphate was administered until the K-content in the leaves at the
beginning of the ripening season was around 2.5%. The effect was overwhelming, i.e. 30 t/ha
of yield, excellent quality for several cycles. Symptoms of the virus were suppressed.
On another area, in a young plantation of the variety Italia showed heavy symptoms of the
Fanleaf virus as young shoots developed short indernodes and their axis grew flattened and
angular. By a nutrient solution we raised the level of potash content above 2%. As a result, the
symptoms disappeared and the plantation became productive.

The role of Calcium is equally decisive in the sandy soils of acidic reaction. Regular Ca doses
are required also in heavy soils, where the Ca content seems to be sufficient, but its uptake is
hindered. Symptoms of insufficiency may appear.
In table grapes as well as in red wine varieties we observed a correlation between the strength
of skin and Ca supply. The skin is built up by several cell layers typical for the respective
variety, e.g. in Italia the ideal skin is 12 layers thick. Toughness of the skin is an important
quality character from the point of view of transportability, shelf life and resistance to injury,
as well as flavour, taste, quality and quantity of colour substances. Moreover, the variety Red
Globe becomes susceptible to sun-scald as soon as the leaves contain less than 4 or 5% Ca.

The Magnesium supply of tropical vineyards is as important as in temperate conditions, but the
higher yields claim higher concentrations in the leaves. The browning of the pedicels mainly
threatens the coloured table grapes and red wines. It is tedious to administer Mg through the
leaves, because the uptake of different compounds in question is slow. It is easier to combine
the nutrient into the irrigation water as the uptake is more favourable through the root system.

The role of micro-nutrient deserve more attention in the tropics.

Boron is especially important in the reproductive process of flowering and fertilisation.
According to our experiences, fruit shed being often attributed to adverse weather conditions
is successfully moderated by Boron. At the same time an overdose may cause abortion,
therefore the rest of other nutritive elements and the special needs of the respective variety
have to be considered. Most interaction of this element is expected with Phosphorus. Further
condition of positive effects is the timing of application.

Zinc is, like the former, important in the process of fertilisation and seed development. The
number of seeds is not indifferent from the point of view of quality, as the size of berry depends
greatly on the number of fertilised seeds. In some varieties, we observed the decline of flavour
substances with the diminution of seeds. The ideal number of seeds is claimed to be 4 per berry.

The former two micro-elements (B, Zn) are decisive in determining the composition of buds,
their development and differentiation interacting with phosphorus, of course. As an important
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point, we should care for their simultaneous presence at the root system, as e.g. the presence
of Zn helps the uptake of Phosphorus by the root hairs.

Iron and Copper (Fe, Cu) are involved in photosynthesis and in the anthocyanins. Most concern
is associated with coloured table grapes and red wine varieties. Though less pronounced, other
varieties have to be supplied as well. Do not forget the relation between micro elements and Ca
as well as Mg. Fe may be administered also as leaf manure as sulphate in order to increase colour
formation. If the uptake is compromised an addition of citric acid may help. Results were
promising especially with the coloured varieties Red Globe and Benitaka, which developed a
more intense colour as required by the market.

Iron as micro-nutrient proved to be a good means of curing virus symptoms. The symptoms of
the Yellow speckle virus were effectively suppressed quickly by a Fe content higher than 300
ppm in the leaves supplied in a nutrient solution.

Molybdenum and Cobalt are also required in the tropical viticulture. The former is active in
lengthening the clusters and increasing the berries, so may replace the effect of Gibberellin.
Cobalt increases the berries and their crispiness.

Lack in manganese (Mn) inhibits photosynthesis but its surplus is toxic.

Most concern is associated with the presence of Aluminium and high salt content. The lack of
drainage in irrigated areas as well as neglected soil tilling may cause soil clogging. Subsequently,
the growth of shoots, quality and quantity of grapes declines, finally the plants may die.
Abolition of water clogging, installation of drainage, deep soil tilling, ridged soil surface
sloping towards the centre of the row space and a couple of other tricks may help. Experts of
the company AGROINVEST are continuously on the search to find economical solutions to
eliminate the deleterious effects on the soil by irrigation, treading of machines. The most
advanced farmers have overcome the difficulties from the beginning.

Finally, I have to emphasise that the dosage of nutrients and all the rest of experiences and
suggestions discussed here refer to a system of cultivation associated with intense irrigation.
The majority of farms practised ,,fertigation" (i.e. irrigation with nutrient solution), which
facilitates an accurate seasonal distribution of nutrient elements. The 2nd attachment (Table 2)
presents the suggestions of timing fertilisers adapted to the phases of vegetation. The organic
matter (compost) should be incorporated at every second or third growing cycle, about 10 days
before pruning given into the furrows.

As for the yields achieved, for the best farmers working according to our suggestions, 25-50
t/ha produce per cycle of first class quality, have been obtained depending on the variety in
question. With seedless grape varieties the figure is reduced, at the moment; by 35-40 %.
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Table 1: Table for orientation in dosing of nutrients for tropical viticulture measured by foliar
analysis (at a sugar content of 15 brix 0)

Nutrient Units of measure Normal level Coloured varieties Seedless varieties
Nitrogen N % 2.25-4.00 2.00-2.80 1.80-2.40
Phosphorus P % 0.30-0.70 0.60-0.90 0.60-1.20
Potash K % 1.20-2.50
Magnesium Mg % 0.30-0.60 0.50-0.90
Calcium Ca % 2.50-4.00 3.50-5.00
Boron B ppm 80-160
Zink Zn ppm 80-300
Iron Fe ppm 100-200 300-400
Copper Cu ppm 13-25 25-50
Manganese Mn ppm 20-100
Cobalt Co ppm 0.50-10.00
Molibden Mo ppm 0.50-10.00

Table 2: Fertilisation by irrigation with nutrient solution distributed according to the phases of the
growing period

Decades and phenological phases N P K Mg Ca B Zn Fe Cu
Before bud burst into furrows 30 25 25 30 30 40 40 30 30
I. decade Bud burst 10 10 - - - - - - -

2. decade Bud burst 10 10 - - - 35 35 -

3. decade Green pinching 10 15 10 30 30 10 10 20 20
4. decade Blooming - 10 10 - - - - - -

5. decade After fertilisation 10 10 10 - - - - - -

6. decade Green pea size 15 10 10 30 30 10 10 30 30
7. decade lnt growth of berry 10 5 8 - - 5 5 - -

8. decade lnt growth of berry 5 5 7 10 10 - - 10 10
9. decade Begin of ripening - - 10 - - - - 10 10
10. decade Maturity - - 10 - -

11. decade Ripening,Vintage - - - - - - - - -

The data in Table 2 are per cent values of the final dose planned for the whole cycle. The doses
entered in the first row are to be administered into the furrows of the soil as basic fertilisation.

Our staff of counsellors suggests the final doses, based on leaf analysis, and their distribution.
Irrigation with nutrient solution should be timed into 10-day periods, i.e. decades. The 11
decades are calculated for the whole growing period. Irrigation may prove to be necessary
even after vintage because of some anomalous delay in the ripening of shoots and buds.
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Sz6ke Lajos' - Eifert J6zsef2 
- Virnai Zsoltn62

K6szlettra'gya'zaisi tartamkis rlet eredm nyei barna
erddtalajon, Eger, 1974-2001

1) KF KFK, Kecskem~t, 2) FVM SZBKI, Kecskemft

Bevezet6s

A sz6l6iltetv~nyek 6116 kult6ra jellege miatt a tfpanyag-utAnp 6 tlfs elv6gzse, a t~panyagok

egyenletes talajba juttatSsa term6 korban ner egyszer6 feladat, mert a technikai lehet6s6gek

korlftozottak. A talajok tOpanyagtartalma 6s tfpanyag-szolg6ltat 6 k6pess6ge nagyon kildnb5-

z6. Az ut6bbi 40 6vben a sz6l6termeszt6sben a sz6les sork6zi magas mfivel6sfi t6kcform~k

terjedtek el, melyekn6l a t6k6k egyedi teljesitm6nye 16nyegesen nagyobb, a szflks6ges tap-

anyagig6ny is tdbb a hagyomAnyos t6keformAk6t6l.

Anyag 6s m6dszer

1974-ben Egerben - a borvid6kre jellemz6 barna erd6talajon, amely zeolit tufa alapk6zeten

k6pz6d6tt - kdszlettrAgyfzisi tartamkis6rletet 1lltottunk be. A terilet 4,0 ha, enyhe d6l-d6l-
nyugati lejt6, kb. 130-140 m tengerszint feletti magassAg6 kivAl6 sz6l6talaj. Gyeng6n savany6

(pH/H 2 0 6,7), m6szmentes kdtdtt (Ak-47); kdzepes humusztartalm0 (-2,0 %); k6zepes P

(-10 mg/100 g) 6s K (27 mg/100 g), magas Mg tartalmfi (36 mg/100 g) talajon AllitottAk be a

kfs6rletet. A tartamkis6rlet c6ija, bogy meghatArozzuk, az adott talajtipuson 6s kdrnyezetben

a telcpft6s el6tt v6gzett PK k6szlettrfgyfzds m6rt6ke, a tipanyagok talajban t6rt6n6 elhe-

lyez6se hogyan befolyAsolja a t6k6k fejl6d6s6t, a term6s mcnnyis6g6t 6s min6s6g6t, milyen

6sszefiigg6s van a tipanyag-elltottsfg 6s a terhel6s mdrt6ke k6zdtt. A kitfiz6tt c61ok meg-

val6sitfsa 6rdek6ben hfrom t6nyez6s split-split-plot elrendezdsGi kis6rletet terveztink,

melyben a term6re fordulis utfn negyedik t6nyez6k6nt (parcellafclez6ssel) a riigytcrhel6st is

kialakitottuk.

Kiserleti tdnyez6k:
a. talajszelvdny tapanyag feltdlt6sc (30-60 cm 6s 0-60 cm)
b. P20 5 felt6ltds (eredeti szint 6s 30 mg/1OO g P 20 5/AL 6rt6k bellfit6sa)

c. K20 felt6lt6s a K 2O:Mg ariny szerint (1:1;2:1;3:1;4:1)
d. rtgyterhel~s bedllitdsa (5 ruigy/m 2; 10 riigy/m 2 )

Parcellanagystg:
a. tdnyez6re n6zve 9 sor 99 t6ke = 981 t6ke
b. t6nyez6re n6zve 4 sor 99 t6ke = 396 t6ke
c. tdnyez6re n~zve 4 sor 24 t6ke = 96 t6ke
d. t6nyez6re ndzve 4 sor 12 t6ke = 48 t6ke

A parcelldk k6zdtt vdlaszt6sorokat 6s t6kdket alakftottunk ki.
Ism~tl6sek szAma: 4.
A kfsdrlet beAllitAsit6l 1986-ig 6vente rendszeresen adatfelv6telez6st vWgeztuink. Talaj- 6s Ic-

vdlvizsgilatokat, term~smennyistg-min6s6g mcghatfrozAst, bork6szit6st ds vizsgAlatokat,

uiltetvdnyfelv6telezdseket, fagytesztei6st, id6jdrjsi adatok felvdtelez6s6t 6s 6rt~keldsdt vdgez-
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tilk cl. Mintegy 50 jellemz6 adatot rbgzitettiink minden parcell6ra vonatkoz6an. A talajvizsga-
latok sorAn dsszehasonlitottuk az AL (hagyominyos) 6s az EUF (Oj) talajvizsgAlati m6dszert
is. Az adatok feldolgozfsAt szlmit6g~pen vfgeztik, a matematikai statisztikai m6dszerek sze-
rint. 1986 utAn csak ut6hattis-vizsgAlatokat folytattunk, amelyek talaj- 6s lev6lvizsgfilatokat,
t6kekondfci6-, t6kehifny-felvdtelez6seket jelentettek.

Eredm~nyek bemutatisa

1. A talaj- 6s lev61vizsgAlatok 6sszehasonlitAsa sordn azt tapasztaltuk, hogy az EUF talajvizs-
gflati m6dszer szorosabb dsszefiggfst mutat a lev6lvizsgflati eredm6nyekkel, mint a hagyo-
minyos amm6nium-laktdtos (AL) m6dszer. A kkrlet talajmintfinak felhaszndidsAval do]-
goztuk ki az EUF talajvizsgAlati m6dszer ,optimilis" hatir6rtdkeit a sz616 szmaIra.

2. A PK kszlettrAgyAzis hat5sira jelent6s term6smennyis6g-min6s6g kiil6nbs6geket 6s fagy-
tOrdsben val6 elt6r6st tapasztaltunk. Kiildndsen a K-hatAs volt 6rt6kelhet6, de P-hatist
6s PK kolcs6nhatist is be tudtunk mutatni.

3. A PK k6szlettrzigykzfs pozitiv hatAsti volt a term6s mennyis6g6nek ndvekcdds6re, a min6s6g
(mustfok) javulzisra, a fagytflr6 kdpessdg n6veked6s6re.

4. A t~panyag-elldtottsAg 6s a t6keterhel6s szoros dsszefiigg6se is bizonyithat6. Az ,,optimum"
feletti tfpanyag-ellItottsdg alacsony (5,0 riigy/m2) terhel6si szinten negativ hatfls, cs6kkenti
a terms mennyis6g6t 6s min6s~gt. Magasabb terhel6si szinten ez a hat6s nem jelentkezik.

5. A kedvez6 taipanyag-ellAtottsfg hatAsra a t6k6k hamarabb fordulnak term6re, az dvjiratok
hatsa kev6sb6 6rv6nyesOl, a kiegycnlitett, j6 min6s6g szint6n jellemz6. A tipanyagfeltblt6s
n61kli (kontroll-) parcellfihoz viszonyitva 1,0-1,5 t/ha tdbbletterm6s 6s 0,5-2,0 MM' elt6r6s
tapasztalhat6.

6. A lev61vizsgilatok j61 tiikrdzik a ndv6ny tOpanyag-elzitotts6gi hclyzct6t, 6rz6kenyen jelzik
a talajban bek6vetkez6 v6ltozisokat. A lev6lmintAk Mn tartalma j61 jelzi a talajsavanyod6si
folyamatokat (ezt a pH-6rt6kek v6ltozAsa csak 2-3 6v mlva mutatja) vagy a talaj t6m6d6tt6
vAIist a gy~k6rz6niban.

7. A PK k6szlcttrgyjzds nagy termfst ad6 6vek utfn (p. 1982, 1986, 2001) is biztositja a ked-
vez6 tipanyag-elltottsigft a t6k6knek. A lev6lvizsgzilati 6rt6kek szerint a kivanatos tApa-
nyagszint ism6t kialakul. Nagy term6 6vekben lecskken a level K-tartalma, de nem a kriti-
kus szintre, igy a min6s6g is biztosfthat6.

8. A tobb mint 25 6v tapasztalata alapjAn megillapfthat6, hogy az adott talajtipuson 6s kdrnye-
zetben telepitfs el6tt az EUF talajvizsgilati m6dszer alapjdn kiszArmtott t~panyagp6tissal,
a sz6I6iiltetv6ny 61ettartamira a sziiks6ges tipanyagokat (P, K, Ca, Mg) egyenletescn a ta-
lajba tudjuk dolgozni, melyct a gybk6rz6nAba (30-60 cm-es talajrfteg) kell lejuttatni. Az igy
el6k6szitett talajon a k6s6bbiekben semmilyen tipanyagp6tlisra (fenntart6 trdigyzizzis) nines
szuiksdg.

9. A kedvez6 tpanyag-ellitottsfig a t6kekondici6t is pozitiven befolysoIja. A t6kehifny mdr-
tfke cs6kken, a t6kdk kozotti kondici6kiildnbs6g is kisebb.

10. A P tfiladagolis negativ hatAsa - kil6n6sen alacsonyabb rugyterhel6s eset6n - minden
szempontb6l 6rz6kelhet6. A t6kehiAny m6rt6kft is nbveli a P tWltrzigykAzs (mintegy 10%-
kal noveli a t6kehizinyt).

I1. A ttl nagy mennyis6g6 PK trAgygzfs (2700 kg P2O5 hat6anyag ill. 10 400 kg K20 hat6-
anyag) tovtbb csbkkentette a talaj Ca-tartalmdt 6s a pH-6rt6ket is. A talaj savanyod6sdt
a Mn-&tk vAltozAsa j61 jelezte.

12. A j6 min6sdgd talajforgatAssal a tfipanyag a gyok~rz6niba juttathat6, a tApanyagok eihe-
lyezkedfse a talajban a talajvizsgilattal (EUF) j61 visszam6rhct6.

13. A lev61vizsgAlatok j61 jelzik a ndv6ny tfnyleges tApanyag-ellitottsfgft, alkalmasak a tap-
anyagp6tAs meghatdrozfsfra.

65



lrodalom

Eifert J. - Ffiri J. - Sz6ke L. - Vfirnai Zs.-n6 (1974): A sz6l6iiltetvdnyek korszerd t6panyag-
elltAsfinak eredm~nyei 6s kutatzisi probl6m6i. lnt6zeti Jubileumi Tudominyos Napok,
1974. jfln. 20-21. 27-39.p.

Eifert J. - Furi J. - Sz6ke L. - Vfrnai Zs.-n6 (1976): Praktische Ergebnisse und
wissenschaftliche Probleme bei der modernen Nfihrstoffversorgung von Rebanlagen.
Landwirtsch. Forsch. 29, 2, 101-108. p.

Eifert J. - VArnai M. - Sz6ke L. (1982): Application of the EUF procedure in grape
production. Plant and Soil 64, 105-113. p.

N6meth K. - Vrnai Zs.-n6. - Sz6ke L. - Eifert J. (1983): A sz6l6talajok P- 6s K-felt6lt(shez
sztiks~ges tApelemmennyis~gek. Sz616-bor Inform. 1983, I. sz.. 1-26- p.

Szdke L. - Eifert J. - Eifert J-nC - Vdrnai Zs.-n6 (1984): A tSipanyag-ellAtottsfg 6s a
mennyis~g-min6s~g dsszefflggdse. El6ad~s a Bratislavban rendezett ,Prikon energii do
vinohradnickej sustavy a ich transformAcia" nemzetk6zi tanfcskozdson, 1984. okt. 24-25.
Megjelent: Zbornik Prikon energii do vinohradnickej sustavy a ich transformi~cia: Vztah
mezdi zsobenostu zivinami a kvalitou-kvantitou, 126-144. p.

Sz6ke L. - Eifert 1. - VArnai Zs.-n6 (1984): Az EUF talajvizsgflati m6dszcrjelent6s~ge a sz616
tfpanyag-gazdflkodAsAban. El6adds: XI. Kdrnyezetv6delmi Konferencia, 1984. okt. 1-3.
Szombathely, Osszefoglal6 a programfuizet 16. oldalAn

Eifert A. - Sz6ke L. - Vrnai M. - Nagy E. (1984): The effect of liming on the frost resistance
of grape buds. 9.th. CIEC World Fertilizer Congr. Proceed. /3/ 40-42. p.

Vdrnai M. - Eifert J. - Sz6ke L. (1985): Effect of liming on EUF-nutrient fractions in the soil
on nutrient contents of grape leaves and on grape yield. Plant and Soil, Vol. 83, 55-64. p.

VSrnai M. - Eifert J. - Sz6ke L. (1985): EUF-nutrient contents required for optimal nutrition
of grapes. Plant and Soil Vol. 83. 183-189. p.

A. Eifert - . Nagy - M. Varnai - L. Sz6ke- J. Eifert (1986): Relationships between the
Nutrient supply and the Frost Resistance of Grapevine. (Osszefiigg~s a sz616 tApanyag-
ellitottsAga 6s fagytfr~se kbztt.) 111. rd. International symposium on grapevine
Physiology, Programme and Abstracts, p. 32.

VArnai M. - Eifert J.-nC - Sz6ke L. - Nagy G.-n6 (1986): A talaj m~szAllapota Cs a sz616
fagytflrdse kozdtti dsszefOggdsek. Sz6l6termeszt~s 6s Boriszat VIII. 6vf./1-2., 34-36- p.

Vdrnai Zs.-n6 - Eifert J. - Sz6ke L. (1986): Az EUF talajvizsgdlati m6dszer alkalmazAsinak
tapasztalatai fizemi gyakorlatban. Sz6l6termeszt~s 6s Borfszat VIII. 6vf./3., 1-6. p.

V-irnai Zs.-n6 - Eifert J. - Sz6ke L. (1986): K~szlettrjgyzizfsi kis6rlet eredm~nyei barna
erd6talajon /Eger 1975-84/. Sz6l6termesztCs 6s Borjszat VIII. 6vf./3., 6-11. p.

Eifert A. - Sz6ke L. - Vdrnai M. - Nagy E. (1986): A meszez6s hatdsa a sz6l6rlgyek
fagytirds~re. Sz6l6termeszt6s Cs Borfszat VIII. 6vf./I-2., 34-36. p.

A. Eifert - F. Nagy - M. VArnai - L. Sz6ke -J. Eifert (1987): Relationship between nutrient
supply and the Frost Resistance of Grapevine. Physiologic de la Vigne. O.I.V. 162-164. p.

Sz6ke L. - Kiss E. - Csenki R. (1987): A fajta, a terhel~s 6s az dvj6rat hat~isa a sz6l6levelek
tdpelcmtartalmdra 11. Sz6l6termesztds 6s Boraszat IX. 6vf./2., 1-7. p.

Nagy E. - Eifert A. - Erdei A. - Sz6ke L. (1988): A sz616 fagytfires-fiziol6giAja. Acad~mie
Suisse du Vin No. 28., 1988. dec., 66-67. p.

Sz6ke L. - Eifert J. - Vdrnai Zs.-n6 (1991): Sz616 k~szlettrdgyAzAsi tartamkis~rlet eredmnyei
barna erddtalajon. Termdscredm6nyek 1976- 1986. El6ads a XXXIII. Georgikon Napok,
Keszthely (1991. augusztus 22-23.) rendezv~nyen. II. kbtet, 300-301. p.

Sz6ke L. - Eifert J. - VArnai Zs.-n6 (1991): Sz616 k6szlettrgyizAsi tartamkis~rlet eredm~nyei
barna erddtalajon. Talajvizsgflatok, lev0lanalizis-eredm~nyek 1973-1986. Poszter.

66



XXXIII. Georgikon Napok, Keszthely (1991. augusztus 22-23.) Osszefoglal6, It. kdtet,
206-212. p.

Sz6ke L. - Eifert J. - V-arnai Zs.-n6 (1991): A meszez6s hatisa a mfitrigya hasznosul~sAra
savanyP barna erd6talajon. Poszter. XXXIII. Georgikon Napok, Keszthely (1991.
augusztus 22-23.) Osszefoglal6. 11. k6tet, 195-198. p.

Kiss E. - Sz6ke L. (1991): A fajta, a terhel6s 6s az 6vjirat hatisa a sz616 tfpelemfelv6tel6re
elt6r6 6kol6giai k6rfilm6nyek kdzdtt. El6adjs a XXXIII. Georgikon Napok, Keszthely
(1991. augusztus 22-23.) rendezv6nyen. 1. kdtet, 258-260. p.

Sz6ke L. (1991): A sz616 okszerfi trfgyAzAsa az Egri Borviddken. Kandiditusi 6rtekez6s,
107. p.

M. Vfirnai - L. Sz6ke (1992): Der Effekt der natUrlichen Unkrautbedeckung und des
Bodenreliefs auf die Nihrstoffdynamik des Bodens und der Rebenblitter. Internationaler
Arbertskreis Begrunung im Weinbau. IX. Int. Koll. 02-05. Sept. 1992, Bad
Kreuznach/Deutschland, Kurzfassungen der Referate 30-31. p.

Vdrnai M. - Sz6ke L. (1993): An Advisory Service for Fertilization Based on Leaf and EUF
Soil Analysis in Hungary. Second International Simposium on Diagnosis of Nutritional
status of Deciduous Fruit Orchards. September 13-17. 1993. San Michele All' Adige -
Trento Italy, Abstracts. 0.111., 56-57. p.

G. Vanek a kolektiv (1995): Vinic 3. Pestovanie (Integrovandi produkcia hrozna. Ekologick6 a
ekonomick6 pestovanie, vyziva a ochran). Priroda a.s., Bratislava, 150 p.

Vanek G. - Vanckova Z. - Sz6ke L. (2000): Final Report's Appendix (Riloha k ZAverecnej
sprave) Integrated Production South Moravia Development of Viticulture (Juzna Morava
Rozvoj Vinohradnictva - Integrovana produkcia). Phare Project No. CZ 9801/0501/B2,
CD-ROM (Osszefoglal6 tanulmuny cseh 6s angol nyelven 320 p).

Vrnay Zsoltnd (1993): A sz616 optimilis tApanyag-szflks~glet6nek meghatirozAsa EUF talaj-
vizsgflati m6dszerrel.

Mikl6s Erzs6bet (1994): A sz616 kilium- es kalciumtranszportjAnak fajtajellege. KandidAtusi
6rtekez6s.

Miklos Erzs6bet (2000): A foszfor- &s kAlium-kdszlettrjgyAzfis hatisainak vizsgtilata sz616-
iiltetv6nyben. Szakm6rnbki dolgozat.

Lajos Sz6ke' - J6zsef Eifert - Zsoltn6 Virnai2

Results of a long-term stock nutrition experiment
on brown forest soil in Eger (1974-2001)

1) KF KFK, Kecskemft, 2) FVM SZBKI, Kecskemt

Introduction

Maintaining optimum nutrient supply to bearing vineyards, that are special cultures, is not an
easy task, because the use of technical means are limited. Nutrient content and supply of soils
are very different. Over the last 40 years wider space of rows and larger trellising systems have
been introduced leading to greater individual productivity of vines and associated increased
needs for essential nutrients which are significantly higher than with conventional trellising.
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Material and methods

In 1974 we started a stock manure experiment on brown forest soil, that was formed on zeolitic
base rock, which is typical in the Eger region. The 4-hectare acreage, situated on a slight
south-southwest slope at about 130-140 metres above sea level, is excellent for vine cultivation.
The experiment was set on a slightly acidic (pH/HO 6.7), free of lime, heavy (Ak-47) soil with
medium humus (about 2%), medium phosphorus (about 10 mg/100 g) and potassium
(27 mg/100 g) and high magnesium (36 mg/100 g) content.
The main purpose of the long term experiment was to define how phosphorus-potassium stock
nutrition, before plantation, on the given soil and conditions, and placement of nutritional
elements, affect the growth of vine and the quality and quantity of yield, and the relationship
between nutrition and bud loading.
In order to achieve the above goals, we planned a three-factorial split-split-plot experiment, where,
after the fourth year, bud-loading - as the 4th factor - was set (by splitting the area in to two).

Research factors:
a. Replacement to soil section (30-60 cm and 0-60 cm)
b. P,05 replaced (given level plus 30 mg/100 g P2O5/AL set)
c. K20 replaced according to K20:Mg rate (1:1, 2:1, 3:1, 4:1)
d. bud-loading (5 buds/m 2; 10 buds/m 2)

Acreage of plot:
As for a- factor 9 rows 99 stocks = 981 stocks
As for b- factor 4 rows 99 stocks = 396 stocks
As for c- factor 4 rows 24 stocks = 96 stocks
As for d- factor 4 rows 12 stocks = 46 stocks

Between plots separating rows and stocks were left.
Number of splits: 4

From the beginning of the research we continuously collected data. Soil and leaf samples were
analyzed, yield and quality were determined, wine was made and analyzed, frost tests were
carried out, weather data was collected and evaluated. Altogether almost 50 characteristics
was measured in each of the plot. In soil analysis conventional AL technique and EUF (a new
method) were compared.
Data were statistically processed by computer.
After 1986 we carried out post-effect research, that was based on soil and leaf analysis, vine
growth condition and lack of vines were surveyed.

Results

1. When comparing leaf and soil analysis, we experienced that EUF soil analysis method
showed a closer relation with the result of the leaf analysis than that of the conventional AL
method. Based on these results we determined the "optimal" limit values of nutrients using
the EUF method.

2. Potassium and phosphorus stock nutrition affected both yield and quality of crop and the
frost tolerance of the vine. Especially the effect of potassium was noticeable, but there was
also an inter-relation between potassium and phosphorus in this matter.

3. PK stock nutrition positively increased the quantity, the quality of the crop and the frost
tolerance of the plant.
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4. There was a close relation in between the nutrition and the loading of buds. When nutrient
level was above ,optimal" and low bud loading was applied (5 buds/m 2) a negative influence
on quality of crop was experienced. On higher bud loading this effect was not noticed.

5. When nutrient supply is optimal vine bearing occurs sooner, vintage there is less effect on
vintage and a balanced, good quality is observed. In compared to the control, yield was 1.0-
1.5 tons/ha higher and there was an increased sugar content of the must (0.5-2.0 MM°).

6. Leaf analysis provides a good reflection of the nutrient supply to the plant, and is very
sensitive to alteration of nutrition elements in soil. The manganese content of leaves
indicate very well the change of soil acidity (this is shown by pH only after 2-3 years) or the
compaction of soil in the root zone.

7. PK stock nutrition provides optimal nutrition supply for vine even after high-yielding years
(e.g. 1982. 1986, 2001). According to leaf analysis results, the desirable nutrition level can
also be rebound. In these years the potassium level decreases, but not to the critical level,
thus quality can be assured.

8. After 25 years of experience we can state that, on the given type of soil, a pre-plantation
stock nutrition, based on EUF soil analysis, can provide the necessary elements for the vine
for the whole life of the vineyards if P, K, Ca, Mg elements are placed in root zone (30-60
cm). When soil stock nutrition is carried out this way, no later nutrition is necessary in the
life cycle of the vineyard.

9. Stock condition is positively influenced by optimal nutrition supply. The rate of lacking
stocks and the difference of condition among stocks are lower.

10. The negative influence of extra P dosage, especially in low bud loading, was also
experienced. Extra P dosage also negatively influenced the lack of stocks (10% more
lacking vine stocks).

I1. Extra dosage of P and K (2700 kg P,0 5 effective substance and 10400 kg K,O respectively)
further decreased the Ca content and pH of the soil (this was indicated by the amount of
Mn).

12. Proper soil ploughing helps placing nutrition elements in the root zone. This can be well
traced by the EUF method.

13. Leaf analysis well indicates the actual nutrition supply of the plant and is suitable to
determine replacements of nutriments.
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Influence of Cd contamination of soils
to Quality of Vegetables

Research Institute of Vegetables, Nov6 Zimky, Slovakia

Abstract

In South Slovakia are the most productive soils, which are used for intensive vegetable
cultivation. Research results show that of the three determined risk metals (Cd, Pb, Hg), Cd
appears relatively the most risk influence under field conditions for vegetable cultivation in
the South Slovaka. This work presents results of determination of various Cd doses transfer
into the plants and also Cd intake by underground and aboveground parts of carrot and lettuce
in pot trials carried out in model conditions under foil covering.
The carrot roots received twice more Cd than carrot leaves and lettuce leaves five times more
Cd than lettuce roots. After application of the smallest Cd dose (0,25 mg Cd.kg 1) into the soil
the soil Cd content after the harvest was approximately equal to reference Cd value and the
cultivated vegetables were hygienically unharmful. The higher applied Cd doses (I mg Cd.kg-
I and 2 mg Cd.kg' t of soil) caused quadruple resp. seven-multiple soil Cd loading and
consequently the legislative valid hygienic limit in carrot roots was exceeded. Because of this
fact the harmfulness of carrot roots was significant.
The balance of Cd amounts received by a crop showed, that carrot roots received a maximum
of Cd amount and lettuce roots received a minimum Cd amount.

Introduction

The quality of plant food-stuffs is dependent on soil contamination. Of these products
vegetables have a very important role in human nutrition. The region of South Slovakia is the
greatest producer of this component of food-stuffs . The basic requirement for cultivation of
vegetables for consumption is that they should be without detrimental effect as a human
source of nutrition. Heavy metals are the most risk incongruous substances (except of nitrates)
according to percentage representation of various incongruous substance groups in the weekly
human diets in 1999. Cadmium ranks among the most risk contaminants. The greatest number
of samples with higher Cd contents than is its hygienic limit were in 1999 observed in plants
and soil. Owing to various soil-climate factors there is only little probability of linear
dependence between heavy metal contents in soil and their transport into the plants.
The most intensive Cd cumulation appears in plant tissues, in leaves, stems, fruits and supply
organs. It is probably, that also at low Cd soil contamination root vegetables and leaf
vegetables can be markedly contaminated. The object of this work is the determination of Cd
intake from soil substratum by underground and overground parts of carrot and lettuce under
model conditions and the observation of hygienic unharmfulness their consume parts.

Material and method

Model pot trials under foil covering were carried out in the Research Institute of Vegetables
at Nov6 Zdmky. The carrot (Daucus carota sativus - Rubina) and lettuce (Lactuca sativa -
Krfl' mdja) seeds were seeded into the PVC pots with 10 kg of clay-sandy soil (the average dry
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substance 87,3%, 4 variants, 10 repetitions). Nutrients N, P, K in form of salt solutions
NH 4NOJ, K2S0 4 a KH2PO 4 in amount responsive 0,2 g N, 0,1 g P, 1,5 g K on 1 kg of dried soil
were added into the soil substratum. Cadmium as observed contaminant was added in three
various doses in the form of Cd(NO3 )2.4H20.
Trials variants: K: NPK without Cd addition

1: NPK + 0,25 mg Cd.kg -1 of soil
It: NPK + 1,00 mg Cd.kg-1 of soil

III: NPK + 2,00 mg Cd.kg 1 of soil
In each variant lettuce was thinned down to three plants and carrot to ten plants. During
a vegetation the plants were irrigated on 75% maximal water substratum capacity. A further
treatment of plants was grown in accordance with common cultivation methods (ValgikovA and
Kopec, 1981). Roots and leaves of lettuce and carrot were mineralized in Pt receptacles in
muffle furnace at a controlled temperature regime. The ash was dissolved with 2M HN0 3. The
total Cd content in plant material was determined by using of AAS method on instrument
SpectrAAS-200 by electrothermic steam atomization in graphite cuvettes. The hygienic
unharmfulness was evaluated following legislative determined maximal allowed
concentrations (Vestnik MZ SR . 981/1996).

Results and discussion

In model conditions of pot trial under foil covering the transfer of various Cd doses (0,25; 1,00
and 2,00 mg Cd.kg 1) from soil substratum into roots and leaves of carrot and lettuce was
observed. Agrochemical characteristics of used clay-sandy soil were determined before the
onset of the trial and showed a weakly basic soil reaction pH=7,3 and high contents of
available P, K and Mg. The average Cd content in used soil before the trial foundation was
0, 250 mg Cd.kg-I in extract of 2M HNO 3. After application of 2 mg Cd into 10 kg of soil in one
pot the soil Cd content in extract of 2M HNO 3 was below reference value Al at carrot variant
(0,10 mg Cd.kg"') and equal to reference value Al at lettuce variant (0,34 mg Cd.kg-l). The
reference value for cadmium A,= 0,3 mg Cd.kg' after Rozhodnutie MP SR o najvyich
pripustn~ch hodnotAch rizikov ch litok v p6de L 531/1994 - 540 as a part of ZAkon SNR L
307/1992 Zb. o ochrane pol'nohopodgrskeho p6dneho fondu. The application of 10,5 and 21
mg Cd into one pot caused 4 resp. 7 more higher soil contents than the reference value. The
results of Cd contents determination in carrot roots and lettuce leaves are presented in tables
1,2.
Results showed that at application of 0, 25 mg Cd.kg-I (the reference value for soil content is

0,3 mg Cd.kg-1) even in carrot roots either in lettuce leaves Cd content wasn't higher than the
hygienic limit. At higher Cd doses (1 mg Cd.kg-I and 2 mg Cd.kg-1 of soil) the legislative valid
hygienic limit was exceeded in carrot roots (the maximal allowed concentration MAC = 0,1
mg Cd.kg-I in fresh vegetables; for lettuce it is 0,2 mg Cd.kg-l). The balance of Cd intake by
crop from soil substratum showed, that carrot roots received maximal and lettuce roots
minimal Cd amounts ( tables 3, 4). The various heavy metals distribution from roots into the
aboveground parts of plants is connected with their supply from soil by a crop (Kabata-Pendias
and Pendias, 1992; PetrfkovA, 1988; Zawadska et al., 1990; Richter and Hlugek, 1988; Venter,
1993). Our results show, that carrot roots receive 67% and leaves 33% of total Cd amount,
while lettuce leaves receive 85% and roots only 15% of total Cd amount (figure 1, 2, 3, 4).
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Table 1: The Cd content in fresh carrot roots

Content of Cd [mg/kg]
variant

average nin. max.
K 0,018 0,005 0,058 0,008

1 0,031 0,007 0,107 0,016

lI 0,121 0,021 0,296 0,081

111 0,181 0,063 0,301 0,870

Table 2: The Cd content in fresh lettuce leaves

Content of Cd [mg/kg]variant ____

average min. max. s

K 0,035 0,003 0,078 0,011
1 0,078 0,020 0,243 0,050

1I 0,109 0,065 0,141 0,054

1II 0,118 0,069 0,247 0,056
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Table 3: The Cd balance in pot trial with carrot

Added Cd The Cd intake /pot/dry matter
Variant (mg/pot) roots leaves

mg % mg %

K 0,0 2,3 64,25 1,28 35,75
i 2,0 2,94 65,48 1,55 34,52

11 10,5 19,85 62,34 11,99 37,66
I1 21,0 50,75 75,73 16,26 24,27

Table 4: The Cd balance in pot trial with lettuce

Added Cd The Cd intake /pot/dry matter
Variant (mg/pot) korene leaves

mg Tr mg %
K 0,0 0,60 19,80 2,43 80,20
I 2,0 0,70 16,28 3,60 83,72
II 10,5 0,95 14,84 5,45 85,16
II1 21,0 1,98 19,17 8,35 80,83

Carrot

Figure 1: The Cd intake in pot trial with carrot

Lettuce
17.6%

82.5%

Figure 2: The Cd intake in pot trial with lettuce
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Alibeta Hegedfisovfi, Ondrej Hegediis

A talaj Cd-szennyezods nek hatd'sa a z61ds gf l k
minosegere

Research Institute of Vegetables, Nov6 Zfimky, SIovakia

D61-SzlovAkidban, a legtermdkenyebb talajokon intenzfv zfildsdgtermeszt6s folyik. A kutatisi
ercdm6nyek azt mutatjdk, hogy a Cd, Pb 6s Hg clemek kdzfil a Cd jelenti a legnagyobb veszd1yt
a d6I-szlovfkiai szAnt6fdldi z6lds6gtermeszt6sben. Jelen dolgozat kiiOl6nb6z6 Cd-kezeldsekkel
sfrgar6pfn 6s fejes salfittin vgzett f6liatakarisos teny6szed6ny-kis6rlet eredm6nyeir6l szfimol
be, amelyben kOl6n m6rt6k a Cd-tartalmat a nbv6nyek fold feletti s fold alatti r6sz6ben.
A s'rgar6pagydk6r k6tszer tdbb Cd-ot vett fel, mint a lev6dzete, a saldta lev6lzete pedig 6tszbr
t6bb Cd-ot tartalmazott, mint a gyokere. A legkisebb Cd-adagn6l (0,25 mg Cd kg1 talaj) a be-
takaritAs twAn a talaj Cd-tartalma gyakorlatilag azonos volt a kontroldval, a z61ds6gek Cd-
tartalma pedig nem 16pte t6l az egdszs6gugyileg megengedett hatir6rt6ket.

A nagyobb Cd-adagok (I ds 2 mg Cd kg" talaj) 4-7-szeres talajterheldst okoztak, amelynek
k6vctkezt6ben a sgrgar6pa gydker6nek Cd-tartalma jelent6sen tOl!pte az eg6szs6g~igyi hatfr-
6rt6ket. A talaj Cd-m6rlege azt mutatta, hogy a legt6bb Cd-ot a sArgar6pa gyokere, a legkeve-
sebbet a fejes salAta gydkere veszi fel.
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A±svanyi anyagok sav-baizis pufferol6 hatd'sanak
6sszehasonlit6 vizsgilata

Kirp-itaIjai Agrfiripari Termelsi Intzet, Nagy Bakta, Ukrdn Agrdrtudomi-

nyi Akad~mia
2 Szent Istvin Egyetem Kert~szettudominyi Kar, Talajtan 6s Vizgazdrilkodiis

Tansz~k, 1118 Budapest, VillInyi 6t 29-43.

Bevezetds

A mestersges talajokkal szcmben alapk6vetelm6ny, bogy tompitani tudjdk a hidrog6n- 6s
hidroxid-ionok koncentr ci6inak sz61s6s6gcs vAltoz6sait is. A talajok sav-bizis pufferol6
hatisit bcfoly~sol6 t6nyez6k, az alapvet6 trv6nyszerfs6gck ma m~r ismertek (Szokolova et
al., 1991. Ulrich, 1981, 1983). Magyarorszjgi talajtipusokra vonatkoz6an, a gyakorlatban isj6l
hasznosithat6 vizsgflati eredm6nyekkel Murdnyi 6s R6dlynd (1986), Virallyay et al. (1986) 6s
Filep 6s R6dlyn6 (1988) Atfog6 munkii szolgAlnak.
A kcrt6szeti terineszt6sben, els6sorban a mesters6ges talajok kialakitfsfndil, egy termeszt6si
kbzeg sokoldahl elbirAlisAmil azonban nem mindig rendelkezijnk keIl6 informici6val a terhel-
het6s6giiket illet6en (Terbe. 1996). Ugyanakkor a termesztds sajftossdgaib6l fakad6an (foko-
zott tipanyag-utinp6this, nagyobb 6llominysfirfis6g stb.) gyakran tafiljuk szembe magunkat
azzal a probi~mjval, bogy a k6its6gesen eI6kllftott mesters6ges talaj (k6zeg) k6ptelen huzano-

sabb id6n keresztfl megfelel6en tompftani a kAros hatisokat, aminek k6vetkezmdnyeknt
a n6v6nyek sz~imira toxikus anyagok viszonylag gyorsan felhalmoz6dnak (SlezAk et al., 2001).
A m~sik v6glet sem ritka, amikor is, els6sorban a nagy mcnnyis6gd szerves anyag hatfisfira
a talaj sav-bfizis tompit6k6pess6ge tfilsAgosan is nagy. Ez esetben a pH megfelel6 6rt6kre va16
beAllitfsa, korrigMlfsa v6lik szinte megoldhatatlan feladattfi.

Anyag 6s m6dszer

Munkfnk sorfn a kertszeti termesztdsben, a mestersfges talajok kialakitfsdihoz hasznflt
AsvAnyi anyagok sav-bzis pufferol6 kdpessdgdt vizsgAltuk 6s hasonlitottuk 6ssze. Az anyagok
kivtlasztAs6nAl az is szempont volt, hogy mind fizikai, mind kdmiai tulajdonsAgaikat illet6en
vfltozatosak lcgyenek. A mintfk olyan formfban (pl. szemcsem6ret) kcriiltek bevizsglfIsra,

ahogyan a termeszt~sben is haszn6Iljik 6ket.
Az fisvAnyi anyagok titrfilfsi gorb6inek felv6tele sz6les pH-tartomfnyt Atfog6 oldatsorozattal
t6rtfnt. Ismert mennyis6g anyagb6l 6s vfltoz6 koncentrfci6ja HCI, illetve NaOH oldatb6l
szuszpenzi6sorozatot k~sztettink. A say, illetve ig maximdlis koncentrfci6ja 12,5 mgc/
100 g anyagra szfmitva. Egy 6rai rAzatds 6s 24 6rai IllIs ut6n meghatiroztuk a szuszpenzi6
egyensilyi pH-6rttkdt. A vizsgflt anyagok sav-bAzis puffcrol6 hatfsft a HCI/NaOH oldatok
titrilisi gdrbi 6s a pH=7 ponton kereszt~l mcn6 6s az abszcisszfval pfrhuzamos egyenes 6ltal
bezfirt terillet, valamint a szuszpenzi6 titrfilsi gorbdje 6s az el6bb megnevezett egyenes fital
hatfrolt teriilet egymdishoz viszonyitott nagys-gakfnt 6rtelmeztiik.
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Asvtinyok pufferkapacitisfinak szAmitisa 6s 6sszehasonlItisa

Egy k~t komponensb6l 16 rendszer 6ilapotfnak jellemzdsre, pl. szilfrd anyag (Asv6ny) 6s viz
(mindkett6 megtalAilhat6 minden talajban), alkalmazhat6k a klasszikus termodinamika tdrv-
nyei (Kanunnyikova, 1989).
VizsgAijuk meg az egyes talajt alkot6 szilird komponensek szerept a puffertulajdonsigok ala-
kitAsdban a gibbsit - AI(OH)3 - pldAjAn. Tudjuk, hogy a h6rom vegydrtkii aluminium Al3 +

monomer 6s polimer hidroxialuminium komplexekk6 hidrolizgl6dik, amelyeket olyan egysd-
gek 6pitenek fel, mint az AI(OH) 2+ , AI(OH)2 + vagy a semlegesft6d6s kbztes fokozatait
reprezentA16 formfik (Jackson, 1967).
A t6It~skiegyenlft6dds miatt:

CAI=3(A13+)+2AI(OH) 2+ +4Al(OH)2 +-AI(OH)4 "
Van Slyke (1922) meghatrozAsa szerint a pufferkapacitas a k6vetkez6k6ppen fejezhet6 ki:

dCs dCh

dpH dpH
ahol 13- a rendszer pufferkapacitfsa

Cs, Cb - a sav, illetve bdzis mennyis6ge.
A fentiekb6l kiindulva a gibbsit pufferkapacitdsira vonatkozdlag a k6vetkez6 egyenletet
kapjuk: 3 d(A*P) +2 d(AI(OH)"*) +4 d(Al(OH);) d(AI(OH)-;

dp H- dpH dpH dpH
Bizonyos AtalakitAsok utAn (Szokolova et al., 1991) az egyenlet egyszerisithet6:

A ,= Z3[16Al(010 + 9Alt + 4AI(OH)2' + AI(OH)4 ]

Ha ismerjtik az egyenletben szerepi6 ionok adott k6rtim~nyekre vonatkoztatott mennyistg~t,
akkor meghatgrozhat6 a gibbsit pufferkapacitfsa. Mivel az oldatba jut6 ionos formik kdzdtti
megoszlfs er6sen fflgg a pH-t6l, ez6rt a pufferkapacitfs reszletcsebb vizsgflata csak
a B=f(pH) fiiggv6ny alapjAn lehetsdges.
Az old6dds sorAn keletkez6 ionos formfk, valamint a reakci6k egyensfilyi Aillapotoira
vonatkoz6 illand6k figyelembev~teIvel eg~sz sor svAnyi anyag pufferkapacitsa lett
meghatgrozva ilyen m6don (Szokolova, et al., 1991).
Az oldhat6sfgukkal 6sszefiigg6sbcn az alacsony pH-tartomAnyban a gibbsit pufferkapacitAsa
nagyobb, mint a kaolinitd; az amorf Si0 2 az eg6sz pH-tartominyban jobban pufferol, mint
a kvarc, az allofdnok pedig jobban, mint a kaolinit. A fbldpAtok k6ziil maximAlis puffer-
kapacitissal a legjobban old6d6 anortit rendelkezik.

Osszetett Asvfinyi anyagok sav-bzis pufferol6 hatisfinakjellemzse

Tbbfizisu polidiszperz rendszer Allapotanak a meghatArozfisa ds leirAsa termodinamikai
t6rv~nyekkel egy sor neh~zs~gbe 6s elvi akadflyba fitk6zik. A talajok 6s az 6ket alkot6 isvfnyi,
szerves 6s organo-minerilis komponensek alapvet6en nem egyensdlyi rendszerek, teijes dssze-
t~teliiket nehz, ha ugyan nem lehetetlen meghatdrozni.
E megfontolfsokb61 kiindulva a talajokban, k6zetekben a sav, illetve lg hatisra bek6vetkez6
vAltozisokat empirikus m6don tudjuk becsiilni, legegyszertibben a titrflAIsi gdrbdk alapjfn.
Az Altalunk is alkalmazott m6dszern6l a pufferol6 hatst a vizsgflt anyagb6l kszitett oldat tit-
rflAsi g6rb~je 6s a vizsgflt anyag ndlkiili oldat gbrbdje dltal bezfrt terulettel veszik egyen!6nek
(Nadtocsij, 1993, 1996, Truszkaveckij, 1999).

79



A megvizsgflt dsvlnyi anyagok nagyon elt6r6 tulajdonsAgokkal rendelkeznek, mind a k6mha-
tAsukat jellemz6 paramdterek, mind pufferol6 k6pess6giiket illet6en. Ugyanakkor a kapott
eredm6nyck 6sszhangban vannak az egyes vizsgdlt anyagok kdmiai dsszetdteldvel 6s tulajdon-
stgaival (I. tAbl~izat).

1. tlbhzat: A vizsgdlt anyagok sav-bdzis pufferkdpessige is vfzben murt pH-ja

Asviinyi anyag pH(H 20) Pufferk~pessfg

savas tartominy l6gos tartomAny

Kaolin 7,6 8,8

Homok, folyami 7,1 17,2 17,1

Bentonit 4,7 28,4 100,0

Perlit, duzzasztott 6,9 30,2 30,2

Zeolit, 0,5-3 mm 8,7 52,8 37,5

Zeolit, 3-8 mm 7,6 37,8 49,7

Alunit 8,5 96,6 50,5

M6szpor 8,4 100,0 26,2

A kaolin durva agyag, fajlagos feliilete kicsi, az izomorf helyettesit6s, ha egyziltalfn van, na-
gyon csek6ly, feltiletdn zbrmmel vfltoz6 tdltdsek talilhat6k. Savtompit6 k6pessdge a leggyen-
g6bb a vizsgAlt anyagok kdzul (2. Abra). A l6gos tartomAnyban pedig a titrlAsi gorbe
magasabbra emelkedik, mint a NaOH titrMlAsi gbrb6je. Ebbdl arra kovetkeztethetiink, hogy

er6s l6g hatdsira a kaolin old6dik, s az old6dAs soran OH -ionok jutnak az oldatba.
Nem szdmottev6 a folyami homok pufferol6 hatAsa sem, s ez a megfllapitis az egdsz pH-
tartomfnyra vonatkozik. TitrAlfsi gbrbdjdnek lefutlsa gyakorlatilag kdveti a NaOH/HCI
gbrb~t (1. Abra).

!2 -

-4

-12,5 -10 -7,5 -5 -2,5 0 2.5 5 7,5 10 12,5

NeOH mefIN g HCI

-HCUN.OH - m6zyor -o-kol

- hoo, folyh -- bentonit --- pc~t, duztott
-0 laluit

1. fibra: Klldnbbz6 dsvdnyi anyagok titrdldtsi grbi
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A bentonit f6 dsszetevdje a montmorillonit, amelyn6l az iland6 t6lt6sek domimilnak. Az Al-
talunk vizsg~lt bentonit vizben m6rt pH-ja savanyP, ami azt isjelenti, hogy a feluileten mir je-
lent6s a protonmegk6t6dds, kev6s azon kicser61het6 kationok mennyis6ge, amelyek savterhe-
16s hatAsAra protonokra cser616dhetn6nek. Ezzel magyardzhat6, hogy a bentonit savtompit6
k6pess~ge gyenge. Ugyanakkor ez az AisvAnyi anyag a hozziadott dsszes l6got (kis(rletiinkben
a 100 g bentonitra szdmitott NaOH maximilis mennyis6ge 12,5 mged volt) semlegesiteni tud-
ta (2. Abra). Titrziltsi g6rb6je enyhe emelkedst mutat a savast6l a logos tartom.ny fel
(pH..=8,1), jelent6sen elt6rve a tobbi vizsgglt anyag titr~lisi g6rb6j6t6l (1. Abra).
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2. abra: A vizsgdlt dsvdnyi anyagok pufferol6 kdpessigdnek sszehasonlltdsa

A duzzasztott perlit vfzben m6rt pH-ja semleges, pufferol6 k6pessdge a savas 6s l gos tarto-
minyban teljesen megegyezik. A titrol~isi g6rbe meredeks6ge is egyforma, azaz egyforma
mennyis6gAi sav, illetve bAzis hozz.adAsa ugyanolyan, csak ellenkez6 el6jelfl pH-viltoz6sokat
eredmdnyez.
A zeolit eset6ben kdt frakci6t is megvizsgtltunk. Szembebtl6, hogy az 6rlemdny finomitisval,
azaz a felijlet n6veked6s6vel a pufferol6 hatt.s ugrisszerfoen vgltozik, 6spedig oly modon, hogy
a savas tartom~nyban er6sen megn6vekszik, a Itlgosban pedig csbkken (3. Abra). Ez a jelensdg
a megnovekedett felilet kation kicser616 k6pessdgdnek v.ltozdsaival hozhat6 bsszefiigg6sbe.
A m6szpor (CaCO 3 > 85%), mint az vArhat6 is, semlegesiti az 6sszes hozziadott savat
(12,5 mge6/100 g). A logos intervallumban jelentkez6 gyenge pufferol6 hatAs a kis6r6
anyagoknak tulajdonithat6. Nagyon j6 savtompit6 k6pess6ggel rendelkezik az alunit, ami
teljesen bsszeffigg6sbe hozhat6 a k6miai fel6pitdsdvel - KAI3[(OH) 6 1(SO)j. A hidroxid-
ionok semlegesitdse val6szinflsithet6en az alunit hidrolizisdre, helyesebben annak nyom~n
keletkez6 er6s sav Altali lekot6sre vezethet6 vissza.
Eltdr6 tulajdonsgt, a kertdszeti termeszt6sben is hasznAlatos Asvgnyi anyagok pufferkdpess6-
g6t vizsgAltuk 6s hasonlitottuk ossze szdles pH-tartomAnyban. TulajdonsAgaikat tekintve
a megvizsgAlt anyagok sokfdl~k, a hozzAjuk adott saval, illetve bdzissal szembeni
viselked6suk, amelycket titr6lisi gdrb6kkel jellemeztlnk, nagyon is eltdrA. Tudva azt, hogy
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milyen pH-intcrvallumban I6p fel cr6sebb vagy gyeng6bb pufferol6 haris, s ez savakra vagy
b6zisokra drv6nyes-e ink6bb, esetleg mindkett6rc, c6ltudatosabbA tehet6 az egyes 6svtnyi
anyagoknak a kert6szeti termeszt6sben val6 hasznosrtiisa.

pH
14--

-12,5 -10 -7,5 -5 -2,5 0 2,5 5 7,5 10 12,5

NaOH me/10 g HCI

-4- HC1INaOH - zeolit, 0-3 nun t- zeolit, 3-8 mm

3. Aibra: A sav-bdzis pufferol6 hatds vdltozdsa a szemcvenzdret cs6kketu!svel a zeolit pdd4jdn
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Introduction

The basic requirement of artificial soils is to alleviate extreme fluctuation of the concentration
of hydrogen and hydroxide ions. The influencing factors of acid-alkaline capacity at soils, and the
basic rules are now well known (Szokolova et al., 1991, Ulrich, 1981, 1983). Concerning
Hungarian soil types the comprehensive publications of Murdnyi & R6dlyn6, (1986), VArallyay
et al., (1986) and Filep & R6dlyn6 (1988) provide several data, which are aalso of use in practice.
In horticultural cultivation, there is first of all in the composition of artificial soils in many
cases not sufficient information about their permissible load (Terbe, 1996). However,
specializerd horticultural, vegetable growth (intensive nutrient supply, high plant density, high
salt concentration) a frequently occurring problem is that the expensive growth medium is not
able to buffer harmful effects over a long period and toxic materials both for plants and for
the food chain can acccumulate rapidly (SlezAk et al., 2001). The other extreme is, that the
acid-alkaline buffer capacity of soil is too high due particularly to the large amount of organic
matter. In this case it is an unsolvable task to adjust and correct the adequate value of pH.

Material and methods

In the present study the acid-alkaline buffer capacity of mineral matters used in artificial soils
of horticultural cultivation has been investigated and compared. The following materials were
used: kaolin, river sand, bentonite, expanded perlite, zeolite, alunite and lime powder. For the
study materials of different physical and chemical properties have been selected. We
investigated the studied materials in the same condition (e.g. grain size) as they are used in
cultivation technology.
The titration curves of the mineral materials were made on the basis of a series of HCI and
NaOH solutions over a wide pH range. (Nadtochiii, 1993, 1996; Truskaveckii, 1999). After one
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hour shaking and 24 hours waiting, the equilibrium pH of the suspension was measured and

the curve was made as in Fig. 1.

Results and discussion

The investigated materials showed very different properties regarding both the chemical
reaction and the buffer capacity. The results are in agreement with the chemical composition
and properties of the studied materials (Table 1).

Table I: Acid-alkaline buffer capacity and pH value of the investigated matters

Mineral matter pH(H 20) Buffer capacity
acid range alkaline range

Kaolin 7,6 8,8

River sand 7,1 17,2 17,1

Bentonit 4,7 28,4 100,0

Expanded perlit 6,9 30,2 30,2

Zeolit, 0,5-3 mm 8,7 52,8 37,5
Zeolit, 3-8 mm 7,6 37,8 49,7

Alunite 8,5 96,6 50,5

Lime powder 8,4 100,0 26,2

-12,5 -10 -7,5 -5 -2,5 0 2,5 5 7.5 10 12.5

NaOH meqtl00g HCI

-- HCI/NaOH Lime powder Oaolin

*River sand Bentonit Fxpanddperlit

"- Atunite

Figure 1: Titration curves of different mineral matters

Kaolin is a coarse clay with small specific surface, the acid buffer capacity is the lowest among
the investigated matters (Fig. 2). The titration curve is higher in the alkaline range than that
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of NaOH, indicating that kaolin is solved by the strong base and during the process OH- ion
concentration is increasing.
The buffering effect of the river sand is not considerable, and this is true for the whole pH-
range. The change of the graph is obviously similar to the NaOH/HCI curve (Fig. 1).

Montmorillonite is the main component of bentonite. The pH value of bentonite is acid, which
also means that there is considerable proton adsorption on its surface. The amount of cations
is low, which can be exchanged to protons on the effect of acid load. This can explain the low
acid buffering capacity of bentonite, on the other hand, this material neutralized all added
base in the experiment (maximum amount 12.5 meq/100 g bentonite) (Fig. 2).
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Figure 2: Comparison of the buffer capacity of the investigated mineral materials

The titration curve shows only a slight increase from the acid to the alkaline range (pHm..= 8, 1).
This is a considerable difference between bentonite and the other investigated materials.
The pH of the expanded perlite is neutral, the buffer capacity is the same in acid and in
alkaline range. It also means that the addition of the same amount of acid and base resulted
in the same, but of different sign, pH changes.
Two grain sizes of zeolite were investigated (Fig. 3). The buffering effect has dramatically
changed with the decrease of grain size (i.e. the increase of surface) showing high increase in
the acid,and a large decrease in the alkaline range. This phenomenon can be interpreted with
the changes of the cation exchange capacity of the increased surface.

The lime powder, (CaCO 3 > 85%), as it can be expected, neutralized the whole amount of
added acid (12.5 meq/100 g). The weak buffering effect in the alkaline range can be attributed
to the concomitant components.
The alunite, which is a silica - KAI3 I(OH) 6 1 (S0 4)21 - has a very good acid alleviating ability,
which can be related to its chemical composition. The neutralization of hydroxide ions very
likely can be ascribed to the hydrolysis of alunite.
According to our results in the acid range the lime powder, in the alkaline range the bentonite
show the best buffering effect.
The mineral materials investigated in the present study are quite variable, their reactions to
the added acid or base are very different. Our method provides the possibility to get
information about the buffer capacity in the whole pH range. Using these results can make the
application of these mineral materials in the horticultural cultivation more effective.
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Figure 3: Changes of the acid-alkaline buffering effect in relation to grain size in zeolit
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Summary

Growing dust-pepper is very popular in Western Romania. In this area both varieties and
landraces are cultivated.
For the evaluation of the landraces in order to observe their values for breeding, we
established a collection of 8 varieties (Romanian varieties, Hungarian varieties, Yugoslavian
varieties, Slovak varieties) and 8 landraces (7 from Arad County, I from Timis County). These
have been evaluated for the main morphological characters, disease resistance and the
correlations between them. The study demonstrate the fact that the landraces have high
variability, valuable for certain characters, production and also quality. The landraces ,,de
Barsa" and ,,de Aldesti" have a superior percentage of dry substance than varieties. The
correlations between characters can be used for the breeding process. The percent of dry
substance is direct correlated to the length of the plant and the diameter of the fruit and the
productivity depends on the number of the fruits per plant.

Introduction

Pepper is part of an ensemble of five species which had been taken for cultivating, and
increasing and diversified from the Americans. Studying the variability, it was observed that
there is analogy of genetic variability of each species. At least four species have both sweet
fruits and hot fruits from capsaicin. Sweet taste is associated with globular fruits. All species
presented parallelism concerning the intensity of fruit's colors before maturity (from white to
dark green), but also to maturity (from lemon yellow to deep dark red, crossing orange and
red). All species could present a higher concentration in carotene pigments which show
a brown colour together with chlorophyll pigments. The variability involved include: the erect
or bended-over position, form of the fruit- from spherical to very elongated, the pick of the
fruit- sharp or bolded- Capsicum annuum is the most widespread species thanks to its abilities
and fecundity. After America it was spread in short time to all continents which have
temperate or tropical climate. Nowadays it is spread all around the world,in both intensive and
small agricultural technologies. In Romania, the most favorable areas for pepper are Campia
Romana and Campia de Vest, vavorable for Campia Transilvaniei, Podisul Transilvaniei and
the Eastern Moldavia. In the coolest areas, pepper is not very popular (Horgos, 2000). It is
very interesting that each country has favorite varieties, but they are all well known, especially
for breeders. In the developed countries, pepper is grown for the fresh market and for
preparation and processing. Processing pepper is very important for the food industry. Most
countries grow pepper open-varieties. In Western Europe the areas of pepper hybrid
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cultivation are increasing. Growing hybrids is especially profitable as heterosis is important
from two points of view: growing production potential for protected crops, the second is
precocity and production together with longer fructification as advantages. The vigor of the
hybrid plants is not the main goal concerning the limited possibility for storage because of its
form. To create open-varieties or parents for the hybrids, the most used method is the
genealogical selection, because variability is created by hybridization. The open-varieties and
the existent lines are frequently modified for disease resistance, and also for the form and the
color of fruit. For breeding programs, the germplasmatic evaluation is the main objective in
order to discover landraces with variability to be selected and searching for genotypes to be
used as genitors for hybridization programs.

Material and methods

The biological material included open varieties and local varieties (landraces) of dust-pepper
(paprika). All open varieties were Romanian, but we also studied some from abroad
(Hungary, Yugoslavia, and Slovakia).

Table 1: The provenience of the material

Nr. Crt Cultivar Provenience
1. Arad 6 Romania
2. Carmen Romania
3. Karmina Slovakia
4. Szegedi Hungarian
5. Csardas Hungary
6. Kolocsai Hungary
7. Aleva WK Yugoslavia
8. HS 6 Yugoslavia
9. "de Seleus" Romania - Arad County
10. "de Lunca Teuzului" Romania - Arad County
i. "de Apateu" Romania - Arad County
12. "de Zltrand" Romania - Arad County
13. "de Zimand" Romania - Arad County
14. 'de BArsa" Romania - Arad County
15. "de Aldesti" Romania - Arad County
16. "de Tomnatic" Romania - Timis County

The local varieties have been collected from the west side of Romania, where this crop is much
extended. Most of the local varieties are from Arad County, area between the White Cris
River and the Black Cris River, well known for this crop on the growers' lands. In Timis
County, Tomnatic area is the only village very traditional concerning this crop.
The main goal of this experiment was to evaluate the existing biological material next to the
foreign material in order to establish the margins for some very important characters for
breeding and also to establish the correlations between them. The future will be selected from
the studied lines in order to start a breeding program for dust-pepper (paprika). The studying
method follows comparative cultures in random blocks, for 3 repetitions. The experimental
parcel had 25 plants. We used as control a local variety called Arad 6. The growing technology
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for dust-pepper was the ordinary one. We started with the seedlings which were planted at 50
cm between the rows and 25 cm between the plants per row, to offer the possibility for the
plants to give maximum potential. During the vegetative period, we observed the main
phenophasis and also the plant's morphological characters as the form of the bush, fruit
position, the form of the fruit. The biometrical measures were also made on the maim
characters for production capacity: plant's height, fruit's length and size, fresh fruit's weight,
the number of the fruits per plant, fruit's production per plant, the percent of dry substance.
There have been also made disease resistance observations. The results concerning
biometrical measures were calculated statistically, determining the main characteristic
margins of the landraces. (Saulescu si Saulescu, 1968)

Study for certain morphological characters for the biological material

Results concerning the observations during the vegetative period. During the vegetative
period we focused on the form of the bush, the fruit's position and the form of the fruit. All
data are presented in table 2. Being an influent character for planting distance, we
concentrated the study on the form of the bush. The landraces with a compact bush can be
planted in a bigger number. After all, this gives also a determinate growing, which is very
important for uniform maturity of the fruits. The compact bushes were observed to the breed
varieties. These have had also uniform maturity and less flowering. From all breed varieties, 3
of them presented a compact bush (Kolocsai, Karmina, Arad 6) and other 3 presented semi
compact bush. We also observed that the landraces have had continuously flowering and
disparate bush. Two of them presented semi compact bush. Actually those were collected from
closer villages, and it could be the possibility to have the same genealogy. The position of the
fruit on the plant is a character genetically determinate with less practical importance. Most
cultivars have bend-over fruits. The erect or semi erect positions are frequently in breed
varieties. Carmen and Kolacsai open varieties presented erect fruits, Arad 6 and Karmina
presented semi erect fruits. Concerning the form of the fruit, we observed that most of the
cultivars presented straight lined fruits, except two of the landraces which presented curbed
lined fruits, both of them very near as collecting location. The Slovak variety Karmina and two
other landraces ,,de Barsa" and ,,de Tomnatic" presented soft-curbed lined fruits. This
character had differentiated two landraces ,,de Barsa" and ,,de Aldesti" which presented the
same type of bush.

89



Table 2: Results concerning the observations from the vegetative period

Nr. First flower Form Fruit Form
Cet Cultivar opening date of bush position of fruit
1. Arad 6 25.VI Compact Semi-erect Straight lined
2. Carmen 17.VI Disparate Erect Straight lined

3. Karmina 12.VI Compact Semi-erect Soft curbed lined

4. Szegedi 14.Vt Semi compact Bend-over Straight lined
5. Csardas 7.VI Disparate Bend-over Straight lined

6. Kolocsai 5.VI Compact Erect Straight lined
7. Aleva WK 14.VI Semi compact Bend-over Straight lined
8. HS 6 16.VI Semi compact Bend-over Straight lined
9. "de Seleus" 14.VI Disparate Bend-over Straight lined
10. "de Lunca Teuzului" 15.VI Disparate Bend-over Straight lined
11. "de Apateu" 25.VI Disparate Bend-over Straight lined
12. "dc Zfrand" 18.VI Disparate Bend-over Curbed lined
13. "de Zimand" 12.VI Disparate Bend-over Curbed lined

14. "de Barsa" 25.VI Semi compact Bend-over Soft curbed lined
15. "de Aldesti" 18.Vl Semi compact Bend-over Straight lined

16. "de Tomnatic" 23.VI Compact Bend-over Soft curbed lined

During the vegetative period we also focused on the precocity of the plant for opening the first
flower. The period for all studied material to open the first flower was 20 days. The earliest
were the Hungarian varieties (Kolocsai and Csardas) and the latest varieties were Arad 6 and
some landraces ,,de Apateu" and ,de Barsa". All the other cultivars were late than other
varieties but earlier than control variety. A special place of all the observation has the study
concerning the disease resistance. During all the experiments, there was no any disease
concerning the studied material, but one (Alternaria capsici-annuui). The estimation of the
attack was appreciated by calculating the percentage of attacked fruits. The attack percent was
reduced and manifested as small spots, non-affecting the harvest, the fruits could also been
used. There were just less fruits totally damaged.
The biggest percent of attack was located on Kolocsai variety (14,8%), the smallest attack was
observed on Csardas variety (0,9%). From Romanian varieties, the most sensitive was Carmen
variety (5,5%). The landraces comportment was good close to the control variety. It is
remarkable one of the landrace (,,de Aldesti" (1,8%) having the same level as Szegedi variety.
The other landraces have the average of attack around 4%, but ,,de Seleus" at the same level
as control.

Results concerning the obtained values after the biometrical measures. The biggest attention
was accorded to the biometrical measures for the main characters of production capacity (table
5.2). The fruits weren't too big; the averages for length fruit were between 7,91cm for Kolocsai
and 10,18cm for Carmen. For some cultivars, the averages had the influence of the smaller size
of the fruits in the last harvesting. This fact was sustained by the variability coefficient, which
had values over 20% for several cultivars.(Szegcdi, ,,de Tomnatic"). The circumference of the
fruit was more uniform, the limits were between 1,75 cm (Karmina) and 2,20 cm (,,de
Tomnatic"). From the data we could observe that ,,de Tomnatic" had the largest fruits. The
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variability coefficients were close to 10%, but ,,de Aldesti" which was over 20%. The number
of the fruits per plant were between 7, 95 (Kolocsai) and 16, 05 (Szegedi). Most of the cultivars
presented 10-11 fruits per plant. However the potential of the landraces is higher, but they have
less potential to the last harvesting considering the number of unripe fruits at the end. The
average weight for a harvested fruit was between 9,68 g (Szegedi) and 16,86 g (,,de Tomnatic").
Actually this landrace had the larger and longer fruits. For the other cultivars, the average
weight for fruit was between 12-14 g. It was very interesting to observe that the landraces had
more than 12 g per fruit, seven landraces had more than 13 g per fruit, except ,,de Apateu"
which reached 12 g per fruit. We could observe that the Hungarian and Slovak fruits were
smaller, the Yugoslavian were more close to the Romanian fruits. For dust-pepper, the percent
of dry substance is very important. We could observed that the percent of 12,13% of dry
substance have had most of the cultivars. Two good landraces to be noted are ,,de Almas" which
had a very high percent 14,51%, and ,,de Barsa" which had reached 15,58% in dry substance.
The average production per plant on harvesting was over 100 g the maximum value observed
for ,,de Zimand" with 15 7,70 g. Studying the variability coefficient for two important characters:
number of fruits per plant and plant production, we could observe higher values of these
parameters, especially in landraces. These could be calculated by selection to obtain new
varieties, with good quality and productivity. The length of the plants reached values between
31,27 cm (Arad 6) and 66,15 cm (Carmen), both Romanian cultivars. Higher lengths were
observed for landraces. Shorter cultivars have limited growing but uniform maturity, and also
can afford higher density in order to reduce the distance between plants per row.

16

% fruce atacate

12

10

4

Figure 1: Results concerning Alternaria capsiei-annuui resistance for the studied biological
material

91



Table 3a: Results concerning biometrical measures for the main characters of studied lines

Nr. XS
crt. Cultivar 

S

Fruit lenght Fruit 0 Average weight Nr. of fruits

(cm) (cm) of fruit /plant
9,11±0,17 1,93±0,05 12,84±0,43 11,22±0,86

9,22 13,45 15,77 36,04

10,18±-0,28 2,03±0,05 15,74_1 1,06 8,52±0,85
2. Carmen 12,58 12,63 31,08 45,98

9,02-0,27 1,75±0,03 12,59*-0,02 9,68±1,02
3. Karmina 12,17 7,86 19,81 42,26

8,85*t2,56 1,77_+0,04 9,69_*0,44 16,05±1,29
4. Szegedi 26,38 9,90 20266 36,18

8251*0,21 1,85*t0,04 12,11±0,59 11,00±0,91
5. Csardas 11,29 11,65 22,36 39,03

7,91*-0,18 2,01±0,03 12,87±0,49 7,95±0,84
10,87 7,15 17,57 48,94

8,84-0,18 2,01±0,04 14,63±0,75 10,26*t 1,037. Aleva WK 10,72 11,60 24,75 48,57

8,64±0,24 1,98±0,06 13,19±0,67 11565t 1,00
8. US6 12,65 13,78 23,01 38,51

7,90-0,26 2,02±0,05 13,57±0,55 11,43±1,24
15,94 13,22 19,70 52,12

7571±0,30 2,04_*0,05 13,27*+0,61 11,70±1,25
17,69 10,88 20,70 47,79

8,98-0,43 1,97*t0,05 12,33±0582 10,15±1,59
11. "de Apateu" 17,60 9,33 24,18 56,96

8,54*0,35 2,02*t0,06 13,89±0,98 11,34*-0,99
12. 'de ZArand" 19,77 15,88 34,13 42,06

9,23-0,31 2,08*0,05 14,95--.0,72 10,56_*0,72
13. "de Zimand 16,52 13,55 23,26 32,76

8,70±0,40 2,07±0,14 13,00*0,79 10,72±1,77
15,53 23,14 20,34 55,00

8,20-0,27 1,98±0,06 13,27±0,56 11,00±0,97
I5. "de Aldesti 14,97 13,39 18,91 39,57

9,00±0,46 2,22*-0,08 16,86*+0,91 9,11±1,46
16. "de Tomnatic 21,09 14,91 22,44 66,02
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Table 3b: Results concerning biometrical measures for the main characters of studied lines

Nr. X±Sx
crt. Cultivar S%

Dry substance % Plant's length Plant production

1. Arad 6 12,53-±0,30 31,27±t1,56 143,21±12,04
11,47 23,40 39,44

2. Carmen 13,81±0,38 66,15-t2,64 131,71-+15,16
12,91 17,84 52,77

3. Karmina 9,61-±0,33 31,86±1,19 125,17±15,376
14,04 14,56 50,37

4. Szegedi 13,76±0,40 48,35-t1,99 154,48±12,7613,00 18,42 36,95

5. Csardas 12,89-+0,39 56,90±3,30 134,69-t12,36
14,02 26,58 42,07

6. Kolocsai 11,15-±0,36 35,04±1,95 109,60- 12,74
14,46 25,57 51,98

7. Aleva WK 12,69-±0,28 52,00±t1,88 147,96± 16,54
10,60 17,42 53,61

8. HS6 12,11±0,37 48,35-±1,97 153,59-13,95
14,00 18,28 40,62

9. "de Seleus" 13,05A:0,49 60,95-t2,49 152,39-t 15,0317,99 19,66 47,29

10. "de Lunca Teuzului" 13,96-0,37 50,05±2,69 149,62-t16,97
12,14 24,12 50,74

11. "deApateu" 13,64-0,62 50,15±4,68 122,12±15,2816,55 33,65 45,12

12. "de ZArand" 13,12-±0,34 57,34±2,01 151,58.12,38
12,49 16,81 39,19

13. "de Zimand" 13,50±0,41 59,36±2,36 157,70-t12,62
14,33 18,65 37,53

14. "de Bfrsa" 15,58:0,51 53,54±2,66 134,26-t15,51
10,92 16,48 38,33

15. "de Aldeti" 14,51±0,52 57,45±2,86 144,54±13,26
16,08 22,28 41,03

16. "de Tomnatic" 12,33-+0,53 58,00±t3,08 142,05-±19,96
17,80 21,28 57,93

Studying the correlations between characters by biometrical measures we could observe
several important links for selection (Table 4). Plant production is direct correlated to the
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number of fruits per plant, not correlated to the fruit's average weight and the fruit's length.
Thus, for growing production per plant cultivars should be selected with more fruits per plant.
The percentage of dry substance is a very important character for dust-pepper. This character
is directed significant correlated to the length of the plant. This observation is very interesting
for the breeders, making selection easier. Usually higher plants are continuously growing and
don't have uniformity on maturity. Another direct correlation is between the percent of dry
substance and the diameter of the fruit. This one is very useful for selection to increase the
percent of dry substance. It is much easier to determine the diameter of the fruit than to
calculate the percent of dry substance which takes time. The average weight of fruit is directly
influenced by the diameter of the fruit, but to the length of it. Thus, increasing the diameter
of fruit will increase the average weight of fruit and length. Another significant , negative
correlation, is between the number of the fruits per plant and the average weight of fruit. More
fruits per plant will determine smaller fruits. For dust-pepper this is not a disadvantage
because they do not have to be too big. Adding the fact that the plant production is direct
correlated to the number of fruits per plant and to the average weight of fruit. It is better to
keep plants with many fruits for selection, focusing also on the average weight of fruit.
Knowing the correlations is very important for selection work. These correlations depend on
the value of the genotypes which are working with. Thus, it is necessary to repeat these studies.
(Madosa si colab., 2002)

Table 4: Correlations coefficient values between the studied characters

Character Fruit Average weight Nr. of Dry subst. Plant Plant

0 of fruit fruits/plant % length production

Fruit 0 -0,10 0,30 -0,16 0,01 0,13 -0,004

Average weight 0,71 -0,39 0,49* 0,47 0,111

of fruit

Nr. of fruits/plant -0,65** 0,07 0,44 0,08

Dry subst. % 0,30 0,06 0,66**

Plant length 0,65** 0,34

Plant production 0,41
P5% = 0,48; P 1% = 0,61

Conclusions
1. Collected landraces are valuable concerning the productive issues, for some of the

characters (number of fruits per plant and plant production) showing higher variability,
important for selection.

2. The landraces presented higher percentage of dry substance (,,de Barsa", ,,de Aldesti")
which increases the ability for fruits processing.

3. Breed varieties presented uniform maturity of fruits and limited growing. The landraces had
continuously fructification, until the first frost they had flowers and immature fruits.

4. Breed varieties presented compact or semi-compact bush, which gives higher density of
planted plants.

5. Landraces variability allows processing by selection or to be used as genitors for breeding
programs, together with the foreign varieties.

6. Plant production is direct correlated to the number of fruits per plant, not to their size.
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7. The percent of dry substance is significantly correlated to the length of the plant and the
diameter of the fruits.

8. Average weight of fruit depends on the diameter of the fruit, not to its length.
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Nyugat-Romniiban a paprika termeszt~se nagyon n6pszerGi. Hazai 6s kiilfbldi fajtfkat
egyarfnt termelnek. A helyi fajtdk teIjesft6k6pess6g6nek m6r6s6re 8 nem helyi fajtgt (romdn,
magyar 6s jugoszldv fajtfkat) 6s 8 helyi fajtAt (7 fajtit Arad 6s egy fajtft Temes megy6b61)
hasonlitottak dssze. M6rt6k a fontosabb morfol6giai jellemz6ket, a betegs6g-elIenlld6sdgot 6s
6sszefiigg6st kerestek kdzdttfik. MegAllapitottik, hogy a helyi fajtik nagyon varifbilisak,
a term6s nagyobb 6sjobb a min6s6ge. A helyi ,,de Barsa" 6s ,,de Aldesti" sztrazanyag-tartalma
16nyegesen jobb a nem helyi fajtAkndl. A morfol6giai tulajdonsAgok k6z6tti 6sszeffgg6sek
felhaszndlhat6k a nemesit6sben. A szdrazanyag-tartalom j61 korrelzil a n6v~ny hosszdval, vala-
mint a term6s Atm6r5je 6s a produktivitAs a n6v6nyenk6nti term6sszAmmal.
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Summary

Outstanding achievements of genetic engineering also had good results in truck farming by the
development of extraordinary cultivars. We have in mind high-yielding and high-quality
hybrids whose shape, colour and firmness place them as a valuable product. Using such
hybrids needs a proper cultivation technology that can be limited by the constructive type of
Romanian greenhouses. In this paper we present some elements of culture technology we
have studied in order to clarify the effects they can have on tomato yielding-potential
symptoms. One of them is the interaction between changing the leading axial system (one and
two stems) and the fertilising system in use (classic or modernised by the use of Kemira-
improved fertilisers).
Key words: cultivars, hybrids, yielding potential, technology, and system.

Introduction

Elaborating crop production technologies, together with other numerous technical and
managerial measures specific to each culture require ,,basic decisions" between which
establishing a seeding and a planting scheme is essential (Horgos, A., H. Butnaru, 1998).
There are preoccupations concerning the issue of plant architectural and morpho-
physiological changes in relation with environmental factors in Horgos (1998). Ever-changing
literature, conjectural opportunities of better controlling newer vegetation factors ask for new
solutions of cultivating leguminous species and particularly greenhouse species. In order to
produce early tomatoes together with maintaining high-level yields we have looked for new
methods of leading plants growth that solve these two requirements (Ungurean, 1972).
Cultivating tomatoes in forced and protected cultures in our country is considered in relation
to the following factors :
- the most favourable planting period from the point of view of saving a more and more

expensive energy in comparison with stagnant if not decreasing prices;
- used cultivars from the point of view of quantitatively and qualitatively higher yields,

competitive with similar imported merchandise;
- high or very high prices of cultivar seeds, inaccessible for most gardeners;
- using irrigation and fertilising systems with the help of modem machines, expensive but

allowing modernised and cheaper culture technologies;
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- profitable cultures through new technologies (improved, modernised) so long limited to the
greenhouse constructive types in our country.

In order to solve at least part of these problems the aim of our research - that is part of a bigger
research project - focused on the following:
- obtaining maximal, highly-qualitative, competitive yields with low production costs, in which

reducing I" cycle seeds costs with 50% is essential;
- eliminating the use of seeds for producing seedlings for the 2nd cycle (summer-winter);
- reducing costs for the I" cycle (winter-summer or spring-summer) through a lesser crop

density with 30-35% by modifying plant axial architectural system (leading vegetation plants
on one or two stems);

- using a modern fertilising system (Kemira) with microelements complex soluble fertilisers
for fertilising irrigation and foliar fertilising, and microelements complex fertilisers for basic,
starter and phaseal treatments: Cropcare 1-4, Ferticare S complex, Ferticare 1-3, KNO 3 and
Ca(N0 3)2.

Matherial and method

The experiment was carried out in the Curtici Greenhouses on a surface of 6 ha. The
greenhouse constructive type is ,,Venlo", a block greenhouse of 2 ha, with a bay opening of 3.2
ml. Heating is provided with geo-thermal water at a temperature of 55-600'C from wells
drilled in the Curtici town area 15-20 years ago. The experiment aimed at monitoring the
effects of the interaction between the main technical elements with a view to elaborating
a basic technology of an improved cultivating of tomatoes in greenhouses with profitable
yields.
Factor A - Vegetation leading system in order to modify plant axial architectural system:
a, - plant vegetation leading on a single stem (unmodified axial system);
a2 - plant vegetation leading on two stems (main stem and a preflower plantlet - modified

axial system).
Factor B - Fertilising system (basic and phasic fertilising):
b i -classic fertilising - with simple, solid, binary or ternary chemical fertilisers;
b2-fertilising with Kemira fertilisers (complex, soluble, microelements fertilisers for

fertilising irrigation and foliar fertilising, and complex fertilisers for basic, starter and
phaseal microelements treatment).

The greenhouse in which we carried out our experiment has a dropping irrigation system of
the Netafim (Israel) type and a sprinkler irrigation system (used only for maintaining relative
moisture of the air).
Factor C - The hybrid.
cl - Falcato F1 of the Dutch firm De Ruiter Seeds;
c2 - Thomas F1 of the Dutch firm Sluis & Groot, of the Novartis firm group (Switzerland).
The experiment was carried on after the randomised block method with four repetitions. We
made some biometric measurements and phonologic observations concerning both yield
elements separately relieved on the main stem and on the pre-floral plantlet (factor A) in
correlation with factors B and C and yield quality by mentioning extra-quality in physical and
percentual quantities. Settling the culture was done together with settling commercial tomato
settling between February 23-25. The seedlings we used had 70 days with the first
inflorescence in the floral bud phase. Clearing the culture was done during the third decade
of July. We applied the same cultivation technology as for production greenhouses. Culture
substratum used was the greenhouse soil, that needed to be fertilised with 40 t of semi-
fermented manure administered on row-direction bands. We applied the planting system on
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four rows per bay after the 40 + 80 + 80 + 80 + 40 cm formula, with densities of 28000
plants/ha for the al factor and 20000 plants/ha for the a, factor.

Results and discussion

Analysing Table 1 in which we show the results in the two hybrids (c - Falcato F1 and c2 -
Thomas F1 ) in the two fertilising systems (b, - classic and b2 - Kemira) in the one-stem
vegetation system (a,) we can see a greater variability in the number of fruit/plant with Falcato
Fl in both fertilising types and in both hybrids in the case of Kemira fertilising in the two-stem
vegetation system. This is the same for fruit average weight and for plant and hectare average
yields. The quantum of the extra and 1s t quality yields is not an exception to the rule.
Table I offers the opportunity of analysing hybrid real yielding potential.
The results in the two-stem vegetation system (factor a2) led us to the conclusion that the
number of fruit in the case of Kemira fertilising is much superior both on the main stem and
on the pre-floral plantlet, inversely proportional to the average yield per plant and per hectare.
In both hybrids yields were higher with Kemira fertilising than with classical fertilising, with
a special mention for Falcato F1. With Thomas F1 we can mention extra and I" quality
increased yield with both fertilising systems.
Table 2 focuses on statistical data, specific to the variance analysis method, on the meaning of
differences in yield compared on the ground of experimental factors interdependence.
Experimental factor unilateral analysis results in a lack of significance concerning yield
differences between vegetation leading systems (a and a2 - one- and two-stems leading),
while the yield difference between the Kemira fertilising type (b2) and the classical one (b,) is
characterised as a very significant positive one, the yield difference in the same unilateral
analysis of the factor C (hybrid) has the same signification, but a negative one. A first
conclusion as a result of the unilateral analysis of the three factors is that of yields, Falcato
hybrid average being bigger in the Kemira fertilising (b2) no matter the vegetation leading
system (a, or a2 ).
There are also yield differentiations that are very significant, distinctly significant and
positively or negatively significant in relation with the hi- or tri-factorial interaction.
Table 3 shows partial conclusions of the variance analysis method.

Conclusions

1. Biological value of hybrids Falcato F1 and Thomas F1 is undoubtedly a superior one, the
argument being the extremely high yielding and qualitative potential for both vegetation
leading system and Kemira fertilising system.

2. Kemira fertilising system in the case of both vegetation leading systems has a direct impact
in comparison with classical fertilising system on superior high yields.

3. Differences in the level of yields as a result of the factors B and C for the vegetation leading
system (factor A) is insignificant - only 3.1 t/ha in favour of factor a2.

4. Analysis of economic efficiency shows that:
-cost level in the case of factor a2 is lower that that of factor a, for the factor b, in

comparison with b2 for both hybrids (about 7%) as a result of lower costs with chemical
fertilisers;

- in the case of Kemira fertilising, the general cost level is higher both for the at and a 2
factors, as an expression of higher costs with fertilisers, but lower for the factor a, due to
the influence of reduced density (20000 plants/ha as compared to 28000 plants/ha), that
is a2b2 < a~b 2 .
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- profit is on the whole bigger in the case of the aabzc formula and for the alb2c and a 2b2c 2

formulas;
- Kemira fertilising system during vegetation period is shown by the profit in the case of

both hybrids as a result of the high level of yield and quality and of the income and
reduced expenses due to the low seedling cost as an effect of reduced culture plant
density.
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Table 2: Economical efficiency of tomato crop concemig plant axial architectjral modiication
and p erlfefllisg, i the Ist cycle (sr0ig-summer) hi heated greenhouses

Factor A- vegetation leading system

a, -one-stem leading (28,00 plants/ha) ra- ro-stem leading (20.000 plants/ha)
Factor 8- fertilising system

bi -classical fertilising b,- Kemira fertilising b- classical fertilising b.-IKemira fertilising

cFalcato F, crThomas F, c,-Falcato F, c7 Thomas F, cl-Facato F, crThomas F, c-Falcato F, c,-Thomas F,

Average yield
kg/ha d.c. 144032 120280 162484 151648 14722 134340 160440 1480

Extra and 1
quality 11392 97771 138812 135725 112623 104920 134609 13237
2qul ity  301O3 22489 25672 15923 34597 29420 25831 193

Income
(thousands of
BOLh'a) 1319 1112644 1522152 1452788 1333812 1225720 1501076 1421188
Costs
(thousands of
RO.ha) 81600 788000 1 896M 86[000 76O00 74000 84000 8200

Profit
(thousands of
ROL/ha) S 1 324844 626152 54788 573812 48572M 561076 601188

Note:
- 1 plantlet Falcato = 7,000 ROL (of which 3,000 ROLseed)
- 1 plantlet Thomas = 6,00 ROL (of which 2,000 ROUseed)
-1 haclassical fertilising - 40,0O,,OO) ROL
- 1 ha Kemira ferlilising = 120.0000 ROL
- 1 ha thrnal-wter heated greenhouse - 350,00 ROL (39.1-47.3%)
- 10,0oa ROI/ha extra and 1rquality tomatoes: 6,000 ROL/kg e quality tomatoes.



Table 3: Unilateral and combined analysis of experimental factors

Variant Yield Relative yield Difference Difference
(t/ha) (%) (± t/ha) significance

Unilateral analysis of factor A
a,-a, 147,65-144,60 102,11 3,05

DL 5% = 5,977 DL 1%= 10,976 DL 0,l%= 24,321
Unilateral analysis of factor B

b2b I  155,80-136,45 114,18 19,35
DL 5% = 2,335 DL 1%=3,535 DL 0,1%= 5,680

Unilateral analysis of factor C
c2-cI  138,725-153,525 90,36 -14,80 000

DL5% = 2,433 DL 1%=3,416 DL0,1%= 4,822
Comparison of two A averages for the same B graduation

a2b1-alb, 140,75-132,15 106,51 8,60
a2b 2-ab, 154,55-157,05 98,41 -2,50
ab,-a bh 154,55-132,15 116,95 22,40 **

DL5% = 6,387 DL ]%=11,389 DLO,1%= 24,261
Comparison of two B averages for the same A graduation

a~b,-a~b, 157,05-132,15 118,84 24,90
a2b2-a2b 2  154,55-140,75 109,80 13,80

DL5% = 3,302 DL 1%=5,000 DLO,l%= 8,032
Comparison of two C averages for the same A graduation

alc,-ac 135,95-153,25 88,71 -17,30 000
a2c2 -a2cI  141,50-153,80 92,00 -12,30 000

DL5% = 3,441 DL 1%=4,830 DL0,I%= 6,819
Comparison of two C averages for the same B graduation

bhc2-bc I  127,30-145,60 87,43 -18,30 000
b2c 2-bc I  150,15-161,45 93,00 -11,30 000

DL5% = 3,44 DL 1%=4,83 DL 0,1%= 6,82
Comparison of two B averages for the same C graduation

b2c1-bi c t  161,45-145,60 110,89 15,85 ...

b2c2-b~c2  150,15-127,30 117,95 22,85
b 2c2-blc 150,15-145,60 103,13 4,55 *

DL 5% = 3,367 DL ]%=4,893 DL 0,1%= 7,355
Comparison of two A averages for the same C graduation

a2c,-atci 153,80-153,25 100,36 0,55
a2c2-a~c, 141,50-135,95 104,08 5,55
a2c2-alc, 141,50-153,25 92,33 -11,75 00

DL5% = 6,381 DL l%=11,182 DL 0,1%= 23,374
Comparison of two C averages for the same A and B graduation

a~bc 2-a~bc 120,30-144,00 83,54 -23,70 000
albc,-albc, 151.60-162,50 93,29 -10,90 000
a2bc 2 -a2b1 l 134,30-147,20 91,24 -12,90 000
a2b2c2-a2bc 148,70-160,40 92,71 -11,70 000

DL5% = 4,867 DL 1%=6,831 DL0,1%= 9,644
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Comparison of two B averages for the same A and C graduation

alb2c1-aibl1c 162,50-144,60 112,85 18,50

a2b2c2-a2bc 2  148,70-134,30 110,72 14,40

DL 5% = 4,76 DL 1%=6,92 DL O,1%= 10,40

Comparison of two A averages for the same B and C graduation

a2blc,-albC1, 147,20-144,00 102,22 3,20

azbtc2-albIC 2  134,30-120,30 111,64 14,00

a2bzc1-alb2ci 160,40-162,50 98,71 -2,10

a2b2c2-ab 2c I  148,70-151,60 98,09 -2,90

DL5% = 7,17 DL 1%=12,01 DL 0,1%= 23,51
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A g6nseb6szeti eredm6nyek mar 6rv6nyesiilnek a termeszt~sben, mert a nemesitdk kivI6

fajtAkat Mihtottak el6. Azokra a nagy term6k6pess6gfi 6s kivAl6 min6s6gfl fajtAkra gondolunk,

melyeket alakjuk, sziniik ds term6k6pess6gbik alapjdn a csflcson mondhatunk. Ezeknek a hib-

rideknek a hasznAlata azonban megfelel6 terineszt6stechnikdt ig6nyel, amit azonban a romiA-

niai 0veghgztipusok konstrukci6ja behattrol.
Dolgozatunkban a termeszt6stechnol6gia n6hAny elem6t mutatjuk be, melyekn61 a paradi-

csom term6k6pess6gre gyakorolt hatdsft vizsgdltuk.
Ezek egyike a f6hajtfs alakitAsa (1 vagy 2 szAlasra nevel6s) 6s a tfpanyag-ellftdsi rendszer

(hagyominyos, illetve modern Kemira mfltrdgydk) k6zdtt van.
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