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ABSTRACT

A study was conducted in an organic nursery, in 2010 and 2011, on the growth of
scab-resistant maiden apple trees of the cultivars Topaz and Ariwa grafted on M.26
rootstock. The young trees were grown at a spacing of 25 cm x 1.0 m on a podzolic
soil. On the basis of the differences in the thickness and height of the maidens, and
the number of lateral shoots and their length, as well as the number of branched trees,
the effects of various fertilizers were studied depending on the number of treatments
applied to the plants, which were treated either once or twice with such products as
granulated manure, Micosat, Humus UP, Humus Active + Aktywit PM, BF Amin, BF
Quality, Tytanit and Vinassa. The control plants were not fertilized at al, or fertilized
with NPK. The fertilizers were applied the first time to the soil and plants in the
nursery in mid-May and the second time in early June. The results showed that using
them in a double treatment did not result in improved plant growth in every case. Two
applications of humic preparations, the so-called vermiculites (Humus UP, Humus
Active + Aktywit PM with the addition of beneficial bacteria), BF Quality, and to
some extent also BF Amin gave better results in terms of the quality of maiden trees
than a single application of these products, whereas in the case of preparations such as
Tytanit and Vinassa, treating plants with them for the second time did not result in
asignificant increase in the intensity of plant growth in relation to the plants treated
only once during the early period of growth.

Key words: bioproducts, organic nursery, maidens of apple trees, application fre-
quency
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INTRODUCTION

Fertilization of plants should be -
fective and economical (Wang et al.,
2009) — effective enough to make the
plants grow and develop vigoroudly,
and economical so as not to introduce
to the soil products which plants are
not able to use, and which will only
poison the soil and groundwater
(Ekologiczne.., 2005). This is what
usually happens with nitrogen (Prasad
and Power, 1991, Tyburski and
Zukowska-Biemans, 2007). Determi-
nation of fertilization needs for differ-
ent plant species and of specific doses
for use in their nutrition will bring
benefits both to the plants and the
manufacturer of such products. When
using organic products (plant extracts
and products resulting from the activi-
ties of the Californian earthworm, the
so-caled vermiculites), it is not d-
ways possible to determine the dose
precisdly (Wertheim and Easter-
brook’s, 1994; Kuwada et a., 2006;
Sas Paszt et d., 2011). Neither is it
known whether they should be ap-
plied to the soil or the leaves only
once at the beginning of the growing
season, nor whether this treatment
should be repeated later to increase
their effect (Grzyb et a., 20123). De-
tailed information about influence of
different fertilizers an the growth and
quality of apple fruit tree maidens are
presented in separate paper submitted
to print in Acta Horticulturae (Grzyb
et d., 2012b). The aim of this study is
to provide, asfar as possible, a precise
answer to a question thus posed and to
show the interested parties what bene-
fits can be obtained in that respect.
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MATERIAL ANDMETHODS

The study was conducted in 2010-
2011 in an experimental nursery
located in Mokra Lewa near
Skierniewice, on a podzolic soil. The
experiment was set up in a random-
ised block design with four replica
tions, each consisting of 10 plants.
The treatments were applied in the
first year (2010) of running the
nursery, on M.26 apple rootstocks
and in the second year, after grafting,
on maiden trees of two apple culti-
vars (Topaz and Ariwa).

The following treatments were
applied:

1 Control.

2 Chemica NPK fertilization: at
adose of 17.64 gm? NH,/NO,,
6.52 g-m? triple super phosphate,
and 16.0 g-m? K,SO,, equivalent
to 60 kg-ha® N, 30 kg-ha* P, and
80kgha'K.

3 Fertigo (Ferm-O-Feed, the Neth-
erlands) — granulated bovine ma-
nure containing 55% C, 1% N,
0.3% P and 1% K; besides these,
also microelements and soil mi-
cro-organisms. The product was
applied at a dose of 150 g-m?
(1500 kgha'), equivalent to
45kgha® N, 13 kg-ha' P and
17 kg-ha' K.

4 Micosat (CCS Aosta S, Italy) —
microbial inoculum consisting of
mycorrhizal ~ fungi  (Glomus
mosseae and G. intraradices), and
plant growth promoting bacteria
(Pseudomonas fluorescence and
Bacillus subtilis strains). The prod-
uct contains 40% C, 0.15% N, 431
mgkg! P and 9558 mgkg* K; the
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granular  formulation Micosat

F12 WP was applied at plantin%

to the soil at a dose of 10 g-m
(100 kg-ha™), and a second appli-
cation was carried out in mid-
June in liquid form (Micosat
FMS 200) at a dose of 1 gm™
(10 kg-ha)

5 Humus UP (Ekodarpol, Poland) —
an extract from vermicomposts
containing 0.65% C, 0.03% N,
30.8 mg-kg™ P and 4535 mg-kg*
K. The product was applied to the
soil as a 2% solution (2 ml-m?)
(20 I-hah).

6 Humus Active + Aktywit PM
(Ekodarpol, Poland) — an extract
from vermicomposts based on
aproduct derived from molasses.
Humus Active is a soil improver
with active humus and population
of beneficid microorganisms con-
taning 078% C, 003% N,
1050 mgkg™ P and 4119 mg-kg™ K.
Aktywit PM is a soil improver
containing 20.5% C, 0.92% N,
81.2 mgkg™ P and 42990 mg-kg™ K.
(Humus Active was applied to the
soil as a 2% solution (2 ml-m?)
(20 I-ha®) and Aktywit PM was
applied to the soil as a 1% solu-
tion—1ml-m? (10 I-ha?).

7 BioFeed Amin (Agrobio Products
B.V., the Netherlands) — an ex-
tract reinforced with amino acids
— an extract of vegetal amino ac-
ids containing 1.12% C, 0.14% N,
347 mg-kg' P. The product was
applied to the soil as a 0.5% solu-
tion (0.5 ml-m?) (5 I-ha).

8 BioFeed Quadlity (Agrobio Prod-
ucts B.V., the Netherlands) — an
extract from several seaweed spe-
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cies reinforced with humic and

fulvic acids containing 0.6% C,

0.07% N, 32.6 mg-kg™* P. (applied

to the soil as a 0.5% solution

(0.5ml-m? (5 I-ha?).

9 Tytanit (Intermag, Poland) — tita-
nium (Ti) applied to the leaves as
a 0.05% solution (0.05ml-m?)
(0.5 1-hat).

10 Vinassa (Jbzeféw Sp. z 0.0., Poland)
— molasses residue from yeast
production containing 12.0% C,
1.86% N, 949 mgkg' P,
17615 mg-kg® K. The product
was applied to the soil as a 0.5%
solution (0.5 ml-m®) (5 I-ha?b).
The plants treated with Micosat,

BF Quality, BF Amin, Tytanit and

Vinassa were planted in the soil

which had been fertilized with half

the dose of granulated bovine ma-

nure (75 g-m?).

All the fertilizers except NPK and
bovine manure (Fertigo) were ap-
plied — one year earlier on the root-
stocks, then in maidens nursery twice
— in middle on May, and middle of
June. After the application of the
preparations the soil around the
plants was each time thoroughly
mixed by hand using hoes.

In the autumn, before digging up
the trees from the nursery, measure-
ments of their trunk diameter at
a height of 30 cm above ground and
of their height were taken; the num-
ber of branched trees (expressed as
percent of number trees with latera
shoots in each combination) and the
length and number of lateral shoots
were recorded. Only the latera
shoots longer than 5 cm were includ-
ed in the measurements.
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Data for the plants with different
fertilizers were analyzed statistically
using two-factor analysis of vari-
ance. Comparison of single and
double application for each combi-
nation was performed with suitably
defined contrasts at the signifi-
cance level of p = 0.05.

RESULTS

The effects of single and double
applications of the biopreparations
on the growth and development of
maiden apple trees of the cultivars
Topaz (A) and Ariwa(B) are shown
inTable 1.

Maiden trees of the apple ‘ Topaz
(Tab. 1A) treated once and twice
with the various bioproducts had
asimilar diameter of the trunk. The
influence of the number of treat-
ments on the height of the maidens
was not significant. An exception
were the maidens treated with BF
Quality, where its repeated use
was more effective than a single
application.

All the maidens of this apple cul-
tivar, regardless of the number of
treatments, had a similar capacity for
branching. However, applying the
preparations Humus UP and BF
Amin twice had a greater effect on
the number of latera shoots than
asingle application of these prod-
ucts.

The tota length of annual shoots
for single and double treatments of
the plants with the biopreparations
was similar. An exception were the
combinations where Micosat, Humus
Active + Aktywit PM, and BF Quali-
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ty were used. When applied to the
same plants for the second time, the-
se preparations increased the total
length of lateral shoots by nearly
fifty percent, which was not observed
in the other treatment combinations
in the nursery.

Maidens of the apple ‘Ariwa
(Tab. 1B), regardless of whether they
had been treated once or twice with
the biopreparations, had a similar
trunk diameter. An exception was
the combination with Tytanit,
where using it once was more ef-
fective than using it twice.

The fact that the preparations
were applied once or twice had no
major effect on the height of * Ariwa
maiden apple trees. An exception
were the trees treated with Micosat.
After this preparation had been ap-
plied twice, the trees were found to
be about fifty percent taller than
after a single application of this
product.

The number of treatments had no
significant effect on the process of
branching in this cultivar's maiden
trees.

The increase in the number of lat-
eral shoots was significantly stimu-
lated with such preparations as BF
Quality and BF Amin. This was
more evident following a single ra-
ther than doubl e treatment.

When applied twice, such prod-
ucts as Humus UP and BF Quality
significantly increased the growth in
length of lateral shoots, whereas in
the case of Humus Active + Aktywit
PM and Tytanit the single applica
tion was more effective than the
double treatment.
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Table 1. Parametric features of maiden apple trees ‘Topaz' (A) and ‘Ariwa’ treated
in an organic nursery (1) — once, and (2) — twice with different fertilizers (Mokra

Lewa, 2011)

A —‘Topaz' cv.

; Number of
Trunk diam- . Number of Total length of
eter Tre[ecrn?ght brancrzxe)d trees lateral lateral shoots’
Treatment [mm] [%] §100t§ [Cm]
1 2 1 2 1 2 1 2 1 2
Control ¥ 124 | 125 | 111 107 432 | 513 | 11 | 1.5 | 140 15.7
NPK 142 [ 143 | 126 124 600 | 671 | 1.7 [ 21 | 279 24.9
Fertigo
manure 141 | 141 | 114 117 725 | 788 | 16 | 23 | 224 23.9
Micosat 143 | 138 | 122 120 675 | 729 | 21 [ 25 | 251 48.7*
Humus UP 132 [ 131 | 117 119 604 | 8L7 | 1.7 |27 | 341 25.2
Humus
Active + 143 | 139 | 123 124 787 | 771 | 26 | 24 | 359 47.0%
Aktywit PM
BF Quality 142 [ 148 | 122 131* 750 | 888 | 23 [ 30 | 247 57.0%
BF Amin 136 | 140 | 122 123 767 | 8.7 | 16 [ 27 | 355 40.4
Tytanit 134 | 143 | 124 124 725 | 746 | 14 | 21 | 244 30.3
Vinassa 14.0 | 145 | 127 126 775 | 758 | 1.8 | 26 | 305 34.0
B —*Ariwa’ cv.
Number of
Trunk . Number Total length of
diameter TreFC?r?]'ght branch(Sd TeS | of Jateral |ateral shoots®
Treatment [mm] (%] shoots’ [em]
1 2 1 2 1 2 1 2 1 2
Control ¥ 135 | 124 | 148 146 696 | 708 | 38 [39 | 1246 | 1289
NPK 141 | 140 | 160 159 825 | 750 | 45 |42 | 1590 | 1538
Fertigo 130 | 138 | 157 155 806 | 800 | 47 |48 | 1784 | 1706
manure
Micosat 12.8 | 136 | 152 168* 875 | 850 | 39 |39 | 1522 | 1617
Humus UP 134 [ 129 | 161 156 839 | 89.2 | 33 [38 | 1229 | 146.4*
Humus
Active + 137 | 137 | 158 158 917 | 763 | 45 |40 | 1395¢ | 809
Aktywit PM
BF Quality 130 | 138 | 159 160 975 | 975 | 49* |35 | 1242 | 175.0*
BF Amin 136 | 145 | 163 159 950 | 975 | 4.3 |33 | 1560 | 169.0
Tytanit 136* | 11.9 | 155 147 950 | 796 | 38 |29 | 1187 | 911
Vinassa 126 | 132 | 154 157 950 | 896 | 43 |44 | 1303 | 186.6*

Note: # — shoots longer than 5 cm
* —gignificant differences between single (1) and double (2) treatments
(y) — no fertilization
(x) — expressed as percent of number trees with lateral shootsin each combination
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DISCUSSION

The most effective in their action
on plant growth are nitrogen com-
pounds (Wdjcik, 2005; 2009). They
stimulate mainly the apical growth of
plants, not always giving them the
opportunity to develop lateral shoots.
An example of this can be the treat-
ments employed in nurseries whose
production is based on conventiona
methods, where, in order to increase
the capacity of maiden trees for
branching, use is made of com-
pounds that inhibit the rapid growth
of the leader (Basak, 2009). Effective
inhibition of apical bud growth initi-
ates the formation of lateral branches
(Wertheim and Estabbrooks, 1994).
To improve the quality of trees pro-
duced in organic nurseries, attempts
are made to use various bioproducts
(Klamkowski et al., 1999; Nardi et
al., 2002; Kuwada et d., 2006; Khan
et a., 2009). As yet, their influence
on the development of young treesin
the nursery is not understood well
enough. Many data indicate that
when they are used at the right time
and in the right doses, they can sig-
nificantly improve the quality of the
nursery stock produced, which is not
inferior in this respect to the quality
of trees produced in nurseries run by
conventional methods (Grzyb et al.,
20128). Among the bioproducts that
are already known and recommended
for production in organic nurseries,
and new products available for test-
ing, selection should be made of
those that meet our expectations
(Skupien and Oszmianski, 2007,
Basak, 2008; Sas Paszt et a., 2011).
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What needs to be optimized are the
doses and times of their application.
The important question is not only
when but also in what quantity and
how many times they should be used
to obtain the desired results. Our
findings show that a repetition of the
same treatment does not necessarily
lead in every case to an increased
biological effect of a given product.
Tytanit is a good example of this. On
the other hand, such products as
Micosat, BF Quality, BF Amin,
Vinassa and Humus Active in con-
junction with beneficial microorgan-
isms (Aktywit PM) used more than
once give a significant improvement
in the quality of the materia being
produced, either in the form of taller
and well-branched trees or a greater
yield (number of trees) from one
hectare (Kuwada et d., 2006). If, at
the same time, a given product im-
proves the ability of buds (scions) to
‘take’, or reduces their susceptibility
to freezing, then the effect of this
product will be fully satisfactory.
Accurate determination of the num-
ber of treatments necessary to obtain
the desired effects, which has been
noted by other authors (Wertheim
and Estabbrooks, 1994), will not
only reduce unnecessary labour costs
but also save money on the purchase
of organic fertilizers, whose repeated
use to improve the quality of the
plants under production is not effec-
tive enough or even unnecessary.

CONCLUSIONS

1. A single application of the prepa-
ration Tytanit in the organic
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nursery seems to be a sufficient
treatment for improving the quali-
ty of maiden appletrees.

2. The biologica activity of such
preparations as Micosat, BF
Amin, BF Quality and Vinassa
used in the organic nursery of ap-
ple trees increases with the num-
ber of treatments performed. In
terms of the quality of maiden
trees, using these preparations
twice is more effective than a sin-
gle application.

3. Cultivars of apple trees in the
nursery respond differently to the
same number of treatments with
given biopreparations. In some of
them, sufficiently good results are
obtained with a single treatment,
while to achieve a similar effect
in others, the same treatment must
be performed twice.

4. Regardless of the number of
treatments, vermiculites (humic
preparations) seem to be less -
fective in stimulating the growth
of maiden apple trees than the ex-
tracts from marine plants (BF
Quality) and terrestrial plants (BF
Amin), or the preparation
Vinassa.

5. Minerd fertilization, the way it is
commonly used in conventional
nurseries, results in apple maidens
whose quality is, if not poorer, at
least comparable with those that
are fertilized with organic prod-
ucts. The advantage of the latter is
that not only do they improve the
process of branching in maiden
trees, but aso stimulate the
growth intensity of the lateral
shoots growing out of them.
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JAKOSC OKULANTOW JABELONI W ZALEZNOSCI OD
CZESTOTLIWOSCI STOSOWANIA NAWOZOW
GLEBOWYCH | DOLISTNYCH W SZKOLCE
EKOLOGICZNEJ— WY NIKI WSTEPNE

Zygmunt S. Grzyb, Wojciech Piotrowski, Pawet Bielicki
i Lidia Sas Paszt

STRESZCZENIE

W latach 2010 i 2011 w szkétce ekologicznej badano wzrost okulantéw jabloni
odpornych na parcha odmian Topaz i Ariwa szczepionych na podkiadce M.26.
Drzewka rosty na glebie bielicowej w rozstawie 25 cm x 1.0 m. Efekt dziatania prepa-
ratéw stosowanych narogdliny jedno- lub dwukrotnie, takich jak: Micosat, Humus UP,
Humus Active + Aktywit PM, BF Amin, BF Quality, Tytani i Vinassa oceniano na
podstawie réznicy grubosci i wysokosci okulantéw oraz liczby pedéw bocznych i ich
dtugosci, a takze liczby rozgatezionych okulantow. Kontrole stanowily rosliny ni-
czym nienawozone i nawozone NPK. Pierwszy raz nawozy stosowano na glebe
i rosliny w potowie maja, a drugi raz na poczatku czerwca. Uzyskane wyniki pokaza-
1y, ze nie w kazdym przypadku powtOrne stosowanie preparatdw poprawia warunki
wzrostu roslin. Dwukrotne stosowanie preparatéw humusowych vermiculitow (Hu-
mus UP, Humus Active + Aktywit PM z dodatkiem pozytywnych mikroorganizmoéw),
BF Quality, a czesciowo takze BF Amin dawalo lepsze wyniki jakosci okulantow niz
przy jednokrotnym ich stosowaniu. Natomiast w przypadku preparatéw, takich jak
Tytanit i Vinassa powtdrne traktowanie nimi rodlin juz nie powodowato istotnego
Zwi ekszenia intensywnosci ich wzrostu w stosunku do traktowanych jednokrotnie we
wczesnym okresie ich wegetaci.

Stowa kluczowe: okulanty jabtoni, aplikacja bioproduktow, szkétka ekologiczna,
krotnos¢ stosowania
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