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PO TRAKTOWANIU PODKEADEK SZCZEPIONKA MIKORYZOWA

Summary. In the production of fruit trees it is important to set up a nursery always in a new site,
alternatively to follow crop rotation rules. It is not always possible due to the size of a farm and
production volume. In order to limit the effects of replant soil one can use different procedures
before setting up a nursery. Chemical methods, however, must be replaced with non chemical
ones due to environmental protection and reduction of production costs. In the experiment con-
ducted in 2009-2012, growth of maiden pear trees of ‘Conference’ growing on three quince MA,
MC, S1 rootstocks, cultivated in replant and non-replant soil after the use of mycorrhizal treat-
ment, was compared. The strongest growth of maiden pear trees was obtained on non-replant soil
with mycorrhizal and without mycorrhizal treatment of rootstocks. Inoculation of rootstocks
influenced positively the height and fresh mass of the root system of maiden pear trees growing
on two considered sites. On the other hand, inoculation did not rise the diameter of stem and
number of lateral shoots of the maidens. Influence of mycorrhizal treatment of rootstocks on the
length of lateral shoots was not obvious. Significantly the best results of maiden pear trees
growth, except for the stem diameter, were obtained on MA quince compared to two other types.
The mycorrhizal treatment gave better result of percentage obtained by maiden pear trees only in
the replant site. The best efficiency of maiden pear trees in nursery production was observed for
MA quince rootstock.
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Introduction

Intensification of many agricultural cultivations causes that the same species appear
on the same plots in the crop rotation cycles in much shorter periods of time. The con-
sequence of such activities can be a disease phenomenon, which is more and more pop-
ular, especially in orchards and nurseries. A lot of research has been carried out to limit
the consequences of this phenomenon in orchards (Bechmer et al., 2003; Kowalik et al.,
1998; Merwin and Byard, 2001; Reginato et al., 2008; Szczygiet and Zepp, 1998; Tustin
et al., 2008; Zydlik, 2004), but fewer studies concern nurseries (Porgbski et al., 2003;
Simeone et al., 2006). Recently, studies on the use of mycorrhizal inoculum to limit the
‘disease’ have been carried out (Caruso et al., 1989; Catska, 1994; Catska and Taube-
-Baab, 1994; Druzic-Orlic et al., 2008; Monticelli et al., 2000; Rutto and Mizutani,
2006).

Mycorrhizal inoculums, so far, have been used in an apple trees nursery (Raj and
Sharma, 2009). Inoculation of plants affected the increase in length of lateral shoots and
roots of maiden apple trees. Also Druzic-Orlic et al. (2008) used different mycorrhizal
inoculums while planting the rootstocks into the nursery ground obtaining a better
growth of plants in comparison with rootstocks not treated with the mycorrhizal inocu-
lum.

In the experiments that have been carried out so far in an orchard the use of mycor-
rhizal inoculum improved the growth of apple and peach trees (Bingye and Shengrui,
1998; Utkhede et al., 1992). There are some opinions, however, that mycorrhization
does not influence positively the growth of apple trees in an orchard (Bennewitz and
Hlusek, 2006), as well as the seedlings of peach trees (Rutto and Mizutani, 2005, 2006).

The aim of the present studies was the evaluation of influence of mycorrhizal inocu-
lum on the growth of maiden pear trees on three quince rootstocks cultivated in a re-
plant soil and non-replant soil.

Material and methods

The studies were carried out at the Agricultural Experimental Station in Baranowo
belonging to the Poznan University of Life Sciences, in 2009-2012. The experiment was
set up in random sub-blocks design, in four replications with 50 rootstocks in 90 x 30
cm spacing planted on one plot. In one part of the experiment MA, MC and S1 quince
rootstocks were planted in early spring on the site occupied previously by a nursery for
three years, and the other site did not have such a record. All the rootstocks had a diam-
eter of 7-8 mm. Half of the rootstocks was treated with mycorrhizal inoculum of ‘Suplo’
company during the planting process, the rest was a control. Before using the inoculum
containing live mycelium (500 ml inoculum, dry weight 36.3 g) it was mixed for 15 s
with 500 ml of distilled water and a special gel was added. For one rootstock approxi-
mately 20 ml of suspension was used. The gel was used also in control plants. Special
separating, protective zone of 5.4 m was established between the inoculated and non
inoculated plants.
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The experiment was located on loam soil belonging to fourth valuation class. Protec-
tion and care of growing plants were carried out in accordance with the latest recom-
mendations for a rootstock nursery. During the research no herbicides were used and the
nursery was mechanically and, if needed, manually weeded. Nitrogen fertilizer was
applied three times in a cumulative dose of 90 kg-ha™. Rootstock plots were not wa-
tered. The rootstocks were budded with ‘Conference’ in the first decade of August using
‘letter T’ budding method on the height of 10 cm above the ground. After vegetation
period, at the end of November, all obtained maiden pear trees were measured. The
measurements of height (cm) and diameter (mm) 20 cm above the ground level and
length of lateral shoots (cm) of 15 maiden pear trees per plot were carried out and num-
ber of lateral shoots was calculated as well. After taking out from the ground fresh mass
of the root system of five maiden trees per plot was weighed, too (g).

In order to confirm the presence of mycorrhizal fungi, root samples of rootstocks
treated and not treated with mycorrhizal inoculums were taken. They were coloured
with 0.05% trypan blue in lactic acid. Later they were discoloured and the presence of
mycorrhizal structures was evaluated under a microscope. The photographs are placed
at the end of this paper.

The statistical analysis of the obtained data was carried out with the help of STAT
program, with the application of two-factor variance analysis using Duncan’s test, with
probability level o = 0.05. Results shown in tables are mean values of three successive
years of studies.

Results and discussion

The height of maiden pear trees was differentiated and depended on the used type of
quince rootstocks, soil conditions and mycorrhizal treatment. The highest plants were
obtained on a plot with non-replant soil with mycorrhiza. Maiden trees lower than the
mentioned ones grew on non-replant soil without mycorrhiza. Maiden pear trees culti-
vated in replant soil were higher after the use of mycorrhizal inoculum compared with
non inoculated ones. The lowest plants were obtained on MC quince rootstock. Signifi-
cantly higher than the mentioned ones were maiden pear trees on quince S1, and the
highest on quince MA (Table 1).

The diameters of maiden pear trees grown on non-replant soil with mycorrhizal in-
oculum were the same as on non-replant soil without mycorrhizal inoculum. Also maid-
en pear trees cultivated in replant soil after the application of mycorrhizal inoculum did
not differ from non inoculated ones. Used type of quince did not have any influence on
the diameter of stems of maiden pear trees (Table 2).

The length of lateral shoots of maiden pear trees was significantly different. The best
results were noted for maiden pear trees growing on plots with non-replant soil without
mycorrhiza. The maiden pear trees cultivated on replant soil with mycorrhiza had
a bigger sum of long shoots than those without mycorrhiza. The length of lateral shoots
of maiden pear trees growing on MA quince was higher than of the two other rootstocks
(Table 3).
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Table 1. Height of maiden pear trees depending on the type of quince and soil
Tabela 1. Wysokos¢ okulantow gruszy w zalezno$ci od typu pigwy i gleby

Non replant soil Non replant soil Replant soil Replant soil with-
. . without mycorrhi- . . .
with mycorrhizal . with mycorrhizal out mycorrhizal
Type of inoculum zal inoculum inoculum inoculum Mean
quince Gleba niereplanto- Gleba niereplanto- Gleba replantowana|Gleba replantowana| Srednia
Typ pigwy . wana bez szcze- . S
wana ze szczepion- pionki mikoryzo- ze szczepionka bez szczepionki
ka mikoryzowa wej Y mikoryzowa mikoryzowej
MA 1324 ¢ 123.8 de 96.4 be 92.9 be 111.4c¢
MC 119.4d 115.7d 852D 69.3a 974 a
S1 1203 d 114.0d 97.1¢ 92.6 be 106.0 b
Mean 124.0d 1178 ¢ 929b 84.9a
Srednia

Means in rows and in columns followed by the same letters are not significantly different at the level of o= 0.05.
Srednie oznaczone w rzg¢dach i kolumnach tymi samymi literami nie r6znig si¢ istotnie na poziomie o = 0,05.

Table 2. Diameter of maiden pear trees depending on the type of quince and soil
Tabela 2. Srednica okulantoéw gruszy w zaleznosci od typu pigwy i gleby

Non replant soil Non replant soil Replant soil Replant soil with-
. . without mycorrhi- . . .
with mycorrhizal . with mycorrhizal out mycorrhizal
Type of inoculum zal inoculum inoculum inoculum Mean
quince Gleba niereplanto- Gleba niereplanto- Gleba replantowana|Gleba replantowana| Srednia
Typ pigwy . wana bez szcze- . S
wana ze szczepion- pionki mikoryzo- ze szczepionka bez szczepionki
ka mikoryzowa wej mikoryzowa mikoryzowej
MA 13.1cd 13.9d 10.1 ab 10.3 ab 11.8a
MC 12.6 cd 125¢ 10.5 ab 10.3 ab 11.5a
S1 124c¢ 13.2cd 10.7b 93a 114a
Mean 12.7b 132b 104 a 10.0a
Srednia

Means in rows and in columns followed by the same letters are not significantly different at the level of o= 0.05.
Srednie oznaczone w rze¢dach i kolumnach tymi samymi literami nie r6znig si¢ istotnie na poziomie o = 0,05.

The number of branches obtained on non-replant soil was higher than of those ob-
tained on ‘replant’ soil. Maiden pear trees grown on MA quince had significantly bigger
number of lateral shoots than two other rootstocks (Table 4).

Application of mycorrhizal inoculum influenced fresh mass of the root system of
maiden pear trees better on plots with replant and non-replant soil. Bigger mass of roots
was obtained on MA rootstock compared with MC and S1 (Table 5).
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Table 3. Sum of long lateral shoots of maiden pear trees depending on the type of quince and soil
Tabela 3. Suma dlugosci pedéw bocznych okulantéw gruszy w zaleznos$ci od typu pigwy i gleby

Non replant soil Non replant soil Replant soil Replant soil with-
. . without mycorrhi- . . .
with mycorrhizal . with mycorrhizal out mycorrhizal
Type of . zal inoculum . .
Lince inoculum Gleba niereplanto- inoculum inoculum ‘Mean
quin Gleba niereplanto- Gleba replantowana |Gleba replantowana| Srednia
Typ pigwy . wana bez szcze- . S
wana ze szczepion- pionki mikoryzo- ze szczepionka bez szczepionki
ka mikoryzowa wej Y mikoryzowa mikoryzowej
MA 37.7d 66.8 ¢ 15.2 be 10.5b 325b
MC 16.3 be 14.4 be 13.9 be 1.7a 11.5a
S1 185¢ 18.7¢ 11.2b 04a 122 a
Mean 24.1c 33.3d 13.4b 42a
Srednia

Means in rows and in columns followed by the same letters are not significantly different at the level of o= 0.05.
Srednie oznaczone w rzg¢dach i kolumnach tymi samymi literami nie r6znig si¢ istotnie na poziomie o = 0,05.

Table 4. Number of lateral shoots of maiden pear trees depending on the type of quince and soil
Tabela 4. Liczba pedéw bocznych okulantéw gruszy w zaleznosci od typu pigwy i gleby

Non replant soil Non replant soil Replant soil Replant soil with-
. . without mycorrhi- . . .
T with mycorrhizal . with mycorrhizal out mycorrhizal
ype of inoculum zal inoculum inoculum inoculum Mean
quince Gleba niereplanto- Gleba niereplanto- Gleba replantowana|Gleba replantowana| Srednia
Typ pigwy . wana bez szcze- . S
wana ze szczepion- pionki mikoryzo- ze szczepionka bez szczepionki
ka mikoryzowa wej mikoryzowa mikoryzowej
MA 1.6b 32¢ 0.7 ab 0.4 ab 1.5b
MC 0.9 ab 0.8 ab 0.6 ab 0.1a 0.6a
S1 1.0 ab 1.0 ab 0.5 ab 0.1a 0.7a
Mean 1.0b 1.7b 0.6a 02a
Srednia

Means in rows and in columns followed by the same letters are not significantly different at the level of o= 0.05.
Srednie oznaczone w rze¢dach i kolumnach tymi samymi literami nie r6znig si¢ istotnie na poziomie o = 0,05.

Mycorrhizal treatment gave better results of the percentage of the obtained maiden
pear trees only in replant site. The best efficiency of maiden pear trees in nursery pro-
duction was observed for MA quince (Table 6).

Presence of mycorrhizal fungi on the root system of quince was confirmed after tak-
ing pictures of microscopic preparations (Fig. 1). Mycorrhizal structures were not ob-
served on the roots of control rootstocks.
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Table 5. Fresh mass of root system of maiden pear trees depending on the type of quince and soil
Tabela 5. Swieza masa systemu korzeniowego okulantéw gruszy w zalezno$ci od typu pigwy

i gleby

Non replant soil Non replant SOﬂ. Replant soil Replant soil with-
. . without mycorrhi- . . .
with mycorrhizal . with mycorrhizal out mycorrhizal
Type of . zal inoculum . .
Lince inoculum Gleba niereplanto- inoculum inoculum ‘Mean
T q iow Gleba niereplan- wana bez szcze- Gleba replantowana |Gleba replantowana| Srednia
YPPIBWY | (owana ze szcze- ionki mikorvzo- ze szczepionka bez szczepionki
pionka mikoryzowa P wej Y mikoryzowa mikoryzowej
MA 1493 g 1385 125.5d 112.6 be 131.5b
MC 134.8 e-f 127.7 de 110.0 be 98.5a 117.8 a
S1 136.7 e-f 129.8 d-f 1154c¢ 105.6 ab 1219 a
Mean 1403 d 132.0c¢ 117.0b 105.6 a
Srednia

Means in rows and in columns followed by the same letters are not significantly different at the level of .= 0.05.
Srednie oznaczone w rze¢dach i kolumnach tymi samymi literami nie r6znig si¢ istotnie na poziomie o = 0,05.

Table 6. Percentage of obtained maiden pear trees depending on the type of quince and soil
Tabela 6. Procent otrzymanych okulantéw gruszy w zaleznosci od typu pigwy i gleby

Non replant soil Non replant SOﬂ. Replant soil Replant soil with-
. . without mycorrhi- . . .
with mycorrhizal . with mycorrhizal out mycorrhizal
Type of inoculum zal inoculum inoculum inoculum Mean
quince . Gleba niereplanto- : .
. Gleba niereplanto- Gleba replantowana |Gleba replantowana| Srednia
Typ pigwy . wana bez szcze- . S
wana ze szczepion- pionki mikoryzo- ze szczepionka bez szczepionki
ka mikoryzowa wej mikoryzowa mikoryzowej
MA 722¢ 71.6¢e 67.1d 66.0 cd 69.3 ¢
MC 66.6 cd 63.3 be 59.8 ab 57.8a 619a
S1 67.5d 66.7 cd 69.0 de 61.4 ab 66.2b
Mean 68.8 ¢ 67.3 bc 65.4b 61.8a
Srednia

Means in rows and in columns followed by the same letters are not significantly different at the level of o= 0.05.
Srednie oznaczone w rzg¢dach i kolumnach tymi samymi literami nie r6znig si¢ istotnie na poziomie o = 0,05.

In the considered experiment the height and fresh mass of the root system of maiden
pear trees growing on non-replant and replant soil after mycorrhization was significantly
bigger. On the other hand, the diameter and the number of lateral shoots did not change
significantly after the use of mycorrhization of the rootstocks on both plots. As far as the
sum of lengths of lateral shoots is concerned the obtained results were not univocal. Maid-
en pear trees cultivated on non-replant soil had longer lateral shoots without mycorrhizal
inoculation, and on the plot with replant soil after the mycorrhizal inoculation.
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P

Fig. 1. Fragment of the S1 quince root coming from rootstocks with mycorrhizal fungal hy-
phae

Rys. 1. Fragment korzenia pigwy S1 pochodzacy z podktadek ze strzgpkami grzybni mikory-
ZOWej

In the experiment carried out by Raj and Sharma (2009) the presence of mycorrhizal
fungi increased the length of shoots and roots of maiden apple trees in a nursery. In an
carlier observation (Swierczynski and Stachowiak, 2012) sweet cherry maiden trees
growth obtained in no replant soil after used of mycorrhizal inoculum increasing of
diameter and fresh mass of maiden trees. Utkhede et al. (1992) confirmed the fact that
the use of mycorrhizal inoculum increased the number of lateral shoots of apple trees
growing in replant soil. Also in the studies carried out by Catska and Taube-Baab
(1994) inoculation of apple trees seedlings with mycorrhizal fungi improved their
growth in replant soil. Similarly Bingye and Shengrui (1998), as well as Rutto and Mi-
zutani (2006) obtained a better growth of peach trees seedlings after mycorrhization in
replant soil. Also Druzic-Orlic et al. (2008) having planted GF 655/2 and Gisella 5
rootstocks into non-replant soil noticed a better growth of plants after inoculation in
comparison with the rootstocks not inoculated with micorrhizal inoculum.

However, presence of mycorrhizal fungi in plants is strictly connected with biologi-
cal and physical properties of the soil (Schreiner, 2003). In the present experiment the
soil was concise and periodically very watery, which did not support the growth of
mycorrhizal fungi. On the other hand it could stimulate the development of the ‘disease’
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causing microorganisms. It seems that soil sickness has a negative impact on plant me-
tabolism and limits the capacity of the host plant to support the mycorrhizal symbiosis
(Rutto and Mizutani, 2006).

A factor that differentiated the growth of maiden pear trees was also the quince type.
Significantly higher and better branched maiden pear trees were obtained on MA
quince. Also Fischer (2005, 2007) noticed a better growth of maiden pear trees of ‘Con-
ference’ on MA quince in comparison with S1 quince.

On the basis of the conducted experiment it was found that inoculation of rootstocks
with mycorrhizal inoculum improved the growth of maiden pear trees growing in re-
plant and non-replant soil.

Conclusions

1. The best growth of maiden pear trees was obtained in plots with non-replant soil.

2. The mycorrhizal inoculum had a positive influence on height, fresh mass of root
system and percentage obtained of maiden pear trees growing in replant and non-replant
soil.

3. The maiden pear trees growing in non-replant soil with mycorrhizal inoculum had
a lower total length of lateral shoots than without mycorrhizal treatment.

4. The strongest growth and better efficiency of maiden pear trees was observed on
MA quince rootstock.
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WZROST OKULANTOW GRUSZY W GLEBIE ,,REPLANTOWANE]J”
PO TRAKTOWANIU PODKELADEK SZCZEPIONKA MIKORYZOWA

Streszczenie. W produkcji drzewek owocowych wazne jest, aby kazdorazowo zaktada¢ szkotke
na nowym stanowisku, ewentualnie przestrzega¢ wlasciwego zmianowania. Jednak nie zawsze
jest to mozliwe ze wzgledu na powierzchni¢ gospodarstwa oraz wielko$¢ produkcji. W celu ogra-
niczenia skutkéw zjawiska ,,zmeczenia gleby” mozna przed zatozeniem szkotki stosowaé réznego
rodzaju zabiegi, przy czym metody chemiczne muszg by¢ zastgpowane metodami niechemiczny-
mi z uwagi na konieczno$¢ ochrony srodowiska i ograniczania kosztow produkcji. W doswiad-
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czeniu przeprowadzonym w latach 2009-2012 poréwnano wzrost okulantdw gruszy w glebie
Lreplantowanej” 1 ,,niereplantowanej” po zabiegu mikoryzacji podktadek pigwy MA, MC i SI.
Najsilniejszy wzrost okulantow uzyskano na stanowisku z gleba ,,niereplantowana” po zastoso-
waniu zabiegu mikoryzacji podkladek i bez niego. Inokulacja podktadek wplyng¢la pozytywnie na
wysokos$¢ i $wiezg mase systemu korzeniowego okulantéw gruszy rosngcych na obu rozpatrywa-
nych stanowiskach, jednak nie zwigkszyta $rednicy pnia ani liczby pedéw bocznych okulantow.
Wplyw zabiegu mikoryzacji podktadek na dlugos¢ pgdow bocznych byt niejednoznaczny. Istotnie
najlepsze wyniki wzrostu okulantow gruszy — z wyjatkiem $rednicy pnia — uzyskano na podktad-
ce pigwy MA. Zabieg mikoryzacji zwigkszyl procent okulantéw gruszy tylko na stanowisku
replantowanym. Najlepsza wydajnos¢ okulantéw gruszy w produkceji szkotkarskiej zaobserwowa-
no po zastosowaniu podktadki MA.

Stowa kluczowe: grusza, pigwa, gleba ,,replantowana”, mikoryzacja, struktury mikoryzowe
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