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Abstract

The studies were conducted at two sites (a replantation and a virgin soil site). The following two combinations were
used for each of the sites: control with no treatments applied and with the application of a mycorrhizal vaccine on
the root balls of the plants at the time of planting. The four-year research showed that the way of soil usage had
an influence on its biochemical properties, which were evaluated on the basis of enzymatic activity, which, except
for the dehydrogenases, was at a lower lever in the replanted soil site. The use of a mycorrhizal vaccine did not
increase the enzymatic activity in the replanted soil site, sometimes even lowered it. The content of organic matter
defined as the total content of carbon and dissolvable carbon in the soil was higher at the replanted site than at the
virgin soil one. The use of the mycorrhizal vaccine contributed to the increase of the content of the organic matter
but only in the virgin soil site. The soil from the plantation growing on the virgin soil was characterized by the

highest content of proteolytic bacteria and the highest respiratory activity.
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Introduction

The processes that take place in soil are
determined by the activity of various groups of
microorganisms, such as viruses, bacteria, actinobacteria,
fungi and algae (Russel, 2005). Productivity of soil is a
result of the activity of its microorganisms. This group
of organisms take part in the process of organic matter
decomposition and create complex symbiotic, rhizosphere
and mycorrhizal systems. The activity of microorganisms
of the rhizosphere is one of the main factors determining
the growth and pathogen resistance of a plant (Smith,
Read, 2008). Fruit cultivation is a specific kind of a
monoculture which has a significant influence on the
properties of soil, in which the most frequent occurrencies
are allopathic compounds accumulation, changes in the
composition of microflora, deterioration of the quality of
humus and accumulation of a great number of phenolic
acids (Styta, 2014).

A frequent phenomenon occurring in the process
of fruit production, also including highbush blueberry, is
soil fatigue resulting from the use of replantation—planting
plants from the same species in grubbed-up areas (Zydlik,
2004). Under replantation conditions, productive soil
properties may be considerably exacerbated, thus limiting
plant growth (Pacholak et al., 2009). In plantations of

blueberry the problem of replantation may occur. Poland
is a leading producer of this species in Europe. Consumer
demand for high quality and the appearance of new and
more attractive blueberry cultivars result in frequent
changes in the planted cultivars. Additionally, farms
producing highbush blueberry are specialized, which
makes it difficult to switch to a different crop.

An indicator of the changes occurring in the soil
under the influence of natural and anthropogenic factors is
enzymatic activity (Makoi, Ndakidemi, 2008). The most
important role in the soil is played by enzymes belonging
to oxidoreductases (dehydrogenases) and hydrolases
(protease, urease, phosphatase). The sources of enzymes
occurring in the soil are microorganisms, roots and their
residues as well as specific soil flora (Russel, 2005).
In soil, there are not only enzymes, but also active
biological compounds, which have a significant influence
on the development and functioning of plants. This
group includes plant hormones, among which, auxins are
deemed to be the most significant ones, including indole-
3-acetic acid (Szajdak et al., 2011).

As Corstanje and Reddy (2006) state, the
respiratory and enzymatic activity of soil is a better way
of determining its state than its physiochemical properties.
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Respiratory activity is often related to decomposition of
organic compounds and their oxidation, accompanied by
secretion of carbon dioxide.

Deterioration of soil properties is one of the most
important stress factors for plants. The only way to prevent
unfavourable soil conditions is to use of a mycorrhizal
inoculum. According to Midgley et al. (2004) and Swarty
et al. (2004), using an ericoid mycorrhiza allows for
decreasing the stress resulting from an unfavourable soil
pH, lack of water or high salinity (Ortas, 2008). Under
the influence of mycorrhization, some species of fruit
trees or bushes or their rootstocks achieve better growth
parameters (Raj, Sharma, 2009; Aka-Kacar et al., 2010).
This also applies to highbush blueberry (Arriagada et al.,
2012). Photosynthetic activity of plants also grows (Fan
et al., 2008).

The aim of the studies was to evaluate the
influence of the soil site and the use of a mycorrhizal
vaccine on the growth of blueberry and biochemical
properties of the soil during the first years after
replantation.

Materials and methods

Studies were carried out in 2009-2012 in
the Department of Pomology of the University of Life
Sciences in Poznan, on the area of the Agricultural and
Pomologycal Experimental Farm in Przybroda. The farm
is situated in Wysoczyzna Wielkopolska, where proper
Luvisol occur, which are formed from loams lying on
boulder clay. The content of floatable fractions ranges
from 17% to 20% and the pH is 5.4.

The plantation was created in the spring of 2009
by planting biennial, plug seedlings of the blueberry
(Vacccinium corymbosum L.) variety ‘Bluecrop’, with
spacing of 2.5 x 1.5 m (2667 shrubs ha'). During the
research period, soil temperatures at the depth of 10
cm were quite even and they amounted to 11.5°C and
during the growing season, they ranged from 19.7°C
to 20.3°C. In winter, soil temperatures at the depth of
10 cm did not go below 0°C. The average monthly and
the average annual air temperatures and the amount of
precipitation did not significantly diverge from multi-year
data. Organic mulch was used in the plantation in the form
of coniferous sawdust, 20 cm thick, which was distributed
after planting bushes along the rows. In this way, weed
growth and water losses were reduced. Additionally,
drip irrigation lines were distributed in each row of
plants, which were used in water-deficiency periods. In
the growing season, fertilization and plant protection
treatments were compliant with the recommendations for
highbush blueberry cultivation. In the experiment, two
sites were used: 1) the first site consisted of an area on
which blueberry had been cultivated for over 30 years and
then was grubbed in the autumn of 2008 (the replantation
site), 2) the second site was the virgin soil site. Virgin soil
is soil that has not been used for growing fruit trees/bushes.
Agricultural plants (rapeseed, cereals) were grown on it.
Such soil was prepared for the cultivation of highbush
blueberries (the optimal pH value and nutrient content).

The experiment consisted of four combinations,
which were as follows: combination 1 — shrubs planted
in the replanted soil in the place of grubbed up plants,
combination 2 — as in combination 1 but with a one-
time application of a mycorrhizal vaccine, combination
3 — shrubs planted in the virgin soil, combination 4 — as
in combination 3 but with a one-time application of a
mycorrhizal vaccine. Each combination was represented
by 4 replications, 10 shrubs each. The vaccines were
prepared in the Polish laboratory “Mycoflor” (Putawy,
Poland), based on fungi isolated from roots of Vaccinium
myrtillus L., V. vitis-idaea L. and Arctostaphylos uva-ursi
L. that originated from Polish ecosystems. On a one-off
basis, while the bushes were being planted, vaccine at a
dose of 15 ml per plant was applied onto the root ball.
The inoculant contained a live mycorrhizal mycelium in
a hydrated state in the form of gel suspension.

The evaluation of biochemical properties of
soil covered an analysis of enzymatic activity of the
soil (proteases, dehydrogenases, acid phosphatase),
the content of carbon and indole-3-acetic acid (IAA),
its respiratory activity and the number of proteolytic
bacteria.

The soil needed for the biochemical analysis
was collected at three dates. In spring, samples were
collected in the middle of May, in summer — after the end
of the intensive growth of shrubs and in autumn — after
leaves were subject to decolouration. Protease activity
was determined with the use of the spectrophotometric
method according to Ladd and Butler (1972); the
enzymatic activity was expressed in mg of tyrosine h!
kg! of dry mass. Dehydrogenase activity was determined
with the use of the colorimetric method according to
Thalmann (1968), expressing its activity in cm’ H,
24 h'! kg of dry mass. Acid phosphatase was measured
spectrophotometrically with the use of the Tabatabai and
Bremner’s (1969) method expressing its activity in mg of
p-nitrophenol kg! h'! of dry mass.

Together with the determination of the enzymatic
activity, the following soil properties were determined
during the same terms: total organic carbon (TOC) content
with the use of Tiurin’s method — TOC in g kg' (Mocek
et al., 2006), hot water extractable organic carbon (C, )
content—C, . - in g kg (Smolander, Kitunen, 2002), IAA
content with the use of the fluorescent method — IAA in
mg kg (Szajdak et al., 2011). Respiratory activity of the
soil in the growing conditions was estimated on the basis
of saturated carbon dioxide (CO,) with the use of the
absorption method — CO, in mg kg' 48 h™' (Golgbiowska,
Pedziwilk, 1984). The amount of proteolytic bacteria
in fresh soil on selective media was determined by the
method according to Rodina (1968), with the use of the
plate count method, after 48 hours of incubation at a
temperature of 21°C.

The results obtained were subject to a statistical
analysis. One and two-factor analyses of variance with the
use of Duncan’s test and the significance of differences
were determined at the statistical significance level of
a = 0.05. The results were described on the basis of an
average result from the four vegetation periods between
2009-2012 years.
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Results and discussion

According to Bielinska et al. (2008) and
Arriagada et al. (2012), the enzymatic activity of soil
constitutes a good indicator of its fertility and productivity.
Our studies showed that the way of using soil intended for
blueberry plantation had an influence on its biochemical
properties evaluated on the basis of its enzymatic activity.
We found that the enzymatic activity of the soil from

the place of grubbed up shrubs (Table 1) was lower. In
this way, the opinion of Pacholak et al. (2009) about a
considerable decrease in the biological activity of soil
under replantation conditions is confirmed. The lowered
dehydrogenases activity on the replanted site may be the
result of its low fertility and may be one of the elements
indicating to the soil’s fatigue.

Table 1. Enzymatic activity in soil (average activity from the period between 2009-2012)

Protease

Dehydrogenase
cm®H, 24 h' kg
dry mass soil

Acid phosphatase
mg p-nitrophenol kg™ h!
dry mass soil

Site mg tyrosine h™' kg!
dry mass soil
Replantation 3.72a
Replantation + mycorrhyza 4.22 ab
Virgin soil 394a
Virgin soil + mycorrhyza 455D

092a 8.56a
093a 8.69a
1.18Db 9.52b
142c¢c 10.87 ¢

Note. Mean values marked with the same letter do not differ significantly at o= 0.05.

A one-time use of a mycorrhizal vaccine
on the virgin soil during the period of planting shrubs
contributed to a significant increase of the activity of
each of the enzymes studied. This effect did not occur
in the replanted site. The mycorrhizal vaccine did not
increase the activity of each of the enzymes studied to
a statistically significant extent. In this case, one of the
reasons for the lack of effectiveness of the inoculant in
increasing the enzymatic activity of replanted soil can
be a low degree of root colonization by mycorrhizal
fungi. This probably results from the accumulation of a
range of compounds limiting the development of the soil
microflora — phenolic acids, glycosides or allelopathic
compounds (Benizri et al., 2005; Styla, 2014).

The enzymatic activity of the soil depended on
the date of the sample collection. The highest protease
activity was found in the spring season (4.54 mg mg
tyrosine h' kg' dry mass soil), and the lowest — during
autumn (3.55 mg tyrosine h' kg! dry mass soil). The level
of dehydrogenases activity was the highest in autumn
(1.48 cm’ H, 24 h' kg dry mass soil), and the lowest
in summer (0.61 cm’® H, 24 h' kg dry mass soil), while
acid phosphatase was the highest in summer (10.62 mg
p-nitrophenol kg' h' dry mass soil), and the lowest in
autumn (7.76 mg p-nitrophenol kg' h' dry mass soil).
Higher activity of the enzyme in spring may have resulted

from optimal soil temperatures during this period and its
sufficient moisture content for microorganisms.

As it can be observed from data from literature
(Acosta-Martinez et al., 2007; Chang et al., 2007), the
enzymatic activity in the soil may depend not only on its
type, but also on the content of organic matter. This thesis
was not confirmed in these studies. The content of organic
matter, estimated on the basis of the total carbon content
and the content of dissolvable carbon was at a higher level
at the replanted site than at the virgin soil site (Tables 2-3);
while the enzymatic activity at this site was significantly
lower (Table 1). A high content of organic matter in
replanted soil may have resulted from insufficient numbers
and activity of soil microorganisms, which translates into
slower decomposition of organic substances.

The mycorrhizal vaccine increased the total
content of organic and hot water extractable organic
carbon in the soil; however, the effect was found only
in the virgin soil. A statistical analysis did not indicate
any significant differences between the content of total
organic carbon and hot water extractable organic carbon
after using the mycorrhizal vaccine at the replanted site
(Tables 2-3). The date of sample collection indicated
an influence on the total organic carbon content in the
soil, which was the highest in summer, and the lowest in
autumn (Table 2).

Table 2. Differences of the total organic carbon (TOC) content in the soil of the investigated sites (average content

from the period between 2009-2012)

TOC mg kg™!

. Mean value
Site for sit

spring summer autumn orsite
Replantation 12.85d 16.55¢ 10.45 ab 13.28b
Replantation + mycorrhyza 12.03 cd 1596 ¢ 9.63 a 12.54 b
Virgin soil 10.56 ab 12.07 cd 10.75 a-c 11.13 a
Virgin soil + mycorrhyza 11.51 b-d 15.63 ¢ 12.38d 13.17b

Mean value for terms 11.74 b 15.05¢ 10.80 a

Note. Mean values marked with the same letter do not differ significantly at o = 0.05.
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The content of hot water extractable organic
carbon was the highest in spring, and the lowest in
autumn (Table 3).

The statistical analysis results did not indicate
an influence of the site on the content of IAA in the soil
(Table 4). It must be stated that the use of the mycorrhizal

Table 3. The content of hot water extractable organic carbon (C

vaccine during plantation did not have a significant effect
on the change of the IAA content in the soil. The date of
sample collection had an influence on the content of TAA.
The highest content of IAA was found in the samples
collected in spring, and the lowest — in autumn.

) in the soil of the investigated sites (average

content from the period between 2009-2012) HWE
. Cowe 2 kg Mean value

Site ; for site

spring summer autumn
Replantation 0.65¢ 0.58 cd 0.58 cd 0.60 c
Replantation + mycorrhyza 0.61 de 0.63 ¢ 0.52b 0.59 be
Virgin soil 0.55 b-d 047a 0.46 a 0.49 a
Virgin soil + mycorrhyza 0.55 be 0.56 b-d 0.60 c-e 0.57b

Mean value for terms 0.59b 0.56 a 0.54 a

Note. Mean values marked with the same letter do not differ significantly at o= 0.05.

Table 4. The content of indole-3-acetic acid (IAA) in the soil of the investigated sites (average content from the period

between 2009-2012)

Site IAA in mg kg Mean Yalue
spring summer autumn for site
Replantation 92.72 ¢ 94.15¢ 5598 a 80.95a
Replantation + mycorrhyza 86.28 be 91.51¢c 49.27 a 75.69 a
Virgin soil 9371 ¢ 7523 b 5517 a 74.70 a
Virgin soil + mycorrhyza 89.66 be 84.91 be 48.39 a 7432 a
Mean value for terms 90.59 b 86.45 b 5221a

Note. Mean values marked with the same letter do not differ significantly at o = 0.05.

Respiration of plants is commonly seen as one
of the main indicators of biological activity of soils,
informing about, among others, a process of degradation
or renovation of soil under the influence of various
environmental factors.

The results obtained reveal a relation between
the respiratory activity of the soil and the type of a site.
The highest level of respiratory activity was found in the
virgin soil (152.9 CO, in mg kg™ 48 h™') and the lowest —
in the soil after replantation (126.3 CO, in mg kg™ 48 h™").
The use of the mycorrhizal vaccine during plantation of

shrubs in the virgin soil contributed to the decrease of the
respiratory activity of the soil (138.7 CO, in mg kg 48
h!). The influence of environment on the soil respiratory
activity was noticed also by Szafranek-Nakonieczna and
Stepniewska (2014).

The respiratory activity of the soil may be
related to, amongst other things, metabolic activity of
some groups of microorganisms, including proteolytic
bacteria. Their amount in the soil samples depended on
the investigated site (Table 5).

Table 5. The number of proteolytic bacteria in the soil of the investigated sites (average number from the period

between 2009-2012)

) Number in 1 g fresh mass soil x 10* Mean value
Site spring summer autumn for site
Replantation 1.60 a 8.80 cd 1.60 a 4.00a
Replantation + mycorrhyza 4.00b 7.70 ¢ 7.80 ¢ 6.50b
Virgin soil 1580 ¢ 20.30 f 9.10 cd 15.07 ¢
Virgin soil + mycorrhyza 7.00 ¢ 420b 10.60 d 7270
Mean value for terms 7102 1025 b 728a

Note. Mean values marked with the same letter do not differ significantly at o. = 0.05.

The lowest amount of the proteolytic bacteria
was found in the replanted site, and the highest — in the
soil from the plantation created on the virgin soil. The
highest respiratory activity was also found in this site.
The use of the mycorrhizal vaccine contributed to the

increase of the number of proteolytic bacteria in the
replanted soil, while in the case of the virgin soil, their
number was reduced. The amount of proteolytic bacteria
in the soil also depended on the sample collection date
(Table 5).
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Conclusions

The research showed that:

1. The application of the mycorrhizal vaccine
significantly increased the enzymatic activity of soil
which had not been used for orchards before. No similar
effect was obtained on replanted soil.

2. The mycorrhizal vaccine increased the total
content of organic carbon, as well as the content of water
extratable carbon in the virgin soil.

3. No significant influence of the soil site, and
the mycorrhizal vaccine, on the indole-3-acetic acid
(IAA) content in soil, was found.

4. The highest respiratory activity was found at
the virgin sites, and the lowest at the site after replantation.
No positive influence of the mycorrhizal vaccine on the
increase of the respiratory activity of soil was shown.

5. The number of proteolytic bacteria was the
highest in the virgin soil, and the lowest in the replanted
soil. The application of the mycorrhizal vaccine in the
replanted soil contributed to the increase in the number
of proteolityc bacteria.
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Mikorizés vakcinos jtaka dirvoZemio biocheminéms savybéms
Silauogiu plantacijoje
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Santrauka

Tyrimas buvo atliktas dviejose vietose: dirvozemyje, kuriame prie§ bandyma augo Silauogeés, ir dirvozemyje, kuriame
Silauogés nebuvo augintos. Abiejuose fonuose buvo naudoti kontroliniai variantai, kuriuose nebuvo taikyta jokiy
priemoniy, ir variantai, kuriuose augaly Saknys sodinimo metu buvo apdorotos mikorizés vakcina. Ketveriy mety
tyrimy duomenys parodé, kad dirvozemio naudojimo biidas turéjo jtakos jo biocheminéms savybéms. Fermenty
aktyvumas, iSskyrus dehidrogenazés aktyvuma, buvo maziausias dirvozemyje, kuriame augalai buvo atsodinti.
Siame dirvozemyje mikorizés vakcinos panaudojimas nepadidino fermenty aktyvumo, o Kartais jj netgi mazino.
Organinés medziagos kiekis, apibréziamas kaip suminis anglies kiekis ir dirvoje iStirpusi anglis, buvo didesnis,
kai augalai buvo atsodinti. Mikorizés vakcinos panaudojimas padidino organinés medziagos kiekj dirvozemyje,
kuriame Silauogés nebuvo augintos. Didziausias protelitiniy bakterijy kiekis ir didziausias respiracinis aktyvumas
buvo nustatyti augalus auginant §iame dirvozemyje.
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