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Abstract
In vitro micropropagation of plants is highly useful for obtaining large quantities of planting material with
valuable economic qualities. However, plantlets grow in vitro in a specific environment and the adaptation
after the transfer to ex vitro conditions is difficult. Therefore, the acclimatization is a key step, which mostly
determines the success of micropropagation. The aim of this investigation was to study the effect of the biofertlizer
Lumbrical on ex vitro acclimatization of micropropagated pear rootstock OHF 333 (Pyrus communis L.).
Micropropagated and rooted plantlets were potted in peat and perlite (2:1) mixture with or without Lumbrical.
They were grown in a growth chamber at a temperature of 22±2 °C and photoperiod of 16/8 hours supplied by
cool-white fluorescent lamps (150 µmol m-2 s-1 Photosynthetic Photon Flux Density, PPFD). The plants were
covered with transparent foil to maintain the high humidity, and ten days later, the humidity was gradually
decreased. Biometric parameters, anatomic-morphological analyses, net photosynthetic rate and chlorophyll a
fluorescence (JIP test) were measured 21 days after transplanting the plants to ex vitro conditions. The obtained
results showed that the plants, acclimatized ex vitro in the substrate with Lumbrical, presented better growth
(stem length, number of leaves, leaf area and fresh mass) and photosynthetic characteristics as compared to
the control plants. This biostimulator could also be used to improve acclimatization in other woody species.
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Introduction
In vitro micropropagation of plants is highly useful for obtaining large quantities of planting material with valuable economic qualities. However, woody plants are often recalcitrant to in vitro cultivation and this process is highly genotype dependent. Pear rootstocks
and varieties are often difficult to cultivate in vitro, although some micropropagation protocols have been published (Chevreau et al., 1992; Bell, Reed, 2002; Nacheva et al., 2009;
Reed et al., 2013). During in vitro cultivation, plantlets grow under specific conditions: in
small tightly- closed vessels; with high air humidity, low gas exchange and, thus, a CO2shortage during almost the whole photoperiod; ethylene production and relatively low
light intensity; in a culture medium with a large concentration of sugar (Ziv, 1991). These
special conditions result in the formation of plants with abnormal morphology, anatomy
and physiology. During acclimatization, the adaptation of the plant to new environmental
conditions is essential (Apóstolo et al., 2005; Ďurkovič et al., 2009). According to Brainerd
and Fuchigami (1982), the low survival rate of plants when they are removed from in vitro culture is associated with poor stomatal functioning and excessive water loss. During
ex vitro acclimatization, many changes can occur to the morphological and physiological
state and photosynthesis due to differences in the environmental conditions. However,
studies on this aspect of acclimatization are still limited (Shina et al., 2014). Natural light
shading, antitranspirant treatment for reducing plant transpiration and application of different plant growth-promoting substances are often used to increase plant survival rate
after transplanting. The benefits associated with inoculation of in vitro – raised plantlets
with selected N2-fixing bacteria and/ or arbuscular mycorrhizae fungi (AM) have been
reported in several horticultural, fruit, ornamental and forest species (Rai, 2001; Kapoor et
al., 2008; Singh et al., 2012).
Vermicompost is an organic fertilizer that is a result of a bio-oxidative process of
organic waste, which is done by earthworms and microorganisms, with significant effects in the improvement of the soil fertility, in the crop yield and in the contribution to
the agro-ecological sustainability (Broz et al., 2016; Xu, Mou, 2016). Vermicompost is a
rich source of nutrients and plant growth regulators that could increase plant production
(Singh et al., 2008; Lim et al., 2015).
The vermicompost Lumbrical is a product of the activity of cultivating worms of
Lumbricus rubellus. This red California worm excreta is extremely rich in humus, containing all the substances necessary for plants. A significant number of works have
shown that Lumbrical improves the growth and yields of many crops in particular vegetables: lettuce (Steffen et al., 2010), tomatoes (Gutiérrez – Miceli et al., 2007; Masheva
et al., 2009), potatoes (Mrinal-Saikia et al., 1998), watermelon (Pelizza et al., 2013), as
well as ornamentals, such as petunia, gladiolus (da Cruz et al., 2018), etc. It was shown
that vermicompost is a suitable planting substrate for hardening of in vitro regenerated
plants of Tylophora indica (Rani, Rana, 2010; Kaur et al., 2011) and banana (Fernández
et al., 2016) to their field transfer.
The aim of this research was to study the effect of biofertilizer Lumbrical on ex vitro
acclimatization of micropropagated pear rootstock OHF 333 (Pyrus communis L.).

Biofertlizer Lumbrical improves the growth and ex vitro acclimatization of micropropagated...

19

Materials and methods
Plant material and experimental conditions

The experiment was carried out on micropropagated plantlets of pear rootstock OHF
333 (Pyrus communis L. ‘Old Home’ x ‘Farmingdale’). Well-rooted plantlets were potted
in plastic form pads (528 x 308 x 60 mm), filled with peat-perlite (1:1, v/v) – control or
with the same substrate enriched with the organic fertilizer Lumbrical (1:16, v:v). At the
beginning of the experiment, the plants were fully covered with transparent polyethylene to prevent drying and ten days later, the humidity was gradually reduced. The plants
were kept in a growth chamber at 22±2°C under 16/8 h light/ dark photoperiod (150
μmol m−2 s−1 Photosynthetic Photon Flux Density, PPFD). After 20 days in ex vitro conditions, plant growth analysis, physiological and biochemical analysis were performed.

Chemical analysis on the peat-perlite substrate and biofertilizer
Before the experiment, chemical analysis was performed both on the peat-perlite substrate and on the biofertilizer.
The analyses were performed according to established methods, described by Tomov
et al. (1999). The total nitrogen was determined titrometrically, after burning in sulphuric acid and subsequent distillation on a Parnas-Wagner apparatus. The total content of
phosphorus was determined colourimetrically using the method of Egner-Riehm. The
total amount of potassium was determined in a hydrochloric acid extract (2 N HCl)
using the modified method of Milcheva (Tomov et al., 1999) and the measurement was
made using a flame photometer.
On the 20th day after the transfer to ex vitro conditions, the content of the
mineral elements (N, P, K) in the leaves of the plants was recorded.

Growth parameters
The fresh weight (FW) and leaf area were determined immediately after removing the
plants from the soil. The dry weight (DW) of the plants was measured after drying the
material at 80° С for 48 h (Beadle, 1993).

Physiological and biochemical parameters
Gas-exchange analysis
The gas-exchange analysis was performed on the youngest fully- developed leaves of five
randomly selected plants of the control and plants treated with Lumbrical. Measurements were taken with LCpro + portable photosynthesis system (ADC, UK) at a light
intensity of 180 µmol m-2 s-1 PPFD and a temperature of 25 °C. Net photosynthesis rate
(A, µmol CO2 m-2 s-1), transpiration intensity (E, mmol H2O m-2 s-1) and stomatal conductivity (gs, mol H2O m-2s-1) were determined.
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Photosynthetic pigments
The photosynthetic pigments (chlorophyll a, chlorophyll b and total carotenoids) were
extracted in 85% acetone. The extracts absorbance was determined spectrophotometrically. The content of pigments (mg g-1 FW) was calculated according to the formulae of
Lichtenthaler, Wellburn (1983).

Chlorophyll a fluorescence
Chlorophyll a fluorescence analysis was performed using a Handy PEA fluorimeter (Handy
Plant Efficiency Analyzer, Hansatech Instruments Ltd., UK) on the youngest native fullydeveloped leaves of five representative plants of the respective variant. The measured spots
of the leaves were kept in darkness in a special clip for 40 minutes just before measurement.
Induction curves of rapid chlorophyll a fluorescence (JIP test) were recorded for 1 s with
3000 µmol m-2 s-1 PPFD. The primary data processing was done using the PEA Plus Software (V1.10, Hansatech Instruments Ltd., UK). The parameters measured and calculated
from this test (Table 1) were interpreted and normalised according to Strasser, Strasser
(1995) and Goltsev (2016).

Anatomical and morphological analysis of the stomata
The anatomical and morphological analysis of the stomata was performed with a
scanning electron microscope (SEM – FEI Quanta 200) at the Dendrology Laboratory
in Przelewice, Poland. Samples for analysing the anatomical structure were taken from
the middle part of fully developed 1st to 4th leaves from the top to the base of the shoots.
The measurements were performed on fresh plant material with out pre-treatment. The
plant material was placed on an aluminium holder in a SEM chamber for measuring at
magnification (1000x). For each sample, ten measurements of the stomata were made.

Statistical analysis
For each experimental treatment, three replications, each containing 40 plants, were
tested. The experiment was performed twice. For growth parameters, ten representative
plants were studied. For gas-exchange and chlorophyll a fluorescence analysis, at least
five measurements on different plants were performed.
Data of different parameters were analysed statistically using one-way ANOVA in
SPSS statistical software (version 13 for Windows) at a significance level between the
means and the evaluated of P≤ 0.05 (Tukey test).

Results and discussion
The substrate used for the experiment had low to medium nitrogen content, medium
phosphorus content and a high content of potassium (Tomov et al., 1999; Table 2).
Unlike the control substrate, Lumbrical biofertilizer contains a sufficient amount of
mineral compounds necessary for plant growth and development.
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Table 1. Definitions of measured and calculated chlorophyll a fluorescence parameters used in
the experiment based on Strasser, Strasser (1995) and Goltsev (2016).
Chlorophyll Fluorescence Parameter

Description

Measured parameters and basic JIP-test parameters derived from the OJIP transient
FO ~ F20µs

Minimum fluorescence, when all PSII reaction centres (RCs) are open;
Fluorescence intensity at 20 µs

FJ

Fluorescence at the J-step (2 ms) of the O-J-I-P transient

FI

Fluorescence at the I-step (30 ms) of the O-J-I-P transient

FM = FP
VJ = (FJ –FO)/(FM – FO)
FV = FM – FO

Maximum recorded fluorescence at the P-step when all RCs are closed
Relative variable fluorescence at the J-step
Variable fluorescence

Quantum yields and probabilities
ψEO = 1 – VJ
φEO = (1- FJ/FM)
δRO = (1 – VI)/(1 – VJ)

Probability (at t = 0) that a trapped exciton moves an electron into the
electron transport chain beyond QAQuantum yield (at t = 0) for electron transport from QA- to plastoquinone
Efficiency/ probability (at t = 0) with which an electron from the
intersystem carriers moves to reduce end electron acceptors at the PSI
acceptor side

Performance indexes
PIABS
PItotal = PIABS x δRo/(1 – δRo)

Performance index of PSII based on absorption
Performance index of electron flux to the final PSI electron acceptors, i.e.,
of both PSII and PSI

We recorded that the pear plants acclimatized ex vitro with the Lumbrical biofertilizer were better development than the control plants (Table 3, Fig. 1). The plants acclimatized to ex vitro condition on the substrate with biofertilizer were distinguished by
their higher stem length, the number of leaves, leaf area, fresh and dry biomass.
The elements nitrogen, phosphorus and potassium in the plants, grown on substrate
enriched with the Lumbrical biofertilizer, were higher than in the control plants (Table
4). The values were close to the optimal ones, which in pears according to Hanson (1993)
are 1.8-2.5 % (on a dry mass basis) for nitrogen, 0.12-0.3 % for phosphorus, and 1.0 – 2.0
% for potassium. Other authors (Sainz et al., 1998; Tejada et al., 2007) have found similar
results with vermicomposting.
The results of the gas-exchange analysis fully confirmed the data from the anatomical and morphological analysis (Table 5). The net photosynthetic rate of plants grown
in a substrate with a biofertilizer was about 28% higher compared to control plants. No
significant differences were found in the transpiration and stomatal conductance of the
two studied groups of plants.
Although there was a tendency for a higher content of photosynthetic pigments in
the plants grown with Lumbrical, the difference with the control plants was not statistically significant (Table 6).
Chlorophyll a fluorescence is another indicator of the functional activity of the photosynthetic apparatus of plants and along with the intensity of the photosynthesis. The
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Table 2. Chemical characteristics of the peat-perlite substrate and the Lumbrical
biofertilizer
Variants

NH4-N [ppm]

NO3-N ppm]

P2O5 [ppm]

K20 [ppm]

Substrate

5.60

Lumbrical

14.0

22.40

99.0

430.0

156.8

325.0

498.0

Table 3. Growth parameters of pear plant after 20 days of ex vitro acclimatization
Variants

Length of the
stem (mm)

Number of
leaves

Leaf area (cm2)

Fresh weight
(g)

Dry weight
(g)

Control

35.99 b

11.00 a

46.75 b

0.34 b

0.25 b

Lumbrical

39.13 a

12.10 a

51.42 a

0.52 a

0.26 a

Р=0.05*

0.397

0.668

0.637

0.051

0.034

*Tukey test
**Control – substrate without a biofertilizer; Lumbrical – substrate enriched Lumbrical
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acclimatization to ex vitro conditions
acclimatization to ex vitro conditions

analysis of the induction curves of rapid chlorophyll fluorescence (OJIP test) links the
structure and functionality of the photosynthetic apparatus. It allows for rapid assessment of plant viability, especially in stress conditions (Strasser et al., 2000, 2004). In the
two studied variants, the rapid chlorophyll fluorescence curves had a typical OJIP shape
from F0 to FM level with clearly separated J and I phases (Fig. 2), indicating that the pear
plants, acclimatized to ex vitro conditions, were photosynthetically active (Yusuf et al.,
2010). In both studied groups of plants, the maximal (FM) fluorescence of two studied
variants was not significantly different (Table 7).
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Table 4. Content of the elements nitrogen (N), phosphorus (P) and potassium (K) in the leaves
of pear plants on the 20th day after the transfer to the ex vitro conditions
Variants

N (%)

P2O5 (%)

K2O (%)

Control

2.66

0.63

2.4

Lumbrical

3.9

0.77

2.94

Table 5. Leaf gas exchange parameters in pear plants on the 20th day after the transfer to the
ex vitro conditions. Abbreviations: PN – net photosynthetic rate (µmol m-2 s-1); E- transpiration
intensity (mmol m-2 s-1); gs – stomatal conductance (mmol m-2 s-1)
Variants

PN
[μmol m-2s-1]

E
[mmol m-2s-1];

gs
[mol m-2s-1]

Control

7.86 b

1.68 a

0.08 a

Lumbrical

10.07 a

1.67 a

0.10 a

* Tukey test at 5%
**Control – substrate without a biofertilizer; Lumbrical – substrate enriched Lumbrical

Table 6. The content of photosynthetic pigments (mg g-1 FW) in the leaves of pear plants treated
with Lumbrical 20 days after the ex vitro acclimatization
Variants

Chlorophyll a
mg/g FW

Chlorophyll b
mg/g FW

Total chlorophyll mg/g
FW

Total carotenoids mg/g
FW

Chlorophyll
a/chlorophyll b

Total chlorophyll/ total
carotenoids

Control

2.36 a

0.63 a

3.22 a

1.05 a

2.78 b

3.05 b

Lumbrical

2.90 a

1.04 a

4.28 a

1.15 a

3.77 a

3.71 a

Although the quantum yield (Yield = Fv / FM) of plants acclimatized with Lumbrical, that reflected the potential photochemical activity of photosystem II (PS II), was
significantly higher than that of control plants (0.814 and 0.772, respectively), these values corresponded to normal values (0.750-0.830) for healthy, unstressed leaves (BolharNordenkampf, Oquist, 1993). This indicated that a normally- developed photosynthetic
apparatus was functioning. However, a more in-depth analysis of the JIP test parameters
revealed some characteristic features of the potential of the photosynthetic apparatus in
plants, acclimatized with Lumbrical and in the control plants. The Fv / Fo ratio (Table
7.) was lower in control plants (3.38) than in those acclimatized with the Lumbrical
biostimulator (4.386). According to Strasser et al. (2010), the Fv / Fo ratio reflects the efficiency of excitation energy use in PS II. Moreover, the parameter ψEO reflects the probability of electron transport outside QA. Plants acclimatized ex vitro with soil enriched
with Lumbrical were characterised by higher ψEO as compared to the control plants. The
performance index represents an absorbance basis and is used to quantify the PS II behaviour and shows the functional activity of the PS II relative to the absorbed energy
(Kalaji et al., 2014a). Two times higher PIABS was found in plants, grown with Lumbrical
(1.913) in comparison to the control plants (0.851), which unequivocally showed that in
these plants a better structured photosynthetic apparatus functioned.
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without
mixture without biofertlizer Lumbrical (Control, blue line) or with Lumbrical (red line)
the Lumbrical biofertlizer (Control, blue line) or with Lumbrical (red line)

Table 7. Basic parameters of the rapid chlorophyll fluorescence (OJIP test) of pear rootstock
OHF 333 plants, acclimatized to ex vitro conditions with the Lumbrical biofertlizer reported on
the 21st day after the transfer to the ex vitro conditions
Basic parameters

Control

Lumbrical

FO

689

575

*

FM

3018

3099

n.s.

Fv

2329

2522

n.s.

FO/FM

0.2283

0.1857

n.s.

Fv/FM

0.772

0.814

*

Fv/FO

3.38

4.386

n.s.

φEO

0.2949

0.3849

*

ψEO

0.3821

0.4726

*

δRO

0.2337

0.2122

n.s.

PIABS

0.851

1.913

*

PItotal

0.2488

0.5247

*

* Tukey test at 5%

The total performance index (PItotal) reflects the functional activity of the PS II, PS
I and the electron transport chain between them (Strasser et al., 2000). PItotal is closely
related to the overall growth and survival rate of plants under stress conditions and has
been described as a very sensitive parameter for the JIP test (Strasser et al., 2004). The
decrease in the values of PIABS and PItotal observed in the control plants (C) compared to
the plants cultivated with Lumbrical corresponded to the lower FW, DW, stem length,
leaf area and Pn of the control plants and could be indicative of the negative effects of
culture conditions on PSII and PSI activity (Yusuf et al., 2010). The acclimatization of
pear plants in soil enriched with the biofertilizer Lumbrical contributed to the more2active development and structuring of the photosynthetic apparatus, which is a prerequisite for more intensive photoassimilation and biomass accumulation (Fig. 1 and Tables
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3, 5). These results also indicated that chlorophyll fluorescence parameters could be a
reliable non-destructive method for early diagnosis of disorders in PS II functionality
and growth. Martins et al. (2015) studied these parameters of JIP test to improve growth
and acclimatization of micropropagated Neoregelia concentrica under different day light
regimes.
The anatomical and morphological analysis revealed a significantly higher density of
the stomata (per mm2) in plants grown on the enriched substrate: 184.9 per mm2, which
is higher than the control (106.0 per mm2) by 74.4 % (Table 8 and Fig. 3). At the same
time, the stomata length of the control plants was greater (25.9 µm) compared to that
of the plants treated with the Lumbrical biofertilizer (20.9 µm). The greater number but
smaller stomata in the plants grown in the substrate with Lumbrical may be a prerequisite for a more intensive gas exchange.
There is a specific course of water vapour diffusion through very small openings,
such as the stomata. According to Stefan’s law (Kerin et al., 2011), the amount of water
vapour that diffuses through small holes within a definite period of time is proportional
to the perimeter instead of the total pore area. Alternatively, with a greater number of
smaller pores (which is observed in plants grown on soils with Lumbrical) the diffusion
will be more intense, as the relative share of the total length of the boundary peripheries
increases and therefore the evaporation is more intense.
During the acclimatization to ex vitro conditions, plants are forced to switch to autotrophic carbon assimilation. For this reason, the adaptation of the plant to new environmental conditions is essential. Because of that, the acclimatization is a key stage
in micropropagation (Apóstolo et al., 2005; Ďurkovič et al., 2009). The transfer of in
vitro grown plantlets to ex vitro conditions is often accompanied by water stress and/ or
photoinhibition (Semorádová et al., 2002; Carvalho et al., 2001, 2006). Therefore, the
application of approaches to stimulate photosynthesis are extremely important for the
success of acclimatization.
Vermicompost is a very useful growth medium for most crops because of the high
content of many available nutrients and plant growth promoters (Arancon et al., 2004).
According to Ricci et al. (1995), vermicompost provides P, Ca, Mg and S similarly to
inorganic fertilizers. Additionally, several researchers have documented the presence
of plant growth regulators such as auxins, gibberellins, cytokinins of microbial origin
(Muscolo et al., 1999) and humic acids (Atiyeh et al., 2002; Arancon et al., 2004) in
vermicompost in considerable quantities. Positive effects of vermicompost have been
reported for many crops (Arancon et al., 2004; Gutierrez-Miceli et al., 2007; Berova et
al., 2013) and also have been observed in forest species, such as pine trees (Lazcano et
al., 2010). Possibly due to better physical properties, higher microbial and enzymatic
activity and higher content of available nutrients, the vermicompost could be used as
a natural fertilizer having a number of advantages over chemical fertilizers (Venugopal
et al., 2010). Our results showed that Lumbrical improved the growth and photosynthetic ability of micropropagated pear plants during ex vitro acclimatization and they
are similar to the findings obtained by other authors, e.g. to results reported by Vasane
et al. (2010), concerning the increased survival of banana plants after their transfer to
ex vitro in medium containing soil: PMC:vermicompost in a ratio of 1:1:1 (v/v/v). In
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Table 8. Anatomic-morphological analysis of pear plants on day 20 after transfer to ex vitro
conditions. The first fully- developed leave was examined (4th leaf from top to bottom)
Variants

Number of stomata [mm2]

Length of stomata [µm]

Control

106.00 b

25.90 a

Lumbrical

184.90 a

20.90 b

Р=0.05*

2.436

1.113

*Tukey test
**Control – substrate without a biofertilizer; Lumbrical – substrate enriched Lumbrical

А1

А2

В1

В2

Figure 3. The lower epidermis of pear plants on day 20 after transfer to ex vitro conditions
Figure 3. The lower epidermis of pear plants on day 20 after transfer to ex vitro conditions;
A1 - Control - Number of stomata [mm2]; A2 - Control - Length of stomata [µm];
A1 – Control – Number of stomata [mm2]; A2 – Control – Length of stomata [µm];
B1 - Lumbrical - Number of stomata [mm2]; B2 - Lumbrical - Length of stomata [µm]
B1 – Lumbrical – Number of stomata [mm2]; B2 – Lumbrical – Length of stomata [µm]
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addition, the results presented in this study are in accordance with the positive effect
of vermicompost humic acids (40 mg L-1) on banana plants in the acclimatization stage
established by Fernandez et al. (2016).

Conclusions
In conclusion, environmental conditions during transfer to ex vitro conditions
influenced the growth and acclimatization of in vitro propagated pear plants. The
biofertilizer Lumbrical improved the vegetative growth, photosynthetic ability and ex
vitro acclimatization of micropropagated pear plants. These results showed that the
Lumbrical biofertilizer could be useful in acclimatizing other woody species and largescale commercial production of high- quality plants.

Acknowledgments
We thank mgr inż. Andrzej Stefanowicz, Dendrological Garden in Przelewice for his
help in scanning electron microscopy (SEM) analysis.

References
Apóstolo, N., C. Brutti, B. Llorente. 2005. Leaf anatomy of Cynara scolymus L. in successive micropropagation stages. – In Vitro Cellular and Developmental Biology Plant, 41, 307-313.
Arancon, N.Q., C.A. Edwards, R. Atiyeh, J.D. Metzger. 2004. Effects of vermicomposts produced
from food waste on the growth and yields of greenhouse peppers. – Bioresource Technology,
93, 139-144.
Atiyeh, R.M., S. Lee, C.A. Edwards, N.Q. Arancon, J.D. Metzger. 2002. The influence of humic acids derived from earthworm-processed organic wastes on plant growth. – Bioresource Technology, 84, 7-14. doi: 10.1016/S0960-8524(02)00017-2.
Beadle, C.L. 1993. Growth Analysis. – In: Hall, D.O., Scurlock, J.M.O., Bolharnordenkampfh,
R., Leegood, R.C., S.P. Long. (Eds.), Photosynthesis and Production in a Changing Environment: A Field and Laboratory Manual, Chapman and Hall, London, 36-46.
Bell, R., B. Reed. 2002. In vitro tissue culture of pear: advances in techniques for micropropagation and germplasm preservation. – Acta Horticulturae, 596, 412-418.
Berova, M., G. Pevicharova, N. Stoeva, Z. Zlatev, G. Karanatsidis. 2013. Vermicompost affects
growth, nitrogen content, leaf gas exchange and productivity of pepper plants. – Journal of
Elementology, 18(4), 565-576.
Bolhar-Nordenkampf, H., G. Oquist. 1993. Chlorophyll fluorescence as a tool in photosynthesis
research. – In: Photosynthesis and Production in a Changing Environment: a field and laboratory manual Chapman & Hall, Brainerd KE, London (UK), 193-206.
Brainerd, K.E., L.H. Fuchigami. 1982. Stomatal functioning of in vitro and greenhouse apple
leaves in darkness, mannitol, ABA, and CO2. – Journal of Experimental Botany, 33, 388-392.
Broz, A.P., O.V. Priya, C. Appel. 2016. Nitrogen dynamics of vermicompost use in sustainable
agriculture. – Journal of Soil Science and Environmental Management, 7, 173-183.

28

Nataliya Dimitrova et al. / Silva Balcanica 22(1): 17–30 (2021)

Carvalho, L.C., M.L. Osório, M.M. Chaves, S. Amâncio. 2001. Chlorophyll fluorescence as an
indicator of photosynthetic functioning of in vitro grapevine and chestnut plantlets under ex
vitro acclimatization. – Plant Cell Tissue and Organ Culture, 67, 271-280.
Carvalho, L.C., B.J. Vilela, P. Vidigal, P.M. Mullineaux, S. Amâncio. 2006. Activation of the
ascorbate-glutathione cycle is an early response of micropropagated Vitis vinifera L. explants
transferred to ex vitro. – International Journal of Plant Sciences, 167, 759 – 770.
Chevreau, E., B. Thibault, Y. Arnaud. 1992. Micropropagation of Pear. – In: Bajaj, Y. P. S. (Ed.)
Biotechnologyin Agriculture and Forestry 18, High-Tech and Micropropagation. – SpringerVerlag, Berlin, Heidelberg, 244-261.
Da Cruz, L., F. Ludwig, G. Steffen, J. Maldaner. 2018. Influence of vermicompost humic acid
on chlorophyll development and quality of gladiolus stems with the use of vermicompost
and Trichoderma sp. in substrate. – Ornamental Horticulturae, 24(1). DOI: http://dx.doi.
org/10.14295/oh.v24i1.1131
Ďurkovič, J, I. Čaňová, V. Pichler. 2009. Water loss and chlorophyll fluorescence during ex vitro
acclimatization in micropropagated black mulberry (Morus nigra L.). – Propagation of Ornamental Plants, 9, 107–112.
Fernández, M., E. Chávez, D. Montero, A. García, D. López, E. Ardisana, S. Álvarez. 2016. Influence of vermicompost humic acid on chlorophyll content and acclimatization in banana
clone, Enano Guantanamero. – African Journal of Biotechnology, 15(47), 2659-2670, DOI:
10.5897/AJB2016.15681
Goltsev, V.N., H.M. Kalaji, M. Paunov, W. Bąba, T. Horaczek, J. Mojski, H. Kociel, S.I. Allakhverdiev. 2016. Variable chlorophyll fluorescence and its use for assessing physiological condition of plant photosynthetic apparatus. – Russian Journal of Plant Physiology, 63, 869-893.
https ://doi.org/10.1134/S1021 44371 60500 58
Gutierrez-Miceli, F., J. Santiago-Borraz, J. Montes Molina, C. Nafa te, M. Abdu-Archila, M. Oliva
Llaven, R. Rincon- Rosales, L. Dendooven. 2007. Vermicompost as a soil supplement to
improve growth, yield and fruit quality of tomato (Lycopersicum esculentum). – Bioresource
Technology, 98(15), 2781-2786.
Havaux, M. 1993. Rapid photosynthetic adaptation to heat stress triggered in potato leaves by
moderately elevated temperatures. – Plant Cell And Environment, 16 (4), 461-467.
Hanson, E. 1993. Apples and pears. – In: Bennett WF, editor. Nutrient deficiencies & toxicities in
crop plants. St Paul (MN): American Phytopathological Society Press, 159-63.
Kalaji, H.M., A. Oukarroum, V. Alexandrov, M. Kouzmanova, M. Brestic, M. Zivcak, I.A. Samborska, M.D. Cetner, S.I. Allakhverdiev, V. Goltsev. 2014. Identification of nutrient deficiency in maize and tomato plants by in vivo chlorophyll a fluorescence measurements. – Plant
Physiology Biochemistry, 81, 16-25.
Kapoor, R., D. Sharma, A.K. Bhatnagar. 2008. Arbuscular mycorrhizae in micropropagation systems and their potential applications – Scientia Horticulturae, 116(3), 227-239.
Kaur, H., M. Anand, D. Goyal. 2011. Optimization of potting mixture for hardening of in vitro
raised plants of Tylophora indica to ensure high survival percentage. – International Journal
Medicinal Aromatic Plants, 1(2), 83-88.
Kerin, V., M. Berova, A. Vasilev, N. Stoeva, Z. Zlatev. 2011. Plant physiology – Academic Publishing House of the Agricultural University – Plovdiv, pp. 79.
Lazcano, C., J. Domínguez. 2010. Effects of vermicompost as a potting amendment of two comercially-grown ornamental plant species. – Spanish Journal of Agricultural Research, 8(4),
1260-1270.
Lichtenthaler, H., A. Wellburn, (1983). Determination of total carotenoids and chlorophyll a
and b of leaf extracts in different solvents. – Biochemical Society Transactions, 603, 591-592.

Biofertlizer Lumbrical improves the growth and ex vitro acclimatization of micropropagated...

29

Lim, S.L., T.Y. Wu, P.N. Lim, K.P.Y. Shak. 2015. The use of vermicompost in organic farming:
overview, effects on soil and economics. – Journal of the Science Food and Agriculture, 95,
1143-1156.
Martins, J.P.R., E.R. Schimildt, R.S. Alexandre, A.R. Falqueto, W.C. Otoni. 2015. Chlorophyll a
fluorescence and growth of Neoregelia concentrica (Bromeliaceae) during acclimatization in
response to light levels. – In Vitro Cellular Developmental Biology Plant, 51, 471-481.
Masheva, S., V. Yankova, I. Tringovska, V. Kanazirska. 2009. Application of some bioproducts for
improvement and protection of greenhouse tomato from soil pests. – Acta Horticulturae,
807, 765-770. DOI: 10.17660/ActaHortic.2009.807.116
Mrinal-Saikia, D., J. Raykhowa, M. Saikia. 1998. Effect of planting density and vermicompost
on yield of potato rised from seedling tubers. – Journal of the Indian Potato Association,
25(3/4), 141-142.
Muscolo, A., F. Bovalo, F. Gionfriddo, S. Nardi. 1999. Earthworm humic matter produces auxinlike effect on Daucus carota cell growth and nitrate metabolism – Soil Biology Biochemistry,
31, 1303-1311. doi: 10.1016/S0038-0717(99)00049-8.
Nacheva, L., P. Gercheva, V. Dzhuvinov. 2009. Efficient shoot regeneration system from pear
rootstock OHF – 333 (Pyrus comunis L.) leaves. – Acta Horticulturae (ISHS), 839, 195.
Pelizza, T.R., F.N. Silveira, J. Muniz, A.H.B. Echer, T.B.G.A. Morseli. 2013. Produção de mudas de
meloeiro amarelo, sob cultivo protegido, em diferentes substrates. – Revista Ceres, 60, 25721. DOI: 10.1590/S0034-737X2013000200015
Rai, M.K. 2001. Current advances in mycorrhization in micropropagation – In Vitro Cellular And
Development Plant, 37(2), 158-167.
Rani, S., J.S. Rana. 2010. In vitro propagation of Tylophora indica-Influence of Explanting Season,
Growth Regulator Synergy, Culture Passage and Planting Substrate. – Journal of American
Science, 6(12), 385-392.
Reed, B., J. DeNoma, S. Wada, J. Postman. 2013. Micropropagation of Pear (Pyrus sp.). – In: Lambardi M., E. Ozudogru, S. Jain. (Eds.). Protocols for micropropagation of Selected Ecnomically Important Horticultural Plants. – Springer, 16-17.
Ricci, M.S.F., V.W. Casali, A.A. Cardoso, H.A. Ruiz. 1995. Teores denutrientes em duas cultivares
de alface adubadas com compostoorgânico. – Pesquisa Agropecuaria Brasileira, 30, 10351039.
Sainz, M.J., M.T. Taboada-Castro, A. Vilariño. 1998. Growth, mineral nutrition and mycorrhizal
colonization of red clover and cucumber plants grown in a soil amended with composted
urban wastes. – Plant Soil, 205, 85-92.
Semorádová, Š., H. Synková, J. Pospíšilová. 2002. Responses of tobacco plantlets to changes of irradiance during transfer from in vitro to ex vitro conditions. – Photosynthetica, 40, 605-614.
Shin, K.S., H.N. Murthy, J.W. Heo, E.J. Hahn, K.Y. Paek. 2008. The effect of light quality on the
growth and development of in vitro cultured Doritaenopsis plants. – Acta Physiologiae Plantarum, 30, 339-343.
Shina, К., C. Park, K. Paek. 2014. Physiological and biochemical changes during acclimatization
in a Doritaenopsis hybrid cultivated in different micro environments in vitro. Environmental
and Experimental Botany, 100, 26–33.
Singh, N.I., J.S. Chauhan. 2009. Response of French bean (Phaseolus vulgaris L.) to organic manures and inorganic fertilizer on growth and yield parameters under irrigated condition. –
Natural Sciences, 7(5), 52-54.
Singh, N.V., S.K. Singh, A.K. Singh, D.T. Meshram, S.S. Suroshe, D.C. Mishra. 2012. Arbuscular
mycor-rhizal fungi (AMF) induced hardening of micropropagated pomegranate (Punica granatum L.) plantlets. – Scientia Horticulturae, 136, 122-127.

30

Nataliya Dimitrova et al. / Silva Balcanica 22(1): 17–30 (2021)

Singh, R., R. Sharma, S. Kumar, R. Gupta, R. Patil. 2008. Vermicompost substitution influences
growth, physiological disorders, fruit yield and quality of strawberry (Fragaria × Ananassa
Duch.). – Bioresource Technology, 99(17), 8507-8511.
Steffen, G.P.K., Z.I. Antoniolli, R.B. Steffen, R.G. Machado. 2010. Casca de arroz e esterco bovino
como substratos para a multiplicação de minhocas e produção de mudas de tomate e alface.
– Acta Zoologica Mexicana, 26, 333-343.
Strasser, R.J., A. Srivastava, M. Tsimilli-Michael. 2000. The fluorescence transient as a tool to
characterize and screen photosynthetic samples. – In: Probing Photosynthesis: Mechanism,
Regulation & Adaptation. Mohanty, P., Yunus, Pathre. (Eds.). London, Taylor & Francis, 443480.
Strasser, R.J., B.J. Strasser. 1995. Measuring fast fluorescence transients to address environmental questions: the JIP test. In: Mathis P, editor. Photosynthesis: from light to biosphere.
Dordrecht: Kluwer Academic Publishers, 977-980.
Strasser, R.J., M. Tsimilli-Michael, S. Qiang, V. Goltsev. 2010. Simultaneous in vivo recording of
prompt and delayed fluorescence and 820-nm reflection changes during drying and after
rehydration of the resurrection plant Haberlea rhodopensis. – Biochimica et Biophysica Acta,
1797, 1313-1326.
Strasser, R.J., M. Tsimilli-Michael, A. Srivastava. 2004. Analysis of the chlorophyll a fluorescence
transient. In: Papageorgiou G. (Ed.). Advances in Photosynthesis and Respiration. – Springer, Dordrecht. The Netherlands, 321-362.
Tejada, M., J. Gonzalez, M. Hernandez, C. Garcia. 2007. Agricultural use of leachates obtained
from two different vermicomposting processes. – Bioresource Technology, 99(14), 62286232.
Tomov, T., G. Rachovski, Sv. Kostadinova, I. Manolov. 1999. Agrochemical guide. Academic Publishing House of the Agricultural University – Plovdiv.
Vasane, S.R., A.B. Patil, R.M. Kothari. 2010. Bio-acclimatization of in vitro propagated banana
plantlets ‘Grand Nain’. – Acta Horticulturae, 865, 217-224.
Venugopal, A., M. Chandrasekhar, B.V. Naidu, & S. Raju. 2010. Vermicomposting in sericulture
using mixed culture of earthworms (Eudrillus eugineae, Eisenia foetida and Perionyx excavates) – A review. – Agricultural Reviews, 31(2), 150-154.
Xu, C., B. Mou. 2016. Vermicompost affects soil properties and spinach growth, physiology, and
nutritional value. – Hortscience, 51, 847-855.
Yusuf, M.A., D. Kumar, R. Rajwanshi, R.J. Strasser, M. Tsimilli-Michael, N.B. Sarin. 2010. Overexpression of γ-tocopherol methyl transferase gene in transgenic Brassica juncea plants alleviates abiotic stress: physiological and chlorophyll a fluorescence measurements. – Biochimica Biophysica Acta-Bioenergetics, 1797 (8), 1428-1438.
Ziv, M. 1991. Vitrification: morphological and physiological disorders of in vitro plants. – In:
Debergh, P., R. Zimmerman. (Eds). Micropropagation, Technology and Application, Kluwer
Academic Publishers, Dordrecht, 45-69.

