Acta Sci. Pol., Hortorum Cultus 13(1) 2014, 79-90

THE STUDIES ON APPLYING OF EFFECTIVE
MICROORGANISMS (EM) AND CRF ON NUTRIENT
CONTENTS IN LEAVES AND YIELDING OF TOMATO
Tomasz Kleiber, Justyna Starzyk, Romuald Górski,
Krzysztof Sobieralski, Marek Siwulski, Anna Rempulska,
Agata Sobiak
PoznaĔ University of Life Sciences
Abstract. The aim of this study was to evaluate the effect of applying Effective Microorganisms (EM), at a varied CRF (controlled release fertilizers) fertilization as starter fertilization, on macroelement contents in leaves and yielding of tomato grown in a peat substrate. Application of EM had significant effect – when applied either as seed inoculation
or combined seed inoculation + spraying of plants on increase of total and commercial
yields of tomato (35.8% and 40%; 44.6% and 35.9%, respectively). In contrast the application of CRF resulted in a significant increase in leaf contents of N (22.3–24.4%),
K (13.6–16.6%) and Na (25%) at a simultaneous reduction of contents in case of Ca
(9.9–15.7%) and Mg (21.9–23.9%) in comparison with the control combination. In view
of environmental protection it is pointless to use starter fertilization in the form of slowrelease fertilizers in case of a cyclical use of fertigation in crop growing. Due to the advantageous effect of Effective Microorganisms on crop yielding it seems advisable to
consider their application in commercial crop growing.
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INTRODUCTION
Plants in a natural environment may exist in symbiosis with soil microorganisms.
Such environments have been applied in completely artificial soilless cultures. Studies
conducted far involved inoculating substrates using microorganisms such as Aztobacter
chroococcum (CCM 1921), Azospirillum brasilense (CCM 3862), Glomus mosseae
[Abdelaziz and Pokluda 2009] and Effective Microorganisms (EM) [Sangakkara et al.
2002, Valarini et al. 2003, Górski and Kleiber 2010]. EM contains an unspecified
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amount of Lactobacillus sp., Rhodopseudomonas sp. and Streptomyces griseus [Daly
and Stewart 1999, Higa 1994, 1996, 1998]. Studies conducted indicate that EM may
influence development conditions for microorganisms living in a given soil, thus affecting plant growth and development [Higa 2003, Cóndor et al. 2007, Wielgosz et al. 2010,
Frąszczak et al. 2012]. Moreover, Effective Microorganisms may have an effect on the
availability of nutrients [Hussain et al. 1994, Gregorich et al. 1997, Sangakkara et al.
2002, Kee-Choon and Kremer 2007, Górski and Kleiber 2010]. One of the advantages
of the above mentioned microbiological inoculant is connected with its spectrum of
action, resulting from the diverse action of different groups of antagonistic microorganisms contained in that preparation, depending on the current soil conditions [Janas
2009]. Not all studies conducted have indicated a positive effect of their application in
plant growing [Javaid and Shah 2010, Frąszczak et al. 2012, Ncube and Bvenura 2012];
however, there are numerous reports on their positive effects on crop yield [Li and
Zhang 2000, Yan and Xu 2002, Sahain et al. 2007, Boligáowa and GleĔ 2008, Górski
and Kleiber 2010, Zydlik and Zydlik 2008].
Due to increasing cost of farming, commercial farmers are opting for simply cultivation measures, including the application of commercial fertilizers. One method involves
use of starter fertilizer in the form of a single, basal application using slow-release fertilizers of the controlled release type (CRF). Suitability of CRF in vegetable growing was
investigated by Komosa et al. [1998], Golcz and Komosa [2006], Golcz et al. [2009],
Komosa and Golcz [2009].
The aim of the study was to determine the suitability of Effective Microorganisms
(EM) and pre-vegetation CRF fertilizer on tomato growth, yield and on the plant nutrient status.

MATERIAL AND METHODS
Experiments on tomato (Lycopersicon esculentum Mill.) cv. ‘Alboney F1’ (Enza
Zaden) were conducted during 2010–2011 at Marcelin Experimental Station at the
PoznaĔ University of Life Sciences (Poland). In each of the analyzed combination the
control comprised plants, in which no starter CRF fertilization was used. The experiment was run in 12 combinations (3 fertilization levels × 4 EM levels) on 96 plants, in 4
replications in each year of the study. Plants were grown to have 6 clusters, which were
regulated (to 6 fruits per cluster).
Plants were grown in containers (5 dm3) filled with highmoor peat (Hartmann) with
the following chemical composition (in mgādm-3): N-NH4 – 28; N-NO3 – 7, P – 37,
K – 11, Ca – 107, Mg – 21, S-SO4 – 10, Fe – 50.2, Zn – 1.3, Mn – 1.3, Cu – 0.4,
B – 0.43, Na – 11, Cl – 27, pH – 3.86, EC – 0.16 mSācm-1 and bulk density of
460 gādm-3. In order to optimize substrate reaction peat was limed based on the neutralization curve applying 7.5 g dolomiteādm-3. After liming the chemical composition of
peat was as follows (in mgādm-3): N-NH4 – 35, N-NO3 – trace amounts, P – 20, K – 18,
Ca – 2045, Mg – 164, S-SO4 – 25, Fe – 19.8, Zn – 1.8, Mn – 2.7, Cu – 0.4, B – 0.50,
Na – 18, Cl – 29, pH – 6.31 and EC – 0.49 mSācm-1.
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It was studied 3 fertilization levels. In control combination no starter CRF fertilization was used. The tested CRF fertilizers were Osmocote 3–4 M and Osmocote 5–6 M,
with the following chemical composition (respectively in %): 15 + 11 + 13 + 2 MgO +
microelements and 15 + 10 + 12 + 2 MgO + microelements (denoted as Osmocote I and
Osmocote II). Fertilizers were applied individually to each container within a given
combination (in dose of 10 g × 5 dm-3 substrate), mixing it with the entire volume of the
substrate.
The effect of varied Effective Microorganism (EM) application was investigated at
varied CRF fertilization rates. Different form of Effective Microorganisms applied was
studied (certified EM from Greenland) described as: (I) seed inoculation by 30-minute
soaking in 10% EM aqueous solution directly before sowing (called as EM-inoculation), (II) plant spraying with 10% EM aqueous solution repeated twice in the vegetation period (mid-May and June) in each year of the study (described as EM spraying),
(III) combined application of EM seed inoculation + EM spraying of plants.
In all the studied combinations plants were grown using fertigation. When preparing
nutrient solutions water with the following chemical composition was used (in mgādm-3):
N-NH4 – trace amounts (tr.), N-NO3 – 0.3, P-PO4 – 0.7, K – 3.6, Ca – 69.7, Mg – 15.3,
S-SO4 – 50.7, Fe – 0.084, Mn – 0.003, Zn – 0.37, B – 0.011, Cu – tr., Mo – tr.,
HCO3 – 242.8, pH – 7.21 and EC – 0.708 mSācm-1. In the experiments the nutrient
solution applied in all the tested combinations had the following contents of nutrients
(in mgādm-3): N-NH4 > 14, N-NO3 – 160, P-PO4 – 50, K – 287, Ca – 120, Mg – 60,
S-SO4 – 110, Fe – 0.75, Mn – 0.3, Zn – 0.37, Cu – 0.04, pH – 5.50 and EC – 2.50 mSācm-1.
The nutrient solution dose depended on the development phase of plants and weather
conditions (1.0–2.5 dm3 nutrient solutionādayāplant-1).
Fruits were harvested at regular intervals of 7 days from the last decade of July to
end of August each year. The total yield comprised all harvested fruits, while commercial yield consisted of all fruits within the range of (Ø in cm): > 4.7 – < 10.2. Index
parts of plants (the 8th–9th leaf counting from apex) were collected for chemical analyses. An average bulk sample within a given combination was composed of 5–6 leaves.
The methodology of chemical analyses of the plantmaterial were given in a early study
[Komosa et al. 2011]. Results of biometric measurements and chemical analyses were
subjected to statistical analyses using Duncan test at the significance level p = 0.05.

RESULTS AND DISCUSSIONS
The effect of Effective Microorganisms (EM) on nutrient contents in leaves. It
was found statistically unconfirmed increasing trend of the contents of nitrogen, phosphorus, potassium (except for EM-inoculation), calcium and magnesium in comparison
to the control combination, in which Effective Microorganisms were not applied. Sodium contents determined in index parts of tomato were stable (tabs 1–6).
The effect of Osmocote fertilizer on nutrient contents in leaves. Analyses were
conducted on slow-release fertilizers with a varied nutrient release time, i.e. 3–4 months
(Osmocote I) and 5–6 months (Osmocote II). The control combination consisted of the
culture, in which only fertigation was applied. The use of Osmocote fertilizers had
_____________________________________________________________________________________________________________________________________________
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0.58 a
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Table 2. The effects of fertilizer application and Effective Microorganisms (EM) on phosphorus content in index parts of tomato (8th–9th leaf from the
apex) (% P)

Description for Tables 1–8: Values in line described with identical letters do not differ significantly at p = 0.05

Mean (A)

Mean (B)

Effective
Microorganisms (B)

Nutrient level (A)

Table 1. The effects of fertilizer application and Effective Microorganisms (EM) on nitrogen content in index parts of tomato (8th–9th leaf from the
apex) (% N)
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Table 4. The effects of fertilizer application and Effective Microorganisms (EM) on calcium content in index parts of tomato (8th–9th leaf from the
apex) (% Ca)

Mean (A)

Mean (B)

Effective
Microorganisms (B)

Nutrient level (A)

Table 3. The effects of fertilizer application and Effective Microorganisms (EM) on potassium content in index parts of tomato (8th–9th leaf from the
apex) (% K)

1.43 b
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(A-1)

1.13 a
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1.20 a
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I
II
(A-2)
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Control
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EM-inoculation
1.71 b

Control
(A-1)

A-2 1.21 a

1.15 a

Osmocote Osmocote
I
II
(A-2)
(A-3)

1.36 a

1.22 a

EM-spraying
1.17 a

Osmocote Osmocote
I
II
(A-2)
(A-3)

Osmocote Osmocote
I
II
(A-2)
(A-3)
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1.24 a
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Nutrient level (A)
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Table 6. The effects of fertilizer application and Effective Microorganisms (EM) on sodium content in index parts of tomato (8th–9th leaf from the
apex) (% Na)

Mean (A)

Mean (B)

Effective
Microorganisms (B)

Nutrient level (A)

Table 5. The effects of fertilizer application and Effective Microorganisms (EM) on magnesium content in index parts of tomato (8th – 9th leaf from the
apex) (% Mg)
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Control
(A-1)
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3.55 b
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(A-3)
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EM-spraying

Osmocote I
(A-2)
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(A-2)
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(A-3)
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A-3 4.11 a

4.69 b

4.41 c
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Control
(A-1)

Mean (A)
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Nutrient level (A)
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Control
(A-1)

3.02 ab

A-1 3.26 a

2.76 a

2.69 a

Without EM

Osmocote Osmocote
II
I
(A-3)
(A-2)

4.01 c

Control
(A-1)
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4.07 c

EM-inoculation
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Control
(A-1)

A-2 3.43 a

4.34 c

Osmocote Osmocote
II
I
(A-3)
(A-2)

2.98 a
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EM-spraying
2.87 a

Osmocote Osmocote
II
I
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Osmocote Osmocote
II
I
(A-3)
(A-2)

3.75 b
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A-3 3.42 a

3.48 b

3.91 bc
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Control
(A-1)

Table 8. The effects of fertilizer application and Effective Microorganisms (EM) on commercial yield of tomato grown in peat substrate (in kgāplant-1)

Mean (A)

Mean (B)

Effective
Microorganisms (B)

Nutrient level (A)

Table 7. The effects of fertilizer application and Effective Microorganisms (EM) on total yield of tomato grown in peat substrate (in kgāplant-1)
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a significant effect on nitrogen, potassium and sodium but reduced of the concentration
of calcium and magnesium in index parts of tomato in comparison with the control
combination (tabs 1–6).
A significant effect of the method of their application on the nutrient status of plants
was shown in studies conducted to date with the application of EM. The use of EM in
the form of inoculum added directly to the substrate in basil growing resulted in an
increase in the contents of nitrogen and potassium, at a simultaneous deterioration of
calcium and magnesium nutrition [Frąszczak et al. 2012].
Means for all the tested combinations of nutrient contents in leaves were as follows
(% in d.m.): N 2.87–3.57, P 0.55–0.62, K 3.38–3.94, Ca 3.06–3.63, Mg 1.18–1.55 and
Na 0.04–0.05. They were similar to those recommended by the Agronomic Division
of the N.C. Department of Agriculture and Consumer Services [2000] amounting to
(in % d.m.): N 3.5–5.0, P 0.30–0.65, K 3.5–4.5, Ca 1.0–3.0 and Mg 0.35–1.00. Earlier
studies documented nitrogen contents similar to those determined in this study in leaves
[Chohura 2000], at markedly lower contents of magnesium – in case of tomato cultivation in different substrates [Jarosz 2002].
Different factors differentiate the content of nutrient in tomato leaves. In case of tomato growing in inert media higher contents of nitrogen, potassium and calcium were
determined in leaves, while contents of phosphorus and magnesium were lower
[Chohura and Komosa 2003]. In turn, for tomato grown in peat contents of nitrogen
were similar and simultaneous were recorded at greater contents of phosphorus, potassium and calcium and markedly lower contents of magnesium [Jarosz 2004]. Michaáojü
and Nowak [2000] showed similar contents of nitrogen, phosphorus, potassium, calcium
and markedly lower contents of magnesium in leaves. In case of cultivation with the
application of chloride-free potassium fertilization the following contents of nutrients
(% in d.m. leaves) were determined in tomato leaves: N – 2.89, P – 0.86, K – 4.43,
Ca – 5.23 and Mg – 0.42 [Jarosz 2006].
Moreover, a significant effect on the nutrition of plants with phosphorus, calcium
and magnesium, confirming the results of this study, was also recorded for basil
[Frąszczak et al. 2012].
The effect of Effective Microorganisms(EM) on yield. A significant improvement
was observed on yield of tomato, which was connected with the application of EM
(both in case of seed inoculation and a combined application of EM in the form of seed
inoculation + plant spraying) in comparison with the control combination, in which EM
were not used (tabs 7–8). Inoculation of seed with EM and spraying with it, increased
plant yield by 40% as compared to the control. EM significantly modified commercial
yield – the seed inoculation with EM cause improvement about 44.6% as compared to
the control.
In the analyses conducted within this study significant factors affecting plants yields
included the application of Effective Microorganisms in the form of seed inoculation as
well as the above mentioned EM seed inoculation combined with plant spraying with
their aqueous solution.
The beneficial effects of EM application on biometric parameters was shown in an
earlier study conducted by Górski and Kleiber [2010] who used EM in roses and gerberas farming. The applicability of Effective Microorganisms was also found in the
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cultivation of agricultural crops In case of maize it was found a positive combine effect
of EM application with mineral fertilization on the yielding and protein content in
grains [Shah et al. 2001]. It was found the efficiency of organic and mineral nutrient
sources after EM application in cotton farming [Khaliq et al. 2006]. Boligáowa and GleĔ
[2008] proved the the effective protective Microorganisms (EM) against Septoria (Septoria nodorum) and brown leaf spot (Drechslera tritici-repentis) in wheat cultivation.
No direct mechanism that cause a significant increase in plant yielding was identified with EM application in this study. This may have been caused by the synergistic or
antagonistic effect on the uptake of nutrients other than those determined in these analyses, and affecting plant growth and development. Such includes the capacity to produce
high-affinity iron chelating siderophores, which may result in reduction of iron absorption by plants [Whipps 2001]. Effective Microorganisms may also have a similar effect
on tomato growing to that exhibited by plant growth-promoting rhizobacteria (PGPR)
on the stimulation of plant growth.
The effect of CRF on yielding. No significant effect of slow-release fertilizer application on total yield of tomato was observed in the conducted studies (tab. 8). The
mean yield from all the tested combinations fell within the range of 3.90–4.12 kgāplant-1
(in case of the control combination and Osmocote I, respectively). Similarly, such an
effect was not found for the commercial yield (3.42–3.43 kgāplant-1) in comparison to
the control (3.26 kgāplant-1). PawliĔska and Komosa [2004] reported that application of
nutrient solution with 20% higher EC (electrolitical conductivity) level than standard
nutrient solution may cause – depending on the applied substrate – an increase (in case
of organic substrates: sawdust and a mixture of peat and bark) or a reduction (in case of
inert substrates: rockwool and expanded clay) of plant yielding.
Studies conducted to date on the application of slow-release fertilizers in horticulture have concerned mainly ornamental plants [Kozik and Henschke 2004, Szczepaniak
and Kozik 2004]. In the growing of large-flowered larkspur and large-flowered tickseed
a positive effect of Osmocote 3-4 M application in comparison to Osmocote 5-6 M was
observed on plant growth and yield, e.g. the formation of a greater number of lateral
shoots and flowers by plants [Kozik and Henschke 2004, Szczepaniak and Kozik 2004].
What is more, in view of environmental protection it is pointless to use starter fertilization in the form of slow-release fertilizers in case of cyclically applied fertigation in
plant nutrition. This makes it possible to markedly reduce the consumption of mineral
fertilizers. What is of particular interest, a significant effect on plant yielding was found
for the application of Effective Microorganisms.

CONCLUSIONS
1. A significant effect was found for Effective Microorganisms applied in the form
of seed inoculation, combined with seed inoculation + plant spraying on the total and
commercial yields of tomato.
2. The use of CRF significantly increased the contents of nitrogen, potassium and
sodium, however with simultaneous reduction of calcium and magnesium contents in
index parts of tomato.
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3. Taking into consideration the requirements of environmental protection it is pointless to use starter fertilization in the form of slow-release fertilizers in case of cyclical
fertigation. Due to the advantageous effect of EM application on plant yielding it seems
advisable to conduct further research focused on EM-application in commercial cultures.
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BADANIA NAD ZASTOSOWANIEM EFEKTYWNYCH
MIKROORGANIZMÓW I NAWOZÓW TYPU CRF NA ZAWARTOĝû
SKàADNIKÓW POKARMOWYCH W LIĝCIACH I PLONOWANIE
POMIDORA
Streszczenie. Celem podjĊtych badaĔ byáa ocena wpáywu stosowania efektywnych mikroorganizmów, przy zróĪnicowanym nawoĪeniu nawozami typu CRF (o kontrolowanym
uwalnianiu skáadników) jako nawoĪeniu startowym, na zawartoĞü makroelementów w liĞciach oraz plonowanie pomidora uprawianego w substracie torfowym. Efektywne mikroorganizmy wpáywaáy istotnie – stosowane zarówno w postaci inokulowania nasion, jak
i áącznego inokulowania nasion i opryskiwania roĞlin – na wzrostu plonu ogólnego i handlowego pomidora (odpowiednio 35,8% i 40%; 44,6% i 35,9%). Dla porównania zastosowanie nawozów CRF wpáywaáo z kolei na istotny wzrost zawartoĞci w liĞciach:
N (22,3–24,4%), K (13,6–16,6%), Na (25%) przy jednoczesnym obniĪeniu zawartoĞci
Ca (9,9–15,7%) i Mg (21,9–23,9%), w porównaniu z kombinacją kontrolą. Biorąc pod
uwagĊ ochronĊ Ğrodowiska naturalnego, bezcelowe jest stosowanie nawoĪenia startowego
w postaci nawozów wolnodziaáających w przypadku cyklicznego stosowania fertygacji
w uprawie roĞlin. Ze wzglĊdu na korzystny wpáyw efektywnych mikroorganizmów na
plonowanie roĞlin wydaje siĊ celowe rozwaĪenie ich stosowania w uprawach produkcyjnych.
Sáowa kluczowe: efektywne mikroorganizmy (EM), nawozy wolnodziaáające o kontrolowanym dziaáaniu, pomidor, plonowanie, stan odĪywienia
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