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A b s t r a c t

The main aim of the present study was to evaluate the 
influence of the chemical composition of a nutrient solution 
(NS I, NS II), seed inoculation with Effective Microorgani-
sms (EM), and assimilation illumination (AI) of plants on the 
growth, development and nutritional status of lettuce (Lactuca 
sativa L.) in hydroponic cultivation and microbiological chan-
ges in the medium. The measurements were as follows: quantity 
of leaves per plant (LQ), surface area of the biggest leaves of 
plants (SBL), relative chlorophyll content (SPAD units), total 
fresh weight (TFW), total dry weight (TDW), percentage (%) 
of dry matter (% DM), chemical composition of leaves, nutrient 
uptake (N, P, K, Ca, Mg, Na) of the aboveground parts of the 
plant. It was shown that the simultaneous inoculation of seeds 
with EM and application of NS II had an effect on improving 
seed germination (1st–5th day after sowing), but a significantly 
positive influence of NS I on seed germination was found from 
the 5th to 9th day. The application of NS II and EM-A had a 
positive influence on the development of leaves on the plant. 
The chemical composition of the nutrient solution was found to 
have a significant effect on the biometrical parameters of plants. 
The use of supplemental lighting in cultivation of lettuce af-
fected positively both the growth and development of plants. 
The chemical composition of the nutrient solution significantly 
modified the macronutrient nutrition status of plants, while the 
illumination of plants only in case of phosphorus – but at the 
same time it had a significant influence on the uptake of all nu-
trients by the plant. The influence of EM was not proved. The 
microbiological analysis showed a significant influence of the 
chemical composition of nutrient solutions on the changes in the 
numbers of the analyzed groups of microorganisms, showing 
an increase in their numbers in nutrient solutions with higher 
contents of chemical elements. However, there were no signi-

ficant changes in the number of microorganisms relative to the 
treatment with assimilation illumination and to that of seed ino-
culation with EM solutions. 
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INTRODUCTION

Fresh vegetables enjoy great popularity among 
consumers, especially during the winter period. An im-
portant vegetable that is included in this group is let-
tuce – but its biological values depend significantly on 
growth conditions (B r u n s g a a r d  et al. 1994). Ho-
wever, the winter period is not favorable for plant cul-
tivation because of insufficient sunlight and the lack 
of adequate illumination (K l e i b e r  et al. 2009). The 
lack of sunlight is usually the most important factor 
that determines plant growth and this is the reason why 
– especially in December and January (in the central 
part of Europe) – it is advised to use illumination in 
growing lettuce (A d a m i c k i  et al. 2005). Additio-
nally, in traditional lettuce cultivation in soil there is 
possibility of the uptake of heavy metals and their ac-
cumulation in leaves (B o s i a c k i  and T y k s i ń s k i , 
2009), so the use of a closed hydroponic system with 
a nutrient solution based on very good quality fertili-
zers (without any ballast ion or heavy metals) protects 
plants against the above-mentioned heavy metal accu-
mulation. 
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Among the factors modifying yielding and the 
nutritional status of plants, at the same time, their 
nutritive and biological value, are as follows, among 
others: application of fertilizers – both in traditional 
and hydroponic cultivation (B r u n s g a a r d  et al. 
1994; K o z i k  and R u p r i k , 2000; K a r i m a e i  et 
al. 2004; J a r o s z  and D z i d a , 2006), lighting con-
ditions (R o ż e k  et al. 1989; M y c z k o w s k i  et al. 
1990; K l e i b e r  et al. 2009), and also the application 
of useful microorganisms (L i  and Z h a n g , 2000; 
A b d e l a z i z  and P o k l u d a , 2009; G ó r s k i  and 
K l e i b e r , 2010; F r ą s z c z a k  et al. 2012). Particu-
larly interesting is the pressure from a part of consu-
mers to apply microorganisms and to reduce the quan-
tity of chemical components used in foodstuffs (B a l l , 
1998; A m j a d i  and H u s s a i n , 2005). Among the 
group of microorganisms that could be used in hydro-
ponic cultivation are the following, among others: ni-
trogen-fixing bacteria Azotobacter and Azospirillum 
(A b d e l a z i z  and P o k l u d a , 2009) as well as Ef-
fective Microorganisms (EM), being a marketing mi-
xture of lactic acid bacteria, photosynthetic bacteria, 
yeast and actinomyces (H i g a , 1994; H i g a , 1996; 
H i g a , 1998; D a l y  and S t e w a r t , 1999). 

It has been confirmed that microorganisms po-
ssess the ability to fix atmospheric nitrogen and also 
to produce growth substances, which enables better 
development and better branching of the root system, 
and by so doing, helps in the rationalization of water 
management and also in the uptake of mineral salts by 
plants (K r ó l , 2006). The symbiosis of plants with mi-
croorganisms is conditional on different physical and 
chemical factors (W a l d r o p  et al. 2000; K o u r t e v 
et al. 2002; B o l  et al. 2003). 

The main aim of the present study was to de-
termine the influence of selected factors: chemical 
composition of a nutrient solution, seed inoculation 
with EM, and assimilation illumination, on the growth, 
development and nutritional status of lettuce grown in 
rockwool in a hydroponic system as well as on micro-
biological changes in the medium. 

MATERIALS AND METHODS

A growing experiment was carried out in a spe-
cial greenhouse located within the area of the Experi-
mental Station of the Faculty of Horticulture and Land-
scape Architecture of the University of Life Sciences 
in Poznan. The greenhouse was equipped with high 
quality equipment: climate control, shading and ener-
gy-saving curtain systems and an assimilation illumi-
nation system. It tested the influence of the chemical 
composition of a nutrient solution, seed inoculation 
with Effective Microorganisms (EM), and assimilation 
illumination of plants on the growth and development 

of lettuce grown in a hydroponic system in rockwool 
during the period characterized by reduced light in-
tensity (January – March). The experiment was esta-
blished using a randomized complete block design in 
seven replications (one replication was 1 plant) and the 
lettuce (Lactuca sativa L.) cultivar ‘Clotilde’ (from ISI 
SEMENTI, Italy), in which one plant grew in a separa-
te polyethylene 3.45 dm3 container.

Chemical composition of
the nutrient solution.
Water used to prepare the nutrient solution for 

fertigation was characterized by the following nutrient 
content (in mmol×dm-3): N-ammonium (N-NH4) traces 
(tr.), nitrogen (N)-nitrate (N-NO3) 0.26, phosphorus 
(P-PO4) 0.01, potassium (K) 0.05, calcium (Ca) 1.43, 
magnesium (Mg) 0.55, sulfur (S)-sulfate (SO4) 1.82, 
(in μmol × dm-3): iron (Fe) 1.43, manganese (Mn) 1.47, 
zinc (Zn) 15.2, copper (Cu) tr., boron (B) 1.02, pH 
7.00, electrical conductivity (EC) 0.74 mS × cm-1. Two 
nutrient solutions with the following chemical compo-
sition were used in the experiment: NS I: (in mmol ×
dm-3) N-NH4 > 0.7, N-NO3 

6.1, P 2.75, K 5.24, Ca 1.7, 
Mg 1.3, S-SO4 2.1, (in μmol × dm-3): Fe 15, Mn 30,
Zn 15, Cu 0.9, pH 5.5, EC 2.25 mS × cm-1; NS II: (in 
mmol × dm-3) N-NH4 > 0.7, N-NO3 12.2, P 5.5, K 
10.5, Ca 3.2, Mg 1.3, S-SO4 

2.1, (μmol × dm-3): Fe 30,
Mn 30, Zn 15, Cu 0.9, pH 5.5, EC 2.70 mS × cm-1. 

Seed inoculation
and plant cultivation
Non-inoculated seeds (control treatment) were 

sown into rockwool cubes which were saturated with 
the respective nutrients (NS I and NS II) 48 hours be-
fore sowing. One part of seeds was inoculated with a 
10% water-based solution of Effective Microorgani-
sms (EM-A), soaking lettuce seeds in it for 30 minutes 
before sowing; then, seeds were sown into rockwool 
cubes as in the case of the control treatment. After 
22 days (3–4 leaf stage), seedlings were transplanted 
into rockwool blocks (10 × 10 × 10 cm). Plants were 
placed in PE 3.45 dm3 containers, wrapped with black 
and white plastic film, forming hydroponic stagna-
tion. Plants were watered according to the needs with 
the nutrient solution at a rate about 0.05–0.15 dm3 × 
plant-1. During the whole experimental period, both 
with assimilation illumination and without assimila-
tion illumination of plants, a constant temperature of 
18–19oC was maintained.

Assimilation illumination of plants
An independent experiment was carried out: in 

a room without assimilation illumination (C1) and in a 
room equipped in an assimilation illumination system 
(C2) with high pressure sodium lamps (400 W). This 
illumination was used throughout the growing period 
of plants, 9 hours per day (from 8 am till 5 pm). 
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Chemical analysis
For the chemical analysis of the nutritional sta-

tus, the aboveground parts of plants (after forty days 
of cultivation) were taken; they were dried in a tem-
perature range of 45–50oC and then homogenized. For 
the determination of the total content of N, P, K, Ca, 
Mg, and Na, the plant material was mineralized in con-
centrated sulfuric acid (90% H2SO4) (K l e i b e r  and 
K o m o s a , 2010). After mineralization, the following 
were determined: N-total – by the Kjeldahl distillation 
method; P – colourimetrically with ammonium molyb-
date (by Schillak); K, Ca, Mg, Na – by AAS method 
(in Carl-Zeiss Jena apparatus). 

Microbiological analysis
Samples intended for microbiological analysis 

were collected twice. On the day of transplanting let-
tuce plants, the microbiological nutrients were applied, 
the mineral wool, dried up with nutrients NS I and NS 
II and also a solution of EM that was made for dressing 
lettuce seed. On the day the experiment was finished, 
an analysis of the microbiological medium of NS I and 
NS II was taken from the root part of the plants that 
were dressed, and also from the undressed EM-A from 
the quarters of both the assimilating illuminated and 
non-illuminated plants. Samples were collected by cut-
ting down some parts of the dried medium from the root 
area from 15 places, for each combination, forming
a sample mixture. The growth in the total number of 
bacteria, actinobacteria, fungi, copiotrophic micro-
organisms and oligotrophic microorganisms was de-
termined in relation to the sample combination. The 
number of microorganism groups was determined by 
culturing microorganisms on Petri dishes on appro-
priate growth media – standard count agar by MERCK 
for bacteria, medium according to Martin for fungi
(M a r t i n , 1950), medium according to Pochon for ac-
tinobacteria (G r a b i ń s k a - L e n i o w s k a , 1999), 
NB (nutrient broth) for the cultivation of copiotrophs, 
and diluted nutrient broth (DNB) for the cultivation of 
oligotrophs (O h t a  and H a t t o r i , 1980).

After completing consecutive diluted samples 
of medium for the cultivation of fungi, the 104 dilution 
was used, while for the rest of the microorganism gro-
ups the 105 dilution was used. Microorganisms were 
incubated at a temperature of 28oC, with the exception 
of fungi which cultured at 24oC. The reading of the re-
sults consisted in counting the number of microorgani-
sms that grew on Petri dishes for all the microorganism 
groups after a period of 7 days, with the exception of 
oligotrophs which were counted after 21 days.

Measurement and statistical analysis
Biometrical measurements took into account 

the following: seed germination, quantity of leaves per 
plant (LQ), surface area of the biggest leaves of plants 
(SBL), leaf greenness index (measured with a Konica-

-Minolta camera SPAD-502), total fresh weight (TFW), 
total dry weight (TDW), percentage of dry matter (% 
DM), nutrient (N, P, K, Ca, Mg, Na) uptake by the abo-
ve-ground parts of the plant. The obtained results of the 
statistical analysis were evaluated by Duncan’s test (p = 
0.05). The results of the microbiological analysis were 
evaluated by Tukey’s test (p= 0.05).

RESULTS 

Biometric parameters
The rate of seed germination on the days after so-

wing is shown in Figure 1, whereas the rate of leaf pro-
duction is shown in Figure 2. The study found a signi-
ficant difference between treatments. The fastest seed 
germination was observed in the treatment with seeds 
inoculated with the EM-A solution, using NS II (3rd–5th 
day). In effect, the lowest germination rate characteri-
zed seeds inoculated with the EM-A solution, using NS 
I (3rd–5th day). On the last day (9th), the percentage of 
germination was significantly highest in case of NS I, 
but the lowest in case of the same nutrient solution with 
EM-A application. One can assume that an increase in 
the level of particular nutrients in NS II positively in-
fluenced the biological activity of microorganisms; in 
that, NS had a positive effect on their stimulating influ-
ence on germinating plants during the first 5 days – but 
later (from the 5th to 9th day), a positive influence of NS 
I was found. EM-A application generally decreased the 
percentage of seed germination. 

The highest quantity of leaves was found both 
in the case of assimilation illumination and without 
such assimilation illumination in plants watered with 
NS II, with seed inoculation with EM-A at the same 
time. The chemical composition of the nutrient solu-
tion was shown to have a significant influence on the 
biometrical parameters of plants (Tables 1, 4). NS II 
had a positive effect on LQ, SBL, TFW and TDW, at 
the same time reducing the value of dry matter in the 
above-ground parts of the plant (a reduction by about 
21.8%). However, its influence on the leaf greenness 
index (SPAD units) was not demonstrated. 

Similar to the case of the nutrient solution, sup-
plemental lighting of plants was shown to have a signi-
ficant effect on LQ, SBL, TFW and TDW. It did not, 
however, have any significant influence on the percen-
tage of DM and leaf greenness index (SPAD units). 

The nutritional status of plants 
The chemical composition of the nutrient solu-

tion was found to have a significant influence on the 
nitrogen and phosphorus status (Table 2). In the case of 
the other nutrients (K, Ca, Mg, Na), the nutrient status 
of plants under NS I and NS II did not differ significan-
tly. However, there was an unproven statistical trend 
that the nutritional status of plants improved in the case 
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of plants that were inoculated with EM-A, in compari-
son to the control treatment. In the present study, plant 
illumination was not shown to affect plant nutrient sta-
tus, with the exception of phosphorus whose content 
decreased significantly.

Nutrient uptake 
The study found a significant effect of NS (NS 

II in relation to NS I) and assimilation illumination of 
plants on the increase of all absorbed nutrients (Table 
3). In the case of application of EM inoculation, the 
differences were not proven.

Number of selected microorganisms
The first microbiological analysis determined 

the number of microorganisms in the EM-A solution 
(Fig. 4).

Among many anthropogenic factors that have a 
significant influence on microorganisms, fertilization is 
the biggest one (B a r a b a s z  and V o ř i š e k , 2002). 
The microbiological analysis of nutrients NS I and NS 
II and the mineral wools in which they were dried sho-
wed significant differences in the number of microor-
ganism groups that were tested, with the exception of 
fungi; their presence was not noted based on already 
analysis ones. The remaining groups of microorgani-
sms showed a significant growth in numbers during the 
first analysis in the NS II nutrients and mineral wools, 
with which it was dried (Fig. 3).

A similar growth trend in the number of micro-
organisms in the case of NS II was also noted during 
the second analysis (Fig. 5). The NS II nutrient solu-
tion, which is characterized by higher contents of 
particular chemical components, turned out to be the 
best place for intensive growth in the total number of 

bacteria, actinobacteria and copiotrophs. Typical is the 
confirmation of similar tendency changes in the num-
ber of oligotrophs. The term oligotroph is related to 
bacteria that grow on lower concentrations of nutrient 
components, however, only during the first phase of 
cultivation. Nevertheless, during successive inocula-
tions (sowings) these bacteria increased in numbers 
also in nutrient rich substrates (P a u l  and C l a r k , 
2000). These are bacteria that show little changes as 
regards to their quantity and activity. In the analyzed 
experiment, however, their growth in number in richer 
medium (in case of NS II) became very significant in 
comparison to the NS I medium.

The analysis of the composition of microbiologi-
cal medium in which seeds that were inoculated with the 
EM-A solution were controlled did not show any signifi-
cant influence of inoculated seeds on the changes in the 
number of analyzed groups of microorganisms within 
the medium. It only showed a tendency towards less sig-
nificant growth in the colony numbers of already tested 
microorganisms in the treatments with dressed lettuce 
seeds, but no statistical significance was found. This ob-
servation could be a result of the stimulating activity of 
microorganisms contained in the biological preparation 
on the observed plant growth and development, in that 
way, production by them more of root secretion. 

Comparing the changes in the numbers of micro-
organism groups analyzed, significant changes in the 
results were observed in the case of both plants under 
assimilation illumination and those that were not under 
such conditions. In the case of assimilation illumination 
of plants, there was observed only a small increase in 
the number of bacteria, actinobacteria, copiotrophs and 
oligotrophs.

Fig. 1 Seed germination rate (% of germination).
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Fig. 2 Leaf production rate (number of leaves × plant-1).
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Fig. 3 Number of microorganisms in relation to the chemical composition of nutrient solutions on the day of sowing (cfu 105 g-1 of 
nutrient solution).

0 

5 

10

15

20

25

30

total bacteria
number 

actinobacteria copiotrophs oligotrophs

 c
fu

 1
0 

5   m
l-1

 o
f E

M
-A

 s
ol

ut
io

n 

Fig. 4 Number of microorganisms in EM-A solution (cfu 105 ml-1 of EM-A solution).



Tomasz Kleiber, Justyna Starzyk, Maciej Bosiacki32

0 

20

40

60

80

100 

120 

140 

160 

total 
bacteria 
number 

actinobacteria copiotrophs oligotrophs 

 

 c
fu

 1
05 

g-1
 o

f n
ut

rie
nt

 s
ol

ut
io

n 

 

NS I

NS II

rockwool+NS I

rockwool+NS II

* p<0,05 
significant  difference
** p<0.01  

highly significant difference  
 

**
*

**

**

*

**

**

Fig. 5 Number of microorganisms in relation to the chemical composition of nutrient solutions on the last day of the experiment 
(cfu 105 g-1 of nutrient solution).

Table 1
Mean values of growth characters 

Nutrient solution 
(A)

EM-A inoculation 
(B) LQ

SBL TFW * TDW * DM
SPAD units

(cm2) (g) (g) (%)

Without assimilation illumination (C1)

NS I Control 9.57 a 15.0 a 250.0 a 15.0 a 6.00 ab 31.1 a

NS II Control 11.71 b 36.0 b 507.0 b 26.0 b 5.13 a 29.3 a

NS I EM-A 10.02 a 11.0 a 191.0 a 13.0 a 6.81 b 30.1 a

NS II EM-A 12.14 b 35.0 b 588.0 b 30.0 b 5.10 a 29.7 a

With assimilation illumination (C2)

NS I Control 11.14 ab 24.0 a 301.0 a 22.0 ab 7.31 b 33.8 a

NS II Control 12.71 b 56.0 b 1015.0 c 54.0 c 5.32 a 34.4 a

NS I EM-A 11.86 b 18.0 a 280.0 a 20.0 ab 7.14 b 33.4 a

NS II EM-A 15.28 c 50.0 b 1006.0 c 58.0 c 5.77 a 33.7 a

Mean for A
NS I 10.65 a 17.0 a 255.5 a 17.5 a 6.82 b 32.1a

NS II 12.96 b 44.3 b 779.0 b 42.0 b 5.33 a 31.8 a

Mean for B
Control 11.28 a 32.8 a 518.3 a 29.3 a 5.94 a 32.2 a

EM-A 12.33 a 28.5 a 516.3 a 30.3 a 6.21 a 31.7 a

Mean for C
Without AI 10.87 a 24.3 a 384.0 a 21.0 a 5.47 a 30.1 a

With AI 12.75 b 37.0 b 650.5 b 38.5 b 5.92 a 33.8 a

* TFW and TDW – weight of 100 plants; descriptions for all the tables and figures: NS I – nutrient solution I; NS II – nutrient 
solution II; AI – assimilation illumination; the quantity of leaves per plant (LQ), area surface of the biggest leaves of plants 
(SBL), relative chlorophyll content (SPAD units), total fresh weight (TFW), total dry weight (TDW), percentage (%) of dry 
matter (% DM)
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Table 2
Nutrient content in lettuce leaves (% DM in the aboveground parts)

Nutrient solution 
(A)

EM-A
inoculation (B) N P K Ca Mg Na

Without assimilation illumination (C1)

NS I Control 4.13 b 0.57 a 8.34 abc 1.29 a 0.72 a 0.14 c

NS II Control 4.90 c 1.31 f 9.11 bc 1.35 a 0.72 a 0.14 c

NS I EM-A 4.11 b 0.92 d 7.64 a 1.46 a 0.76 a 0.13 a

NS II EM-A 5.48 d 1.13 e 9.20 bc 1.37 a 0.74 a 0.13ab

With assimilation illumination (C2)

NS I Control 3.64 bc 0.71 b 8.13 ab 1.46 a 0.72 a 0.13abc

NS II Control 5.15 d 0.92 d 8.85 abc 1.29 a 0.75 a 0.13 abc

NS I EM-A 4.26 b 0.76 c 8.50 abc 1.34 a 0.81 b 0.13 abc

NS II EM-A 5.33 d 0.91 d 9.46 c 1.47 a 0.79 ab 0.14 bc

Mean for A
NS I 4.04 a 0.74 a 8.15 a 1.39 a 0.75 a 0.13 a

NS II 5.21 b 1.07 b 9.16 a 1.37 a 0.75 a 0.14 a

Mean for B
Control 4.46 a 0.88 a 8.61 a 1.35 a 0.73 a 0.14 a

EM-A 4.79 a 0.93 a 8.70 a 1.41 a 0.77 a 0.13 a

Mean for C
Without AI 4.66 a 0.98 b 8.57 a 1.37 a 0.74 a 0.14 a

With AI 4.59 a 0.82 a 8.74 a 1.39 a 0.77 a 0.13 a

Table 3
Nutrient uptake by the aboveground parts of the plant (mg × plant-1)

Nutrient solution 
(A)

EM-A inoculation 
(B)

N P K Ca Mg Na

Without assimilation illumination (C1)

NS I Control 6.20 a 0.86 a 12.51 a 1.94 a 1.08 a 0.21 a

NS II Control 12.74 b 3.41 b 23.69 b 3.51 b 1.87 b 0.36 b

NS I EM-A 5.34 a 1.20 a 9.93 a 1.90 a 0.99 a 0.17 a

NS II EM-A 16.44 b 3.39 b 27.60 b 4.11 bc 2.22 b 0.39 b

With assimilation illumination (C2)

NS I Control 8.01 a 1.56 ab 17.89 ab 3.21 b 1.58 ab 0.29 a

NS II Control 27.81 c 4.97 c 47.79 b 6.97 c 4.05 c 0.70 c

NS I EM-A 8.52 a 1.52 ab 17.00 ab 2.68 b 1.62 ab 0.26 a

NS II EM-A 30.91 c 5.28 c 54.87 b 8.53 c 4.58 c 0.81 c

Mean for A
NS I 7.02 a 1.28 a 14.33 a 2.43 a 1.32 a 0.23 a

NS II 21.98 b 4.26 b 38.49 b 5.78 b 3.18 b 0.57 b

Mean for B
Control 13.69 a 2.70 a 25.47 a 3.91 a 2.15 a 0.39 a

EM-A 15.30 a 2.85 a 27.35 a 4.30 a 2.35 a 0.41 a

Mean for C
Without AI 10.18 a 2.21 a 18.43 a 2.86 a 1.54 a 0.28 a

With AI 18.81 b 3.33 b 34.39 b 5.35 b 2.96 b 0.52 b
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Table 4
Relative influence of experimental factors on the characteristics of plant biometrics

(combination of NS I, EM-A control and non-plant assimilation illumination accepted as 100%)

Factor LQ SBL TFW TDW % DM SPAD units

NS I 100.0 100.0 100.0 100.0 100.0 100.0

NS II 121.7 261.8 304.9 240.0 78.2 99.1

EM-Control 100.0 100.0 100.0 100.0 100.0 100.0

EM-A 109.3 86.9 99.6 103.4 104.5 98.4

Without AI (C1) 100.0 100.0 100.0 100.0 100.0 100.0

With AI (C2) 117.3 152.3 169.4 183.3 108.2 112.7

DISCUSSION

It has been found that light modifies TFW, 
TDW, and also the plant height and surface area of le-
aves (V a l v e r d e  et al. 2009). It is not only the qu-
antity of light, but also the quality of light that influ-
ences significantly both the number of leaves per plant 
and the content of dry matter (A u t i o  and V o i p i o , 
1997). It has been confirmed that light (an experiment 
conducted during the spring and summer periods) has 
an effect on plant biometrical parameters (M a r š i c 
and O s v a l d , 2002).

Among the factors that influence plant nutrient 
status, there is the nitrate content in the nutrient solution 
used for plant fertigation (M a r š i c  and O s v a l d , 
2002). Earlier studies show in addition had it that
a higher quantity of fertilizer applied significantly in-
fluences the nitrate status of lettuce leaves cultivated in 
NFT, compared to illumination and regulatory growth 
(M y c z k o w s k i  et al. 1990). It has been confirmed 
that in hydroponic lettuce cultivation systems harve-
sted plants are characterized by good quality shown, 
amongst others, by lower nitrate content (V a l v e r d e 
et al. 2009).

Some previous studies found a positive effect 
of nitrogen fertilization rates on the content of nitro-
gen, potassium, calcium and magnesium in plant tis-
sues (J a r o s z  and D z i d a , 2006; K l e i b e r  et al. 
2009). J a r o s z  and D z i d a  (2006) showed smaller 
contents of phosphorus, potassium and calcium and, 
at the same time, higher nitrogen and magnesium con-
tents. In all experimental combinations, more than 1% 
Ca FW was found. A reduction in the content of this 
nutrient below the above optimal value may have an 
influence on the appearance of physiological perturba-
tion on plants (K i r k b y  and P i l b e a m , 1984).

It has been reported that a close linear relation-
ship exists between the contents of fresh matter in let-
tuce and daily radiation during the autumn – winter 
period, which enables one to determine the cultivation 
time frame under such conditions (K o b r y ń , 1989). 

Some scientists have claimed that the interaction betwe-
en illumination conditions and growth regulators (GA3, 
Kinetin, and GA3/Kinetin mixture) has a positive influ-
ence on the growth of fresh matter and also the contents 
of dissolved sugar in leaves (R o ż e k  et al. 1989). 

The present study did not show any significant 
influence of seed inoculation with EM on the observed 
plant biometrical parameters. Also earlier studies did 
not show unequivocally and directly the influence of 
the application of useful microorganisms on the num-
ber of leaves and the total surface area of leaves – the 
reaction of cucumber plants depended on the types of 
microorganisms used (A b d e l a z i z  and P o k l u d a , 
2009). EM was found to have a positive effect in pro-
tection of winter wheat against fungal diseases (B o -
l i g ł o w a  and G l e ń , 2008). A mixture of Effective 
Microorganisms with molasses increased the yielding 
of some vegetable species (D a l y  and S t e w a r t , 
1999) and ornamental plant species (G ó r s k i  and 
K l e i b e r , 2010).

Similar positive effects of EM application on 
plant development were observed in rice cultivation, 
in which a significant plant growth and the quality of 
harvested crops (I w a i s h i , 2000) as well as in case 
of rose and gerbera where EM influenced significantly 
on growth and yielding mentioned flowers. A different 
observation was earlier made as regards the negative 
influence of EM-A on growth and yield of lettuce cul-
tivated in pots in brown soil (K u c h a r s k i  and J a -
s t r z ę b s k a , 2005). 

A positive effect of nitrogen and potassium fer-
tilization on lettuce yield was shown by previous rese-
arches (K o z i k  and R u p r i k , 2000; J a r o s z  and 
D z i d a , 2006; K o w a l s k a  et al. 2006). There is
a significant influence of EC nutrient growth (in the 
range from 0.83 to 2.81 mS × cm-1) on the increase in 
the quantity of dry matter in lettuce leaves (A n d r i o -
l o  et al. 2005). 

The large abundance of components, that were 
contained in NS II nutrient solution were probably 
eliminated by the occurrence of competition between



Effect of nutrient solution, Effective Microorganisms (EM-A), and assimilation illumination of plants on the induction... 35

microorganisms, on the availability of nutrients, allo-
wing at the same time, free, unlimited supply of nu-
trients, and development of microorganisms. A signi-
ficant increase of total number of bacteria was noted, 
actinobacteria and copiotrophs, developing particularly 
intensively in the case of inflow of nutrients to the me-
dium, is a reflection to the number of those groups in 
the chemical nutrient medium of NS II. This type of 
tendency was also noted in the case of soil analysis with 
different available sources of nutrients for microorga-
nisms (M a r t e n s  et al. 1992; P a u l  and C l a r k , 
2000).

Many researches, on the other hand, confirm 
the positive influence of plant secretion on the stimula-
tion that accompanies their microfloras (W i e l g o s z , 
1999; P i ę t a  and P a t k o w s k a , 2001). Moreover,
a non-significant increase in the number of microor-
ganisms could as well be as a consequence of an addi-
tional number of Effective Microorganisms that were 
introduced to the medium of inoculated seeds.

CONCLUSIONS

The present study concentrated on the influence 
of the chemical composition of the nutrient solution 
(NS I, NS II), seed inoculation with Effective Micro-
organisms (EM-A), and assimilation illumination (IA) 
on the growth, development and nutritional status of 
lettuce (Lactuca sativa L.) in hydroponic cultivation 
and microbiological changes in the rhizosphere. The 
study found a positive effect of EM and, at the same 
time, the application of NS II on the production of the 
highest quantity of leaves per plant. Also, the signi-
ficant influence of nutrient solution composition on 
plant biological parameters was confirmed. An incre-
ase nutrient concentration positively influenced the to-
tal number of leaves, surface area of the biggest leaf, 
total fresh weight, total dry weight and at the same 
time reduced the content of dry matter in the above-
ground parts of the plant. The use of plant assimilation 
illumination during light deficiency had a positively 
effect on plant growth: it increased the total number 
of leaves per plant, surface area of the biggest leaves, 
total fresh weight, and total dry weight. The nutrient 
solution composition was found to have a significant 
influence on the nitrogen and phosphorus status of 
plants. Nonetheless, the influence of plant illumination 
on their nutrient status was shown, with the exception 
of phosphorus whose content decreased significantly. 
However, there was an unproven statistical trend that 
the nutritional status of plants improved in the case of 
plants that were inoculated with EM-A, in comparison 
to the control treatment. A significant influence of EC 
level and assimilation illumination on the growth of 
all absorbed macronutrients was confirmed. However, 

in the case of the application of EM inoculation, there 
was an unproven statistical trend towards an increase 
in nutrients taken up by the aboveground parts of the 
plant. In a light-deficit situation, it is possible to pro-
duce good quality plants and fresh vegetables using a 
balanced nutrient solution, microorganisms, and assi-
milation illumination. In the present study, chemical 
nutrients had a significant influence on the change in 
the quantity of analyzed microorganism groups. No 
significant differences were found in the changes in 
microbiological status of media in the case of assimi-
lation illumination and in the case of seeds inoculated 
with EM solutions. The research on the use of Effecti-
ve Microorganisms in vegetable cultivation in rockwo-
ol should be continued. 
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Wpływ składu chemicznego pożywki,
Efektywnych Mikroorganizmów (EM-A)

i doświetlania asymilacyjnego roślin
na indukowanie wzrostu sałaty (Lactuca sativa L.)

w uprawie hydroponicznej

S t r e s z c z e n i e 

Celem przeprowadzonych badań była ocena 
wpływu składu chemicznego pożywki (NS I, NS II), in-
okulacji nasion efektywnymi mikroorganizmami (EM) 
i doświetlania asymilacyjnego roślin (IA) na wzrost, 
rozwój i stan odżywienia sałaty (Lactuca sativa L.)
w uprawie hydroponicznej i zmiany stanu mikrobiolo-
gicznego podłoża. Pomiarom podlegały: liczba liści na 
roślinie (LQ), powierzchnia największych liści na ro-
ślinach (SBL), względna zawartość chlorofilu (SPAD), 
całkowita świeża masa (TFW), całkowita sucha masa 
(TDW), % suchej masy, skład chemiczny liści oraz po-
branie składników pokarmowych (N, P, K, Ca, Mg, Na) 
przez części nadziemne roślin. Wykazano wpływ inoku-
lacji nasion EM-A, przy jednoczesnym stosowaniu po-
żywki II na poprawę dynamiki kiełkowania nasion (1.–5. 
dzień po wysiewie), ale od 5 do 9 dnia stwierdzono istot-
ny wpływ pożywki I na kiełkowanie nasion. Aplikowa-
nie pożywki II i EM-A pozytywnie wpływało na wytwa-
rzanie liści na roślinie. Stwierdzono istotny wpływ skła-
du chemicznego pożywki na parametry biometryczne 
roślin. Stosowanie doświetlania asymilacyjnego w upra-
wie sałaty pozytywnie oddziaływało zarówno na wzrost 
jak i na rozwój roślin. Skład chemiczny pożywki istotnie 
modyfikował stan odżywienia roślin makroskładnikami, 
a doświetlanie roślin tylko w przypadku fosforu – przy 
jednoczesnym istotnym wpływie na pobranie wszyst-
kich badanych składników przez rośliny. Wpływu EM 
nie udowodniono. Analiza mikrobiologiczna wykazała 
istotny wpływ składu chemicznego pożywek na zmia-
ny liczebności analizowanych grup mikroorganizmów, 
wskazując na wzrost ich liczebności w pożywkach
o większej zawartości składników chemicznych. Jakkol-
wiek nie wykazano istotnych zmian w liczebności mi-
kroorganizmów w zależności od doświetlania asymila-
cyjnego oraz od inokulacji nasion roztworem EM.
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