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Abstract

Mitova, I., L. Nenova and N. Shaban, 2017. Abiotic factors and their impact on growth characteristics of Spinach 
(Spinacia oleracea). Bulg. J. Agric. Sci., 24 (5): 806–815

This experiment was carried out under controlled conditions in phytotron chambers of artifi cial climate – KNER 2 and 
KNER 4, on two soil types – Luvisols and Vertisols. The Spinach plants (Spinacia oleracea) were grown at air temperature of 
18°С, illuminance of 9000 lx and 18000 lx, duration of the day 9 hours and rising rates of nitrogen fertilization.

The aim of the study was establishing the infl uence of the factors soil type, nitrogen fertilization and light on the growth 
characteristics of spinach.

From the factors studied (soil type, fertilization and illuminance) the strongest impact (between 41.2 and 60.6%) on the 
development of the plants (number of leaves, height and biomass) was that of fertilization. The response of the test plants to 
the illuminance was not in one direction. The number of leaves in both soils and the leaf mass on Vertisols were greater at il-
luminance 18000 lx. With the increase of the nitrogen fertilization rates, the content of chlorophylls, total sugars, nitrates and 
nutrients (N, P, K) in plants were rising.
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Introduction

The knowledge and compliance with abiotic factors is di-
rectly related to the success of agricultural production. Their 
basic understanding and skillful use is a necessary condition 
for the development of crop production. Abiotic factors of 
importance for the growth and development of plants in-
clude: light, soil and air temperature, water, soil type and 
soil reaction (pH).

The vast variety of lighting effects, starting from the 
synthesis of substrates and fi nishing with the regulation of 
the growth and development of plants, puts light among the 
most powerful factors of the environment. Depending on the 
plant reaction to the light duration, the fl owering response 
of many plants is controlled by the photoperiod (the length 

of uninterrupted darkness). Photoperiod responses could be 
divided into two or three types: a “long day” plants, fl ower-
ing in response to  short periods of night darkness. Examples 
include onion and spinach. A “short day” plants are fl ower-
ing in response to long periods of night darkness. Examples 
include Poinsettias, Christmas cactus, Chrysanthemums, 
and single-crop strawberries. “Day neutral” plants are fl ow-
ering without regarding the length of the night, but typi-
cally fl owering earlier and more profusely under long day 
light regimes. Water regime and optimal water availability 
to plants are also main components of the “living” matter 
(Petrova and Кireva, 2016; Gadjalska et al., 2017). Differ-
ent reactions in biological systems occur in a very narrow 
temperature range. At extremely low temperatures biological 
reactions are suppressed, due to the energy shortage, while at 
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very high temperatures a destruction of the complex protein 
structures occurs. The environmental factors have a huge 
impact on the nutrients uptake (of electrolytes) by plants. 
Acidifi cation of the environment around the roots zone (rhi-
zosphere) increases the absorption of anions and vice versa, 
alkalization around the roots zone stimulates the absorption 
of cations (Klechkovski and Petersburgsky, 1967).

The facilities, which create artifi cial conditions for op-
timal growth and development of plants (artifi cial climate 
chambers, phytotron) are especially suitable for simulation 
of climatic conditions – temperature, light intensity, photo-
period, humidity, where experimental crops respond to cer-
tain expectations.

Leafy crops (as spinach), such as high sensitivity to vari-
ous environmental factors, compact growth and develop-
ment with short growing season, because of their species 
characteristics are particularly suitable as “test” crops, due 
to their quick indicative reactions (Mitova and Stancheva, 
2003; Mitova et al., 2005; Dinev and Mitova, 2011; Brech-
ner and Villiers, http://www.cornellcea.com/attachments/
Cornell%20CEA%20baby%20spinach%20handbook.pdf).

The aim of the study was establishing the infl uence of 
the factors soil type, nitrogen fertilization and light on the 
growth characteristics of spinach.

Materials and Methods

The test plants were grown in a growth chamber of artifi -
cial climate – KNER-2 and KNER–4 (Stoykov, 2006, 2009). 
These growth chambers were used by heating the useful vol-
ume of the chamber using a lamp which resembles the day 
light while during the “night” electric heaters were used. The 
following variants were tested (Table 1).

The plants from variants 1 to 4 and 9 to 12 were grown 
in a growth chamber KNER-4 with air temperature of 18°C, 

illumination of 18000 lx and day length (photoperiod) of 9 
hours. The plants from variants 5 to 8 and 13 to 16 were 
grown in a growth chamber KNER-2, at air temperature of 
18°C, the illumination was 9000 lx, and the duration of the 
day – 9 hours. In both chambers soil moisture was main-
tained at 75% of the fi eld capacity, and the relative air hu-
midity was 80%.

Nitrogen was applied in the form of NH4NO3. Phospho-
rus and potassium were added as KH2PO4. Nitrogen rates 
and background rates of phosphorous and potassium were 
based on the data from previous experiments (Mitova and 
Stancheva, 2003; Mitova et al., 2005; Mitova and Stoykov, 
2008).

The study was conducted with spinach of Matador va-
riety with a vegetation period of two months. Experimental 
plants were grown in six replications on two soil types – Lu-
visols and Vertisols (Koinov, 1987).

The humus content in the surface horizon of Luvisols 
was 1.0%, which characterized them as poor. The availabil-
ity of total nitrogen and total phosphorus was poor, too. The 
soil reaction (pH) was neutral to slightly alkaline – рНН2О 
– 7.6; рН KCl – 6.1. The contents of mineral nitrogen (NO3-N 
+ NH4-N) and phosphorus (Р2О5) were low – 19.0 mg.kg-1 
and 4.4 mg.100 g-1, and the content of K2O – 10.4 mg.100 g-1 
was very low. The humus content in the surface horizon of 
Vertisols was 3.6%, and characterized them as medium. The 
soil reaction was neutral to slightly alkaline – рНН2О – 7.8; 
pHKCl – 6.6. The availability of mineral nitrogen was good 
– 23.0 mg.kg-1 and when regarding mobile phosphorus and 
potassium it was very good (P2O5 – 22.8 mg.100g-1 and K2O 
– 55.7 mg.100g-1).

The pots with the test plants were placed on the perfo-
rated bottom of the chamber uniformly spaced from each 
other. Through the openings of the bottom, air entered at the 
desired temperature, fl owed around the vessels and plants 
(leaves and stems) passed near the fl uorescent lamps wherein 
its temperature increased, and then left the working volume 
of the chamber, through the slots of the ceiling. The air tem-
perature in the chamber was controlled by means of an elec-
tronic thermostat. Due to the hysteresis of this device, during 
the night the chamber temperature was about 1.5 – 2°C and it 
was lower than during the day. That was good for the devel-
opment of plants in this type of growth chamber.

The illumination of the plants was adjusted by chang-
ing the distance between the surface of the leaves and the 
lamps. The lamps were designed so they could be moved up 
and down. The duration of the photo period (modes “day” 
– “night”) was regulated by contact clock, which set the 
duration of the regime “day” in which lights should illu-
minate.

Table 1
Scheme of the variants in the experiment
Soil type Illumination

18 000 lх 9000 lx
Luvisols 1. N0P0K0 5. N0P0K0

2. N200P300K377 6. N200P300K377

3. N400P300K377 7. N400P300K377

4. N600P300K377 8. N600P300K377

Vertisols 9. N0P0K0 13. N0P0K0

10. N200P300K377 14. N200P300K377

11. N400P300K377 15. N400P300K377

12. N600P300K377 16. N600P300K377
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The content of macro elements in the soil was determined 
by standard methods (Arinushkina, 1970). Ammonium and 
nitrate nitrogen were determined colorimetrically. The mo-
bile forms of phosphorus and potassium were determined by 
the method of Ivanov (1984). The total nitrogen in the plants 
was determined by the Kjeldahl method that is digestion 
with concentrated N2SO4 and 30% N2O2. Other macro – and 
trace elements were determined by “dry” burning in muffl e 
furnaces and subsequent dissolution in 20% HCl consider-
ing the atomic absorption spectrophotometer (Mincheva and 
Brashnarova, 1975). Chlorophyll content was determined 
in fresh weight (Annex – 2), spectrophotometric (Annex – 
3) in the extract by 80% acetone by the method of Vernon 
(Moskov et al., 1975). From the plant samples of spinach 
after drying at 60°C, the dry matter (%) was determined. The 
content of total sugars was determined by refractometer – 
(%) (Digital refractometer – 32,145). Nitrate was defi ned by 
apparatus RQ fl ex plus 10 Merck.

Experimental data were analyzed by Statgraphics cen-
turion statistical package (One-way- ANOVA, Multifactor 
ANOVA).

Results and Discussion

Infl uence of abiotic factors on growth characteristics 
and yield of spinach

The number of germinated and developed plants is count-
ed in triplicate at different key stages of spinach growth (Ta-
ble 2). According to Bulgarian State Standard BDS- 2456- 
79 for spinach, plants with number of leaves in the rosette 
over 8 and a diameter of over 16 cm are fi rst quality. When 
the number of leaves is over 6 and the diameter – over 12 cm, 
the plants are classifi ed as second class (Mitova et al., 2005). 
In this type of experiment (conducted in a growth chamber) 
it is diffi cult to discuss quality, because the number of leaves 
of the plants correspond to the quality of the standard, but 
the diameter of the leaves cannot reach the standard values 
because of the limited area on which the plants were grown. 

During the vegetation period when plants were grown on 
Luvisols in the growth chamber with 18000 lx illumination, 
they were infected with damping off disease. Therefore in-
variants 1.N0P0K0 and 4.N600P300K377 the number of plants in 
phase 6-8th leave were more than at the later phase 8-10th leave 
(Table 2). In most of the plants on this soil, but at lighting – 
9000 lx, in the early stages of development etiolation was 
observed. Variants with a rate of fertilization – N400P300K377 
and N600P300K377 had the greatest number of seedlings on both 
soil types. There was a trend, the number of plants in phase 
8-10th leave grown on Vertisols to be greater than that those 
grown on Luvisols. On Luvisols under low light condition, 

at the end of the study, more developed plants were reported, 
while on Vertisols no differences in the number of plants at 
different illumination were established.

The number of plants is one of the most important growth 
parameters of spinach, which was investigated in relation with 
the soil type, illumination level and nitrogen fertilization norm 
(Table 3). Statistical analyses of the results (by the method of 
Multi-factor ANOVA) showed that the plant number was af-
fected signifi cantly by the soil type and fertilization rate – by 
21.5% and 19.3% of the variability in the experiment respec-
tively. Illumination rate had no infl uence on the plant growth.

The average number of plants in the growing containers 
varied between 1.0 and 3.0 units (Table 3). In the number of 
plants grown on Luvisols, at both illumination levels, statisti-
cally signifi cant differences were reported only between con-
trol variants (1.N0P0K0, 5.N0P0K0) and plants fertilized with 
N400P300K377 (3.N400P300K377 and 7. N400P300K377). There was a 

Table 2
Dynamic of germination (number of plants) depending 
on soil type, illumination level and nitrogen fertilization 
norm
Variants Ph. 

4-6 –th leave
Ph. 

6-8–th leave
Ph. 

8-10–th leave
Luvisols

Illumination level 18 000 lx
1. N0P0K0 1.0 1.3 1.0
2. N200P300K377 1.2 1.3 1.7
3. N400P300K377 1.5 1.7 2.3
4. N600P300K377 1.3 1.2 1.0

Illumination level 9000 lx
5.N0P0K0 1.0 1.0 1.7
6. N200P300K377 1.0 1.1 2.0
7. N400P300K377 1.0 1.2 2.7
8. N600P300K377 1.0 1.3 2.0

Vertisols
Illumination level 18 000 lx

9. N0P0K0 1.2 1.2 2.3
10. N200P300K377 1.3 1.7 2.3
11. N400P300K377 1.3 2.7 3.0
12. N600P300K377 1.3 1.8 2.7

Illumination level 9000 lx
13. N0P0K0 0.5 1.4 2.0
14. N200P300K377 0.7 1.4 2.0
15. N400P300K377 1.0 1.5 3.0
16. N600P300K377 1.0 1.5 2.7
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notable trend showing that the largest number of plants was 
formed in variants fertilized with N400P300K377, but this is not 
statistically signifi cant. On Vertisols no proven differences be-
tween non-fertilized and fertilized plants were observed. On 
this soil type the variants fertilized by rate of N400P300K377 had 
the greatest number of plants. There was statistical difference 
between the control variant on Luvisols at 18000 lx and the 
plants in the same light, grown on Vertisols. Statistical differ-
ences were not established between similar variants of fertil-
ization in different soil types and light conditions. As a con-
clusion, for this indicator (number of plants) it could be said 
that it is greater on Vertisols than on Luvisols. On Luvisols the 
number of plants is greater at low light (9000 lx), while on Ver-
tisols the differences in the number of plants depending on the 
intensity of the light is less noticeable. There was a depressing 
effect on the third level of fertilization (N600P300K377) in both 
soil types compared to the variants fertilized with N400P300K377.

The number of leaves per plant is another indicative pa-
rameter, which could give information on the infl uence of abi-
otic factors. The analysis showed that it depended statistically 
on the three investigated abiotic parameters – soil, light and 
fertilization. From these three factors, fertilization manifested 
the strongest impact, responsible for 57.1% of the variability 
in the assay. Statistically proven differences between the vari-
ants of the experiment were presented in Table 4.

The number of leaves per plant in the trial ranged be-
tween 5.3 and 10.3 (Table 4). The lowest number of leaves 
was established at non fertilized variants, on both studied 
soils, at both light levels (variants 1.N0P0K0, 13.N0P0K0, 
9.N0P0K0 and 5.N0P0K0). The greatest number of leaves 
was formed in variants – 12.N600P300K377 and 4.N600P300K377 
– these variants were with the highest fertilization rate, at 
illumination of 18000 lx, on both soil types. In the same 
homogeneous group (marked with the capital G, in Table 
4) were variants 3.N400P300K377 and 11.N400P300K377 – with 
lower fertilization rate, at 18000 lx illumination again, on 
both soil types.

Statistical differences between the control and fertilized 
variants on both soil types, at two levels of illumination were 
found. Regarding the number of leaves per plant, the same 
patterns were observed on Vertisols as on Luvisols. At illumi-
nation of 18000 lx the number of leaves per plant increased 
with the increase of nitrogen rate and reached maximum 
number at the variant N600P300K377. At low light conditions the 
number of leaves decreased between N400 P300K377 and N600 
P300K377 fertilization rate. Generally, the number of leaves per 
plant at fertilized variants was greater on Vertisols. On both 
soils, greater number of leaves had plants in the chambers of 
higher illuminance.

Table 3
One-way ANOVA (P=95%) of the plants number depend-
ing on the variants in the experiment, LSD=1.1

Variants Average Homogenous 
groups

1. N0P0K0 1.0 A

4. N600P300K377 1.3 A  B
5. N0P0K0 1.7 A  B C
2. N200P300K377 1.7 A  B C
6. N200P300K377 2.0 A  B C  D
14. N200P300K377 2.0 A  B C  D
8. N600P300K377 2.0 A  B C  D
13. N0P0K0 2.0 A  B C  D
3. N400P300K377 2.3      B C  D
10. N200P300K377 2.3      B C  D
9. N0P0K0 2.3      B C  D
7. N400P300K377 2.3      B C  D
12. N600P300K377 2.7          C  D
16. N600P300K377 2.7          C  D
15. N400P300K377 3.0               D
11. N400P300K377 3.0               D

Table 4
One-way ANOVA (P=95%) of the number of leaves 
per plant depending on the variants in the experiment, 
LSD=1.02
Variants Average Homogenous groups
1. N0P0K0 5.3 A
13. N0P0K0 6.2 A B
9. N0P0K0 6.3 A B C
5. N0P0K0 7.0     B C D
8. N600P300K377 7.3         C D
6. N200P300K377 7.4            D E
14. N200P300K377 7.5            D E
2. N200P300K377 7.5            D E
7. N400P300K377 7.5            D E
10. N200P300K377 8.3                E F
16. N600P300K377 8.6                   F
15. N400P300K377 8.7                   F
3.  N400P300K377 9.3                   F G
11. N400P300K377 9.8                      G
12. N600P300K377 10.0                      G
4. N600P300K377 10.3                    G
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Statistical analysis of the plant height (cm) showed the 
effect of the three main factors – soil, light and fertilization 
(Table 5). Here, the fertilization had the greatest infl uence on 
the variability of the data – 60.6%, followed by soil type – 
18.8%, and illumination in the chamber – 3.8%.

The height of the plants varied between 4.3 cm at non-
fertilized plants in variant with high illumination on Luvisols 
(1.N0P0K0) and 11.2 cm in variant 15.N400P300K377 – low light 
conditions on Vertisols. With all plants, regardless of soil 
type and illumination level, statistical differences between 
non-fertilized and fertilized ones were obtained. With the in-
crease of the nitrogen rate the plant height increased on both 
soils types and illuminations, with the exception of the low 
light on Vertisols where at fertilization rate of N600 P300K377 an 
inhibiting effect was proved. Plants grown on Vertisols, on 
both illumination levels were with higher values of height in 
comparison with those grown in similar conditions on Lu-
visols. 

The average fresh weight of one plant was one of the 
most important indicators in this experiment. The analysis 
of the data by the method of multifactor ANOVA established 
the signifi cant effect of the three main factors – soil type, 
light and fertilization on the accumulation of the plant bio-
mass. The greatest one was the effect of fertilization – 41.2% 

of the variability of the data was caused by that factor, fol-
lowed by soil type – 17.7% and 14.3% for illumination.

Statistical analysis using the method of one-way-ANOVA 
indicated that there were statistical differences between the av-
erage fresh weight of the plants by variants (Table 6). That table 
showed the great diversity in the distribution of variants in sepa-
rate homogeneous groups, a total number of 8 (from A to H).

The lowest average weight was determined in the con-
trol variant on Vertisols at lowest illumination (variant 13. 
N0P0K0) – 0.86 g and the highest weight – 11.82 g was deter-
mined in variant 12. N600P300K377  plants grown under illumi-
nation of 18000 lx on the same soil type (Vertisols). With the 
exception of the variants at low illumination on Luvisols, all 
other variants in the experiment had statistically proved dif-
ferences between control and fertilized variants, and between 
variants fertilized with N400P300K377 and those fertilized with 
N600P300K377, as in all the variants the biomass was greater at 
the highest level of fertilization. There weren’t differences 
between the weights of the plants in the control variants of 
the experiment (homogeneous group A).

Plants developed on Vertisols had signifi cantly greater 
fresh weight than those on Luvisols at both illumination 
levels. The fresh weight of spinach plants in cameras with 
18000 lx illumination was greater than that obtained in 9000 
lx, on both soil types.

Table 5
One-way ANOVA (P=95%) of the plant height (cm) de-
pending on the variants in the experiment, LSD=1.66
Variants Average Homogenous groups

1. N0P0K0 4.3 А
5. N0P0K0 4.7 А
9. N0P0K0 4.9 А
13. N0P0K0 5.4 А В
2. N200P300K377 6.1     В
3. N400P300K377 6.3     В С
6. N200P300K377 6.4     В С
8. N600P300K377 7.3         C D
10. N200P300K377 7.5         C D E
4. N600P300K377 8.2             D E
14. N200P300K377 8.3             D E
11. N400P300K377 8.3             D E
7. N400P300K377 8.4                 E
12. N600P300K377 10.0                     F
16. N600P300K377 10.6                     F G
15. N400P300K377 11.2                        G

Table 6
One-way ANOVA (P=95%) of the plant fresh weight (g) 
depending on the variants in the experiment, LSD=1.34

Variants Average Homogenous groups
13. N0P0K0 0.86 A
1. N0P0K0 1.31 A B
5. N0P0K0 1.36 A B
9. N0P0K0 1.56 A B C
6. N200P300K377 2.34     B C
7. N400P300K377 2.58     B C
8. N600P300K377 2.80         C
4. N600P300K377 4.37            D
14. N200P300K377 4.64            D E
3. N400P300K377 5.31            D E
10. N200P300K377 5.38            D E
15. N400P300K377 5.51            D E F
2. N200P300K377 5.78                   F
16. N600P300K377 6.84                   F
11. N400P300K377 10.46                      G
12. N600P300K377 11.82                         H
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Physiological and biochemical parameters of spinach 
plants depending on soil type, light and nitrogen rate

In the plastids of green leaves there is a group of pigments 
with a very important effect in the process of photosynthesis. 
Green colored pigments are chlorophylls and yellow – carot-
enoids. From the green pigments in higher plants, the blue-
green chlorophyll “a” and the yellow-green chlorophyll “b” 
are the main optically active components. The amount of chlo-
rophyll represents about 0.5 – 1.3% of the dry weight of the 
leaves. Plastid pigments are involved in photosynthesis and 
play a role in the growth and development of plants. Therefore 
the study of the composition and the quantity of pigments in 
plants under different conditions of development, and their role 
in the biochemical processes is of great scientifi c and practical 
interest. The values for the content of chlorophyll “a”, chlo-
rophyll “b” and carotenoids obtained in the experiment were 
signifi cantly higher than in other studies (Ratterman, 2006; 
Dinev and Mitova, 2011), which could be explained by the 
good nutritional regime and microclimate conditions (Table 

7). The content of chlorophyll “a” in the assay was between 
6.1 and 18.6 mg /%, and that of chlorophyll “b” – between 4.5 
and 12.7 mg /% (Table 7). As it could be expected the lowest 
chlorophyll content measured was in the plants developed in 
the control variants on Luvisols (of lower nutrient content). 
On this soil type, chlorophylls measured at the end of the ex-
periment were signifi cantly less than those of spinach plants 
grown on Vertisols. This is a logical consequence of ontogen-
esis, where with the improvement of climatic conditions the 
plant nutrition improves, too (Mengel and Kirkby 1982).

Comparing the difference between chlorophyll contents of 
the plants depending on the illumination level it could be seen, 
that there were differences in priority of the variants with a 
higher illuminance. With the increase of nitrogen rate, chlo-
rophyll and carotenoids content generally had increased on 
Luvisols and in the variants of low illumination on Vertisols. 
In plants, developed at 18000 lx of illumination on Vertisols, 
the rate of 600 mgN.kg-1 soil had caused inhibition in pigment 
synthesis (Table 7).

Table 7
The effect of soil type, fertilization rate and illumination level on plastid pigment content in spinach plants (mg/%)
Variants Chl ”а”

(mg/%)
Chl “b”
(mg/%)

Carotenoids
(mg/%)

Chl“a”/
Chl“b”

Chl”a”+Chl“b”

Luvisols
Illumination level 18 000 lx

1. N0P0K0 6.1 4.5 1.9 1.3 10.6
2. N200P300K377 11.1 5.3 4.2 2.1 16.3
3.  N400P300K377 14.5 8.9 4.5 1.6 23.5
4. N600P300K377 18.6 12.7 7.0 1.5 31.3

Illumination level  9000 lx
5. N0P0K0 6.0 5.4 4.3 1.1 11.4
6. N200P300K377 8.9 4.6 4.8 1.9 13.5
7.  N400P300K377 9.6 4.3 5.5 2.3 13.9
8. N600P300K377 10.8 6.3 6.6 1.7 17.2

Vertisols
Illumination level 18 000 lx

9. N0P0K0 10.4 4.7 6.2 2.2 15.1
10. N200P300K377 10.1 4.6 5.9 2.2 14.8
11. N400P300K377 14.0 7.9 8.4 1.8 21.9
12. N600P300K377 12.7 5.6 7.3 2.2 18.5

Illumination level  9000 lx
13. N0P0K0 6.5 3.1 2.2 2.1 9.5
14. N200P300K377 12.7 6.3 4.1 2.0 18.9
15. N400P300K377 10.7 5.3 3.4 2.0 15.9
16. N600P300K377 12.6 7.4 3.8 1.7 19.9
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Typically, the ratio of chlorophyll “a” / chlorophyll “b” 
is 3: 1 (Pochinok, 1976). According to Berova et al. (2007), 
the ratio of chlorophyll “a” / chlorophyll “b” is 2- 3: 1, but it 
is not constant and depends on both the internal and external 
factors (Hendry and Grime, 1993). In this experiment, the ra-
tios between chlorophylls “a” and “b” were between 1.1 and 
2.3. The lowest ones were recorded in the control variant at 
9000 lx illumination on Luvisols, and the highest – in variant 
7.N400P300K377 under the same abiotic conditions.

Leafy vegetables are characterized by relatively low dry 
matter content, but their characteristics are also high vitamin 
content and ability to accumulate nitrates, especially green 
leafy vegetables such as spinach (Mihov et al., 1980; Mitova 
et al., 2005; Shaban et al., 2014). Dry matter content is a key 
indicator in determination of the quality of vegetables. It is 
a relatively stable, genetically determined parameter and it 
is regarded as a substance with its own special properties. 
Dry matter content is synthesized expression of the valuable 
components of the product of vegetable crops (Peev, 1985). 
Relatively low dry matter content has been reported by 
(Rankov et al., 2004), regarding fruit vegetables (tomato, cu-
cumber, eggplant). However, the contents of the absolute dry 
matter obtained in this experiment with spinach plants were 
high (Table 8). The high content of dry matter in variants 
without fertilization, on both soil types was due to the inhibi-
tion in plant development, “dilution effect” (Krastev, 1983; 
Mitova and Stoykov, 2008), which results in an increased 
concentration of the cell sap in cases of intensive changes of 
the growing conditions (temperature, humidity, concentra-
tion of nutrients, etc.). The dry matter contents measured on 
Luvisols were higher than those on Vertisols. On Luvisols 
with the increase of nitrogen fertilization the dry matter con-
tent of plants increased, too. On Vertisols similar trends were 
not observed (Table 8). On Vertisols at both illumination lev-
els, in the variants 12.N600P300K377 and 16.N600P300K377 the dry 
matter content of the spinach plants decreased. On Vertisols, 
dry matter contents at high illumination were higher, while 
on Luvisols soil such differences were not observed.

It is reported (Peev, 1985) that the sugars content has a 
good correlation relationship with the dry matter content. 
In the present study, the content of total sugars ranged from 
7.2% in the variant without fertilization on Vertisols with 
high illumination to 16.9% for the plants fertilized with 
N600P300K377 on the same soil type, but at low illumination 
level. On both soils, with the increase of nitrogen rate to-
tal sugar contents increased. It was higher in chambers with 
9000 lx of light in comparison with 18000 lx. While at the 
high illuminance the differences between the content of total 
sugars on the two soils types were minor, at 9000 lx of il-
luminance the plants grown on Vertisols had a signifi cantly 

higher content of total sugars than those grown on Luvisols.
Nitrate accumulation in the leafy vegetables production is 

genetically determined (Stoyanov, 1997; Abu-Dayeh, 2006; 
Genkova, 2009). The nitrate content in leaves of spinach var-
ied between 25.6 and 759.5 mg.kg-1 fresh weight (Table 8). 
The control of the maximum permissible levels for contami-
nants in food is performed by European Commission Regu-
lation (EC)No. 194/97. For spinach limit concentration for 
nitrates from 1 October to 31 March are 3000 mg.kg-1 fresh 
weight, and from 1 April to 30 September – 2500 mg.kg-1 
fresh weight (ordinance by the Ministry of Agriculture and 
Food – 31 from 29.07.2004).

With the increase of nitrogen level, nitrate content in the 
variants of the experiment increased. In the experiment how-
ever, in none of the variants limit concentrations of 2500 and 
3000 mgNO3. kg-1 fresh weight were exceeded. Regardless 
of the weak availability of mineral nitrogen, on Luvisols of 

Table 8
Effect of soil type, fertilization rate and illumination level 
on some quality parameters of spinach plants 
Variants Absolutely dry 

weight (%)
Total sugars 

(%)
Nitrates (mg.

kg-1)
Luvisols

Illumination level 18000 lx

1. N0P0K0 18.75 8.2 25.6
2. N200P300K377 13.61 8.7 245.8
3.  N400P300K377 14.58 8.9 305.1
4. N600P300K377 15.25 9.4 415.3

Illumination level 9000 lx
5 .N0P0K0 15.06 9.4 48.0
6. N200P300K377 13.64 12.8 272.6
7. N400P300K377 14.24 14.3 325.9
8. N600P300K377 16.42 15.0 759.5

Vertisols
Illumination level 18 000 lx

9. N0P0K0 13.38 7.2 50.9
10. N200P300K377 13.06 7.5 115.6
11. N400P300K377 13.68 8.1 211.2
12. N600P300K377 11.57 9.6 356.9

Illumination level 9000 lx
13. N0P0K0 11.65 14.0 72.5
14. N200P300K377 11.41 16.3 186.7
15. N400P300K377 11.58 16.6 263.5
16. N600P300K377 10.96 16.9 578.4
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increasing nitrogen rate, the plants accumulated more nitrate 
than the same variants on Vertisols. This could be due to the 
low sorption capacity of Luvisols, whose absorbing complex 
retains weakly the nitrate anions (NO3

-) and they were as-
similated quickly by plants. On both soil types, the highest 
nitrate content was measured at the lower illuminance level 
in the chambers (Table 8). Obviously, higher illumination fa-
vors more full inclusion of NO3- N in cellular metabolism 
of plants.

Relatively low levels of nitrates in spinach plants in the 
experiment were probably due to the optimal lighting and 
temperature conditions, and the optimum soil and air humid-
ity maintained in the chambers. These conditions are suitable 
for intensive utilization of nitrate nitrogen by plants and in-
cluding it in the plant metabolism.

Nutrient content in spinach, depending on the soil type, 
light and nitrogen rate

The content of nutrients in plants is dependent on base-
line content in soils included in the experiment. The concen-

tration of nitrogen in plants on Luvisols varied between 1.5 
and 4.8% (Table 9). 

With the increase of nitrogen rate applied, the nitrogen 
content in plants grown on Luvisols increased. At low illu-
mination level nitrogen content in spinach was higher than at 
18000 lx illumination. On Vertisols there was higher nitro-
gen content in plants grown in the camera of lower illumina-
tion, but in variant fertilized with N600P300K377 the nitrogen 
content decreased. Apparently, the rate of 600 mgN.kg soil-1 
applied to Vertisols is too high and had a depressing effect 
on the development of spinach, which is supported by both 
the chlorophyll content and the content of nitrogen in plants. 
Phosphorous content in the spinach plants varied between 
0.52 and 0.96% and, like that the nitrogen, in both soil types, 
it was higher at the lower illuminance. On Vertisols in ac-
cordance with the higher output of phosphorous, the content 
of this macroelement in plants was higher than on Luvisols. 
The situation was similar concerning potassium. On Verti-
soil the contents of potassium in plants were very high in 
variants fertilized with N600P300K377 – 12.5% in plants with 

Table 9
Effect of soil type, fertilization rate and illumination level on some macro elements content in spinach plants, %
Variants N% P% K% Ca% Mg%

Luvisols
Illumination level 18 000 lx

1. N0P0K0 1.5 0.54 3.7 0.83 1.46
2. N200P300K377 2.6 0.75 4.2 0.80 1.42
3.  N400P300K377 3.8 0.52 4.5 0.74 1.35
4. N600P300K377 4.2 0.57 6.0 0.66 1.18

Illumination level 9000 lx
5. N0P0K0 2.1 0.78 6.5 1.35 1.28
6. N200P300K377 4.3 0.89 8.6 1.34 0.71
7.  N400P300K377 4.4 0.88 8.7 1.21 0.83
8. N600P300K377 4.8 0.65 9.5 1.20 0.75

Vertisols
Illumination level 18 000 lx

9. N0P0K0 2.4 0.50 8.0 1.55 1.48
10. N200P300K377 2.8 0.66 11.5 1.09 1.29
11. N400P300K377 4.6 0.63 12.0 1.55 1.02
12. N600P300K377 3.8 0.67 12.5 1.37 1.06

Illumination level 9000 lx
13. N0P0K0 2.5 0.82 8.4 1.44 1.15
14. N200P300K377 4.4 0.87 12.9 1.37 0.76
15. N400P300K377 4.9 0.91 12.9 1.28 0.84
16. N600P300K377 4.5 0.96 13.4 1.22 0.91
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18000 lx illumination and 12.9% at 9000 lx. When studying 
the Ca content in plants (Table 9) an interesting pattern was 
observed. On both soil types, at both illuminations the cal-
cium content was the highest in the plants of the control vari-
ants and decreased with the increase of the nitrogen rate. On 
Luvisols the calcium content was higher at low illuminance, 
while on Vertisols no such tendency was established. When 
Mg content was observed, there was a similar tendency as at 
calcium – the highest content of magnesium was measured at 
non-fertilized plants. On both soils, magnesium content was 
lower in plants of low illuminance, and between the variants 
of fertilization consequential differences were missing. High 
baseline potassium content of Vertisols and additional potas-
sium fertilization in Luvisols inhibited translocation of K, Ca 
and Mg in plants. This is most probably due to the competi-
tive relationship of these elements in plants (Neubert et al., 
1970; Mengel and Kirkby, 1982).

Conclusion

On Vertisols when compared with Luvisols plants of 
higher and greater fresh weight and number of leaves were 
formed. From the factors studied (soil type, fertilization and 
lighting) fertilization was with the most strongly proven 
impact on the development of plants (between 41.2 and 
60.6%), concerning the number of leaves, height and weight 
of the plants. 

The reaction of the experimental plants to the illuminance 
was in different directions. On Luvisols more and higher 
plants were formed under low illumination level (9000 lx). 
The number of leaves in both soils and the leaf fresh weight 
on Vertisols were larger at illuminance of 18000 lx.

With the increase of nitrogen level, the contents of chlo-
rophylls, total sugars, nitrates and nutrients (N, P, K) in-
creased. On Vertisols at the fertilization level N600P300K377, 
inhibition of the chlorophyll synthesis and nitrogen uptake 
was observed.

On Vertisols compared with Luvisols, at both illumina-
tions (as well as the content of total sugars in the illumina-
tion of 9000 lx.) the absorption of nitrogen, phosphorus and 
potassium from the spinach plant was greater, chlorophylls 
were synthesized more, and the nitrate content was lower.
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