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Effect of organic fertilizers on photosynthesis of young tomato plants (Lycopersicon

esculentum Mill.)

Z. Zlatev™, V. Popov’

'Department of Plant Physiology and Biochemistry, Faculty of Agronomy, Agricultural University, 12 Mendeleev, 4000 Plovdiv, Bulgaria
*Department of Agroecology and Protection of Agroecosystems and Population, Faculty of Plant Protection and Agroecology, Agricultural University, 12

Mendeleev, 4000 Plovdiv, Bulgaria

Abstract. The aim of this study was to investigate the effect of organic fertilization on photosynthesis of young tomato plants (Lycopersicon esculentum Mill.) -
cv. Trapezica and cv. Yana. The field experiments were carried out at the experimental field of the Agroecological Centre of Agricultural University-Plovdiv,
which is certified as an organic farm. For the purpose of the research, two biofertilizers were used — Emosan and Lumbrical (both authorized for use in organic
farming). The results indicated that the applying of organic fertilizers increased leaf gas exchange parameters and pigment content in the studied cultivars. Itis
established that there was a positive effect of biofertilizers upon the functional activity of the photosynthetic apparatus.

Keywords: Lycopersicon esculentum Mill., leaf gas exchange, organic-N fertilizer, organic agriculture, photosynthesis

Introduction

In the past decades modern agricultural practices strongly
affected the soil environment and thus are likely to disturb soil
physical properties, microbial communities and the ecological
equilibrium of agricultural ecosystems. These changes may, in turn,
influence soil processes (Ghoname and Shafeek, 2005). Negative
social and environmental consequences of chemically-intensive
agriculture have prompted vigorous debates about the sustainability
of modern agriculture (Delate, 2002) and have inspired comparative
research programs in many parts of the world (Szafirowska and
Babik, 2005). The most prominent alternatives to conventional
agriculture in Europe fall within the purview of organic agriculture,
which is defined as a system for maintenance of the natural fertility of
the soil, biological diversity of the species and the ecological balance
of the environment. This type of agriculture avoids or totally excludes
the use of synthetic fertilizers, pesticides, growth regulators and food
additives. It counts mostly on the role of the sowing alternations, the
use of plant waste, manure and green fertilization, as well as the
aspects of biological protection. A number of authors consider that
organic production gives lower yields (Amor et al., 2008), however at
the same time the harvest is characterized by better taste qualities
compared to the one obtained through conventional production
(Rembialkowska, 2000; Karanatsidis and Berova, 2009). Organic
farming is one of the fastest growing sectors of agriculture worldwide
(Dzhabarova, 2004). Its main objective is to create a balance
between the interconnected systems of soil organisms, plants,
animals and humans. Through the effective use of resources on the
farm and natural resources Bulgarian legislation seeks to encourage
the forces of the natural self and the natural resistance that each
systemhas.

For the procurement of optimal conditions for growth and
development of plants under the conditions of organic production a
complex of agro-technical events must be applied and the specific
features of the separate cultivars must be taken into consideration.
One of the agro-technical events related to organic production is the
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use of biofertilizers in the ecological farms (Wange, 1995;
Tringovska, 2004). Recently biofertilizers obtained from various
earthworms have been studied intensely (Subler et al., 1998; Clive
et al., 2006; Berova and Karatzanidis, 2008) and methods of their
application in organic fertilization are sought after.

The availability of suitable areas, legal basis, supervising and
certification authorities regarding organic production, are good
preconditions for the development of organic agriculture in Bulgaria
(Dzhabarova, 2004). However, the practical application of this type
of production should be supported by scientific data sets. Therefore,
in recent years in many countries, including Bulgaria, research on
this problem has increased (Delate, 2002; Ghoname and Shafeek,
2005; Berova and Karanatsidis, 2008).

The aim of this study was to analyze the effect of biofertilisers
Emosan and Lumbical on photosynthesis of young tomato plants.

Material and methods

The field experiment was carried out in the experimental field of
the Agroecological centre, holder of a certificate for ecological farm,
on alluvial-meadow soil. The research was carried out with two
tomato (Lycopersicon esculentum Mill.) cultivars: cv. Trapezica and
cv. Yana. The seedlings were grown in a tunnel-shaped plastic cover
without pricking out. The experiment was carried out in randomized
block design under the following scheme: 1. Control - soil (no
organic fertilizer application); 2. Soil and application of organic
fertilizer Emosan (organic-N fertilizer) — 0.030 | m? 3. Soil and
application of organic fertilizer Lumbrical (produced by the
Californian earthworm Lumbricus Rubellus and Eisenia foetida)-
0.4 | m? Each variant had four replications. Analyses were
conducted 30 days after the application of biofertilizers.

The photosynthetic pigments were determined spectrophoto-
metrically. The pigments were extracted with 85% water solution of
acetone and centrifuged at 5000g for 10 min. The absorbance of the
supernatant was measured using a spectrophotometer “Specol 11
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(Carl Zeiss Jena, Germany) and calculated according to
Lichtenthaler and Wellburn (1983).

The leaf gas exchange parameters (A—net photosynthetic rate,
E —transpiration rate, gs — stomatal conductance and WUE - water
use efficiency) were determined using a portable infrared gas
analyzer LCA-4 (ADC, Hoddesdon, England). Measurements were
made under light intensity of 800 ymol m”s” PAR, at a temperature
of 2542 °C, external CO, concentration of 370 ymol mol”.

Chlorophyll fluorescence parameters were measured using a
pulse amplitude modulation chlorophyll fluorometer MINI-PAM
(Walz, Effeltrich, Germany). Minimal fluorescence, F, was
measured in 60 min dark-adapted leaves using weak modulated
light of < 0.15 mol m* s" and maximal fluorescence, F,, was
measured after 0.8 s saturating white light pulse (>5500 molm?s™)in
the same leaves. In light adapted leaves steady state fluorescence
yield (F,), maximal fluorescence (F,,) after 0.8 s saturating white light
pulse (> 5500 mol m?s”) and minimal fluorescence (F,) measured
when actinic light was turned off, were determined. Photochemical
(gP) quenching parameter was calculated according to Schreiber et
al. (1986). The efficiency of electron transport as a measure of the
total photochemical efficiency of PSII (Y) and the rate of electron
transport (ETR) were calculated according to Genty etal. (1989).

Values obtained were expressed as mean + SE of five
replications. The Student's t-test was used to evaluate the
differences between the control and the treated plants.

Results and discussion

Biofertilizers Emosan and Lumbrical have strongly pronounced
positive effect on the content of photosynthetic pigments (Table 1).
30 days after the application of fertilizers the content of chlorophyll
“a” was significantly higher compared with the control variant for both
cultivars —from 23% to 29% higher in Emosan and from 35% to 39%
in Lumbrical. With respect to chlorophyll “b” the same tendency was
observed. The differences in the chlorophyll content between the
treated and the control plants may result from the increased
biosynthesis on the one hand, and the stabilizing effect of
biofertilizers upon the chlorophyll-protein complex, on the other.
Treatment with biofertilizers also increases the carotenoids content,
slightly in cv. Trapezica and significantly in cv. Yana (Table 1). The

ratio between the photosynthetic pigments is significantly higher in
cv. Trapezica and is notchangedin cv. Yana.

In tomato seedlings of cv. Trapezica after treatment Aincreases
significantly. The effect is larger in treatment with Lumbrical (Figure
1). E is higher in variant Lumbrical, compared to the control and
Emosan treated plants. Stomatal conductance is unchanged. These
alterations predetermined changes in WUE, which is higher in
treated plants. In cv. Yana A is significantly increased and E and gs
remain unchanged. WUE is increased. In general, the analysis of
leaf gas exchange in field conditions in tomato plants treated with
biofertilizers, show that Lumbrical and Emosan significantly
increased Ain both cultivars. The data for the increased speed of the
photosynthesis are unidirectional with those related to the content of
photosynthetic pigments. This shows that increased pigment
content is one of the reasons for the higher photosynthetic speed in
the plants to which the biofertilizers are applied. Contradictory data
about the relationship between photosynthetic intensity and
chlorophyll content of leaves have been reported. Along with the
reports for the lack of linear relation between the two indices there
are other reports that higher total chlorophyll content is one of the
main factors stimulating the rate of photosynthesis and biological
productivity of organisms (Berova and Karanatsidis, 2008;
Karanatsidis and Berova, 2009; Vlahova et al., 2011). Our results
support this hypothesis.

Biofertilizers induce a decrease of F, accompanied by an
increase of F in the leaves of the studied cultivars, cv. Yana being
more affected (Table 2). A decrease in F, is characteristic of PSII
activation, whereas an increase in F, may indicate the decrease in a
non-photochemical quenching process at or close to the reaction
center. Cv. Trapezica presented an increase of 13% in the proportion
of energy driven to the photosynthetic pathway (gP) in the leaves,
while in cv. Yana P increased by 23%. Accordingly, in cv. Trapezica
Yincreased by 16%, while in cv. Yana Y was less affected (Table 2).
Concerning electron transport rate (ETR) the plants from the studied
cultivars were slightly affected and presented only a tendency to
enhancement.

In the present work the decrease of F, and increase of F, after
treatment with biofertilizers (Table 2) occurred concomitantly to an
increasein Y in the studied cultivars. That seems to indicate, to some
extent, the occurrence activation due to photoreactivation of PSII
centers, possibly attributable to D1 protein (Maxwell and Johnson,
2000). Y reflects the actual efficiency of excitation energy capture by

Table 1. Photosynthetic pigment content [mg g-1 fresh weight] in leaves of young tomato seedlings cv. Trapezica and cv.

Yana 30, days after the application of the biofertilizers

Variant Parameters
Chlorophyll Chlorophyll Carotenoids Chlorophyll (a+b)/
a carotenoids
Trapezica
Control 1.32£0.09 0.65+0.04 0.66 + 0.04 298 +£0.21
Emosan 1.63+0.12* 0.77 £ 0.05* 0.72+0.04 3.33+£0.22%
Lumbrical 1.78 £0.14* 0.78 £ 0.06* 0.71 +£0.05 3.61+0.19*
Yana

Control 129+ 0.08 0.61+0.04 0.59 +0.05 3.22+0.19
Emosan 1.66 £ 0.10* 0.72 £ 0.05* 0.73 £ 0.06* 3.26 £0.17
Lumbrica 1.79+0.13* 0.83 +0.05* 0.81 +0.06* 3.23+0.18
* P<0.5
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Table 2. Parameters of chlorophyll fluorescence of tomato seedling leaves. F, — ground fluorescence in dark adapted leaves;
F., — maximal fluorescence in dark adapted leaves; Y - actual photochemical activity of PSII;

ETR - electron transport rate; gP - photochemical quenching

Variant Parameters
F, F. Y ETR qP
Trapezica
Control 783+ 35 1963 £ 104 0.601 £ 0.045 48.6 + 3.51 0.873 £ 0.047
Emosan 618 £ 48* 2135 + 128* 0.699 £ 0.052* 49.9+3.84 0.976 + 0.051*
Lumbrical 621 £ 47* 2142 £ 143* 0.682 £ 0.048* 49.1 +3.27 0.980 + 0.072*
Yana
Control 786 + 39 2030 + 159 0.621 £ 0.053 529+4.17 0.869 £ 0.073
Emosan 613 £ 32* 2325 £ 173¢ 0.690 £ 0.047* 54.6 £ 3.53 1.073 £ 0.067*
Lumbrica 634 + 38* 2273 + 184* 0.683 £ 0.058* 56.0 + 3.68 0.982 + 0.053*
* P<0.5
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