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ABSTRACT 
  
The use of microorganisms as plant probiotics together with plant growth 
promoters increase crop yield and quality by reducing the use of pesticides and 
chemical fertilizers. However, there are few studies about the effects of plant 
probiotics on the growth of crops, and especially, on the content of their bioactive 
compounds. At the same time, there has been a strong increase in studies 
addressing the benefits of bio fertilization for crops and the environment. 
Leonardite is rich in organic matter (50-75%) and its humic acid content could 
change between 30 and 80%. Leonardite provides both nutrients and increases 
absorption of available nutrients in different soil types. Evaluation of suitable 
humate compositions as a potential organic fertilizer will improve micronutrient 
availability or prevent toxicity of these nutrients. The aim of the study was to 
determine the effects of probiotics in combination with leonardite on the growth 
and mineral composition (N, P, K, Ca, Mg, Fe, Zn contents) of strawberry plants. 
The present study showed that application of probiotics in combination with 
leonardite resulted in increasing growth and vitamin C content of strawberry. The 
highest fresh weight of 13 g fruit-1 was determined in the treatment of probiotic in 
combination with leonardite. Whereas, lowest average fresh weight of 4 g fruit-1 

was determined in the non-treatment of probiotic without leonardite. The results 
have also clearly indicated the positive relationship between probiotics 
treatments together with leonardite and some mineral contents of strawberry 
plant. It is probably derived from a positive relationship between probiotics and 
leonardite. 
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INTRODUCTION 
 
Probiotics are live microorganisms which when 
administered in adequate amounts confer a beneficial 
health benefit on the host (JFA, 2002; Arvanitoyannis and 
Van Houwelingen, 2005). Probiotics have been used for 
centuries in fermented dairy products. However, the 
potential applications of probiotics in nondairy food 
products and agriculture have not received formal 
recognition. In recent times, there has been an increased 
interest in food and agricultural applications of probiotics, 
the selection of new probiotic strains, and the development 
of new application has gained much importance. The uses 

of probiotics have been shown to turn many health benefits 
to the human and to play a key role in normal digestive 
processes and in maintaining the animal’s health. Probiotics 
applications have been extended from human applications 
to diversity of agricultural application. Thus, the 
agricultural applications of probiotics with regard to 
animal, fish, and plants production have increased 
gradually. However, a number of uncertainties concerning 
technological, microbiological, and regulatory aspects exist 
(Kröckel, 2006). Probiotics is important in sustainable 
agricultural   production   of   agricultural   plants.  A  strong  
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growing market for plant probiotics for the use in 
agricultural biotechnology has been shown worldwide with 
an annual growth rate of approximately ten percent.  

Based on the mode of action and effects, the plant 
probiotics products can be used as biofertilizers, plant 
strengtheners, phytostimulators, and biopesticides (Berg, 
2004). They will help plants grow better, have more yield, 
decrease fertilizers, improve soil fertility and increase yield 
of following crops as a result. Additionally, probiotics 
produce a variety of beneficial compounds such as 
antimicrobials, lactic acid, hydrogen peroxide, and a variety 
of bacteriocins (Holzapfel, 2001). Several mechanisms are 
involved in the probiotics-plant interaction. It is important 
to specify the mechanism and to colonize plant habitats for 
successful application. Steps of colonization include 
recognition, adherence, invasion, colonization and growth, 
and several strategies to establish interactions. Plant roots 
initiate crosstalk with soil microbes by producing signals 
that are recognized by the microbes, which in turn produce 
signals that initiate colonization (Bais et al., 2006; Compant 
et al., 2010). Colonizing bacteria can penetrate the plant 
roots or move to aerial plant parts causing a decreasing 
bacterial density as compared with rhizosphere or root 
colonizing populations (Unno et al., 2005). Furthermore, in 
the processes of plant growth, probiotic bacteria can 
influence the hormonal balance of the plant whereas 
phytohormones can be synthesized by the plant themselves 
and also by their associated microorganisms (Holzapfel, 
2001).  Although there are few studies on the effects of 
plant probiotics on the growth of crops and especially, on 
the content of bioactive compounds. At the same time, there 
has been a strong increase in studies addressing the 
benefits of biofertilization for crops and the environment 
(Gorbach, 2002).  

On the other hand, selection of good organic materials for 
manufacture of probiotics is definitely necessary in order to 
guarantee the quality of products and therefore exploit 
effectively the benefits of probiotics for crops. The 
microorganisms can play a beneficial role in plant 
development, but when they are endophytic, the plants are 
to be consumed raw (García-Fraile et al., 2012). Leonardite 
is rich in organic matter (50-75%) and its humic acid 
content could change between 30 and 80%. Leonardite 
provides both nutrients and increases absorption of 
available nutrients in different soil types (Chen and Aviad, 
1990). The most important difference between soil and 
leonardite is plant nutrients. Leonardite based humic 
substances can also serve as nitrogen, phosphorus, and 
sulfur and other plant nutrient reservoirs in the soil which 
in turn could be taken up by plants (David et al., 1994; 
Cimrin and Yılmaz, 2005; Karaman et al., 2012). When 
compared with soil in terms of plant nutrients, leonardite 
material is high in phosphorus (P2O5), poor in potassium 
(K), calcium carbonate content is very high, soil reactions 
(pH) are around neutral. Fe, Mn, Cu, Zn can be taken from 
the micro elements by the plant. Leonardite material does 

not contain boron enough to prevent plant growth (Erkoç, 
2009). 

Many studies have shown that coal-humic fertilizers 
activated the biochemical processes in plants depending on 
humic acid source, concentration, application type, plant 
species and cultivars. Evaluation of suitable humate 
compositions as a potential organic fertilizer will improve 
micronutrient availability or prevent toxicity of these 
nutrients due to the fact that the smaller HA and FA 
molecules have higher fertilizer value which are readily 
absorbed by the plants along with trace nutrients. 
Application of humic acids (HAs) or fulvic acids (FAs) in 
combination with trace elements and other plant nutrients 
can also improve the growth of plant foliage, roots, and 
fruits. On the other hand, for many years growers have 
been applying excess fertilizers such as nitrogen, 
phosphorus and potassium. Humic substances will also 
maximize the efficient use of residual plant nutrients, 
reduce fertilizer costs, and help release those plant 
nutrients presently bound is minerals and salts (Pettit, 
2006). The aim of the study was to determine the effects of 
probiotics in combination with leonardite on the growth 
and bioactive composition of strawberry plants. 
 
 
MATERIALS AND METHODS 
 
A pot experiment was conducted based on the randomized 
block design with four replications to determine effect of 
probiotics with or without combination in leonardite on 
strawberry (Fragaria × ananassa L.) growth and bioactive 
mineral composition. In the study, SCD Probiotics Soil 
Enrichment™ was used as probiotic source, which is an all-
natural and environmentally safe soil booster for the plants. 
SCD Probiotics Soil Enrichment™ is a concentrated formula 
and was diluted with water. It was diluted 1 tablespoon of 
SCD Probiotics Soil Enrichment™ per ½ gallon of water and 
soak for 24 hours. The solution was applied directly to the 
soil around the base of the plants.  

Leonardite used in this study was obtained Afşin-Elbistan 
Region of Turkey. The largest of the turkey lignite reserves 
in Afshar-Elbistan basin are in a ratio of 46%. The 
economically operable lignite reserve in this basin is 3.2 
billion tons (Koçak et al., 2001). Leonardite was applied to 
pots at the rates of 0 (-Leonardite) and 500 mg kg-1 
(+Leonardite). After determining fresh yield and yield 
parameters of strawberry, leaves were dried at 75C for 48 
h and weighed to measure dry weights. To evaluate fruit 
quality, vitamin C and mineral composition (N, P, K, Ca, Mg, 
Fe, Zn) was measured using the titration method and ICP 
spectrometer, respectively. The data were subjected to 
analysis of variance. Some physical and chemical properties 
of experimental soil are shown in Table 1. 

The soil samples, texture was determined using 
hydrometer method (Bouyoucos, 1951), pH and EC 1: 2.5 
soil  -   water    mixture    (Jackson,    1958),    lime   Scheibler  
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Table 1: Some physical and chemical properties of experimental soil. 
 

Soil properties Nutrient Levels 

pH, 1:2.5 7.42 Total N, % 0.081 

EC, % 0.03 P2O5, kg/da 0.55 

Lime, % 4.12 K2O, kg/da 112.73 

OM, % 1.64 Fe, mg kg-1 22.16 

Sand,% 19.53 Mn, mg kg-1 4.52 

Silt,% 38.36 Zn, mg kg-1 0.43 

Clay,% 42.11 Cu, mg kg-1 1.66 

 
 

Table 2: Effect of probiotics in combination with or without peat soil on the growth parameters of strawberry. 
 

Parameter 
- Lonardite + Leonardite 

Control + Probiotics Control + Probiotics 

Flowers, number per plant (±SE) 6 (± 0.55) 5 (± 0.73) 7 (± 1.61) 11 (± 0.87) 

Fruits, number per plant (±SE) 4 (± 0.46) 4 (± 0.33) 5 (± 0.56) 9 (± 0.75) 

Fresh weight, g per fruit (±SE) 4 (± 1.73) 6 (± 1.02) 7 (± 0.99) 13 (± 1.14) 

Dry weight, g per fruit (±SE) 1.16 (± 0.42) 1.18 (± 0.56) 1.19 (± 0.09) 1.24 (± 0.11) 
 

Values followed by different letter in each treatment are significantly different from each other at p<0.01. S.E. = Standard Error. 

 
 

Table 3: Effect of probiotics in combination with or without peat soil on the bioactive components of strawberry. 
 

Parameter 
- Lonardite + Leonardite 

Control + Probiotics Control + Probiotics 

Vitamin C mg kg-1 (±SE) 2112 (± 116) 1996 (± 83) 2188 (±225) 2641 (± 178) 

Nitrogen (N) % (±SE) 0.83 (± 0.12) 1.09 (± 0.19) 1.16 (± 0.08) 1.59 (± 0.23) 

Phosphorus (P) %  (±SE) 0.27 (± 0.17) 0.35 (± 0.15) 0.24 (± 0.23) 0.36 (± 0.02) 

Potassium (K) % (±SE) 1.46 (± 0.05) 1.39 (± 0.06) 1.63 (± 0.12) 1.58 (± 0.09) 

Calcium (Ca) % (±SE) 0.23 (± 0.01) 0.24 (± 0.01) 0.28 (± 0.03) 0.31 (± 0.04) 

Magnesium  (Mg) % (±SE) 0.17 (± 0.02) 0.18 (± 0.03) 0.22 (± 0.05) 0.17 (± 0.08) 

Iron (Fe), mg kg-1 (±SE) 25.48 (± 0.16) 26.35 (± 0.55) 34.17 (± 1.18) 44.72 (± 2.59) 

Zinc (Zn), mg kg-1 (±SE) 16.52 (± 1.83) 17.83 (± 1.35) 22.73 (± 1.42) 22.99 (± 1.73) 
 

Values followed by different letter in each treatment are significantly different from each other at p<0.05. S.E. = Standard 
Error. 

 
 

calcimetry (Richards, 1954), organic matter Walkey Black 
method (Jackson, 1962), total nitrogen by the Kjeldahl 
method (Bremner, 1965), exchangeable potassium US 
Salinity Lab. According to Staff (1954), the available 
phosphorus spectrophotometric method (Olsen et al., 
1954).  
 
 
RESULTS AND DISCUSSION 
 
The present study investigated that application of 
probiotics in combination with leonardite resulted in 
increasing growth of strawberry. Probiotic applications to 
the soil having leonardite gave the highest mean of yield 
and flowers for strawberry (Table 2). The highest fruit 
number of 9 per plant was determined in the treatment of 

probiotic in combination with leonardite. Whereas, the 
lowest average fruit number of 4 per plant was determined 
in the -treatment of probiotic without leonardite. The 
highest fresh weight of 13 g fruit-1 was determined in the 
treatment of probiotic in combination with leonardite. 
Whereas, the lowest average fresh weight of 4 g fruit-1 was 
determined in the non-treatment of probiotic without 
leonardite. 

The study investigated that application of probiotics in 
combination with leonardite resulted in increasing vitamin 
C content of strawberry. Probiotic applications to soil 
having leonardite gave the highest mean of vitamin C 
content of strawberry (Table 3). The highest average 
vitamin C value of 2641 mg kg-1 was determined in the 
treatment of probiotic in combination with leonardite. 
Whereas, the lowest average vitamin C value of 1996 mg kg- 
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1 was determined in the treatment of probiotic without 
leonardite. The N, P, K, Ca, Mg and Fe contents also varied 
depending on probiotic applications with or without 
combination with leonardite. The highest average total N 
value of 1.59% was determined in the treatment of 
probiotic in combination with leonardite, whereas, the 
lowest average total N value of 0.83 % was determined in 
the non-treatment of probiotic without leonardite. The 
highest average Fe and Zn values of 44.72 and 22.99 mg kg-

1 were also determined in the treatment of probiotic in 
combination with leonardite, respectively. 
 
 
Conclusion 
 
The use of microorganisms as plant probiotics together 
with plant growth promoters increase crop yield and 
quality by reducing the use of pesticides and chemical 
fertilizers. However, there are few studies about the effects 
of plant probiotics on the growth of crops, and especially, 
on the content of their bioactive compounds. On the hand, 
research on interactive relationships between leonardite 
application as humic matter source and plant nutrients in 
agricultural fields is still insufficient, and there is still a 
need for scientific data based on varied soil and plant 
varieties, especially in terms of plant development and fruit 
quality. This study aimed to determine the effects of 
probiotics in combination with leonardite on the growth 
and bioactive composition of strawberry plants. Application 
of probiotics on strawberry increased in flower and fruit 
number, dry and fresh yield. However, the effect of 
probiotics on the growth and bioactive composition of 
strawberry plants resulted in varied values depending on 
leonardite. To evaluate fruit quality, vitamin C and mineral 
composition was also measured. Application of probiotics 
in combination with leonardite resulted in increasing 
growth and vitamin C content of strawberry. The N, P, K, Ca, 
Mg, Fe and Zn contents were also varied depending on 
probiotic applications in combination with or without 
leonardite. The results have clearly revealed that the 
treatment of probiotics had more positive effect on the 
growth and bioactive mineral components of strawberry 
under the peat medium. It is probably derived from a 
positive relationship between probiotics and leonardite. 
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