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Abstract 

Microbial fertilisers containing various microorganisms that are in a symbiotic relationship within each other and with plant roots 

have positive effects on plant growth, development and flowering. They can be used in conventional, organic and sustainable 

agriculture systems and reduce chemical fertiliser consumption. In this study conducted under greenhouse conditions, the effects 

of Herasim microbial fertiliser on yield and some quality characteristics of lettuce were investigated. Caipira (Lactuca sativa var. 

crispa) lettuce cultivar was used as plant material. In pot trials, 70% peat + 30% perlite mixture was used as a growing medium. A 

total of 9 different treatments were included in the research: Control (C), 100% Chemical Fertilisation (100% CF), 50% Chemical 

Fertilisation + Microbial Fertilisation (50% CF + MF), 75% Chemical Fertilisation + Microbial Fertilisation (75% CF + MF), 100% 

Chemical Fertilisation + Microbial Fertilisation (100% CF + MF), Immersion + Chemical Fertilisation (I + CF), Microbial Fertilisation 

alone (MF), 50% Chemical Fertilisation + Microbial Fertilisation + Foliar Microbial Fertilisation (50% CF + MF + FMF), 75% Chemical 

Fertilisation + Microbial Fertilisation + Foliar Microbial Fertilisation (75% CF + MF + FMF). Head height (cm), root collar diameter 

(mm), number of leaves (number/plant), leaf colour (L*, a* and b*), chlorophyll (SPAD), soluble solids (%SS), pH, total and marketable 

yield (g/plant) criteria were examined.  The total and marketable yield results obtained from 100% CF + MF, I + CF, 75% CF + MF, 

75% CF + MF + FMF and 50% CF + MF + FMF treatments were the highest and very similar to that of 100% CF treatment. In addition, 

similar or better results were obtained for the same treatments in terms of lettuce growth, colour, chlorophyll and SS criteria. 
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INTRODUCTION 

According to the data of TUIK, vegetable production in Turkey in 2023 is determined as 31.8 

million tonnes. The most produced vegetable is tomato with 13.3 million tons, followed by watermelon 

with 3.2 million tons and onion with 2.6 million tons. The production of leafy vegetables, including 

lettuce, is over 2 million tonnes and lettuce production is 577 thousand tonnes (TÜİK 2024). Lettuce, 

one of the annual cool-climate vegetables whose leaves are mostly consumed (Aćamović-Đoković et al. 

2011; Colonna et al. 2016) as salads and processed vegetables, is of great importance for human nutrition 

due to its rich vitamins, minerals, and antioxidants. Raw lettuce contains more nutrients than processed 

lettuce (Aćamović-Đoković et al. 2011). 

One of the most significant challenges facing vegetable cultivation in our country is the relatively 

low yield per unit area, which varies depending on the region and on the species being cultivated (Aksoy 

& Altındişli, 1998). Since the beginning of the 20th century, chemical fertilisers, hormones and 

pesticides have been used extensively to increase yields (Aksoy, 1999). In today's intensive modern 

agriculture, the main objective is to achieve the maximum yield. However, the potential damage to the 

soil and the environment caused by chemical fertilisers is often overlooked, as highlighted by Parr et al. 

(1994). Chemicals lead to deterioration of soil structure and biological balance in the soil. Therefore, 

alternative organic inputs for agriculture are being investigated to regain the lost fertility and biological 

balance, and to grow crops that will bring benefit to environment and human health. Biofertilisers or 

microbial fertilisers are among these alternative products with significant potential.  

Microbial fertilisers are organic products that generally contain microorganisms obtained from 

plant roots or root zones (Chen, 2006; Gupta & Sen, 2013). In other words, microbial fertilisers are 

products that contain different types of microorganisms that can mobilize elements in the soil that cannot 

be used by plants (Muraleedharan et al. 2010). Cocktail mixtures known as Effective Microorganisms 

consisting of lactic acid bacteria, phototrophic bacteria and yeast (Goessler & Kuehnelt, 2002) are used 

in plant cultivation, are physiologically compatible with each other and can coexist by working in a 

symbiotic relationship. There are studies suggesting that beneficial microorganisms can improve soil 

quality, plant growth and yield (Yamada & Xu, 2001). In addition, yeasts produce hormones and 

enzymes that promote plant cell and root division. The different microorganisms in the cocktail mixtures 

complement each other and establish a symbiotic relationship with the plant roots in the soil. 

Plants grow extremely well in soils where effective microorganisms live (Sun et al. 2014). Plant 

growth promoting bacteria (PGPR) such as rhizobacteria are widely used as biofertilisers for many crops 

as well as vegetables (Gravel et al. 2007). Such organisms increase the availability of nutrients to the 

plant by reducing ethylene levels in plants or increasing the production of plant growth regulators such 

as indole-3-acetic acid (IAA). Physiological mechanisms also change the morphology of roots, 

facilitating root growth and increasing nutrient uptake (Vessey, 2003; Antoun & Prévost 2006; 
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Richardson et al. 2009). Microorganisms are also known to be capable of developing defences against 

both biotic and abiotic stress factors (Pieterse et al. 2014; Prasanna et al. 2014; Triveni et al. 2015). 

Beneficial microorganisms not only suppress soil-borne pathogens but also increase the decomposition 

of organic materials and the availability of plant nutrients and important organic compounds to plants 

(Singh et al. 2003). They have significant positive effects on improving soil fertility, plant growth, 

flowering, fruit development and ripening (Lévai et al. 2006). They can be used in conventional, organic 

and integrated farming systems to reduce the consumption of chemical fertilisers and pesticides and 

minimize their negative effects on the ecosystem (Molla et al. 2012). Microorganisms activate nutrients 

(macro and micro elements) and support plant growth (Colla et al. 2010; Wang et al. 2022). 

Leafy vegetable production largely depends on the availability of NO3, which is the most 

important N source (Colla et al. 2011). Excessive N use can reduce leaf quality because it causes nitrate 

accumulation in the leaves of vegetables with a short vegetation period such as lettuce (Awaad et al. 

2016). Pseudomonas, Bacillus, Lactobacillus, Paenibacillus and Pantoea bacteria are root bacteria that 

stimulate plant growth (Chen et al. 1996; Fálico et al. 2000; Luz, 2000; Pal et al. 2000; Wall, 2000). 

Research has focused particularly on the genera Pseudomonas and Bacillus (Compant et al. 2005). It 

has been reported that many Pseudomonas species promote rapid growth by affecting seed germination, 

growth and root development, and Bacillus megaterium helps in the solubilization of P and K in soil 

(Wu et al. 2012; Keshavarz Zarjani et al. 2013; Sindhu et al. 2016; Zhao et al. 2019) and promotes plant 

growth (Zou et al. 2010; Zhou et al. 2016; Korir et al. 2017). In one study, it was found that biofertilisers 

enriched with inorganic fertilisers played an important role in the growth and yield of tomatoes and 

reduced inorganic fertiliser costs by 50% (Haque et al. 2012). As an alternative approach, NPK fertilisers 

were reduced by 75% by the use of microbial fertilisers in bean cultivation (Chauhan & Bagyaraj, 2015). 

According to Zhao et al. (2021) B. megaterium, in combination with conventional fertilization increased 

cucumber yield by 11.8%-15.2%. They also found that cucumber yield and quality were not negatively 

affected when P and K were reduced from conventional fertilization. In another study, microorganisms 

significantly increased the weight of red lettuce and contributed to the highest vitamin C concentration 

(Stojanović et al. 2020). 

This research was conducted to determine the effects of a microbial fertiliser Herasim, which 

contains a cocktail of different beneficial bacteria, on the growth, quality features and yield of curly 

lettuce grown in pots. 
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MATERIALS and METHODS 

Materials 

Research Area and Growing Medium 

This research was carried out by growing curly lettuce in pots in a glass greenhouse located at 

Akdeniz University, Türkiye. Before planting the seedlings, the pots (7 L) were filled with a mixture of 

30% perlite and 70% peat. The salt content of the peat used is very low, the grain size is between 0-7 

mm and the pH value is 6. 

Plant Material 

Caipira curly lettuce variety was used as plant material in the research and seedlings were 

purchased from a seedling company. Caipira curly lettuce variety is suitable for open fields, 

greenhouses, vertical farming and hydroponic systems. The head structure of Caipira, which is a curly, 

dark green lettuce variety, is homogeneous; the leaves are thick, juicy and crisp. The variety, which is 

suitable for spring and early autumn production in the open field in temperate coastal regions, is also 

suitable for late autumn, winter and early spring cultivation under cover. Especially in cold periods, due 

to the high number of leaves, it looks as if it has reached the harvest stage, which facilitates its sale. The 

maturity period of the variety varies between 50-60 days in hot periods and 70-90 days in cool periods. 

The average head weight at the harvest stage is between 750-1100 g. Caipira lettuce variety is resistant 

to the 16th-26th, 28th and 32nd strains of lettuce mildew, to lettuce mosaic virus and aphids.  

Microbial Fertiliser Used in The Research 

 The microbial fertiliser used in the experiment is a product called ‘Herasim Microbial Fertiliser’ 

belonging to Herasim Agricultural Products Livestock and Environmental Sciences Ltd. Co. Herasim 

Microbial Fertiliser contains Lactobacillus lactis, Lactobacillus rhamnosus, Lactobacillus plantarum, 

Lactobacillus acidophilus, Lactobacillus casei, Rhodopseudomonas palustris, Bacillus subtilis bacteria 

and Kluyveromyces lactis and Saccharomyces cerevisiae yeasts. It also contains organic carob molasses 

and water filtered by activated carbon and sand filters. Herasim microbial fertiliser contains 1x107 cfu/ml 

total number of live microorganisms.  

Climatic Characteristics of The Research Area 

A data logger was placed in the research greenhouse to record humidity and temperature values. 

After the seedlings were planted, the average humidity was recorded as 58.72% in November, 68.84% 

in December, and 70.42% in January. The average temperature was measured as 19.52 °C in November, 

17.10 °C in December, and 15.26 °C in January. The humidity and temperature values obtained are 

shown in Figure 1. 
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Figure 1. Humidity and temperature values recorded in the research greenhouse. 

 

Properties of Irrigation Water Used in The Research 

 Well water has been used as irrigation water in the Faculty of Agriculture Research Area. Table 

1 gives the pH and hardness of the irrigation water used in the research. 

Table 1. Analysis of irrigation water  

Parameters* Value Unit 
pH 7.50  
EC (25 °C) 6.36 µmhos cm-1 
Bicarbonate (HCO3-) 5.44 meq l-1 
Calcium (Ca+2) 4.63 meq l-1 
Magnesium (Mg+2) 1.07 meq l-1 

*Irrigation water characteristics were used together with climate characteristics in another study conducted in the same greenhouse. 

 
Method 

Experiment Design and Treatments 

Within the scope of the research, 9 different treatments were included together with the control 

treatment. The study was carried out according to the random plots experimental design with 3 

replications. Lettuce seedlings were transplanted as one seedling for each pot on 04.11.2022. Chemical 

and microbial fertiliser applications were applied for lettuce plants in pots by calculating per plant. 

Chemical fertiliser treatments were calculated per plant in accordance with the recommended doses of 

6.5 kg da-1 N, 2.5 kg da-1 P2O5, 6 kg da-1 K2O as suggested by Aybak (2002). Chemical fertiliser was 
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applied once a week on a certain day. Microbial fertiliser treatments to growing media were applied 

every 15 days on a certain day. Foliar microbial fertiliser treatments were applied once a week on a 

certain day. The treatments and their abbreviations are given in Table 2. 

Table 2. Treatments and abbreviations included in the research 

Treatments Abbreviations 
Control  C 
100% Chemical Fertilisation 100% CF 
50% Chemical Fertilisation+ Microbial Fertilisation 50% CF + MF 
75% Chemical Fertilisation+ Microbial Fertilisation 75% CF + MF 
100% Chemical Fertilisation+ Microbial Fertilisation 100% CF + MF 
Immersion + Chemical Fertilisation I + CF 
Only Microbial Fertilisation MF 
50% Chemical Fertilisation+ Microbial Fertilisation + Foliar Microbial 
Fertilization 

50% CF + MF + FMF 

75% Chemical Fertilisation+ Microbial Fertilisation + Foliar Microbial 
Fertilization 

75% CF + MF + FMF 

 

Application of Microbial Fertiliser 

Before lettuce seedlings were planted, a solution was prepared by mixing 1 litre of microbial 

fertiliser (1 L/60 L) in 60 litres of water. Except for the lettuce seedlings to be planted in the control and 

chemical fertiliser alone treatments, the lettuce seedlings to be planted in the pots of the other treatments 

were planted after being immersed in the prepared solution for 30 min. After the seedlings were planted, 

the first irrigation was performed. One week after planting, microbial fertiliser and chemical fertiliser 

applications were started according to the research plan. 

During the growing period, microbial fertiliser was applied with the irrigation water once every 

15 days as 1 litre Herasim (1 L/60 L) per 60 litres of water. Microbial fertiliser was also applied weekly 

by foliar spraying as 1 litre of Herasim in 120 litres of water (1 L/120 L). 

Criteria Examined in Curly Lettuce 

Curly lettuce plants that reached harvest maturity were harvested on 25 January 2023. The 

parameters measured and analysed in lettuce plants are given below. Total chlorophyll content was 

determined by SPAD 502 chlorophyll meter from the leaves of curly lettuce plants before harvesting. 

Harvested lettuce plants were crushed with a juicer and the TSS value was determined as % with a 

Hanna HI 96801 Model digital refractometer. Harvested lettuce plants were crushed with a juicer the 

pH of these juices was measured using a Hanna HI 2002-02 Model pH meter. 
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Colour measurements were taken as L*, a* and b* on the third leaves from the outside of the 

harvested plants using the Minolta CR 400 Model colour chromameter, and the C (Chroma) and hº (hue) 

angle values were calculated using the *a and *b values. 

C: √(a2+b2) 

h (˚): tan-1 (b/a) 

The L*, a* and b* colour parameters show the colour values that the human eye can perceive, and 

L* shows the changes in the brightness of the colour, reaching a maximum value as it approaches 100, 

which is called white. Of the colour values, a* shows the changes from green to red, and b* shows the 

changes from yellow to blue. Increasing negative or positive values of the measured values indicate 

darkening of the colour, positive values of a* indicate red, negative values indicate green, and in the 

same way positive values of b* indicate yellow and negative values indicate blue. The hue angle 

calculated using the determined colour values indicates 0=red, 90=yellow, 180=green and 270=blue 

(Siomos et al. 2002; Madeira et al. 2003; Demir et al. 2023). 

Statistical Analysis 

The study was conducted according to the random plots trial design with 3 replications. The 

statistical analysis of the results was carried out with SAS 2009 Package Program and JPM Pro 17, an 

SAS program. 

   

    
Figure 2. Lettuce plants in pot trials before harvest 
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RESULTS and DISCUSSION 

The effects of microbial fertiliser applications on lettuce head length (cm), root collar diameter 

(mm), number of leaves (number/plant), total soluble solids (TSS; %) and pH in lettuce juices are given 

in Table 3. 

Table 3. Effects of microbial fertiliser applications on head length, root collar diameter, leaf number, 
TSS and pH of lettuce 

Treatments Head Length 
(cm) 

Root Collar 
Diameter (mm) 

Leaf Number 
(leaves/plant) 

TSS 
(%) 

pH 

C 12.47 c* 14.92 39.00 b* 5.07 a* 6.23 
100% CF 18.33 a 15.02 42.00 ab 4.20 b 6.21 
50% CF + MF 17.03 ab 15.71 41.00 ab 4.03 b 6.22 
75% CF + MF 19.30 a 15.43 42.00 ab 3.95 b 6.19 
100% CF + MF 18.27 a 15.76 44.00 ab 3.87 b 6.17 
I + CF 18.17 a 16.38 46.33 a 3.90 b 6.15 
MF 14.33 bc 15.57 39.67 b 4.42 b 6.27 
50% CF + MF + FMF 19.53 a 15.51 46.00 a 3.90 b 6.31 
75% CF + MF + FMF 18.13 a 16.83  43.33 ab 3.97 b 6.25 
LSD%5 2.7746 ns 5.8963 0.5836 ns 

*Differences between values not indicated with the same letter are significant at p<0.05 level. 

ns: Not Significant 

Different microbial fertiliser applications had significant effects on head length, leaf number and 

TSS, but no significant effects on root collar diameter and pH (p<0.05). The shortest plants in terms of 

head length were measured in the C plot, followed by and MF and 50% CF+MF plots. The highest 

values were obtained from 50% CF + MF + FMF, 75% CF + MF, 100% CF, 100% CF+ MF, I + CF and 

75% CF + MF + FMF treatments. Root collar diameter values varied between 16.83-14.92 cm and there 

were no significant differences between treatments. When the number of leaves was compared in 

different treatments, the plants with the lowest number of leaves were obtained in the C and MF 

treatments, while there were no significant differences in between the other treatments, but more leaves 

were obtained compared to the C and MF treatments. Total soluble solids content was highest in C and 

all other treatments were in the same group with lower values. There were no significant differences 

between the measured pH values and they varied between 6.31-6.15. 

Microbial fertiliser applications combined with inorganic fertiliser did not negatively affect the 

growth characteristics of lettuce and even showed an improving effect. These results are consistent with 

previous studies. For example, Demir et al. (2023) reported similar results in terms of head length, leaf 

number and TSS of lettuce with the use of a microbial fertiliser in combination with chemical fertilisers. 

In addition, contrary to this study, it was reported that the combination of microbial and chemical 

fertilisers was effective on root collar diameter and pH. Miskoska-Milevska et al. (2018) found that 
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commercial Slavol containing the microorganisms Azotobacter chroococcum, Azotobacter vinelandii, 

Derxia sp., B. megaterium, B. licheniformis ve B. subtilis increased leaf length and width when sprayed 

on cauliflower leaves. On the contrary, Rabiei et al. (2020) reported that Azospirillum brasilense and 

Azotobacter chroococcum did not affect the length of coriander whose leaves were consumed. Polat et 

al. (2004) reported that TSS was in the range of 3.86-4.06% in head lettuce and 4.40-4.60% in cos type 

lettuce and pH was in the range of 5.99-6.06% in head lettuce and 5.89-5.94% in cos type lettuce. These 

values are compatible with our study. Özbay et al. (2010) found that T. harzianum bacteria increased 

the TSS of rocket by 13% and cress by 11%. 

The effects of microbial fertiliser applications on L*, C and hº colour values and total chlorophyll 

(SPAD) content of lettuce are shown in Table 4. 

Table 4. Effects of microbial fertiliser applications on L*, C and hº colour values and total chlorophyll 
of lettuce 

Treatments L* C hº Chlorophyll 
C 66.74  a* 43.26  a* 116.25  c* 24.60  de* 
100% CF 59.68  bc 40.93  cd 118.95  ab 31.47  a 
50% CF + MF 58.39  cd 42.06  abc 119.24  a 26.53  cde 
75% CF + MF 56.68  cd 40.61  cd 119.70  a 30.07  ab 
100% CF + MF 57.53  cd 41.66  abcd 119.24  a 27.83  bcd 
I + CF 59.96  bc 41.28  bcd 119.25  a 30.80  ab 
MF 63.68  ab 42.96  ab 117.84  b 23.90  e 
50% CF + MF + FMF 58.08  cd 40.95  cd 118.79  ab 29.50  abc 
75% CF + MF + FMF 55.15  d 40.16  d 119.41  a 31.07  ab 
LSD%5 4.4066 1.7997 1.2615 3.3217 

*Differences between values not indicated with the same letter are significant at p<0.05 level. 

 
Statistically significant differences were found between treatments in terms of colour criteria and 

chlorophyll content (p<0.05). The highest L* value in lettuce leaves was measured in C and MF. The 

lowest L* value was determined in 75% CF + MF + FMF, followed by 75% CF + MF, 100% CF + MF, 

50% CF + MF + FMF and 50% CF + MF plots. The highest C value indicating leaf colour saturation 

was obtained in the C and MF, while the lowest values were obtained in the 75% CF + MF + FMF, 75% 

CF + MF, 100% CF and 50% CF + MF + FMF treatments. The hº angle, which expresses the changes 

in the colour of the leaves, was highest in 75% CF + MF, 75% CF + MF + FMF, I + CF, 50% CF + MF, 

100% CF + MF and 50% CF + MF + FMF treatments. The lowest hº value was determined in C. Green 

colour is an important morphological trait in lettuce, the leaves of which are consumed as a vegetable. 

When the colour values obtained were examined from this point of view, it can be said that greener 

lettuce was harvested in 50% CF + MF, 75% CF + MF, 100% CF + MF, I + CF, 50% CF + MF + FMF 

and 75% CF + MF + FMF treatments. When the total chlorophyll content was evaluated according to 

the treatments, the highest values were obtained in the plants in 100% CF, 75% CF + MF + FMF, I + 
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CF and 75% CF + MF plots. The treatments with the lowest chlorophyll content were in the MF and C 

plots. It was also determined that the chlorophyll contents were generally in parallel with the colour 

values. 

 

Figure 3. 75% CF + MF + FMF treatment plants that have reached the harvest stage. 

 Ucok et al. (2019) showed in their research with different organic fertilisers that L* in curly 

lettuce varied between 56.23–59.43, C varied between 37.19–38.82, and hº varied between 115.56–

117.61. Contrary to these, Sönmez et al. (2017) found that organic fertilisers did not affect these colour 

values. The colour values determined in our research are consistent with these studies. Demir et al. 

(2023), who investigated the effects of microbial fertilisers on lettuce, reported quite similar results to 

our research in terms of the lettuce colour and chlorophyll changes. 

 The effects of different microbial fertiliser applications on total (g/plant) and marketable 

(g/plant) yield of lettuce are shown in Table 5. 

Table 5. Effects of different microbial fertiliser applications on total and marketable yield of curly 
lettuce.  

Treatments Total yield (g/plant) Marketable yield (g/plant) 
C 138.33  c* 125.00  c* 
100% CF 270.00  ab 246.67  ab 
50% CF + MF 253.33  b 235.00  b 
75% CF + MF 280.00  ab 260.00  ab 
100% CF + MF 281.67  ab 266.67  ab 
I + CF 296.67  a 276.67  a 
MF 146.67  c 140.00  c 
50% CF + MF + FMF 278.33  ab 261.67  ab 
75% CF + MF + FMF 286.67  a 261.67  ab 
LSD%5 31.622 32.43 

*Differences between values not indicated with the same letter are significant at p<0.05 level. 
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Different treatments significantly affected total and marketable lettuce yield (p<0.05). The highest 

total yields were found in I + CF (296.67 g/plant), 75% CF + MF + FMF (286.67 g/plant), followed by 

100% CF + MF (281.67 g/plant), 75% CF + MF (280.00 g/plant), 50% CF + MF + FMF (278.33 g/plant) 

and 100% CF (270.00 g/plant) treatments. The lowest yield values were determined in C (138.33 g/plant) 

and MF (146.67 g/plant) treatments. The highest values in terms of marketable yield were obtained from 

I + CF (276.67 g/plant), 100% CF + MF (266.67 g/plant), 75% CF + MF + FMF (261.67 g/plant), 50% 

CF + MF + FMF (261.67 g/plant), 75% CF + MF (260.00 g/plant) and 100% CF (246.67 g/plant) 

treatments. Similar to the total yield, the lowest marketable yields were again determined in C (125.00 

g/plant) and MF (140.00 g/plant) treatments. 

When the results were evaluated in terms of yield; the I + CF treatment, which gave the highest 

value in total yield, provided 114.5% more yield compared to C and provided 102.3% more yield 

compared to MF. When this application (I + CF) was compared to 100% CF, 9.9% more total yield was 

obtained. The 75% CF + MF + FMF treatment, provided the highest yield although the chemical 

fertiliser dose was reduced by 25%; this yield is 107.2% higher than C; 95.5% higher than MF and 6.2% 

higher than the yield obtained with 100% CF. 

There are many studies supporting the view that microbial fertilisers increase the yield and reduce 

chemical fertiliser consumption. Demir et al. (2023) found the highest total yield in lettuce in the 

microbial fertiliser, “immersion + chemical fertilisation,” and in the “chemical fertilisation (CF) + 

microbial fertiliser (MF)” applications, while in the same study, the highest first class yield in cucumber 

was obtained in 50% CF + MF application. When the researchers compared the results obtained, they 

reported that savings could be achieved on chemical fertilisers by introducing accompanying microbial 

fertilisation. These results are similar to our research. Vejan et al. (2016) reported that yield was 

increased between 7% and 33% with the use of PGPR. Stojanović et al. (2020) concluded that some 

microorganisms were effective on lettuce yield. There are other studies with similar results on saving 

on chemical fertiliser. For example, Chauhan and Bagyaraj (2015) found that NPK in beans could be 

reduced by microbial inoculation. Kafi et al. (2021) determined that the recommended NPK dose in 

cucumber could be reduced by 30% by utilizing some beneficial bacteria. 

The positive and negative proportional effects related to the criteria examined within the scope of 

the research are shown with Pearson correlation coefficients (Table 6). Average values were used in the 

criteria examined. 
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Table 6. Pearson correlation coefficients related to the criteria examined in the study. 

Parameters L C hº Chlorophyll Total 
Yield 

Market. 
Yield 

Head 
Length 

Root Collar 
Diam. 

Leaves 
Num. TSS pH 

L 1,000           

C 0,888** 1,000          

hº -0,935** -0,817** 1,000         

Chlorophyll -0,732* -0,935** 0,722* 1,000        

Total Yield -0,898** -0,884** 0,902** 0,877** 1,000       

Market. Yield -0,897** -0,867** 0,907** 0,855** 0,998** 1,000      

Head Length -0,897** -0,893** 0,904** 0,835** 0,946** 0,953** 1,000     

Root Collar 
Diam. -0,585ns -0,486ns 0,537ns 0,392ns 0,502ns 0,501ns 0,356ns 1,000    

Leaves Num. -0,609ns -0,652ns 0,607ns 0,699* 0,807** 0,823** 0,772* 0,525ns 1,000   

TSS 0,904** 0,761* -0,952** -0,661ns -0,897** -0,916** -0,919** -0,571ns -0,766* 1,000  

pH 0,134ns 0,095ns -0,320 -0,268ns -0,351ns -0,349 -0,160ns -0,136ns -0,157ns 0,20ns 1,000 
*Significant at p<0.05 level; **Significant at p<0.001 level; ns: Not Significant 

There was a strong positive relationship between L and C and TSS among the examined criteria, 

while there was a strong negative relationship between L and hº, total yield, marketable yield and head 

length. The negative relationship between L and chlorophyll was moderate. The significant relationships 

between C and other criteria were negative except for TSS (positive). Among the relationships between 

hº and other important criteria, only TSS was negative. There was a strong positive relationship between 

chlorophyll and total yield, marketable yield, head length, and a moderately significant positive 

relationship with the number of leaves. While there was a strong positive relationship between total 

yield and marketable yield, head length and number of leaves, there was a strong negative relationship 

with TSS. The relationships between the examined criteria can be seen in Table 6. 

The principal component analysis conducted by considering the criteria examined in the research 

is shown in Figure 4, and the load matrices are shown in Table 7. 
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Figure 4. Principal component analysis results of the parameters examining the effects of microbial 
fertiliser applications. 

According to the principal component analysis results, Figure 4 shows two components. The first 

principal component represented 74%, the second principal component 9.17% and the total variation 

83.17%. All analysed components and factor loadings can be seen in Table 7. 

Table 7. Load matrices of the examined criteria 

Parameters Prin1 Prin2 Prin3 Prin4 Prin5 
L -0,93390 -0,14187 -0,05527 0,28158 0,05680 
C -0,91533 -0,17470 0,15446 -0,01020 0,31765 

ho 0,93532 -0,06099 0,03716 -0,31904 0,05801 

Chlorophyll 0,86920 -0,03195 -0,25100 0,23750 -0,33756 
Total Yield 0,98398 -0,08892 -0,08128 0,04446 0,02241 
Marketable Yield 0,98470 -0,08739 -0,06865 0,04093 0,07833 
Head Length 0,95707 0,09793 -0,23209 -0,04192 0,12400 
Root Collar Diameter 0,58232 0,07031 0,78301 0,07432 -0,19250 
Leaves Number 0,80591 0,05831 0,08860 0,50667 0,28424 
TSS -0,93574 -0,05393 -0,11003 0,15663 -0,27603 
pH -0,27789 0,95777 -0,04517 0,01212 0,03662 

 
The most important traits constituting the first main component were marketable yield, total yield, 

head length, TSS, ho colour value, L* and C colour values, chlorophyll and leaf number according to 



Uçan, Demir & Yalçi / Uluslararası Tarım Araştırmalarında Yenilikçi Yaklaşımlar Dergisi /  
International Journal of Innovative Approaches in Agricultural Research, 2024, Vol. 8 (3), 200-217 

 

213 

factor loadings. In the second main component, only the most important factor loading was pH, while 

the third component was root collar diameter. 

Conclusions 

This research was carried out in pots to determine the effects of a microbial fertiliser called 

Herasim containing different beneficial bacteria in a cocktail form on the growth, quality and yield 

characteristics of lettuce. The results of the study were significant. First of all, it was determined that 

Herasim microbial fertiliser had no negative effects on lettuce growth characteristics, quality criteria, 

leaf colours and yield. It was determined that basically similar results were obtained with 100% CF in 

terms of the criteria examined, and even some healing effects of microbial fertiliser appeared when the 

chemical fertiliser dose was reduced. For example, greener lettuce leaves were harvested by applying 

microbial fertilisation at reduced chemical fertiliser doses. 

In addition to different chemical fertiliser doses, higher yield values were obtained with microbial 

fertilisers applied in comparison to that of control and microbial fertiliser only applications. Despite the 

reduced NPK doses, it is noteworthy that similar yield results were obtained with 100% CF alone with 

the addition of microbial fertiliser. In this respect, 75% CF + MF and 75% CF + MF + FMF and 50% 

CF + MF + FMF trials are important in terms of fertiliser savings. The increase in yield by spraying 

microbial fertiliser on the leaves was also found to be remarkable. 

In the I + 100% CF application, where the microbial fertiliser was applied to lettuce by dipping 

only before planting, the highest total yield (296.67 g/plant) and marketable yield (276.67 g/plant) were 

obtained and it was shown that the plant could develop better due to better nutrient uptake by the plant 

roots at an early stage in this application.  
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