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Highlights: ABSTRACT:
’ Ef(?iF;:‘\;r:Ll;reased Lettuce (Lactuca sativa L.) is a type of vegetable that can be produced in almost every region

of Turkey and is consumed throughout the year. Product yield and quality decrease in soils
with poor organic matter content. Rhizobacteria (PGPR) and Liquid vermicompost, which
support plant growth, were used in the study carried out to increase crop yield and improve
soil. In the study; plant head length, head diameter, root collar diameter, leaf fresh and dry

* Increased
vermicompost yield
* Increased intake of

nutrients weight, root length, leaf number, head weight, water-soluble dry matter content and plant
Kevwords: nutrient content (N, P, K, Ca, Mg, Fe, Zn and Cu) was measured. As a result of different PGPR
. ylil\efttuce. strains and vermicompost applications, when single PGPR applications and PGPR and

. . vermicompost combination applications are compared; It has been observed that PGPR+VC
» Rhizobacteri S P - - .
« Organicfertilizers applications are more effective in increasing the yield, development and nutrient content of
. Yigl d lettuce plant. Among the applications in the study, the combination of YO41+VC
(bacteria+vermicompost) came to the fore. As a result; the PGPR+VC combination used in the
study made a significant contribution to the yield components with its effect on the head
weight, number of leaves, stem length and diameter, N, P, K, Ca, Mg and Fe contents of the
lettuce plant.
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INTRODUCTION

Lettuce (Lactuca sativa L.) is a cool climate vegetable group known as an annual belonging to
the Lactuca genus of the Compositae (Asteraceae) family. Lettuce leaves are among the most
consumed vegetables group (Esiyok, 2012). It has been reported that lettuce, which has an important
production potential among green leafy vegetables, has a history of more than 2500 years in Europe
and Asia, and its use in the agricultural sector and medical fields has been used for many years. It has
been determined that the homeland of lettuce is European, North African and Asian countries (Aybak,
2002). Lettuce, which is among the cool climate vegetables, can be cultivated both in the open and
under cover. It is widely consumed because it contains important mineral substances for human health.
100 g of fresh lettuce; It is 96% water and contains 13 cal energy, 0.9 g protein, 0.1 g fat and 2.9 g
carbohydrates, including 330 U of vitamin A, 6 mg of vitamin C, 0.3 mg of niacin, 0.06 mg thiamin,
0.06 mg riboflavin, 175 mg K, 22 mg P, 20 mg Ca, 9 mg Na and 0.5 mg Fe. (Pierce 1987; Ryder,
1979). In addition, it has been reported that lettuce, which is widely used in salads, contains high
amounts of antioxidant compounds, most of which are vitamin C and polyphenols, as well as fiber
content (Nicolle et al., 2004). Lettuce, which is not very resistant to cold, develops well and quality in
humid weather conditions. Lettuce shows good growth in the weather where the average temperature
is 15-18°C, while the temperature being above 27-30°C at the maximum and below 2-4°C at the
minimum negatively affects the plant growth (Esiyok, 2012; Giinay, 2005; Thompson, 1957). The
optimum germination temperature for seeds is 15°C. Due to the short vegetation period, it can be
grown in all regions of Turkey in cool seasons (Giinay, 2005). Lettuce cultivation develops well when
the soil pH is between 5.5 and 7 (Aybak, 2002).

Fertilization;It is the application of different nutrients to the soil for better nutrition of the plant
in agricultural production.While fertilizing, it is important to give the fertilizers needed by the plant at
the appropriate time and amount according to the results of soil analysis, both in terms of soil health
and in terms of product yield and quality (Y1ldiz, 2008).Various chemical drugs, fertilizers, hormones
and additives, etc. applications used to increase productivity cause some negative consequences such
as environmental pollution (soil and air), food production that poses a risk to human health (Yolcu and
Dasci, 2008).

The structural content of vermicompost turns into a form that can be used very easily by the
plant due to the slow release and slow dissolution of the nutrients covered with worm
mucus.Vermicompost has an excellent soil conditioner feature due to its high air and water holding
capacity and good heating.At the same time, this material has the property of reducing the growth of
weeds and the risk of erosion, while protecting the roots of plants from extreme
temperatures.Vermicompost contains more nutrients that are beneficial to the plant, since the nutrients
taken by the worm in liquid form after aerobic digestion are further broken down in the digestive
system (Buchanan et al., 1988).

In a study conducted to determine the effects of different doses of vermicompost manure and
barn manure on the development of spinach plant and soil fertility, vermicompost applications
provided significant increases in plant growth, yield, mineral substance content and soil fertility
compared to control. According to the control, the pH, EC and organic matter values of the soil
increased in all treatments; It has been reported that applications with barn manure are more effective
on the N, P, K and Mg contents of the soil (Sonmez et al., 2011). In the study carried out under pot
conditions; Vermicompost was applied to farm and sheep manure in amounts of 0% (control), 1% (25
g), 3% (75 g), 5% (125 g), 7% (175 g) and the lettuce development of the fertilizer materials was
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compared. It has been determined that the effect of vermicompost applications on the earliness of curly
lettuce is significant. In general, it has been determined that sheep manure applications give positive
results in terms of the availability of plant nutrients. It was determined that farm manure played an
important role in N uptake. It has been reported that vermicompost gives good results in the uptake of
Ca, Cu and Zn elements into the plant body of curly lettuce (Hinisli, 2014). In the study, the effects of
various chemical fertilizers, biofertilizers and vermicompost combinations on the growth of mustard
plant (Brassica campestris cv.) were investigated; They reported that the best results were obtained in
vermicompost applied parcels and that the 25% reduced chemical fertilizer and vermicompost
combination gave positive results in many parameters in agroclimatic conditions compared to the
control group (Mondal et al., 2015).

The rhizosphere is an area around the root surfaces where the biological activity of a
microorganism is highest (Choudhary et al.2018). PGPR are naturally occurring soil bacteria that
aggressively colonize plant roots and benefit plants’health (Parewa et al.2018). PGPR are involved in
all beneficial activities within the soil like decomposition of crop residues, synthesis of soil organic
matter, mineralization of soil organic matter, and immobilization of mineral nutrients which help in
soil fertility improvement (Sharma et al.2017).PGPR has the ability to increase plant growth directly or
indirectly in a variety of ways (Ahmed et al.2017).Direct mechanisms include various processes such
as phosphate solubilization, nitrogen fixation, production of siderophores, HCN, ammonia, vitamins
and phytohormones (e.g. auxin, cytokinin and gibberellins) while indirect mechanisms include ACC
deaminase activity, antibiotic production, hydrolytic enzymes, ISR of phytopathogens.takes (Aloo et al
2019; Parewa et al.2018). Plants benefit from nutrients that are difficult to obtain from the soil,
regulate soil pH, balance soil moisture content, increase soil air, increase soil temperature, as well as
seed germination, root development, plant water consumption, production of growth hormones, and
protection against various diseases and harmful effects.They show a wide variety of effects, such as
providingWhile rhizobacteria (PGPR) enable plants to benefit from nutrients through N binding to soil,
P and K mineralization;they support plant growth by activating plant growth regulators (Sinha et al.,
2014).In thisstudy, it is aimed to develop applications that will contribute to high yield and quality
lettuce production by using different bacterial strains and vermicompost materials within the scope of
beneficial soil management practices.

MATERIALS AND METHODS
Materiels

Climatic features of silifke

Silitke District is geographically located between 36° 22' north latitude and 33° 56' east
longitude.The average height above sea level is 15m.Silifke is located in the semi-arid climate zone
and the Mediterranean climate is observed in the region.Summers are hot and dry, winters are mild and
rainy.Considering the long-term average temperatures, the annual average temperature is 19.1°C.The
coldest month is January (10.2°C) and the hottest month is August (28.1°C).The annual average
precipitation is 532.50 mm.The highest precipitation falls in December with 120.1 mm.Considering the
seasonal distribution of precipitation, the rainiest season is winter, while the least precipitation is
summer.

Soil properties of the trial area
Soil characteristics of the field where the study was carried out; The soil pH was found to be
6.97, salinity 0.10%, lime 1.7%, organic matter 2.1% soil texture sandy/loamy. Vermicompost
3
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Properties Used in the Study The pH of the vermicompost fertilizer used in the study was 6.9, the
electrical conductivity (EC) was 3.7 dS/m, the organic matter rate was 20%, the nitrogen content was
1.2%, the phosphorus content was 1.09%, and the potassium amount was 6.51% detected.

Fertilizer Materials Used in the Research
In the study, (NH4).SO4 was used as nitrogen fertilizer, P2Os as phosphorus source fertilizer, and
K2SOj4 as potassium fertilizer source.

Vermicompost properties used in the study

The pH of the vermicompost fertilizer used in the study was 6.9, the electrical conductivity (EC)
was 3.7 dS/m, the organic matter rate was 20%, the nitrogen content was 1.2%, the phosphorus content
was 1.09%, and the potassium amount was 6.51% , detected.

Analysis of plant nutrient element contents

Leaf samples taken from the plants were washed for chemical analysis and dried and ground at
65 °C until they reached a constant weight. The total N in the ground samples was determined
according to the modified Kjeldahl method (Kacar and Inal, 2008);For the analysis of P, K, Ca, Mg,
Fe, Mn, Zn and Cu, the plant samples were wet burned (4:1, HNO3:HCIO4) and read in the ICP-OES
device (Soltanpour and Workman, 1981).

Table 1. Different bacterial strains

Plant activators used in the experiment and their properties

SA7 Erwinia chrysanthemi biotype 1l: MIS similarity index (%) is 86, Nitrogen fixation is strongly positive,
phosphorus solubility is positive. Turgenia Latifolia was isolated from the soil surrounding the plant roots.

YO15 Pseudomonas fluorescens biotype F: MIS similarity index (%) is 63, Nitrogen fixation is positive, phosphorus
solubility is weakly positive. Thymus vulgaris was isolated from plant roots

YO19 Virgibacillus pantothenticus: MIS similarity index (%) 56, Nitrogen fixing and phosphorus dissolving properties
are strongly positive. Thymus vulgaris was isolated from plant roots.

YO41 Bacillus cereus GC subgroup A: MIS similarity index (%) is 78, Nitrogen fixing properties are strong, phosphorus
dissolving properties are strongly positive. Thymus vulgaris was isolated from plant roots.

Method

This study was carried out in the application and research areas of Mersin University Silifke
Vocational School in the fall semester of 2020. The PGPR strains used in the experiment were applied
as seed coating in the laboratory. Seed sowing was started on 15.08.2020, and on 20.09.2020 the
seedlings, which were duly grown, were planted in 3-5 leaf periods, when they reached a length of
about 10-12 cm. The study was terminated after approximately 70 days. The subject of the experiment;
According to the soil analysis results of PGPR strains (SA7, YO9, YO15, YO41 107cfu/ml),
vermicompost (350mI/100 water) and chemical fertilizer applications, 22 kg/da N, 24 kg/da P and 24
kg/da K were determined. Experiment: It was composed of VC, SA7, YO9, YO15, YO41, SA7+VC,
YO9+VC, YO15+VC and YO41+VC and the control group. In the experiment, which was planned
with four replications according to the randomized blocks trial design, 10 applications and 10 plants in
each application were planted in 10 rows, 25 cm on the row and 30 cm between the rows, a total of
10x10x10x4=4000 plants. The data obtained from the experiment were evaluated according to
ANOVA analysis of variance using “IBM SPSS statiscids 23" statistical software programs. The
Duncan Multiple Comparison Test was used to compare the differences between the means.

RESULTS AND DISCUSSION

The effects of different bacterial (PGPR) strains and vermicompost applications on plant growth
and yield are shown in Table 2. Variance analysis results were found statistically in terms of the effect
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of PGPR and vermicompost applications on yield and yield components. important. When the effect of
applications on plant head length is examined; According to the data, the highest value was obtained
from the YO41+VC (35.9 cm) application, and the lowest value was obtained from the control (27 cm)
application. YO41+VC application, which received the highest value in terms of plant head height,
showed an increase of 32.9% compared to the control application. When the effect of applications on
plant head diameter was examined, the highest value was obtained from YO41+VC (38 cm)
application, and the lowest value was obtained from control (31.2 cm) application. YO41+VC
application, which has the highest value in terms of plant head diameter, increased by 21% compared
to the control application. YO41+VC application, which has the highest value in terms of plant head
weight, increased by 386% compared to the control application. When the effect of the applications on
the root length of the plant was examined, the highest value was obtained from YO41+VC (11.7 cm)
application, and the lowest value was obtained from the control (7.6 cm) application.YO41+VC
application, which has the highest value in terms of plant root length, has increased by 54% compared
to the control application. When the effect of the applications on the number of leaves on the plant was
examined, the highest value was obtained from the application of YO41+VC (45.9 units/plant) and the
lowest value was obtained from the control (36.8 units/plant) application. In terms of plant leaf
number, the highest value YO41+VC application was increased by 24.7% compared to the control
application. When the effect of the applications on the amount of water-soluble dry matter was
examined, there was no statistically significant difference between them, since all applications were at
the same level of importance. When the effect of the applications on the plant leaf wet weight was
examined, the highest value was obtained from the YO41+VC (147.8 g) application, and the lowest
value was obtained from the control (127.9 g) application. YO41+VC application, which has the
highest value in terms of plant leaf fresh weight, increased by 15.6% compared to the control
application. While the highest value in the effect of applications on leaf dry weight was obtained from
the application of YO41+VC (12.8 g), the lowest value was obtained from the application of YO9+VC
(10.9 g). A difference of 17.4% was obtained between the applications.Vermicompost use has been
shown to increase macro and micro element uptake from soil and remediation of soil of tomato,
spinach, lettuce, pepper, and sun-flower (Zaller 2007; Citak et al.2011; Belliturk et al.2017; Erten
Adak 2016, Adilogluet al.2018).The results of the reference studies are similar to the results of our
study.

Table 2. Effects of different bacterial strains and vermicompost applications on yield components of
lettuce plant

Aplications Crown dcigmr;er Head weight  root length leaf number \SA(’)?ISI; dry Leaf fresh Leaf dry
lenght (cm) (cm) (cm) (cm) (number/plant) matter (%) weight (g) weight (gr)

Control 27+0.9¢ 31.2+0.9¢ 0.7+0.1f 7.6+0.50 36.8+0.4¢ 3.6+0.6° 127.9+3.4¢ 11.5+1.12
VK 29.3+0.6¢ 33+0.5¢ 1.2+0.7¢ 9.5+0.4a 36.6+1.1¢ 3.8+0.12 132.9+2.82bc 12.7+12
SA7 34.7+0.7% 37+0.5%¢ 2.4+0.20¢ 10.9+0.52 43.6+0.30 3.5+0.3° 139.4+3.520¢ 11.9+0.52
Y09 34.1+0.7% 36.1+0.4b¢ 2+0.1¢ 10.2+0.52 41.7+0.5¢ 3.5+0.3° 137.4+1.720¢ 10.9+0.62
YO15 33.3+0.5° 35.3+0.4¢ 2.240.1« 10.2+0.9a 42.440,7% 3.5+0.3° 131.3+4.6% 12.3+0.62
YO41 34.6+0.4% 37.2+0.7% 2.5+0.8% 11+0.9a 44,2+0.42bc 3.5+0.2° 136.3+5%¢ 12.4+0.72
SA7T+VC 35.3+0.32 37.8+0.4% 2.6+0.6% 11.1+0.62 45.4+0.5® 3.5+0.6° 142.1+5% 12.4+0.52
YO9+VC 34.8+0.4% 36.6+0.4%c 2.5+0.6% 10.6+1.12 44.3+0.7%c 3.54+0.3° 138.3+4.6%¢ 12.2+0.52
YO15+VC 34.3+0.4% 36+0.70¢ 2.5+0.4abc 11.4+0.92 44.8+0.9% 3.5+0.4° 135.6:+6.420c 12.1+0.62
YO041+VC 35.9+0.22 38+0.52 2.7+0.62 11.7+0.92 45.9+0.42 3.6+0.7° 147.8+3.32 12.8+0.62
Average 33.33 35.82 2.13 10.42 42.57 3.55 136.9 12.12

VC;Vermicompost.When the columns are examined from top to bottom, the means containing the same letter are not statistically different according to
the Duncan (p=0.05) test

In Table 3, the effects of different bacterial strains and vermicompost applications on plant
nutrient content are examined. The effect of different PGPR and vermicompost applications on plant
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nutrient content was found to be statistically significant as a result of analysis of variance. When the
effects of applications on plant nitrogen contents are examined; According to the data, the highest
value was obtained from SA7+VC (3.7%) and HS41+VC (3.7%) applications, while the lowest value
was obtained from the control (2.8%) application. When the effects of applications on plant P contents
are examined; While the highest value was obtained from YO41+VC (0.5%) application, the lowest
value was obtained from control (0.3%). The highest value in the effect of applications on plant K
contents was obtained from SA7+VC application (4.7%), and the lowest value was obtained from
control application (2.7%). The highest value in the effect of applications on plant Ca content was
obtained from SA7+VC application (2.2%), and the lowest value was obtained from control
application (1.7%). The highest value in the effect of applications on plant Mg content was obtained
from all applications (0.5%), while the lowest value was obtained from control (0.3%). The highest
value in the effect of applications on plant Fe content was obtained from SA7+VC (170.5 kg/mg)
application, and the lowest value was obtained from control application (131.4 kg/mg). The highest
value in the effect of the applications on the plant Zn content was obtained from the application of
SA7+VC (65. 8 kg/mg), and the lowest value was obtained from the application of the control (56. 9
kg/mg). The highest value in the effect of applications on plant Cu content was obtained from control
(11.2 kg/mg) application, and the lowest value was obtained from YO41 (7.1 mg/kg) application.
According to Pezeshkpour et al. (2014) accurate soil, bacteriaand vermicompost combinations as
organic matter have potential to increase soil fertility anduptake of nutrient elements.

Table 3. Effects of different bacterial strains and vermicompost applications on nutrient content of
lettuce plant

Aplications N(%0) P(%) K(%) Ca(%) Mg(%) Fe (mg/kg) Zn (mg/kg) Cu(mg/kg)
Control 2.8+0.1¢ 0.3+0¢ 2.7+0.24 1.7+0 0.3+0° 131.4+6P 56.94+42 11.5+22
VK 3.1+0.1° 0.4-£0bc 4.2+0.1b¢ 1.7+0.1 0.5+02 158.3+52 63.3+42 10.9+22
SA7 3.6+0.12 0.5+0% 4.3+0,12bc 1.9+0.1 0.5+02 169.2+82 65.14+42 8.1+2%
YO9 3.3+0.1° 0.5+0% 4.1+0.2b¢ 1.7+0.2 0.4+02 161.1+52 63.94+42 8.3+1%
YO15 3.1+0.1° 0.4+0% 4+0.1¢ 1.7+0.1 0.5+02 160.3+62 59.9452 8.6+1%
Y041 3.6+02 0.5+02 4.5:0,]2bc 1.9+0.1 0.5+02 164.3+102 62.24+52 7.1£1°
SA7+VC 3.7+02 0.5+02 4.6+0.1% 2.1+0.2 0.5+02 166.5+72 63.24+42 7.9+1%
YO9+VC 3.6+0.12 0.5+0% 4.5+0.1% 1.9+0.1 0.5+02 165.7+52 61.14+22 8.9+1%
YO15+VC 3.6+0.12 0.5+0% 4.4+0,22bc 1.9+0.2 0.5+02 162.9+72 61 +£52 8.6+1%
YO41+VC 3.7+0.18 0.5+02 4,740.28 2.240.2 0.5+02 170.5+62 65.8+32 8.9+1%
Average 3.41 0.46 4.2 1.87 0.47 161.02 62.24 8.85

VC; Vermicompost. When the columns are examined from top to bottom, the means containing the same letter are not statistically different according to
the Duncan (p=0.05) test

CONCLUSION

In this study, which was carried out as an open field experiment, statistically significant
differences were found when the effects of different PGPR additional vermicompost applications on
the yield criteria of lettuce plant on the crown diameter, crown height, minimum and maximum crown
weight. As a result of different bacterial strains and vermicompost applications, all applications
increased the yield compared to the control application. When the results of PGPR and PGPR+VC
applications are compared, it is seen that PGPR+VC applications are more effective in yield
parameters. When the amount of water-soluble dry matter, which is an important quality criterion of
lettuce, was examined, no statistically significant difference was found between the applications.
Likewise, when the nutrient content of the applications was examined, it was observed that PGPR +
VC applications were more effective in plant nutrient intake compared to single PGPR applications in
general. It is seen that all applications except Cu have a positive effect on the uptake of N, P, K, Ca,
Mg, Fe, Zn elements. As a result, it was determined that the combined (PGPR+VC) use of the
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fertilizers used in our study contributed more to the yield. It has been concluded that testing our study
under different conditions (soil, climate) in different plant species and the widespread use of PGPR
and vermikopst combination in agricultural production will provide more benefits to the producers.
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