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ABSTRACT. In this study, it was aimed to determine the effects of beneficial bacteria treatments on fruit
characteristics, yield and shoot length of "Chandler" walnut variety in Saruhanli district of Manisa province. For
this purpose, preparations containing single (Bacillus subtilis) and combined (Pantoea agglomerans, Paenibacillus
polymyxa, Bacillus megaterium, Pseudomonas fluorescens) bacteria were sprayed to the trees in two different
dates. Accordingly, it was found out that bacterial treatments were more effective than the control group in terms
of nut and kernel weight, shell thickness, shrinkage ratio, shoot length and yield. In the single treatment containing
Bacillus subtilis, shell thickness was thinner (1.57 mm) and shoot length was longer (22.37 cm) compared to the
other treatments. On the other hand, the combined treatment ranked the first row in relation to nut (11.83 g) and
kernel (5.54 g) weight and shrinkage ratio (10.83%). In addition, the highest yield per tree with 30.67 kg was
obtained from this treatment. In conclusion, it is recommended to encourage and expand the use of beneficial
microorganisms used as biological fertilizers in walnut cultivation because they have positive effects on many
characteristics of horticultural crops through their direct and indirect effects.
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INTRODUCTION

The population growth rate, the acceleration of industry and the decrease in production areas
as a result of intensive urbanization make it compulsory to obtain high yields from unit area in
meeting food needs. In this context, fertilization in crop production is one of the most important
cultural practices that positively affect yield and quality. Growth and productivity in plants
depend on adequate intake of nutrients [1]. As it is known, the positive effect of fertilization
based on climate, soil structure and pH, and occurs with the appropriate time, dose and method
in line with the plant's requirements.

On the other hand, the unconscious use of chemical substances that increase yield and
quality causes a decrease in soil fertility, as well as adversely affecting human and
environmental health and causing economic losses [2]. Unfortunately, along with the
deterioration of the natural balance, the amount of beneficial organisms in the soil also
decreases, and therefore, the barrenness of the land is revealed [3]. For this purpose, attention
should be paid to the protection and sustainability of soils. In this context, the necessity of using
inputs that are friendly to human and nature is emphasized for the protection of ecological
balance [4].

Farmyard manure is used both to increase the organic matter content and to overcome
nutrient deficiencies in the soil. Although this fertilizer is relatively low cost, the difficulty of
application, especially in large production areas, limits its use. In addition, due to problems in
supply and demand, producers have turned to alternative sources. Awareness of the negative
effects of these fertilizers has led to the widespread use of organic-based alternative fertilizers

[5].
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The final product, which is the output of crop production, is directly related to nutrition and
has an impact on health. Due to the increasing awareness of the society on healthy nutrition,
the demands for products grown with organic and good agricultural practices and inputs that
can be used in these production systems are also increasing. On the other hand, the demand for
higher quality and healthier foods is increasing in developed and developing countries [6].
These approaches attract attention for the economic use of natural resources in crop production,
sustainability and access to clean products.

Beneficial microorganisms have been used for many years in biotechnology, genetic
engineering, human, environmental and food safety [7]. In this sense, nowadays, beneficial
microorganisms, especially bacteria, are widely used in agriculture as plant growth promoters.
This has led to a reduction in the use of pesticides and chemical fertilizers, thus increasing crop
yields and providing better quality products [8, 9]. These bacteria, known as biological agents
and microbial fertilizers, are among the solution alternatives in terms of plant development,
quality and input reduction with their use in agriculture.

It is reported that the active substances produced by these microorganisms increase the
access of plants to nutrients by converting nutrients in soils into a form that plants can use [10,
11]. However, these bacteria are known to have different mechanisms to support plant
development such as phytohormone biosynthesis, mechanisms to reduce or prevent
environmental stresses, and prevention of plant diseases caused by pathogens [12].

In fruit species, it has been determined to have a positive effect on vegetative development,
fruit characteristics, nutrient content, disease control and yield [13, 14]. These applications,
which achieve results in a short time and have a direct effect on the amount of product, are
applied to soil, leaves and flowers as individually or combination [10, 15]. Although it is stated
that plant growth promoting microorganisms are mostly effective in nitrogen and phosphorus
uptake, it is known that they also increase the uptake of other elements [10]. In addition, it is
predicted that they may be a solution to minimize the damage to plants under stress [11, 14,
16].

Trade, production and consumption balances vary rapidly due to population growth.
Changing consumption habits of people, global problems such as hunger and poverty, climate
change, food safety issues increase the importance of agriculture [17]. The demand for the
consumption of walnuts, which are among the snack dry products, is following a rising trend
thanks to the growing awareness of healthy living in the society. It has an important place in
health nutrition programs due to its mineral substances, vitamins, antioxidants and unsaturated
fatty acids.

Walnut is a product of significant economic value worldwide, which has a wide range of
uses in cosmetics and many industries as well as its valuable nutritional content. In Turkiye,
which is among the leading producer countries in the world, new orchards have been established
especially with the "Chandler” variety and it is noteworthy that the production areas have
increased. In the light of these explanations, the aim of this study was to determine the effects
of Bacillus subtilis bacteria and combined other bacterial species (Pantoea agglomerans,
Paenibacillus polymyxa, Bacillus megaterium, Bacillus megaterium, Pseudomonas
fluorescens) on nut characteristics, yield and shoot length in "Chandler" walnut variety in
Saruhanli/Manisa.

MATERIALS AND METHODS

In the research, 12-year-old "Chandler" walnut variety grafted onto seedling rootstock was
used as plant material in the producer's orchard in Saruhanli/Manisa location. This variety,
which shows medium growth, has a chilling requirement of 700 hours and blooms in the late
season. The fruits that ripen in the middle season have a light kernel color and the shell is easily
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broken [18]. In addition to cultural practices and regular irrigation in the orchard, soil fertilizer
was applied during the winter rest period and foliar nitrogen, zinc and boron applications were
made during the blooming period. Monthly max, min and average temperature values for the
year 2023 are given in Table 1 and soil analysis results are located in Table 2.

Table 1. Monthly temperature values (°C)

Months Max Min Avg.
December 22.5 5.2 10.1
January 21.9 24 7.5
February 24.7 0.9 7.1

March 25.0 6.0 12.0

April 26.9 7.8 14.7
May 35.1 12.3 19.3
June 37.9 16.6 24.7
July 43.6 18.7 29.2

August 43.3 20.2 29.0
September 38.9 155 24.7
October 31.7 9.9 18.8
November 23.4 6.5 15.5

Table 2. Soil analysis results at two depths (0-30 cm and 30-60 cm)

Soil parameters 0-30cm 30-60 cm
pH 7.74 Alkaline 7.85 Alkaline
EC (%) 0.046 Salt-free 0.047 Salt-free
CaCOs (%) 9.98 Medium 10.77 Medium
Organic Matter (%) 0.68 Insufficient 0.14 Insufficient
Sand (%) 44.24 44.24
Clay (%) 30.00 30.00
Silt (%) 25.76 25.76
Texture Loamy soil Loamy soil

In the experiment, organic preparations were applied to the trees in two different dates, in
May and June, after fruit set. These applications were carried out by foliar spraying as 500
cc/100 L. Microbial fertilizer was applied as a single application containing Bacillus subtilis
soil-derived beneficial bacteria, which has the ability to produce organic acids and amino acids.
By converting the free nitrogen of the air into nitrate and ammonium forms that plants can use,
it increases the usefulness of other plant nutrients in the soil and provides good vegetative
growth. Accordingly, it causes an increase in yield and product quality [19]. The other microbial
fertilizer is a combined fertilizer which contains a large number of live microorganisms such as
Pantoea agglomerans, Paenibacillus polymyxa, Bacillus megaterium, Pseudomonas
fluorescens [20]. In the experiment, in addition to the preparations containing single and
combined bacteria, the control group trees were sprayed with water.

At the harvest date (08.10.2023), 30 nut samples from each replicate were separated from
the peel and dried in the shade. Analyses were carried out at Ege University, Faculty of
Agriculture, Department of Horticulture. Average nut and kernel weight were determined with
a precision balance (0.01 g) and expressed in grams. Walnut width (width, cheek diameter),
length (length), height (thickness, suture diameter) and shell thickness were measured in
millimeters (mm) with a digital caliper. The color of the kernel was detected with a digital
colorimeter (CR-400, Minolta Co, Japan) and expressed as L, a, b values. Chroma (C* = [a*2
+ b*2]1/2) and hue angle (h° = tan-1 [b*/a*]) values were calculated from the a* and b* values
[21]. Yield was recorded in kg tree?, kernel and shrinkage ratio were found out as %. After
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vegetative growth was completed, shoot length was measured on 10 shoots from each tree using
a tape measure (cm).

The experiment was planned according to randomized block design with 3 replicates and 3
trees in each replicate. In each replicate, 10 nut samples were evaluated. Analysis of variance
was performed using SPSS 20 statistical program. Differences between means were determined
by Duncan test (P<0.05).

RESULTS AND DISCUSSION

In "Chandler" walnut variety, single and combined bacterial applications showed statistical
difference in terms of nut and kernel weight, shell thickness, kernel shrinkage, shoot length and
yield compared to the control group (Table 3). According to this, while the lowest value for nut
weight was measured in the control group (9.81 g), it was determined that the treatments had a
positive effect on this trait and nut weight increased to 11.83 g and 11.42 g as a result of
combined and single treatments, respectively. Similar situation was also observed in kernel
weight. Thus, control (4.42 g) and combined (5.54 g) treatments constituted the limit values.
The thickest shell was measured in the control treatment with 1.84 mm, while the thinnest shell
was obtained from the single bacteria treatment with 1.57 mm. The treatments had a decreasing
effect on shell thickness. Similar result was also obtained in kernel shrinkage. Accordingly, the
lowest rate was recorded from combined bacteria treatment (10.83%), followed by single
bacteria treatment with 13.33% and control treatment with 20.00%. In shoot length, single
(22.37 cm) and combined (19.80 cm) treatments showed an increase compared to control (15.58
cm). Morever, the highest yield was found out from the combined bacteria treatment with 30.67
kg tree!, followed by the single bacteria treatment with 24.00 kg treel. The lowest yield was
measured from untreated trees (20.83 kg tree’). On the other hand, bacterial treatments on
kernel shrinkage and nut size were not statistically significant.

Fruit color parameters measured according to the treatments are shown in Table 4. It was
determined that the treatments were not statistically effective on color values. No positive
change was measured on kernel color parameters with bacteria treatments.

Table 3. Some nut characteristics, shoot length and yield values according to treatments

Nut Kernel Kernel Shell Nut Nut Nut Shrinkage Shoot Yield (k
Application weight weight ratio thickness width length height ratio length tree’)) g
() () (%) (mm) (mm) (mm)  (mm) (%) (cm)
Control 9.81b 442b  45.07™ 1.84c 31.50" 31.93™  38.38™ 20.00 b 15.58 b 20.83 b
Single 11.42 ab 450b 39.55 157a 31.23 31.50 37.44 13.33 ab 22.37a 24.00 b
Combined 11.83a 554 a 46.96 1.68 b 31.63 31.99 38.42 10.83 a 19.80ab  30.67a

The differences in the means were determined by the Duncan test according to P<0.05. ns: Not significant

Table 4. Nut color parameters according to treatments

Application L* a* b* C* h?
Control 55.63™ 7.26™ 29.79™ 30.66 "™ 76.31™
Single 54.82 7.16 29.01 29.88 76.14
Combined 54.79 7.26 28.88 29.78 75.87

The differences in the means were determined by the Duncan test according to P<0.05. ns: Not significant

Beneficial bacteria that transform nutrients into usable form have positive effects on
pomological characteristics, shoot length and yield in fruit species such as strawberry, apricot,
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walnut and raspberry [22-25]. In a study emphasizing the reduction in the use of chemical inputs
with bacteria applications in quince, it was stated that an increase in fruit weight and yield was
achieved with the use of bacteria and half dose fertilizer [26]. However, it is expressed that this
effect varies depending on plant species, bacterial isolate, application method and temperature
[27]. In another study conducted in olives with commercial microbial fertilizer application, it
was reported that a statistical increase was recorded in terms of fruit and kernel weight
compared to the control [28]. A similar situation was observed in our study and an increase in
nut and kernel weight and yield was recorded. In fact, the effect was even higher in the
combined treatment in which different bacteria were used together.

As it is known, fruit quality traits, shoot length and yield vary according to years and
locations. Therefore, the effects of genotype, environment and interactions on fruit and internal
quality traits are mentioned [29]. In a study conducted on the same walnut cultivar, it was
reported that due to the low summer temperatures at the high altitude location in Manisa
province, the kernel weight of the nut could not be filled completely. It was explained that this
situation led to relatively low fruit weight in the control group trees that were not treated with
commercial bacteria [24]. In our study conducted in Saruhanli location, which is close to the
sea level, it was determined that the treatments had a positive effect on nut and kernel weight
and shrinkage ratio due to the effect of temperature and these temperatures allowing bacteria to
function.

On the other hand, the fact that fruit set is higher than standard productive trees can affect
fruit quality at harvest time, especially causing a decrease in fruit weight and size. It is known
that crop load has an effect on pomological characteristics. Therefore, there may be a negative
correlation between yield and fruit size and weight [30]. In this study conducted by us in
Saruhanli district, it was determined that especially nut width, length and height decreased
relatively in the treatments with high yield and were not statistically effective. In addition, the
lack of change in color parameters with bacteria treatments is similar to the findings of Atilgan
et al. [10] in Salihli cherry variety. Similarly, it is stated that plant growth promoting
rhizobacteria application had no effect on fruit color values in Esme quince variety [26].

For shoot length, in another study conducted in Manisa province with the same walnut
variety, a partial increase was recorded with bacterial treatments [24]. However, it is stated that
a statistical increase was recorded in hazelnut, another nut species [31]. A similar situation
occured in this study and Basillus bacteria were prominent. This positive effect of bacteria on
vegetative development may be a result of the change in hormone levels [32]. Because,
cytokinin promotes plant growth, while auxin increases root area and contributes to water and
nutrient uptake. These effects of bacteria contribute positively to vegetative development in
plants. In addition to the positive change in hormone levels with beneficial bacteria, yield and
quality increase can be observed through mechanisms such as nitrogen fixation and phosphorus
solubilization [25].

CONCLUSION

Plant nutrient deficiency in our soils reveals the importance of plant nutrition practices
during the production period. In nut species such as walnut, kernel quality is important and
preferred by consumers. On the other hand, in recent years, microorganisms have been widely
used in fruit growing thanks to their direct and indirect effects. In this context, as a result of
bacterial treatments in "Chandler" walnut cultivar, it was determined that the traits examined,
except fruit size and color parameters, improved positively. The combined treatment ranked
first especially in nut and kernel weight, shrinkage ratio and yield values. With the single
treatment containing only Bacillus subtilis, the thinnest shell was obtained and shoot lengths
were longer. Especially in terms of yield, an increase of 50% with the combined bacteria
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treatment is noteworthy. Beneficial microorganisms, which are important for human and
environmental health, are recommended to be widely used in walnut cultivation due to their
positive effects such as increasing quality and yield as well as reducing input use. In addition,
the widespread use of these environmentally friendly practices is also important in terms of
protecting the natural balance. On the other hand, it is thought that it would be useful to continue
studies to determine the effects of combined, foliar and soil applications in terms of biological
control and cultivation of diseases and pests that are problematic in walnut.

Acknowledgement. This article was prepared as a section of Erhan Ozbudak's Master's thesis. We would like to
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