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ABSTRACT ARTICLE INFO
This study was established with two-years-old tea seedlings in the Pazar-20 tea clone in Research article

pots and eight applications as five different biological fertilizers, triple bacteria Received: 13.07.2021
combinations (F1, F2, F3, F4 and, F5), one biological fertilizer, NPK fertilization (1400 mg Accepted: 23.09.2021
compound 25:5:10/seedling) and control (fertilizer and bacteria not applied) applications, Keywords:

seven carriers as one liquid six solid. It was established with four replications and five Camellia sinensis L,
seedlings in each replication according to the factorial arrangement (8 applications x 7 PGPR, Vegetative
carriers) with different carriers. For preliminary evaluations, only plant height, stem Growth, Chlorophyll
diameter and, number of leaves were evaluated without cutting the seedlings. In the content (SPAD)

experiment, at the end of November 2013, and 2014, seedlings were harvested from equal
height, branch+leaf weight, fresh and dry leaf yield, chlorophyll content (SPAD value), and
leaf area results were evaluated. Depending on the bacterial inoculations, fertilizer
applications, and the carriers used, the inoculated bacterial formulations, fertilizer
applications, and carriers significantly affected the stem diameter, plant height, leaf
number, branch+leaf weight, fresh and dry leaf weight, chlorophyll content of tea seedlings.
According to the carrier averages, mineral fertilization, F1, F2, F5, and biological fertilizer
applications, which caused a significant increase in stem diameter, plant height, number of
leaves, and chlorophyll content compared to the control, were in the same group. All the
selected combinations increased fresh and dry leaf weight compared to the control, and the
increasing rates were statistically significant (p<0.05). According to the average fertilizer
application, the liquid carrier gave the most relevant result in terms of measured
parameters, followed by solid leonardite, compost, and peat-based carriers, respectively.
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INTRODUCTION

Tea (Camellia sinensis L.), a cultivated evergreen plant, is native to China, later spread to India and Japan, then to
Europe and Russia, arriving in the New World in the late 17" century. Green, oolong, and black tea are all made from
the same plant species, C. sinensis L. but differing in their appearance, organoleptic taste, chemical content as well as
flavor due to their respective fermentation process. The chemical components of tea leaves include polyphenols
(catechins and flavonoids), alkaloids (caffeine, theobromine, theophylline, etc.), volatile oils, polysaccharides, amino
acids, lipids, vitamins (e.g., vitamin C), inorganic elements (e.g., aluminum, fluorine, and manganese), etc. Tea
(Camellia sinensis), which has such valuable nutritional content, is grown in many subtropical and tropical regions.
Today has great popularity among other beverages worldwide (Sharangi 2009; Amutha et al. 2010; Kacar 2010).

The tea plant is a species that needs high amounts of micro and macronutrients, especially N, P, K, and Mg for its
growth (Verma 1997; Wanyoko et al. 1997). Nutrients provided by inorganic fertilizers at rates between 150 kg and
300 kg N/ha are required for commercial tea production (black tea-fermented tea). Also, it was confirmed that tea yield
increased significantly with increasing N and K levels up to a point. While N has the highest content in the stems of the
tea plant, this element is followed by K, Ca, P, S, Mg, and Zn, respectively. In particular, nitrogen plays a vital role in
the physiology of the tea plant (Kacar 2010; Verma 1997). However, although high amounts of N used for production
increase tea yield to a certain level, high levels of N contents accumulated in the leaves may adversely affect the
quality of the grown product. Indeed, the quality of tea depends on the organic and inorganic composition of the
harvested leaves. These are responsible for the taste, aroma, and color of the tea. In this context, balanced nutrition of
the tea plant is essential as a prerequisite for high-quality tea (Verma 1997; Wanyoko et al. 1997; Kacar 2010;
Gebrewold 2018).

It has been reported in many studies that tea production, which has been carried out with inorganic nutrients until now,
causes severe problems in soil fertility, tea leaf quality, and its effects on the environment. Many researchers state that
the agricultural chemicals used can’t sustain production increases, can’t restore soil fertility, and new alternatives
should be focused on restoring the natural biological-chemical and physical properties of the soil (Islam et al. 2015;
Islam et al. 2017). Furthermore, intensive use of inorganic fertilizers leads to deterioration of the cation exchange
capacity (CEC) and clay structure of the soil, high Al and silicate concentrations in the drainage water, and nitrogen
gas emissions, air pollution, and deterioration of underground water resources. Today, adopting organic or sustainable
agricultural principles can create a different perspective to reduce these problems, which are the result of conventional
farming, and to re-establish the natural balance (Verma 1997; Wanyoko et al. 1997).

Many practices such as taking integrated control methods as a basis in sustainable agricultural activities, increasing the
amount of soil organic matter by expanding the use of organic fertilizers, and increasing the diversity and activities of
microorganisms are prioritized (Phukan et al. 2012; Nepolean et al. 2021). The aim of having an environmentally
friendly plantation that aims to protect the ecology and natural habitat without polluting the soil, air, and water, while
focusing on sustainable cultivation, is the basis of this philosophy. One of the applications used to achieve these
purposes is the application of plant growth-promoting bacteria (PGPB).

Promoting plant growth with plant growth-promoting bacteria is gaining more and more attention worldwide,
especially in reducing the need for chemical fertilizer use. At the same time, the fact that they are environmentally
friendly, low-cost, and easy-to-use products encourage their more intensive use. Therefore, studies were started on the
use of beneficial bacteria for agricultural purposes, first on annual vegetable species. Then it was determined that these
bacteria increased plant growth, yield in apple, cherry, citrus fruits, blueberry, mulberry, kiwi, and strawberry, and
rooting in cuttings (Kloepper 1994; Sudhakar et al. 2000; Glick 1995; Pirlak et al. 2007; Cakmakg1 et al. 2010; Ertiirk
et al. 2008; 2010b; 2011a; 2011b; 2012). However, research on using this technology for a perennial herb such as tea
(Camellia sinensis L.O. Kuntze) has been relatively limited. In our country, studies on the isolation, identification, and
characterization of biological fertilizer candidate(s) from tea plantations and their trials both in pots and in field
conditions were continuing in the studies initiated in 2007 with the support of TUBITAK to obtain biological fertilizer
formulations in tea cultivation. Many bacterial isolates identified in this context have been studied in biological
fertilizer formulations as single, double or multiple with different formulations and carriers (Cakmakge1 et al. 2010;
2012; 2017, Ertiirk et al. 2010a; 2011¢; 2013; 2014; Cakmakg1 2019). Within the scope of this study, the effects of bio
formulations prepared with three bacterial isolates using different carriers on yield and some growth components of
young tea plants (Pazar 20 cv.) with different carriers were tried to be determined.

MATERIALS AND METHOD

This study was established in pots with 2-years-old seedlings of the Pazar 20 cv. In the experiment, a total of eight
applications, including 12 different biological fertilizers, triple bacteria combination, one biological fertilizer, standard
NPK fertilization (1400 mg compound 25:5:10/seedling), and control (without fertilizer and bacteria). It was planned
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to have four replications and five seedlings in each replication according to the factorial arrangement (8 applications x
7 carriers) with seven different carriers, as solid. In addition, this study was carried out in 2013 and 2014. The
characteristics of the isolates and carriers used in this experiment are given in Table 1 and Table 2.

Table 1. Some characteristics of bacteria in the combinations used in the experiment with two-years-old seedlings in
the Pazar-20 tea clone

CAT N Sucrose Phosphate
Strain No MIS Diagnostic Result  Comb.  OK test . Solubilizat ACCD
test fixation test ion

RC11 Bacillus atrophaeus F1 Z+ K+ + + + 2
RCO7 Bacillus megaterium Z+ K+ + - K+ TY
RC77 Pseudomonas fluorescens K+ + Z+ - + 2
RC63 Bacillus subtilis F2 + K+ K+ - Z+ 3
21/3 Bacillus megaterium - + K+ - K+ 2
8/4 Pseudomonas fluorescens K+ Z+ + K+ + 3
36/10 Bacillus subtilis F3 - K+ K+ + + 6
4212 Bacillus megaterium - + + - + TY
8/6 Pseudomonas fluorescens K+ K+ + Z+ K+ 2
39/3 Bacillus subtilis, F4 Z+ K+ K+ + Z+ 4
42/4 Bacillus megaterium - + K+ - + 8
9/7 Pseudomonas fluorescens + + K+ K+ + 2
RC521 Bacillus subtilis F5 - K+ K+ + - 3
42/4 Bacillus megaterium - + K+ - + 8
9/7 Pseudomonas fluorescens + + K+ K+ + 2

OK: oxidase; CAT: catalase; ACC: aminocyclopropane carboxylate deaminase activity (two strong positives, eight
weak positives); TY: not tested; +: positive, K+: strongly positive; Z+: weak positive

Table 2. Carrier formulas used in the experiment and some of their components

Carrier No Carrier Carrier Name Carrier Content
Code
1 K Tea compost-based carrier compost, animal manure, clampe etc.
2 T Solid peat-based carrier peat, glycerol, etc.
3 P Solid perlite-based carrier perlite, peat, clamp, glycerol, etc.
4 L Solid leonardite-based carrier leonardite, clamp etc.
5 Z Solid zeolite-based carrier zeolite, vermiculite, clamp, etc.
6 Vv Solid vermiculite based carrier vermiculite, clamp, etc.
7 S Liquid-based organic carrier whey, seaweed, grass juice, etc.

Morphometric parameters and chlorophyll analysis were carried out at the end of each growth period (end of
November, beginning of December). Morphometric parameters such as the diameter of the stem (digital caliper-mm),
the height of plant (tape measure-cm), fresh leaves+shoots weight, leaf area (SPAD-502, Konica Minolta Sensing, Inc.
Japan- ¢cm?), fresh leaves weight (g), dry weight of leaves (g) were documented adopting standard procedures. The
Excel 2010 and SPSS 20 were used for data analysis, and the LSD multiple comparison method was to conduct the
significant test. These data were presented in Table 3 and shown in Figure 1.

RESULTS AND DISCUSSION

In this experiment, only plant height, stem diameter, and the number of leaves were evaluated without cutting the
seedlings for preliminary evaluations. In all of these and other pot experiments, seedlings were harvested by cutting
from equal height in November 2013, branch+leaf weight and fresh and dry leaf yield, chlorophyll content (SPAD
value), and leaf area results were evaluated (Table 3).

Depending on the inoculated bacteria, fertilizer applications, and carriers used, inoculated formulations, fertilizer
applications, and carriers caused significant increases in stem diameter, plant height, leaf number, branch+leaf weight,
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fresh and dry leaf weight, chlorophyll content in tea seedlings. Mineral fertilization and F1, F2, F5 carriers and
biological fertilizer applications, which caused a significant increase in stem diameter, plant height, number of leaves,
and chlorophyll content compared to the control, were in the same group according to the carrier averages.

Figure 1. Compared to control (left); seedlings treated with F3 x compost on the right and F3 x leonardite on the left
(end of 1st year)

All of the selected combinations increased the fresh and dry leaf weight compared to the control, and the increasing
rates were found to be statistically significant (p<0.05). F4, F5, F3 carriers, which showed high efficiency in terms of
fresh leaf weight, caused a considerable increase in total biomass compared to biological fertilizer and mineral fertilizer
application. The most suitable carrier in terms of dry leaf weight gave formulas F3 and F5, which are more effective
than mineral fertilization. According to the average fertilizer application, the liquid carrier gave the most relevant result
in terms of measured parameters, followed by solid leonardite, compost, and peat-based carriers, respectively (Table
3).

It has been determined that the compost-based carrier obtained from tea wastes stands out especially in terms of dry
leaf weight and chlorophyll content. However, in terms of the parameters discussed, it was determined that the
efficiency of the perlite-based solid carrier was low. In terms of the evaluated parameters, in general, in all
formulations and fertilizer applications, perlite and zeolite-based carriers gave the weakest results. In contrast, the most
suitable values in terms of branch+leaf, fresh and dry leaf weight were obtained from compost and leonardite-based
carriers and F4 and F5 formulations (Table 3).

Leaf chlorophyll (SPAD) and leaf area values are critical criteria for healthy growth and development for the tea plant,
which is a type of fruit whose leaves are used. All of the applied formulations caused significant increases in both
SPAD and leaf area values compared to the control, and the difference between the averages of these applications was
found to be statistically significant. Among the formulations, F3 and F4 applications created the highest values in terms
of these parameters, and a similar distribution was formed in terms of carriers (Table 3).

Table 3. The effects of the different carrier, bacterial combinations, and mineral fertilizer application on yield and
growth parameters in Pazar-20 tea clone (2013).

5 Trunk Heigth of Fresh Fresh Leaf Dry Leaf Clorophyl Leaf
Treat £ Diameter Plant Leaves+Shoots Weigth Weigth (SPAD) Area
O (mm)** (cm) (g/seedling) (g/seedling) g/seedling Content (cm?)
Cont K 6.91 f-i 47.74 n-o 24311 17.29 Im 9.13 k-m 75.45 a-e 23.31i-l
T 7.08 d-i 48.22 1-0 25.991 17.68 ki 9.47 ki 65.54 e-g 23.2i-l
P 5.86 j 45.09 0 24.031 15.87 m 8.58m 56.98 ¢ 20.21
L 7.02 e-i 48.80 k-0 25.341 15.96 m 8.65m 50.17 ¢ 2091
z 6.74 hi 48.211-0 25.76 | 15.89 m 8.58 m 56.94 g 1991
\Y 6.61 i 47.93 m-o0 25.431 16.20 m 9.06 Im 61.96 fg 22.0 ki
S 7.17 c-i 52.74 i-n 24431 16.20 m 8.55 m 58.92 g 2091
Average 6.77 b 48.39 ¢ 25.04 f 16.44d 8.86 f 62.14 ¢ 21.48¢
NPK K 8.07 ab 57.74 a-j 33.35f-h 21.25 g-i 11.82 e-g 80.76 ab 32.2a-C
T 8.20 ab 58.31 a-j 31.92 g-j 20.47 hi 11.07 g-i 76.24 a-e 27.0 d-j
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P 7.02 e-i 54.85 d-j 28.80 k 18.38 ki 9.85 j-I 68.13 c-g 24.0 h-l
L 8.13ab 61.25 a-c 30.12 j-k 19.94 ij 10.42 ij 74.64 a-e 26.2e-j
z 7.73 a-e 60.28 a-f 30.65 i-k 19.87 ij 10.79 hi 73.65 a-e 26.1e-j
\ 7.58 a-g 57.96 a-j 33.88 e-g 21.69 f-h 11.52 f-h 80.40 a-c 28.5 b-g
S 8.21 ab 63.78 a 35.71c-e 22.33e-g 11.37 f-h 82.77 a 29.3 b-g
Average 7.85a 59.17 a 32.06 c-e 20.56 b 10.98 de 76.65 ab 27.63 ab
F1 K 7.97 ab 54.28 e-k 33.70 e-g 21.16 g-i 11.55f-h 77.37 a-¢e 26.7 d-j
T 7.90 a-c 58.13 a-j 28.56 k 17.94 kl 10.73 hi 76.53 a-e 25.2 g-k
P 6.73 hi 53.10 i-n 24901 15.99 m 9.70 j-I 61.82 fg 23.0j-I
L 8.3la 58.83 a-i 30.59 i-k 18.75 jk 10.32 ij 79.53 a-d 279c-h
z 7.75a-e 62.08 a-c 32.30 g-j 20.40 hi 11.40f-h 76.80 a-e 33.0ab
\% 7.57 a-g 57.23 b-j 28.71k 17.63 Kkl 9.87 j- 72.32 a-f 29.8 b-f
S 8.24 ab 60.39 a-e 32.53 g-i 20.45 hi 11.71e-g 79.14 a-d 30.4 b-e
Average 7.78a 57.72 ab 30.18 e 18.90 ¢ 10.75e 74.79 ab 27.99 ab
F2 K 8.10 ab 60.91 a-d 28.87 k 18.00 kI 11.44f-h 76.73 a-e 23.0 j-I
T 8.25ab 58.55 a-i 37.60 bc 24.48 ¢ 12.46 c-e 80.96 a 30.5a-¢
P 6.85 g-i 56.00 c-j 29.00 k 18.80 jk 10.72 hi 78.55 a-d 27.5d-i
L 7.87 a-c 56.58 b-j 36.32cd 24.66 ¢ 10.37 ij 77.82 a-e 27.0d-j
z 7.65 a-f 58.54 a-i 32.20 g-j 21.50 f-h 11.82 e-g 73.95 a-e 25.6 f-k
\% 7.57 a-g 56.37 c-j 24311 15.94 m 9.72 -1 68.25 b-g 28.0c-h
S 8.31a 60.83 a-d 32.95 f-h 21.66 f-h 11.70 e-g 79.43 a-d 28.5 b-g
Average 7.80a 58.26 ab 31.61 cd 20.72b 11.18d 76.53 ab 27.16 ab
F3 K 7.73 a-e 52.22 j-n 31.83 g+ 22.00fg 12.80 b-d 77.52 a-e 26.2 e-j
T 7.99 ab 59.68 a-h 34.90 d-f 23.70c-e 12.89 b-d 75.85 a-e 26.1 e-j
P 7.57 a-g 57.09 b-j 32.00 g-j 21.26 g-i 11.10 g-i 82.02a 23.0j-I
L 7.97 ab 56.85 b-j 38.90b 21.80 f-h 11.80 e-g 75.36 a-e 345a
z 7.60 a-g 56.48 b-j 30.30 i-k 19.80 ij 11.42 f-h 75.59 a-e 29.3b-g
\% 7.45 b-h 54.23 e-k 33.00 f-h 22.09 fg 12.71 b-d 78.70 a-d 26.8 d-j
S 8.30a 59.05 a-i 36.24 cd 23.64c-e 13.14 be 78.70 a-d 29.7 b-f
Average 7.80a 56.51 b 33.88 bc 22.04 a 12.26 a 77.68 a 27.94 ab
Fa K 7.81 a-d 58.73 a-i 46.30 a 29.10a 15.04a 75.77 a-e 30.4 b-e
T 7.92 a-c 57.36 b-j 3591 c-e 22.96 d-f 11.13 g-i 58.79¢g 30.1 b-e
P 6.86 g-i 53.80 g-I 28.97 k 19.97 ij 9.30 k-m 70.73 a-f 24.0 h-1
L 7.80 a-c 56.95 b-j 33.96 e-g 20.41 hi 11.36 f-h 77.51 a-e 25.6 f-k
z 7.85 a-d 59.98 a-g 37.27 bc 21.80 f-h 12.49 c-e 78.46 a-d 30.7 a-d
\% 7.60 a-g 55.77 c-j 34.90 d-f 21.65 f-h 11.53 f-h 74.97 a-e 29.4 b-g
S 8.23 ab 59.86 a-g 39.01b 24.60 ¢ 12.75 b-d 77.69 a-e 29.3 b-g
Average 7.72a 57.49 ab 36.62 a 2293 a 11.94 bc 73.42b 28.48 a
F5 K 7.75a-e 56.88 b-j 33.42 f-h 24.35cd 13.36 b 78.85 a-d 25.6 f-k
T 7.92 a-c 56.39 c-j 31.34 h-j 19.82 ij 11.28 gh 75.69 a-e 24.0 h-l
P 6.86 g-i 54.00 f-k 24901 17.17 Im 9.92 jk 67.54 d-g 23.9 h-l
L 8.13ab 59.87 a-g 4520 a 2450 c 12.85 b-d 77.45 a-e 30.9 a-d
z 7.81 a-d 60.13 a-g 31.30 h-j 19.83ij 11.05 g-i 77.69 a-e 30.3 b-e
\% 7.45 b-h 58.17 a-j 38.80b 26.08 b 13.48 b 76.69 a-e 27.0 d-j
S 8.23ab 60.56 a-e 36.95 b-d 23.75c-e 12.95 b-d 77.33a-e 27.1d-j
Average 7.74a 58.08 ab 34.56 b 22.21a 12.13 ab 75.89 ab 26.97b
K 7.90 a-c 58.02 a-j 28.92 k 19.79 ij 10.78 hi 75.41 a-e 26.8 d-j
T 8.06 ab 57.39 b-j 30.34i-k 20.46 hi 11.10 g-i 75.68 a-e 3l.1a-d
Bio- P 7.17 c-i 53.53 h-m 34.87 d-f 23.65c-e 11.42 f-h 68.30 b-g 279c-h
L 7.97 ab 56.52 b-j 38.90b 24.60 ¢ 12.50 c-e 74.51 a-e 27.7d-h
Fert. Z 7.86 a-d 62.81 ab 31.32 h+j 22.34e-g 11.86 e-g 80.43 a-c 23.21i-
\Y 7.47 b-h 57.10 b-j 33.70 e-g 22.94 d-f 12.52 c-e 75.89 a-e 26.9 d-j
S 8.29a 61.21 a-c 34.85 d-f 23.78c-e 12.22 d-f 78.25 a-d 28.8 b-g
Average 7.82a 58.08 ab 33.27 b-d 2251 a 11.77 ¢ 75.50 ab 27.48 ab
Appl. K 7.78 be 55.82 ¢ 32.59 bc 21.62 ab 11.99a 7723 a 26.75a
Av. T 7.91ab 56.75 bc 32.07 be 20.94 cd 11.27 b 73.16 b 2717 a
P 6.86 e 53.43d 28.43d 18.89 f 10.07c 69.26 ¢ 2419b
L 7.90 ab 56.96 bc 3492a 21.33bc 11.03b 74.50 ab 2757a
z 7.62 cd 58.56 ab 31.39¢c 20.18 e 11.18 b 74.19 ab 27.25a
\% 7.41d 55.59 cd 31.59¢c 20.53 de 11.30 b 73.66 ab 27.30a
S 8.12a 59.80 a 34.08 ab 22.05a 11.80a 76.53 ab 28.01a

* Control: No fertilizer and bacteria applied; NPK: 1400 mg compound 25:5:10/seedling; The bacteria used in the F1-
F5 formulations are given in Table 1 and the description of the carriers is given on the previous page.
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**The differences between the means shown with the same letter are not significant (p< 0.05) in their group.

Plant height, stem diameter, chlorophyll, second and third leaf area values were measured without cutting the
seedlings, as in the first year of this experiment, which was established with two-years-old tea seedlings in Pazar-20 tea
clone. The seedlings were cut from an equal height and harvested, stem+leaf, fresh and dry leaf weights were
determined. Although it varies depending on the bacteria inoculated, fertilizer and carriers used, formulations, fertilizer
applications, and carriers significantly increase the values of stem diameter, plant height, leaf number, branch+leaf
weight, fresh and dry leaf weight, chlorophyll content, and second and third leaf area in tea seedlings affected. (Table
4a,b).

NPK caused a significant increase in stem diameter and plant height compared to the control, and F2, F3, F5, and
biological fertilizer applications were statistically in the same group according to the carrier averages. All applications
except the F1 formulation increased the stem diameter, plant height, leaf number, branch+leaf weight, fresh and dry
leaf weight, chlorophyll content, and second and third leaf area values in tea seedlings compared to the control, and the
increasing rates were statistically significant was found (p< 0.05) (Table 4a,b).

F3, F5, and biological fertilizer formula, which showed high efficiency in branch+leaf weight, fresh and dry leaf
weight, and leaf area, caused a significant increase in weight compared to mineral fertilizer application. The most
suitable provider in terms of leaf weight and area gave the F3 formulation, which is more effective than mineral
fertilization. According to the average fertilizer application, the liquid carrier gave the most suitable result in terms of
measured parameters, followed by solid compost, leonardite, peat, and zeolite-based carriers, respectively. In terms of
growth parameters, applications other than perlite generally belonged to the same statistical group. It has been
determined that the compost-based carrier obtained from tea wastes stands out especially in terms of fresh and dry leaf
weight and second and third leaf area. In terms of the parameters discussed, it was determined that the efficiency of the
perlite-based solid carrier was low (Table 4a,b)

This experiment, which was established with young tea plants belonging to the Pazar 20 clone, was continued for two
years (2013 and 2014), and the growth parameters were evaluated in both years. The results obtained indicate that all
PGPR formulations produced significant increases in vegetative growth parameters compared to the control. The
effectiveness of both bacterial formulations and carrier materials used together differ (Bai et al. 2014; Dutta et al.
20145; Jianyun et al. 2020).

Table 4a. The effect of a different carrier, bacterial combinations, and mineral fertilizer application on growth and
yield parameters in Pazar-20 clone (2014)

Leaf+Shot Fresh Leaf Dry Leaf
Treat. 5 Trunk Diam. Heigth of Weigth Weigth Weight
% (mm)* Plant (9/seedling) (9/seedling) (o/seedling)
o (cm)
Control K 8.02 de 54.24 ¢ 38.3¢g 19.07 h 10.68 h
T 7.82e 54.77 e 40.9 fg 19.09 h 10.80 h
P 7.66 e 5431e 379¢ 19.19 h 10.80 h
L 8.04 de 56.03 e 39.9fg 19.20 h 10.60 h
z 782¢ 54.76 e 40.6 fg 19.50h 10.70 h
\Y 7.68¢ 54.45¢ 40.1fg 19.88 h 10.60 h
S 8.08 c-e 59.92 de 38549 19.09h 10.80 h
Average 7.87¢c 55.50 ¢ 39.4e 19.29f 10.71e
NPK K 9.48a 66.22 a-d 50.9¢c 25.00 f 13.50 c-e
T 9.58 a 65.63 a-d 475d 25.08 f 13.16 c-e
P 8.85 a-d 62.31 b-d 42.8 ef 22.10g 11.53 gh
L 9.46 a 69.58 a 44.8 de 22.60¢ 12.06 fg
z 9.30a 68.21 ab 45.6 de 22.90¢ 12.49 ef
\Y 9.41a 65.85 a-d 51.1c 25.32f 13.51 cd
S 9.50 a 69.63 a 54.4 ab 26.50 d-f 13.82¢
Average 9.37a 66.77 ab 48.2 ¢ 24.21c 12.87¢c
F1 K 9.02 a-d 62.37 b-d 39.5fg 19.80 h 10.80 h
T 8.82 a-d 64.63 a-d 38.3¢g 19.12 h 10.84 h
P 8.11 b-e 60.32 c-e 38.0¢ 19.06 h 10.81h
L 8.98 a-d 67.29 a-c 3799 19.14 h 10.79 h
z 9.09 a-c 68.84 ab 379¢ 19.09 h 10.69 h
\% 8.97 a-d 65.02 a-d 379¢ 19.02 h 10.64 h
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S 9.49a 67.93 ab 38.1g 19.38 h 10.78 h
Average 8.93 b 65.20 b 38.2¢e 19.23 f 10.77 e
F2 K 9.19a 67.28 a-c 41.2fg 20.13 h 12.00 fg
T 9.33a 66.10 a-d 47.3d 22.60¢ 12.50 ef
P 8.80 a-d 63.62 b-d 41.3fg 20.50 h 11.30 gh
L 9.34a 64.28 a-d 475d 22.30¢g 12.69 d-f
z 9.30a 66.51 a-d 45.9 de 22.80¢ 12.60 e-f
\Y 8.96 a-d 64.03 a-d 40.6 fg 19.05h 11.36 gh
S 9.66 a 67.53 ab 47.2d 234049 12.90 c-f
Average 9.22 ab 65.62 ab 444d 2154 e 12.19d
F3 K 9.76 a 68.56 ab 54.8 ab 29.25 ab 15.30 ab
T 9.87a 67.80 ab 56.7 a 30.20 a 15.70 ab
P 9.23a 64.85 a-d 55.0 ab 28.70 a-c 15.00 ab
L 9.12 ab 65.64 a-d 56.6 a 29.23ab 15.87 a
4 9.30a 64.16 a-d 52.1hc 27.30c-e 14.80b
\YJ 9.43a 66.77 a-d 56.7 a 30.26 a 1590 a
S 9.79a 67.08 a-c 57.8a 30.20 a 15.87 a
Average 9.50a 66.41 ab 55.7 a 29.31a 1549 a
F4 K 9.26a 66.72 a-d 54.9 ab 28.70 a-c 15.19 ab
T 9.26a 63.36 b-d 42.9 ef 22.33¢ 10.60 h
P 8.10 b-e 60.28 c-e 40.3fg 20.16 h 10.61h
L 8.81 a-d 64.69 a-d 40.6 fg 22.18¢ 11.41 gh
4 8.86 a-d 66.92 a-c 44.8 de 23.009 12.51 ef
\YJ 9.02 a-d 63.35 a-d 42.8 ef 22149 12.21eg
S 9.22a 65.47 a-d 44.8 de 23.20¢ 12.57 d-f
Average 8.93 b 64.40 b 44.4d 23.10d 12.16 d
F5 K 9.34a 68.37 ab 54.4 ab 27.80 b-d 14.90 ab
T 9.69a 66.14 a-d 51.0c 22.63¢ 12.58 d-f
P 8.95 a-d 63.25 b-d 42.8 ef 22.30¢ 11.31gh
L 9.43a 69.83 a 54.9 ab 27.29 c-e 14.83 b
4 9.12 ab 68.31 ab 50.9¢ 25.90 ef 13.67¢c
\Y/ 9.58a 69.15 ab 57.2a 29.20 ab 15.80 ab
S 9.59a 68.79 ab 56.2 a 29.21 ab 15.18 ab
Average 9.39a 67.69 a 525b 26.33 b 14.04 b
Bio- Fert. K 9.23a 65.91 a-d 52.4 bc 25.60 f 14.80 b
T 9.39a 64.50 a-d 55.0 ab 26.46 d-f 14.93 ab
P 9.12 ab 65.82 a-d 54.4 ab 26.64 d-f 14.94 ab
L 9.27a 65.59 a-d 57.6 a 27.26 c-e 1590 a
Z 9.18a 69.65 a 56.7 a 27.70 b-d 15.26 ab
\YJ 9.18a 64.86 a-d 56.3a 27.40 c-e 15.30 ab
S 9.09 a-c 67.35 ab 56.7 a 27.80 b-d 15.40 ab
Average 9.21 ab 66.24 ab 55.6 a 26.98 b 15.22 a
Treat. K 9.16a 64.96 a 48.3a 2442 a 1340a
Average T 9.22a 64.12 ab 47.4 ab 23.44 ab 12.64 ab
P 8.60b 61.84b 44.1b 22.33b 12.04b
L 9.06 a 65.37 a 47.5ab 23.65ab 13.02 a
4 9.00a 65.92 a 46.8 ab 23.52ab 12.84 ab
\Y 9.03a 64.18 ab 47.8 a 24.03 ab 13.16 a
S 9.30a 66.71 a 49.2 a 24.85a 1342 a

* The differences between the means indicated with the same column are not significant in their group (p< 0.05).

Table 4.b. The effect of a different carrier, bacterial combinations, and mineral fertilizer application on yield and

growth parameters in Pazar-20 clone (2014)

= Clorofil Second Leaf Area Third Leaf area

Treatment 8 & (SPAD) (cm?) (cm?

content

Control K 69.84 c-g 12.08¢ 21.18h
T 66.30 fg 12.36 g 21.67h
P 64.88 ¢ 12.13¢ 21.26 h
L 64.85 g 12.49 g 21.91h
z 64.83 g 12.77 fg 22.25h
\% 64.83 9 12.85fg 22.68 h
S 64.96 g 12.10g 21.22 h

Average 65.78 d 1240 e 21.74 f

MJAVL Volume 11 (Issue 2) © 2021

www.journals.manas.edu.kg


http://www.journals.manas.edu.kg/

116

Ertlrk et al. / Manas Journal of Agriculture Veterinary and Life Sciences 11 (2) (2021) 109-119

NPK K 77.27 a 1531 cd 27.25 c-f
T 77.26 a 14.63 de 26.91 ef
P 72.09 a-f 14.00 e 24409
L 74.95 a-d 13.73 ef 24729
z 74.18 a-d 13.95¢e 24729
\Y 7724 a 15.28 cd 26.98 ef
S 77.01 ab 15.86 a-c 28.17 a-e
Average 75.71a 14.68 ¢ 26.12¢c
F1 K 73.10 a-f 12.88 fg 22.19h
T 70.92 a-g 12.109g 21.91h
P 68.33 d-g 12.09 g 21.48h
L 71.06 a-g 12.24 g 2157 h
z 72.86 a-f 12.42¢g 21.39h
\% 66.57 e-g 12.17 g 21.28h
S 71.12 a-g 12.89 fg 22.36 h
Average 70.57¢c 1240 e 21.74 f
F2 K 72.51 a-f 12.77 fg 22.79h
T 73.32 a-e 13.73 ef 25.33¢g
P 70.70 a-g 12.73fg 22.77h
L 7729 a 13.79 ef 24409
4 71.71 a-f 13.95¢e 24519
\Y 69.89 c-g 12.04 g 21.25h
S 71.86 a-f 14.22 ¢ 27.22 cf
Average 72.47 be 13.32d 24.04 e
F3 K 74.00 a-d 16.11 a-c 29.61a
T 76.32 a-C 16.63 ab 29.56 a
P 75.73 a-c 15.81 a-c 28.76 a-d
L 74.17 a-d 16.21 a-c 29.79a
z 71.78 a-f 15.24 cd 27.63 b-e
\% 73.18 a-f 16.78 a 29.83a
S 70.26 b-g 16.80 a 29.77 a
Average 73.63b 16.23 a 29.28 a
F4 K 72.02 a-f 16.81a 29.28 ab
T 70.44 a-g 13.68 ef 24.48¢g
P 66.36 fg 12.11¢ 21.47h
L 72.72 a-f 12.58 g 24.41¢g
4 71.47 a-g 13.79 ef 25.26 g
\Y 69.56 c-g 12.76 fg 2446 ¢
S 72.70 a-f 14.09 e 24,94 g
Average 70.75¢ 13.69d 24.90d
F5 K 74.66 a-d 16.81a 28.84 a-c
T 73.15 a-f 14.69 de 25.65 fg
P 68.50 d-g 12469 2455¢
L 76.19 a-c 16.49 ab 29.51a
z 73.03 a-f 15.65b-d 26.99 ef
\% 72.51 a-f 16.72 ab 29.77 a
S 73.16 a-f 16.80 a 29.66 a
Average 73.03 b 15.66 b 27.85b
Bio- Fert. K 70.13 b-g 15.27 cd 27.55 c-e
T 71.66 a-f 16.08 a-c 27.45 c-e
P 70.04 c-g 15.82 a-c 27.09 d-f
L 73.90 a-d 16.80 a 28.41 a-e
z 73.84 a-d 16.77 a 28.74 a-d
\% 70.04 c-g 16.65 ab 28.22 a-e
S 71.34 a-g 16.81a 28.84 a-c
Average 71.56 bc 16.31a 28.04 b
Treatment K 72.94 ab 14.75a 26.09 a
T 72.42 ab 1424 a 25.37 ab
Average P 69.58 ¢ 13.39b 23.97b
L 73.14a 1429 a 2555 a
z 71.71a-c 1432 a 25.19 ab
\% 70.48 bc 1441a 25.56 a
S 71.55a-c 14.95a 26.52a
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CONCLUSION

Bacterial association with root growth is an important innovative field of agricultural research. Inoculation with triple
bacteria increased plant height, trunk diameter, shoot and leaf weight, chlorophyll value in tea seedlings compared with
the control. Furthermore, the positive effects of PGPR on plant growth were correlated with remarkable changes in root
growth and morphology, namely increasing the lateral root and root hair number and length. Previous studies also
demonstrated the application of PGPR in soil has resulted in a significant increase in the growth of young tea seedlings
(Gulati et al. 2011; Bagyalakshimi et al. 2012; Chakraborty et al. 2015; Princy et al. 2015; Bhattacharyya et al. 2015;
2020; Fauziah et al. 2019; Tennakon et al. 2019; Wang et al. 2020; Shang and Liu 2020). and help reduce the use of
chemicals in tea plantations (Charaborty et al. 2009).

It was determined that almost all strains had nitrogen fixation and phosphate solubilization capacity in laboratory tests
of the bacterial isolates used in triples, forming the F1, F2, F3, F4, and F5 formulations used in this experiment (Table
1). Thus, better use of phosphorus in the soil by plants from a young age will lead to good rooting, and through the
mechanism created by bacteria with nitrogen fixation ability, the nitrogen they will need for growth and development
will be fully supplied. In addition, although other instruments such as siderophore and IAA production of these isolates
have not been tested, it may be possible that at least some of the bacteria used have these properties. As a matter of
fact, it was determined in another study (Cakmakge1 et. al. 2010) and different geographies (Gulati et al. 2011; Fauziah
et al. 2019) that many other mechanisms could be together in many of the rhizobacteria isolated from nature.

Especially in terms of carriers, significant differences compared to the control were observed in both years (Tables 2
and 3). So much so that in 2013 and 2014, the liquid organic carrier (S) produced the highest values in terms of almost
all parameters. However, other carriers that followed caused different results in different parameters, and the lowest
values were generally obtained when the perlite (P) carrier was used (Tables 3 and 4a,b).

The test results indicated that F1, F2, F3, F4, and F5 biofertilizer formulations could promote the growth of the plant.
The mechanisms may include the follows: first, some amino acids and lipid substances produced by these formulations
containing triple bacteria could promote the growth and development of plants and the balance of soil mineral
nutrients, such as the phytase generated from the metabolism, which could help to convert the unabsorbable inorganic
and organic phosphorus in the soil into the absorbable phosphorus, improving phosphorus absorption efficiency of
plants. In addition, many plant growth-promoting bacteria have been verified to produce plant growth regulators in the
plant rhizosphere, such as IAA, cytokinins, and other plant hormones, to promote plant growth and increase yield
(Glick 1995).

Selected bacterial strains stimulated overall plant growth, including shoot development, plant height, trunk diameter,
leaf yield, and chlorophyll parameters of Turkish registered tea clones Pazar-20.
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