
Annals of Warsaw University of Life Sciences – SGGW
Horticulture and Landscape Architecture No 38, 2017: 5–18
(Ann. Warsaw Univ. of Life Sci. – SGGW, Horticult. Landsc. Architect. 38, 2017)
DOI 10.22630/AHLA.2017.38.1

Abstract: The effect of bacteria-based formula-
tions on tea (Camellia sinensis L.) growth, yield, 
and enzyme activities. There is an increasing need 
to use microorganisms for safe crop production 
for consumers, as well as to prevent environmen-
tal pollution and ensure the sustainability of agri-
culture and agricultural resources. The objective 
of this study was to evaluate possible effects of 
mineral fertilizer (NPK), one commercial liq-
uid bio-fertilizer and ACC deaminase-contain-
ing, N2-  xing, and P-solubilizing bacteria-based 
bio-fertilizers in triple strain combinations (BF1: 
Bacillus subtilis RC28 + Paenibacillus polymyxa 
RC05 + Pseudomonas  uorescens RC77; BF2: 
Bacillus subtilis RC63 + Paenibacillus polymyxa 
24/3 + Pseudomonas  uorescens 48/3; BF3: Ba-
cillus atrophaeus 36/10 + Paenibacillus polymyxa 
28/3 + Pseudomonas  uorescens 51/2; BF4: Ba-
cillus subtilis 39/3 + Bacillus subtilis RC63 +
+ Pseudomonas  uorescens 53/6; BF5: Bacillus 
subtilis RC521 + Paenibacillus polymyxa 66/6 
+ Pseudomonas  uorescens RC77; BF6: Bacil-
lus megaterium 12/1 + Paenibacillus polymyxa 
RC35 + Pseudomonas  uorescens 48/3) on the 
growth and enzyme activities in tea under natural 
acidic conditions over three years. The bio-fertil-
izer formulations stimulated overall plant growth, 
including shoot development, plant height, trunk 
diameter, leaf area, leaf yield, chlorophyll and an-
thocyanin content, and activities of oxidative, 

catalytic, hydrolytic and anti-oxidative enzymes, 
in the Turkish registered tea clones Tu lal -10. 
In addition, inoculation with bacterial formula-
tion affected the activities of enzymes such as 
glutathione reductase, glutathione S-transferase, 
glucose-6-phosphate dehydrogenase, 6-phospho-
gluconate dehydrogenase, polyphenol oxidase, 
peroxidase, urease, 5-dehydroshikimate reduc-
tase, and alcohol dehydrogenases. However, plant 
growth responses were variable and dependent 
on the formulations and parameter evaluated. The 
selected effective bio-formulations could play an 
important role in understanding the plants’ toler-
ance and adaptation to stress, and may contribute 
to improving the quality of tea products. Their 
ability to enhance plant growth will enable reduc-
tions in inputs of chemical fertilizer, and they have 
the potential to be used as a bio-fertilizer in sus-
tainable and organic tea production. Our results 
indicate that a higher leaf yield potential in tea 
plants with bacterial inoculation can be expected 
on acidic soils in Turkey.

Key words: tea (Camellia sinensis L.), multi-trait 
rhizobacteria, bio-fertilizers, mixed inoculations, 
enzyme activity

INTRODUCTION

The bene  cial, freely occurring plant 
growth-promoting rhizobacteria (PGPR) 
are an alternative method of increasing 
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crop productivity that can reduce the use 
of chemical fertilizers. At present, the 
use of biological approaches is becom-
ing more popular as a supplement to 
chemical fertilizers for improving crop 
yield. In this regard, PGPR have found 
a potential role in developing sustain-
able systems in crop production [Hayat 
et al. 2010]. Therefore, their use as bio-
fertilizers for sustainable agriculture is 
important. In turn, having a great impact 
on root biology, plant growth, nutrition 
and development, PGPR are important 
for long-term sustainability. PGPR can 
promote the growth and productivity 
of plants through various mechanisms. 
They promote plant growth directly by 
providing the host plant with synthesized 
compounds, facilitating nutrient uptake, 
 xing atmospheric nitrogen, mineral-

izing and solubilizing phosphorus and 
other minerals, producing siderophores 
that solubilize and sequester iron, pro-
viding ACC-deaminase to hydrolyse en-
dogenous ACC into ammonia and a-ke-
tobutyrate instead of ethylene, secreting 
phytohormones (e.g. auxins, cytokinins, 
gibberellins, ethylene) that enhance vari-
ous stages of plant growth, and synthesiz-
ing enzymes that modulate plant growth 
and development [Lucy et al. 2004, Gray 
and Smith 2005, Cappellari et al. 2013].

Tea (Camellia sinensis), the most im-
portant plant of Turkey, is used in the tra-
ditional preparation of its national food 
and is planted widely on acidic soils. Tea 
is an economically important perennial 
leaf crop which requires more nitrogen 
than most other crops, and nitrogen ap-
plication signi  cantly increases both the 
yield and quality of tea [Han et al. 2008]. 
The response of tea leaf yield to nitrogen 
fertilizer application under suitable grow-

ing conditions with adequate rainfall is 
also signi  cantly higher. Therefore, to 
improve the yield of tea leaves, fertilizer 
is applied to tea orchards, and its use has 
increased year after year. Many studies 
show that excess amounts of chemical 
fertilizer application can contribute to 
low N use ef  ciency and cause tea or-
chard soil acidi  cation as well as serious 
water and environmental pollution [Han 
et al. 2008, Hirono et al. 2009, Liu et al. 
2012]. Microorganisms are important in 
agriculture to promote the circulation of 
plant nutrients and minimize the need 
for chemical fertilizers. Plant-associated 
N2-  xing and P-solubilizing bacteria are 
regarded as a possible alternative to in-
organic nitrogen fertilizers, and PGPR 
strains have previously attracted the at-
tention of agriculturists as soil inocu-
lums to improve plant growth and yield 
[ ahin et al. 2004, Çakmakç  et al. 2006, 
2007, Chen et al. 2006]. In the last few 
decades, it has been observed that plant 
growth-promoting rhizobacteria (PGPR) 
are valuable for agriculture as a tool for 
improving crop performance and envi-
ronmental conditions. 

Previous studies demonstrating the 
application of PGPR in soil have re-
sulted in signi  cant increase in growth 
of young tea bushes and contributed to 
the reduction of the use of chemicals in 
tea plantations [Chakraborty et al. 2006, 
Çakmakç  et al. 2013]. Recent stud-
ies have indicated that the develop-
ment of stable formulations of PGPR is 
of great importance and is a promising 
approach to sustainable tea cultivation 
[Çakmakç  et al. 2014]. Even so, infor-
mation on the use of bio-fertilizers on tea 
is very scarce, and the use of these kinds 
of bacteria in tea production is also lim-
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ited because tea is grown in only a few 
countries in the world [Çakmakç  et al. 
2010]. Enzymes play an important role 
in the antioxidant system, oxidation, for-
mation of tea compounds, tea manufac-
turing and black tea production process, 
defence mechanism and quality in tea 
plants, and the biosynthesis of polyphe-
nols, aromatic and  avonoid compounds. 
Little is known about the inoculation of 
PGPR and their effect on the activities of 
different oxidative, catalytic, hydrolytic 
and anti-oxidative enzymes in tea plants. 
The aim of this work was to evaluate 
the effects of co-inoculation with ACC 
deaminase-containing, N2-  xing and/or 
P-solubilizing bacteria-based bio-ferti-
lizers on growth promotion, yield, and 
enzyme activities in tea seedlings.

MATERIAL AND METHODS

The objective of this study was to evalu-
ate possible effects of mineral NPK fer-
tilizer (300 mg N + 60 mg P + 120 mg K 
per rooted cutting), one commercial liq-
uid bio-fertilizer (CLBF: a commercial 
liquid bio-fertilizer containing Bacillus 
megaterium, Pantoea agglomerans and 
Pseudomonas  uorescens) and ACC 
deaminase-containing, N2-  xing and P-
-solubilizing bacteria-based bio-formula-
tions in triple strain combinations (BF1: 
Bacillus subtilis RC28 + Paenibacillus 
polymyxa RC05 + Pseudomonas  uores-
cens RC77; BF2; Bacillus subtilis RC63 +
+ Paenibacillus polymyxa 24/3 + Pseu-
domonas  uorescens 48/3; BF3: Bacil-
lus atrophaeus 36/10 + Paenibacillus 
polymyxa 28/3 + Pseudomonas  uores-
cens 51/2; BF4; Bacillus subtilis 39/3 + 
Bacillus subtilis RC63 + Pseudomonas 

 uorescens 53/6; BF5: Bacillus subtilis 
RC521 + Paenibacillus polymyxa 66/6 +
+ Pseudomonas  uorescens RC77; BF6: 
Bacillus megaterium 12/1 + Paeniba-
cillus polymyxa RC35+ Pseudomonas 
 uorescens 48/3) on growth and enzyme 
activities in tea under natural soil con-
ditions, by conducting pot experiments 
over three years at the Ataturk Tea and 
Horticultural Research Institute in 
Rize. Sources and some biochemical 
characteristics of the bacterial strains 
used in the bio-formulations are given 
in Table 1. The experiment was arranged 
as a completely randomized design with 
nine treatments and four replicates (each 
having  ve rooted sapling cuttings). 
For this experiment, pure cultures were 
grown in 50% strength tryptic soy broth 
on a rotary shaker (120 rpm; 25°C) for 
3 days. Bacteria were then harvested by 
centrifugation (ca. 3,000× g for 10 min), 
washed and re-suspended in 10 mM ster-
ile phosphate buffer, pH 7.0 to a density 
of 109 cfu·ml–1 for the bacterial strains. 
For triple inoculation, equal volumes 
(109 cfu·ml–1 of each inoculant) of three 
cultures were mixed and then applied to 
tea saplings. The rooted cuttings were 
surface-sterilized prior to inoculation by 
soaking in 25% commercial-grade bleach 
for 5 min, followed by thorough washing 
under running tap water and air-drying 
aseptically overnight at room tempera-
ture. Young rooted cuttings of uniform 
height were inoculated with each of the 
bacteria-based bio-fertilizer formula-
tions. Bacterial inoculation involved dip-
ping the root system of the saplings into 
a suspension of each bio-formulation 
for 60 min, prior to planting. Fresh and 
dry leaf weight, shoot weight, average 
and total shoot length, shoot and trunk 
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diameter and plant height were collected 
for all rooted tea cuttings.

Tea leaf samples (apical bud and  rst 
two leaves) were washed three times 
with 50 mM Tris–HCl + 0.1 M Na2SO4 
(pH 8.0), and each was homogenized by 
liquid nitrogen, transferred to 100 mM 
PVP + 10 mM NaN3 + 50 mM Tris–
–HCl + 0.1 M Na2SO4 (pH 8.0) buffer, 
and centrifuged at 4°C, 15,000 g for 
60 min [Çakmakç  et al. 2009]. Glucose-
-6-phosphate dehydrogenase (G6PD; 
EC 1.1.1.49) and 6-phosphogluconate 
dehydrogenase (6PGD; EC 1.1.1.44) ac-
tivities were determined according to the 
method of Beutler [1984]. The increase 
in A340 was monitored over 3 min. One 
unit of enzyme activity was de  ned as a 
reduction of 1 mol NADP+ min–1 under 
the assay conditions.

Protein content, glutathione reduct-
ase (GR; EC 1.8.1.7) and glutathione 
S-transferase (GST; EC 2.5.1.18) en-
zyme activities were determined ac-
cording to methods described by Brad-
ford [1976], Habig and Jacoby [1981], 
Carlberg and Mannervik [1985] respec-
tively. One unit of GR enzyme activity 
was de  ned as the oxidation of 1 mol 
NADPH per min under the assay con-
ditions. One unit of GST activity was 
de  ned as the formation of 1.0 mol 
product min–1 (extinction coef  cients at 
340 nm: 6.2 mM–1·cm–1 for NADPH, 
and 9.6 mM–1·cm–1 for the glutathione-
2,4-dinitrobenzene conjugate). 

The activities of polyphenol oxidase 
(PPO; EC 1.14.18.1), peroxidase (POD; 
EC: 1.11.1.7), 5-dehydroshikimate re-
ductase (DHSK; EC: 1.1.1.25) and alco-
hol dehydrogenase (ADH; EC: 1.1.1.1) 
were assayed by the methods of Sander-
son [1966], Hatanaka et al. [1974], Lee et 

al. [1991] and Mei et al. [2009], respec-
tively. One unit of PPO and POD activity 
was de  ned respectively as an increase 
of 0.001 and 0.1 units of absorbance 
per min at 420 and 470 nm. One unit of 
DHSK reductase activity was de  ned as 
the formation of 1.0 mol NADPH min–1,
while one unit of ADH activity was de-
 ned as the amount of ADH catalysing 

the reaction to produce 1 M NADH 
per min in a spectrophotometer at 
25°C (extinction coef  cient at 340 nm: 
6.22 mM–1·cm–1). Results for PPO, POD, 
ADH and DHSK reductase enzyme ac-
tivities were expressed as unit g–1 of dry 
weight (DW). Enzymatic activities were 
determined spectrophotometrically at 
25°C using a Shimadzu 1208 UV spec-
trophotometer (Kyoto, Japan).

The experiments were performed in a 
completely randomized design with four 
replicates. Enzyme activities were deter-
mined on three samples from each repli-
cate. The data were subjected to analysis 
of variance using SPSS13.0 (SPSS Inc. 
Waltham MA) and the means were sepa-
rated according to Duncan’s multiple 
range test.

RESULTS AND DISCUSSION

Three years of trials showed that treat-
ments including bacterial formulations 
and fertilizer application signi  cantly 
affected the parameters investigated 
compared with the control, depending 
on the years, bacterial formulations and 
growth parameter evaluated. Among 
the treatments tested, inoculation with 
BF4 and BF6 mixed bio-formulations 
and NPK fertilizer application increased 
trunk diameter, plant height, shoot and 



10     R. Çakmakç  et al.

leaf weight, fresh and dry leaf weight, 
second and third leaf area, chlorophyll 
(SPAD) and anthocyanin (ACI) contents 
of tea plants signi  cantly compared with 
the control; the maximum yield and 
growth parameters in tea were found 
with the BF4 formulation (Table 2). In 
both years, all treatments signi  cantly 
increased plant height. Except for the 
BF3 and BF5 formulations, all tested 
treatments signi  cantly increased the 
shoot and leaf weight of tea saplings. In 
both years, trunk diameter, plant height, 
shoot and leaf weight and fresh and dry 
leaf weight were greatest with the inocu-
lation of BF4, whereas the highest levels 
of second and third leaf area and chlo-
rophyll (SPAD) and anthocyanin (ACI) 
contents were found with the application 
of NPK (Table 2).

The increases on inoculation as com-
pared with the control plants ranged be-
tween –0.2 and 15.7% for trunk diam-
eter, 13.9 and 22.0% for plant height, 
–0.7 and 41.2% for shoot and leaf fresh 
weight, –0.3 and 42.0% for leaf fresh 
weight, 1.4 and 45.1% for leaf dry 
weight, –1.4 and 13.0% for second leaf 
area, –3.1 and 13.0% for third leaf area, 
–1.4 and 12.4% for chlorophyll (SPAD) 
content, and –1.3 and 12.4% for an-
thocyanin (ACI) content. Mineral ferti-
lizer application as compared with the 
control plants increased trunk diameter, 
plant height, shoot and leaf weight, fresh 
leaf weight, dry leaf weight, second leaf 
area, third leaf area, chlorophyll (SPAD) 
and anthocyanin (ACI) content by 14.0, 
17.5, 35.3, 38.4, 41.0, 16.3, 16.3, 12.5 
and 14.4%, respectively. It is particular-
ly notable that in the third year, growth 
of tea (shoot and leaf weight, fresh and 
dry leaf weight) was signi  cantly more 
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enhanced by BF4 inoculation and NPK 
fertilizer application than by other treat-
ments (Table 2).

Inoculation with rhizobacteria-based 
bio-formulations stimulated overall plant 
growth, including shoot development, 
plant height, trunk diameter, leaf yield, 
chlorophyll and anthocyanin content, 
leaf area, and activities of oxidative, cat-
alytic, hydrolytic and anti-oxidative en-
zymes of the Turkish tea clones Tu lal -
-10. As reported previously, the effect of 
PGPR is a complex process, and depends 
on the bacterial strain and population, 
the plant-bacterial strain combination, 
the plant genotype, the growth param-
eters evaluated, and environmental con-
ditions [ ahin et al. 2004, Çakmakç  et 
al. 2006]. Previous studies demonstrat-
ing the application of PGPR in soil have 
resulted in signi  cant increase in growth 
of young tea bushes and contributed to 
the reduction of the use of chemicals 
on tea plantations [Chakraborty et al. 
2006, 2012, Çakmakç  et al. 2013, 2014, 
Çakmakç  2016, Zhan et al. 2016].

According to the three-year results, all 
bio-formulation inoculations and ferti-
lizer applications signi  cantly increased 
glutathione S-transferase (GST) activity 
in the leaves of tea plants. Except for the 
BF2 and BF3 formulations, all treatments 
increased glutathione reductase (GR) ac-
tivity in each of the three years (Table 3).
Glucose-6-phosphate dehydrogenase 
(G6PD) activity was greatest with the 
application of BF3 and BF1, whereas the 
highest level of 6-phosphogluconate de-
hydrogenase (6PGD) was observed after 
BF5 and BF1 inoculations, followed by 
BF3. Among the various treatments test-
ed, BF2, BF4, and BF6 caused the maxi-
mum enhancement in peroxidase (POD) 
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activity in tea, while BF2 and BF6 most 
effectively promoted alcohol dehydroge-
nase (ADH) activity. In the three years 
the highest 5-dehydroshikimate reduct-
ase (DHSK) activities were obtained 
from the BF5 formulation, followed by 
BF2 and BF6, while the lowest DHSK 
activity was recorded for the control and 
for the application of commercial liquid 
bio-fertilizer (Table 3). In general, GR, 
GST, 6PGD and DHSH activities were 
greatest with the application of BF5, 
whereas the highest levels of POD and 
ADH activities were found on treatment 
with BF2 (Table 2). BF4 inoculations 
and fertilizer application caused maxi-
mum enhancement in the growth and 
leaf yield of tea, while NPK application 
and BF6 inoculation were the most ef-
fective promoters of PPO activity. 

Inoculation with some of the multi-
trait rhizobacterial formulations en-
hanced seedling growth and defence-re-
lated enzymes, such as GR, GST, POD 
and PPO, in tea leaves. The screening of 
rhizobacteria that show multiple plant 
growth-promoting (PGP) traits suggests 
that they have good potential for  eld 
testing and applications in improving 
the growth of tea [Çakmakç  2016]. The 
bene  cial role of PGPR formulations has 
been reported by some other research-
ers [Hafeez et al. 2006, Çakmakç  et al. 
2007, Chakraborty et al. 2012, Çakmakç  
2016]; it might be attributed to IAA and 
siderophore production, N2-  xation, 
P-solubilization, ACC deaminase activ-
ity, or even other non-evaluated PGPR 
traits that stimulate plant growth. Since 
inoculation caused a differential increase 
in leaf defence and quality-related en-
zymes like ADH and PPO activity, as 
well as activation of other plant enzymes, 

this may indicate that activation of these 
enzymes in tea leaves would be differen-
tially affected by different formulations. 
To alleviate stress, plants have evolved an 
effective antioxidant system composed 
of antioxidant enzymes such as GR, GST 
and POD. Glucose-6-phosphate dehy-
drogenase (G6PD) and 6-phosphogluco-
nate dehydrogenase (6PGD) catalyse the 
biosynthesis of polyphenols [Magoma et 
al. 2003], while 5-dehydroshikimate re-
ductase (DHSK) is important in the bio-
synthesis of  avonoid compounds [Sand-
erson 1966]. The synthesis of  avonoids 
in tea requires enzymes of the shikimate 
pathway, and DHSK reductase is a key 
regulatory enzyme in the process. Also, 
the oxidation of plant aldehydes to their 
corresponding alcohols is due to ADH 
activity.

Enzymes play an important role in 
the tea manufacturing process and in 
the antioxidant system of the plants. 
Polyphenol oxidase and peroxidase are 
thought to play a role in the fermentation 
process, oxidation and formation of black 
tea compounds [Balentine et al. 1997, 
Emdadi et al. 2009, Stodt et al. 2014]. 
Also, they lead to the formation of black 
tea polyphenols and aroma compounds 
characteristic of black tea and involved 
in the plants’ defence mechanism against 
environmental stresses [Harbowy and 
Balentine 1997]. Polyphenols, which 
are antioxidant compounds, are the ma-
jor category of secondary metabolites 
in tea plants [Lu et al. 2014]. Phenolic 
compounds are responsible for certain 
characteristics of black tea, such as col-
our and taste.

Of the bacterial formulations, BF4 
and BF6 caused the greatest increase in 
PPO activity, while BF2, BF4 and BF6 
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most effectively promoted POD activ-
ity. Of the formulations tested, BF3 
consistently gave PPO and POD activi-
ties equal to or lower than those of the 
control plants. During the manufactur-
ing of green tea these enzymes are un-
desirable, because they can catalyse the 
oxidation of catechins, which can nega-
tively affect the quality of green tea. On 
the other hand, these enzymes are desir-
able in the process of black tea produc-
tion, and can catalyse the transforma-
tion of catechin to thea  avins (TF) and 
thearubigins (TR), responsible for the 
typical  avour and colour of black tea 
[Jiang 2008]. The roles of PPO and PO 
in transforming catechin compounds to 
TF and TR have also been highlighted, 
and this has direct bearing on the quality 
of black tea [Samanta et al. 2015]. Both 
of the oxidative enzymes PPO and POD 
are of considerable importance in black 
tea processing and for the quality and  a-
vour of the tea. Enzyme PPO plays the 
main role in enzymatic browning of the 
leaves, and together with enzyme POD 
has a synergistic effect on the oxidation 
of phenolic compounds. Enzyme POD 
plays an important role in the formation 
of thea  avin-related compounds dur-
ing black tea fermentation [Sang et al. 
2004]. Our results may indicate that the 
activation of these enzymes in tea leaves 
would be differentially affected by dif-
ferent bio-formulations.

The application of NPK fertilizer and 
the BF4 and BF6 formulations increased 
the chlorophyll and anthocyanin content 
in tea leaves, and enhanced the growth 
and yield parameters of tea. Chloro-
phyll, the main component of the col-
our in green tea, may in  uence the net 
photosynthesis rate and the tea quality. 

Anthocyanins are responsible for leaf 
colour, antioxidant activity and physi-
ological and biochemical processes. 
Chlorophyll is a highly important pig-
ment as its quantity determines the  nal 
colour of non-fermented green tea infu-
sion. The fermentation process trans-
forms chlorophylls into pheophorbides 
and pheophytins, which give rise to the 
dark colour of black tea, as reported by 
Oš ádalová et al. [2014], who suggested 
that chlorophylls may be an important 
stable indicator of tea quality. Increasing 
contents of chlorophylls and anthocy-
anin would contribute to the production 
of quality teas. This is in agreement with 
the results of Joshi et al. [2015], who 
reported that tea from anthocyanin-rich 
cultivars could be used to make specialty 
teas with high antioxidant activity. Ad-
ditional studies are required to explain 
the mechanism by which PGPR affects 
the tea quality, anthocyanin content, and 
responses of different oxidative, hydro-
lytic and antioxidant enzymes.

CONCLUSIONS

Inoculation with rhizobacteria-based 
bio-formulations had the potential to in-
duce a greater amount of enzymes, lead-
ing to increased growth and yield. Bac-
terial formulations caused high growth, 
leaf weight and enzyme activity, but the 
effect was strongly dependent on the 
inoculant strain formulations and pa-
rameters evaluated. Among the various 
bio-formulations tested, BF4 (B. subtilis 
39/3 + B. subtilis RC63 + P.  uorescens 
53/6) and BF6 (B. megaterium 12/1 + 
P. polymyxa RC35 + P.  uorescens 
48/3) were found to be most effective in 
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promoting the growth, yield and quality 
of tea. Our results may be of importance 
for further research on PGPR in relation 
to tea growth, yield and quality, process-
ing technology, and stress tolerance. The 
application of such bio-formulations 
may result in the reduction of application 
of harmful chemicals, protect the envi-
ronment and biological resources, and 
prevent the accumulation of nitrates and 
phosphates in agricultural soils. A bio-
logical fertilization strategy may change 
a tea plantation’s soil fertility, physical 
and chemical environment, enzyme ac-
tivity, stress tolerance and microorgan-
ism community, and can also affect the 
tea yield and quality.
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Streszczenie: Wp yw preparatów zawieraj cych 
bakterie na wzrost, plon i aktywno  enzymatycz-
n  herbaty (Camellia sinensis L.). Istnieje rosn ca 
potrzeba stosowania mikroorganizmów w upra-

wach, w celu uzyskania  ywno ci bezpiecznej 
dla konsumentów, przeciwdzia ania zanieczysz-
czeniu rodowiska oraz utrzymania zrównowa o-
nego rolnictwa i zachowania rolniczych zasobów. 
Celem tej pracy by a ocena mo liwego wp ywu 
nawozu mineralnego (NPK), komercyjnego bio-
nawozu p ynnego oraz biopreparatów zawieraj -
cych bakterie na wzrost i aktywno  enzymatycz-
n  herbaty uprawianej przez trzy lata na naturalnie 
kwa nych glebach. Do porówna  u yto zawiera-
j ce deaminaz  ACC, wi ce azot i solubizuj ce 
fosfor bakteryjne biopreparaty, które zawiera y 
potrójne kombinacje szczepów bakteryjnych 
(BF1: Bacillus subtilis RC28 + Paenibacillus po-
lymyxa RC05 + Pseudomonas  uorescens RC77; 
BF2: Bacillus subtilis RC63 + Paenibacillus poly-
myxa 24/3 + Pseudomonas  uorescens 48/3; BF3: 
Bacillus atrophaeus 36/10 + Paenibacillus poly-
myxa 28/3 + Pseudomonas  uorescens 51/2; BF4: 
Bacillus subtilis 39/3 + Bacillus subtilis RC63 
+ Pseudomonas  uorescens 53/6; BF5: Bacillus 
subtilis RC521 + Paenibacillus polymyxa 66/6 
+ Pseudomonas  uorescens RC77; BF6: Bacil-
lus megaterium 12/1 + Paenibacillus polymyxa 
RC35 + Pseudomonas  uorescens 48/3). W zare-
jestrowanym w Turcji klonie herbaty Tu lal -10 
biopreparaty stymulowa y ogólny wzrost ro lin, 
w tym rozwój i przyrost elongacyjny p dów, red-
nic  p du g ównego, powierzchni  i plon li ci, 
zawarto  chloro  lu i antocyjanów, aktywno ci 
oksydacyjn , katalityczn , hydrolityczn  i an-
tyoksydacyjn  herbaty. Inokulacja preparatami 
bakteryjnymi wp ywa a równie  na aktywno  
enzymów, takich jak: reduktaza glutationowa, 
s-transferaza glutationowa, dehydrogenaza glu-
kozo-6P, dehydrogenaza 6-fosforoglukonianu, 
oksydaza polifenolowa, peroksydaza, ureaza, 
reduktaza 5-dehydroszikimianu oraz dehydroge-
nazy alkoholowe. Reakcja wzrostowa ro lin by a 
jednak ró na i zale na od rodzaju formulacji oraz 
ocenianego parametru. Wyselekcjonowane, efek-
tywne biopreparaty mog  pe ni  istotn  funkcj  
w zrozumieniu tolerancji ro lin i ich adaptacji do 
stresu. Mog  one tak e przyczynia  si  do polep-
szenia produktów uzyskiwanych z herbaty. Zdol-
no  biopreparatów do stymulacji wzrostu ro lin 
sprawia, e mog  by  one wykorzystywane jako 
bionawozy w zrównowa onej i organicznej pro-
dukcji herbaty, co tak e mo e przyczyni  si  do 
ograniczenia stosowania chemicznych nawozów. 
Nasze wyniki wskazuj , e inokulacje bakteryjne 
mog  zwi ksza  plon li ci herbaty na kwa nych 
glebach w Turcji.     


