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ABSTRACT   
 
Nitrogen is a macro essential nutrient for vegetative growth of tea plant. Nitrogen 
requirement on tea plantation can be fulfilled by an organic fertilizer and 
biofertilizer. Biofertilizer is the fertilizer with the potential to reduce 20 to 30% of 
an organic fertilizer used in tea plantation. The aim of the research was to test 
Azotobacter sp and endophytic bacteria from tea planting area (indigenous) and 
exogenous as biofertilizers on tea productive plants. The research was conducted 
in June to September, 2013. This research was done in Gambung experimental 
garden of Research Institute for Tea and Cinchona (RITC) using Andisol as soil 
type; GMB 7 clones of two years after pruning, altitude ±1.283 m above sea level 
and slope ±10%. Endophytic bacteria applied on leaves with dose 2 
L/ha/application and population 2.176 × 1011 cfu/ml and Azotobacter sp applied 
on soil with dose 2 L/ha/application and population of 2.144 × 1011 cfu/ml. 
Randomized block design was used in this study with nine treatments and three 
replications. Micro-organisms used were Acinetobacter sp and Azotobacter sp (AK-
II) as exogenous and endophtic bacteria (DtG7-5) and Azotobacter sp (RTG-1) as 
an indigenous. The variables analyzed were tea productivity and N absorption. 
The results showed that the application of Azotobacter sp and endophytic bacteria 
both indigenous and exogenous fluctuated to the tea productivity. Application of 
these micro-organisms could increase the tea productivity on water deficit month 
(rainfall <147 mm / month) by the average percentage 6 to 51% higher than 
control. The combination of indigenous Azotobacter sp with 75% dose of N, an 
organic fertilizer resulted in the highest increase in N absorption by 38.11%. 
Drought season with rainfall < 10 mm/month for more than two months disturbed 
the growth of tea plant, which is in August and September month but the 
production of shoots for indigenous Azotobacter sp with 75% dose of N organic 
treatment was 33.65% higher than control. These micro-organisms have a 
potential as nitrogen fixing bacteria to tea plant on drought season. 
 
Key words: Exogenous, drought season, indigenous, Indonesia, nitrogen fixing 
bacteria, tea plant. 

 
 
INTRODUCTION 
 
The decrease in the productivity of tea in Indonesia is 
caused by several factors, such as land conversion at 
2.10% per year, old plants and the lack of maintenance 
especially fertilization. In Indonesian tea plantation, 

fertilizer costs are quite high between ranges of 15 to 25% 
of the production cost and reach 40 to 45% of the plant 
maintenance costs. Production costs tend to increase as 
the increase in the prices of fertilizer, so the cost of
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fertilizer is often reduced to keep costs of production (Soil 
and Plant Nutrition Team of IRITC, 2013), (Agriculture 
Department of Republic of Indonesia, 2011), (Indonesia 
Tea Board, 2013). 

Potentially, Indonesia has clones (cultivars) Assamica or 
Sinensis tea that has high potential productivity and 
quality. Table 1 shows the potential productivity and 
quality of tea in Indonesia.  

Another factor supporting the productivity of tea plant is 
the availability of balanced macro and micro nutrients, 
both from the ground and fertilizer. The availability of 
nutrients in tea plantation area varies from low to high, 
but generally quite low because in Indonesia tea was 
planted dominant on uplands area with 52 to 55% from 
the total area tea planting as type of soil is Andisols 
(Setiawati and Eko, 2014). 

Nitrogen (N) is an essential nutrient that is, dominant 
macro required by tea plants in maintaining the vegetative 
growth. N in the nutrient needs of tea plantations are 
equipped with an organic fertilizer, organic and 
biofertilizers as a source of biological N. An organic 
fertilizer application has some problem on tea plantations, 
such as the availability of relatively not simultaneous, 
prices which tend to increase and its applications are 
dependent on climatic conditions. Therefore, it needs 
another alternative as a source of plant nutrients nitrogen 
in tea so that productivity of tea can be reached. Type of 
fertilizer which has the potential to reduce 20 to 30% of an 
organic fertilizer use is a biofertilizer. 

Rachmiati and Eko (2009) expressed that use of 
biofertilizers derived from outside the tea planting area 
(exogeneous) at a dose of 4 L/ha/application three times a 
year, combined with the 80% of the recommended dose of 
an organic fertilizer (single) can increase the productivity 
of tea plant by 5.3% as compared with the use of 100% 
single fertilizer only. However, if the biofertilizers with a 
dose of 4 and 6 L/ha/application thrice a year, combined 
with the 20 to 50% of an organic fertilizer will cause the 
plant health disrupted (Pranoto, 2010). Biofertilizers are 
fertilizers containing a number of microbial consortium 
and to better for plant growth such as Nitrogen fixation 
(Suwahyono, 2011).  

One of nitrogen fixing bacteria includes rhizobium 
symbiotic living in root nodules of legumes (Leguminose). 
Nitrogen fixing non-symbiotic bacteria for example, 
Azospirillum and Azotobacter (Aguskrisno, 2014). 
Azotobacter is one of the microbes present in biological 
fertilizer consortium and live in the root zone. The use of 
nitrogen fixing bacteria can make efficient use of an 
organic fertilizer N and reduce the cost of production 
(Razie and Syaifuddin, 2005). 

Besides by soil, it is known that there is a symbiotic 
micro-organism by leaf tissue of plants known as 
endophytic micro-organisms, such as fungi or bacteria. 
These bacteria function as binders N2 by root and leaf 
stomata. Endophytic bacteria move by xylem to all parts of  

 
 
 
the plant. Potential of these microbes is the ability of N2 
binding air, so it can reduce the use of an organic N 
fertilizer (Fitri, 2010). Nitrogen fixing bacteria that is, 
Azotobacter chrococcum, A. vinelandii, Azotobacter sp, 
Azospirillium sp, is known to be able to increase the yield 
of food plant and horticulture around 15 to 35% on 
marginal land (Hindersah et al., 1999). 

Endophytic bacteria is included in group of PGPR (Plant 
Growth Promoting Rhizobacteria) or rizobactery plant 
growth promoters by producing growth hormones such as 
IAA (Indole Acetic Acid) and providing specific nutrients 
for plants. Exploration of endophytic micro-organisms in 
the tea plant was first started in Indonesia in 2011 to 
2012. Exploration was carried out by observing the 
morphological characters of endophytic microbes from the 
roots, stems and leaves of the tea productive plant and 
young plant in GMB 7 clones. Exploration discovered 13 
isolates at young tea plant and 11 isolates in tea 
productive plant (Pranoto et al., 2010). Test the activity of 
exogenous endophytic bacteria or indigenous endophytic 
bacteria of tea plant was carried out in the dry season in 
2014. The results showed that the application of both 
indigenous endophytic bacteria or exogenous to sustain 
production of shoots have significant difference in the dry 
season for plucking 3, 4, and 6 (Pranoto, 2014). 

The research was carried out to test the Azotobacter sp 
and endophytic bacteria from tea planting area 
(indigenous) and exogenous applied as biofertilizers on 
tea productive plants using GMB 7 clones at two years 
after pruning. An organic fertilizer dose given was 75% 
from recommended dose with the assumption that the 
needs of 25% and the other can be fulfilled by these micro-
organisms as a source of biological N. 
 
 
MATERIALS AND METHODS 
 
The experiment was conducted in June to September, 2103 
on tea productive plants with GMB 7 clone (cultivar) at 
two years after pruning. This research was carried out at 
Gambung experimental station of Research Institute for 
Tea and Cinchona (RITC), Block A7 with Andisol soil; 
altitude was ±1.283 m above sea level and slope ± 10%.  
Applications were conducted at the end of the rainy 
season. Astronomical location of block experiment on 07° 
07‘ 59“ South Latitude (SL) and 107° 30‘ 28“ East 
Longitude (EL). Endophytic bacteria was applied to leaves 
as a biofertilizer with each dose of 2 L/ha/application with 
a population of 2,176 × 1011 cfu/ml and Azotobacter sp 
applied to each dose of 2 L/ha/application with a 
population of 2,144 × 1011 cfu/ml on the ground. 
Experimental plot size is 6 m × 10 m or 50 plants/plot with 
borders around plant 1. Randomized block design was 
used in this study with nine treatments and three 
replications, that is: 
1. 75% N an organic fertilizer (N-Anor) without microbes
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 (Control); 
2. 75% N-Anor + indigenous endophytic bacteria (DtG7-5); 
3. 75% N-Anor + exogenous endophytic bacteria 
(Acinetobacter sp); 
4. 75% N-Anor + indigenous  Azotobacter sp (RTG-1); 
5. 75% N-Anor + exogenous Azotobacter sp (AK-II); 
6. 75% N-Anor + (DtG7-5) + (RTG-1);  
7. 75% N-Anor + (Acinetobacter sp) + (AK-II); 
8. 75% N-Anor + (DtG7-5) + (AK-II);  
9. 75% N-Anor + (Acinetobacter sp) + (RTG-1). 
 
Micro-organisms used were Acinetobacter sp and 
Azotobacter sp (AK-II) as exogenous micro-organisms 
owned by Soil Biotechnology Laboratory, Faculty of 
Agriculture, University of Padjadjaran (UNPAD), whereas 
micro-organisms indigenous endophytic bacteria (DtG7-5) 
and Azotobacter sp (RTG-1) were jointly owned between 
RITC and Unpad. The 75% dose of Nitrogen an organic  
fertilizer that is, urea 127.5 kg/ha/application; SP-36 45 
kg/ha/application; KCl 33 kg/ha/application; and Kieserit 
26 kg/ ha/application. 

All variables were tested statistically by analysis of 
variance (ANOVA), with treatments as the independent 
variable. The statistical significance of differences between 
the differrent treatments were compared using Duncan’s 
Multiple Range Test (DMRT). The variables analyzed were 
follows: 
 
- Production of plant shoot (kg/plot); 
- N content (%) and N absorption (g/plot). 
 
 
RESULTS AND DISCUSSION 
 
Production of plant shoots 
 
The observation of shoot production (kg/50 plants) 
conducted for six times plucking and twice plucking 
preliminary (pre), that is, pre 1 (June 17th 2013), pre 2 
(July 2nd 2013), plucking 1 (July 16th 2013 ), plucking 2  
(July 30th 2013), plucking 3 (August 15th 2013), plucking 4 
(August 30th 2013), plucking 5 (September 14th 2013) and 
plucking 6 (September 27th 2013). The results showed that 
the production of shoots fluctuated (Figure 1). Based on 
the ANOVA (Analyze of Variant) it showed that all 
treatments are not significantly different with 22.58% 
coefficient of variability from tabulation of production for 
six times plucking. The highest percentage increase in 
production of shoots than control on treatment 4 (75% N + 
indigenous Azotobacter sp) is 37.31%. 

Production of shoots increased every plucking than 
previously seen from 2nd  plucking (Figure 1). This is 
because these micro-organisms needs time to start 
showing the response. Plucking 5 decreased the 
production of shoots accordance a decrease of rainfall for 
the month (Figure 2). This means that the relationship  

 
 
 
between the productions of tea shoots with rainfall is more 
strongly related with rain in dry season than with the 
number of rain a year (Wisnubroto and Rosich, 2002). 

Theoretically, the months that rainfall is less than 147 
mm / month can be called as a water deficit in the month 
of tea plants. When there are more than 100 mm rainfall / 
month, the deficit is not caused by a decrease in 
production means (Wibowo et al., 1998). This reserach 
was conducted from June to September and from August to 
September had less than 100 mm rainfall/month, that is 
mean on drought season occurred. Besides it was 
estimated that the productive tea plant with an area of 1 
ha can evaporate water (transpiration) as much as 25,400 
L/day (Eden, 1976). The amount is considered equivalent 
to rainfall of 930 mm/year, in accordance with estimates 
of Chang and Wu (1971) that 1 (one) stem of productive 
tea plant can consume the water equivalent of 1.34 to 2.66 
mm/day at temperature 10 to 28ºC. In the dry season 
which occurs every year, both normal (<2 months) and 
long (>3 months) may cause a decrease in production by 
40 to 60% and 20 to 40% plant death. 

The sum of production of shoots every month with 
rainfall (<147 mm/month) is in August and September 
(drought season); the treatment resulted in the production 
of shoots being higher than control in August in treatment 
4 (75% N + indigenous Azotobacter sp) of 33.65%;  
treatment 6 (75% N + exogenous endophytic bacteria + 
indigenous  Azotobacter sp) of 26.64%, treatment 7 (75% 
N + exogenous endophytic bacteria + exogenous 
Azotobacter sp) of 20.09%, treatment 8 (75% N + 
indigenous endophytic bacteria + exogenous Azotobacter 
sp) of 15.89%, and treatment 5 (75% N + exogenous 
Azotobacter sp) of 13.65%. 
The treatment in September resulted in the production of 
shoots being higher than control in treatment 4 (75% N + 
indigenous Azotobacter sp) of 67.29%; treatment 6 (75% 
N + exogenous endophytic bacteria + indigenous 
Azotobacter sp) of 38.32%, treatment 5 (75% N + 
exogenous Azotobacter sp) of 31.78%, treatment 3 (75% N 
+ exogenous endophytic bacteria) of 25.23%, and 
treatment 8 (75% N + indigenous endophytic + exogenous 
Azotobacter sp) of 19.63%. This is accordance with the 
report of Pranoto (2014) that the indigenous and 
exogenous endophytic bacteria could maintain leaf 
production and is significantly different in drought 
seasons. 
 
 
N Content and N absorption 
 
Analysis of N content plant was conducted at the end of the 
observation and the data calculated by multiplying the N 
absorption content of plants with a mean weight of shoots 
for six plucking. Based on the ANOVA (Analyze of Variant) 
it showed that all treatments showed not significantly 
different on plant N content of 6.82% with a coefficient of 
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Figure 1: Average of fluctuations for Shoots Production (kg /plot) of every plucking. 

 
 

 
 

Figure 2: Monthly rainfall (mm) plot location. 

 
 
variability. Table 2 shows the mean results of N content 
and N absorption of every treatment.  

Table 2 shows that N content is the highest on the 
treatment 7 (75% N + exogenous endophytic + exogenous 
Azotobacter sp), but the highest N absorption is on 
treatment 4 (75% N + indigenous Azotobacter sp) with 
percentage increase of 38.11% than control. Nitrogen is an 
element necessary to form important compounds in the 
cell, including proteins, DNA and RNA. Proline levels of 
nitrogen reacted with plants that are metabolites to 
support drought resistance. Table 1 also shows that the 
application of Azotobacter sp both indigenous and 
exogenous independently (single) resulted in higher N 
absoption by an average of 25.76% than control (an 

organic fertilizer only). However, Azotobacter sp applied 
with exogenous endophytic bacteria or indigenous 
endophytic bacteria only produces higher N absorption by 
an average of 13.09% than control (an organic fertilizer 
only). A decreased level of N plants is suspected because 
the most of nitrogen nutrients are used to synthesize 
proline metabolism and can be used by the endophytic 
bacteria applied. 
 
 
Conclusion  
 
The results showed that the application of Azotobacter sp 
and endophytic bacteria as exogenous and indigenous 
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Table 1: The productivity and Catechine content potential of Indonesia excellent tea cultivar. 
 

Cultivar Total of cathecin (%) Potential of made tea productivity (kg/ha/year) 

Assamica 

GMB 1  16.7 4,021 

GMB 2  16.0 4,023 

GMB 3  14.6 4,247 

GMB 4  17.1 3,527 

GMB 5  15.5 3,464 

GMB 6  16.0 4,400 

GMB 7  15.9 5,800 

GMB 8  14.9 4,200 

GMB 9  17.0 4,700 

GMB 10  16.8 4,880 

GMB 11  13.9 5,500 

 

 
 

Total of polyphenol (%)  

Sinensis 

   

GMBS 1  3.24 1,939 

GMBS 2  3.59 2,151 

GMBS 3  8.14 1,839 

GMBS 4  6.35 2,107 

GMBS 5  7.14 2,165 
 

Source: (Management Letters of Agriculture Ministers of Republic of Indonesia, 1988; Rohdiana, 2009).   
 
 

Table 2: N Content and N absorption on every treatment. 
 

Treatment 
Average of 
production 
(kg/unit) 

Average of N 
content (%) 

N Absorption 
(g/unit) 

Percentage N 
absorption increasing 

to control (%) 

75% N (control) 2.52 2.86 71.89 0.00 

75% N + Endofitik Indigen (EI) 2.18 2.91 63.54 -11.63 

75% N + Endofitik Eksogen (EE) 2.41 2.81 67.52 -6.09 

75% N + Azotobacter Indigen (AI) 3.46 2.87 99.29 38.11 

75% N + Azotobacter Eksogen (AE) 2.83 2.88 81.53 13.41 

75% N + EI + AI 3.19 2.82 90.19 25.45 

75% N + EE + AE 2.84 3.00 85.43 18.83 

75% N + EI + AE 2.92 2.81 82.02 14.08 

75% N + EE + AI 2.28 2.96 67.59 -5.99 

 
 
nitrogen fixing bacteria resulted in the production 
fluctuating tea plants. The highest percentage increasing in 
production of shoots than control were on 75% dose of an 
organic N fertilizer with indigenous Azotobacter sp of 
37.31%. This application can increase the production of 
tea plants in water deficit. Applications of indigenous 
Azotobacter sp combined with 75% dose of an organic N 
fertilizer resulted in the highest increase N absorption by 
38.11% than control. These micro-organisms potential are 
known as nitrogen fixing bacteria. Generally, application of 
indigenous biofertilizer is better than exogenous 
biofertilizer for use on tea plantation. 
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