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Efforts to expand agricultural cultivation to salinity soil are still experiencing many complications to get 
the optimum crop productions. Salinity-level on soil requires special technologies for crops to produce; 
one of the solutions is the application of rhizosphere bacteria to accelerate the plant growth. This study 
aimed to determine the optimum concentration of rhizosphere bacteria application to increase plant 
resistance on salinity. Bacterial isolates that were used in this experiment were isolated from exploration 
of Bacillus megaterium that had been proven on preliminary experiments that were capable of inhibiting 
nitrogen and IAA hormone production. The experiment was using combination randomized block design 
of non-saline soil and saline soil by controlling bacterial concentrations, 7.5 mL L

-1
, 15 mL L

-1
, 22.5 mL L

-

1
, and 30 mL L

-1
. Parameters that were observed consist of leaf area, root length, plant dry weight, 

proline, chlorophyll content, number of fruit and fruit weight per plant. The results showed that 
application of rhizosphere bacterial with 15 mL L

-1
 concentration increased chlorophyll content 14.1% 

higher than treatment without bacterial application. The bacterial application 30 mL L
-1

 on saline soil 
increased the fruit weight per plant up to 41.4% higher than bacterial concentration of 7.5 mL L

-1
.  
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INTRODUCTION 

Cucumber (Cucumis sativus L.) is one of 
several types of fruit vegetables that are potential 
to be developed in Indonesia. Cucumber 
production in Indonesia continues to decline every 
year. In 2013 the production of cucumber in 
Indonesia reached 491,636 tons, in 2014 
cucumber production decreased 2.8% i.e 477.976 
tons (BPS, 2014). Extensive farming systems 
could increase cucumber production, one which 
utilizes large areas of land. The expansion of 
planting areas to new areas is usually directed to 
less productive lands due to environmental stress 
which will become the growth inhibiting factor of 
planting. Utilization of saline soil into agricultural 
areas have many complications. The saline soil is 

containing a soluble salt that high enough to 
inhibit the plant growth. Salinity affects negatively 
to the water potential in plants and causing plants 
to have physiological stress due to water 
shortages. 

Saline soil requires special technology, so that 
cucumbers could grow and produce, one which is 
the utilization of microorganisms. Some soil 
bacteria are useful as bio-fertilizers which are 
often referred to as "plant growth promoting 
rhizobacteria" (PGPR) and able to increase plant 
growth by colonizing plant roots (Hayat et al, 
2010). Nitrogen-fixing bacteria (Azospirillum sp. 
and Azotobacter sp. Bacillus sp) are important 
PGPR bacteria in macronutrient addition such as 
nitrogen, that living in the legume (Gray and 
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Smith, 2005). Micro organisms are useful as 
photo stimulator, which can directly increase plant 
growth by producing hormones such as hormone 
IAA. This study aimed to obtain optimal 
concentration of the application of Bacillus 
megaterium as PGPR to improve the endurance 
of cucumber in saline conditions. 

 
MATERIALS AND METHODS 

Bacterial Isolates (Introduction) 
The bacterial isolates were comes from 

exploratory bacteria on the saline land in 
Lamongan, East Java. This has been tested about 
the capable to fixaton free nitrogen from water to 
the soil, and capable of synthesizing IAA 
hormones. The molecular identification on the 
bacteria is known as Bacillus megaterium.  

Greenhouse experiments 
This research was conducted on April-June 

2017 at UB Experimental Garden, Jatikerto 
Village, Kromengan District, Malang, using 
randomized block design with 10 treatment 
combinations and repeated 3 times. Treatment 
consist of:  SB0: Non-Saline Soil, whiout 
aplication bacteria, SB1 : Non-Saline Soil with 7.5 
mL L

-1
 rhizobacter, SB2 : Non-Saline Soil with 15 

mL L
-1

 rhizobacter, SB3 : Non-Saline Soil with 
22.5 mL L

-1
 rhizobacter, SB4 : Non-Saline Soil 

with 30 mL L
-1

 rhizobacter, SB5 : Saline Soil, 
without rhizobacter, SB6 : Saline Soil with 7.5 mL  
L

-1
 rhizobacter, SB7 : Saline Soil with 15 mL L

-1
 

rhizobacter, SB8 : Saline Soil with 22.5  mL L
-1

 
rhizobacter, SB9 : Saline Soil with 30 mL L

-1
 

rhizobacter.  Density of bacteria that used was 10
9
 

cfu mL
-1

. 
Stages of preparation of planting media were: 

mixing 9 kg of soil and 1 kg of manure, after the 
media mixed, continued on sterilization by 
spraying 4% formalin on planting medium. The 
saline soil simulation was conducted by watering 
NaCl solution of 5000 ppm or until the medium 
reaches EC between 5.6 - 5.8 dS m

-1
 on the 

planting medium to obtain a similar condition to 
medium saline level. Application (inoculation) of 
bacteria in cucumber has been done 4 times at 
the time of planting, 7, 14 and 21 dap. The 
observations of this research were using analyzed 
variance test (F test) at 5% and 1% level. If there 
was any significant different it will be continued 
with LSD test at 5% level. 
 
RESULTS AND DISCUSSION 

Plant Dry Weight  
Means of leaf area was presented in Table 1, 

shows if salinity can decrease the leaf area. 
However, with application of rhizosphere bacteria 
both on non-saline soil and saline soil can 
increase leaf area. Application of rhizosphere 
bacteria with concentration 15 mL L

-1
 was able to 

increase leaf area of cucumber plant 9.23% 
higher than treatment without bacteria application 
on non-saline soil. The increase of leaf area was 
also shown in saline soil with the application of 
rhizosphere bacteria concentration of 22.5 mL L

-1
 

was able to increase leaf area of cucumber plant 
by 17.2% compared to bacterial rhizosphere 
application of 15 mL L

-1
, and increase 77.9% if 

compared to the treatment without application of 
rhizosphere bacteria on saline soil. Leaf area with 
PGPR application was increasing in line with its 
ability to fix nitrogen and producing IAA- 
hormones. An IAA hormone has functions as cell 
formation, cell extension, and cell enlargement to 
increase the growth of vegetative organs on 
cucumber. This ability explainedd, if there were 
some beneficial effect of rhizosphere bacteria 
applications in increasing plant length, leaf 
number, leaf area, and root length (Usharani et al. 
2014). 

The results of root length observation in Table 
1 were presented at harvest time or 56 dap. The 
application of rhizosphere bacteria were have no 
significant effect on non -saline soil, but on saline 
soil with rhizosphere application of 7.5, 15, 22.5 
and 30 mL L

-1
 were able to increase root length 

compared without bacterial application. The saline 
soil treatment with bacterial application of 7.5 mL 
L

-1
 was able to increase root length 54.9% 

compared without rhizosphere application. In 
saline soils, bacteria are capable to producing IAA 
hormones, assisting cell division and enlargement 
of the roots. The IAA hormone affects the 
development and formation of roots, which is the 
roots are the most important plant organs for 
water and nutrient absorption (Arshad and 
Frankenberger, 1993). The wider root surface will 
influence the absorption of more water and 
nutrients from the soil, allowing more water 
absorption and nutrients to increase plant growth. 
The research of Chookietwattana and Kedsukon 
(2012), stated that PGPR application with Bacillus 
licheniformis bacteria on salinity stress can 
increase root length in tomato plants. 

Means of total plant dry weight presented in 
Table 1 shows that salinity can decrease dry 
weight of plant canopy. However, application of 
rhizosphere bacteria on saline soil can increase  
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Table 1. Leaf Area, Root Length and Plant Dry Weight of Rhizosphere Bacteria Treatment on 
Non-Saline Soil and Saline Soil 

Treatment Leaf Area (cm
2
) Root Length (cm) Plant Dry Weight (g) 

Non-Saline Soil, 0 mL L
-1

 1329.56 d 25.42 d 31.53 d 

Non-Saline Soil, 7.5 mL L
-1

 1321.93 d 25.15 d 34.36 de 

Non-Saline Soil, 15 mL L
-1

 1464.82 e 25.05 d 33.63 de 

Non-Saline Soil, 22.5 mL L
-1

 1521.55 ef 26.62 d 35.46 e 

Non-Saline Soil, 30 mL L
-1

 1556.00 f 26.00 d 36.06 e 

Saline Soil, 0 mL L
-1

 128.26 a 6.33 a 3.60 a 

Saline Soil, 7.5 mL L
-1

 133.78 a 14.05 b 14.43 b 

Saline Soil, 15 mL L
-1

 450.56 b 15.03 bc 15.00 bc 

Saline Soil, 22.5 mL L
-1

 580.61 c 17.45 c 18.00 c 

Saline Soil, 30 mL L
-1

 555.03 c 17.90 c 20.37 c 

LSD 5% ** ** ** 

CV 5.39 7.31 8.83 

Descriptions :Means followed by the same letter at the same column showed no significant difference 
based on LSD test at level 5%. DAP= day after planting, ns = non-significant, LSD = Least Significant 

Different, CV = coefficient variance. 
 

Table 2. Proline and Chlorophyll Contents of Rhizosphere Bacteria Treatment on Non-Saline 
Soil and Saline Soil 

Treatment Chlorophyll contents  
at 28 DAP (mg g

-1
) 

Proline contents 
at 28 DAP (mmol) 

Non-Saline Soil, 0 mL L
-1

 6.64 c 75.56 b 

Non-Saline Soil, 7.5 mL L
-1

 7.83 d 63.66 a 

Non-Saline Soil, 15 mL L
-1

 6.87 cd 76.15 b 

Non-Saline Soil, 22.5 mL L
-1

 7.36 d 65.60 ab 

Non-Saline Soil, 30 mL L
-1

 7.58 d 65.07 ab 

Saline Soil, 0 mL L
-1

 4.61 a 189.70 g 

Saline Soil, 7.5 mL L
-1

 4.77 ab 110.70 f 

Saline Soil, 15 mL L
-1

 5.42 b 104.00 e 

Saline Soil, 22.5 mL L
-1

 5.64 b 96.88 d 

Saline Soil, 30 mL L
-1

 5.71 b 92.20 c 

LSD 5% ** ** 

CV 2.03 1.79 

Descriptions : Means followed by the same letter at the same column showed no significant 
difference based on LSD test at level 5%. DAP= day after planting, ns = non-significant, LSD = Least 

Significant Different, CV = coefficient variance. 
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      The dry weight of plant canopy. The higher 
concentrations of rhizosphere bacteria applied in 
the non-saline soil and saline soil could increase 
the total dry weight. Observation of non saline soil 
without application of rhizosphere bacteria was 
31.53 g of canopy dry weight. In the non-saline 
soil with bacteria application of 30 mL L

-1
 had 

plant dry weight 36.06 g. It shows an increase in 
dry weight of plant canopy by 12.5%. The 
application of bacteria 15 and 7.5 mL L

-1
 in the 

non-saline soil was not significantly different 
compared to without bacterial application. Saline 
soil treatment with rhizosphere application of 7.5 
mL L

-1
 could increase dry weight of plant canopy 

by 75%. The application of rhizosphere bacteria 
with a concentration of 30 mL L

-1
 increased the 

dry weight of the plant by 29.1% compared to the 
7.5 mL L

-1
 bacterial concentration in the saline 

soil. Saline soil with application of bacteria 15, 
22.5 and 30 mL L

-1
 was not significantly different 

on dry weight of plant canopy. In the research of 
Suwigyono et al. (2008), showed that in maize 
with salinity of about 7 dS m

-1
 can decrease the 

dry weight of plants between 30.99% to 31.12%. 
Kang et al. (2014), showed an increase in dry 
weight in cucumber reaching 21.9% in salinity 
conditions with bacterial application of Bacillus sp. 

Gardner et al. (2003), stated that 
photosynthesis will produce assimilates to be 
accumulated in the form of plant dry weight. The 
nitrogen fixation by Bacillus megaterium will 
increase the supply of nitrogen that could increase 
the chlorophyll content. High chlorophyll content 
will increase the rate of plant photosynthesis. The 
higher rate of photosynthesis will produce higher 
assimilates and being trans located on plant organ 
that can effects the plant length, leaf number and 
leaf area. Thus, the plant dry weight will also 
increase due to the growth of vegetative organs. 

Proline and Chlorophyll Contents  
Table 2 shows that the non-saline soil with 

application of 22.5 mL L
-1

 rhizosphere bacteria 
increased the chlorophyll contents of cucumber 
leaves by 0.94 mg g

-1
 or 14.2% compared without 

bacterial application. The application of bacteria 
on saline soil with bacterial concentration at 15 
mL L

-1
 increased chlorophyll content by 0.81 mg g

-

1
 or 14.9% compared to without bacterial 

application. 
The increase of chlorophyll content on saline 

soil condition is related to the role of bacteria as 
bio fertilizer that capable to nitrogen fixations. 
Nitrogen is a constituent element of chlorophyll. 
Sitompul and Guritno (1995) stated that nitrogen 

is one of the main components of leaf chlorophyll 
formation, which is 60% of the chlorophyll 
component is nitrogen. Plants with optimum 
condition of nitrogen needs will have optimal leaf 
chlorophyll content that positively affects to the 
rate of photosynthesis to be optimally. The 
research conducted by Nadeem et al. (2006), 
showed the decrease of chlorophyll content in 
corn plants was caused by salt stress, that able to 
decrease the pigment of corn chlorophyll, but with 
bacterial inoculation, it can increase the 
chlorophyll pigment. 

The result of observation of proline content on 
non-saline soil shows no significance difference 
(Table 2). Application rhizosphere bacteria on 
saline soil with high concentration of 30 mL L

-1
 

can decrease the proline content in plants by 
4.8% compared to bacterial application of 22.5 mL 
L

-1
. In the saline soil, the higher concentration of 

bacteria applied to the plant will affect the proline 
content become lower. Bacteria concentration of 
7.5 mL L

-1 
on saline soil can reduce the proline 

content by 41% compared without rhizosphere 
bacteria applications. The plant under drought 
stress, saline with low temperature will actively 
produce metabolites for defence and adaptation to 
environment stress conditions, plant metabolites 
produced during environmental stresses such as 
proline (Maggio et al. 2002). The accumulation of 
amino acids and proline contents in plant cells is a 
form of plant reaction to stress and water 
deficiency. Proline is an osmolite compound that 
helps plants to retain cell turgor (Hsu et al. 2003). 
A large number of plant species accumulate 
proline in response to salinity stress and 
accumulation that may play a role in defence 
against salinity stress. They can also increase 
stress tolerance by protecting and stabilizing 
membranes and enzymes during stressful 
conditions (Ashraf 2004). 

Number of fruit and fruit weight 
The application of bacteria on non-saline soils 

on number of fruits with the application of bacteria 
7.5, 15, 22.5 and 30 mL L

-1
 was not significantly 

different. While the application of rhizosphere 
bacteria on saline soil was able to increase the 
number of fruits in cucumber. In saline soil with 
rhizosphere concentration 15 mL L

-1
 was able to 

increase the amount of fruit until 33.2% higher 
compared to rhizosphere concentration 7.5 mL L

-

1
. Based on the results of this research, cucumber 

production on non-saline soil was higher than 
cucumber production on saline soil. The salinity 
treatment without application of rhizosphere 
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bacteria could inhibit the plant growth, thus the 
cucumber unable to produce and also caused the 

plant death.  
 

Table 3. Number of Fruits and Fruit Weight of Rhizosphere Bacteria Treatment on Non-Saline 
Soil and Saline Soil 

Treatment Total Fruit per Plant (buah) Fruit Weight per Plant (g) 

Non-Saline Soil, 0 mL L
-1

 5.50(2.45) e 757.74(27.2) d 

Non-Saline Soil, 7.5 mL L
-1

 5.67 (2.48) e 748.74(27.3) d 

Non-Saline Soil, 15 mL L
-1

 5.33(2.41) e 823.05(28.6) de 

Non-Saline Soil, 22.5 mL L
-1

 5.33(2.41) e 892.48 (29.8) e 

Non-Saline Soil, 30 mL L
-1

 5.67(2.48) e 887.93(29.7) e 

Saline Soil, 0 mL L
-1

 0.00(0.71) a 0.00(0.71) a 

Saline Soil, 7.5 mL L
-1

 1.67(1.47) b 181.63 (13.5) b 

Saline Soil, 15 mL L
-1

 2.33(1.68) c 203.81(14.3) b 

Saline Soil, 22.5  mL L
-1

 2.50(1.73) c 229.50(15.1) b 

Saline Soil, 30 mL L
-1

 3.33(1.96) d 310.22(17.6) c 

LSD 5% ** ** 

CV 4.65 11.81 

Descriptions :Means followed by the same letter at the same column showed no significant difference 
based on LSD test at level 5%. DAP= day after planting, ns = non -significant, LSD = Least Significant 

Different, CV = coefficient variance
 

On observation of fruit weight per plant application 
of rhizosphere bacteria with several 
concentrations showed significantly different 
results. The higher concentrations of rhizosphere 
bacteria applied to non-saline soil and saline soil 
increased the fruit weight per plant. Observation 
on non saline soil without application of 
rhizosphere bacteria has average weight of fruit 
per plant 757.74 g and fruit weight per plant on 
non-saline soil with application of bacteria 22.5 
mL L

-1
 was 892.48 g, it showed an increase in fruit 

weight per plant by 16.1%. Treatment of non-
saline soil application of bacteria 15 and 7.5 mL L

-

1
 has an average fruit weight per fruit which is not 

significantly different from non-saline soil 
treatment without bacterial application. The 
application of rhizosphere bacteria also showed 
similar responses to saline soil. Application of 
rhizosphere bacteria with a concentration of 30 
mL L

-1
 increased fruit weight per plant reached 

41.4% compared to bacterial concentration of 7.5 
mL L

-1
. 

Applications of rhizosphere bacteria can 
increase cucumber production in saline 
conditions. Basically, the high yield of a plant is 
affected by the growth of its vegetative organ 
(Irdiana et al. 2002). In the saline conditions with 

the application of rhizosphere bacteria proved 
able to increase the leaf area and root length of 
tanama cucumber. Leaf is a vegetative organ that 
produces acylmylate, while the roots play a role in 
the absorption of water and nutrients. Thus, the 
higher the leaf eating area will be the higher the 
rate of photosynthesis and the resulting asimilate 
will be higher. The resulting assimilates will be 
transransced to the plant organs one of which is 
for fruit formation. Yao et al. (2010), has proven 
that the application of rhizosphere bacteria helps 
the growth of plants grown in saline soils. The 
results of this experiment prove that functional 
bacteria are saline-resistant PGPR is very helpful 
growth and production of rice in saline soil with 
good results, especially in plants that are given 
mixed inoculants Bacilus megaterium, Bacillus 
thuringiensis, Bacillus pantothenticus, 
Azospirillum lipoferum dan Azotobacter 
crococcum. 

CONCLUSION 
Rhizosphere bacteria applications was able to 
accelerate the plant growth in saline conditions. 
The application of bacteria 30 mL L

-1 
can increase 

the leaf area 77.9% and increased total dry weight 
of 75% plant with application of 15 mL L

-1
. The 

effective concentration of bacteria application on 
non-saline soil is 22.5 mL L

-1
. This concentration 
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can increase the fruit weight per plant 16.1%. 
Application of bacteria on saline conditions is able 
to help the plant to produce. The effective 
concentration of bacterial application on saline soil 
is 30 mL L

-1
 because it can increase the fruit 

weight per plant 41.4% compared to the 
concentration of bacteria 7.5 mL L

-1
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