
280 KKU Res. J. 2016; 21(2)

KKU Res.j. 2016; 21(2) : 280-290
http://resjournal.kku.ac.th

Effects of rhizobacteria on seed germination of water spinach 
(Ipomoea aquatica)

Nguyen Thi Huynh Nhu1* and Nuntavun Riddech2

1Graduate school of Biological Science program, Faculty of Science, Khon Kaen University, 
Thailand. 40002
2Department of Microbiology, Faculty of Science, Khon Kaen University, Thailand. 40002
*Corresponding author: nthnhu123@gmail.com 

Abstract

Rhizobacteria are considered as the most useful microorganism based on their  
properties in nitrogen fixing, phosphate and potassium solubilizing, IAA and other plant 
hormones which improve the germination of seed. However, seed germination varied 
depending on stimulator such as bacterial strains, bacterial growing media. This  
investigation focused on testing the germination of Ipomoea aquatica vegetable by using 
three rhizobacteria isolates including H1-702, C1-112, P1-5071 and their growing media.  
Percentage of seed germination, shoot length, root length and number of root hairs of  
I. aquatica were lowest found in nutrient media treatments without bacteria (50%, 1.67 
cm, 1.47 cm, and 1.47, respectively) while the highest numbers were obtained from the  
treatment of soaked seed with bacterial suspension  which  gave rise  90%, 4.88 cm, 3.01 
cm and 19.26, respectively. Among all treatments, percentage of seed germination was 
highest (83%) in the single inoculums treatments C1-112 and H1-702. In day 5, the  
highest root length (2.4 cm) and root hair number (22.05) was showed in H1-702 treatment 
while C1-112 treatment revealed the highest shoot length (4.52 cm). The combination of 
two bacterial isolates did not stimulate the germination of I. aquatica, especially, P-H  
treatment which got the lowest number in all observation data. 
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1.  Introduction

Ipomoea aquatica, or water spinach,  
is an aquatic plant, fast-growing, economic 
and high nutrient (Khamwan et al, 2013), it 
provides calcium, potassium, iron, vitamins 
and proteins with high levels. Wargovich 
(2000) reported that vegetables play an 
important role in human health and  
nutrition, particularly as sources of vitamin 
C, thiamine, niacin, pyridoxine, folic acid, 
minerals and dietary fiber. According to 
Jampeetong (2012), water spinach had been 
widely applied to purify eutrophic water and 
microorganisms played a main duty in the 
removal mechanism of nitrate, nitrogen and 
ammonia nitrogen in water spinach (Zhang 
et al., 2104). It is cultivated in the old world 
tropics and role as a weed of more than 20 
crops in many regions of 60 countries, 
called by people in the Southeast Asia as 
water cabbage or water spinach. According 
to the advantage of I. aquatica as mention 
at above, there were very necessary to  
improve the I. aquatica production,  
especially, the germination of seed.  
However, according to Vrbničanin (2011), 
seed germination varied depending on  
bacterial media and germination was  
inhibited by bacterial treatments.

In addition, one of the most useful 
microorganism in agricultural systems is 
Plant Growth Promoting Rhizobacteria 
(PGPR). Rhizobacteria can be able to  
excrete plant growth promoting substances 
such as vitamins, kinetin and gibberellins 
and will also improve the vigor and  
productivity of the crop (Karthikeyan et al., 
2008). Rhizobacteria could also stimulate 
the germination of Strigahermonthica 
(Babalola, 2007), the number of root hairs 
and root laterals response to IAA production 
by rhizobacteria (Shahab et al., 2009).

Furthermore, overusing chemical  
fertilizers in developing the crop of  
I. aquatica has been causing ecosystem 
change, soil nutrient decrease, human health 
effect and numerous money lost, so  
chemical fertilizers should be reduced.

Currently, there are few reports  
documented on the roles of rhizobacteria  
applying in Ipomoea aquatica vegetable, the 
new strategy in agricultural habitats should 
be applied for good qualities ofwater  
spinach and sustainable agriculture.

In this research,bacterial growing  
media and the three rhizobacteria isolates 
were chosen for testing plant growth  
promoting properties percentage of  
germination (PG) in I. aquatica.

2.  Materials and methods

2.1  Materials 
	 Three rhizobacterial strains 

H1-702, P1-5071, C1-112  (Sritongon, 
2015) were received from Microbial  
Fertilizer Laboratory group, Department of 
Microbiology, Faculty of Science,  
KhonKaen University, Thailand. Nutrient 
agar media, Gram stain chemicals, fitter 
paper.

2.2	 Charac ter i za t ion  o f  the  
rhizobacteria

	 The cell biological properties and 
Gram staining were observed under  
microscope at magnification 1000 X.

These isolates were grown in Nutrient 
agar medium for 2 days and determined 
colony morphology on the basis of shape, 
color and diameter of colonies.

Three isolates were grown on nutrient 
medium (20% inoculation size) in incubator 
with shaking (150 rpm). The optical  
density at 600 nm was used for measuring 
the bacterial density in every 2 hours until 
24 hours.
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2.3	 Evaluation I. aquatica seed  
germination by using bacterial growing 
media

	 Seeds were sterilized with 1% 
(v/v) sodium hypochlorite solution for 10 
minutes, then rinsed three times with sterile 
distilled water. Ten seeds of  I. aquatica 
were transferred to petridish and treated 
with 3 ml of supernatant solution. Pure 
sterilized water was used for the control. 
Three replications used for each treatment 
were placed in an incubator under dark 
condition (28 - 30°C) (Vrbničanin et al., 
2011).

After 5 days, the shoot length, root 
length and number of root hairs were  
collected and calculated for the percentage 
of  germination (PG) as described  
by Kham-iam et al.(2005) using the  
following equation:

Seed was grown on the following 
treatments;C: control, M: Media, S:  
supernatant SS: soaked seed, when Control 
(C) was 3 ml pure sterilize water, Media (M) 
is 3 ml fresh media containing peptone and 
beef extract, Supernatant (S) was 3 ml  
bacterial supernatant after centrifuging at 
600 rpm in 20 minutes, and soaked seed 
(SS) was soaked the seeds in the bacterial 
supernatant (centrifuged at 600 rpm in 20 
minutes) in 60 minutes before placing in the 
fitter paper in petri dish and added 3 ml of 
pure water.

2.4	 Evaluation I. aquatic seed  
germination  using rhizobacteria lisolates

Seven treatments including:Plants 
inoculated with single of each bacterial  
isolateH1-702, P1-5071, and C1-112;  
Combined two isolates: H-P (H1-702 +  
P1-5071), H-C (H1-702 + C1-112), C-P 
(C1-112 + P1-5-71); and combined three 
isolates C-H-P (C1-112 + H1-702 +  
P1-5071) All treatments of bacteria were 
inoculated in the dark incubator with  
shaking (150 rpm) until the number of  
bacteria reach 108 CFU/ml.

Seeds were sterilized with 1% (v/v) 
sodium hypochlorite solution in 10 minutes, 
and then rinsed three times with distilled 
water.

The shoot length, root length and 
number of root hair were collected and 
calculated for the percentage of germination 
in day 3, 4 and 5. Complete randomized 
design and triplicates in each treatment was 
designed for the experiments.

2.5  Data analysis method
	 Data were subjected to statistical 

analysis by IBM SPSS Statistics 19  
software; least significant difference test 
(LSD) at 5% level was use for comparing 
means of the treatments with three  
replications by complete randomized  
design. Microsoft Office Excel 2013 was 
used for data presentation.

3.  Results and discussion

Morphology, Gram stain and Growth curve

Figure 1. Colony of C1-112, H1-702 and P1-5071 in nutrient agar.



283KKU Res. J. 2016; 21(2)

Figure 2. Growth curve of three rhizobacterial isolates.

The colony shape of three rhizobacterial 
isolates were circular, convex, and entire 
with white color and colony diameter was 
varied from 0.7 to 1.5 mm) (figure 1), and 
similar growth rate and the maximum 

growth rate at 22 hours (figure 2) were  
observed. H1-701 was rod shape and gram 
negative while others were coccus and gram 
positive bacteria (table 1).

Table 1.	Properties of three rhizobacterialisolates.

 Isolates Colony Shape Colony 
color

Colony 
diameter

Bacterial 
shape

Gram 
stain

Sampling 
location

H1-702 Circular Convex 
Entire

white 1.5 mm Rod - Pak Chong-
Nakhon 

Ratchasima- 
Thailand

C1-112 Circular Convex 
Entire

white 1.2 mm Coccus + Chulapbron  
Dam-Thailand

P1-5071 Circular Convex 
Entire

white 0.7 mm Coccus + Muang- Nakhon 
Ratchasima- 

Thailand

3.2  Seed germination method
	 The length of root, shoot, and 

number of root hairs and percentage of 
germination in seed soaking treatments 
were significantly higher than bacterial 

nutrient media and bacterial supernatant 
treatment. It can be concluded that  
bacterial nutrient media inhibited the seed 
germination of  I. aquatica (Figure 3). 
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The length of root in soaked seed was 
4.88 cm comparing to water 4.49 cm, there 
was no significant difference among these 
two treatment. However, it was twice  

higher than those from the treatment of  
bacterial media (with just 2.14 cm) and 1.6 
times higher than the treatment supernatant  
(2.96 cm) (Figure 4).
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were the highest in soaked seed treatment 
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PG value was variety among the treatment, 
soaked seed got the highest PG with 90%, 
following by water (76.7%) and supernatant 
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This result was similar to the study 
ofVrbničanin (2011), seed germination varied 
depending on bacterial media, germination 
was inhibited by bacterial treatments 
Pseudomonas fluorescensand Bacillus 
licheniformis. Nutrient media comprises Soya 
Peptone and Beef extract containing nitrogen 
in inorganic form as NO3

- or NH4
+ and 
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Figure 5. Number of root hair after 3 days 
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The shoot length and number of root 
hair were the highest in soaked seed  
treatment with 3.01 and 19.26 cm,  
respectively, and the lowest number was 

found in bacterial media treatment with 
shoot length of 1.67 cm and root hair  
number of 1.47 (Figure 5). 
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(Figure 6).
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Figure 6. 	 Percentage of germination (PG) of I. aquatica after 3 days. C: control, M:  
	 Media, S: supernatant, SS: soaked seed.

According to Roychowdhury (2012), 
germination percentage of floricultural was 
decreased when the used plant growth  
regulators increasing concentrations  
because the lower concentration of growth 
regulators favors the increased enzymatic 
activity which leads to the favorable  

environment for the germination as well as 
the growth of the radical and plumule.

This result was similar to the study of 
Vrbničanin (2011), seed germination varied 
d e p e n d i n g  o n  b a c t e r i a l  m e d i a ,  
germination was inhibited by bacterial 
treatments Pseudomonas fluorescens and 
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Bacillus licheniformis. Nutrient media  
comprises Soya Peptone and Beef extract 
containing nitrogen in inorganic form as 
NO3

- or NH4
+ and organic form as  

polypeptides or amino acids. Dijk and Eck 
(1995) reported that some species cannot 
use  inorganic  ni t rogen,  when the  
requirements for amino compounds are 
most probably satisfied by transport of these 
substances with a symbiotic fungus.  
Moreover, most amino acids act as inhibitor 

or do not increase the growth of seedling, 
only arginine and aspartic acid support 
growth (Mitra, 1989). Therefore I. aquatic 
must be soaked 60 minutes in the bacterial 
supernatant to absorb the stimulation  
hormone such as auxin from bacteria  
secretion. 

3.3.	 Seed germination of I. aquatica 
The results showed that three rhizosphere 
bacterial isolates could stimulate the growth 
of I. aquatica (Figure 7).
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Table 2. 	Seed germination of  I. aquatica
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among all treatments, except P-H which the 
lowest shoot length found  from three  
germination days, 1.9 cm, 2.6 cm, and 2.8 

cm in day three, four and five, respectively 
(Table 2). 

Table 2.  Seed germination of I.aquatica.

the requirements for amino compounds are
most probably satisfied by transport of these
substances with a symbiotic fungus.
Moreover, most amino acids act as inhibitor 
or do not increase the growth of seedling,
only arginine and aspartic acid support
growth (Mitra, 1989).  Therefore I. aquatic
must be soaked 60 minutes in the bacterial 
supernatant to absorb the stimulation
hormone such as auxin from bacteria 
secretion. 

3.3. Seed germination of I.aquatica

The results showed that three rhizosphere
bacterial isolates could stimulate the growth 
of I.aquatica (Figure 7).

The overall strend was that the root length of
all treaments incresed slighly from day three
to day five of germination. In day three, the
root length of P-H (1.40 cm) and C-P (1.50
cm) lower than the control (1.59 cm) while 
highest root length was in the treamentC-H-P 
(2.1 cm) and there were no significant 
difference among other treaments. However, 
the highest root length in day five was in H1-
702 (2.40 cm), following by C1-112 (2.27
cm) and the control treament, 1.72 cm.  The
root length inceased slighly in H1-702 from
1.8 cm in day three to 2.40 cm in day five
(Table 2). 
There shoot length was no significantly
different in the treatment H1-702 at day three
with 3.23 cm comparing to control (3.11 cm). 
However, in day four and day five, the higest 

shoot length belonged to C1-112 with 4.12
cm and 4.52 cm, respestively, following by
H1- 702 (4.35 cm in day five). The length of
shoot ofthe control treatment in day five was
4.34 cm and there were not significantly
diference among all treatments, except P-H 
which the lowest shoot length found  from
three germination days, 1.9 cm, 2.6 cm, and
2.8 cm in day three, four and five, 
respectively (Table 2). 
Table 2. Seed germination of I.aquatica. 

Note. The everage values with the same letter in each column were
not significantly different at the 95% confidence level

The number of root hairs increased sharply
from day two to day three and increased
slower in day five, one typical example, the 
root hair number in treament H1-702 was
16.03, 21.19 and 22.05 in three continuous 
observation days. In day five, the root hair
numbers of all treatments were significantly
higher than the control treament which had
17.63 root hairs (Table 2).
In germination percentage, the results showed 
that three treatments accounting for 83% were
H1-702, C1-112 and C-P which were higher 
than the control (80%). Germination 
percentage of P1-6071 was also 80%. The
highest PG belonged to P-H treatment (86%). 
Comparing to control treatment, C-H and C-
H-P had lower PG, 76% and 70%,
respectively (Figure 8).

Figure 7.I. aquaticaseeds in all treatments after 5 
days germination.

Note. The everage values with the same letter in each column were 
not significantly different at the 95% confidence level
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sharply from day two to day three and  
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example, the root hair number in treament 
H1-702 was 16.03, 21.19 and 22.05 in three 
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the root hair numbers of all treatments were 
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treament which had 17.63 root hairs  
(Table 2).
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Germination percentage of P1-6071 was 
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76% and 70%, respectively (Figure 8).
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of wheat seedlings were significantlyincrease
in the treatmentinoculated with 
Klebsiallasupernatantcomparing to the 
control.
Babalola (2007) also demonstrated that there
were some potential in certain
rhizobacteriacould stimulate the germination
of Strigahermonthicain vitroexperiment.
Furthermore, all isolated bacteria could 
produce IAA and Gibberellic acid which the
key regulators to seed germination (Davies,
1987) during their growth. 

4. Conclusion and suggestion

4.1 Conclusion

Threerhizobacterialisolatesas single inoculum 
(H1-702, C1-112 and P1-5071) which
produced IAA and plant hormones could
stimulate the germination of I. aquaticaseed, 
increased the length of root and shoot and the 
number of root hairs. The treatmentco-
inoculum of two isolates were low effect on
seed germination, especially P-H treatment 
had the lowest among all investigated data.
Seed germination was inhibited by the 
medium while the soak seed with bacterial
suspension treatments were better choice
because of its highest stimulation in I.
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4.2. Suggestion

More studies should be done to identify
rhizobacteria using analysis of 16s rRNA
gene,and the potential of applying these
isolates as the biofertilizer are needed for
future study in pot experiment.
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These results was similar to the results 
of Sachevet et al. (2009), the root and shoot 
length of wheat seedlings were significan-

tsignificantly increase in the treatmentinoc-
ulated with Klebsiella  supernatant   
comparing to the control.
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Babalola (2007) also demonstrated 
that there were some potential in certain 
rhizobacter ia  could  s t imulate  the  
germination of Strigahermonthica in vitro 
experiment. Furthermore, all isolated  
bacteria could produce IAA and Gibberellic 
acid which the key regulators to seed  
germination (Davies, 1987) during their 
growth. 

4.  Conclusion and suggestion

4.1  Conclusion
	 Three rhizobacterial isolate as 

single inoculum (H1-702, C1-112 and  
P1-5071) which produced IAA and plant 
hormones could stimulate the germination 
of I. aquatica seed, increased the length of 
root and shoot and the number of root hairs. 
The treatment co-inoculum of two isolates 
were low effect on seed germination,  
especially P-H treatment had the lowest 
among all  investigated data.  Seed  
germination was inhibited by the medium 
while the soak seed with bacterial  
suspension treatments were better choice 
because of its highest stimulation in I. 
aquaticgermination.

4.2.  Suggestion
	 More studies should be done to 

identify rhizobacteria using analysis of 16s 
rRNA gene,and the potential of applying 
these isolates as the biofertilizer are needed 
for future study in pot experiment.
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