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Rhizobacteria has a potential to control weed that can act as a bioherbicide.  Rhizobacteria that has 
ability to inhibit growth of weed called as deleterious rhizobacteria (DRB). The study aimed to get 
indigenous rhizobacterial isolates from weed rhizosphere of soybean that has potential as bioherbicide 
and can control the weed growth. The research was conducted in Agronomy Laboratory, Faculty of 
Agriculture, Halu Oleo University. The research consisted of four steps as follows:  (1) Isolation of 
rhizobacterial from weed rhizosphere of soybean, (2) Evaluation of rhizobacterial ability as bioherbicide, 
(3) Rhizobacterial treatment on weed seed and (4) Observation of weed  seed germination. Data were 
analyzed using two-ways analysis of variances (ANOVA) and Statistical Package of Social Sciences 
(SPSS). The research found 45 indigenous rhizobacterial isolates, based on the differential 
morphological character from nine kinds of dominant weeds in soybean cropland. The results showed 
that some indigenous rhizobacterial isolates has potential as bioherbicide and suppress the viability and 
seed vigor of Paspalumconjugatum and Ageratum  conyzoides.  The most effective indigenous 
rhizobacterial isolate to a control of weed is Pk02 isolated from the rhizosphere of P. conjugatum and 
A08 isolated from the rhizosphere of A. conyzoides. 

Keywords: Bioherbicide, weed control,   Paspalumconjugatum, Ageratum  conyzoides,   deleterious rhizobacteria,  
rhizosphere 

 
INTRODUCTION 

Soybean (Glycine max. (L.) Merrill) a 
leguminous plant is one of the functional food and 
important agricultural commodities around the 
world (Medi et al., 2014) including Indonesia. 
Soybean contains amounts of nutrients such as 
proteins (Celemente et al., 2009; Lamb, 2011; 
Krishnan and Darly-Kindelspire, 2013; Tripathi et 
al., 2015), fatty acids, minerals, vitamins and 
constitutes a well-known source of bioactive 

phytochemicals (Weber et al., 2005; O’Bryan et 
al., 2014) with health-promoting effects Bora, 
2014; Kanchana et al., 2016). Soybean are also 
ecofriendly, cheap source of food (Odiase et al., 
2013; Ciabotti et al., 2016) and beneficial for 
health (Wang et al., 2004; Ferreira et al., 2011; 
Sharma and Baluja, 2015) in comparison with 
conventional legume and animal food sources. 

Soybean in Indonesia serves as a major 
human food due to its nutritional and health 
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values. Soybean demand was increased year to 
year in line with the increase of a population. 
Soybean demand in Indonesia reached 2.3 million 
tons yearly, while the production capacity only 
780,000 tons (FAOSTAT, 2014). Soybean 
production in Indonesia facing many problems 
and one limiting factors in increase soybean 
production is weed competition. Inadequate weed 
control is one of the main factors related to 
decreasing in soybean production. Weed, besides 
reducing crop yield and reduce grain quality, also 
made difficulties in harvesting and serve as hosts 
of pests and diseases (Banik et al., 2006;  Den 
Hollander et al., 2007; Da Silva et al., 2013; 
Hamzei and Seyedi, 2015).  

Weeds reducing yields crop plant through the 
competing for nutrients, water, sunlight and space 
(Schonbeck, 2013). Weeds reduce profits directly 
by lowering crop quality and sometimes producing 
allelopathy, which is harmful to crop plant. 
Therefore, weed control is an important part in 
crop production systems (Vijayakumar et al., 
2013).  

The conventional method to weed control is 
using chemical herbicide.  Herbicide could control 
of weed in fastest way, appropriate and effective 
solution (Patel et al., 2013; Sharma and Gauttam, 
2014). However, the problems in using synthesis 
herbicide continuously that have a negative 
impact on the environment, human and herbicide 
resistant (Myers  et al., 2016). To address these 
concerns and investigate the alternative systems 
to weed control by developing new techniques in 
controlling weed that is environmental friendly.  
One of that, in order to reduce the negative 
impacts of herbicide, is using a rhizobacteria as 
biological control (Malik and Charaya, 2013).   

 Some researchers reported that 
rhizobacteria could act as a biological control of 
weed (Kremer et al., 1990; Li and Kremer, 2006; 
Chutia et al., 2007; Harding and Raizada, 2015;  
Rakian et al., 2015; Rakian et al., 2018).  
Rhizobacteria, which has ability to inhibit weed 
growth called as deleterious rhizobacteria (DRB). 
DRB is able to colonize the weed root and 
synthesize the secondary metabolites (Kremer 
and Kennedy, 1996), that can act as inhibitors 
(Shirdashtzadeh, 2014), among others are 
hydrogen cyanide (HCN)  andindole acetic acid 
(IAA) (Rakian, 2015; DeCoste et al., 2010; 
Lanteigne et al., 2012; Ramyasmruthi et al., 2012; 
Lakshmi et al., 2015; Radhakrishnan et al., 2013; 
Tiwari et al., 2017; Prathap and Kumari, 2015). 
The studies on the use of rhizobacteria as 
biological control to weed and naturally play a 

negative role to the host plants or weed are still 
limited in Indonesia. Therefore, a research to 
explore the effectively of indigenous rhizobacteria 
to control weed and can serve as a bio herbicide 
is very important.   

The use of bio herbicide could reduce the 
adverse effect of synthetic herbicides on soybean 
production.  Application of this weed control 
method, could also suppress the use of synthetic 
herbicides so indirectly also can reduce the 
production costs.  Application of DRB to control of 
weed could be done at planting time or as a seed 
treatment. The implications of the development of 
weed control techniques, will build an eco-friendly 
weed control model. It will also have implications 
on the reduction of the use of synthetic herbicides, 
which proved that have not a negative impact on 
the environment.  The study aimed to get 
indigenous rhizobacterial isolates from weed 
rhizosphere of soybean that has potential as bio 
herbicide and effective to control weed growth, 
and no adversely affect on crop plant.   
 
MATERIALS AND METHODS 

Isolation of rhizobacteria from weed 
rhizosphere of soybean 

This research was conducted in Agronomy 
Laboratory, Faculty of Agriculture, Halu Oleo 
University from June to December 2016. Soil from 
the weed root as many as 10 g dissolve in 100 ml 
of distilled sterile water in Schott bottle, and 
homogenize using a shaker  type orbital shaker 
SSL 1  in 150 RPM for 30 minutes. Furthermore, 
0.1 mL was taken using a micropipette, inserted 
into tube eppendorf, which already contains 0.9 
mL of sterile water, shaken until homogeneous 
using a vortex mixer VM1 Serial VM 558 , the 
suspension is 10-2.  Subsequently, dilute until 10-

10.  Then the suspension 10-8 to 10-10 plated on 
Trypticase soy agar TSA medium in a petri dish 
with the spread volume as much as 50μL. Scatter 
suspension incubated for 2 days, then made 
observations on the colony grows. Colonies that 
showed differences morphology in shape and 
color, is isolated and labeled specifically as a 
differentiator. Isolation of bacterial colonies on 
culture media repeated to purification isolates, to 
get a single bacterial colony or a pure culture for 
further testing. For long-term storage, the bacteria 
stored in eppendorf tubes containing 9 mL of 
sterile 15% glycerol solution and stored in a 
freezer -200C. 
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Experimental Design  
Initial test isolate rhizobacterial capability from 

weeds of soybean as bioherbicide carried out in 
the laboratory by testing germination rate (GR), 
the relative growth rates (RG-r) and the time 
required to reach 50% of the total appearance 
sprouts (T50). Types of weeds as host plants 
tested experiments are P. conjugatum (the 
monocotyledonous weeds) and A. conyzoides 
(dicotyledonous weeds). The treatment on P. 
conjugatum consists of five treatments those four 
treatments with isolate rhizobacteria (Pk01, Pk02, 
Pk03, and Pk04) and a control treatment without 
rhizobacteria. The treatment on A. conyzoides 
consists of ten treatments, those nine treatments 
with isolate rhizobacteria (A01, A02, A03, A04, 
A05, A06, A07, A08, and A09) and a control 
treatment without rhizobacteria. 

Rhizobacterial treatment on weed seed 
 Rhizobacteria isolates grown in medium 

TSA and incubated for 48 hours. Bacterial 
colonies growing suspended in distilled water until 
population density reached 109CFU (Bai et al. 
2002).Weed seeds before being treated, firstly 
disinfected by soaking in 1.25% (w/v) sodium 
hypochlorite for eight minutes. After that soaked 4 
min in alcohol 70% and seeds were washed ten 
times using sterile water, then dried in laminar 
airflow for one hour (Begonia et al., 1998).  Weed 
seeds (0.25 g) immersed in each suspension 
isolate rhizobacteria (25 mL) for 48 hours at a 
temperature of 28oC. After the treatment, the 
weed seeds were dried again in laminar airflow 
cabinet for 30 minutes to reach the initial weight 
before planting. 

Observation of weed seed germination 
Weed seeds that had treated with rhizosphere 

bacteria germinate in a petri dish by layers of 
germination paper. Each petri dish cup is planted 
25 weed seeds with five replicates and then 
placed in a germinator. The observations variable 
using the formula: 

a. Germination Rate (GR), illustrates the 
potential viability of seeds (Sadjad et al., 1999), 
calculated based on the percentage of normal 
germination (NG).  It was calculated using the  
formula: 

GR =
∑ Normal Germinationta

∑ Seed Sowed
  x 100%  

b. Relative Growth Rate (RG-r), describes 
seed vigor, is the ratio of growth rate  (RG) to 
maximum growth rate (RG-m). The maximum 
growth rate derived from the assumption at the 

first observation, normal germination has reached 
100%.  RG was calculated based on the 
accumulated daily growth rate (Sadjad et al., 
1999), using the formula:  

RG = ∑
𝑵

𝒕

𝒕𝒏
𝟎  

RG-r =
RG

RG−m
 x 100%  

RG-m = 
100

∑ days observe
x

100

7
 = 14.33  

Remarks :  
 
RG-r   = Rate growth relative  
t   =  time of observation 
N  = % normal seedling every time 
observations 
 
c.  T50 (day), is the time it takes to reach 50% 
of total growth germination. The observations has 
made every day. The T50 formula namely: 

𝑇50 = 𝑡𝑖 + [
𝑛50 − 𝑛𝑖

𝑛𝑗 − 𝑛𝑖
] 

Remarks: 
T50 =  time required to achieve 50% 
total germination 
ti =  time (days) before reaching the 
lower limit of 50% germination 
n50 =  Σ sprouts 50% of the total 
germination 
ni =  Σ sprouts lower limit before 50% 
of the total germination 
nj =  Σ sprouts after reaching the upper 
limit of 50% total germination 
 
E. Data analyzed 

Statistical analyses were performed using 
two-ways analysis of variances (ANOVA) using 
the Statistical Package of Social Sciences (SPSS) 
program version 20 for Windows (Chicago, IL, 
USA). Further test performed using Duncan’s 
multiple range test (DMRT) at α=0.05. 
 
RESULTSAND DISCUSSION 

A. Isolation of rhizobacteria from weed 
rhizosphere of soybean 

The research found nine dominant weed 
species, consisting of group’s dicotyledon and 
monocotyledons (Table 1). Each rhizobacteria 
isolate distinguished based on the morphological 
characters such as color, size, shape, margin, 
elevation, surface and optical characteristics of 
the single colony isolates. The selective isolates 
then characterize to know their potential as 
bioherbicides. 
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Table 1. Weed species from soybean cropland and isolates rhizobacterial from weed 
rhizosphere of soybean. 

No. Kind of weed Number of isolates Isolate code 

1 Ageratum conyzoides 9 isolates A01, A02, A03, A04, A05, A06, A07, A08, A09 

2 Phyllanthusdebilis 6 isolates P01, P02, P03, P04, P05, P06 

3 Croton hirtus 3 isolates Cr01, Cr02, Cr03 

4 Heliotripiumindicum 2 isolates H01, H02 

5 Borreriaalata 5 isolates B01, B02, B03, B04, B05 

6 Cleome rutidosperma 5 isolates C01,C02, C03, C04, C05 

7 Paspalumconjugatum 4 isolates Pk01, Pk02, Pk03, Pk04 

8 Cyperuscompressus 4 isolates Cy01, Cy02, Cy03, Cy04 

9 Eleusineindica 7 isolates E01, E02, E03, E04, E05, E06, E07 

Number 45 isolates 

B.  Effectively  of rhizobacteria as bioherbicide 
Characterization the ability of rhizobacteria 

isolated from weed rhizosphere as bioherbicide is 
done by testing the effectiveness of rhizobacterial 
isolate to inhibit the germination of weed seeds. 
The result showed that the rhizobacterial 
treatment to weed seeds of P. conjugatum and  A. 
conyzoides that have  potential to inhibit the 
growth of weed seed,  compare to control without  
rhizobacterial treatment (Table 2). 

The results showed that  rhizobacteria 
isolates  most  inhibit to germination seed of P. 
conjugatum is Pk02 isolates with an average 
value of GR 40.00%,  the lowest RG-r  24.42%, 
and time required to achieve 50% (T50) was 12.12 
days (Table 2). Overall, the treatment of 
rhizobacteria isolate Pk02, Pk03 and Pk04 can 
inhibit germination seed of P. conjugatum if 
compared to isolate Pk01 treatment and no 
rhizobacterial treatment as a control. 

The results showed that rhizobacterial isolate 
most inhibit in the germination seed of A. 
conyzoidesis A08 isolates, with an average value 
of GR 32.00% and the lowest the RG-r 14.53%, 
and time required to achieve 50% (T50) was 6.34 
days (Table 3). The treatment of rhizobacteria  
could inhibit seed germination of A. conyzoides 
compared that  no rhizobacterial treatment.  

Rhizobacteria has a negative impact on the 
weed growth, but not for the host plant and given 
the term deleterious rhizobacteria (DRB). DRB is 
saprophytic bacteria that colonize aggressively 
root of weed and can metabolize organic 
substances that produced by plant tissue and 
DRB naturally has a role in growth inhibition.  

These groups of bacteria have realized to be  

 
used as a biological control of weeds (Kennedy 
and Stubbs, 2007; Mejri et al., 2010; Patil, 2013).  

The results showed that rhizobacteria isolated 
from the rhizosphere of weeds A.conyzoides and 
P. conjugatum have potential to inhibit the growth 
of weed seed germination compared with the 
untreated rhizobacteria. From all of the isolates 
obtained the most inhibit of weed seed 
germination is Pk02 isolate, derived from the 
rhizosphere of P. conjugatum and isolates A08 
from the rhizosphere of A. conyzoides.  It is 
assumed that isolates Pk02 and A08 are capable 
to produce secondary metabolites, and other 
compounds that function to inhibit weed growth.  

The results of this study are in line with other 
studies. It showed that DRB applications could 
suppress growth of Amaranthusspinosus and 
Portulacaoleracea, downy brome 
(BromustectorumL.) (Ibekwe et al., 2010),  velvet 
leaf, broomrape and wild radish (Stubbs and 
Kennedy, 2012), green foxtail (Setariaviridis) 
(Caldwell, 2012), leafy spurge (Euphorbia esula–
virgata) (Kremer and Souissi, 2001), 
Digitariasanguinalis L.  And Cyperusmicroiria( 
Radhakrishnan et al. 2017), Canary grass (Abbas 
et al., 2017). Major group of rhizobacteria with 
potential as biological control agents are 
pseudomonads like bacteria, which are common 
producers of cyanide.  
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Table 2.The effect of rhizobacterial treatment on germination relative (GR), rate growth relative 
(RG-r) of P. conjugatum seed to and the time it takes to germinate 50% (T50). 

 
Rhizobacterial                Treatment Average 

GR RG-r T50 

Control 78.67a 60.54a 9.13c 

Pk01 64.00ab 38.48b 10.42bc 

Pk02 40.00c 23.09c 12.12ab 

Pk03 53.33bc 33.50bc 11.78ab 

Pk04 46.67bc 25.22c 13.29a 

Note: Means in the same column suffixed with different letters are different at 5% levels of significance according to 
DMRT.  

 
Table 3.The effect of rhizobacterial treatment on germination relative (GR), rate growth relative (RGr) of A. 

conyzoides seed and the time it takes to germinate 50% (T50). 
 

Rhizobacterial Treatment Average 

GR RG-r T50 

Control 98.67a 73.13a 2.67bc 

A01 37.33bc 22.46bc 4.07b 

A02 68.00c 42.08bc 3.11bc 

A03 66.67c 36.99bc 2.64bc 

A04 61.33c 42.82bc 2.64bc 

A05 42.67ab 27.46b 2.23c 

A06 52.00cd 28.93c 3.17bc 

A07 66.67c 35.92bc 3.14bc 

A08 32.00d 14.53d 6.34a 

A09 69.33bc 40.80bc 3.17bc 

Note:  Means in the same column suffixed with different letters are different at 5% levels of significance according 
to DMRT. 

 
Some researcher also reported that 

rhizobacteria from weed rhizosphere capable to 
produce secondary metabolites and phytotoxic to 
the host or weeds. The secondary metabolites 
produced by Bacillus cereus are able to inhibit 
52% growth of weed seeds 
Brachiariadecumbens(Carvalho et al., 2007) and 
73-79% growth of green foxtail (Setariaviridis).  
The ability of DRB to inhibit the growth of weeds 
plants different cropping systems is well 
documented (Gealy et al., 1996). The suppressive 
mechanism of DRB primarily is through the 
resulting toxin that is absorbed by the roots of 
weeds. An effort to find out the method of weed 
control that is environmental friendly and reducing 
the use of chemical herbicides (Lee et al., 2015) 
can be done by utilizing rhizobacteria as 
alternative to chemical herbicide from weeds 
rhizosphere.  Application of DRB in weed 
rhizosphere could reduce growth parameters of 
weeds, with no or very less effect on desirable 
plants (Asghar et al., 2004; Ali et al., 2010), The 
application of DRB as bioherbicide would reduce 
the synthetic herbicide and would reduce the 
adverse effect on environment. The effectiveness 
of DRB depends on the selectivity of DRB as 
bioherbicide to suppress weed growth but it has 

not adversely effect on the main crop.   

CONCLUSION 
It was concluded that rhizobacterial has 

potential to inhibit and control the growth of weed. 
It found 45 isolates indigenous rhizobacteria 
obtained from nine-weed dominant on soybeans 
cropland, based on the differential morphological 
character on bacterial colonies.  The indigenous 
rhizobacterial isolate that has potential as 
bioherbicides were Pk02 isolated from 
rhizosphere of  P. conjugatum and A08 isolated 
from the rhizosphere of A. conyzoides. 
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