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Abstract—In order to explore Rhizobium medium 
production using leaching liquor of green corn straw. 
Corn stalk powder extract solutions (CSE) are 
obtained and suitable carbon sources (glucose) were 
supplemented as liquid and solid Rhizobium medium. 
Compared with the yeast extract mannitol (YEM) 
medium, Rhizobium meliloti GN5 and Rhizobium 
meliloti 3436 are inoculated in two medium and viable 
cells after 30h fermentation were tested. Results show 
that nitrogen and carbon source in CSE medium can 
be utilized well by Rhizobium cells. Effect of CES-2 
(ratio of green stalk powder and water is 1:50) of 
Rhizobium fermentation is better than that of YEM 
when additional glucose were supplemented. The 
growth of two Rhizobium colonies in CES-3 (the ratio 
of green corn stalk powder and water is 1:100) agar 
plate similar or big than that of YEM agar plate. The 
results suggest that suitable ratio green corn stalk 
extraction liquid with supplementation of additional 
carbon source can be used to product cheap and high 
quality medium for Rhizobium plate culture and 
fermentation. 

Keywords- Rhizobium; Medium; Corn stalk; inoculate; 
leaching liquor  

I. INTRODUCTION 

During the legume crops production, the use of 
Rhizobium inoculants has become the recommended 
process in America, Brazil and other countries [1]. The 
Rhizobium inoculants are designed as a protective 
environment for Rhizobium [2]. Many researchers and 
manufacturers recognize that the high quality Rhizobium 
inoculants depend on many factors, including low cost, 

containing enough viable cells, etc [3]. Therefore, Reduce 
cost and being suitable for the strains growth and survival 
in medium is one of the key technologies for inoculants 
production [4]. 

During the development of the Rhizobium inoculants, 
the method for using chemical medium formula under 
high cost. Improving quality of medium, reduce costs and 
contamination [5]. Corn stalk yield of global corn is huge 
mainly composed of lignin and hemi lignin, green corn 
stalk contains soluble sugar, protein, nucleic acid, soluble 
nitrogen, phosphorus, other nutrients and trace elements 
[6]. In this feasibility study, the corn stalk used as raw 
materials containing nutrition source of the Rhizobium 
mediums, and discuss the advantages compared with 
traditional culture medium such as yeast mannitol medium. 

II. MATERIALS AND METHODS 

A. Materials and Medium 

Rhizobium strains: Rhizobium meliloti 3436 and 
Rhizobium meliloti GN5 of alfalfa Rhizobium had been 
identified Rhizobium meliloti by Chinese scientists 
[General Microbiological Culture Collection Center 
(CGMCC)], and provided key laboratory of Grassland 
ecosystem of Ministry of Education. 

 The Preparation for leaching liquor of green corn 
stalk: Green corn straw was obtained from the 
experimental field of corn on school farm, after corn seeds 
were harvested as soon as possible. Top 3/4 straw and all 
leaves was taken and cut into about 20cm short, dried 48h 
at 110 ℃, crushed by using small mill and sieved with 2 
mm screen. 20g powder was respectively taken out and 
respectively added into 0.5, 1, 2 and 4 liter distilled water, 
extracted 4h at 80ºC. Extract liquid was filtered with 
qualitative filter paper 3 times, adjusted pH value to 7.0 
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±0.1, and prepared into straw powder extract liquid of the 
weight ratio of 1:25, 1:50, 1:100 and 1:200 of dry stalk 
powder. Extract liquid of all gradients was dumped into 
Erlenmeyer flask and autoclaved 121ºC for 25min. For 
convenience of description, green corn stalk powder 
liquid of 1:25, 1:50, 1:100 and 1:200 were named as CSE-
1, CSE-2, CSE-3, CSE-4, respectively [7]. 

B. The incubation experiment of CSE series  liquid as 
culture medium 

Take 200 ml liquid inoculate 50µl Rhizobium GN5 
suspension (109 cells.ml-1), 120 rpm, 28ºC for 30h, 4 
replicates per treatment. 8h later, OD600nm absorbance 
value was measured per two hours. Adjusting 
spectrophotometer to zero corresponding to YEM medium 
and CSE liquid without inoculate.  

YEM medium preparation: yeast powder 2 g.L-1, 
FeSO4 0.005 g.L-1, NH4)2SO4 0.2 g.L-1, MgSO4

.7H2O 0.1 
g.L-1, KCl 0.2 g.L-1, MnSO4 0.02 g.L-1, NaCl  0.36 g.L-1, 
K2HPO4 0.5 g.L-1; YMA solid medium are YEM plus 15 
g.L-1 agar powder. 

In order to understand carbon source and phosphorus 
nutrition utilization rate of straw powder extract for 
strains, in addition to taking all different dilution CSE 
liquid medium and the fermentation liquid. Measure the 
soluble sugar change in each dilution CSE before and 
after inoculation [8]. Soluble nitrogen of the CSE series of 
extract liquid was determined by Li’s method [7]. 

The different dilution CSE liquid was added with 10 
g.ml-1 glucose and 15 g.l-1 agar, Rhizobium meliloti GN5, 
and Rhizobium meliloti 3436 were inoculated in CSE solid 
agar plate, the YMA medium as control, 4 replicates per 
treatment, and cultured at 28ºC for 72 h to determine the 
colony diameter with vernier caliper. 

The strain growth generation time, viable cells of 
bacteria in CSE liquid, and colony diameter size formed 
on CSE agar plates was used to evaluate the feasibility of 
straw powder extract liquid as Rhizobium medium. 

C.  Data Procession and Analysis 

 The data was presented as means ± SE and differences 
of variables between treatments were compared using one 
way ANOVA followed by Duncan’s test. The statistical 
software SPSS 16.0 was used. 

III. RESULTS AND ANALYSIS 

A. The Utilization Ability of Different Carbon Source for 
Rhizobium 

Fig.1 shows two Rhizobium strains can utilize all 
carbon source by tested, there is a great difference in 
utilization ability of different carbon source for two strains, 
but there is lower utilization ability of fructose for two 
strains. 3436 grow best with glucose as carbon source, 
viable cells in medium with glucose as carbon source is 
higher 113.3% and 37.7% than that of fructose and lactose 
as sole carbon source, significantly (P<0.05); The 
Rhizobium GN5 grow best with mannitol as sole carbon 
source, viable cells of in medium is higher 226.4% and 
63.2% than that of sucrose and glucose as sole carbon 
source (P<0.05), and no significant difference between 
mannitol and glucose treatment. Considering the costs of 

carbon sources, glucose is chosen as the most suitable 
fermentable carbon sources for GN5 and 3436. 
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Figure 1.  Utilization ability of Rhizobium meliloti GN5 and Rhizobium 
meliloti 3436 for carbon source in N-free liquid medium 

* Note: the different small letters mean significant difference among the 
different treatments (P<0.05), results are means± SD (n=4). same blew. 

B. The liquid and plate culture of Rhizobium strains 
using CSE medium 

Table 1 shows that the generation times of strain GN5 
in no exotic carbon source and different concentration CSE 
are not consistent. The shortest generation times in CSE-2 
was significant shorter 20% than that of YEM (P<0.05). 
After 20h fermentation, viable cells of Rhizobium in CSE-
2 are higher 14.83% than that of YEM. This result 
suggested that CSE and CSE-2 could be used as 
Rhizobium fermentation in liquid culture medium, the 
fermentation effect of CSE-2 during early stage of 
fermentation was better than that of traditional YEM liquid 
medium, so it has a high application value. 

 

TABLE I.  DOUBLING TIME AND VIABLE CELLS OF 
RHIZOBIUM MELILOTI GN5 IN CSE MEDIUM * 

Medium
Doubling time 
(h·generation-1) 

Viable cells after 
20 h fermentation  
(108 cfu·ml-1) 

Viable cells after 
30 h fermentation
(108 cfu·ml-1) 

CSE-1 3.67 ± 0.42 b 3.78 ± 0.09 c 10.03 ± 0.11 b 

CSE-2 2.04± 0.19 e 5.11± 0.12 a 5.56± 0.16 c 

CSE-3 2.98 ± 0.14 c 2.22 ± 0.12 d 2.66 ± 0.07 d 

CSE-4* 14.30± 0.31 a 0.74 ± 0.05 e 0.72 ± 0.12 d 

YEM 
(CK) 

2.55 ± 0.11 d 4.45 ± 0.20 b 18.32 ± 0.60 a 

*Different lowercases in a column indicate significant differences at 0.05 levels among different 
carbon source application of each strain. *8h later, viable Rhizobium cells of in CSE-4 had 
entered a period of growth retardation, so generation time of Rhizobium culture could not stand 
for doubling time at logarithmic phase 

At the same time, the results show that the viable cells 
number of Rhizobium in CSE-1 and CSE-2 are 54.75% 
and 30.35% of YEM at 30h. The reason can be explained 
in the change of soluble sugar content of CSE (Table 2) 
before and after inoculation. 

After R. meliloti GN5 is inoculated and cultured for 
30h, soluble sugar in series CSE liquid has been expended. 
Soluble sugar content in CSE-1 is 4.89% that of before 
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inoculation. It is indicated that above 95% soluble sugar 
in straw extract liquid can be used by Rhizobium, the 
exhaustion of carbon source is the major limiting factor 
for the strain growth in CSE liquid. Therefore, it is 
necessary to supply additional carbon source such as 
glucose. 

 

TABLE II.  THE SOLUBLE SUGAR OF CSE MEDIUM AFTER 
AND BEFORE INOCULATION OF GN5* 

Medium Soluble sugar content in CSE medium (mmol.L-1) 

Fresh medium After fermentation 

CSE-1 6.14 ± 0.15 a 0.30 ± 0.03 a 

CSE-2 3.32 ± 0.11 b 0.19 ± 0.01 b 

CSE-3 2.03 ± 0.08 c 0.17 ± 0.02 b 

CSE-4 1.16 ± 0.05 d 0.10 ± 0.02 c 

 Different lowercases in a column means the significant difference between each treatment 
(P<0.05). Same blew. 

 

TABLE III.  DIAMETER OF GN5 AND 3436 COLONIES ON CSE 
AND YMA PLATES AFTER 72 H GROWTH * 

Strains *CSE-3 agar 
plate 

CSE-2 agar 
plate 

YMA plate

Rhizobium meliloti 
GN5 

6.5± 0.2 a 6.9± 0.3 a 6.7± 0.3 a 

Rhizobium meliloti 
3436 

7.1± 0.3 ab 7.4± 0.1 a 7.0± 0.2 b 

*Note: CSE solid medium containing 10g.L-1glucose, 15g.L-1agar, pH 7.0±0.1. 

Table 3 show that Rhizobium GN5 and 3436 can grow 
well in CSE-2 and CSE-3, especially fastest grow in CSE-
2, no significant difference in diameter of 3436 and GN5 
between in CSE and YMA after 72h culture. The result 
suggest that 1:50 and 1:100 time straw extract liquid with 
added into glucose as supplementary carbon source has 
very good utilization potential to inoculants production.  

 

IV. DISCUSSION 

The composition of carbon and nitrogen source is 
about 55% of the medium cost in liquid fermentation [9]. 
Therefore, it is crucial for production of inoculants to 
choose cheaper and full utilization carbon source [10]. 
The green corn stalk containing carbohydrate, protein, 
amino acids and inorganic salt, etc to fit the need of 
natural microbial growth, Compared with the chemical 
medium, green corn stalk extract liquid as medium is 
more economical and practical. Straw powder extract 
liquid after supplied carbon source could be chosen as 
high quality and inexpensive fermentation medium, which 
had the equivalent fermentation effect with YEM medium, 
but the costs of it was lower several times as much as that 
of YEM medium. Solid medium CSE-3 added into 
glucose and agar was also suitable for use in solid plate 
culture, and colony characteristics both Rhizobium 
meliloti 3436 and Rhizobium meliloti GN5 were not 
changed. 

In this experiment, we also found that the content of 
soluble nitrogen in CSE-1, CSE-2 and CSE-3 is 

respectively 1421 mg.L-1,711 mg.L-1, and 332 mg.L-1, the 
content of soluble nitrogen in CSE-1, CSE-2 and CSE-3 is 
equal to or higher than that of YEM medium, which 
suggest that the soluble nitrogen in CSE-1, CSE-2 and 
CSE-3 can afford the whole fermentation process of 
Rhizobium.  

The sole carbon source test also evaluated the 
efficiency of different carbon source material for strains. 
Result shows glucose is the best carbon source in 
fermentation culture of Rhizobium, The result show that 
the performance of glucose on fermentation of Rhizobium 
strain is similar or better than that of mannitol (such as 
GN5), significantly higher than that of sucrose, fructose, 
and lactose (P<0.05). It is consistent with previously 
study [12], which indicated the Rhizobium cells could 
utilize glucose, sucrose as carbon source, but the growth 
rate of parts of strains with glucose as carbon source was 
best than that of other carbon source. The price of glucose 
is less than 35% that of mannitol [7], so it is the most 
suitable carbon source for fermentation culture of 
Rhizobium. 

V. CONCLUSIONS 

The growth generation time of strain GN5 in CSE-2 is 
significant shorter than that of YEM (P<0.05), the carbon 
source material in CSE-2 can be utilized very well. 
Compared with the high cost of chemicals medium, the 
stalk extract liquid are more economical and practical. But 
carbon source of CSE-2 cannot afford the fermentation 
process, after carbon source material is supplied Straw 
powder extract liquid after supplied carbon source can be 
chosen as high quality and inexpensive fermentation 
medium. CSE-3 with additional glucose and agar is also 
suitable for use in solid plate culture for Rhizobium. The 
generation time of strain GN5 in CES-2 is shortened 
compared with YEM, nitrogen and phosphorus nutrition 
can be used well by Rhizobium. The effect of CSE-3 on 
Rhizobium colonies on agar plates are equivalent or better 
than that of YEM medium, which can be chose as high 
efficiency and inexpensive solid fermentation medium for 
Rhizobium. 
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