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Legumes have the ability to form symbiotic interactions with soil bacteria, 

which convert atmospheric nitrogen into ammonia when compounds are 

exchanged between the bacteroid and its plant host. This study was initiated to 

isolate and characterize indigenous rhizobia from red clover and alfalfa and to 

evaluate the symbiotic characteristics between the crop and rhizobia. The 

purpose of this study was to become familiar with legumes in the field, examine 

their nodules, isolate rhizobia from nodules and preserve the isolates. A total of 

four rhizobial strains were isolated from two varieties of red clover and two from 

alfalfa. We recorded nodule number, size, shape, color and plant growth. 

Cultural and physiological characteristic of the strains were analyzed on Yeast 

Extract Mannitol Agar with Congo red (YEMA) medium. The result of the study 

showed the presence of diversity in morphological, physiological and symbiotic 

properties among the rhizobial strains. We observed difference in nodule 

number, size and shoot height and great variation in nodule color within and 

among the varieties taken into study. Nodulation status was good on red clover 

varieties and moderate to poor on alfalfa. Weak symbiotic properties observed 

during isolation and nodulation status survey might partly be responsible for 

yield variation. 

 

 

INTRODUCTION 

 

The Leguminosae constitute 

one of the largest and most 

widely distributed families of 

flowering plants, occupying 

habitats ranging from rain forests 

to arid zones throughout the 

world (Barnet and Catt, 1991). 

Red clover (Trifolium pretense 

L.) is one of the most cultivated 

forage legumes in the world and 

although red clover has a 

Mediterranean origin, it is a 

Monica NISTE, Roxana VIDICAN , ROTAR I , STOIAN V. , 

Abstract 

Keywords: bacteria, nodules, clover, alfalfa 

Monica Niste et al.

Romanian Journal of Grassland and Forage Crops (2014)9                                              69



 

 

 

cosmopolitan species adapted to 

many edaphic–climatic 

conditions (Barreto Dias et. al., 

2008). Alfalfa or lucerne is a 

highly valued legume forage, 

extensively cultivated in warm 

temperate and cool subtropical 

regions. It has been heralded as 

having the highest feeding value 

of all commonly grown hay 

crops, producing more protein 

per ha than any other crop for 

livestock (Duke, 1983). Alfalfa 

and red clover are grown over 

extensive areas as forage crops 

for grazing or as dry hay, and 

they furnish not only high quality 

protein but also a variety of 

biologically active molecules 

such as vitamins, minerals and 

other nutrients (Gauri et. al., 

2011). Red clover and alfalfa are 

considerable ecological and 

economic significant, due in part 

to their ability to form nitrogen-

fixing symbioses with bacteria 

from the Rhizobiaceae (Barnet 

and Catt, 1991).  

This symbiotic relationship 

is crucial for the nitrogen cycle, 

and understanding symbiotic 

mechanisms is a scientific 

challenge with direct applications 

in agronomy and plant 

development (Resendis-Antonio 

et. al., 2007). Legume plants can 

grow perfectly well without 

nodules if there is plenty of 

nitrogen in the soil, in a pasture, 

however, legume seedlings in 

competition with grass will soon 

fail and die if they do not become 

nodulated with a rhizobial strain 

effective in fixing nitrogen. Also, 

the main purpose of having 

legumes in the sward is lost if 

they are not fixing nitrogen 

(Greenwood and Pankhurst, 

1977). Symbiotic nitrogen 

fixation in plants occurs in root 

nodules of legumes and non-

legumes (Prévost and Antoun, 

2007). This process of symbiotic 

N2 fixation is the major naturally 

occurring mechanism by which 

nitrogen is reduced and the 

ecological and agricultural 

importance of this process has 

been a significant incentive to 

study this plant-microbe relation 

(Franssen et. al., 1992). Although 

symbiotic nitrogen fixation by 

legumes is generally the 

dominant source of nitrogen 

input in soil for imparting 

fertility but also avoid soil 

stresses, such as temperature, 

acidity and salinity which pose a 

severe yield constraint in 

obtaining plant growth and 

development (Gauri et. al., 

2011). 

The bacteria Rhizobium is 

one of the most studied 

symbiotic nitrogen-fixing 

bacteria because it nodulates 

legumes, which are 

environmentally significant in 

soil N fertility management of 

cultivated lands (Prévost and 

Antoun, 2007). Among plant-

microbe interactions the 
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Rhizobium-legume symbiosis 

forms a unique system since this 

interaction results in the 

formation of a highly organized 

structure that can be considered a 

new plant organ, whereas most 

other plant-microbe interactions 

result in structures with a much 

lower level of organization 

(Franssen et. al., 1992). 

Soil bacteria of the genera 

Rhizobium, Azorhizobium and 

Bradyrhizobium (collectively 

referred to as rhizobia) are 

involved in interaction with 

leguminous plants to form N2-

fixing nodules. Rhizobia are 

gram-negative bacteria that form 

nodules on legumes. (Chabot et. 

al., 1996). Specificity genes 

determine which Rhizobium 

strain infects which legume. 

Even if a strain is able to infect a 

legume, the nodules formed may 

not be able to fix nitrogen (Yang 

et. al., 2010). The initial 

interaction between the host plant 

and free-living rhizobia is the 

release of a variety of chemicals 

by the root cells into the soil. The 

whole nodulation process is 

regulated by highly complex 

chemical communications 

between the plant and the 

bacteria (Gage Daniel, 2004). 

This reflects the need to 

study the nodulation and growth 

of red clover and alfalfa to 

realize the role of rhizobia. This 

experiment was initiated with the 

aim of studying morphological 

and physiological characteristics 

of the indigenous rhizobia, and 

their effect on nodulation and 

growth of the red clover and 

alfalfa. 

Examples of methods that 

are most commonly used for the 

isolation and characterization of 

rhizobial populations from 

nodules and for the evaluation of 

symbiotic nitrogen fixation will 

be described to enable a scientist 

with little experience obtain 

reliable results.  

 
MATERIALS AND METHODS 

 

Soil Sampling 

From Apahida (Cluj) were 

collected twenty (20) soil 

samples. Samples were collected 

from farmer‘s field in which red 

clover and alfalfa has been grown 

with no history of inoculation 

with rhizobia. About 5-7 kg of 

soil/vegetation pots was 

randomly taken using bags from 

a depth of 0-30 cm from the 

surface of 5 spots of each 

sampling site. They were mixed, 

sub-sampled and transported to 

the laboratory for nodulation test, 

but first we analyzed the soil 

following the methodology 

recommended by the ICPA 

(1981, 1987) at the Laboratory of 
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soil plant analysis within the 

discipline of Agrochemistry, 

University of Agricultural 

Sciences and Veterinary 

Medicine Cluj-Napoca.

 

The effect of rhizobia on nodulation and growth of red clover and 

alfalfa 

In the experiments 

performed were isolated four 

bacterial strains belonging to the 

genus Rhizobium and 

Sinorhizobium and host plants 

belonging to the family 

Fabaceae, in the case of red 

clover (two varieties Select 2 and 

Rotrif) and alfalfa (also with two 

varieties Mihaela and Mădălina). 

The seeds were briefly surface 

sterilized by soaking in a chlorine 

solution 70% and 30% sterile 

water with an exposure for 10 

minutes, followed by five rinses 

with sterile distilled water 

repeatedly carried out under 

aseptic conditions. Seed were 

sown in vegetation pots in five 

repetitions for each variety. The 

pots were watered every three 

days for 40 days and the 

measurements were performed at 

different periods of times. After 

that the plants were extract from 

the pots gently we remove the 

soil from the roots carefully to 

not harm the secondary roots 

because the nodules can grow 

even there. Fresh nodules were 

collected and we investigate the 

number and the color of the 

nodules from each pot.

  

Rhizobia isolation 

After collecting the nodules 

from the roots they were 

transferred in plastic bags in 

laboratory for study. First the 

nodules were washed and then 

they were surface sterilized in 20 

ml of sodium hypochlorite 

solution (commercial product 

Domestos) for five minutes. In 

order to remove the disinfectant 

action, the nodules were washed 

with sterile water, this procedure 

was repeated 3 times. Fresh 

sterilized nodules were 

transferred into sterilized petri 

dishes and crushed with a sterile 

forceps in 1 ml of sterile water. 

The extract from nodules was 

streaked on the Yeast Extract 

Mannitol Agar with Congo red 

(YEMA) medium containing: 

K2HP04 – 0.5 g, NaCl – 0.1 g, 

MgS04 x 7 H2O - 0.2 g, CaC03 - 3 

g, mannitol - 10 g, yeast extract – 

0.2 g, Congo red – 2.5 ml (1% 

w/v), agar - 12 g. The pH 

medium was adjusted to 7 and 

incubated at 28°C for three days. 

After the colonies grown on 

medium we picked and purified 

single colonies by repeated 

plating on YEMA plates. 
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Authentication of the strains 
Presumptive test for rhizobia 

was conducted before 

authentication according to 

Somasegran and Hoben (1994). 

All the strains were tested for their 

gram reaction, growth on YEMA, 

selected strains was authenticated 

as root nodulating bacteria by re-

inoculating them on the host as 

described by Somasegran and 

Hoben (1994) in glasshouse. 

Each seedling was inoculated 

with 1 ml of each isolate with an 

inoculum size of 10
9
cells/ml 

(Somasegaran and Hoben, 1994). 

Inoculation of the seed is not the 

only method of introducing 

rhizobia into a soil, it is the 

method almost always used. It 

has the advantage that the 

rhizobia are well placed just 

above where the roots of the 

young seedlings will develop, 

and thus they do not have to 

move far through the soil to form 

the first nodules. Seed surface is 

not a natural habitat for rhizobia 

and they will tend to die once 

they are inoculated on to seed. 

Their rate of dying depends on a 

number of factors (Greenwood 

and Pankhurst, 1977). 

 

Characterization of the strains 
All of the selected strains 

were characterized by their 

morphological and physiological 

features. All tests were carried out 

in triplicates on YEMA and 

incubated at 28°C. Bacterial 

strains were subjected to 

different cultural characterization 

(shape, texture, colour, size) and 

Gram staining was performed. 
Results were recorded after 5 days.  

 

 

The pH resulting from soil 

tests performed has a value of 

7.1, and according to ICPA, 

(1981); Rusu et. al., (2005) cited 

by Mărghitaş et al., (2011) is a 

class of neutral reaction. Humus 

content (H%) has a limit of 3.16, 

and after Vintilă et al., (1984) 

cited by Mărghitaş et. al., (2011) 

in soils with medium to fine 

texture this mean is in a middle 

level. Nitrogen index registered 

a value of 2.90 and N soil supply 

after IN (ICPA, 1981) is medium. 

The content of K-mobile is very 

good having limit > 400 ppm. 

The content of phosphorus (P) 

cell is also very good (> 100 

ppm). CCa content is 

approximately 0.29, which means 

the supply of calcium carbonate 

is small. 

Rhizobial isolates were 

obtained from all sampling pots 

RESULTS AND DISCUSSIONS  
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used in this experiment. All 

isolates obtained had the 

characteristics of rhizobia: gram-

negative, includes bacilli that are 

rod-shaped to pleomorphic, did 

not absorb Congo red in the dark, 

forming random colonies. We 

measured the height of the plants 

in greenhouse at different periods 

of times (Figure 1).

  

 
Figure 1. The evolution of red clover and alfalfa varieties growing in 

vegetation pots 

 

In the early stage of the 

plants the measurement varied 

every two days but there were no 

differences for any species. 

Subsequent measurements were 

made every five days and the 

differences between species were 

still not significant. However 

alfalfa variety Mihaela recorded 

the best growth compared with 

Mădălina variety which had the 

weakest growth. 

Also our study shows 

variation among red clover and 

alfalfa nodules in terms of nodule 

number, and shoots height of the 

varieties taken into study (Figure 

2; Figure 3).  

 
Figure 2. Frequency histogram of the number of nodules/plant 
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From the total number of 

plants examined 22.50% were in 

the range of 6.25-23.75 nodule 

numbers, while the highest 

percentage of plants (42.50%) of 

the entire sample are in the range 

of 23.75-41.25%. A large number 

of nodules were found in a small 

number of plants from analyzed 

sample. Frequency curve 

indicates an expected value of the 

nodules numbers placed in the 

range of 35.0-41.25 nodules.  

 

 
Figure 3. Frequency histogram of shoot height (cm) 

 

Regarding the shoot height, 

it can be observed from the 

figure 3 that the highest percent 

of plants (32.50%) recorded 

dimensions between 49.12 - 

61.37 cm. The lowest percent of 

plants, 12.50% was seen at the 

98.00 cm class center followed 

15% of the plants analyzed 

recorded in two of the class 

centers (40.00 cm and 73.50 cm). 

Frequency curve indicates the 

expected normal value of the 

shoot height which is placed in 

the range of 61.37 – 73.62 height. 

Nodulation status was rated 

as good (˃ 50, all pink) at Select 

2 and Rotrif varieties, moderate 

(˂50 nodule most pink but there 

was some white nodules also) at 

Mihaela and Mădălina varieties 

(Figure 4; Figure 5).

  

 

Monica Niste et al.

Romanian Journal of Grassland and Forage Crops (2014)9                                              75



 

 

 

 
Figure 4. Samples of good nodulation from red clover varieties 

 

 
Figure 5. Samples of moderate nodulation from alfalfa varieties 

 

The result of rhizobial 

strains isolated from red clover 

and alfalfa indicates that there 

was a variation in nodule 

number, size, shape and color. 

Similarity was observed between 

on red clover varieties and alfalfa 

which were characterized as 

moderate nodulation. Studies 

indicate that variation in 

nodulation could due to low 

rhizobial density, incompatibility 

of the rhizobia and edaphic factors 

that hinder the effectiveness of the 

rhizobia (Workalemahu 

Alemayehu, 2009). 
Poor nodulation at alfalfa 

varieties may indicate that the soil 

is not very suitable for this type of 

plants. Yield reduction can be 

improved through inoculation of 

adaptable effective rhizobia which 

improve nodulation and yield. 

Therefore, field inoculation trail, 

survey on environmental factors 

responsible for poor nodulation 

and count on number of 

indigenous rhizobial populations 

are recommended for further 

exploitation of biological nitrogen 

fixation (Workalemahu 

Alemayehu, 2009). Strains of 

rhizobia are commonly added 

annually to agricultural soils 

around the world to provide a 

source of fixed nitrogen through 

their symbiotic association with 

the host legume. After a 

population of rhizobia has been 

established in a soil, added 
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inoculant rhizobia are unable to 

compete with the persistent, 

indigenous rhizobia for nodule 

formation (Kamicker and Brill, 

1985).  

Rhizobial strains isolated 

from host plant were distinct 

based on their cultural 

characteristics. All of them 

induced colonies on the host 

plant. The shape of the colonies 

was conical with a smooth 

margin, the color and texture was 

watery to translucent. The size of 

the colonies varied from 3 mm to 

4 mm, but in crowded plates 

colonies remained smaller. Our 

strains fall into fast growing 

rhizobia based on acid production 

and large growth with production 

of copious exopolysaccharide 

(Jordan, 1984).  

 
CONCLUSIONS  

 

The result of this study 

showed that was a variation in 

morphological and physiological 

characteristics between the strains 

isolated. The rhizobial isolation 

indicated that there was wide 

variation in nodule number, size, 

nodule color and shoot height. 

Similarly, regarding nodule 

number was observed between red 

clover varieties, and alfalfa 

varieties were characterized as 

medium to poor. Poor nodulation 

might indicate that it could be due 

to low rhizobial density, 

incompatibility of the rhizobia and 

edaphic factors.  
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