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Abstract 
 

The root of alfalfa deeply penetrates the soil, improving soil structure, aeration and biological activity 
at greater depths. The rhizosphere of alfalfa abounds in different microorganisms which can have either a 
different effect on the root development. The aim of the research was to investigate the effect of nitrogen-fixing 
bacteria (Sinorhizobium meliloti and Azotobacter chroococcum) and phytopahtogenic fungi (Colletotrichum  
trifolii and Colletotrichum destructivum) on the root development and on the number of microorganisms in the 
rhizospheric soil of alfalfa varieties (Affinity, Perry and K-28). The use of rhizobia and azotobacter diminished 
the deleterious effect of the phytopathogenic fungi. The greatest root length was recorded in K-28 variety with 
the application of C. trifolii (Coll-4) in combination with S. meliloti, as well as in Perry variety with the 
application of C. destructivum (Coll-11 and CC657) in combination with R. meliloti. In comparison with the 
control, the greatest increase in nodulation was recorded in Perry variety whereas the smallest increase was 
recorded in K-28 variety. The total number of microorganisms in the rhizosphere of alfalfa increased only in 
some inoculated variants. The number of azotobacter increased several times in the variants where it was 
introduced which points to its good survival rate. 
 
Key words: plant development, nodules, rhizobia, azotobacter. 
 
Introduction 
 
Alfalfa (Medicago sativa L.) is a perennial legume characterized by high yield and good 
quality biomass. This plant has a strong and developed root system, permeating the soil  and 
making it loose. Its root system increases biological activity of soil at greater depths. The 
rhizosphere of alfalfa abounds in numerous microorganisms. Certain rhizospheric 
microorganisms such as Sinorhizobium meliloti provide alfalfa with nitrogen, produce 
vitamins and polysaccharides [1] some species producing heteroauxin, too [2]. That way, by 
means of their metabolic products, rhizobia enhance the growth and development of plants 
[3]. Sinorhizobium meliloti also secretes different enzymes which inhibit the activities of 
phytopathogenic microorganisms [4]. This bacterium is often used in alfalfa production 
because of its favourable effects. Another highly active rhizospheric bacterium is Azotobacter 
which fixes elementary nitrogen and produces biologically active substances: auxins, 
gibberellins, pyrodoxine, biotin and nicotinic acid [5]. Azotobacter is used in the production 
of non-legumes but has given good results in the production of legumes, too [6]. Apart from 
useful microorganisms, rhizospheric soil contains phytopathogenic microorganisms which 
cause different plant diseases. One of the most important alfalfa diseases is anthracnose. It is 
most commonly caused by Colletotrichum trifolii Bain et Essary but also by Colletotrichum 
destructivum O’Gara [7]. Phytopathogenic fungi have a negative effect on the plant growth 
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and even cause plant death. Another possible consequences is a lower microbiological activity 
in the rhizosphere of the attacked plants. 
The aim of the research was to investigate the effect of inoculating alfalfa with two nitrogen-
fixing bacteria (Azotobacter chroococcum and Sinorhizobium meliloti) and two species of the 
phytopathogenic fungus Colletotrichum (C. trifolii and C. destructivum) on the root 
development, nodulation and number of microorganisms in the alfalfa rhizosphere. 
 
Material and methods  
 
The experiment was carried out in 10 L volume vegetation pots in semi-controlled conditions 
at the Institute for Forage Crops in Kruševac. The soil chemical characteristics were the 
following: pH/KCl 5.90; pH/H2O 6.44; total nitrogen 0.138%; humus 2.62%; P2O5 6.6 mg 
100g-1; K2O 24.05 mg 100g-1. The alfalfa varieties used in the experiment were chosen upon 
their resistance to anthracnose and they were: Affinity (highly resistant), Perry ( susceptible ) 
and K-28 ( semi resistant). 
Before sowing, the seed was inoculated with Azotobacter chroococcum and Sinorhizobium 
meliloti (10 mL of inoculum per pot with 108 cells in 1 mL). The plants were mown after six-
seven weeks and thereafter treated with C. destructivum (Coll-11 isolate and CC657 isolates) 
and C. trifolii (Coll-4 isolates) conidia. The number of conidia was 4-6x104/mL. The number 
of conidia was determined by means of hemocytometer according to Tom [8].   
The variants of the experiment were the following: 1. Coll-11 + Sinorhizobium meliloti, 2. 
Coll-11 + Azotobacter chroococcum, 3. Coll-11, 4. Coll-4 + Sinorhizobium meliloti, 5. Coll-4 
+ Azotobacter chroococcum, 6. Coll-4, 7. CC657 + Sinorhizobium meliloti, 8. CC657+ 
Azotobacter chroococcum, 9. CC657, 10. Control. 
The effect of inoculation was determined at the end of the vegetation period. The length and 
the mass of the root were measured and the number of nodules was determined. 
The number of microorganisms was determined by the method of agar plates [9], by 
introducing a diluted soil suspension into proper media and counted per one gram of 
absolutely dry soil. The total number of microorganisms was determined on an agarized soil 
extract (dilution 10 -6) and the number of azotobacter on the medium by Fjodorov (dilution 
10-1) [10]. 
The results were processed by means of STATISTICS 10.0 programme. The significance of 
the difference between the investigated treatments was determined upon the analysis of 
variance, i.e. LSD test. 
 
Results  
 
The effect of inoculation on the root growth and nodulation 
In this research, inoculation of alfalfa had a different effect on the examined parameters 
(Table 1 and 2). In K-28 variety, a statistically significant increase in the root length was 
recorded only in the variant Coll-4 + Sinorhizobium meliloti. In the other variants, the root of 
the inoculated plants was shorter than in the control. In Affinity variety, the root length 
increased only in two variants (Coll-11 + Sinorhizobium meliloti and CC657 + Azotobacter 
chroococcum). The best results were achieved with Perry variety. In all the variants apart 
from Coll-4, the root length increased in comparison with the control. The greatest length 
(35.80 cm) was observed when Coll-11 + Sinorhizobium meliloti was applied. In this variety, 
the use of rhizobia and azotobacter diminished the negative effects of the phytopathogenic 
fungus.  
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Table 1. The effect of inoculation on the root length of alfalfa (cm) 
Variant Variety 

K-28 Affinity Perry 
Coll-11+ Sinorhizobium meliloti 32.80fghi 34.10cde 35.80b 

Coll-11+ Azobacter chroococcum 33.78def 33.80def 32.60ghij 

Coll-11 33.10defgh 30.50lm 33.10defgh 

Coll-4+ Sinorhizobium meliloti 39.10a 32.00hijk 34.10cde 

Coll-4+ Azobacter chroococcum 32.20hij 32.50ghij 33.10defgh 

Coll-4 35.00bc 32.10hij 31.50jkl 

CC657+ Sinorhizobium meliloti 33.60defg 32.70fghi 32.00hijk 

CC657+ Azobacter chroococcum 30.90klm 35.60b 32.60ghij 

CC657 33.00efgh 30.10m 33.40defg 

Control 34.20cd 32.90fghi 31.80ijk 

Note: Mean values with the same superscript(s) are not significantly different according to Fisher’s 
LSD test ( p< 0.05) 
 

The effect of inoculation on the dry mass of root was weakest in K-28 variety where the root 
mass in all the inoculated variants was smaller than in the control. In Affinity variety, the use 
of Azotobacter chroococcum in combination with Coll-11 and in combination with CC657 
resulted in the most significant increase in the root mass. The best effect of inoculation on the 
root mass was observed in Perry variety. In comparison with the control, the root mass 
increased in all the inoculated variants. The greatest root mass (10.20g) was recorded in 
CC657 + Azotobacter chroococcum variant. 
 
Table 2. The effect of inoculation on the root mass of alfalfa (g) 

Variant Variety 

K-28 Affinity Perry 
Coll-11+ Sinorhizobium meliloti 7.44ij 7.20kl 8.60e 

Coll-11+ Azobacter chroococcum 7.60hi 11.74a 7.04lm 

Coll-11 7.92gh 8.03f 6.89mn 

Coll-4+ Sinorhizobium meliloti 7.87gh 9.58c 7.79hi 

Coll-4+ Azobacter chroococcum 7.52i 9.47c 6.73no 

Coll-4 7.94gh 7.29jk 9.10d 

CC657+ Sinorhizobium meliloti 9.53c 7.81h 7.90gh 

CC657+ Azobacter chroococcum 7.82h 10.34b 10.20b 

CC657 10.20b 7.47ij 8.07f 

Control 10.21b 8.45e 6.59o 

Note: Mean values with the same superscript(s) are not significantly different according to Fisher’s 
LSD test ( p< 0.05) 
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Root nodulation is an indicator of how successful the symbiosis between the host plant and 
rhizobia is. In comparison with the control, the greatest increase in nodulation in the 
inoculated variants was observed in Perry variety whereas the smallest increase was observed 
in K-28 variety (Table 3). The largest number of nodules in K-28 variety was recorded in the 
variants CC657 + Sinorhizobium meliloti and Coll-11 + Sinorhizobium meliloti. The largest 
number of nodules in Affinity variety was recorded in the variants with Sinorhizobium 
meliloti. The best results were achieved with Perry variety. The number of nodules increased 
in all the inoculated variants except Coll-4 + Azotobacter chroococcum. The largest number 
of nodules was recorded in the variant CC657 + Azotobacter chroococcum. 
 
Table 3. The effect of inoculation on the number of nodules of alfalfa  
 

Variant Variety 

K-28 Affinity Perry 
Coll-11+ Sinorhizobium meliloti 49.20d 50.00c 49.90cd 

Coll-11+ Azobacter chroococcum 44.30h 44.30h 46.60f 

Coll-11 45.20g 41.10kl 37.80n 

Coll-4+ Sinorhizobium meliloti 39.20n 61.70a 37.30nop 

Coll-4+ Azobacter chroococcum 36.50r 40.70kl 28.10u 

Coll-4 36.70opr 40.40l 36.60pr 

CC657 + Sinorhizobium meliloti 51.20b 50.30c 41.30kl 

CC657+ Azobacter chroococcum 35.40s 43.40i 50.10c 

CC657 36.10rs 47.70e 37.40no 

Control 41.90j 40.80kl 31.90t 

Note: Mean values with the same superscript(s) are not significantly different according to Fisher’s 
LSD test ( p< 0.05) 

 
The number of microorganisms in the rhizosphere of alfalfa 
The total number of microorganisms in the rhizosphere of the investigated alfalfa varieties 
amounted to millions per one gram of soil. In comparison with the control, in K-28 variety a 
statistically significant increase was observed in the variants Coll-4 + Sinorhizobium meliloti 
and CC657 (Table 4). In Affinity variety, a statistically significant increase in comparison 
with the control was recorded in CC657 variant. In Perry variety, the largest number of 
microorganisms was recorded in the variant CC657 + Azotobacter chroococcum. 
  
Table 4. The total number of microorganisms in the rhizosphere of alfalfa (106/g) 
 

Variant Variety 
K-28 Affinity Perry 

Coll-11+ Sinorhizobium meliloti 18.90defgi 13.80fgij 20.10defg 

Coll-11+ Azobacter chroococcum 17.00defgi 16.66fgij 7.35ij 

Coll-11 28.56bcd 17.45defgi 9.34gij 

Coll-4+ Sinorhizobium meliloti 48.32a 2.47j 15.30efgi 

Coll-4+ Azobacter chroococcum 21.70def 22.40def 17.52defgi 

Coll-4 22.20def 7.20ij 13.00fgij 
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CC657+ Sinorhizobium meliloti 22.26def 20.02defg 3.05j 

CC657+ Azobacter chroococcum 21.83def 15.90efgi 26.10bcde 

CC657 35.09bc 37.05ab 14.94efgi 

Control 23.31cdef 22.5def 19.26defg 

Note: Mean values with the same superscript(s) are not significantly different according to Fisher’s 
LSD test ( p< 0.05) 
 
The largest number of azotobacter was recorded in those variants where it was applied (Table 
5). In K-28 variety, a statistically significant increase in the number of azotobacter in 
comparison with the control was also recorded in the variant Coll-11 + Sinorhizobium 
meliloti. In Affinity variety, such an increase was recorded in CC657 + Sinorhizobium 
meliloti. It should be pointed out that azotobacter was not found in the rhizosphere of K-28 
variety when Coll 4 was applied.  
Table 5. The number of azotobacter in the rhizosphere of alfalfa (101/g) 

Variant Variety 

K28 Affinity Perry 
Coll-11+ Sinorhizobium meliloti 63.00gi 52.76gij 12.02kl 

Coll-11+ Azobacter chroococcum 346.00bc 205.26ef 246.4e 

Coll-11 1.93l 53.57gijk 12.57kl 

Coll-4+ Sinorhizobium meliloti 22.65ijkl 33.00ijkl 24.81ijkl 

Coll-4+ Azobacter chroococcum 453.43a 383.66b 310.5cd 

Coll-4 0.00l 8.00l 78.5g 

CC657+ Sinorhizobium meliloti 13.91kl 187.7f 13.38kl 

CC657+ Azobacter chroococcum 218.35ef 366.66b 301.00d 

CC657 7.80l 16.10jkl 59.00gij 

Control 9.74l 20.07ijkl 1.92l 

Note: Mean values with the same superscript(s) are not significantly different according to 
Fisher’s LSD test ( p< 0.05) 
 
Three varieties of one plant species were used in this research and the number of 
microorganisms in their rhizosphere varied (Table 6), which means that the composition of 
root secretions also depends on the variety. 
 
Table 6. The effect of alfalfa variety on the total number of microorganisms and number of azotobacter 

 
Microorganisms 

Variety 

K-28 Affinity Perry 

 Total number 106 g-1 25.92 17.54 14.60 

Azotobacter 101g-1 113.68 132.68 106.01 

 
In these experiments, various microorganisms were introduced into the soil in a large number 
and led to the decrease in the total number of microorganisms (Table 7). The number of 
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azotobacter increased in all the inoculated variants, especially in the variant C. trifolii / C. 
destructivum + Azotobacter chroococcum. 
 
Table 7. The effect of inoculants on the number of microorganisms in the rhizosphere of alfalfa 

 

Variant 

Microorganisms 

Total number (106/g) Azotobacter (101/g) 

C. destructivum 18.45 22.69 

C. destructivum + S. meliloti 17.60 42.59 

C. destructivum + A. chroococcum 13.67 265.89 

C. trifolii 20.46 26.28 

C. trifolii + S. meliloti 18.60 46.79 

C. trifolii + A. chroococcum 18.49 282.02 

Control 21.71 8.24 

 
Discussion  
 
An increase in the mass of alfalfa plants and in nodulation with the use of S. meliloti was also 
observed by authors [11]. [12] inoculated the alfalfa seed before sowing with S. meliloti, 
separately and in combination with azotobacter and actinomycetes and observed a significant 
increase in the root mass and the number of nodules. [13] determined that the combination of 
Rhizobium leguminosarum bv.vicae and Azotobacter chroococcum resulted in better 
nodulation of faba bean, increased nitrogenase activity and the plant yield. [14] reached 
similar conclusions and recommended the joint use of Rhizobium leguminosarum and 
Azotobacter chroococcum in order to increase the yield of faba bean in drought conditions. 
Rhizospheric microorganisms form a closed community with the root and are directly 
influenced by root secretions [15]. Root secretions are the source of carbon and energy for 
rhizospheric microorganisms [16; 17], and their chemical composition and amount depend on 
the plant species [18; 19]. Similar results were presented by [20]. Apart from the plant, 
agrotechnical measures such as microbiological fertilizers also affect microbiological activity 
in soil. With microbiological fertilizers, a large number of microorganisms is introduced into 
the soil and these can change the number and composition of the indigenous microbial 
population [21; 22]. 
Overall research on the effect of microbial inoculants has mostly given positive results. [23] 
concluded that introducing rhizobia, azotobacter and actinomycetes results in better 
microbiological activity of acid soils. [24] came to a conclusion that bacterization in acid and 
mildly acid soils was justified as it increased the total number of microorganisms, number of 
azotobacter and dehydrogenase activity. The results of this research indicate that the use of 
certain microorganisms, such as rhizobia and azotobacter can affect positively the root 
development of alfalfa and microbiological activity of soil and diminish negative effects of 
Colletotrichum spp.  
The effect of inoculation was dependant upon alfalfa variety and the applied inocula. The use 
of rhizobia and azotobacter resulted in an increase in the root length, root mass and on root 
nodulation. The number of azotobacter in the rhizosphere of the investigated alfalfa varieties 
increased significantly. 
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