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Abstract: The study reports the effects of the legumes have been considered, form time immemorial, as an 

important source of protein, which is an indispensable protoplasmic constituent of all the bio system. Because of  

their higher protein contains as compared to cereals , legumes attain the significance of a great food value for 

human diet particularly in the contry like india majority of the people are vegetarian in their food habits. 

Objective of the study : Taking the significance of problem  and the dearth of literature of the present research 

entitled studies on the interactive effects of different fungicides with rhizobia in lentil’’ was planed with the 

following objectives; to screen out rhizobial isolate for their interactivity and tolerance against selected fungicides. 

Research Methodology: the materials used and the methods adopted in the present investigation “studies on the 

interactive effects of different fungicides with rhizobia. In lentil’’ are given below: material experimental details: 

details of Treatments: Fungicides: Cultural Operations: Samples of grain and straw were over dried and ground 

in a “willey mill” in this way prepared sample were collected. Analysis and interpretation of Data is the two type of 

Soil Analysis and Plant Analysis. Need and Scope of the Study : It is evident form the results that seed inoculation 

with rhizobium strain and increased the yields of grains and straw significantly over corresponding uninoculated 

control. Expected Outcomes of the Study : The crops were harvested at maturity.the total yields of grins and straw 

were recorded separately. Scope and Significance of the Study: Prophylactic seed Treatment of lentil with some 

selected fungicides in order to project the plants form fungal disease and soil application of fungicides to project 

the crop form disease damage are in vogue in modern agriculture.   

Keywords:  Rhizobium-Lentil, Plantand Soil- Fungicides. 

I.    INTRODUCTION 

Legumes have been considered, form time immemorial, as an important source of protein, which is an indispensable 

protoplasmic constituent of all the bio systems. Because of their higher protein contents as compared to cereals, legumes 

attain the significance of a great food value for human diet particularly in the country like india majority of the people are 

vegetarian in their food habits. The per capita availability of pluse 80.3g which is lowest form another countries, which 

indicates that most of the people of the country do not receive adequate protein for their physiological needs. It is 

estimated that india will required around 230-240 million tons of food grains by 2020AD putting greater demand on 

chemical fertilize to the tune of 25 million tones as compared to the current level of 13 million tones. Therefore, it is a 

stupendous task to achieve this goal production without adequate supply to plant nutrients and other inputs. Many 

centuries before the discovery was made that bacteria exit in the root nodules of leguminous plants and that these bacteria 

live in symbiosis with the plants, thus enriching the soil with combined nitrogen the practical agriculturist come to 
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consider the growth of legumes on his land as equivalent to manuring or fertilizing the soil for the succeeding crop. The 

use of leguminous plants for green manuring was disrobed in great detail by greek and roman writers, notably virgil,varro, 

and columella. The classical studies of boussingault, published in 1837-1838. These French agronomist and chemist eas 

the first to develop systematically the idea of nitrogen nutrition of leguminous and cereals plants (Waksman,1952) The 

causative organism responsible for nitrogen fixation in pure culture was isolated in 1888 by beijerinck, who named it 

bacillus radicicala. The bacterium is present in the soil in the form of small needs which can penetrate the root hairs of the 

leguminous plants and form there are transferred to the “infectious tissue” (Waksman, 1952) It is impossible to sterilized 

the soil completely, especially be the use of high doses of disinfectants, without injuring the plants. The amount of 

disinfectant necessary to destroy the pathogenic organisms in the soil in considerably less than that necessary to sterilize 

the soil as a whole various chemical very greatly in this respect. Mercuric chloride is far more active that organic 

murcuriates; the microbicidal does for mercuruy compounds is about the same as the antiseptic does, where as for copper 

salts the antiseptic does is much lower than the microbicidal. When soil is sterilized, the fungi and other plant and animal 

parasites are readily destroyed. Once certain parasitic organisms are introduced, however, they may develop readily in the 

treated soil and even cause alarger amount of infection. Treatment of soil with a disinfecting agent fallowed by 

inoculation with saprophytic fungi may prove to be most efficient in increasing the value of the treatment. Whether the 

saprophytic fungus used up the available nutrients rendered should on steaming of soil or whether the favorable effect is 

due to the production of a substance directly injurious to the plant pathogen, remains to be determined Waksman (1952). 

Nitrogen is a major growth element is the nutrition of plants. A good deal of researches on the biological fixation of 

elemental nitrogen in the plant system have been done all over the world. Attempts have also been made by several 

workers to find out interaction between different fungicides with Rhizobium. Researches carried out so far in the line 

under study are presented below under different objectives of reviews: Effect on rhizobium inoculation on the yield of 

pluse crops and on the fertility of soils. Effect of fungicides and inoculation of the rhizobium on the nodulation of 

leguminous crops.  Effect of fungicides applied alone and in conjunction with Rhizobium inoculation on the yield,nutrient 

concentration and their uptake by Lentil.  

II.   OBJECTIVE OF THE STUDY 

Taking the significance of problem and the dearth of literature of the present research entitled studies on the interactive 

effects of different fungicides with rhizobia in Lentil” was plaaned with the fallowing objectives; To screen out rhizobial 

isolate for their interactivity and tolerance against selected fungicides. To study the effects of different fungicides on the 

viability of Rhizobial cells for different period of time. To study the effects of different fungicides with Rhizobium and 

inoculation on the nodulation of Lentil. To find out the effects of different fungicides with Rhizobium and inoculation on 

the yield (grains and straw of Lentil). To study the effects of different fungicides with Rhizobum and inoculation on the 

uptake of Nitrogen and phosphorus by Lentil. 

III.    RESEARCH METHODOLOGY 

The materials used and the methods adopted in the present investigation “studies on the interactive effects of different 

fungicides with Rhizobia. In Lentil” are given below:- 

3.1 Material 

Experiment Details 

 Screening of rhizoboial isolates for their fungicidal tolerance:- The effect of different seed dressent fungicides on the 

survive of Rhizobium on seed surface. Medium for Rhizobium: Rhizobium strains:- Preparation of broth culture:- 

Fungicides:- To work out the interactive effects of different fungicides with rhizobium form seed treatment and soil 

application of fungicide for crops of Lentil ,Pot culture experiment:- Preparation of soil:-Filling of pot:- Fertilizer doses:- 

Method of fertilizer application:- Seed Treatments:- Soil Treatments:- 

Details of Treatments 

Fungicides:- Cultural operations:- 
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Sampling 

Samples of grain and straw were over dried and ground in a “willey mill” in this way prepared sample were    collected. 

3.2 Analysis and Interpretation of Data 

Soil Analysis 

Mechanical analysis of soil was done by international pipette method (Piper, 1950). Ph of 1:2 soil water suspension was 

determined with the help of  Bechman‟s ph mater. Electrical conductivity of soil was determined with the help of 

conductivity bridge. Organic carbon in soil was determined by rapid titration method of walkaley and black (Piper, 

1950). Total phosphorus is soil was determinedby pemberton‟s method (Piper, 1966). Total nitrogen is soil was 

determined by kjeldahl‟s method (Jackson, 1968). Total potash in soil was determined by cobalitinitrite method (Piper, 

1966). Cation exchange capacity of soil was determined by neutral ammonium acetate method (Piper, 1966). 

Plant Analysis 

Nitrogen content in grains and straw was determined by Micro Kjeldal method. (Jackson, 1967). Phosphorus content in 

grains and straw was determined by vanadate- molybdate yellow method of kltson and melon (Chapman and Pratt, 

1961). 

Result 

Screening of rhizobial isolates for their interactively and tolerance against selected  fungicides 

The data present in Table-1 depict the interactivity and tolerance of efficient strains of Lentil rhizobia to various 

fungicides in vitro. A great variations in interactivity and tolerance were observed due to different fungicides. Thiram was 

not found inhibitory to the growth of all rhizobial strains upto 500 ppm but rather at these concentration. This fungicide 

was found stimulatory for their growth. However, at the concentrations at 1000 ppm and above, the fungicide was 

inhibitory. But this is extremely high concentration. There was no adverse effect of Capton upto the extent of 500 ppm. 

But at the concentration of these fungicides at 1000 ppm and above, the growth of strains of rhizobia was adversely 

affected. Dithane, M-45 showed no adverse effect upto 50 ppm but 100 ppm. growth of two strains namely KLO-05 and 

LBM-21, was adversely affected. At 500 ppm and above all the strains were adversely affected. Dethane Z-78 showed no 

inhibitory zones upto 500 ppm but at concentrations of 1000 ppm above the growth  of all strains were adversely affected. 

              Table 1: Interactivity and tolerance of Lentil rhizobia to different fungicides. 

Fungicide 

concentration in ppm 

Rhizobia strains 
Mean 

KLO-05 KLU-05 LMO-21 LSB-05 

Thiram      

0 to 500 NE* NE* NE* NE* - 

1000 7.8 7.5 8.0 7.2 7.6 

2000 10.7 10.4 10.8 9.8 10.4 

5000 14.0 13.8 14.2 13.6 13.9 

Captan      

0 to 500 NE* NE* NE* NE* - 

1000 11.0 10.2 10.6 10.8 10.6 

2000 13.2 12.2 12.6 12.9 12.7 

5000 14.6 14.2 14.6 14.8 14.5 

Dithane M-45      

0 to 50 NE* NE* NE* NE* - 

100 7.5 NE 7.0 NE 7.2 

500 10.6 9.4 10.2 9.0 9.8 

1000 12.3 11.8 12.0 10.8 11.7 

2000 13.8 13.0 13.4 12.8 13.2 

5000 16.2 15.5 15.8 14.8 15.5 
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Diameter of inhibition zones, In mm. 

NE = No effect 

Effect of Different Fungicides with Rhizobium Inoculation on the Nodulation of Lentil  

The data presented in Table 3 & Fig. 1 show the individual and interactive effects of fungicides and inoculation on the 

nodulation of Lentil crop under pot house conditions. Rhizobial inoculation increased the number of nodules significantly 

at 30, 60 and 90 days stage of crop growth over uninoculatec control. All the fungicides when used in combination with 

inoculation increase the number of nodules over inoculation alone. Effect of combined application of Thiram and 

inoculation, Capton and inoculation Dithane M-45 and inoculation, Dithane Z-78 and inoculation was much pronounced 

over other corresponding treatments fungicides had no adverse effect on the nodulation as evidenced from number of 

nodules taken at all the 3 stage. Instead, fungicides like Thiram, Captan, Dithan M-45 and Dithane Z-78 increased the 

number of nodules significantly over the activity of native flora. Interactive effect of fungicides and inoculation was also 

found significant.  

Table 2: Effect of different fungicides with Rhizobium and inoculation on the nodulation of Lentil. 

 

Treatment 

30 Days 60 Days 90 Days Mean 

Un- 

inoculat

ed 

Inoculat

ed 

Uninoc

ulated 

Inocula

ted 

Un- 

inocula

ted 

Inocula

ted 

30 60 90 

Control 4 6 6 8 3 4 5.0 7 3.5 

Thiram 5 8 7 13 4 8 7.5 10 6.0 

Captan 3 5 5 9 3 5 4.0 6 3.0 

Dithane M-45 4 8 6 11 3 6 6.0 8.5 4.5 

Dithane Z-78 4 9 6 12 3 7 6.5 9.0 5.0 

Mean 4 7.6 6 10.2 3 5.8 5.8 8.1 4.4 

 30 Days 60 Days 90 Days 

 1
*
 F

* 
1 x F 1

*
 F

* 
1 x F 1

*
 F

* 
1 x F 

S.E. (m)  0.338 0.535 0.756 0.420 0.664 0.940 0.416 0.658 0.931 

C.D. at 5% 0.711 1.124 NS* 0.882 1.394 NS* 0.875 1.333 NS* 

I = Inoculation 

F = fungicides,  

NS = Non significant 

IV.   NEED AND SCOPE OF THE STUDY 

It is evident from the results that seed inoculation with rhizobium strain and increased the yields of grains and straw 

significantly over corresponding uninoculated control. All the fungicides increasedthe yield of grains and straw 

significantly over control (without fungicides). Amongst fungicides, application of Dithane Z-78 gave highest yield of 

given 23.95 g/pot closely followed by Dithane M-45, Captan and Thiram. Almost similar trend was observed in case of 

straw yields of grain and straw over inoculation alone interaction effect of fungicides and inoculation were found 

significant in both the cases of grains and straw yields. But maximum beneficial M-45 and inoculation, Dithane Z-78 and 

inoculation Captan, inoculation and Thiram and inoculation in case of grains yield almost similar trend was observed in 

case of straw production. 

Dithane Z-78      

0 to 500 NE* NE* NE* NE* - 

1000 10.5 9.5 10.2 9.8 10.0 

2000 12.5 11.6 12.0 11.8 11.0 

5000 15.5 15.0 16.0 15.4 15.4 
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V.   EXPECTED OUTCOMES OF THE STUDY 

The crops were harvested at maturity. The total yields of grins and straw were recorded separately. Studies on interactive 

effects of different fungicides with Rhizobia” are being given under the following heads:- Screening of rhizobial isolates 

for their interactivity and tolerance against selected fungicides. Survival of rhizobial cells is chemically treated seeds of 

Lentil. Effect of different fungicides with Rhizobium and inoculation on the nodulation of Lentil. Effect of different 

fungicides with Rhizobium and inoculation on the grain and straw yields of Lentil. Effect of different fungicides with 

Rhizobium and inoculation on the percent nitrogen and phosphorus contents and their uptake by Lentil. 

VI.   SCOPE AND SIGNIFICANCE OF THE STUDY 

Prophylactic seed treatment of lentil with some selected fungicides in order to project the plants from fungal disease and 

soil application of fungicides to project the crop from disease damage are in vogue in modern agriculture. Simultaneously, 

pressowing seed bacterization of Lentil with effective strains of specific schizoid for the purpose of obtaining appured 

optimum yield under tropical and subtropical conditions has also been necessary a practice of Lentil cultivation. Thus, 

obviously, et become pertinent aspect of modern agriculture work out the interactivity of both these inevitable agriculture 

practices i.e. prophylactic use of fungicides and rhizobial inoculants. Motivated by this,in present project entitled or “a 

studies on interactive effect of fungicides with selected Rhizobium in Lentil” was under taken extensively under „in 

vitro‟ pot conditions to arrive at a definite conclusion of practical agriculture sigmificance. 

General Discussion 

The experimental observations given in the preceding chapter have been discussed under the following heads:  

Interactivity and tolerance of some selected Rhizobium species of fungicides: 

Studies for tolerance of foals strains of Lentil rhizobia (KLO-05, KLU 05 LBM-21 and LSB-05) to different non-

mercurous and murcuras fungicides through inhibition zone formation by agar plate diffusion technique were undertaken 

'in Vitro' conditions. The results showed no spectacular variation in general, for their fungicidal tolerance. Lentil rhizobia 

strains were appeared to be more sensitive. The strains showing inhibited growth between 100-500 ppm concentration of 

Thriam, Captan & dithane Z-78. and 50 ppm concentration of dithane M-45. Amongest non mercurous fungicides, 

Dithane M-45 was observed in general to be the most toxic showing safe limit only between 20-50 ppm. While Dithane 

Z-78, Thiram & Captan were found to be least toxic showing the safe limit as high as 1000 ppm to 5000 ppm depending 

upon the type of species. This result is in close conformity with the finding of curley and Burton (1975) but is in 

disagreement with the observations recorded by Diatloff (1970) who reported that thiram was more toxic than Captan. 

The degree of toxicity of various fungicides to Rhizobium sp. could be arranged in the descending order as follows :  

Lentil Rhizobium 

Dithane M-45 > Captan > Dithane Z-78 > Thiram.  Thus it could be said in nut shell that Thiram was the safest fungicide 

for all species of Rhizobia while the Dithan M-45 was the most toxic non-murcurous fungicide. The variation in the 

degree of toxicity of different fungicides to Rhizobia has also been reported by Diatloff (1970). It was interesting to note 

that some of the fungicides like thiram was rather stimulatory for the Rhizobial growth particularly at lower 

concentrations, say at 10 to 100 ppm. The stimulatory effect of this fungicides on the growth might be due to their 

nutritional (Carbon and for energy source) influence upto certain permissible concentration, which undoubtedly open a 

new venue for further nutritional studies on Rhizobium. Khatry and Choksey (1973) reported stimulatory effect of dithane 

on the growth of Lentil Rhizobium, However, under the present investigation, Dithane either M-45 or Z-78 showed no 

stimulatory effect on the growth.  

Survival of Rhizobial cells on chemically treated seeds of Lentil  

For the effective nodulation, it is imperative that symbiosis may take place with the tested efficient introduced stain and 

for which maximum possible viable cells on the seeds may be one of the favourable ecological factors. In modern 

agriculture, prophylactic seed treatment with some fungicides to protect the plant against some soil pathogens is in vogue. 

It was, therefore, through was the while to examine the extent of survival of rhizobia on the seeds of legume in association 

with various fungicides at different intervals. The results presented in Table 2 show that in case of Lentil after one hour of 
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seed inoculation with peat base inoculum, 72% of the initial rhizobial cells were recovered under control treatments 

(Without fungicides). The results revealed that even seed coat surface of legumes had detrimental effect on the viability of 

cells reducing the viability from 27-62% within one hour of inoculation. This was probably due to either the presence of 

antagonistic substance in seed Coat of legume (Thompson, 1960) and/or dry surface area of the seed. More survival of 

rhizobial cells was reported on the surface of glass seeds as compared to seed surface (Vincent, 1958) which clearly 

indicated the toxic influence of seed Coat substance of the legumes on rhizobial cells. 

The results presented in Table 2 indicated that further incubation of storage of inoculated seeds from 4 hours to 14 days 

resulted in gradual decrease in the viability of cells in legume tested. In control treatment (Wihtout fungicides), more than 

50% of the viable cells were recovered after 24 hours of storage. After 7 days of storage of inoculated seeds (Control), 

about 14.25% of the viable cells were recorded with the lentil rhizobia. In same days of inoculation showing the counts of 

viable cells in the order of 10
3
/seed. After 14 days inoculation, viability considerable decreased to the order of 10

3
 viable 

cells/seed most of the cells of Lentil seed showed to viable cells/seed. In case of fungicidal treatment, the recoveries of 

viable cells after one hour of inoculation from the thiram treated seeds, were to the tune of 64% and 66% which were 

higher to that of control one. Thus thiram appeared to be safe fungicide giving viable cells count upto 10
3
 seeds even upto 

7 days. Although application of Captan slightly reduced the viability of cells in comparison to control, yet the viability of 

cells was maintained at standard level of 10
3
 viable cells/seed. The satisfactory survival of rhizobial cells on the Captan 

treated soubean seed was also reported by Burton and Curly (1965).  The stimulatory effect of thiram upto the 

concentration of 100 ppm was also obtained on the growth of rhizobia in paper disc inhibition studies under the present 

investigation (Table 1) which further confirmed the better survival of cells on the seeds treated with these two fungicides. 

The survival of all the species of rhizobia under the present test was studied upto 14 days of inoculation with the treatment 

of zinc containing fungicide dithane Z-78. Although viability of cells was lesser as compared to control treatment 

showing the adverse effect of dithane Z-78 on the survival, yet the viable cells left over were presumably sufficient for 

good nodulation as viable cells to the 10
3
/seed have been reported for good nodulation in natural conditions (Burton and 

Curley, 1965). Dithane M-45 is an antifungal antibiotic viz. aureofungin, a metabolic product of strep to Verticillium 

cinnamoneum var. terricolum appeared to be more toxic to rhizobia than Ditahne Z-78 and there was a considerable 

reduction in the viability of cells. More susceptibility of slow growing rhizobia as compared to the fast growers was 

reported by Kazzublak (1966). Which fall in the line of present findings. In general, the standard viable cells of 10
3
 seed 

was maintained with these fungicides for 4 hours of seed inoculation. The injurious effect of Ditane Z-78 and Ditane M-

45 on rhizobial viability might be due to the presence of heavy metals like zinc and manganese as the constituents of afore 

mentioned compound and (holding and Lowe, 1971). 

VII.   SUMMARY & CONCLUSION 

Prophylactic seed treatment of Lentil with some selected fungicides in order to project the plants from fungal disease and 

soil application of fungicides to project the crop from disease damage are in vogue in modern agriculture. Simultaneously, 

pressowing seed bacterization of Lentil with effective strains of specific schizoid for the purpose of obtaining appured 

optimum yield under tropical and subtropical conditions has also been necessary a practice of Lentil cultivation. Thus, 

obviously, et become pertinent aspect of modern agriculture work out the interactivity of both these inevitable agriculture 

practices i.e. prophylactic use of fungicides and rhizobial inoculants. Motivated by this, in present project entitled or “a 

studies on interactive effect of fungicides with selected Rhizobium in Lentil” was under taken extensively under „in 

vitro‟ pot conditions to arrive at a definite conclusion of practical agriculture significance. The summary of the results 

obtained and inferences drawn under the present investigations are given below :   

Interactivity of some selected Rhizobium species with fungicides under ‘in vitro’ condition 

Interactivity and tolerance of some selected of Lentil rhizobia against some selected fungicides was assessed to the extent 

of inhibition zone formation through agar plate diffusion technique. The results in brief are summarized below: Although, 

this was no spectacular strain variation for their fungicidal tolerance, however strain KLU-05 of Lentil appeared to be less 

sensitive to Dithane M-45. Among non mercurous fungicides, Dithane Z-78 was observed to be the most toxic showing 

safe limit between 0 and 50 ppm while Thiram, Captan and Dithane M-45, the safest fungicide, showed the safe limit as 

high as to 5000 ppm depending upon the type species of Rhizobia. Some of the non-mercurous fungicides like Thiram, 

exerted stimulatory effect on Rhizobial growth at their lower concentration.  
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