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ABSTRACT 

Grain legumes found to be well suited for genetic improvement through mutation breeding. 

Improvement in nutritional quality of some legume was attempted through mutation. With 

this view gamma radiation (100,200,300 and 400 Gy), EMS (0.2, 0.3, 0.4 and 0.5%) and 

combinations of these treatments were used to induce variability in horsegram cv. Dapoli 

Kulthi-1. The lower doses/concs. of gamma radiation, EMS and their combinations caused 

increase in total chlorophyll contents in M2 and M3 generations. Maximum photosynthetic 

pigments were recorded in 200Gy. Total carbohydrates increased in the lower dose/concs. of 

both the mutagens. Maximum total carbohydrates were recorded in 300Gy. All the mutants 

showed stimulatory effect on the total free amino acids. The total free aminoacids were 

highest in 0.5%EMS. Protein contents increased in M2 and M3 populations due to lower dose/ 

concs. of both the mutagens. But the higher dose/ conc. had inhibitory influence on protein 

contents. Highest protein contents were noted in 300Gy in M2 generation. Nitrate reductase 

activity in leaf, root and root nodules was positively influenced by lower concentrations of 

GR, EMS and GR + EMS. The highest stimulation in NR activity was recorded in 100Gy, 

0.3%EMS and 100Gy +0.2%EMS. NR activity showed similar trend in M2 as well as in M3 

generation.  
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INTRODUCTION 

Pulses being rich source of protein, minerals, vitamins and crude fiber, they are 

considered as health food, which offer nutritional security to millions of people, suffering 

from protein malnutrition, especially in South Asia and Africa [1]. Legumes are particularly 

important to the live hoods of the resource poor farmers of rainfed areas as they provide food, 

animal feed and income.  

Food legumes are versatile human foods as they contain many of the nutrients required 

for a healthy human body. They are valued as relatively cheaper source of protein and energy 

as compared to animal proteins. The demand for food legumes has doubled in the last quarter 

century due to increase in population in the developing countries, where the poor people can 

not afford meat and poultry to meet their daily protein requirement. Legumes also contain 

several nutritional factors whose beneficial effects on human health need to be fully exploited 
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[2]. Pulses are basic ingredient in the diet of a vast majority of Indian population as they 

provide a perfect mix of high biological value, when supplemented with cereals [3]. Since 

protein malnutrition is a chronic socio-economic problem in many developing countries 

including India, protein foods from cheaper and less familiar sources such as horsegram are 

considered to be of immense significance [4]. Horsegram is the important source of protein, 

iron and molybdenum. The average nutritional composition of whole seeds of horsegram (per 

100 (g) seeds) is given in Table 1.6. protein 23.6 (g), fat 2.36 (g), carbohydrate 59.1(g), crude 

fiber 5.3(g) and ash 3.3(g), minerals- calcium 105.0 (mg), phosphorus 310.0(mg) and iron 

11.9(mg), Mg-135(mg), Cu-5.5(mg), Mn-1.5(mg) and Zn-3.4(mg).  vitamins- thiamin 

0.4(mg), riboflavin 0.2(mg) and niacin 1.5(mg)  [5, 6].  

MATERIALS AND METHODS 

The authentic seeds of horsegram (Macrotyloma uniflorum (Lam.) Verdc) cultivar 

Dapoli Kulthi-1 were obtained from Head, Department of Botany, College of Agriculture, Dr. 

Balasaheb Savant Konkan Krishi Vidyapeeth, Dapoli, Dist-Ratnagiri (M.S.) India.  Gamma 

rays, ethyl methane sulphonate (EMS) and their combinations were employed in present 

study for the treatments of seeds of horsegram. Gamma radiation from 
60

Co source fixed in 

the gamma cell 200 installed at Bhabha Automic Research Center (BARC), Trombay, 

Mumbai (MS) was used in the present work. Healthy, dry and uniform seeds of horsegram 

with moisture content of 10-12 % were treated with 100, 200, 300 and 400Gy.  Ethyl 

methane sulphonate (Sigma chemical Co. Ltd. USA) was used for the seed treatment of 

horsegram. Various concentrations of EMS (0.2% to 0.5%) were prepared in 0.1M phosphate 

buffer pH-7.0. Selected seeds were soaked in distilled water for 10 hours and the wet seeds 

were treated with different concentrations of EMS (such as 0.2, 0.3, 0.4 and 0.5% v/v) for 

four hours. For combination treatments the gamma irradiated seeds were treated with 

different concentrations of EMS. The untreated seeds served as control. The seeds treated 

with various concentrations of EMS were washed thoroughly with tap water for two hours to 

terminate the reaction of chemical mutagen and to leach out the residual chemicals. The 

treated seeds (675) from each treatment were used for raising M1 generation in field. Present 

investigation was carried out at Department of Botany, University of Pune, Pune- 411 007 

(M.S.). All the experiments were carried out in triplicate following RBD design. The distance 

between two rows and two plants was 30 X 15 cm and the distance between two adjacent 

plots was one meter. The seeds of individually harvested M1 plants were sown in the 

experimental field to raise M2 generation in separate rows.  

The treated as well as control plants were screened for physiological, biochemical and 

enzymological to study the induced variability. From each replication and treatment including 

control 20 plants were randomly selected for recording data on different physiological, 

biochemical and enzymological parameters in M2 generations. All the surviving M2 plants 

were harvested individually and seeds of single plant from each treatment were kept 

separately for raising M3 generation. Observations on physiological, biochemical and 

enzymological in M3 generation were similar to that of M2 generation.  
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Photosynthetic pigments 

 Photosynthetic pigments like chlorophyll a, chlorophyll b and total chlorophylls were 

extracted and estimated [7]. The randomly selected (third leaf from top) fresh leaf samples of 

treated and control plants was cut into small pieces and 1g of these was separately 

homogenized in 80% acetone in dark, using mortar and pestle. The acetone extract was 

filtered through Whatman No.1 filter paper and the final volume was made to 100 ml with 

80% acetone. The absorbance of acetone extract was recorded at 645 and 663 nm using UV-

visible spectrophotometer (Shimadzu-1601). 

Total Carbohydrates  

Total carbohydrates were determined [8] by using 1g fresh composite leaf and seed 

samples. The leaf and seed samples were hydrolyzed in 2.5 N HCl for three hours by keeping 

the samples in boiling water bath, cooled to room temperature and neutralized with Na2CO3. 

The final volume was made up to 100 ml with distilled water. The reaction mixture was 

consisting of distilled water, Anthron reagent and digested sample. The absorbance of the 

green colour developed was recorded at 630 nm by using UV visible spectrophotometer 

(Shimadzu- 1601).  D-glucose at the concentration of 100 g ml
-1

 was used to prepare the 

standard curve. 

Total free amino acids  

 Total free amino acids were estimated [9]. The third leaf from top of field grown 

plants was separately cut into small pieces and the seeds were powdered. 0.5 g material was 

homogenized in 10 ml (80%) alcohol. The extraction was repeated twice by 5 ml (80%) 

alcohol and the residues as well as the supernatants were pooled together. The extract was 

condensed on hot water bath to approximately 1 ml, centrifuged at 5000 rpm for 15 min. 

Volume of the supernatant was adjusted to 10 ml with distilled water. From the supernatant 

0.1 ml, aliquot was taken to which 1ml of ninhydrin solution was added. Final volume was 

made to 2 ml with distilled water. The tube was heated in a boiling water bath for 20 min and 

5 ml of the diluent was added and mixed thoroughly. After 15 min., the intensity of the purple 

colour was recorded against the reagent blank in UV-visible spectrophotometer (Shimadzu-

1601) at   570 nm. The colour was stable for one hour. The reagent blank was prepared by 

taking 0.1 ml of 80 % ethanol. Leucine at the concentration of 100 µg ml
-1

 was used to 

prepare the standard curve. 

Soluble proteins  

 Protein estimation was done [10]. 1g of powdered leaf and seed samples were 

homogenized separately in 2.5 ml of 0.1M phosphate buffer (pH 7.0). The extracts were 

centrifuged at 5000 rpm for 15 minutes at 4
0
C. The supernatants were transferred to a sorvell 

tubes containing a mixture of 20 ml acetone and 14 l - mercaptoethanol for precipitation of 

protein. The sample tubes were stored at 0 
0
C for 5 hours and then centrifuged at 10,000 rpm 

for 20 minutes. The supernatants were discarded and the pellets were dissolved in 2.5 ml of 

1.0 N sodium hydroxide solution. This was used as the source of protein. From this 0.2 ml, 

aliquot was used to prepare the reaction mixture. The blue colour developed due to addition 

of folin-phenol reagent was read at 660 nm on UV-visible spectrophotometer (Shimadzu-
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1601). The BSA (Bovine Serum Albumin-fraction V) was used at the concentration of 1 mg 

ml
-1

 as standard protein, to prepare the standard curve. 

Assay of nitrate reductase  

 The in vivo anaerobic nitrate reductase (NR) assay was carried out [11]. 1g third leaf 

from top of control and treated plants was cut into small pieces and transferred to test tubes 

containing 5 ml of assay mixture (2.5 ml of 0.1 M phosphate buffer-pH 7.2, 0.2 ml   n-

propanol and 2.3 ml DW). The tubes were vacuum infiltrated for 45 min. in the dark at 30
o
C. 

The reaction was terminated by keeping the tubes in boiling water bath for 10 min. The assay 

mixture was cooled and 1 ml was used for developing colour with sulphanilamide and 

napthol ethylenediamine reagent for 10 min. The optical density was measured on UV-visible 

spectrometer (Shimadzu-1601) at 540 nm. NR activity in root and root nodules similarly was 

assessed by using 1g freshly harvested root and root nodule samples.  

STATISTICAL ANALYSIS  

 The data were summarized as the means of three replicates with standard deviation as 

the measures of variability. One-way ANOVA test was performed to determine significant 

differences due to various treatments. Fisher’s LSD (Least significant difference) was used as 

post hoc test to as certain significant differences among treatments at p= 0.05. Statistical 

analysis and graphical data presentations were carried out by using Sigma stat (ver.3.5). 

RESULTS AND DISCUSSION 

Total chlorophylls 

 All the treatments of GR (except 400Gy), EMS and few treatments of combination 

caused increase in photosynthetic pigments (Table-1). Data pertaining to total chlorophylls in 

M3 generation showed trend similar to that of M2 generation. M3 generation had also shown 

slight increase in total chlorophylls as compared to M2 generation (Table-1). 

 Results of mutagenic studies in horsegram revealed that lower doses/concs. of gamma 

radiation, EMS, and their combinations caused increase in total chlorophyll contents in M2 

and M3 generations. Increase in photosynthetic pigments was recorded [12] in mungbean due 

to mutagenic treatments. The decrease in chlorophyll contents at higher doses/ concs. of 

mutagens might be due to their lethal effects on the chloroplast structure, integrity and 

function, which disturbed the metabolism of chlorophyll synthesis [12]. The decrease in 

chlorophylls and photosynthetic rate might have caused reduction in total carbohydrate and 

protein contents and thereby it directly or indirectly might have affected growth and yield. 

 The amount of solar radiations absorbed by the leaf is the function of photosynthetic 

pigments [13]. Chlorophylls also give an indirect estimation of the nutrient status, yield etc. 

[14]. The reduction in chlorophylls was ascribed to the stimulated activity of chlorophyllase 

enzyme, which causes degradation of chlorophylls. The loss in chlorophylls may lead to 

reduction in photosynthetic rate and thereby causing drastic reduction in yield [15]. The 

mutagens not only disturb the structure and integrity of chlorophyll molecule, but also induce 

adverse impact on its functioning. 
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Total carbohydrates 

 Results  on total carbohydrates influenced by mutagenic treatments shown in Table-2 

indicated that except 400Gy all the treatments of GR caused increase in total carbohydrates. 

The +ve increase in total carbohydrates was also obtained only in 0.2%EMS. Almost all the 

combination treatments have exercised –ve impact on carbohydrate contents except 200Gy + 

0.2%EMS. In M3 generation (Table-2) total carbohydrates showed similar trend like that of 

M2 generation. M3 population showed slightly higher +ve influence on total carbohydrates as 

compared to M2. 

 The results on total carbohydrate contents recorded in Table-2 revealed that the lower 

doses/concs. of GR, EMS and GR +EMS had caused significant increase. However, higher 

doses/concs. had not favoured the increase. The results of the present study were in 

agreement with [12] for mungbean. Sugars are very important metabolites having profound 

effect on all stages of plant’s life cycle right from germination, vegetative growth, 

reproduction and development of fruit and seeds [16]. The positive increase in carbohydrate 

contents due to lower doses/ concs. of gamma radiation, EMS and their combinations may 

have caused similar influence in horsegram leading to improvement in growth and yield. 

Total free amino acids 

 The mutagenic influence on total free amino acids shown in Table-2 reveled that all 

the treatments had negligible influence and the results were also non significant. The trend 

for M3 generation was similar to M2.  

 Results of mutagenic studies in horsegram revealed that lower doses of gamma 

radiation and higher concentrations of EMS caused increase in total free amino acids in M2 

and M3 generations (Table-2). The changes in free amino acids due to stimulated synthesis of 

amino acids under stress condition [17, 18, 19]. The stimulated synthesis, inhibited oxidation, 

impaired protein synthesis or enhanced protein hydrolysis under stressful environment may 

be responsible for enhanced contents of free amino acids [20]. Similar may be the reason for 

stimulated synthesis of aminoacids in horsegram treated with GR, EMS and GR + EMS. 

 Decrease in protein and amino acids contents with high concentrations of chemical 

mutagens was noted [12] in mungbean, which was attributed to inhibition of auxin and DNA 

synthesis and degradation in protein as well as carbohydrate metabolism. This lead to 

improvement in growth and yield because proteins are the fundamental building block of cell, 

organelles and whole plant body. 

Soluble proteins 

 Results on protein contents as influenced by the various doses/ conc. of GR, EMS and 

their combinations (Table-2) reveled that the protein contents were also not affected 

seriously. The increase or decrease in protein content was non significant when compared to 

control. In M3 generation (Table-2) total proteins showed similar trend like that of M2 

generation. The results on protein contents revealed that the lower treatments of gamma 

radiations, EMS and their combinations were almost stimulatory, while the higher treatments 

were inhibitory in horsegram. The positive changes in protein contents were reported in 

different legumes [12, 21]. Variability in protein contents can be successfully induced 

through mutagenesis in grain legumes [22]. Increase in proteins was due to the saturation 
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effect of mutagens [23, 24]. Number of workers attributed the increase in protein content to 

an increase in auxin levels due to lower concentrations of mutagens. On the contrary the 

decrease in protein and amino acids due to high concentrations of chemical mutagens may be 

attributed to inhibition of auxin and DNA synthesis and degradation in protein and 

carbohydrate metabolism which resulted into poor growth of plants [25]. Gradual increase in 

seed protein content with increasing dose/conc. of gamma rays and EMS as compared to 

respective control in blackgram[26]. A positive impact on seed protein contents in M3 

generation was observed [27] in black gram. The increase in protein content of mutagen 

treated plants was attributed to increased anabolic reactions or to the decrease in proteolytic 

degradation or both. 

Nitrate reductase activity (NR) 

 The influence of mutagenic treatments on NR activity in leaf, root and root nodules 

(Table-3) indicated that lower concentrations of GR, EMS as well as their combinations had 

positive influence. The highest NR activity was recorded in leaf, root and root nodules in 

100Gy, 0.3%EMS and 100Gy +0.2%EMS. In M3 generation (Table-3) NR activity showed 

similar trend like that of M2 generation. Nitrate reductase activity in GR, EMS and GR + 

EMS treated plants of horsegram was correlated with nitrogen status of the plants [28, 29], 

dry matter accumulation [30] and protein synthesis [31, 32, 33]. Many researchers like [34, 

35, 36] claimed that nitrogen being an important constituent of proteins and nucleic acids, 

regulates various metabolic processes such as photosynthesis, water use efficiency, NR 

activity, carbohydrate metabolism, biosynthesis of pigments and secondary metabolites 

leading to regulates growth and yield in crop plants.   

CONCLUSION 

In conclusion GR, EMS and GR+EMS had induced sufficient genetic variability with 

respect to chlorophyll contents, organic  constituents and nitrate reductase activity in 

horsegram cv. Dapoli Kulthi-1. The agronomically and nutritionally superior mutants will be 

the promising material for plant breeders in feature. Such cultivars will surve the purpose of 

protein malnutrition in vegetarian diets and will also economically benefit the resource poor 

farmers of rainfed area. 
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Table 1. Effect of gamma radiation, EMS and their combinations on chlorophyll contents* in   

               M2 and M3 generation of horsegram cv. Dapoli Kulthi-1. 

Treatments 

M2 generation M3 generation 

Chl a Chl b 
Total 

chlorophyll 
Chl a Chl b 

Total 

chlorophyll 

Control 1.03±0.04 0.32±0.01 1.35±0.05 1.08±0.04 0.39±0.02 1.48±0.06 

100Gy 1.25±0.06 0.37±0.02 1.62±0.08 1.30±0.06 0.34±0.02 1.64±0.08 

200 1.38±0.10 0.42±0.03 1.80±0.13 1.41±0.10 0.43±0.03 1.84±0.13 

300 1.40±0.04 0.39±0.01 1.79±0.05 1.37±0.04 0.40±0.01 1.77±0.05 

400 0.75±0.05 0.31±0.02 1.06±0.06 0.97±0.06 0.43±0.03 1.40±0.08 

0.2  EMS 1.32±0.08 0.41±0.02 1.72±0.10 1.40±0.08 0.41±0.02 1.81±0.11 

0.3 1.34±0.05 0.46±0.02 1.79±0.07 1.48±0.06 0.40±0.02 1.88±0.08 

0.4 1.31±0.09 0.40±0.03 1.70±0.12 1.32±0.09 0.42±0.03 1.74±0.12 

0.5 0.84±0.03 0.55±0.02 1.40±0.04 0.91±0.03 0.50±0.02 1.41±0.04 

100Gy + 0.2% 
EMS 

1.11±0.06 0.31±0.02 1.43±0.07 0.97±0.05 0.45±0.02 1.43±0.07 

100 + 0.3 1.28±0.04 0.35±0.01 1.64±0.05 1.00±0.03 0.47±0.01 1.47±0.04 

100 + 0.4 1.14±0.07 0.37±0.02 1.51±0.09 0.98±0.06 0.44±0.03 1.42±0.09 

100 + 0.5 1.02±0.07 0.31±0.02 1.33±0.09 0.84±0.06 0.39±0.03 1.23±0.09 

200 + 0.2 1.49±0.06 0.47±0.02 1.96±0.08 0.98±0.04 0.46±0.02 1.44±0.06 

200 + 0.3 1.48±0.07 0.46±0.02 1.94±0.10 0.89±0.04 0.43±0.02 1.32±0.07 

200 + 0.4 1.27±0.09 0.35±0.02 1.62±0.11 0.88±0.06 0.38±0.03 1.26±0.09 

200 + 0.5 0.80±0.02 0.23±0.01 1.03±0.03 0.81±0.02 0.38±0.01 1.19±0.04 

300 + 0.2 1.08±0.05 0.31±0.02 1.38±0.07 0.90±0.05 0.42±0.02 1.32±0.07 

300 + 0.3 1.03±0.06 0.30±0.02 1.32±0.08 0.93±0.06 0.45±0.03 1.38±0.08 

300 + 0.4 1.22±0.05 0.35±0.01 1.57±0.06 0.68±0.03 0.34±0.01 1.02±0.04 

300 + 0.5 1.17±0.04 0.37±0.01 1.54±0.05 0.80±0.02 0.40±0.01 1.19±0.04 

400 + 0.2 0.99±0.07 0.28±0.02 1.27±0.09 0.69±0.05 0.33±0.02 1.03±0.07 

400 + 0.3 1.00±0.06 0.31±0.02 1.31±0.08 0.96±0.06 0.49±0.03 1.44±0.09 

400 + 0.4 1.10±0.05 0.32±0.02 1.42±0.07 0.76±0.04 0.37±0.02 1.13±0.06 

400 + 0.5 0.93±0.04 0.28±0.01 1.21±0.05 0.71±0.03 0.34±0.01 1.05±0.04 

SEM± 0.05 0.02 0.06 0.04 0.02 0.06 

F-value 34.52 44.89 30.44 59.35 14.16 34.16 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

LSD0.05 0.10 0.04 0.12 0.08 0.04 0.12 

*  mg g-1.  

Data are means of three replicates ± standard deviation. Significant difference due to treatments was assessed by 

Fisher’s LSD as a post-hoc test. 
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Table  2.  Effect of gamma radiation, EMS and their combinations on organic constituents* in     

                seeds of M2 and M3 generation of horsegram cv. Dapoli Kulthi-1. 

Treatments 

M2 generation M3 generation 

Total 

carbohydrates 

 

Total free 

amino acids 

Soluble 

proteins 

 

Total 

carbohydrates 

 

Total 

free 

amino 

acids 

Soluble 

proteins 

 

Control 591.18±23.65 0.06±0.00 234.44±9.38 575.90±23.04 0.07±0.00 237.92±9.52 

100Gy 628.08±31.40 0.09±0.00 246.67±12.33 603.79±30.19 0.09±0.00 247.92±12.40 

200 623.86±43.67 0.07±0.00 232.50±16.28 594.49±41.61 0.07±0.00 233.75±16.36 

300 644.67±19.34 0.06±0.00 249.17±7.47 611.93±18.36 0.06±0.00 250.83±7.52 

400 579.47±34.77 0.06±0.00 229.58±13.78 556.40±33.38 0.05±0.00 230.42±13.83 

0.2  EMS 615.16±36.91 0.06±0.00 245.28±14.72 586.26±35.18 0.06±0.00 246.25±14.78 

0.3 596.31±23.85 0.08±0.00 230.42±9.22 586.97±23.48 0.07±0.00 232.08±9.28 

0.4 576.10±40.33 0.10±0.01 225.42±15.78 538.11±37.67 0.09±0.01 227.92±15.95 

0.5 579.12±17.37 0.12±0.00 236.67±7.10 556.18±16.69 0.11±0.00 237.08±7.11 

100Gy + 

0.2% EMS 
589.26±29.46 0.08±0.00 235.42±11.77 564.35±28.22 0.07±0.00 233.75±11.69 

100 + 0.3 592.57±17.78 0.06±0.00 226.25±6.79 564.59±16.94 0.07±0.00 227.50±6.82 

100 + 0.4 578.27±34.70 0.08±0.00 201.39±12.08 540.85±32.45 0.07±0.00 206.25±12.38 

100 + 0.5 573.86±40.17 0.08±0.01 207.50±14.53 550.22±38.52 0.08±0.01 208.75±14.61 

200 + 0.2 601.63±24.07 0.10±0.00 218.75±8.75 551.72±22.07 0.10±0.00 220.00±8.80 

200 + 0.3 580.29±29.01 0.09±0.00 202.22±10.11 557.58±27.88 0.09±0.00 203.75±10.19 

200 + 0.4 566.90±39.68 0.10±0.01 218.89±15.32 537.54±37.63 0.09±0.01 217.92±15.25 

200 + 0.5 565.00±16.95 0.09±0.00 220.83±6.63 542.41±16.27 0.09±0.00 221.67±6.65 

300 + 0.2 580.73±29.04 0.09±0.00 244.58±12.23 568.85±28.44 0.08±0.00 242.92±12.15 

300 + 0.3 573.15±34.39 0.10±0.01 220.83±13.25 560.85±33.65 0.10±0.01 222.50±13.35 

300 + 0.4 565.79±22.63 0.10±0.00 221.67±8.87 538.48±21.54 0.10±0.00 221.67±8.87 

300 + 0.5 570.77±17.12 0.09±0.00 217.92±6.54 536.90±16.11 0.08±0.00 219.58±6.59 

400 + 0.2 566.11±39.63 0.08±0.01 220.00±15.40 530.86±37.16 0.07±0.00 222.50±15.58 

400 + 0.3 554.38±33.26 0.08±0.00 240.83±14.45 532.77±31.97 0.08±0.00 240.00±14.40 

400 + 0.4 560.78±28.04 0.08±0.00 245.83±12.29 533.10±26.66 0.08±0.00 242.08±12.10 

400 + 0.5 551.85±22.07 0.07±0.00 238.61±9.54 530.94±21.24 0.07±0.00 227.92±9.12 

SEM± 24.9 0.01 9.64 23.61 0.01 9.67 

F-value 1.79 40.82 3.98 2.02 38.77 3.45 

P-value 0.042 <0.001 <0.001 0.02 <0.001 <0.001 

LSD0.05 48.80 0.02 18.89 46.28 0.02 18.95 

* mg g-1. 

Data are means of three replicates ± standard deviation. Significant difference due to treatments was assessed by 

Fisher’s LSD as a post-hoc test. 
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Table 3. Effect of gamma radiation, EMS and their combinations on activity of nitrate 

reductase* in leaf,  root and root nodules in M2 and M3 generation of horsegram  

               cv.Dapoli-Kulthi-1.  

 

    

Treatments 

M2 generation M3 generation 

Leaf 

 

Root 

 

Root nodule 

 

Leaf 

 

Root 

 

Root 

nodule 

 

Control 0.78±0.03 1.79±0.07 9.42±0.38 0.83±0.03 1.94±0.08 9.70±0.39 

100Gy 0.96±0.05 2.25±0.11 10.20±0.51 0.99±0.05 2.35±0.12 10.40±0.52 

200 0.91±0.06 2.02±0.14 9.79±0.69 0.95±0.07 2.11±0.15 10.05±0.70 

300 0.85±0.03 1.83±0.05 9.56±0.29 0.81±0.02 1.89±0.06 9.78±0.29 

400 0.70±0.04 1.63±0.10 9.07±0.54 0.73±0.04 1.73±0.10 9.37±0.56 

0.2% EMS 0.93±0.06 2.10±0.13 10.39±0.62 0.96±0.06 2.61±0.16 10.61±0.64 

0.3  0.96±0.04 2.87±0.11 10.73±0.43 0.97±0.04 2.87±0.11 10.82±0.43 

0.4  0.74±0.05 1.52±0.11 9.31±0.65 0.75±0.05 1.58±0.11 9.53±0.67 

0.5  0.65±0.02 1.43±0.04 8.83±0.26 0.68±0.02 1.49±0.04 8.98±0.27 

100Gy +  
0.2 % EMS 

0.86±0.04 1.95±0.10 9.81±0.49 0.91±0.05 1.98±0.10 9.94±0.50 

100 + 0.3  0.84±0.03 1.84±0.06 9.62±0.29 0.85±0.03 1.91±0.06 9.76±0.29 

100 + 0.4  0.67±0.04 1.48±0.09 8.59±0.52 0.68±0.04 1.62±0.10 8.65±0.52 

100 + 0.5  0.65±0.05 1.32±0.09 8.11±0.57 0.67±0.05 1.55±0.11 8.27±0.58 

200 + 0.2  0.81±0.03 1.83±0.07 9.60±0.38 0.82±0.03 1.94±0.08 9.81±0.39 

200 + 0.3  0.70±0.04 1.56±0.08 9.26±0.46 0.74±0.04 1.69±0.08 9.33±0.47 

200 + 0.4  0.65±0.05 1.25±0.09 8.56±0.60 0.66±0.05 1.38±0.10 8.51±0.60 

200 + 0.5  0.62±0.02 1.16±0.03 8.18±0.25 0.62±0.02 1.26±0.04 8.13±0.24 

300 + 0.2  0.70±0.04 1.62±0.08 9.13±0.46 0.72±0.04 1.65±0.08 9.18±0.46 

300 + 0.3  0.54±0.03 1.17±0.07 8.48±0.51 0.59±0.04 1.29±0.08 8.56±0.51 

300 + 0.4  0.47±0.02 1.05±0.04 8.41±0.34 0.53±0.02 1.12±0.04 8.49±0.34 

300 + 0.5  0.46±0.01 1.02±0.03 8.21±0.25 0.52±0.02 1.08±0.03 8.20±0.25 

400 + 0.2  0.65±0.05 1.21±0.08 8.49±0.59 0.70±0.05 1.27±0.09 8.55±0.60 

400 + 0.3  0.55±0.03 1.17±0.07 8.41±0.50 0.62±0.04 1.18±0.07 8.49±0.51 

400 + 0.4  0.54±0.03 1.16±0.06 8.32±0.42 0.56±0.03 1.10±0.05 8.43±0.42 

400 + 0.5  0.50±0.02 1.06±0.04 8.13±0.33 0.54±0.02 1.04±0.04 8.17±0.33 

SEM± 0.03 0.07 0.38 0.03 0.07 0.39 

F-value 49.48 87.57 7.84 41.22 87.14 8.81 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

LSD0.05 0.06 0.14 0.74 0.06 0.14 0.76 

*  µ mol NO2-g
-1 fr wt.hr-1

 

Data are means of three replicates ± standard deviation. Significant difference due to treatments was assessed by 

Fisher’s LSD as a post-hoc test. 

 

               


