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ABSTRACT 

 In present investigation the seeds of horsegram (Macrotyloma uniflorum (Lam.) Verdc)     

cv. Dapoli Kulthi- 1 were treated with gamma radiation (100, 200, 300 and 400Gy), EMS 

(0.2, 0.3, 0.4 and 0.5 %) and combination treatments. The mutations affecting dry biomass, 

root nodules, seed and biological yield and harvest index in M2 and M3 generation were 

studied. Data obtained on dry biomass of shoot and root in M2 generation showed significant 

positive as well as negative influence over control. While in M3 generation it was on par with 

M2. Higher number of nodules on roots as well as higher nodule fresh weight per plant in M2 

and M3 generation was recorded in horsegram. All the treatments of gamma radiation and 

combination (except few) showed negative effect. But almost all the treatments of EMS had 

shown stimulatory effect. In M2 and M3 generation mean values for seed yield per plant, 

biological yield and harvest index decreased with few exceptions in all mutagen treated 

populations as compared to their controls. 
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INTRODUCTION 

The major pulses of the world are peas, beans, gram, mungbeans, urdbeans and 

cowpeas while the minor ones include like horsegram (hulga/kulthi) [1]. It is generally grown 

as a sole crop in poor soils. Amongest the different legume crops, horsegram occupies a 

prominent position in Maharashtra. The growth and yield of crop depend on the interaction 

between environmental factors with numerous physiological processes of the plant [2]. 

Horsegram is a drought tolerant crop but receives low priority in cropping system and soil 

types. At present there are no recommended varieties. Farmer sows their won seed and 

harvest very poor yields. The types they grow are of long duration, susceptible to disease and 

pests [3].  

High dry matter accumulated in horsegram at harvest was positively correlated with 

high grain yield per plant. The significant correlation between dry matter accumulation and 

seed yield may help to explore the possibility of selecting high yielding mutants. Selection of 
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pulse varieties for more nodulation and nitrogen fixation by Rhizobium is the basic step in 

the biological nitrogen fixation in pulses. The biological yield per plant and harvest index 

was found to be the most valuable traits for formulating the selection criteria to improve seed 

yield in horsegram. The relationship of biological yield with economic yield or grain yield 

may help to prodict the performance and yield efficiency of the genotypes. It may also be 

useful for screening the genotypes. Knowing the limited variability in this crop, present 

investigation was undertaken for the improvement by using Dapoli Kulthi-1 variety. For this, 

mutation breeding using gamma radiation (100-400 Gy) and EMS (0.2 to 0.5%) alone and in 

combination were applied and effect on dry biomass, root nodules, seed and biological yield 

and harvest index were studied in M2 and M3 generation. 

 MATERIAL AND METHODS 

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

Dapoli Kulthi-1 were obtained from Department of Botany, Dr. B. S. K. K. 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 source installed at Bhabha Automic Research Center (BARC), Trombay, 

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

were treated with 100, 200, 300 and 400Gy.  Ethyl methane sulphonate (Sigma chemical Co. 

Ltd. USA) was used for the seed treatment of horsegram. 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. Seeds 

of M2 generation were used to raise M3 generation. The treated as well as control plants were 

screened for dry biomass, root nodules, seed and biological yield, harvest index and seed 

yield per hector. From each replication and treatment including control 20 plants were 

randomly selected for recording data on different parameters in M2 and M3 generations.  

Dry biomass: The whole plant was uprooted at 45 DAS and cut in to small pieces, which 

were kept in paper bags for 3-4 days. These bags were kept in oven at constant temperature 

(40
o
C) until constant dry weight was obtained. The average value of whole plant dry biomass 

was recorded.   
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Root nodules: The total number of nodules per plant and their fresh weight was determined 

from 20 randomly selected plants at 30 DAS and the average values were recorded. 

Harvest index: The seed yield and biological yield of randomly selected 20 plants from each 

treatment and control was calculated and the average values were considered for calculation 

of harvest index by using following formula. 

Harvest index (%) = (Total seed yield / Biological yield) x 100 

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 

Shoot and root dry biomass : Data obtained on dry biomass of shoot in M2 generation 

(Table-1) showed significant positive as well as negative influence over control. 300 and 

100Gy caused maximum increase in shoot dry weight.  But 200 and 400Gy had shown 

reduction in dry weight of shoot. The highest (8.81g) and lowest (7.36g) shoot dry weight 

was noted in 0.5% and 0.4%EMS respectively over control (8.39g). The combination 

treatments 300Gy + 0.5%EMS, 300Gy + 0.2%EMS and 100Gy + 0.5%EMS had shown 

maximum increase in shoot dry weight 8.50g, 8.42g and 8.40g respectively over control 

(8.39g). All other treatments caused reduction in shoot dry weight over control. The data 

obtained for shoot dry weight in M3 generation was on par with M2 generation (Table- 2).  

 Data obtained for dry weight of root in M2 generation had shown similar trend like 

that of shoot dry weight. The highest (0.69g) and lowest (0.39g) root dry weight was recorded 

in 300 and 200Gy over control (0.49g). The EMS treatment 0.5% showed maximum root dry 

weight (0.62g), the EMS treatment 0.4% showed minimum (0.37g) over control (0.49g). The 

combination treatments 300Gy + 0.5%EMS, 300Gy + 0.4%EMS and 100Gy + 0.5%EMS had 

shown maximum increase in root dry weight, while all other treatments showed reduction in 

root dry weight than control. Results of M3 generation for this parameter were on par with M2 

(Table- 2). 

 The results on dry biomass of root, shoot and harvest index of horsegram indicated 

that all the mutagenic treatments caused either increase or decrease. The dry matter 

accumulation in different genotypes of horsegram was increased continuously up to 

harvest[2]. The anabolic and catabolic processes resulted in to a net balance of dry matter. 

The biological productivity of plants is based on their ability to produce and accumulate the 

dry matter. 

 High dry matter accumulated in horsegram at harvest was positively correlated with 

high grain yield per plant. These results were in agreement with the findings in soybean [4]. 
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The significant correlation between dry matter accumulation and seed yield may help to 

explore the possibility of selecting high yielding mutants. The positive correlation between 

dry matter accumulation and seed yield was reported in horsegram [2]. Balanced distribution 

of dry matter between grain and total plant weight is highly desirable characters for plant 

breeder. In early and mid season cultivars, 75-85% of the total dry matter was accumulated 

after flowering [5]. High value of harvest index and dry matter production contributes to 

yield [6]. The genotype with ability for converting larger part of dry matter in to economic 

yield is highly preferable [7]. The improvement in plant type or variety is always associated 

with a high harvest index in pulses [8, 9].  

Root nodules: Data on number of nodules and fresh weight of nodules /plant recorded in 

Table-1 indicated that all the treatments of gamma radiation except 400Gy showed negative 

effect. All the treatments of EMS had shown stimulatory effect on this parameter except 

0.4%EMS. Combination treatments like 300Gy + 0.4%EMS, 200Gy + 0.2%EMS and 100Gy 

+ 0.2%EMS caused promontory effect. But the remaining treatments had shown adverse 

impact on the same parameter. The data obtained for nodule number and nodule weight in M3 

generation (Table- 2) had shown similar pattern like that of M2 generation. 

Data on number of nodules and nodule weight/plant recorded indicated that all the 

treatments of gamma radiation and combination (except few) showed negative effect. But 

almost all the treatments of EMS had shown stimulatory effect. Higher number of nodules on 

roots as well as higher nodule fresh weight per plant in the M3 generation was reported in 

green gram [10]. Increased genetic variability for symbiotic nitrogen fixation was induced in 

mungbean by gamma radiation, resulting in higher root nodules per plant [11]. Selection of 

pulse varieties for more nodulation and nitrogen fixation by Rhizobium is the basic step in 

the biological nitrogen fixation (BNF) in pulses [12]. The studies on nodulation were carried 

by [13, 14, 15]. Super- hyper-nodulation mutants were reported in pea, and common bean 

[16, 17]. In most cases super nodulation was associated with pleotropic effects [18, 19].  

Seed and biological yield and harvest index: Mean values for seed yield per plant, 

biological yield and harvest index decreased with few exceptions in all mutagen treated 

populations as compared to their controls (Table- 3). In gamma radiation maximum seed 

yield (16.76g) as well as biological yield (41.55g) were recorded in 300Gy. The highest value 

of harvest index (40.81%) was reported in 400Gy. Maximum seed yield (16.45g), biological 

yield (38.03g) and   highest harvest index (43.69%) were noted in 0.2%, 0.5% and 0.2%EMS 

respectively. In combination treatments seed yield 16.01g (300Gy + 0.5%EMS), biological 

yield 37.44g (300Gy + 0.5%EMS) and harvest index 44.77% (400Gy + 0.5%EMS) were 

recorded. M3 progeny showed increase in seed yield, decrease in biological yield and increase 

in harvest index as compare to M2 (Table- 3). 

The biological yield per plant and harvest index were found to be the most valuable 

traits for formulating the selection criteria to improve seed yield in chickpea [20]. The 

relationship of biological yield with economic yield or grain yield may help to prodict the 

performance and yield efficiency of the genotypes. It may also be useful for screening the 

genotypes. In present investigation the rate of dry matter production in horsegram was 
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significantly correlated with seed yield. Work in horsegram was inconformity with present 

study [21].  

CONCLUSION 

All treatments of gamma radiation, EMS and their combinations caused reduction 

(except few) in shoot and root dry weight in M2 and M3 generation. All the treatments of 

gamma radiation showed negative effect except few on number of nodules. Some EMS and 

few combination treatments were stimulatory. In M2 generation Seed yield per plant, 

biological yield and harvest index decreased, with few exceptions in all mutagen treated 

populations as compared to their controls. While, M3 progeny showed increase in seed yield 

and harvest index while, decrease in biological yield as compared to M2.   
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Table 1:  Effect of mutagens on total dry biomass, number and fresh weight of nodules / 

     plant (45 DAS) in M2 generation of horsegram cv. Dapoli Kulthi-1. 

 

   Data are means of 3 replicates ± standard deviation. Significant difference due to treatments was assessed by Fisher’s LSD as a post-hoc test. 

 

 

 

 

 

 

 

 

 

Treatments 
Shoot 

Dwt. (g) 

Root 

Dwt.  (g) 

Total dry 

biomass (g) 

No. of 

nodules/plant 

Fwt. of 

nodules/ 

plant (g) 

Control 8.39±0.33 0.49±0.02 8.88±0.35 16.21±0.65 0.19±0.01 

100Gy 9.41±0.47 0.65±0.03 10.06±0.50 13.33±0.67 0.11±0.01 

200Gy 7.52±0.53 0.39±0.03 7.92±0.55 10.52±0.74 0.05±0.00 

300Gy 9.65±0.29 0.69±0.02 10.34±0.31 7.64±0.23 0.16±0.00 

400Gy 7.35±0.44 0.41±0.02 7.76±0.47 17.26±1.04 0.18±0.00 

0.2 % EMS 8.73±0.52 0.61±0.04 9.34±0.56 20.81±1.25 0.21±0.01 

0.3 % 8.36±0.33 0.48±0.02 8.85±0.35 16.72±0.67 0.12±0.00 

0.4 % 7.36±0.52 0.37±0.03 7.73±0.54 12.41±0.87 0.10±0.01 

0.5 % 8.81±0.26 0.62±0.02 9.43±0.28 22.55±0.68 0.24±0.01 

100Gy + 0.2 %EMS 7.75±0.39 0.52±0.03 8.27±0.41 17.06±0.85 0.17±0.01 

100Gy + 0.3  6.83±0.20 0.31±0.01 7.14±0.21 15.23±0.46 0.05±0.00 

100Gy + 0.4  6.60±0.40 0.32±0.02 6.92±0.42 14.17±0.85 0.04±0.00 

100Gy + 0.5  8.40±0.59 0.58±0.04 8.99±0.63 16.78±1.17 0.13±0.01 

200Gy + 0.2  7.32±0.29 0.41±0.02 7.73±0.31 18.71±0.75 0.11±0.00 

200Gy + 0.3  7.28±0.36 0.39±0.02 7.67±0.38 14.13±0.71 0.07±0.00 

200Gy + 0.4  7.82±0.55 0.57±0.04 8.39±0.59 11.28±0.79 0.09±0.01 

200Gy + 0.5  6.34±0.19 0.34±0.01 6.68±0.20 15.04±0.45 0.03±0.00 

300Gy + 0.2  8.42±0.42 0.50±0.03 8.92±0.45 11.71±0.59 0.12±0.01 

300Gy + 0.3  8.14±0.49 0.49±0.03 8.62±0.52 13.54±0.81 0.08±0.00 

300Gy + 0.4  7.66±0.31 0.57±0.02 8.24±0.33 22.03±0.88 0.25±0.00 

300Gy + 0.5  8.50±0.25 0.69±0.02 9.19±0.28 13.06±0.39 0.09±0.00 

400Gy + 0.2  7.87±0.55 0.52±0.04 8.39±0.59 14.21±0.99 0.11±0.01 

400Gy + 0.3  7.03±0.42 0.41±0.02 7.44±0.45 15.09±0.91 0.13±0.01 

400Gy + 0.4  7.92±0.40 0.32±0.02 8.24±0.41 14.16±0.71 0.18±0.01 

400Gy + 0.5  7.39±0.30 0.49±0.02 7.88±0.32 15.07±0.60 0.12±0.00 

SEM± 0.33 0.02 0.35 0.64 0.01 

F-value 12.04 61.14 13.41 58.78 271.31 

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

LSD 0.05 0.74 0.04 0.67 1.25 0.02 
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Table 2:  Effect of mutagens on total dry biomass, number and fresh weight of nodules / 

     plant (45 DAS) in M3 generation of horsegram cv. Dapoli Kulthi-1. 

 

Treatments 
Shoot 

Dwt. (g) 

Root 

Dwt.   (g) 

Total dry 

biomass (g) 

No. of 

nodules/plant 

Fwt. of 

nodules/  

plant (g) 

Control 8.32±0.33 0.41±0.02 8.73±0.35 14.21±0.57 0.18±0.01 

100Gy 9.21±0.46 0.62±0.03 9.83±0.49 11.33±0.57 0.09±0.00 

200 7.12±0.50 0.34±0.02 7.46±0.52 9.22±0.65 0.06±0.00 

300 9.35±0.27 0.69±0.02 10.04±0.30 12.10±0.36 0.18±0.01 

400 7.25±0.43 0.39±0.02 7.64±0.46 15.26±0.92 0.19±0.01 

0.2% EMS 8.63±0.52 0.59±0.04 9.22±0.55 17.81±1.07 0.19±0.01 

0.3 8.06±0.32 0.41±0.02 8.47±0.34 13.42±0.54 0.10±0.00 

0.4 7.39±0.52 0.38±0.03 7.77±0.54 13.35±0.93 0.13±0.01 

0.5 8.92±0.27 0.59±0.02 9.51±0.29 19.35±0.58 0.22±0.01 

100Gy +0.2 % EMS 7.65±0.38 0.51±0.03 8.16±0.41 16.12±0.81 0.20±0.01 

100 + 0.3 6.63±0.20 0.30±0.01 6.93±0.21 16.29±0.49 0.09±0.00 

100 + 0.4 6.38±0.38 0.31±0.02 6.69±0.40 12.11±0.73 0.03±0.00 

100 + 0.5 8.70±0.57 0.56±0.04 9.26±0.65 13.38±0.94 0.11±0.01 

200 + 0.2 7.43±0.30 0.42±0.02 7.85±0.31 15.62±0.62 0.12±0.00 

200 + 0.3 7.38±0.37 0.37±0.02 7.75±0.39 11.15±0.56 0.05±0.00 

200 + 0.4 8.12±0.57 0.53±0.04 8.65±0.61 12.21±0.85 0.08±0.01 

200 + 0.5 6.22±0.19 0.31±0.01 6.53±0.20 12.02±0.36 0.04±0.00 

300 + 0.2 8.61±0.45 0.49±0.02 9.10±0.46 13.16±0.66 0.11±0.01 

300 + 0.3 8.05±0.48 0.46±0.03 8.51±0.51 10.17±0.61 0.06±0.00 

300 + 0.4 7.61±0.30 0.54±0.02 8.15±0.33 17.12±0.68 0.14±0.00 

300 + 0.5 8.41±0.25 0.69±0.02 9.10±0.27 13.06±0.39 0.09±0.00 

400 + 0.2 7.83±0.55 0.48±0.03 8.31±0.58 12.31±0.86 0.08±0.01 

400 + 0.3 6.14±0.37 0.39±0.02 6.53±0.39 11.04±0.66 0.07±0.00 

400 + 0.4 6.93±0.35 0.31±0.02 7.24±0.36 17.19±0.66 0.18±0.01 

400 + 0.5 6.48±0.26 0.48±0.02 6.96±0.28 10.14±0.41 0.13±0.01 

SEM± 0.33 0.02 0.35 0.56 0.01 

F-value 15.79 62.32 17.94 41.28 260.53 

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

LSD0.05 0.65 0.04 0.67 1.08 0.02 
    Data are means of 3 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 mutagens on seed yield, biological yield and harvest index 

    in M2 generation of horsegram cv. Dapoli Kulthi-1. 

Treatments 

M2 generation M3 generation 

Seed yield 

/ plant (g) 

Biological 

yield 

/ plant (g) 

Harvest 

index (%) 

Seed yield 

/ plant (g) 

Biological 

yield 

/ plant (g) 

Harvest 

index (%) 

Control 14.54±0.58 35.63±1.43 40.80±1.56 16.88±0.68 35.21±1.41 47.93±1.92 

100Gy 13.36±0.67 40.54±2.03 32.95±1.59 18.22±0.91 38.92±1.95 46.81±2.34 

200 11.22±0.79 31.97±2.24 35.10±2.35 18.91±1.32 29.64±2.07 63.80±4.47 

300 16.76±0.50 41.55±1.25 39.37±1.19 19.80±0.59 39.15±1.17 50.57±1.52 

400 12.87±0.77 31.54±1.89 40.81±2.29 19.40±1.16 31.06±1.86 62.46±3.75 

0.2%  

EMS 
16.45±0.99 37.66±2.26 43.69±2.55 17.64±1.06 38.18±2.29 46.19±2.77 

0.3 9.40±0.38 35.99±1.44 26.12±0.93 12.53±0.50 30.31±1.21 41.36±1.65 

0.4 7.42±0.52 31.83±2.23 23.32±1.27 8.36±0.58 28.19±1.97 29.64±2.08 

0.5 13.30±0.40 38.03±1.14 34.97±1.01 12.83±0.39 39.95±1.20 32.13±0.96 

100Gy + 

0.2% EMS 
8.83±0.44 33.48±1.67 26.38±1.21 11.72±0.59 30.24±1.51 38.76±1.94 

100 + 0.3 7.64±0.23 29.27±0.88 26.10±0.66 12.75±0.38 24.12±0.72 52.85±1.59 

100 + 0.4 8.46±0.51 28.59±1.72 29.59±1.44 14.35±0.86 24.17±1.45 59.34±3.56 

100 + 0.5 8.29±0.58 36.55±2.56 22.67±1.38 12.07±0.84 31.87±2.23 37.86±2.65 

200 + 0.2 8.87±0.35 32.02±1.28 27.70±0.86 12.53±0.50 27.10±1.08 46.23±1.85 

200 + 0.3 9.12±0.46 31.99±1.60 28.50±1.06 13.61±0.68 28.91±1.45 47.07±2.35 

200 + 0.4 9.76±0.68 34.95±2.45 27.92±1.45 13.46±0.94 31.10±2.18 43.27±3.03 

200 + 0.5 8.9±0.27 27.94±0.84 31.91±0.73 11.79±0.35 23.20±0.70 50.80±1.52 

300 + 0.2 13.10±0.65 36.39±1.82 36.00±1.64 14.38±0.72 38.30±1.92 37.56±1.88 

300 + 0.3 11.53±0.69 34.90±2.09 33.03±1.87 13.92±0.84 34.43±2.07 40.43±2.43 

300 + 0.4 9.98±0.40 34.55±1.38 28.88±0.82 15.00±0.60 34.21±1.37 43.84±1.75 

300 + 0.5 16.01±0.48 37.44±1.12 42.76±1.19 14.93±0.45 37.10±1.11 40.25±1.21 

400 + 0.2 14.44±1.01 33.74±2.36 42.80±2.93 14.00±0.98 33.94±2.38 41.26±2.89 

400 + 0.3 12.69±0.76 30.07±1.80 42.21±2.44 15.89±0.95 26.42±1.59 60.13±3.61 

400 + 0.4 10.38±0.52 33.87±1.69 30.64±1.30 14.30±0.72 28.06±1.40 50.97±2.55 

400 + 0.5 14.10±0.56 31.70±1.27 44.77±1.74 13.98±0.56 24.64±0.99 56.74±2.27 

SEM± 0.49 1.44 1.32 0.63 1.34 2.03 

F-value 68.91 11.82 84.57 37.80 30.03 39.63 

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

LSD0.05 0.96 2.82 2.59 1.23 2.63 3.98 
Data are means of three replicates ± standard deviation. Significant difference due to treatments was assessed by Fisher’s LSD as a post-hoc 
test. 


