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ABSTRACT 

The seeds of horsegram (Macrotyloma uniflorum (Lam.) Verdc) cv. Dapoli Kulthi- 1 were 

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

combination treatments. The mutations affecting gross morphological changes in plant habit, 

leaf and pod morphology, and maturity were scored as viable mutations. These mutants were 

characterized and named on the basis of specific characters constantly observed in them 

throughout the course of investigation. Fourteen stable mutants such as gigas, tall, dwarf, 

semi dwarf, bushy, compact, tendrilar, spreading, early, late, long, broad and short pod as 

well as high yielding were isolated from M2 and M3 generations. The quantitative characters 

of various mutants were noted in M3 generation, which were as follows tall, high branching, 

early mutant (flowering within 30.60 DAS), early maturity mutant (65.80 DAS), high pods,  

highest pod length and seeds/ pod, 1000 seed weight- short pod and high seed yield/ plant- 

high yielding.  

Key words: Horsegram, EMS, Gamma radiation, mutants 

Corresponding Author: Bolbhat Sadashiv N. 

 

INTRODUCTION 

Horsegram (Macrotyloma uniflorum (Lam.) Verdc) is an important and very popular 

rainfed minor pulse crop. Horsegram put under Macrotyloma uniflorum [1]. It originated and 

domesticated in the Indian subcontinent which is native of the Old World Tropics [2]. 

Horsegram is cultivated as a low-grade pulse crop in southern Asia, mainly from India to 

Myanmar. It is also grown as a forage and green manure in many tropical countries, 

especially in Australia and South-East Asia.  

Horsegram, the self pollinated crop, belongs to Fabaceae which is an annual herb, 

stem erect and branched, leaves alternate, petiolate, stipulate, trifoliolate, axillary 

inflorescence, flowers bracteate, bisexual, corolla papilionaceous with cream, yellow or 

greenish yellow colour, stamens 10, 9 fused and 1 free, ovary superior, 1-celled. Fruit-pod, 
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curved towards apex, 5–8-seeded. Seeds oblong or rounded, pale to dark reddish brown or 

reddish black and orange-brown [3].   

 It is cultivated in areas with annual rainfall 300-600 mm and highly drought tolerant, 

but does not tolerate flooding or water logging. The favourable average temperature is 18 to 

27ºC.  Horsegram is adapted to a wide range of well-drained soils from sands and gravels to 

clay loams and heavy clays with neutral soils. It grows on soils having pH 5.5 to 8. [4].  

Horsegram is relatively free from diseases and pests, but occasionally suffers from 

powdery mildew (Sphaerotheca fuliginea) and leaf spot (Cercospora dolichi) in high humid 

conditions. Yellow mosaic virus is one of the major constraints for its cultivation in 

peninsular India. In high rainfall conditions, leaf spot caused by Ascochyta sp. and web blight 

(Thanatephorus cucumeris) cause severe damage.  Seed yield is also reduced by pod rot 

during late season rains, pod borers, and rodents [3].   

Until recently, the crop improvement programme in horsegram was not given due 

attention and very few selections viz., Co-1(Tamil Nadu), Hebbal Hurali-1 and Hebbal 

Hurali-2 (Karnataka), Sina and Man (Maharashtra), HPK (Himachal Pradesh),  BK-1 (Bihar) 

and varieties like AK-1, AK-21, PHG-9 and AK-42 with compact growth and early maturity 

(85- 90 days) had been released for cultivation [5, 6]. NBPGR (New Delhi) and regional 

research station, Akola has good collection of horsegram germplasm.  

Two varieties of horsegram i.e. Birsa Kulthi 2 and Birsa Kulthi 3 were released for 

cultivation produced through mutation breeding, which are adapted to low input and drought. 

A new promising and early maturing variety of horsegram i.e. „CRIDA 18R‟ was developed 

through mutation breeding (gamma rays irradiation) for cultivation in south India in 2009 [7]. 

This cultivar ( Dapoli Kulthi-1) released by the Department of Botany, College of 

Agriculture, Dr. B. S. K. K. V. Dapoli, Dist-Ratnagiri, (M.S.) in 1984. It is an erect and semi-

determinate type with tender redish stem at the apex. The detail agronomic/morphological 

characters are given in Table-1[8]. 

MATERIALS AND METHODS 

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

Dapoli Kulthi-1 were procured from Head, Department of Botany, College of Agriculture, 

Dr. B. S. K. K. V. 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 cv. Dapoli Kulthi-1.  

file:///F:\Morphology-Hg\glossary.htm%23rainfall
file:///F:\Morphology-Hg\glossary.htm%23drought
file:///F:\Morphology-Hg\glossary.htm%23waterlogging
file:///F:\Morphology-Hg\glossary.htm%23temperature
file:///F:\Morphology-Hg\glossary.htm%23clay
file:///F:\Morphology-Hg\glossary.htm%23rainfall
file:///F:\Morphology-Hg\glossary.htm%23pod
file:///F:\Morphology-Hg\glossary.htm%23pod


International journal of advanced scientific and technical research                        Issue 2 volume 5, October 2012          

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 

 Page 677 
 

Table 1 Agronomic / Morphological characters of horsegram cv. Dapoli kulthi-1 

 

Gamma radiation from Bhabha Automic Research Center (BARC), Trombay, 

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

cv. Dapoli Kulthi-1 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 cv. Dapoli Kulthi-1. Various concentrations of EMS (0.2% to 0.5%) 

were prepared in 0.1M phosphate buffer pH-7.0 [9]. 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 was 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.  M2 

plants harvested individually to raise M3 generation. M2 and M3 plant population was 

screened for scoring viable mutations as well as recording stability of mutants in the field. 

Sr. No. Agronomic/ morphological characters 

1. Season Rabi/ kharif 

2. Stem at the apex Long redish tender apex 

3. Plant type Semi-determinate 

4. Days to flowering 50-60 DAS 

5. Days to maturity 90-100 DAS 

6. Average plant height (cm) 64.67 

7. Average number of branches per plant 11.53 

8. Average number of pods per plant 137.80 

9. Average length of pod (cm) 5.51 

8. Average number of seeds per pod 6.64 

10. Seed coat colour Whitish red 

11. Average 100-seed weight (g) 3.13 

12. Average seed yield per plant (g) 17.72 

13. Yield (qtls/ha) 7-8 
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Mutations affecting different morphological characters such as general architecture of the 

plant, habit, leaf size, shape, pod size and maturity were taken under consideration to isolate 

various mutants.  

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 DSCUSSION 

Morphological characterization of M3 mutants 

 Fourteen stable mutants such as gigas, tall, dwarf, semi dwarf, bushy, compact, 

tendrilar, spreading, early, late, long, broad and short pod as well as high yielding were 

isolated from M2 and M3 generations. These macromutants (Table- 2) were characterized on 

the basis of morpho-physiological and yield attributes.  

Gigas: These mutants were vigorous, upright and tall with larger, thick, close pinnae and 

thick profuse branching at the base. Pods were large containing bold seeds. The plants were 

initially straight but latter on assumed trailing habit. The mutants showed significant increase 

in plant height (59.20cm), number of primary branches/ plant (7.90cm), pods/ plant (75.90), 

pod length (6.30cm), seeds/ pod (7.10), 1000 seed weight (27.10g) and seed yield per plant 

(15.08g) over control. (Table- 2).The flowering and pod maturity was delayed as compared to 

control. The height of the gigas mutants was 59.20cm as against 56.70cm of the control. 

The diagnostic features observed: increase in plant height, primary branches/ plant, pods/ 

plant, pod length, seeds/ pod, 1000 seed weight and seed yield per plant. 

 This mutant with significant increase in number of pods per plant, 1000 seed weight 

and total seed yield per plant was isolated in M3 generation. Similar type of mutant obtained 

in chickpea [10] showed higher vigour and plant height, but decreased number of seeds per 

pod as compared to control. In blackgram [11], chickpea [12, [13, 14] and cowpea [15] also 

recorded gigas mutant. They claimed that it was due to cumulative effect of genes controlling 

growth, seed size and physiological processes. 
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Table 2 Morphological characterization of M3 mutants 

of horsegram cv. Dapoli Kulthi-1. 

Mutants Plant 

height (cm) 

Pri. br./ 

plant 

DAS for 

first 

flowering 

DAS for 

first 

pod 

maturity 

No. of 

pods 

/ plant 

Pod 

length 

(cm) 

No. of 

seeds/ 

pod 

1000 seed 

weight (g) 

Seed 

yield/ 

plant (g) 

Control 56.70±2.27 6.30±0.25 61.70±2.47 102.20±4.09 71.20±2.85 6.10±0.24 6.90±0.28 26.80±1.07 14.15±0.57 

Gigas 59.20±4.14 7.90±0.24 64.40±2.58 106.40±5.32 75.90±4.55 6.30±0.38 6.50±0.29 27.10±1.90 15.08±0.65 

Tall 71.50±4.31 7.30±0.51 63.60±4.45 105.40±7.38 82.40±5.77 5.60±0.39 6.40±0.45 27.20±1.90 14.54±1.02 

Dwarf 16.30±0.49 4.20±0.13 58.30±1.75 97.70±2.93 47.00±1.41 6.00±0.18 7.00±0.21 25.80±0.77 9.39±0.28 

Semi 

dwarf 
31.50±1.89 5.80±0.35 60.20±3.61 99.20±5.95 54.00±3.24 5.50±0.33 6.40±0.38 26.20±1.57 9.45±0.57 

Bushy 25.60±1.54 6.30±0.38 59.20±3.55 98.60±5.92 35.00±2.10 5.50±0.33 6.40±0.38 27.20±1.63 7.29±0.44 

Compact 23.20±0.93 6.80±0.27 60.50±2.42 98.70±3.95 31.00±1.24 5.40±0.22 6.30±0.25 27.50±1.06 6.88±0.28 

Tendrilar 69.20±4.84 5.70±0.40 64.80±4.54 106.30±7.44 73.80±5.17 5.70±0.40 6.30±0.44 26.50±1.86 12.52±0.88 

Spreading 60.10±1.86 7.30±0.22 63.70±1.91 106.10±3.18 70.50±2.12 5.90±0.18 6.40±0.19 26.30±0.79 12.67±0.38 

Early 22.80±0.68 5.40±0.16 30.60±0.92 65.80±1.97 55.00±1.65 5.40±0.16 6.20±0.19 27.10±0.81 9.64±0.29 

Late 60.90±3.65 8.10±0.49 65.40±3.92 110.20±6.61 85.30±5.12 6.20±0.37 7.20±0.43 28.30±1.70 17.58±1.05 

Long pod 59.10±4.14 7.10±0.50 64.30±4.50 106.10±7.43 80.20±5.61 6.30±0.44 7.30±0.51 26.20±1.83 15.74±1.10 

Broad pod 24.60±0.98 6.20±0.25 60.40±2.42 97.50±3.90 33.40±1.34 5.60±0.22 6.40±0.26 27.80±1.11 6.84±0.27 

Short pod 24.10±1.21 6.30±0.32 59.50±2.98 98.70±4.94 29.80±1.49 2.70±0.14 2.90±0.15 30.30±1.52 4.72±0.24 

High 

yielding 
59.40±2.97 8.10±0.41 62.80±3.14 109.30±5.47 87.20±4.36 6.20±0.31 7.20±0.36 28.50±1.43 18.29±0.91 

SEM± 2.28 0.28 2.60 4.38 2.95 0.25 0.27 1.19 0.55 

F-value 146.37 29.93 21.01 11.63 103.35 25.18 30.04 1.90 114.95 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.07 <0.001 

LSD0.05 4.66 0.57 5.31 8.94 6.02 0.51 0.55 2.43 1.12 

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

Fisher‟s LSD as a post-hoc test. 

 

Tall: These mutants were vigorous, tall, with medium and thick leaves, normal flowers and 

pods. The height of the tall mutant was 71.50cm as compared to control (56.70cm). The 

flowering and pod maturity was also delayed when compared to control. Tall mutant showed  

significant increase in primary branches per plant 7.30 (control 6.30), pods per plant 82.40 

(control 71.20), 1000 seed weight 27.20g (control 26.80g) and seed yield per plant 14.54g 

(control 14.15g), Significant decrease in pod length 5.60cm (control 6.10cm) and seeds per 

pod 6.40 (control 6.90) was observed (Table- 2). 
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The diagnostic features observed: increased plant height, primary branches/ plant, pods/ 

plant, 1000 seed weight and seed yield per plant. 

 These mutants were isolated in M3 generation which were vigorous as well as tall, 

with significant increase in primary branches, number of pods per plant, pod length as well as 

1000 seed weight and seed yield per plant. Tall mutants showed delayed flowering and 

maturity as compared to control. Such types of mutants were reported in chickpea [10, 16], in 

soybean [17], in pigeonpea [18], in Lathyrus [19], in lentil [20, 21], in blackgram[11, 22, 23], 

in groundnut[24] and in cowpea[15].  

Dwarf: Plant height of these mutants ranged from 15 to 20cm and had profuse branching at 

the base, which formed a dense umbrella like canopy. Dwarf mutants had plant height of 

16.30cm as against 56.70cm of control. There was significant reduction in days required for 

first flowering 58.30 DAS (control 61.70DAS) and maturity period 97.70DAS (control 

102.20DAS). However there was negative impact on primary branches per plant 4.20 (control 

6.30), number of pods per plant 47.00 (control 71.20), pod length 6.00cm (control 6.10cm) 

seeds per pod 7.00 (control 6.90),1000 seed weight 25.80g (control 26.80g) and seed yield 

per plant 9.39g (control 14.15g) over control (Table- 2). 

The diagnostic features observed: early maturity, reduced plant height (tolerance to lodging). 

Semi dwarf:  Semi dwarf mutants were characterized by reduced plant height (31.50cm) as 

against 56.70cm of control plants. There was significant reduction in days required for first 

flowering and maturity. Negative influence was recorded on primary branches per plant, 

number of pods per plant, pod length, seeds per pod, 1000 seed weight and seed yield per 

plant (Table- 2).  

The diagnostic features observed: early maturity and reduced plant height.  

 Dwarf mutants were reported earlier in soybean [25, 17, 26], lentil [20] and green 

gram [27]. Semi dwarf mutants were reported in soybean [28, 17].  

 The induced dwarfness is desirable agronomic trait, because more number of plants 

can be accommodated per unit area of land and it will also facilitate easy translocation of 

metabolites from source to sink [29]. Dwarf and semi dwarf mutants is the valuable material 

for investigating plant gene function and developing new crop variety with lodging resistance 

[30]. The horsegram mutant can be exploited on this line in future. 

Bushy: Bushy mutants were characterized by their reduced plant height with profuse 

branching at the base. The branches were thin with several rachillae towards the top giving 
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bushy appearance. The plant height recorded was 25.60cm. These mutants showed reduction 

in days required for first flowering and maturity. Negative effect was recorded on primary 

branches per plant, number of pods per plant, pod length, seeds per pod and seed yield per 

plant as compared to control (Table- 2).  

The diagnostic features observed: early maturity reduced plant height and increased 1000 

seed weight. 

Bushy mutants showed short branching and reduced plant height due to reduction in 

internodal length. Such mutants were reported in chickpea [10], lentil [20], Lathyrus [31], 

mungbean [29], Phaseolus [32] and soybean [33].  

Compact mutants showed higher number of branches arranged in compact manner. 

They showed significant increase in biological yield and reduction in maturity period. Similar 

mutants were noted by [18] in pigeonpea, [34] in lentil. Compact mutants may be of a great 

importance in plant improvement programmes as they possess increased number of branches 

and biological yield per plant. 

Tendrilar: Tendrilar mutants were very weak, slender, branched or unbranched with few 

leaflets. The distal portion of stem was tendrilar and had twining tendency. The flowering and 

maturity period was delayed in this mutant when compared to control. Plant height 69.20cm 

(control 56.70cm) and number of pods per plant 73.80 (control 71.20) were increased over 

control. Inhibitory impact was recorded on primary branches per plant, pod length, seeds per 

pod, 1000 seed weight and seed yield per plant (Table-1). 

The diagnostic features observed: increased plant height and number of pods per plant. 

Spreading: These mutants were creeping on the ground with terminal branches (30 to 60 cm 

length). The flowering and maturity period was delayed. There was significant positive 

impact on plant height and primary branches per plant as compared to control. While 

significant negative impact on number of pods per plant, pod length, seeds per pod, 1000 seed 

weight and seed yield per plant was reported (Table-2). 

The diagnostic features observed: increased plant height and primary branches/ plant. 

 These mutants were isolated in M2 and M3 generations of horsegram. The results of 

present investigation were in agreement with [10] in chickpea, [20] in lentil,[29] in mungbean 

and [35] in soybean. These mutants may not be so useful in crop improvement programme. 
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Early: Early mutants were associated with dwarfness and showing early flowering within a 

short span of 30-33 days in comparison with the flowering duration of 53-57 days in control. 

The total duration of the crop was 65-70 days against 100-110 days in control. There was 

significant negative influence on plant height, primary branches per plant, number of pods 

per plant, pod length, seeds per pod and seed yield per plant (Table- 2). 

The diagnostic features observed: early maturity and 1000 seed weight. 

 Early mutants showed earliness in flowering and maturity as compared to control. 

These mutants showed considerable reduction in no. of days required to first flowering and 

first pod maturity by at least 30-35 DAS. Such type of mutants were recorded earlier in 

pigeonpea [36,37], horsegram [38,39], rajmash bean [40], cowpea [41, 15], soybean [29, 42], 

urdbean 35, 43] and fababean [44]. 

 These mutants highly desirable and very useful to reduce the crop duration and 

theirby may be of great importance in crop rotation. These mutants had a paramount role in 

crop improvement programme. Short duration variety of horsegram will play a key role in 

avoiding drought and water stress. 

Late:  These mutants were with broad and thick dark green foliage, tall and bearing late 

flowers as compare to control. Flowering was achieved in 60 to 65 DAS against 53 to 57 

DAS in control. The total duration of the crop was 115-120 DAS against 100-110 DAS in 

control. Late mutant required longer period for maturation. There was significant delay in 

days required for flowering 65.40 DAS (control 61.70DAS) and maturity period 110.20DAS 

(control 102.20DAS).  

The diagnostic features observed: increased plant height, primary branches/ plant, pods/ 

plant, pod length, seeds/ pod, 1000 seed weight and seed yield per plant. 

 Such type of mutants was reported in blackgram [22], fababean [44], rajmashbean 

[40], urdbean [45] and soybean [33, 46]. Late maturity in these mutants was due to genetic 

damage caused by the mutagens [29].  Same may be the reason for horsegram late mutants. 

Longer vegetative period can be exploited for getting more fodder. 

Long pod: The delay in flowering 64.30 DAS (control 61.70DAS) and period of maturity 

106.10DAS (control 102.20DAS) was noted. Plant height, primary branches per plant, pods 

per plant, pod length, seeds per pod and seed yield per plant were significantly increased over 

control. But decrease in 1000 seed weight was observed (Table-2). 
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The diagnostic features observed: increased plant height, primary branches/ plant, pods/ 

plant, pod length, seeds/ pod, and seed yield per plant. 

 These mutants showed considerable increase in all quantitative traits contributing to 

increased yield. This type of mutants was reported earlier in clusterbean [47], mungbean [48], 

urdbean [35, 43], cowpea [49] and chickpea [10]. As there was increase in number of pods 

and seeds also, these mutants were also contributing to higher grain yield. This character can 

be exploited in the hybridization programme. 

Broad pod: These mutants had larger pods containing 6-7 bold seeds per pod. Significant 

decrease was noted in days required for first flowering 60.40 DAS (control 61.70DAS) and 

maturity period 97.50DAS (control 102.20DAS). Negative effects were recorded for plant 

height 24.60cm (control 56.70cm), primary branches per plant 6.20 (control 6.30), pods per 

plant 33.40 (control 71.20), pod length 5.60cm (control 6.10cm) seeds per pod 6.40 (control 

6.90) and seed yield per plant 6.84g (control 14.15g).There was significant increase in 1000 

seed weight 27.80g (control 26.80g) (Table- 2). 

The diagnostic features observed: early maturity, reduced plant height and increased 1000 

seed weight. 

 These mutants showed decreased number of pods per plant and increased 1000 seed 

weight. Such mutants were recorded earlier in chickpea [10, 16, 23], and in cowpea [15]. 

Short pod: These mutants were with very small pods containing 2-3 seeds per pod. Reduced 

in number of days required for first flowering and maturity was the main feature of this 

mutant. Negative influence was reported for plant height 24.10cm (control 56.70cm), pods 

per plant 29.80 (control 71.20), pod length 2.70cm (control 6.10cm), seeds per pod 2.90 

(control 6.90) and seed yield per plant 4.72g (control 14.15g). There was significant increase 

in 1000 seed weight (Table-2). 

The diagnostic features observed: early maturity reduced plant height and increased 1000 

seed weight. 

 In Lathyrus [31] small and large pod mutants were segregating in to normal and 

mutated type. Short pod mutants were also reported in chickpea [10, 16], urdbean [43] and 

blackgram [22]. The total seed yield was very much decreased as compare to control. These 

mutants may be exploited for fodder purpose. 

High yielding: These mutants showed superior yield attributes such as length and number of 

pods per plant, number of seeds per plant, 1000 seed weight and yield per plant as compared 
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to control. The flowering and maturity was delayed. Significant increase in plant height  

59.40cm (control 56.70cm), primary branches per plant 8.10 (control 6.30), pods per plant 

87.20 (control 71.20), pod length 6.20cm (control 6.10cm), number of seeds per pod 7.20 

(control 6.90), 1000 seed weight 28.50g (control 26.80g) and seed yield per plant 18.29g 

(control 14.15g) was recorded (Table-2). 

The desirable characters: plant height, primary branches/ plant, pods/ plant, pod length, seeds/ 

pod, 1000 seed weight and seed yield per plant. 

 In present investigation the high yielding mutants exhibited significant increase in 

plant height, primary branches, number of pods and seed yield per plant. The pod length, 

seeds per pod and 1000 seed weight was also enhanced. The high yielding mutants were 

isolated during M2 and M3 generations. High yielding mutants were reported in mungbean 

29, 50] blackgram, cowpea [15] and grasspea [51]. Some unknown mechanism must be 

inducing the expression of yield controlling genes which are responsible to increase the yield 

[29]. Same may be the reason for getting high yielding mutants in horsegram. These mutants 

can break the constrain of low yield in horsegram, the rainfed crop. 

CONCLUSION 

In present investigation fourteen true breeding mutants of horsegram were isolated from M3 

generation. The variations induced in different desirable quantitative traits revealed that these 

viable mutants may be useful for future breeding programme in horsegram improvement.  
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