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INTRODUCTION  

Pigeonpea is an age-old legume crop playing a 

pivotal role in the sustainable rain-fed farming 

system of tropical and sub-tropical regions of 

Asia, Africa, and the Caribbean islands. 

Globally cultivated in 7 mha with production 

and productivity of 6.8 mt and 969 Kg/ha 

respectively (FAOSTAT, 2019).   
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ABSTRACT 

Super-early pigeonpea are novel genotypes that are reported to be photoperiod insensitive 

making it possible to grow it in non-traditional regions. Estimation of genetic parameters would 

be useful in developing appropriate selection and breeding strategies.  A study was conducted to 

evaluate 37 super-early pigeonpea genotypes to access the magnitude of variability and to  study 

heritable component of variation present in the   yield, physiological and quality traits.   The 

results revealed that traits leaf area duration between 60 DAS & maturity followed by leaf area 

& leaf area index at maturity, net assimilation between 60
 
DAS & maturity, leaf area index & 

leaf area at 60
 
DAS, leaf area duration between 60

 
DAS & maturity and plant height had high 

had higher  PCV and GCV values. In general, phenotypic coefficients of variation (PCV) 

estimates were higher than genotypic coefficients of variation (GCV) estimates for all the 

characters under study, but the difference was relatively small indicating that these characters 

were less influenced by the environment and selection to improve those traits might be effective.  

High heritability combined with high genetic advance as a percent of mean was noted for  all the 

traits  except protein content conveying the governance of additive gene on trait expression. 

Anticipating these traits as selection index reaps competent  improvement in yield, physiological 

and quality traits in early maturing pigeonpea. 
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The crop has many uses; grain is cooked and 

eaten as a dhal (dry split cotlydons) which 

accosts for 20-24% protein, 2.76mg of zinc 

and 5.23mg of iron (per 100g of seed) 

undoubtedly making an energy-rich food 

(Janila et al., 2016). Apart from grain, high 

protein in leaf (16-18%) and grain husk (28%-

30%) make pigeonpea a quality fodder and 

feed too. The deep root system of pigeonpea 

vouches for drought tolerance. Effective use of 

dry stem as fuelwood, fencing and thatched 

roofs affirms every part goes unwaste in the 

crop (Mula & Saxena, 2010). 

 Pro-farmer long and medium-duration 

pigeonpea ruled successfully for 4decades in 

Indian rainfed farms. But the domination of 

the latter broke, with the realization of climate 

change and increased incidence of the terminal 

drought of late. The long-standing crop added 

to the drudgery by scarce resources, tough 

maintenance strategies, and stagnant 

productivity, ultimately making earliness as a 

necessitous trait in pigeonpea breeding. Hence 

efforts were made at ICRISAT  to develop a 

novel ‘super-early’ maturity group of 

pigeonpea. 

 Super-early pigeonpea with the 

lifespan of lesser than 100 days, proves to be 

the foundation of future breeding. Its earliness, 

mechanization pro stature, photo-insensitivity, 

impressive per day productivity, adaptability 

across the varying range of altitudes, stress 

escape mechanism, niche to fit in wheat–pulse 

cropping patterns, rice fallows as well as high-

density cropping system  is much appreciated 

(Srivastava et al.,2012). Faster generation 

turns over, is a boon to the breeders for faster 

introgression of traits, emphasizing the 

genetics of biotic and abiotic stress by 

developing mapping population. With the 

plethora of advantages, an attempt to study the 

genetic variability in 37 genotypes of super-

early pigeonpea for yield, yield attributes, 

physiological and quality traits were done to 

foresee the future breeding scope in the latter. 

 

MATERIALS AND METHODS 

The experimental material comprised of 37 

super-early pigeonpea genotypes laid at 

pigeonpea breeding fields at ICRISAT, 

Patancheru during rainy 2016. The study 

material consisted of 13 determinate 

types(DT) and 21 non-determinate types 

(NDT) with two DT checks MN1, MN5, and 

one NDT check ICPL 20325. Each genotype 

was sown in 4 rows of 4 m length with a 

spacing of 30×10 cm in Randomized Complete 

Block Design (RCBD) with 2 replications. The 

experiment plot was located at  17.51°N 

latitude, 78.27° E longitude, an altitude of 545 

meters above MSL, with an annual rainfall of 

877.82 mm and alfisol being soil type. Field 

observations for traits viz., plant height (cm), 

number of primary branches, pods per plant, 

seeds per pod, grain weight per plant (g),100 

seed weight (g), harvest index (%) were 

recorded, on five randomly selected plants 

whereas days to 50% flowering, days to 

maturity and yield per hectare (Kg) was 

calculated on plot yield basis. Dry matter 

content (g) at 30
 
DAS, 60

 
DAS and maturity, 

leaf area (cm
2
) at 30

 
DAS, 60

 
DAS, and 

maturity  were recorded, on five randomly 

uprooted plants at each interval (0 days 

interval) whereas canopy volume (cm
3
) 

(Rodríguez, et al., 2008), leaf area index (LAI) 

Watson (1952) at 30
 

DAS, 60
 

DAS & 

maturity, crop growth rate (CGR) (g/m
2
/d) 

Radford (1967), net assimilation rate (NAR) 

(g/m
2
/d) Williams (1946), leaf area duration 

(LAD) (m
2
 days)  between 30-60 DAS & 60 

DAS-maturity (Hunt (1978), protein content 

(%) Sahrawat et al., (2002) , phenol content 

(mg GAE/100g) Singleton and Rossi (1965), 

dal cooking time (min) Sethi et al. (2014): 

Singh et al. (1984); Akinoso and Oladeji 

(2017) and dal recovery (%) (Sawargaonkar, 

2010) were calculated methodically. Standard 

cultural practices were followed to maintain 

good crop stand. Data collected were subjected 

to analysis of variance using SAS v. 9.4 

program (SAS, 2017). The phenotypic and 

genotypic coefficient of variation was 

calculated as per Burton's (1952) formulae. 

Whereas, heritability (broad sense) and genetic 

advance as percent of mean was computed 

based on Lush (1940) and Johnson et al. 

(1955).  
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RESULT AND DISCUSSION 

Analysis of variance revealed significant 

differences for all the 30 traits under study 

(Table 1), suggesting exiatance of considerable 

genetic variation for yield, physiological and 

quality traits in studies super-early pigeonpea 

lines. These findings were in conformity with 

Ranjani et al. (2018) and  pushavalli et al. 

(2018). Variability split into phenotypic 

coefficient of variation (PCV) and genotypic 

coefficient of variation (GCV) sum ups the 

magnitude of variability. Higher PCV and 

GCV were found for trait leaf area duration 

between 60 DAS & maturity (41.47 & 41.9) 

followed by leaf area & leaf area index at 

maturity and net assimilation between 60
th
 

DAS & maturity.Interestingly all the 

physiological traits toppled the higher 

PCV,GCV list underlining the importance in 

breeding parallelly with yield attributing traits 

(Table 2). Lower PCV and GCV were revealed 

by protein content (4.12 & 1.89) followed by 

seeds per pod, days to maturity and days to 

50% flowering.Higher PCV and GCV 

corresponding a trait enables successful 

selection whereas lower PCV and GCV traits 

if selected has no uniqueness profiting the 

breeding programme. The majority of traits in 

the study showed higher PCV over GCV. 

However, the difference between the 

magnitudes of PCV and GCV was very low 

conveying the governance of genes over trait 

expression with negligible environmental 

influence. Similar results are in agreement 

with the findings of Rajamani et al. (2015), 

Kesh et al. (2017), Mallesh et al. (2017), 

Deepak et al. (2018), Ranjani et al. (2018), 

pushavalli et al. (2018) and  Baldaniya et al. 

(2018). 

 The proportion of total variability due 

to genetic control is computed in terms of 

heritability (Nadarajan et al., 2016). 

Heritability is a measure of trait transmission 

from parents to offsprings. It ranged from 

20.99% to 99.98% in the present study (Table 

2). High heritability (>60%) was found in all 

the traits except for protein content. Protein 

content depicted the lowest heritability 

(20.99%) whereas leaf area at 60
 

DAS 

(99.98%), leaf area at maturity (99.98%) and 

leaf area index at 60
 
DAS (99.98%), topped 

the list. Heritability plays a key role in the 

selection process in plant breeding as it is 

estimated from fixable genetic variance. High 

heritability was also reported by Saroj et al. 

(2015) (number of primary branches per 

plant), Verma et al. (2018) (number of pods 

per plant), Mallesh et al. (2017) (number of 

seeds per pod), Pandey et al. (2015) (yield per 

plant; harvest index), Ranjani et al. (2018) 

(plant height; number of branches). Whereas 

Saroj et al. (2015) noted moderate (days to 

50% flowering) and Vanisree et al. (2013) 

documented low heritability (number of 

branches per plant). 

 The measure of genetic gain under 

selection is genetic advance and expressed as a 

percentage of the mean (GAM). It is 

completely reliant on genetic variability, 

heritability and selection intensity from a base 

population (Nadarajan et al., 2016). Genetic 

advance as a percent of mean ranged from 

1.28% to 85.11%. Higher GAM was noted for 

traits, leaf area duration (85.11%) and leaf area 

at maturity (82.99%) followed by leaf area 

index at maturity (82.98), net assimilation rate 

between 60 DAS and maturity (72.69%). 

Moderate GAM was found for number of 

branches per plant (18.03%), dal recovery 

(16.62%), 100 seed weight (14.26%) and days 

to 50% flowering (12.93%) whereas days to 

maturity (8.79%), seeds per pod (7.96%) and 

protein content (1.78%) reported low GAM 

(Table 2). Higher GAM was reported by 

Ranjani et al. (2018) (plant height; number of 

pods per plant; seed yield per plant; number of 

branches per plant), pushpavalli et al. (2017) 

(days to 50% flowering; plant height) and 

Verma et al. (2018) (number of primary 

branches). Moderate GAM was testified by 

Pandey et al. (2015) (number of primary 

branches; seeds per pod), Kesh et al. (2017) 

(number of pods per plant) and Vanishree et 

al. (2013) (seed yield per plant) and low GAM 

was documented for 100 seed weight by 

Sharma et al. (2012) and Mallesh et al. (2017). 

 High heritability combined with high 

GAM was noted for traits leaf area duration 
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between 60 DAS and maturity followed by 

leaf area and leaf area index at maturity, net 

assimilation rate between 60 DAS & maturity, 

leaf area index and leaf area at 60 DAS, leaf 

area duration between 60DAS and maturity, 

plant height (pushpavalli et al., 2017), 

conveying the governance of additive gene on 

trait expression (Table 2). The selection of 

these traits in further breeding would be 

effective. High heritability and moderate GAM 

was reported for traits number of primary 

branches per plant, dal recovery, 100 seed 

weight and days to 50% flowering (Rao et al., 

2013). Selection in these traits is possible, 

however, the end being partially effective. 

High heritability and low GAM was seen in 

traits days to maturity and seeds per pod 

elucidating the non-additive gene action, 

resulting in non-rewarding selection. Low 

heritability and low GAM were seen for 

protein content indicating that the trait is 

highly influenced by environment and 

selection would be ineffective. 

 
Table 1: Analysis of Variance for 30 yield, yield attributes and quality traits under study for 37 super-

early pigeonpea 

Sl. No Traits Mean sum of squares 

    Replication 

(1) 

Genotypes 

(36) 

Error (36) 

1 Days to 50% flowering 2.61 10.44** 0.83 

2 Days to maturity 1.68 13.69** 3.05 

3 Plant height (cm) 0.01 857.62** 4.63 

4 Number of primary branches plant
-1

 2.30 0.83** 0.45 

5 Pods plant
-1

 0.41 86.67** 8.00 

6 Seeds pod
-1

 0.16 0.02** 0.00 

7 100 seed weight (g) 0.47 0.28** 0.01 

8 Canopy volume (cm
3
) 0.04 211510** 954.27 

9 Seed yield plant
-1

 (g) 2.29 4.45** 0.53 

10 Yield ha
-1

 (kg) 2.37 140687** 46302.00 

11 Harvest Index (%) 0.04 50.76** 4.30 

12 Dry matter content (g) at 30 DAS 0.81 13.9** 0.39 

13 Dry matter content (g) at 60 DAS 1.19 50.31** 1.40 

14 Dry matter content (g) at maturity 2.27 200.06** 4.08 

15 Leaf area (cm
2
) at 30 DAS 1.77 4458.05** 6.90 

16 Leaf area (cm
2
) at 60 DAS 1.40 43076** 18.64 

17 Leaf area (cm
2
) at maturity 0.55 42761** 21.07 

18 Leaf area index  at 30 DAS 0.78 0.04** 0.00 

19 Leaf area index  at 60 DAS 1.36 0.46** 0.00 

20 Leaf area index at maturity 0.47 0.46** 0.00 

21 Crop growth rate (gm
-2

d
-1

) - 30 DAS & 60 DAS 0.51 15.85** 1.09 

22 Crop growth rate (gm
-2

d
-1

) -60 DAS & maturity 3.50 26.799** 1.96 

23 Net assimilation rate  (gm
-2

d
-1

) -30 DAS & 60 DAS 0.74 0.0001581** 0.00 

24 Net assimilation rate (gm
-2

d
-1

) -60 DAS & maturity 1.21 0.000268** 0.00 

25 Leaf area duration -30 DAS & 60 DAS 1.80 184.14** 0.10 

26 Leaf area duration -60 DAS & maturity 2.86 1135.11** 8.21 

27 Protein content (%) 16.98 0.15* 1.13 

28 Phenol content (mg GAE 100g
-1

) 2.08 2580.88** 783.63 

29 Dal cooking time (min)  70.09 527.69** 0.29 

30 Dal recovery (%) 2.91 40.22** 1.50 

Note: *, **, *** Significant at 0.05, 0.01, < 0.001 levels of probability, respectively 
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Table   2: Genetic parameters for 30 yield, yield attributes and quality traits in super-early pigeonpea 

Sl.No Traits Mean 
Range 

h
2
 

GCV 

% 
PCV % GAM % 

Min Max 

1 Days to 50% flowering 50.49 44 58 96.17 6.40 6.53 12.93 

2 Days to maturity 82.25 76 91 89.96 4.50 4.74 8.79 

3 Plant height (cm) 91.16 49.3 132.3 99.73 32.13 32.17 66.09 

4 
Number of primary 

branches plant
-1

 
9.27 7.8 10.7 78.74 9.87 11.12 18.03 

5 Pods plant
-1

 44.29 26.6 59.8 95.59 21.02 21.50 42.33 

6 Seeds pod
-1

 3.76 3.4 4.1 93.22 4.00 4.15 7.96 

7 100 seed weight (g) 7.66 6.7 8.6 98.95 6.96 7.00 14.26 

8 Canopy volume (cm
3
) 1452.49 737.0 2123.0 99.77 31.66 31.70 65.15 

9 Seed yield plant
-1

 (g) 14.04 10.7 18.0 94.31 15.03 15.48 30.07 

10 Yield ha
-1

 (kg) 1645.19 1015.7 2363.4 85.87 22.80 24.60 43.52 

11 Harvest Index (%) 26.53 15.1 46.5 95.86 26.86 27.43 54.17 

12 
Dry matter content (g) 

at 30 DAS 
12.14 6.8 21.4 98.59 30.71 30.93 62.81 

13 
Dry matter content (g) 

at 60 DAS 
25.80 15.8 43.7 98.62 27.49 27.68 56.24 

14 
Dry matter content (g) 

at maturity 
55.87 33.1 91.6 98.99 25.32 25.44 51.89 

15 
Leaf area (cm

2
) at 30 

DAS 
209.08 120.5 365.3 99.92 31.93 31.95 65.76 

16 
Leaf area (cm

2
) at 60 

DAS 
633.32 361.3 1096.2 99.98 32.77 32.78 67.50 

17 
Leaf area (cm

2
) at 

maturity 
513.22 243.3 980.7 99.98 40.29 40.30 82.99 

18 
Leaf area index  at 30 

DAS 
0.69 0.4 1.2 99.92 31.98 32.00 65.86 

19 
Leaf area index  at 60 

DAS 
2.09 1.2 3.6 99.98 32.78 32.78 67.51 

20 
Leaf area index at 

maturity 
1.69 0.8 3.2 99.97 40.29 40.29 82.98 

21 

Crop growth rate 

 (gm
-2

d
-1

) - 30 DAS & 

60 DAS 

15.02 8.4 24.4 96.66 26.51 26.97 53.70 

22 

Crop growth rate  

(gm
-2

d
-1

) -60 DAS & 

maturity 

23.54 14.5 37.2 96.47 21.99 22.39 44.49 

23 

Net assimilation rate  

(gm
-2

d
-1

) -30 DAS & 60 

DAS 

0.04 0.02 0.08 96.76 30.29 30.79 61.37 

24 

Net assimilation rate 

(gm
-2

d
-1

) -60 DAS & 

maturity 

0.05 0.02 0.08 96.93 35.84 36.41 72.69 

25 
Leaf area duration -30 

DAS & 60 DAS 
41.70 23.8 72.3 99.97 32.54 32.55 67.03 

26 
Leaf area duration -60 

DAS & maturity 
81.40 38.6 151.1 99.64 41.39 41.47 85.11 

27 Protein content (%) 20.59 20.0 21.0 20.99 1.89 4.12 1.78 

28 
Phenol content (mg 

GAE 100g
-1

) 
233.26 147.1 361.3 86.82 21.78 23.37 41.80 

29 Dal cooking time (min)  220.40 180.4 270.8 99.97 10.42 10.42 21.47 

30 Dal recovery (%) 77.85 62.3 85.4 98.06 8.15 8.23 16.62 
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CONCLUSION 

Genetic variability studies in super-early 

genotypes of pigeonpea, embark on the 

potentials of selectional breeding to beat 

extended crop-stand drudgery. The present 

study revealed that the leaf area duration 

between 60DAS and maturity, leaf area and 

leaf area index at maturity, net assimilation rate 

between 60 DAS & maturity, leaf area index 

and leaf area at 60 DAS, leaf area duration 

between 60 DAS and maturity, plant height, 

leaf area index and leaf area at 30 DAS, canopy 

volume, dry matter at 30 DAS, net assimilation 

rate between 30 DAS & 60 DAS, dry matter 

yield at 60 DAS, harvest index, crop growth 

rate between 30 DAS & 60 DAS, dry matter 

content at maturity, crop growth rate between 

60 DAS & maturity, yield per hectare, pods per 

plant, phenol content, seed yield per plant and 

cooking time vary enormously with high 

heritability and GAM. Thus, the selection of 

the above traits directed by fixed genes secures 

competent crop improvement in pigeonpea. 

However, consideration of physiological traits 

laterally with yield and quality traits as a 

selection index is the utmost requirement in 

current breeding. 

 

Acknowledgements 

Heartfully thank the INSPIRE programme, 

Department of Science and Technology, 

Government of India, for funding my Ph.D. 

research. Jyothi and Rajesh, field technicians, 

Pigeonpea Breeding, ICRISAT for helping in 

field operations.  

 

REFERENCES 

Akinoso, R. & Oladeji, O. D. (2017). 

Determination of energy and time 

requirement for cooking pigeonpea 

(Cajanus cajan). Journal of 

Biosystems Engineering, 42(1), 56–61. 

https://doi.org/10.5307/JBE.2017.42.1.

056. 

Baldaniya, J. H., Kale, B. S., & Mungra, K. N. 

(2018). Genetic variability, correlation 

and path analysis for morphological 

and quality traits in pigeonpea 

[Cajanus cajan (L.) Millsp.]. 

International journal of chemical 

studies, 6(5), 2584–2587. 

Burton, G.W. (1952). Quantitative inheritance 

in grasses. Proceeding of 6
th
 

International. Grassland Congress, 1, 

277 - 283. 

Deepak, P., Verma, S.K., Panwar, R.K., Arora, 

A., & Gaur, A. K. (2018). Correlation 

and path analysis studies in advance 

lines of pigeonpea [Cajanus cajan (L.) 

Millspaugh] 

under different environments. 

International Journal of Current 

Microbiology and Applied Sciences., 

7(4), 378-389. 

FAOSTAT. (2019). Retrieved from 

(http://www.fao.org/faostat/en/#data/Q

C). 

Hunt, R. (1978). Demography vs Plant growth 

analysis, New Phytologist, Edward 

Arnold, London, 8(1), 269-272. 

https://doi.org/10.1111/j.1469-

8137.1978.tb02286.x. 

Janila, P.,  Rupavatharam, S., Sameer Kumar, 

C.V.,  Samineni, S, Guar, P. M., & 

Varshney, R. K. (2016). Technologies 

for intensification of production and 

uses of grain legumes for nutritional 

security. Proceedings of Indian 

National Science Academy, 82, 1543–

1550. https://doi.org/10.16943/pti. 

Johnson, H.W., Robinson, H.F., & Comstock, 

R.E. (1955). Estimation of genetic 

variability and environmental 

variability in soybean. Agronomy 

Journal, 47, 314 – 318. 

Kesh, H., Yadav, A. S., Sarial, A.K., Khajuria, 

S., & Jain, B.T. (2017). Genotypic 

variability and character association 

among yield and yield contributing 

traits in pigeonpea (Cajanus cajan L. 

Millsp). Research Journal of 

Agricultural Sciences, 8(1), 194-198. 

Lush, J. L. (1940). Intra – sire correlation and 

regression of offspring on dams as a 

method of estimating heritability of 

characteristics.  Proceedings  of 

American Society of Animal 

Production, 33, 293-301. 

https://doi.org/10.5307/JBE.2017.42.1.056
https://doi.org/10.5307/JBE.2017.42.1.056
http://www.fao.org/faostat/en/#data/QC
http://www.fao.org/faostat/en/#data/QC
https://doi.org/10.1111/j.1469-8137.1978.tb02286.x
https://doi.org/10.1111/j.1469-8137.1978.tb02286.x
https://doi.org/10.16943/pti


 

Shruthi et al.                                  Ind. J. Pure App. Biosci. (2019) 7(6), 378-385     ISSN: 2582 – 2845  

Copyright © Nov.-Dec., 2019; IJPAB                                                                                                             384 
 

Mallesh, P., Nanda, H.C., Durgaraju, Ch., 

Kumar, C.V.S., Mohan, N.Z., & lee, J. 

(2017). Variability, heritability and 

genetic advance for quantitative traits 

in pigeonpea (Cajanus 

cajan (L.) Mill sp.). International. 

Journal of Pure and  Applied 

Bioscience, 5(5), 25-28. 

Mula, M. G. & Saxena, K. B. (2010). Lifting 

the level of awareness on pigeonpea- 

A global perspective.International 

Crops Research Institute for semi-arid 

tropics, 540. ISBN: 978-92-9066-55-9. 

Nadarajan, N., Manivannan, N., & 

Gunasekaran, M. (2016). Quantitative 

genetics and biometrical techniques in 

plant Breeding, 75-80. ISBN: 978-9-

272-5827-1. 

Pandey, V. R., Tiwari, D. K., Yadav, S. K., & 

Pandey, P. (2015). Studies on direct 

selection parameters for seed yield and 

its components traits in pigeonpea 

(Cajanus cajan (L.) Millsp.) African 

Journal of Agricultural Research, 

10(6), 485-490 

Pushpavalli, S., Sudhakar, C., Rani, C. S., 

Rajeshwari, R. R., & Rani, C. J. 

(2017). Genetic divergence, 

correlation and path coefficient 

analysis for the yield components of 

pigeonpea genotypes.Legume 

Research: An International Journal, 

40(3), 439-443 

Pusphavalli, L. P. S. N., Yamini, K. N., 

Anuradha, R., Kumar, G., Rani, C. S., 

Sudhakar, C., & Kumar, C. V. S. 

(2018). Genetic variability and 

correlation in pigeonpea genotypes. 

Electronic Journal of Plant Breeding, 

9(1), 343-49. 

https://doi.org/10.5958/0975-

928x.2018.00038.8. 

Radford, P. J. (1967). Growth analysis 

formulae. Their use and abuse. Crop 

Sciences, 7, 171-175. 

Rajamani, S., Sreekanth, M., & Koteswara 

Rao, Y.(2015). Evaluation of 

pigeonpea genotypes for their genetic 

variability, heritability and genetic 

advance. Journal of Research 

ANGRAU, 43(3&4), 96-98. 

Ranjani, M. S., Vanniarajan, C. Kumar, C. V. 

S., Saxena, R. K., Sudhagar, R., & 

Hingane, A. J. (2018).  Genetic 

variability and association studies for 

yield and its attributes in super-early 

pigeonpea ( Cajanus cajan (L.) 

Millsp.) Genotypes.  Electronic 

Journal of Plant Breeding, 9(2), 682-

691. https://doi.org/10.5958/0975-

928x.2018.00082.0. 

Rao, P. J. M., Malathi, S., Reddy, D.V. V., & 

Upender, M. (2013). Genetics studies 

of association and path coefficient 

analysis of yield and its component 

traits in pigeonpea (Cajanus cajan (L.) 

Millsp.). Journal of SAT Agricultural 

Research, 57(3), 298- 300. 

Rodríguez, S. B., Urrutia, V. M. M., Robles-

gonzález, M. M., & Timothy, W. 

(2008). Performance of various 

grapefruit (Citrus paradisi Macf .) and 

pummelo (C . maxima Merr.) cultivars 

under the dry tropic conditions of 

Mexico. Euphytica, 164, 27–36. 

https://doi.org/10.1007/s10681-007-

9627-8. 

Sahrawat, K. L., Ravi Kumar, G., & Murthy, 

K. V. (2002). Sulfuric acid-Selenium 

digestion for multi-element analysis in 

a single plant digests. 

Communications in Soil Science and 

Plant Analysis, 33, 3757–3765. 

Saroj, S. K., Singh, M. N., Kumar, R., Singh, 

T., & Singh, M.K. (2013). Genetic 

variability, correlation and path 

analysis for yield attributes in 

pigeonpea. The Bioscan, 8(3), 941-

944. 

Sawargaonkar, S. L. (2010). Study of 

heterosis, combining ability, stability 

and quality parameters in CGMSbased 

pigeonpea [Cajanus cajan (L.) 

Millsp.] hybrids. Thesis, Marathwada 

Agricultural University, Parbhani,56-

57. 

Sethi, S., Samuel, D. V. K., & Khan, I. (2014). 

Development and quality evaluation of 

https://doi.org/10.5958/0975-928x.2018.00038.8
https://doi.org/10.5958/0975-928x.2018.00038.8
https://doi.org/10.5958/0975-928x.2018.00082.0
https://doi.org/10.5958/0975-928x.2018.00082.0


 

Shruthi et al.                                  Ind. J. Pure App. Biosci. (2019) 7(6), 378-385     ISSN: 2582 – 2845  

Copyright © Nov.-Dec., 2019; IJPAB                                                                                                             385 
 

quick-cooking dhal — A convenience 

product. Journal of Food Science and 

Technology, 51, 595–600. 

https://doi.org/10.1007/s13197-011-

0534-6. 

Sharma, R., Gangwar, R.V., & Yadav, 

S.(2012). A study on genetic 

variability and correlation in 

pigeonpea (Cajanus cajan (L.) 

Millsp.). International Journal of  

Science and Research, 3(9), 826-828. 

Shinde, Y. H., V, A., Joshi, J. B., & Pandit, A. 

B. (2017). Kinetics of cooking of 

unsoaked and presoaked split peas ( 

Cajanus cajan ). Journal of Food 

Process Engineering, 1–7. 

https://doi.org/10.1111/jfpe.12527 

Singh, U., Jain, R. C., Jambunathan, R. J., & 

Faris, P. G. (1984). Nutritive value of 

vegetable pigeon pea, mineral trace 

elements, Journal of Food Science, 49, 

645. 

Singleton, V.L. & Rossi, J.A. (1965). 

Colorimetry of total phenolics with 

phosphomolybdic- phosphor-tungstic 

acid reagents. American Journal of  

Enology and Viticulture, 16, 144-158. 

Vanisree, S., Sreedhar, M., & Raju, C.S. 

(2013).Studies on genetic 

characteristics of pigeonpea and 

determination of selection criteria with 

path coefficient analysis. International 

Journal of Applied Biology and 

Pharmaceutical Technology, 4(2), 

223-226. 

Verma, S. K., Bisht, C., Gaur, A. K., & 

Chandra, D.(2018). Study on some 

genetic parameters for yield and 

related traits in pigeonpea (Cajanus 

cajan (L.) Millspaugh) genotypes. 

Chemical Science Review and  Letters, 

7(25),70-76. 

Wallis E. S., Byth D. E., & Saxena K. B. 

(1981). Flowering responses of thirty-

seven early maturing lines of 

pigeonpea. In: Nene Y. L, Kumble V. 

(ed) Proceedings of the international 

workshop on pigeonpea, International 

Crops Research Institute for the Semi-

arid Tropics (ICRISAT), Patancheru, 

2, 143–159. 

Watson, D. J., (1952). The physiological basis 

of variation in yield. Advances in 

Agronomy, 4, 101-145. 

Williams, R. F. (1946). The physiology of 

plant growth with special reference to 

the concept of net assimilation rate. 

Annals of Botany, 10, 41-72. 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

https://doi.org/10.1007/s13197-011-0534-6
https://doi.org/10.1007/s13197-011-0534-6
https://doi.org/10.1111/jfpe.12527

