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Confectionery groundnut genotypes (Arachis hypogaea L.): A study on genetic variability
parameters with special reference to confectionery traits improvement

Abstract

Diverse groundnut parents were used to generate 36 advanced breeding lines to
develop into a confectionery genotype for yield, quality, and main biotic stress. Advanced
breeding lines evaluated in randomized complete block design including parents and checks
during kharif and summer, 2021 respectively. High genetic variability and heritability
observed for hundred seed weight, pod yield per plant, pod yield (kg/ha), late leaf spot (LLS),
rust disease, oil content, blanchability, oleic acid, linoleic acid and O/L ratio. The correlation
between hundred seed weight, sound mature kernels, shelling percentage and pod yield per
plant with kernel yield showed positive association. Rust and LLS disease revealed a high
positive connection indicating that an increase in late leaf spot disease incidence enhances
the incidence of rust disease and vice versa in groundnut. Substantial negative association
was found between two crucial quality parameters such as oil content and protein content,
as these two characteristics determine the quality of groundnut for confectionary purposes.
Path analysis indicates kernel yield had the greatest direct positive effect on pod vyield,
followed by seed weight, oil content and sound mature kernel and direct selection for these
characteristics would be effective. The path analysis of quality attributes revealed that at the
genotypic level, oil content, protein content, and O/L ratio have the most direct effect on

hundred seed weight.
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Introduction

Groundnut (Arachis hyogaea L.) a wonder legume, is high in oil (43-55%), protein (25-28%),
carbs (10-25%), vitamins (K, E, and B complex), minerals (Ca, P, Mg, and Fe) and fibre. Groundnut
is grown in over 100 nations on an area of 29.6 million hectares, yielding 48.7 million tonnes with a
productivity of 1647 kg/ha (Annonymous, 2020). Groundnut is predominantly utilized in India for the
extraction of edible oil and breeding efforts have thus far been concentrated on boosting oil content
because it is a crucial element in yield potential. With the increased availability of cheaper vegetable
oils over the last three decades, the pattern of groundnut consumption has turned progressively
towards use in food and confectionery.

Consumption of groundnut contributes towards fighting malnutrition as it is rich source of
protein, energy and micronutrients. Confectionery groundnut with premium edible grade has great



demand all over the world (Vaghasiaet al., 2016).Unfortunately, the premium grade large seeded
groundnut varieties are low yielders with low shelling outturn, lower percentage of sound mature
kernels, prolonged maturity and fresh seed dormancy(Kale et al., 2000).

On the positive side the global peanut market for confectionary types has recorded
significant surge in the growth rate in the last few years. The considerable aspect causing an
upsurge in the market’s growth is the wide range of applications across the food and beverage
sector. In addition, the adoption of a healthy lifestyle and changes in consumption patterns across
the globe is also anticipated to catalyze the market’s growth over the coming years. India being one
of the leading producers, has enormous potential for exporting bold seeded groundnut. However,
the lack of suitable varieties has restricted the scope for exports.

Thus far, breeding efforts have been directed towards improving oil output, either by
increasing oil content or by increasing productivity. Breeding studies focused solely on the
development of confectionary peanut cultivars are relatively new. Breeding objective for
confectionary groundnut include the quality factors such as high shelling outturn, high proportion of
sound mature kernels, easy blanching, and nutty flavor are followed by high O/L ratio, high protein
content, high carbohydrate content, low oil content, and low allergen content (Bentur, 2001).

Similar to genotypes ideal for oil extraction, biotic and abiotic stressors have great impact on
the productivity of confectionary groundnut cultivars also. Late leaf spot (LLS) caused by
Phaeoisariopsispersonata and rust induced by Puccinia arachidis are both widespread and
economically significant biotic stressors. These two foliar diseases frequently occur together,
causing yield losses of up to 70per cent and negatively impacting seed quality and seed grade
(Wankhade et al., 2021). As a result, disease resistance breeding is an environmentally benign and
cost-effective method of decreasing crop yield losses (Divyadarshini et al., 2017).

Materials and methods

The study comprises of 36 advanced breeding lines derived from hybridization of LLS and
rust susceptible confectionery genotypes TG-76 and TGLPS-3 with LLS and rust resistant donors
viz., GPBD-5, ICGV-86699 were used for the study. The female parents TG-76 and TGLPS-3 are
virginia bunch and bold seeded confectionery type, late maturing and susceptible to rust and late
leaf spot respectively. The male parent GPBD-5 is spanish bunch type, high yielding, medium bold
seeded, resistant to LLS, tolerant to rust and early to mature whereas ICGV 86699 is virginia bunch
type, high yielding, interspecific derivative, resistant to rust and LLSdisease and early to mature.

The experiment was carried out in a randomized complete block design with two replications
at AICRP on Sesame and Niger, Main Agricultural Research Station (MARS), University of
Agricultural Sciences, Dharwad (UASD). Thirty-six confectionery genotypes including four parents
viz., TG-76, TGLPS-3 GPBD-5, ICGV86699 and one confectionery check ICGV-06189 (Tablel)
were evaluated for productivity and quality traits during summer-2021 and for disease incidence
during kharif-2021. Advanced breeding lines were sown 6 rows each in 3 beds with a spacing of
45cm x 15cm.

Phenotypic evaluation for yield attributes, yield and quality traits was carried out on five
randomly chosen plants in each entry and replications. Field observations recorded on days to 50
per cent flowering, pod length, sound mature kernels, number of pods per plant, mature pods per
plant, days to maturity, plant height, number of primary branches per plant, number of secondary
branches per plant, shelling percentage, pod yield per plant, kernel yield, haulm yield and pod
yield(kg/ha). The same set of genotypes were screened at 80 and 90 days after sowing for rust and
late leaf spot diseases following modified nine-point disease scale given by Subbarao etal.(1990)
during kharif-2021. The following quality parameters were measured; oil content, protein content,



blanchability, oleic acid, linoleic acid, palmitic acid, stearic acid, oleic acid/linoleic acid ratio, and
hundred seed weight.

Quiality traits viz., oil content, protein content, oleic acid, linoleic acid, palmitic acid, stearic
acid, oleic acid/linoleic acid ratio were estimated by Near Infrared Spectroscopy (NIRS) at AICRP on
Oilseed, MARS, UAS, Dharwad. Blanching was carried out as per the method given by Singh et al.,
1996. Due to non-availability of blancher, pre-heated roasted kernels were subjected to blanching by
hands with normal pressure. The number of blanched seeds were counted and expected as
percentage. Observation was recorded to determine the percentage of blanched whole seeds or
blanching percentage. The analysis of variance (ANOVA), genotypic coefficient of variation,
phenotypic coefficient of variation (Burton and De Vane, 1953), heritability (Robinson et al. 1996),
genetic advance as percent mean (Johnson et al. 1955) character association and path analysis
were analysed.

Table 1:Pedigree of the studied confectionery groundnut genotypes

Sl. No Names Pedigree
1 CG-1 TG —76 x ICGV 86699
2 CG-2 TG -76 x ICGV 86699
3 CG-3 TG —76 x ICGV 86699
4 CG-4 TG —76 x ICGV 86699
5 CG-5 TG - 76 x ICGV 86699
6 CG-6 TG —76 x ICGV 86699
7 CG-7 TG —76 x ICGV 86699
8 CG-8 TG —76 x ICGV 86699
9 CG-9 TG - 76 x ICGV 86699
10 CG-10 TG - 76 x ICGV 86699
11 CG-11 TG -76 x ICGV 86699
12 CG-12 TG —76 x ICGV 86699
13 CG-13 TG - 76 x ICGV 86699
14 CG-14 TGLPS 3 x GPBD-5
15 CG-15 TGLPS 3 x GPBD-5
16 CG-16 TGLPS 3 x GPBD-5
17 CG-17 TGLPS 3 x GPBD-5
18 CG-18 TGLPS 3 x ICGV 86699
19 CG-19 TGLPS 3 x ICGV 86699
20 CG-20 TGLPS 3 x ICGV 86699
21 CG-21 TG - 76 x GPBD-5
22 CG-22 TG —76 x ICGV 86699
23 CG-23 TG - 76 x ICGV 86699
24 CG-24 TG —76 x ICGV 86699
25 CG-28 ICGV 06189X DH 245-10
26 CG-29 ICGV 06189X AGL 2766-8
27 CG-30 ICGV 06189X ICGV 08025-1
28 CG-31 JSP-39 X GM6-1SSD-5
29 CG-32 JSP-39 X GM6-1- SSD-25
30 CG-33 ICGV 06189 X GM 6000-24-5
31 CG-34 ICGV 06189 X 6000-65-3
32 ICGV 86699 Parental lines
33 TG 76 Parental lines
34 GPBD-5 Parental lines




35 TGLPS 3 Parental lines
36 ICGV 06189 Check

*CG- confectionary groundnut

Results and discussion
Analysis of variance (ANOVA)

Analysis of variance for yield and yield attributing traits as well as for foliar diseases such as
rust and late leaf spot at 80and 90 days after sowing revealed a substantial difference among the
confectionery groundnut genotypes showing the presence of high degree of genetic variation (Table
2). Similarly, the quality traits; blanchability, oil content, protein content, oleic acid, linoleic acid,
palmitic acid, stearic acid and O/L ratio showed the highly significant variation (Table 3).The
variability exists for all the yield and its contributing traits, rust and late leaf spot diseaseand the
majority of the quality traits indicate that the material under research was genetically diverse since
the genotypes were developed by crossing diverse parents.

Components of variation

Genetic variability is a basic requirement of any breeding program to evolve superior
genotypes through selection. Higher amount of genetic variation for a character represents a greater
scope for its improvement through selection (Johnson et al. 1955). The estimates of phenotypic
coefficient of variation (PCV) and genotypic coefficient of variation (GCV)for yield and yield
attributing traits in the present study revealed the presence of high level of variability for secondary
branches per plant, number of pods per plant, mature pods per plant, hundred seed weight, pod
yield per plant, pod yield (kg/ha), kernel yield and haulm yield (Table 4). Moderate level of variability
was exhibited by plant height, primary branches per plant, shelling percentage and pod length. High
values of GCV were observed for pod yield, kernel yield, haulm vyield, late leaf spot at 80 and 90
days after sowing and rust at 90 days after sowing indicates a predominant role of additive gene
action and amenability for phenotypic selection. Low GCV and PCV were recorded for sound mature
kernels, oil content, days to 50 per cent flowering and days to maturity. For foliar diseases viz., rust
and late leaf spot at 80 and 90 DAS, high PCV and GCV were observed. Heritable portion of
variability existing in the character indicates the probability and degree to which improvement is
possible through selection (Robison et al., 1996).

All of the variables studied, including disease reaction, had moderate to high heritability,
indicating that these attributes will respond to selection. At 80 and 90 DAS, the genetic advance
over the mean for yield-related variables was high for secondary branches per plant, number of
pods per plant, mature pods per plant, shelling percentage, hundred seed weight, pod yield per
plant, pod yield, haulm yield, LLS, and rust. For days to maturity, sound mature kernels, and oil
content, low GAM was observed.

Among quality traits, O/L ratio had ahigh PCV and GCV indicating that additive gene action
predominated. The traits viz.,blanchability, linoleic acid and stearic acid revealed moderate PCV
but oil content, protein content, oleic acid, and palmitic acid showed low PCV and GCV, indicating
the presence of less diversity across the genotypes studied. Oil content, blanchability, oleic acid,
linoleic acid and O/L ratio expressed high heritability, whereas oil content had low GAM. Protein
content had a moderate heritability and genetic advance over mean indicating modest response to



Table 2: Analysis of variance for yield and yield attributing traits of confectionery groundnut genotypes

Source of PH SMK

variation d.f DFF (cm) DTM PBPP SCBP NPP MPPP SP HSW(g) (%)

Replication 1 6.13 1.43 0.01 2.68 3.97 30.68 84.50 23.75 10.13 9.1

Genotypes | 35 | 20.04** | 51.73** | 3.55** 1.60** 2.77* 200.61* | 249.11* | 169.48** | 342.27** | 52.35**
Error 35 2.98 6.04 1.19 0.7 0.26 18.68 31.73 13.06 25.09 7.19

Source of

variation d.f PL ocC PYPP(q) PY(kg/ha) | KY(kg/ha) | HY(kg/ha) L-80 L-90 | R-80 | R-90
Replication 1 0.01 0.42 305.045 272062.6 82606.86 38596.09 0.22 0.89 0.13 | 0.05
Genotypes 35 0.18* | 2.99** | 3341.74* | 731462.6** | 298867.6** | 6880415.8** | 2.65** | 7.39* | 1.41* | 6.99**
Error 35 0.05 0.34 219.741 64844.37 20933.79 38596.09 0.34 0.86 0.24 | 0.48

*- Significant at 5% probability level

**-Significant at 1% probability level

DFF-Days to 50% flowering; PH: Plant height (cm); DTM: Days to maturity; PBPP : Primary branches per plant; SBPP: Secondary
branches per plant; NPP: Number of pods per plant; MPP: Mature pods per plant; SP: Shelling percentage; HSW: Hundred seed

weight; SMK: Sound mature kernels;

PL: Pod length; OC: Oil content: PYPP: Pod yield per plant; KY: Kernel yield (kg/ha); HY:

Haulm yield (kg/ha); PY: Pod yield (kg/ha); L-80 :late leaf spot 80 days after sowing ; R-80: rust 80 days after sowing; L-90: late leaf
spot 80 days after sowing; R-90: rust 80 days after sowing.

Table 3: Analysis of variance for quality traits of confectionery groundnut genotypes

Source of Oil content Protein Oleic acid | Linoleic acid Palmitic Stearic O/L
variation | d.f | Blanchability (%) content (%) (%) (%) acid (%) acid (%) ratio
Replication | 1 15.13 0.42 3.28 26.67 29.52 2.27 0.01 0.39
Genotypes | 35 479.83" 2.997 4.46° 53.09" 43.04" 1.01" 0.12" 0.72"
Error 35 7.29 0.34 1.7 8.31 6.59 0.44 0.05 0.11

*- Significant at 5% probability level

**-Significant at 1% probability level




selection (Parameshwarappaet al., 2003). Blanchability exhibited moderate PCV and GCV,
as well as strong heritability and genetic progress as a percentage of mean, indicating that
selection is effective for this trait. (Singh et al., 1996, Bentur, 2001, Cruickshank et al., 2003, Janila
et al., 2012 and Wright et al., 2018).

Character association and path analysis

Yield is a complex character that cannot beachieved successfullythrough direct selection.
Correlation assesses the relationship among several traits, assisting in the identification of
successful strategies for indirect selection employing associated qualities and simultaneous
selection of numerous traits. The current study found a substantial and positive link between
hundred seed weight and pod yield (Table 6). The correlation between hundred seed weight, sound
mature kernels, shelling percentage, and pod yield per plant with kernel yield was positive and
significant, showing that selecting for greater kernel size, high shelling percentage, and individual
plant yield helps enhance kernel yield. As a result, breeding for high pod yield can be accomplished
without compromising the large seed size, which is a desirable characteristic for confectionary
peanuts. There was a substantial and positive correlation between pod length and hundred seed
weight.

Correlations between both diseases, rust and LLS, at 80 and 90 days after sowing,
revealed a high positive connection. This positive relationship between both diseases indicates that
an increase in late leaf spot disease incidence enhances the incidence of rust disease and vice
versa in groundnut. As a result, in most peanut growing locations, these two diseases are the most
damaging to groundnuts. Both of these diseases have a negative correlation with pod yield, oil
content, and haulm yield, indicating that biotic stressors influence oil content, yield, and even
fodder quality. As a result, the study clearly indicates that resistance to biotic stressors is critical to
minimizing chemical spray and pesticide residue accumulation. Substantial negative association
was found between two crucial quality indicators, oil content and protein content, as these two
characteristics also determine the quality of groundnut for confectionary purposes. Before
developing any acceptable breeding strategy for cultivar growth, it is vital to understand the link
between different components of oil quality (Alam, 2014). Oil content had a positive association
with linoleic acid, protein content had negative association with linoleic acid and oleic acid had
inverse relationship with linoleic acid. O/L ratio, an important oil quality determinant is expected to
be high in the cultivar and depends on the amount of oleic acid and linoleic acid present in the oil.
Oil content has positive association with linoleic acid content, but oleic acid had inverse relationship
with linoleic acids. Here desirable traits like protein content, oil content, oleic acid had inverse
relationship among themselves (Table 7).

To determine the direct and indirect effects of pod yield and yield-related features, the
correlation coefficient was further partitioned into direct and indirect effects by using pod yield as a
dependent character. Path coefficient analysis, on the other hand, aids in understanding the nature
and magnitude of each character's direct and indirect contribution to the dependent character, such
as pod yield. (Table 8). The path analysis employing genotypic and phenotypic path coefficients
between pod yield and other characters revealed that the kernel yield had the greatest direct effect
on pod yield, implying that these traits should be emphasized for selection to improve pod yield. The
genotypic path coefficient between pod yield, hundred seed weight, and sound mature kernel has
the most direct effect on pod yield. At the genotypic level, sound mature kernel and oil content had
the most favourable direct effect on pod production, while haulm yield had a minimal direct
effect.The strongest direct effect on pod yield was from pod yield per plant and kernel yield. The
attributes pod yield per plant and haulm yield had a strong direct positive effect on pod yield (kg/ha).
These characteristics can be used as selection criteria for greater yield because they were found to



be mutually and directly related to pod yield. Kernel yield had the greatest direct positive effect on
pod



Table 4: Genetic variability analysis for yield and yield attributing traits in confectionery groundnut genotypes

Traits Range Mean PCV (%) GCV (%) h®b.s. GAM
Min Max (%)

Days to 50% Flowering 44.00 55.00 46.79 7.25 6.24 74.10 11.07
Plant height 18.18 40.25 29.80 18.03 16.04 79.10 29.38
Days to maturity 110.00 115.00 111.54 1.38 0.97 49.97 1.42
Primary branches per plant 4.70 8.70 6.72 15.99 9.99 39.03 12.86
Secondary branches per plant 2.50 6.90 4.55 27.05 24.64 64.96 46.41
Number of pods per plant 32.00 68.00 48.74 21.49 19.57 82.96 36.72
Mature pods per plant 25.00 63.50 42.03 28.20 24.81 77.41 44.96
Shelling percentage 43.60 73.00 57.70 16.56 15.33 85.69 29.23
Hundred seed weight (g) 41.00 91.00 59.73 22.69 21.08 86.34 40.35
Sound mature kernels (%) 77.00 97.00 91.27 5.98 5.21 75.86 9.34
Pod length 2.49 4.12 3.17 10.69 7.98 55.60 12.25
Oil content (%) 43.22 47.64 45.12 2.86 2.55 79.60 4.69
Pod yield per plant(g) 94.00 241.00 155.70 27.10 25.37 87.66 48.94
Pod yield(Kg/ha) 884.86 3473.46 1825.38 34.57 31.63 83.71 59.61
Kernel yield (Kg/ha) 613.79 1917.71 1047.95 38.16 35.57 86.91 68.31
Haulm yield (Kg/ha) 322.77 8726.46 4565.92 42.65 38.49 81.42 71.54
LLS-80 DAS 0.00 5.00 3.36 36.33 31.97 77.43 57.95
LLS-90 DAS 0.00 9.00 5.53 36.76 32.71 79.16 59.95
Rust-80DAS 0.00 4.00 2.74 33.23 28.01 71.05 48.63
Rust -90DAS 0.00 8.00 4.53 42.72 39.86 87.06 76.61

PCV-Phenotypic coefficient of variationh’bs - Heritability in broad sense

GCV-Genotypic coefficient of variationGAM- Genetic advance as percent of mean




Table 5: Genetic variability analysis for quality traits in confectionery groundnut genotypes

Traits Range Mean PCV (%) GCV (%) h®b.s. (%) GAM
Min Max

Blanchability 46.00 96.50 81.93 19.05 18.76 97.00 38.06
Oil content (%) 43.22 47.64 45.12 2.86 2.55 79.60 4.69
Protein content (%) 27.86 33.96 30.77 5.71 3.82 44.80 5.27
Oleic acid (%) 45.00 66.27 55.57 9.97 8.52 72.90 14.98
Linoleic acid (%) 16.81 33.88 26.15 19.05 16.32 73.40 28.82
Palmitic acid (%) 7.44 10.13 8.84 9.63 6.03 39.30 7.79
Stearic acid (%) 1.79 2.86 2.47 11.82 8.01 45.90 11.19
O/L ratio 1.35 3.83 2.24 28.72 24.64 73.60 43.53

PCV- Phenotypic coefficient of variation
GCV- Genotypic coefficient of variation
h®bs - Heritability in broad sense

GAM- Genetic advance as percent of mean




Table 6: Phenotypic and genotypic correlation for yield and yield attributingtraits with disease resistance of confectionery groundnut

genotypes
HS SM [ NP [ MP [ DT PBP [ SCB OC| R [ R | L | L- [PYP
Traits | W [ PL | K | P | P | M [PH| P | P | SP 80 | 90 | 80 | 90 | P | KY | HY | PY
DFF [ |- - - - - - - - - - -
043 | - 0.30 {0.0 | 0.18 | 0.56 | 0.24 | 0.21 | 0.31 | 0.06 | 0.11 | 0.15 | 0.13 | 0.08 | 0.06 | 0.35 | 0.35 | 0.08 | 0.32
PI7" |013 |4" |48 | 4 | 2" | 5 | 5 | 4 3 |6 | 2 (1] 9 | 8|5 |2 2 | 6
050 | 0.04 [0.38 | 0.1 | 0.20 | 0.85 | 0.32 | 0.58 | 0.42 | 0.15 [ 0.16 | - [0.10 | 0.07 | 0.02 | 0.44 | 0.48 | 0.11 | 0.44
G[2" |3 |5" |26 | 2 |3 | 77| 2" |9 2 | 9 |02 7 | 5 | 1 |8 |o0 4 |3
HS - - - - - - -
w 0.34 | 046 (0.1 | 041 | 0.14 | 0.25| 033 | 0.19 | 0.19 | 0.30 | 0.29 | 0.24 | 0.15 | 0.22 | 0.39 | 0.27 | 0.14 | 0.18
P 9" |5 |97 | 9 8 | 7 |9 1 | 7|28 |7 6 | 7] 9 |5 | 9| 9|0
051 | 061 |01 | 053 |0.16 | 0.32 | 0.57 | 0.20 | 0.23 | 0.37 | 0.37 | 0.30 | 0.19 | 0.27 | 0.45 | 0.33 | 0.22 | 0.23
G 8" |8 |92 |0 o | 4 |3 1| 2 |4 |5 | 1" | 5 |2 ]2 |6 0o | 2
PL - - - - - - - -
0.36 [ 0.1 | 0.20 [ 0.12 | 0.02 | 0.23 | 0.08 | 0.02 | 0.31 | 0.14 | 0.07 | 0.14 | 0.08 | - | 0.19 | 0.11 | 0.18
P 1" |92 | 0o | 0 | 4 |8 | 7| 6 |2 7| 9 | 5 | 4 00| 5 | 4 | 5
0.45 [ 0.1 | 0.34 | 0.09 | 0.00 | 0.84 | 0.18 | 0.00 | 0.47 | 0.17 | 0.14 | 0.02 | 0.14 | 0.15 | 0.24 | 0.16 | 0.24
G 0" |55 | 9 5 | 3 |3 8 | 7 |1 1| 4|6 | 9 |6 |6 |92
SM - - - - - - - -
K 0.1 [ 013|011 |011|0.28 | 003|026 | 022|002 |0.10 | 001 | 0.02 | 0.25 | 0.23 | 0.08 | 0.12
P 26 | 0 | 4|9 |9 | 9|0 |8 | 4|0 |8 | 8|5 | 0| 3|7
0.0 [0.09 | 0.15 | 0.04 | 0.52 | 0.05 | 0.32 | 0.36 | 0.00 | 0.11 | 0.01 | 0.02 | 0.31 | 0.29 | 0.16 | 0.18
G %5 | 0o | 2 | 5 |0 1| 8" | 2 5 | 1| 1|6 |6 | 4 | 6 |6
NP - - - - -
P 0.51 | 0.10 | 0.14 | 0.03 | 0.06 | 0.20 | 0.04 | 0.15 | 0.21 | 0.31 | 0.27 | 0.00 | 0.39 | 0.53 | 0.55
P 4 |5 | 5 | 4| 6 | 3| 9|7 9 | 1
054 | 0.14 | 0.12 | 0.03 | 0.09 | 0.18 | 0.06 | 0.18 | 0.22 | 0.32 | 0.28 | 0.06 | 0.35 | 0.52 | 0.52
G 2 | 5| 5 |8 | 3| 9 | 8|2 2| 4




0.13

0.18

0.00

0.49

0.33

P 0.42 0.28 | 0.06 | 0.33 0.22 | 0.26
4 | 3 6 |0 | 5 | 6 | 7 o | 7 16 | 9 | 1 |4 |3
0.21 | 0.48 | 031 | 036 | 0.37 | 0.13 | 0.52 | 027 [ 0.31 | 0.38 | 0.01 | 0.16 | 054 | 0.35
9 | 0" | 9 | 8 | 8 s | 4 | 22| 9o | s 4 | 4 | 4|7

DT § . . - - -
M 0.24 | 0.20 | 0.26 | 0.14 | 0.15 | 0.09 | 0.15 | 0.04 | 0.05 | 0.08 | 0.08 | 0.04 | -
| 3|5 | 4| a9 1|5 7 | 8] 1|1 o013
0.26 | 0.14 | 0.36 | 0.07 | 0.15 | 0.00 | 0.25 | 0.02 | 0.07 | 0.07 | 0.08 | 0.09 | 0.12
7| 3 | 4 ol 5| alo |6 |5 | 7| a] o0l 2

PH - - Y : - ;
0.29 | 0.31 | 0.20 | 0.05 | 0.20 | 0.34 | 017 | 0.34 | 0.28 | 0.17 | 033 | 0.12
4 | 5 4 | 1| 8 |9 3 | s 1| 9 | s 3
0.50 | 0.30 | 0.19 | 0.09 | 0.32 | 0.40 | 0.20 | 0.44 | 0.34 | 0.22 | 0.37 | 0.19
1" | 8 o | a4 | 47| s 1| o | 7 7 | 2 1
PB § § § § § §
PP 0.41 | 0.31 | 018 | 019 | 0.17 | 0.01 | 0.10 | 0.06 | 0.19 | 0.00 | 0.06
5" | 3 7 15| 5| 6| 3| 9| 3| 4] s
0.66 | 0.70 | 0.30 | 0.31 | 0.45 [ 0.30 | 0.25 [ 0.01 | 0.30 | 0.03 | 0.03
& | 3" | o |1 |4 | 7] 6 | 5 |5 9 | 6
SC § i i i . . .
BP 0.27 | 0.02 | 0.27 | 0,04 | 0.15 | 0.03 | 0.20 | 0.28 | 0.02 | 0.18
2 1 | 9 70 71 a0 1| 0] s
0.29 | 0.02 | 0.38 | 007 [ 0.20 | 0.01 | 0.27 | 037 | 0.01 | 0.27
9 7 |9 6 | 6 | 9 | 5 | 6 4 | 1
Sp . . . g g
0.19 | 0.19 | 0.11 | 018 | 0.09 | 0.07 | 0.35 | 0.12 | 0.07
1 9| o | 5| 8| o0]a 3 | 6
[037| _ |023| _ |015|044| _ |000
020 7 looe| Y |oos| 2 | 7 |o12]| °®




5 1 4
oc - - - - - - - -
027 | 013 | 0.22 | 0.22 | 0.17 | 0.22 | 0.10 | 0.19
4 | 6 | 4|3 |5 ] 9| 3| 3
0.11 | 0.29 | 0.22 | 0.14 | 0.24 | 0.14 | 0.19 | 0.34
716 | 7|9 |9 | 4| 2|4
R- B B
80 0.29 | 0.72 | 0.28 | 0.00 | 0.01 | 0.06 | 0.05
2 |9 | 4 | 9 | 7 | 1| 3
0.37 | 0.93 | 0.38 | 0.02 [ 0.06 | 0.10 | -
3| 7T | s 7 | 4 | 1 |006
R- :
90 028 | 092 | - |0.02|0.36 | 004
5 | 6" |017| 0 | 9 6
0.37 | 0.95 | 0.22 | 0.04 | 0.50 | 0.00
1" | 5 1| 2 |5 9
L- - -
80 0.32 | 0.00 | 0.04 | 0.08 | 0.11
7 6 | 0| 4 | 5
0.40 | 0.03 | 0.00 | 0.18 | 0.09
2 9 | 3 | 8 | 1
L- - -
90 0.15 | 0.03 | 0.46 | 0.10
1| 3 |8 4
0.21 | 0.01 | 0.60 | 0.06
2 | 6 | 7 5
PY -
PP 0.80 | 0.00 | 0.80
0 4 |0
0.80 0.79
6 7

0.03




2

KY 0.28 | 0.87
P 2| 3

0.26 | 0.87
G 72

o~ 0.37
P 2

0.36
G 2

DFF-Days to 50% flowering; HSW: Hundred seed weight; PL: pod length; SMK: Sound mature kernels; NPP: number of pods per plant; MPP:
mature pods per plant; DTM: Days to maturity; PH: plant height (cm); PBPP: primary branches per plant; SBPP: secondary branches per plant;
SP: shelling percentage; KY: kernel yield (kg/ha); HY: Haulm yield (kg/ha); PY: Pod yield (kg/ha); PYPP: pod yield per plant; LLS-80 :late leaf
spot 80 days after sowing ; R-80: rust 80 days after sowing; L-90: late leaf spot 80 days after sowing ; R-90: rust 80 days after sowing; LLS-80
:late leaf spot 80 days after sowing ; R-80: rust 80 days after sowing; L-90: late leaf spot 80 days after sowing ; R-90: rust 80 days after sowing.

Table 7: Correlation for quality traits of confectionery groundnut genotypes

Traits oC PC OLAC LN AC PLAC STAC o/L
BLA P -0.012 0.216 -0.187 0.009 -0.039 0.376 -0.026
G -0.022 0.352" -0.21 0.01 -0.094 0.591" -0.027
ocC P -0.357 -0.248 0.439" 0.305" -0.148 -0.401"
G -0.702" -0.326" 0.556 0.567 -0.327" -0.499"
PC P 0.317" -0.374" -0.456 0.510" 0.352"
G 0.337" -0.495" -0.677 0.872" 0.483"
OLAC P -0.681" -0.778" 0.033 0.811°
G -0.646 -0.908" 0.051 0.810"
LN AC P 0.786 -0.114 -0.950"
G 0.929" -0.202 -0.956
PLAC P -0.199 -0.815
G -0.366 -1.013"
STAC P 0.072
G 0.132




BLA: Blanchability; OC: Oil content; PC: Protein content; OLAC: Oleic acid; LNAC: Linoleic acid; PLAC: Palmitic acid; STAC: Stearic acid; O/L:

oleic acid/linoleic acid.

Table 8: Path analysis of confectionery groundnut genotypes for yield attributing traits with disease resistance

Traits | DF [ HS [ PL [SM [ NP [MP [ DT [ PH [PBP[SCB| SP [OC [ R- [ R- | L- [ L- [PYP] KY | HY | PY
F w K P P M P P 80 | 90 | 80 | 90 P
DFF [G]| 05 - loo| - Joo]| - Joa]| - Jo29]l021| - 00| - [o00] - - - - - -
04 | 02|22 |01|63 01|30 |01]| 3 7 | 00| 8 | 01|54 |00]|00]022|02]01] 044
53 94 02 65 77 16 38 | 11 6 42 | 16 .
P[ - Jooloo]oo]|] - [o0] - |00 3 - 00| - |00 - lo0o] - |o000] 00] 00 -
00| 10 | 03 | 07 | 00 | 04 | 00O | 06 |0.00|000| 0L | 00| 03 | 0.0 | 02 | 00 | 8 08 | 01 | 0.32
23 01 13 5 7 03 03 02 6
HS [G]| - 1306 | 08|02]07] - |04 - - 03| - |05 - o2 - |o61] 04 ] 05 ] 023
w 06 | 50 | 99 | 35 | 60 | 16 | 02 | 37 |077|027| 13 | 05| 06 | 04 | 63 | 03 | O 54 | 06 2
78 16 4 1 05 07 67
P[00 | - - - - - 00| - |o002]000| - o0 - 00| - |o0 - - | 00 o018
28 | 00| 00| 00| 00]| 00| 09 |00 1 1 | 00| 19 |00 | 16 | 00 | 14 |002]| 00 | 12 0
63 | 22 | 29 | 12 | 26 16 12 19 10 5 18
PL |G| - - - - - - g - |o81]o018] - |04 ] - - oo - |o0o15] 02|01 -
00| 05|09 |04 ]01|03|00]00]| 6 2 |00 |5 |01]01]| 25 |01 1 38 | 63 | 0.16
42 | 01 | 68 | 36 | 50 | 38 | 92 | 03 07 66 | 39 44 6
P[ - [oo|lo00]00]|o00]|o007]o00]O00 - - 00| - o0 |00]00] 00 - - - | 0.00
00| 06 | 17 | 06 | 03 | 03 | 02 | 00 | 0.00 | 0.00| 00O | 0O | 03 | 01 | 02 | 01 |0.00| 0.0 | 0.0 3
02 4 2 05 2 03 | 03
SM |[G] - [o3 02|06 |00[00] - |00 - - 02 | 04| - - oo - Jo20] 01 - | o018
K 02| 96 | 88 | 40 | 61 | 58 | 0.0 | 29 |033|0.03| 10 | 56 | 00 | 0.0 | 07 | 0.0 | 2 88 | 0.0 6
46 97 3 3 03 | 71 17 03
P - Joo|loo|]oo0o|[o0o|o00]o00] - [0o00o[000O|00]| - [00]|007]007]O00 - - - -
00| 05 | 04 | 04 | 11 | 01 | 01 | 0.0 1 0 03 | 00| 03 | 01 |02 ] 01 |000]| 00| 00 |0.18
03 01 05 2 03 | 03 5




NPP - - - - - - - - - - - - - ]Joa] - Jos5 - 06 | - -
02 03|02|01]19|10|02]|02]|006|018|03|02]| 03| 23 |06 ]| 38 |012]| 76 | 0.3 | 0.52
40 | 67 | 95 | 81 | 08 | 32 | 70 | 39 7 7 50 | 32 | 58 20 2 58 | 6
- - - - : - - - - - - - o0 - oo]o0[000]00] - [012
00| 00| 00|00]|00)|03|01]00]/004|002|001|00] 00| 00]| 00| 00 3 03 | 0.0 7
16 | 64 | 63 | 63 | 41 | 26 | 69 | 34 7 1 67 | 02 01 02
MP 03 | - - - - - o3| - |o47|o055]| - - - o4 - JTos]o002]02] - -
P 04 | 07|05|01|08|15| 29 |07 ]| 8 2 | 0501|0708 ]| 04| 77 2 46 | 0.7 | 0.35
95 | 23 | 36 | 11 | 00 19 66 | 32 | 86 78 86 **
- looloo]o0o]o00|00]O00]| - [000] - 00 | - - 00| - |o00]o000|o01] 01 -
00| 03 | 01| 01| 01| 04|07 |00| 3 |000|O02|00|00]| 71 ]01] 91 0 28 | 70 | 0.55
01 01 2 14 | 52 01 8"
DT - loo] - Joo| - [o00] - |00 - - - - - - oo | - [oo02]o00] - -
M 02 | 50 | 00| 47 | 00| 68 | 03 | 83 |0.04|011| 00 | 02| 00| 00| 08 | 00| 4 26 | 0.0 | 0.12
66 30 44 12 5 3 22 | 07 | 01 | 78 23 01 2
00 loo0|lo0[o00] - [00] - |00 - |ooo[o00]o00[00] - |00 - [000]| - - -
10 | 03 | 02 | 02 |00 | 02 | 00O | 18 | 000 | 5 03 | 00 | 02 |00]| 02 |00| 0 |00/ 00]0.33
02 02 4 01 02 01 | 03 | 37
PH 01 | - - - - - oo - Joxzloww| - [o0] - [o1] - [o1 - - - 1019
13 | 01 | 00| 00| 00|01 92| 03] 3 7 | 00| 48 | 01| 40 | 00| 52 |012]| 00 | 0.1 1
12 | 01 | 16 | 43 | 66 46 69 12 70 0 79 | 12
- oo | - - looloo0o 00| - [o003] - 00 | - - oo o000 - - ] 00 -
00| 08 | 00|00 ]| 04 | 05| 14 | 00| 3 |001| 07 | 00| 00| 03 |01 | 01 |0.00| 00| 00 |0.13
08 08 | 08 08 0 03 | 02 2 01 0
PBP 00 | - - - loo| - o0o]| - |o04a|002] - [00] - 00| - | o0 - - - -
P 24 | 00| 00| 00| 0L |00| 06 |00]| 1 7 | 00| 3 |00]| 19 | 00| 11 |000| 00 | 0.0 | 0.03
24 | 35 | 21 13 21 29 13 13 1 13 | 13 6
00|00 |00]00]00]00]00]|o00] 000 - 00| - |[oo]| - [o00] - |oo0o|o00]| - [o012
00 | 00 | 00 | 00 | 00 | 00O | 0O | 00 0 |000| 00 | 00| 07 | 00| 06 | 00| 9 06 | 0.0 3
1 02 11 11 10
SCB - looloo|lo0| - [01] - | o0 - - 00| o00|01] - [00]00]007]01]01 -
P 01| 5 |52 | 14 | 00| 02 |01 | 8 |018|027| 83 | 12 | 08 | 0.0 | 57 | 05 6 05 | 08 | 0.27
19 27 01 5 8 21 1
00| 00[00]]00]00][00]00]| 00/ 000[|000|O00]|o00][]O00]O00]00]|O00/ 000]|O00]o00 -
00 | 00 | 00 | 0O | 00 | 00 | 0O | 0O 0 0 00 | 00 | 00 | 00 | 00 | OO 0 00 | 00 | 0.06
5
SP - o300 ]00]|04]02]05]01][020] - - - o5 - 03] - [023]06]| - |o0.00
02| 41 | 00 | 10 | 84 | 70 | 57 | 04 3 10304 | 00|56 | 00| 41 | 00| 4 59 | 0.1 5
24 7 10 | 08 96 75 83
00| - o0 | - - - - - |o04]003] - [oo]o0o]| - [o00] - - 00 | - -
09 (00| 04 | 00| 00| 00| 00|00]| 5 9 | 00| 00 | 16 | 00| 14 | 0.0 |005| 17 | 0.0 | 0.18




28 37 30 41 21 29 29 27 10 1 29 5
ocC 0.2 - - - - 00 | 01 - - 037 | 00 | 1.2 - 0.2 - 0.1 - - - 0.28
10 | 04 | 05 | 05 | 04 | 86 71 | 0.1 | 0.11 3 34 43 | 00 | 89 | 00| 61 |0.15| 0.2 | 00 9
65 85 85 50 93 7 09 60 2 57 09
- 00 | 00 | 0.0 | 0.0 - - 0.0 | 0.00 - 0.0 - 00 | 0O | 00O | 00 |001| 00 | 00 | 001
0.0 | 17 17 17 13 | 0.0 | 0.0 | 09 3 000 | 11 | 0.0 | 15 08 12 12 0 13 07 5
06 02 04 1 55
R- - 03 | 01 - 01|04 | 00| 03 - - 0.3 - 0.4 ; 0.2 > 041 | 04 | 04 -
80 0.2 | 49 50 | 0.0 | 75 89 04 02 |[028|036| 52 | 03| 36 | 0.7 | 77 | 0.8 7 39 36 | 0.06
15 05 9 2 21 70 07 0
- 0.0 | 00 - 0.0 | 0.0 - 0.0 - - 0.0 - 00 | 00O | 0O | 00 |0.00| 0.0 | 0.0 -
00 | 11 05 | 0.0 | 06 12 | 00| 08 | 0.00 | 001| O7 | 0.0 | 36 11 26 10 0 01 04 | 0.07
06 01 04 7 0 10 6
R- - 0.2 - 00 | 01 | 02 - 0.3 - - 00| 00|09 |03)|08)|03]002| 00|09 ) 0.00
90 00 | 26 | 0.1 | 83 66 04 | 0.1 | 03 | 0.34 | 0.05 | 49 88 32 48 73 59 5 59 32 9
80 08 88 1 7
- 0.0 - 00 | 0.0 | 0.0 - 0.0 - = 0.0 | 0.0 - - - - 0.00 | 0.0 - 0.04
00 | 08 | 0.0 | O3 07 06 | 00 | 11 | 0.00 | 0.00 | O3 04 | 00 | 0O | 0.0 | 0.0 5 01 | 00 6
04 02 05 5 1 09 31 09 28 13
L- - 0.0 - 00 | 0.0 | 0.0 - 0.0 3 - 0.0 - - - - - 0.16 | 0.0 - -
80 00| 10 | 00 | 01 17 16 | 00| 10 (001 |(001| 12 | 00 | 0.2 | 0.7 | 0.2 | O.7 6 32 | 0.2 | 0.09
04 01 01 6 1 15 80 50 78 16 80 1
0.0 - - - - - - - 0.00 | 0.00 - 0.0 - - - - 0.00 | 0.0 - -
03 | 00| 0O | 00O | 00O | 00| 00] OO0 1 5 00| 07 | 00O | 0.0 | 0.0 | 0.0 0 01 | 0.0 | 0.11
05 05 01 10 07 01 05 06 23 09 32 10 05 5
L- - - 0.0 - - - 0.0 - 0.09 - - - 00 | 0O | 0O | 00 |000| 0.0 | 0.0 | 0.06
90 00| 00| 54 (00|01 01| 27 |01 3 0.00 | 0.0 | 0.0 | 48 19 51 21 2 00 48 5
08 98 09 02 39 59 7 18 82
0.0 - 0.0 - - - 0.0 - 0.00 - - - 00 | 00| 0.0 | 00 - 0.0 | 0.0 | 0.10
02 | 00| 03 | 0O | 00 | 00O | 02 | 0.0 3 0.00 | 0.0 | 0.0 | 10 31 11 34 | 0.00| 01 18 4
08 01 09 09 12 1 03 08 5
PYP - 13 - 09 | 01 - = 1.0 - - 0.4 - 01|03 |01 |03 - 00 | 01 | 0.79
P 13 | 31 | 04 | 32 89 | 00 | 02| 23 |0.04|081| 67 | 0.4 | 40 46 46 62 | 0.07 | 06 40 7
19 58 43 27 4 0 39 7
- 0.2 - 0.1 | 0.0 2 - 0.1 - - 0.0 - - - 0.0 - 054 | 0.4 - 0.80
0.1 14 | 0.0 | 38 00 | 0O | 00O | 52 |003|010| 38 | 0O | 00| 00O | 03 |00 1 33 | 0.0 0"
92 48 05 48 7 8 95 05 92 82 11
KY 1.7 - 0.8 - 12 | 05 | 0.3 - 1.11 | 1.36 - 09 | 00 - 0.1 - 294 | 23 | 0.0 | 0.87
47 12 | 94 | 1.0 | 88 96 07 | 0.8 0 9 16 | 05 79 | 06 | 14 | 0.6 6 76 79 2"
23 70 25 26 50 25
- 0.1 - 0.0 - - - 0.0 - - 0.1 - 0.0 - - 00 [ 029 | 0.3 | 0.0 | 0.87




£33

01|01 |00| 8 |01|00| 00| 65 |007|010] 28 |00 | O6 | 00 | 00 | 12 0 62 98 3
28 71 42 66 29 0 2 83 07 14

HY G| 00| 00|00 |00]01)01|00] 00 - 0.00 | 0.0 | 0.0 - 0.1 - - - - - 0.36
25 49 38 37 17 21 20 83 | 0.00 3 28 32 | 02 | 53 | 00| 00 |293| 36 | 0.2 2"

9 31 11 59 3 37 31
P - - - - - - - - 0.00 | 0.00 - - 00 | 0.0 | 0.0 | 0.0 - 0.0 | 0.0 | 0.37

00| 00|00 00|00 )|00]|00]0O0O0 2 1 0.0 | 0.0 | 06 25 10 31 | 0.00 | 16 59 "
03 11 10 08 31 28 01 18 07 07 1

DFF-Days to 50% flowering; HSW: Hundred seed weight; PL: Pod length; SMK: Sound mature kernels; NPP: Number of pods per plant; MPP:
Mature pods per plant; DTM: Days to maturity; PH: Plant height (cm); PBPP: Primary branches per plant; SBPP: Secondary branches per plant;
SP: Shelling percentage; OC: Oil content; PYPP: Pod yield per plant; KY: Kernel yield (kg/ha); HY: Haulm yield (kg/ha); PY: Pod yield (kg/ha); ;
LLS-80 :late leaf spot 80 days after sowing ; R-80: rust 80 days after sowing; L-90: late leaf spot 80 days after sowing ; R-90: rust 80 days after
sowing; LLS-80 :late leaf spot 80 days after sowing ; R-80: rust 80 days after sowing; L-90: late leaf spot 80 days after sowing ; R-90: rust 80 days
after sowing.

Table 9: Path analysis of confectionery groundnut genotypes for quality traits with yield contributing trait

Traits BLA ocC PC OLAC LN AC PLAC STAC O/L HSW
BLA G -0.989 0.022 -0.349 0.207 -0.828 -0.834 0.363 0.792 0.102
P -0.006 0.000 -0.001 0.001 0.000 0.000 -0.002 0.000 0.105
ocC G -0.028 1.243 -0.873 -0.406 -0.010 0.093 -0.585 0.026 -0.374~
P 0.005 -0.008 0.022 0.007 -0.008 -0.010 0.011 0.008 -0.302**
PC G 0.158 -0.315 0.448 0.151 0.691 0.704 -0.406 -0.620 0.296'
P -0.012 -0.016 0.020 0.063 -0.043 -0.049 0.002 0.051 0.186
OLAC G 0.420 0.653 -0.675 -2.002 -0.222 -0.304 0.391 0.217 0.533"
P -0.001 -0.024 0.021 0.038 -0.055 -0.044 0.006 0.053 0.435**
LN AC G 0.013 0.706 -0.628 -0.820 1.293 1.817 -0.102 -1.620 -0.335
P -0.001 0.005 -0.007 -0.012 0.012 0.016 -0.003 -0.013 -0.264*
PLAC G 0.087 -0.523 0.624 0.837 1.269 1.178 -0.256 -1.213 -0.530"
P -0.023 0.009 -0.031 -0.002 0.007 0.012 -0.062 -0.004 -0.361**
STAC G 0.639 -0.353 0.942 0.055 -0.856 -0.922 0.338 0.934 0.054
P 0.004 0.069 -0.060 -0.139 0.162 0.139 -0.012 -0.171 -0.011
O/L G -0.048 -0.905 0.878 1.470 -0.218 -0.395 1.080 0.142 0.454~
P 0.005 -0.008 0.022 0.007 -0.008 -0.010 0.011 0.008 0.357**

BLA: Blanchability;

oleic acid/linoleic acid; HSW: Hundred seed weight.

OC: Oil content; PC: Protein content; OLAC: Oleic acid; LNAC: Linoleic acid; PLAC: Palmitic acid; STAC: Stearic acid; O/L:







yield, followed by seed weight, oil content, and sound mature kernel. As a result, direct selection for
these characteristics would be effective. The path analysis of quality traits showed that oil content,
protein content and O/L ratio have highest direct effect on hundred seed weight at genotypic
level.Hence these characters can be considered as criteria for selection as direct selection for these
traits would be effective (Table 9).

Conclusion

Confectionery groundnut of the highest edible grade is in high demand all around the world.
The goal of breeding programmes around the world is to develop new varieties that meet the needs
of growers, processors, and consumers; however, exclusive breeding efforts to develop
confectionary groundnut genotypes are very limited due to their negative association with low
shelling outturn, lower percentage of sound mature kernels, prolonged maturity, and fresh seed
dormancy. As a result, it is critical to access the genetic diversity of groundnuts for confectionery
kinds with adequate physical and chemical attributes in order to establish a cultivar that meets not
only domestic needs but also the export market. In the present investigation helped in identifying the
promising lines with better sound mature kernels with minimum oil content and high protein and O/L
ratio.
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