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Abstract Genetic advancement and gains in yield
and related traits are dependent on the selection of best
combiner parents and progenies under the prevailing
growing conditions. This study was conducted to
determine the combining ability effects of eight
selected drought-tolerant groundnut parental lines
and their F2 progenies under drought-stressed (DS)
and non-stressed (NS) conditions to determine the
gene actions involved in the inheritance of the studied
traits and identify the best parents and progenies for
further improvement of the crop for moisture stress
tolerance. Experiments were conducted at the Inter-
national Crops Research Institute for the Semi-Arid
Tropics (ICRISAT) in India during 2020 cropping
season. Data on some of the important physiological,
yield and yield component traits were collected. The
general combining ability (GCA) effects of parents
were significant (P < 0.05) for all assessed traits
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under all testing conditions, except for PB under DS
and NS conditions in the glasshouse. The specific
combining ability (SCA) effects of progenies were
significant (P < 0.05) for all traits, except for PH
across all testing environments and PB under field
conditions. The genotype ICGV 10178 was the best
general combiner with positive contribution and
significance to SCMR, PY, SHP, KY, TBM and HI
and reduced SLA. Crosses ICGV 10178 x ICGV
11369, ICGV 10373 x ICGV 15083, ICGV 98412 x
ICGV 15094 and ICGV 10178 x ICGV 98412 were
the best specific combiners for enhanced pod yield and
drought tolerance. The GCA was found predominant
over the SCA effect for the inheritance of PY, KY and
TBM. Higher GCA: SCA rations were recorded for
PY and KY under both DS and NS conditions, and
SCMR, SLA and TBM under DS condition suggesting
the predominant role of additive genes conditioning
the inheritance of these traits. Therefore, the above
new progenies are useful populations for developing
improved pure line groundnut varieties with high pod
yield and drought tolerance.
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Introduction

Groundnut (Arachis hypogaea L., 2n = 4x = 40), is a
nutrient-rich food legume and oilseed crop cultivated
mainly in the semi-arid tropics where recurrent
drought is common. Groundnut is a predominantly
self-pollinating crop with about 5% cross-pollination
depending on season and genotype. For example,
during the post-rainy season higher outcrossing rate
was reported compared with the rainy season and the
Spanish type of groundnut shows a higher outcrossing
level than the Virginia type (Reddy et al. 1993).
Climate change studies predicted increased rainfall
variability, likely affecting crop production and pro-
ductivity under water-limited environments (Watson
et al. 2015).

Groundnut yield is affected by drought stress at
different growth stages (Rao et al. 1985; Meisner and
Karnok 1992) reported 49% and 37% unshelled yield
reduction in groundnut due to drought stress during
flowering and early pod-filling stages, respectively.
Thus, breeding groundnut genotypes with high pod
yield potential along with drought-tolerant and desir-
able agronomic traits is an overriding consideration to
sustain groundnut production and productivity. Most
groundnut breeding programs had been using yield
and surrogate traits such as specific leaf area, chloro-
phyll content, biomass production, and harvest index
for drought tolerance screening (Nigam et al. 2005).
However, the inheritance of traits associated with
drought adaptation are likely to be genetically com-
plex and governed by polygenes (Ravi et al. 2011).
Further, drought tolerance is subject to genotype X
environment interaction (Ravi et al. 2011; Falke et al.
2019).

Knowledge of combining ability effects and mode
of gene action responsible for regulating expression of
different traits is a prerequisite in planning appropriate
breeding strategies for biotic and abiotic stress toler-
ance (Kiani et al. 2007). The diallel mating design is
the most widely used method to determine the
combining ability effect and the nature of gene action
involved in yield and yield-influencing traits (Falconer
and Mackay 1996; Sprague and Tatum 1942) intro-
duced the concept of general combining ability (GCA)
and specific combining ability (SCA) effects. GCA of
parents is associated with additive gene effects, while
the SCA effect of progenies is attributed to dominance
and epistasis gene actions (Rojas and Sprague 1952).
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Combining ability analysis enables the selection of the
best parents and progenies with desirable GCA and
SCA effects, in that order, in plant breeding programs.
Significantly higher GCA effects is attributed to
polygenes with minor gene effect; hence pure line,
recurrent or single seed descent selection methods can
be effective for enhanced response to selection (Singh
and Narayanan 2017). Conversely, a significantly
higher SCA effect reveals the predominance of non-
additive gene action, and in this case, heterosis
breeding is more rewarding in sexually reproducing
crops if cost-effective and efficient hybridization
techniques are available. If the estimated values of
GCA and SCA effects for a trait becomes equal, this
suggests an equal contribution of additive and non-
additive genetic variance; hence population improve-
ment can be adopted to develop superior genotypes
(Singh and Narayanan 2017). In groundnut breeding
for drought tolerance, Sanogo et al. (2020) reported a
significant GCA effect for pod yield, harvest index,
biomass production and shelling percentage, while a
significant SCA effect was found for chlorophyll
meter reading based on soil-plant analysis develop-
ment (SPAD) under both drought-stressed and non-
stressed conditions.

In Ethiopia, groundnut is one of the most important
food and oil crops grown under rainfed conditions.
The major groundnut producer regions in the country
are Oromia (contributing to 59.2% of the total national
production), Benshangul-Gumuz (24.83%), Amhara
(7.43%), and Harari (3.29%) (CSA 2018). The total
land coverage and national mean yield of groundnut in
Ethiopia are estimated to be 80, 842 ha and 1.76 tons/
ha, respectively (CSA 2018). In these agro-ecologies,
water stress due to erratic rain distribution is the major
impediment to crop production. In Eastern Ethiopia,
where groundnut is a major crop, drought stress
occurring during the flowering stage is a key abiotic
constraint (Abady et al. 2019a). A limited number of
introduced groundnut varieties were released for
cultivation in the country (MoANRs 2016). However,
these varieties are late maturing and low yielding and
were not bred for drought tolerance. Therefore, there is
a need to develop groundnut varieties with high
yielding and drought stress tolerance that are adapted
for cultivation under rainfed and drought-affected
agro-ecologies. In an attempt to develop high yielding
and drought-tolerant groundnut cultivars, information
on combining ability and mode of gene action
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responsible for drought tolerance has paramount
importance. There is a dearth of information on
combining ability effects and genetic analysis of
groundnut to guide selection anxd cultivar develop-
ment, especially for moisture stress tolerance, in
Ethiopia. Consequently, 100 groundnut genotypes
were phenotyped under field conditions and genotyped
with high-density single nucleotide polymorphism
(SNP) markers at ICRISAT/India to select drought-
tolerant and genetically superior parents for breeding.
Accordingly, some complementary lines were
selected based on their yield potential, biomass
production, early maturity and drought tolerance.
The selected lines should be bred to develop
drought-tolerant and locally adapted cultivars under
Ethiopian conditions or similar agro-ecologies. There-
fore, the objective of this study was to determine the
combining ability effects of eight selected drought-
tolerant, agronomical superior and complementary
groundnut parental lines and their F2 progenies under
drought-stressed and non-stressed conditions to deter-
mine the gene actions involved in the inheritance of
the studied traits and identify the best parents and
progenies for further improvement of the crop for
moisture stress tolerance.

Materials and methods

Study site, plant materials, crosses and mating
design

The experiments were conducted at the International
Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), Patancheru in India. ICRISAT is situated
at a latitude of 17.51° N and a longitude of 78.27° E
with an altitude 545 m above sea level. Eight parents
were selected for crosses based on selected based on
field phenotypic evaluations and SNP genotyping
aiming at yield potential, biomass production, early
maturity, drought tolerance and genetic diversity. The
details of groundnut parents used for crosses are
presented in Table 1. The eight parents consisted of
five Spanish bunch type (such as genotypes ICGV
15083, ICGV 10178, ICGV 98412, ICGV 96174 and
ICGV 11396) and three Virginia bunch type (ICGV
06175, ICGV 10373 and ICGV 15094). Parent ICGV
98412 is a high yielding genotype with a medium
maturity period released for cultivation in Ghana and

Ethiopia (Abady et al. 2019b). Parent ICGV 15083 has
high oleic acid content and was released in India
(ICRISAT 2020). All the remaining genotypes are
advanced breeding lines acquired from ICRISAT/
India. The selected parents showed varied maturity
duration. Genotypes ICGV 06175 and ICGV 15083
attain physiological maturity at 110 days after sowing
(DAS), making them early maturing genotypes for
drought tolerance breeding. Genotypes ICGV 10373,
ICGV 10178, ICGV 96174, ICGV 11396 and ICGV
15094 attain maturity at 120 DAS, while ICGV 98412
mature in 130 DAS. The stress tolerance index was
used to assess the drought tolerance level of the
assessed genotypes.

The parents were grown in poly-house under
controlled temperatures and light conditions at
ICRISAT during 2019/20. Growing media was pre-
pared with a mixture of red soil, sandy soil and
farmyard manure with a ratio of 4:3:1, respectively.
The media was autoclaved at 200 °C for 2 h on two
occasions to ensure soil health. Crosses were per-
formed using a half-diallel mating design without
reciprocals to obtain 28 F1 families. Each parent was
grown in five plastic pots, and three seeds were sown
in each pot and staggered planted. Hand emasculation
and pollination were carried out according to the
technique developed by Nigam et al. (1990).

Growing parents and the F2 families

The genotypes were evaluated under drought-stressed
(DS) and non-stressed (NS) conditions in a controlled
environment (glasshouse condition) and under non-
stressed field conditions during 2019 and 2020. The
experiments involved 28 F2 families and eight parents.
The experiments were conducted using a 4 x 9 alpha
lattice design with two replications. Growing media
for the glasshouse experiment was prepared as
described above. Under glasshouse conditions, the
genotypes were grown in plastic pots, and three seeds
were sown in each pot and evaluated under DS and NS
conditions. The pots were maintained with regular
irrigation until flowering for both treatments. Stress
was imposed at the flowering stage by withholding
water until wilting symptoms appeared (Vaidya et al.
2016). For the NS treatment, sufficient irrigation was
supplied until physiological maturity. Under field
conditions, seed of each genotype were sown in a
single row of 4-meter-long with 30 cm between rows

@ Springer



200 Page 4 of 19

Euphytica (2021) 217:200

Table 1 Description of groundnut parents used for crosses

No Genotype Market type

Breeding history Seed shape

Seed size Pod Maturity class Drought tolerance

constriction
1 ICGV 06175 Virginia bunch ABL Round Small Moderate Early Tolerant
2 ICVG 10373 Virginia bunch ABL Round Medium  Slight Medium Tolerant
3 ICGV 15083 Spanish bunch Cultivar Elongated Large Moderate Early Tolerant
4 ICGV 10178 Spanish bunch ABL Flat Large Slight Medium Tolerant
5 ICGV 98412 Spanish bunch  Cultivar Elongated Large Moderate Medium Semi-tolerant
6  ICGV 96174 Spanish bunch ABL Round Large Slight Medium Semi-tolerant
7  ICGV 11396 Spanish bunch ABL Flat Medium  Slight Medium Semi-tolerant
8 ICGV 15094 Virginia bunch ABL Round Medium  Moderate Medium Semi-tolerant

ABL advanced breeding line

and 10 cm between plants. Weather data during field
trial is presented in Table 2. The mean annual rainfall
during 2020 was 43.9 mm. The field experiment was
conducted with supplementary irrigation to evaluate
genotypes under optimal conditions. The mean min-
imum and mean maximum temperatures during the
experimental period were 22.70 and 30.96 °C,
respectively.

Data collected

DF were recorded by counting the number of days
from sowing to when 50% of the total plant stand had
reached flowering. Soil plant analysis development
(SPAD) chlorophyll meter reading (SCMR) was
recorded at 80 days after sowing from three trifoliates
of each plant between 8:00 to 9:30 am. The SCMRs
were recoded using Minolta SCMR-502 m (Tokyo,
Japan), and the reading was taken as described by Rao
etal. (2001). Leaf area was measured using a leaf area
scanner, and leaves were oven-dried at 80 °C for 48 h.
SLA was calculated based on the formula suggested
by Rao et al. (2001) as follow:

SLA = Leaf area (cm?)/Leaf dry weight (g)

PH (cm) was measured from ten randomly sampled
plants from the soil surface to the tip of the main stem.
PB was recorded as the average number of primary
branches from the ten plants. PY (g plant™ ') was
recoded as the average pod weight of ten sample
plants. SHP (%) for each genotype was calculated
from a random sample of pods weighing 200 g, as the
proportion of shelled seed weight to the total weight of
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the unshelled pods. KY (g plant™ ') was estimated as
the product of pod yield per plant and shelling outturn
and TBM (g plant™ ') was recorded as the mean total
biomass weight of ten sample plants during physio-
logical maturity of the crop. HI (%) was computed as a
ratio of pod weight to total biomass (Mukhtar et al.
2013).

Data analysis
Analysis of variance

The data collected were subjected to analysis of
variance using SAS version 9.3 Software (SAS
Institute Inc., 2011). Treatment means were separated
using the least significant difference (LSD) test at 5%
significance level.

Combining ability analysis

Data were subjected to combining ability analysis
using a half-diallel (Method II, Model I) approach of
Griffing (1956) with Model I and Method II. The linear
mathematical model used for the half-diallel per
experiment was as follows:

1
Y :H+gi+gj+sij+%zzeijkl

where Yj; = the value of a character measured on
cross of ith and jth parents; B = the population
mean; g; = the general combining ability effect of
the ith parent; g = the general combining ability
effect of the jth parent; s;; = the specific combining
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Table 2 Monthly weather data during the field trial at ICRISAT/India in 2020

Month Rainfall (mm) Tmax (°C) Tmin (°C) RHmax (%) RHmin (%)
June 6.37 33.45 24.05 87.8 63.9

July 7.37 31.35 23.05 90.61 71.25
August 9.69 28.92 22.65 91.87 79.32
September 8.38 30.77 22.59 93.43 76.83
October 12.09 30.33 21.14 93.52 73.35

Tmax, average maximum temperature; Tmin, average minimum temperature; RHmax, average maximum relative humidity; RHmin,

average minimum relative humidity

ability effect of the cross between Ith and jth parents
such that s;; = s;; and e = the environmental effect
associated with ijkth observation; b and ¢ = num-
ber of blocks and sample plants, respectively.

The GCA and SCA effects were computed using
the AGD-R (Analysis of Genetic Designs in R)
software version 5.0 (Francisco et al. 2015). The
variance components of GCA and SCA were calcu-
lated as per the formula provided in Singh and
Chaudhary (1977).

Variance due to GCA
1 2 = M
P—1 = P+2

Variance due to SCA

2 ,
mZZS?ZMs—Me

i<j

Narrow sense heritability was calculated according
to Singh and Chaudhary (1977). The predominance of
additive versus non-additive gene action was com-
pared from the ratio of components of GCA variance
to SCA variance (Baker 1978).The closer the GCA to
SCA ratio to unity is, the greater would be the
magnitude of additive genetic effects, while the ratio
much less than unity suggests a predominant role of
non-additive gene effects conditioning trait
inheritance.

Results
Analysis of variance

Analysis of variance revealed significant (p < 0.05)
difference among parents and F2 progenies for all

assessed traits, except PB under both drought-stressed
(DS) and non-stressed (NS) conditions in the glass-
house and SHP under NS in the field condition
(Table 3). Both GCA x environment and SCA x
environment interactions were significant (p < 0.05)
for DF, PB, PY, SHP and KY under NS conditions. In
addition, the GCA x environment interaction effects
of these traits were higher than their respective entries
X environment interaction values. Under all testing
environments, the GCA effects of the parents showed
significant differences for all the traits except PB
under DS condition. Furthermore, significant SCA
effects were noted for DF, SCMR, PY, SHP, KY,
TBM and HI under DS and NS conditions. The relative
importance of GCA and SCA effects ranged from 0.01
for PB to 1 for PH under DS condition and 0.06 for DF
to 0.99 for TBM. High narrowsense heritability (h’n)
values were recorded for PY (56.38%) and KY
(52.34%) under NS condition, while higher h’n values
were recoded for SCMR, SLA, PY, KY and TBM with
values of 53.56%, 61.24%, 46.64%, 53.69% and
66.46% in that order.

Mean performance

The early flowering genotypes under DS, were ICGV
15094 (29 days) and crosses ICGV 15083 x ICGV
11396 (29 days), ICGV 06175 x ICGV 96174 (30
days), ICGV 15083 x ICGV 98412 (30 days) and
ICGV 06175 x ICGV 15083 (30 days) (Table 4).
Under the NS glasshouse condition, the highest mean
value for plant height was recorded for the parent
ICGV 06175 and crosses ICGV 10178 x ICGV
96174, ICGV 15083 x ICGV 11396 and ICGV 15083
x ICGV 98412 (Table 5).
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Table 4 Mean values for the nine phenotypic traits and chlorophyll meter reading (SCMR) among eight groundnut parents and 28 F,
families under drought-stressed glasshouse conditions

Entry DF PB PH SCMR SLA POD SHP KY TBM HI
Parents

ICGV 06175 33 8 31.5 45.3 231.87 10.7 66.36  7.10 46.00 30.31
ICGV 10373 31 7.5 24.875 47.4 121.18 8.60 53.53 4.60 37.35 29.67
ICGV 15083 33 7.25 33 46.95 181.35 1570  59.47 9.35 48.05 48.54
ICGV 10178 35 6.25 35.25 48.25 164.36 18.15 61.10 11.06 5470  49.64
ICGV 98412 32 6.5 33.25 51.75 245.96 9.80 50.98 5.00 35.85 38.13
ICGV 96174 32 6.5 27 443 262.88 5.45 65.79 3.60 25.80 29.91
ICGV 11396 34 7.5 25.5 47.85 194.46 10.80  56.95 6.15 45.50 31.33
ICGV 15094 29 8.5 26 47.3 237.34 2.95 4273 1.30 29.05 10.65
Mean 32.38 7.25 29.55 47.39 204.8 10.27 57.11 6.02 40.29 33.52
Crosses

ICGV 06175 x ICGV 15094 33 6.75 34 43.55 251.84 12.65 46.31 5.85 46.95 36.93
ICGV 10373 x ICGV 15094 35 8.25 26.25 48.2 181.23 8.40 59.03 4.90 39.90 26.68
ICGV 15083 x ICGV 15094 33 8 32.5 49.7 188.96 6.80 60.29 4.10 57.80 13.33
ICGV 10178 x ICGV 15094 32 9.25 22.75 52.2 177.55 17.35 64.73 11.25 54.95 46.32
ICGV 98412 x ICGV 15094 34 7 28.75 50.8 169.71 13.85 53.85 7.40 4190 4931
ICGV 96174 x ICGV 15094 32 6.25 23.75 39.85 245.95 8.15 42.83 3.50 33.35 36.33
ICGV 11396 x ICGV 15094 32 8.25 31.25 46.85 164.68 9.60 51.94 5.10 48.00  24.85
ICGV 06175 x ICGV 11396 33 7.25 28.25 51.3 194.86 11.85 55.94 6.65 38.35 45.40
ICGV 10373 x ICGV 11396 32 8.25 25 49 196.11 8.85 59.33 5.25 37.35 31.51
ICGV 15083 x ICGV 11396 29 9.25 26.25 47.75 159.24 8.15 50.24  4.10 43.45 23.12
ICGV 10178 x ICGV 11396 31 7.25 25.75 48.45 156.86 21.35 65.81 14.05 60.75 54.19
ICGV 98412 x ICGV 11396 33 6.25 25.75 49.3 147.95 10.95 46.54 5.10 42.50 34.70
ICGV 96174 x ICGV 11396 32 6.5 24.25 46.75 215.22 3.50 51.62 1.80 32.00 11.99
ICGV 06175 x ICGV 96174 30 6.25 19.75 45.7 190.91 13.10  50.02 6.55 48.55 37.26
ICGV 10373 x ICGV 96174 32 7.25 24.75 42 166.18 1240 6241 7.70 40.10  44.35
ICGV 15083 x ICGV 96174 33 8.25 29.5 42.05 167.51 8.00 61.33 4.90 46.25 22.47
ICGV 10178 x ICGV 96174 34 7.5 24.5 47.65 131.96 2090  63.99 13.4 62.30 5091
ICGV 98412 x ICGV 96174 33 8.25 26.5 45.3 195.91 12.10  54.55 6.60 42.45 40.15
ICGV 06175 x ICGV 98412 31 6.5 26 47.2 201.56 11.30  49.19 5.60 43.90 34.17
ICGV 10373 x ICGV 98412 33 7.25 24 53.65 200.16 11.85 63.79 7.55 40.45 41.97
ICGV 15083 x ICGV 98412 30 6 22 499 176.9 20.70  43.35 8.95 64.55 47.36
ICGV 10178 x ICGV 98412 33 6.25 33 51.35 180.93 22.65 67.32 15.25 67.10  51.32
ICGV 06175 x ICGV 10178 32 8 29 44.55 132.96 20.20  61.72 12.45 56.90  55.06
ICGV 10373 x ICGV 10178 34 7.75 27.5 51.2 166.68 2040 6198 12.60 62.30  48.65
ICGV 15083 x ICGV 10178 32 7 27.25 45.8 145.43 28.65 49.34 14.15 70.05 69.84
ICGV 06175 x ICGV 15083 30 9 335 47.4 214.28 17.50 62.61 10.95 55.75 45.80
ICGV 10373 x ICGV 15083 34 7.5 25.5 48.45 146.26 23.40 65.99 15.45 63.45 58.42
ICGV 06175 x ICGV 10373 32 8.5 23.75 45.55 194.41 9.15 62.39 5.70 35.55 35.38
Mean 32.29 7.49 26.82 47.55 180.79 14.06 56.73 8.10 49.18 39.92
Grand mean 32.43 7.43 27 47.51 186.12 13.22 56.81 7.64 47.20 38.49
CV (%) 1.34 18.24 14.23 4.46 18.04 11.62 5.98 12.53 15.18 14.87
LSD (5%) 0.88 2.77 7.98 4.34 68.68 3.14 6.95 1.95 14.66 11.71
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Table 4 continued

Entry DF PB PH

SCMR SLA POD SHP KY TBM HI

F test wok ns ns

* sk k] ks sk k]

DF, days to 50% flowering; PB, number of primary branches per plant; PH, plant height (cm); SLA, specific leaf area (ecm? g )
Pod, pod yield per plant (g); SHP, shelling percentage (%); KY = kernel yield per plant (g); TBM, total biomass yield per plant (g);
HI, harvest index (%), CV (%); percentage of coefficient of variation; LSD, Least significant difference; F, Fisher’s, ns, non-

significant
*Significant at p < 0.05%
**Significant at p < 0.01

The highest SCMR values were recorded for the
parents ICGV 98412 and ICGV 10178 and crosses
ICGV 10373 x ICGV 98412 and ICGV 10178 x
ICGV 15094, ICGV 10178 x ICGV 98412, ICGV
06175 x ICGV 11396 and ICGV 10373 x ICGV
10178 under DS condition. The lowest SLA values
were recorded for the parents ICGV 10373 and ICGV
10178 and crosses ICGV 10178 x ICGV 96174,
ICGV 06175 x ICGV 10178 (and ICGV 15083 x
ICGV 10178 under DS condition. Under NS condi-
tions in the glasshouse, the highest SLA values were
recorded for the parent ICGV 98412 and crosses ICGV
15083 x ICGV 98412, ICGV 15083 x ICGV 96174
and ICGV 96174 x ICGV 15094.

The highest PY were recorded for the parents ICGV
10178 (18.15 g plant™ ') and ICGV 15083 (15.7 g
plant™ ') and crosses ICGV 15083 x ICGV 10178
(28.65 g plant™ "), ICGV 10373 x ICGV 15083
(23.40 g plant™ ') and ICGV 10178 x ICGV 98412
(22.65 g plant™ ') under DS. Under NS condition in
the glasshouse, the highest PY were recorded for the
parents ICGV 10178 (25.37 g plant™ '), ICGV 98412
(23.75 g plant™ ') and ICGV 15083 (22.9 g plant™ ')
and crosses ICGV 10178 x ICGV 98412 (342 ¢
plant™ ), ICGV 15083 x ICGV 10178 (31.05 g
plant™ ) and ICGV 15083 x ICGV 98412 (31.05).
Under field condition, the highest PY were recorded
for the parents ICGV 10178 (15.00 g plant™ ') and
ICGV 15083 (12.80 g plant™ ') and crosses ICGV
15083 x ICGV 98412 (23.21 g plant™ '), ICGV
98412 x ICGV 11396 (23.20 g plant™ ') and ICGV
98412 x ICGV 96174 (23.16 g plant™ ') (Table 6).

The parents ICGV 10178 and ICGV 15083 and the
crosses ICGV 10373 x ICGV 15083, ICGV 10178 x
ICGV 98412, ICGV 15083 x ICGV 10178 gave the
highest KY values of 11.05, 9.35, 15.45, 15.25 and

@ Springer

14.15 g plant™ ', respectively under DS condition in
the glasshouse study. Under NS condition in the
glasshouse, the highest KY were recorded for parents
ICGV 98412 (14.10 gplant™ '), ICGV 10178 (13.70 g
plant™ ') and ICGV 15083 (12.60 g plant™ ') and
crosses ICGV 10178 x ICGV 98412 (20.75 g
plant™ "), ICGV 15083 x ICGV 98412 (20.00 g
plant™ ") and ICGV 15083 x ICGV 10178 (18.10 g
plant™ "). During the field study, the highest KY were
recorded for the parents ICGV 10178 (8.76 gplant™ ')
and ICGV 15083 (7.14 g plant™ ') and crosses ICGV
15083 x ICGV 98412 (14.32 g plant™ '), ICGV
98412 x ICGV 11396 (14.04 g plant™ ') and ICGV
98412 x ICGV 96174 (13.35 g plant™ ).

General combining ability effect of groundnut
parents

The parental line ICGV 15083 exhibited a significant
(p < 0.05) negative GCA effect for DF under DS
condition in a desirable direction and positive GCA
effects for PY, KY and TBM under both DS and NS
conditions in the glasshouse (Table 7). ICGV 10178
showed significant positive GCA effects for PY and
KY in all environments, positive GCA effect for
SCMR and negative GCA effect for SLA under DS
condition. In addition, ICGV 10178 exhibited a
significant positive GCA effect for DF under DS
conditions in the glasshouse and NS field conditions.
ICGV 98412 exhibited significant negative GCA
effect for DF and positive GCA effects for PY and
KY under NS condition in the glasshouse and NS field
condition. In addition, ICGV 98412 exhibited signif-
icant positive GCA effects for HI under both DS and
NS conditions in the glasshouse. Due to desirable
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Table S Mean values for the nine phenotypic traits and chlorophyll meter reading (SCMR) among eight groundnut parents and 28 F,
families under non-stressed glasshouse conditions

Entry DF PB PH SCMR SLA POD SHP KY TBM HI
Parents

ICGV 06175 335 8 30.5 58.1 140.27 14.75 63.67 9.35 44.8 33.44
ICGV 10373 33 6.5 24 53.4 129.57 12.2 59.83 7.45 34.45 35.73
ICGV 15083 34 7.5 28.5 51.7 194 22.9 55.01 12.60 61.20 37.43
ICGV 10178 35 5.75 28 57.75 220.38 25.35 54.07 13.70 61.70 41.07
ICGV 98412 32 6.5 27.25 54.25 224.41 23.75 59.49 14.10 41.00 59.05
ICGV 96174 32 5 29.25 52.15 148.31 14.3 63.60 9.10 54.95 26.03
ICGV 11396 35 7.5 24.75 48.2 124.97 14 43.09 6.05 46.15 30.57
ICGV 15094 30 7 21 50.4 167.15 12.5 52.19 6.55 49.85 25.52
Mean 33.06 6.72 26.66 53.24 168.63 17.47 56.37 9.86 49.26 36.10
Crosses

ICGV 06175 x ICGV 15094 36 7.25 27.5 53.75 138.47 17.65 59.84 10.75 55.75 31.73
ICGV 10373 x ICGV 15094 35 6.75 23 52 181.7 9.6 47.99 4.60 32.75 30.44
ICGV 15083 x ICGV 15094 335 8.25 27 55.2 119.32 19.1 56.81 10.85 55.10 34.68
ICGV 10178 x ICGV 15094 32 7.25 28.75 55.25 151.59 23.5 59.07 13.85 63.10 37.21
ICGV 98412 x ICGV 15094 35 6.25 27 524 145.1 16.6 55.93 9.30 56.65 29.52
ICGV 96174 x ICGV 15094 32 6 26.75 50.3 218.98 11.85 57.82 6.90 36.05 41.62
ICGV 11396 x ICGV 15094 33 7.75 31 46.05 128.6 16.8 44.53 7.55 53.75 31.26
ICGV 06175 x ICGV 11396 34.5 7 32 54.1 197.15 17.3 50.87 8.80 53.90 32.10
ICGV 10373 x ICGV 11396 32.5 6.25 25.75 52.25 147.68 16.45 57.37 10.00 40.30 40.31
ICGV 15083 x ICGV 11396 34 9 31.25 53.25 148.54 21.9 66.54 14.60 54.50 40.77
ICGV 10178 x ICGV 11396 32.5 6.75 30.25 54.75 154.71 21.6 58.00 12.50 63.40 34.04
ICGV 98412 x ICGV 11396 33 7 30 55.05 155.35 19.7 60.91 12.00 42.50 46.35
ICGV 96174 x ICGV 11396 33.5 6.25 31 53 168.89 16.9 52.02 8.85 53.90 31.42
ICGV 06175 x ICGV 96174 31 4.75 24.25 51.3 159.67 13.85 59.72 8.35 40.6 34.37
ICGV 10373 x ICGV 96174 34 6 27.25 53.35 189.43 13.25 64.26 8.50 34.65 38.19
ICGV 15083 x ICGV 96174 33 6.25 24.5 524 2243 25.3 64.83 16.40 50.6 50.38
ICGV 10178 x ICGV 96174 35.5 8.25 34 55.8 169.96 25.6 63.88 16.35 61.85 41.39
ICGV 98412 x ICGV 96174 32 6.25 21.75 51.05 158.25 24.05 61.29 14.75 49.6 48.51
ICGV 06175 x ICGV 98412 32.5 7.75 19.5 53.8 183.2 14.6 50.95 7.50 37.15 38.23
ICGV 10373 x ICGV 98412 33 6.75 23.5 48.6 186.47 16.25 62.37 10.40 42.45 36.52
ICGV 15083 x ICGV 98412 32.5 6.75 31.25 55.05 226.28 31.05 64.30 20.00 67.75 45.84
ICGV 10178 x ICGV 98412 34 6.5 29 59.45 207.7 34.2 60.66 20.75 71.3 48.95
ICGV 06175 x ICGV 10178 32 6.5 30.5 54.85 117.56 22.75 56.62 12.85 51.15 44.44
ICGV 10373 x ICGV 10178 35 6.5 26.75 50.7 190.2 18.9 62.66 11.85 50.15 37.69
ICGV 15083 x ICGV 10178 34 6.25 25.75 65.05 163.05 31.05 58.41 18.10 71.15 43.57
ICGV 06175 x ICGV 15083 32.5 6.25 26.75 54.25 91.02 12.1 52.33 6.35 47.35 25.35
ICGV 10373 x ICGV 15083 35 7 24.25 55.8 177.23 9.35 49.14 4.60 33.65 26.42
ICGV 06175 x ICGV 10373 32.5 5.25 27.25 52.75 166.49 9.25 54.84 5.15 42.35 21.84
Mean 33.39 6.74 27.41 53.63 166.67 18.95 57.64 11.16 50.48 37.26
Grand mean 33.31 6.73 27.24 53.54 167.1 18.61 57.35 10.87 50.2 36.99
CV (%) 1.64 18.49 12.16 6.33 16.52 16.87 8.18 20.55 15.72 20.69
LSD (5%) 1.12 2.54 6.77 6.94 56.47 6.42 9.59 4.56 16.15 15.66
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Table 5 continued

Entry DF PB PH SCMR SLA POD SHP KY TBM HI

F test % ns * * * *% * ok * *

DF, days to 50% flowering; PB, number of primary branches per plant; PH, plant height (cm); SLA, specific leaf area (ecm? g ;
Pod, pod yield per plant (g); SHP, shelling percentage (%); KY = kernel yield per plant (g); TBM, total biomass yield (g); HI, harvest
index (%);CV (%); percentage of coefficient of variation; LSD, Least significant difference; F, Fisher’s, ns, non-significant; *
significant at p < 0.05% and ** significant at p < 0.01

Table 6 Mean values for the six phenotypic traits among eight groundnut parents and 28 F, families under non-stressed field
conditions

Entry DF PH PB PY SHP KY
Parents

ICGV 06175 35.5 59 7 11.62 46.32 5.288
ICGV 10373 37 54.5 7 8.10 69.18 5.278
ICGV 15083 36 57 9 12.80 55.85 7.14
ICGV 10178 39 67 9 15.00 58.35 8.757
ICGV 98412 34 48.5 6 9.76 49.06 4.802
ICGV 96174 35 57 8 11.00 57.49 6.345
ICGV 11396 39 59 12 4.74 60.37 2.794
ICGV 15094 33 55.5 9.5 9.29 57.00 5.291
Mean 36.06 57.19 8.44 10.29 56.70 5.712
Crosses

ICGV 06175 x ICGV 15094 40 59 8.5 14.4 44.36 6.39
ICGV 10373 x ICGV 15094 39 55 16.5 10.02 48.66 4.88
ICGV 15083 x ICGV 15094 36 51 11.5 8.78 56.19 4.96
ICGV 10178 x ICGV 15094 36.5 65 9 16.25 57.75 9.39
ICGV 98412 x ICGV 15094 39 59 8 14.68 57.62 8.47
ICGV 96174 x ICGV 15094 34 58.5 12 9.77 4691 4.52
ICGV 11396 x ICGV 15094 35.5 56.5 10.5 8.27 47.67 3.93
ICGV 06175 x ICGV 11396 36.5 65.5 9.5 11.66 49.51 5.61
ICGV 10373 x ICGV 11396 37 50.5 11.5 5.21 50.80 2.63
ICGV 15083 x ICGV 11396 36 60 7 9.08 46.79 4.28
ICGV 10178 x ICGV 11396 35.5 75 8.5 16.40 52.28 8.58
ICGV 98412 x ICGV 11396 35.5 58 6.5 23.20 60.50 14.04
ICGV 96174 x ICGV 11396 35.5 55.5 8 8.32 54.22 4.58
ICGV 06175 x ICGV 96174 33 60 9.5 10.73 32.15 2.73
ICGV 10373 x ICGV 96174 35.5 58 7.5 15.79 53.05 8.39
ICGV 15083 x ICGV 96174 355 58 11.5 20.82 53.81 11.21
ICGV 10178 x ICGV 96174 39.5 65 10.5 10.48 47.13 4.98
ICGV 98412 x ICGV 96174 37 53 11 23.16 57.85 13.35
ICGV 06175 x ICGV 98412 36 55.5 11.5 13.48 45.44 6.06
ICGV 10373 x ICGV 98412 36 53 9.5 17.98 52.20 9.38
ICGV 15083 x ICGV 98412 35 61.5 5.5 23.21 61.70 14.32
ICGV 10178 x ICGV 98412 37 64 9 14.16 4477 6.27
ICGV 06175 x ICGV 10178 34 65 8.5 14.47 50.01 7.22
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Table 6 continued

Entry DF PH PB PY SHP KY
ICGV 10373 x ICGV 10178 39 60 7 12.96 55.06 7.11
ICGV 15083 x ICGV 10178 355 51 7 18.80 60.30 11.35
ICGV 06175 x ICGV 15083 36 51 9 7.54 41.50 3.17
ICGV 10373 x ICGV 15083 39 50.5 8.5 6.48 53.93 3.38
ICGV 06175 x ICGV 10373 36 55.5 10.5 8.66 48.90 3.96
Means 36.42 58.20 9.39 13.38 51.11 6.97
Mean 36.34 57.97 9.18 12.69 52.39 6.69
CV (%) 1.69 11.49 21.03 30.35 12.39 27.74
LSD (5%) 1.25 13.62 3.95 7.88 2.04 3.79
F test ok ns * & k *k

DF, days to 50% flowering; PB, number of primary branches per plant; PH, plant height (cm); PY, pod yield per plant (g); SHP,
shelling percentage (%); KY = kernel yield per plant (g); CV (%); percentage of coefficient of variation; LSD, Least significant
difference; F, Fisher’s, ns, non-significant; *Significant at p < 0.05% and **Significant at p < 0.01

Table 7 General combining ability effects for the nine phenotypic traits and chlorophyll meter reading (SCMR) of eight parental
genotypes of groundnut evaluated in the glasshouse (drought-stressed and non-stressed conditions) and non-stressed field conditions

Traits Env. Parents

ICGV ICGV ICGV ICGV ICGV ICGV ICGV ICGV
06175 10373 15083 10178 98412 96174 11396 15094

DF DS — 0.39* 0.41* — 0.44* 0.71ns 0.1lns — 0.14ns 0.01ns — 0.29%
DF NS — 0.19ns 0.31* 0.26ns 0.51% — 0.39% —049* 0.31% — 0.34%
DF NSF  — 0.46%* 0.84**  — 0.21ns 0.79%%* — 0.36% —0.71* 0.24ns — 0.11ns
PB DS 0.13ns 0.28ns 0.26ns — 0.14ns — 0.64ns — 0.37ns 0.10ns 0.38ns
PB NS 0.01ns — 0.31ns 0.41ns — 0.11ns — 0.04ns — 0.69ns 0.44ns 0.29ns
PB NSF  — 0.16ns 0.24ns — 0.46ns — 0.51ns — 0.96* 0.34ns 0.29ns 1.24%*
PH DS 1.04ns — 2.03%* 1.57ns 1.34ns 0.57ns — 1.98% — 0.93ns 0.44ns
PH NS 0.36ns — 1.94%* 0.26ns 1.58ns — 0.87ns 0.28ns 1.56ns — — 1.22ns
PH NSF 0.78ns — 3.03ns — 2.48ns 5.73% — — 2.08ns 0.03ns 1.73ns — 0.65ns
SCMR DS 0.91ns — 0.96ns 1.25ns 2.95% 0.20ns — 1.04ns — 1.70%* — 1.61ns
SCMR NS — 1.18* 0.52ns — 0.27ns 1.01ns 2.34%  — 2 97%k 0.75ns — 0.19ns
SLA DS 11.21ns — 34.04* — 7.20ns — 4.01ns 3.46ns 17.77* — 5.13ns 17.95*
SLA NS - 17.0*% — 193 12.3ns 13.5% 11.0ns 8.2ns — 9.9ns 1.2ns
POD DS — 0.18ns — 0.73ns 2.56%** 6.88** 0.4ns  — 2.99%* — 2.31%* — 3.63%*
POD NS — 3.06* — 5.01%* 2.81* 6.07** 3.64* — 0.82ns — 0.89ns — 2.75%
POD NSF  — 1.0lns — 2.10* 0.60ns 1.92% 3.51%* 0.68ns — 2.26%* — 1.35ns
SHP DS 0.96ns 3.06* 0.08ns 4.58%* — 3.08* 0.7ns — 1.6ns — 3752
SHP NS — 0.37ns 0.21ns 0.61ns 1.12ns 1.92ns 3.48%* — 3.98% — 2.99%
SHP NSF  — 6.67* 2.98ns 1.47ns 1.28ns 0.70ns — 1.11ns 1.14ns 0.2ns
KY DS — 0.08ns — 0.04ns 1.25%* 4.65%%* — 0.23ns  — L1.71** — 1.44%%* — 2.41%*
KY NS — 1.94* — 2.78* 1.83* 3.58** 2.51* 0.05ns — 1.14* — 2.09%
KY NSF  — 1.45% — 0.99* 0.67ns 1.22% 2.13* 0.22ns — 1.10* — 0.71ns
TBM DS — 0.69ns — 3.1ns 7.26%* 11.90%** — 1.03ns — 6.82* — 3.14ns — 4.39%
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Table 7 continued

Traits Env. Parents

ICGV ICGV ICGV ICGV ICGV ICGV ICGV ICGV

06175 10373 15083 10178 98412 96174 11396 15094
TBM NS — 3.40ns — 10.67* 5.06%* 10.36%** — 0.25ns — 1.47ns 0.27ns 0.10ns
HI DS 0.41ns — 0.02ns 3.09* 12.91 % 2.88%  — 4.32% — 5.81* — 9.14%*
HI NS — 3.81% — 3.01ns 0.89ns 3.64ns 7.90% 0.49ns — 1.56ns — 4.55%

Env., environments; DS, drought-stressed; NS, non-stressed; NSF = non-stressed at field condition; DF, days to 50% flowering; PB,
number of primary branches per plant; PH, plant height (cm); SLA, specific leaf area (cm? g : PY, pod yield per plant (g); SHP,
shelling percentage (%); KY = kernel yield per plant (g); TBM, total biomass yield per plant(g); HI, harvest index (%); GCA values

of parents in a row followed by ns are non-significant
*Significant at p < 0.05%
**Significant at p < 0.01

GCA effects for PY, KY and HI the parental lines
ICGV 10178, ICGV 15083 and ICGV 98412 These
lines could be recommended to breed drought stress
tolerance.

Specific combining ability effect of crosses

During the glasshouse study under DS conditions,
higher and significantly negative SCA effects in a
desirable direction were detected for DF by the
families ICGV 15083 x ICGV 11396, ICGV 10178
x ICGV 11396 and ICGV 06175 x ICGV 15083
(Table 8). Under NS conditions in the glasshouse,
ICGV 10178 x ICGV 96174 and ICGV 15083 x
ICGV 98412 exhibited significant positive SCA
effects for PH, which is desirable for breeding
groundnut genotypes for increased plant height
(Table 9). Crosses ICGV 10373 x ICGV 15094 and
ICGV 06175 x ICGV 98412 showed significantly
positive SCA effects for PB under field conditions
(Table 10). These are desirable families for enhanced
biomass yield in groundnut.

Families ICGV 06175 x ICGV 11396, ICGV
10178 x ICGV 15094 and ICGV 10373 x ICGV
98412 displayed significant positive SCA effect for
SCMR under DS condition. Under DS condition,
significant negative SCA effect for SLA was recorded
for ICGV 06175 x ICGV 96174, whereas significant
positive SCA for SLA were recorded for ICGV 15083
x ICGV 96174, ICGV 15083 x ICGV 98412, ICGV
96174 x ICGV 15094 and ICGV 10178 x ICGV
98412 under NS condition in the glasshouse.

@ Springer

Under DS condition, significant positive SCA
effects for PY were recorded for ICGV 10373 x
ICGV 15083, ICGV 15083 x ICGV 10178, ICGV
15083 x ICGV 98412, ICGV 98412 x ICGV 15094
and CGV 10178 x ICGV 96174. Under NS condition
in glasshouse, significant positive SCA effects for PY
were noted for ICGV 15083 x ICGV 98412, ICGV
10178 x 98412, ICGV 06175 x ICGV 15094 and
ICGV 15083 x ICGV 96174. Under field condition,
ICGV 98412 x ICGV 11396, ICGV 15083 x ICGV
96174, ICGV 98412 x ICGV 96174 and ICGV 15083
x ICGV 98412 displayed significant positive SCA
effects for PY.

Under DS condition, crosses such as ICGV 10373
x ICGV 10178, ICGV 10178 x ICGV 15094, ICGV
10178 x ICGV 96174, ICGV 10178 x ICGV 11396
and ICGV 06175 x ICGV 10178 exhibited significant
positive SCA effects for KY. Under NS condition in
the glasshouse, ICGV 15083 x ICGV 98412, ICGV
06175 x ICGV 15094, ICGV 10178 x ICGV 98412,
ICGV 15083 x ICGV 96174 and ICGV 10373 x
ICGV 11396 exhibited significant positive SCA
effects for KY. Under field condition families ICGV
98412 x ICGV 11396, ICGV 15083 x ICGV 98412,
ICGV 98412 x ICGV 96174, ICGV 15083 x ICGV
96174 and ICGV 15083 x ICGV 10178 expressed
significant positive SCA effects for KY.

Discussion

The development of promising groundnut genotypes
with high yield potential and drought tolerance would
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Table 10 Specific combining ability effects for the six phenotypic traits of 28F, groundnut families under non-stressed field

conditions

Traits

Crosses DF PB PH POD SHP KY
ICGV 06175 x ICGV 15094 4.23%:* — 1.76ns 0.93ns 4.07ns — 1.53ns 1.86ns
ICGV 10373 x ICGV 15094 1.93%* 5.84%* 0.73ns 0.77ns — 6.87ns — 0.11ns
ICGV 15083 x ICGV 15094 — 0.02ns 1.54ns — 3.82ns — 3.17ns 2.16ns — 1.70ns
ICGV 10178 x ICGV 15094 — 0.52ns — 091ns 1.98ns 2.98ns 3.92ns 2.19ns
ICGV 98412 x ICGV 15094 3.13%* — 1.46ns 3.78ns — 0.17ns 4.37ns 0.36ns
ICGV 96174 x ICGV 15094 — 1.52% 1.24ns 1.18ns — 2.25ns — 4.54ns — 1.68ns
ICGV 11396 x ICGV 15094 — 0.97* — 0.21ns — 2.52ns — 0.81ns — 6.01ns — 0.96ns
ICGV 06175 x ICGV 11396 0.38ns 0.19ns 5.03ns 2.24ns 2.69ns 1.47ns
ICGV 10373 x ICGV 11396 — 0.42ns 1.79ns — 6.17ns — 3.12ns — 5.66ns — 1.97ns
ICGV 15083 x ICGV 11396 — 0.37ns — 2.01ns 2.78ns — 1.96ns — 8.17ns — 1.98ns
ICGV 10178 x ICGV 11396 — 1.87%* — 0.46ns 9.58ns 4.04ns — 2.49ns 1.76ns
ICGV 98412 x ICGV 11396 — 0.72ns — 2.01ns 0.38ns 9.26* 6.31ns 6.32%*
ICGV 96174 x ICGV 11396 — 0.37ns — 1.81ns — 4.22ns — 2.79ns 1.84ns — 1.24ns
ICGV 06175 x ICGV 96174 — 2.17%* 0.14ns 1.23ns — 1.64ns — 12.43% — 2.73*
ICGV 10373 x ICGV 96174 — 0.97* — 2.26ns 3.03ns 4.51ns — 1.17ns 2.46*
ICGV 15083 x ICGV 96174 0.08ns 2.44ns 2.48ns 6.84* 1.09ns 3.63*
ICGV 10178 x ICGV 96174 3.08%* 1.49ns 1.28ns — 4.82ns — 5.40ns — 3.15%
ICGV 98412 x ICGV 96174 1.73%:% 2.44ns — 2.92ns 6.27% 5.90ns 4.31%*
ICGV 06175 x ICGV 98412 0.48ns 3.44%* — 1.17ns — 1.72ns — 0.95ns — 1.31ns
ICGV 10373 x ICGV 98412 — 0.82% 1.04ns 0.13ns 3.87ns — 3.84ns 1.56ns
ICGV 15083 x ICGV 98412 — 0.77ns — 2.26ns 8.08ns 6.40* 7.17ns 4.82%%
ICGV 10178 x ICGV 98412 0.23ns 1.29ns 2.38ns — 3.98ns — 9.57% — 3.77*
ICGV 06175 x ICGV 10178 — 2.67%* — 0.01ns 0.53ns 0.86ns 3.04ns 0.75ns
ICGV 10373 x ICGV 10178 1.03* — 1.91ns — 0.67ns 0.43ns — 1.55ns 0.19ns
ICGV 15083 x ICGV 10178 — 1.42% — 1.21ns — 10.22%* 3.57ns 5.19ns 2.76*
ICGV 06175 x ICGV 15083 0.33ns 0.44ns — 5.27ns — 4.75ns — 5.66ns — 2.74%
ICGV 10373 x ICGV 15083 2.03** — 0.46ns — 1.97ns — 4.73ns — 2.88ns — 2.99*
ICGV 06175 x ICGV 10373 — 0.72ns 1.24ns — 0.22ns — 0.93ns 0.23ns — 0.29ns

DF, days to 50% flowering; PB, number of primary branches per plant; PH, plant height (cm); SCMR, chlorophyll meter reading;
SLA, specific leaf area (cm® g~ '); PY, pod yield per plant (g); SHP, shelling percentage (%); KY = kernel yield per plant (g); TBM,
total biomass yield per plant (g); HI, harvest index (%); SCA values of traits in a column followed by ns are ns, non-significant;
*Significant at p < 0.05% and **Significant at p < 0.01 among crosses

enhance the production and productivity of the crop
under dry-land conditions. The analysis of variance
(Table 3) revealed significant differences among test
parents and crosses for most of the assessed traits
across all testing environments. This finding indicates
that parents and the new crosses exhibited consider-
able variability for most of the studied traits. Similar
trends were reported in previous findings (Zongo et al.
2017; Chavadhari et al. 2017). The present study

showed that the mean PH for the test genotypes under
DS was shorter than under NS conditions in glass-
house and field conditions (Tables 4 and 5). These
results agreed with the findings of Arruda et al. (2015),
who pinpointed 34% plant height reduction in ground-
nut due to mid-season moisture stress. In groundnut,
strong positive associations between plant height and
pod yield under optimum environments were reported
by Zongo et al. (2017) and Kamdar et al. (2020). Taller
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plants have better radiation interception and total
biomass productivity than shorter plants (Mathew
et al. 2019). Drought stress affects plant growth rates
primarily through reductions in radiation use effi-
ciency of the plant (Jamieson et al. 1995). This implies
that selection of taller plants under drought-prone
areas could also be associated with enhanced biomass
production.

Groundnut genotypes with the capability to main-
tain high chlorophyll content and biomass yield under
drought-stressed conditions could show better toler-
ance to drought (Oppong-Sekyere et al. 2019; Songsri
et al. 2008). The mean values of total biomass for
crosses were higher than their parents under both DS
and NS conditions in the glasshouse (Tables 4 and 5).
Under DS condition, the highest TBM was recorded
for the parents ICGV 10178 and ICGV 15083 and
crosses ICGV 15083 x ICGV 10178, ICGV 10178 x
ICGV 98412 and ICGV 15083 x ICGV 98412. These
genotypes can be used in groundnut breeding pro-
grams to enhance biomass production under stress
environments in Ethiopia. Genotypes with higher
TBM were recommended for production under inter-
mittent drought in groundnut (Ratnakumar et al.
2009). Higher TBM production under drought-
stressed conditions is associated with the genotypes’
root system to mobilize water from the soil for stem
elongation and biomass accumulation. This refers to
thetranspiration efficiency of the genotypes (Vadez
et al. 2014).

In the present study, the highest pod yield was
recorded for ICGV 10178 under both moisture con-
ditions. Identifying genotypes with high and
stable yield performance under drought-stressed and
non-stressed environments is pertinent to ensure
production and productivity of groundnut (Shrief
et al. 2020). Drought stress during the flowering and
grain filling stage can drastically cause pod yield
reduction in groundnut. This is associated with a
reduction in shelling percentage, as expressed by the
decrease in the weight ratio of the seeds and the pods
(Ratnakumar and Vadez 2011). This suggests that the
selection of genotypes with high shelling percentage
and/or seed yield could help to sustain groundnut
production in drought stress and non-stressed envi-
ronments. The following crosses with high SHP:
ICGV 10178 x ICGV 98412, ICGV 10373 x 15083
and ICGV 178 x ICGV 11396 under DS condition in
the glasshouse and, ICGV 15083 x ICGV 96174,

@ Springer

ICGV 10373 x ICGV 96174 and ICGV 15083 x
ICGV 98412 under NS condition in the glasshouse
and, ICGV 15083 x ICGV 98412, ICGV 98412 x
ICGV 11396 and ICGV 15083 x ICGV 10178 under
field conditions are useful groundnut populations for
enhanced shelling outturn in drought-prone areas.

Strong and positive associations between harvest
index and pod yield in groundnut have been reported
in previous findings (Sanogo et al. 2019; Oppong-
Sekyere et al. 2019). Hl is a useful trait to improve pod
yield in groundnut. The present study identified the
following crosses with high HI values: ICGV 15083 x
ICGV 10178, ICGV 10373 x ICGV 15083 and ICGV
10178 x ICGV 11396 under DS condition in the
glasshouse and, ICGV 15083 x ICGV 96174, ICGV
10178 x ICGV 98412, ICGV 98412 x ICGV 96174
and ICGV 98412 x ICGV 96174 under NS condition
in the glasshouse. The above selected crosses with
enhanced harvest indices under drought-stressed and
non-stressed environments are suitable candidates for
future variety development and release.

SCMR is used to measure leaf chlorophyll concen-
tration. It is a useful trait to identify drought-tolerant
genotypes in groundnut (Sheshshayee et al. 2006). In
this study, a wider SCMR range was recoded for
crosses than their parents under DS and NS conditions
in the glasshouse (Tables 4 and 5). This result presents
an opportunity to select genotypes with higher
chlorophyll content which would enable to maintain
high photosynthetic capacity and productivity under
drought stress environments. Groundnut genotypes
that maintain higher SCMR and lower SLA values
under drought stress should be more tolerant to
drought and hence maintain higher WUE under severe
drought conditions (Songsri et al. 2009). Reduced
SLA is facilitated by increasing leaf thickness, which
results in thicker cell wall to prevent water loss by
evaporation and to achieving the aim of higher water
use efficiency (Zhou et al. 2020). Under DS condi-
tions, low SLA was recorded for the parents ICGV
10373 and ICGV 10178, and crosses ICGV 10178 x
ICGV 96174 and ICGV 06175 x ICGV 10178. Under
NS glasshouse conditions, the highest SLA values
were recorded for the parent ICGV 98412 and crosses
ICGV 15083 x ICGV 98412 and ICGV 15083 x
ICGV 96174. Genotypes with higher SLA values were
recommended for areas where sufficient moisture is
available. Zhou et al. (2020) reported that selection of
plants with high SLA helps to enhance photosynthetic
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capacity and productivity in maize crop. Sheshshayee
et al. (2006) reported strong relation between SLA and
SCMR under well-watered conditions in groundnut.
This suggests that the selection of genotypes with
higher SLA under optimum conditions could help
enhance the photosynthetic capacity and productivity
in groundnut.

The GCA x environment interaction effects for DF,
PB, PY, SHP and KY under NS conditions were higher
than entries x environment interaction values. This
suggests a higher contribution of GCA than the
environment for the expression of these traits. Infor-
mation on GCA effects of parents helps to estimate the
genetic potential of a breeding material for traits of
interest (Amelework et al. 2015). ICGV 15083, ICGV
06175 and ICGV 15094 were the best combiner
genotypes for breeding early flowering genotypes.
Early maturity is a novel drought escape mechanism
that would otherwise occur during flowering and pod
filling stages. Parental line ICGV 10178 exhibited
significant positive GCA effects for SCMR, PY, SHP,
KY, TBM and HI under DS condition and significant
positive GCA effect for SLA under NS glasshouse
condition (Table 7). This suggests the predominant
role of additive gene effect in controlling the inher-
itance of these traits. Rantakumar and Vader (2011)
reported that water stress during flowering and pod
filling stages reduced pod initiation and thereby
reduced harvest index in groundnut. ICGV 98412
exhibited a significant positive GCA effect for HI
under both DS and NS conditions in the glasshouse
(Table 7). Under DS condition, a significant negative
GCA effect for SLA was recorded for ICGV 10373,
whereas a significant positive GCA effect for SLA was
recorded for ICGV 10178 under NS condition. This
result suggests that the two genotypes can enhance
water use efficiency in groundnut under the drought-
stressed environments with an effective photosyn-
thetic capacity of the crop under optimum conditions
(Upadhyaya et al. 2011).

Information on SCA effects of crosses is useful to
identify best specific combiners for economic traits.
Crosses ICGV 06175 x ICGV 11396, ICGV 10178 x
ICGV 15094 and ICGV 10373 x ICGV 98412 showed
significant positive SCA effects for SCMR under DS
and CGV 15083 x ICGV 98412 under NS condition in
the glasshouse. A strong and positive association
between SCMR and water use efficiency was reported
by Sheshshayee et al. (2006) and Janila et al. (2015).

Arunyanark et al. (2008) suggested SCMR as a
surrogate trait for breeding drought tolerance in
groundnut. The selection of genotypes with high
SCMR and best combiners enable to enhance drought
tolerance in groundnut breeding.

Under DS, ICGV 10373 x ICGV 15083 and ICGV
98412 x ICGV 15094 exhibited significant positive
SCA effects for pod yield, shelling percentage and
harvest index. Passiour et al. (1986) reported that HI is
directly related to water use efficiency under stress
conditions. Thus, these crosses could be selected for
high pod yield and HI under drought stress environ-
ments. The present study identified ICGV 10178 x
ICGV 98412 with significant SCA effects for SLA,
PY, KY and TBM and, ICGV 15083 x ICGV 96174
with significant positive SCA effects for SLA, PY, KY
and HI and, ICGV 15083 x ICGV 98412 with
significant positive SCA effects for PH, SCMR,
SLA, PY, KY and TBM. These crosses are selected
for further genetic advancement and to breed promis-
ing groundnut genotypes with improved yield and
yield components under drought stress environments.

Conclusions

The present study determined the combining ability
effects of eight selected drought-tolerant groundnut
parental lines and 28 F2 families under drought-
stressed (DS) and non-stressed (NS) conditions. ICGV
10178 was the best general combiner with a positive
contribution to SCMR, PY, SHP, KY, TBM and HI.
Crosses ICGV 10178 x ICGV 11369, ICGV 10373 x
ICGV 15083, ICGV 98412 x ICGV 15094 and ICGV
10178 x ICGV 98412 were the best specific combin-
ers for enhanced pod yield and drought tolerance.
Higher GCA: SCA rations were recoded for PY and,
KY under NS conditions and SCMR, SLA and TBM
under DS conditions suggesting the predominant role
of additive genes conditioning the inheritance of these
traits. Therefore, the selected families are useful
populations for developing improved pure line
groundnut varieties with high pod yield and drought
tolerance.
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