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ABSTRACT

Drought stress is one of the major constraints in groundnut producing areas of Sub-Sahara Africa
as its yield is reduced by 56-85%. Mitigating this constraint requires the selection of resilient
genotypes that withstand drought threats to groundnut production. The objectives of this study
were to identify drought tolerant genotypes to be used for groundnut breeding program, to assess
the mode of gene action controlling drought tolerance in groundnut and to determine the
association of pod yield with morphological and physiological traits related to drought tolerance
in groundnut. One hundred and seven (107) groundnut genotypes were screened for drought
tolerance during 2018 dry season in a split-plot design arranged in a randomized complete block
design under non-stress and water-stress conditions. The mean squares for the morphological and
physiological traits showed a highly significant (P<0.01) difference between the genotypes under
water-stress and combined analysis. Based on the PCA ranking under water-stress condition,
genotypes ICGV-1S-13115, RS006F4B1-45®, ICGV-IS-07853, ICGV-1S-13989 and
RS006F4B-534 were the top 5 drought tolerant while genotypes ICGV-1S-07828, 12CS-010,
ICGV-I1S-07809, RS006F4B1-45(B) and ICGV-1S-07904 were the least 5 drought susceptible.
Seven groundnut genotypes comprising of four drought susceptible and three drought tolerant
were randomly selected from the results of screening experiment. The seven genotypes were
crossed in a half diallel mating design to obtain 21 F; progenies. The parents, 21 F; progenies
and two checks were evaluated in a randomized complete block design with two replications
under both conditions. Data were collected on days to 50% flowering, plant height, pod yield,
100-seed weight SCMR at 40, 60 and 80 days after sowing (DAS) and harvest index (HI). The

analysis of variance showed a highly significant (P<0.01) difference among the genotypes for
vii



plant height, number of pods per plant, pod yield and SCMR at 60 DAS under both conditions
while a significant (P<0.05) difference for seed weight under water-stress condition, 100-seed
weight and HI under non-stress and water-stress condition was observed. Broad-sense
heritability was high (67.45%) for plant height, moderate (46.23%) for 100 seed weight and
(42.54%) for SCMR at 60 DAS under water-stress condition. General Combining Ability (GCA)
effect for all the traits were significant (P<0.05) in both non-stress and water-stress conditions,
while Specific Combining Ability (SCA) effects were significant (P<0.05) for all the traits in
both non-stress and water-stress conditions. Highly significant GCA effects for all the traits were
observed for ICG 5195 (Pg) under water-stress condition, while ICGV-1S-07841 (P3) was a poor
general combiner under the same condition. Highly significant positive SCA effects for number
of pods per plant, seed weight and pod yield were observed with P; x Ps and P3 X Pg crosses
under water-stress condition. SCMR at 60 DAS had a moderate positive and significant (r =0.45,
P<0.01) relationship with pod yield; HI recorded a strong positive and highly significant
(r=0.59, P<0.01 andr =0.83 P<0.01) relationship with number of pods per plant and pod yield.
Although both additive and non-additive gene actions were involved in the expression of most
traits, non-additive was more important than additive gene action under water-stress condition.
The importance of non-additive effect under water-stress suggests the need to achieve acceptable
progeny performance under drought stress condition. Therefore, cross P; x Pg and P3 X Pg exhibit
highest SCA effects for number of pods per plant, seed weight and pod yield which can be
improved through pedigree selection. SCMR at 60 DAS and HI could also be used as an indirect

selection for pod yield under drought stress condition.
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CHAPTER ONE

1.0 INTRODUCTION

Groundnut (Arachis hypogaea L.) is one of the most important oil crops that originated from
South America. It is now cultivated in more than 100 countries covering tropical, subtropical and
the warm temperate regions of the world (Upadhayaya et al., 2012). About 47.10 million metric
tonnes of groundnuts in shell are produced globally from 27.9 million hectares with an average
productivity of 1.4 metric tonnes per hectare. The major groundnut producing countries are:
China (17.3 metric tonnes), India (7.9 metric tonnes), U.S.A (2.8 metric tonnes), Nigeria (2.6
metric tonnes), Sudan (2.2 metric tonnes) (FAOSTAT, 2018). Nigeria is the largest producer of
groundnut in Africa. Many landraces and cultivars are localized in different parts of the country
(Ladodo et al., 2015; Mshelmbula et al., 2017) where they are cultivated at both subsistence and
commercial levels (ICRISAT, 2017). However, the productivity of Africa (913 kgha™) is very

poor as compared to Asia (2373kgha™*) and Americas (32.04 kg ha™) (FAOSTAT, 2018).

Groundnut oil is a rich source of vitamins A, B and E. Besides being an important source of
vegetable oil, it is also used as an important source of food, feed, nutrition and fodder (Asibuo et
al., 2008; Atasie et al., 2009). It contains on average 44 % edible oil, 20% carbohydrate and
25.3% easily digestible protein, which is about 1.3 times higher than meat, 2.5 times higher than
eggs and 8 times higher than fruits (FAOSTAT, 2008). Groundnut improves soil fertility through
nitrogen fixation, thereby increasing the productivity of other crops when used in rotation or as a

mixture in cereal cropping system (Ajeigbe et al., 2014).



Drought is widely known as the major factor limiting groundnut production. In semiarid zones,
especially West Africa, drought can occur at any stage of crop cycle and often leads to devastating
effects in groundnut growth, development, metabolism, pod yield and pod quality Hamidou et

al.(2013).

1.1 Problem Statement

Despite all the research effort in groundnut, pod yield under rain fed cultivated areas has been
limited by drought spell and other growth parameters have been severally affected (Pimratch et
al., 2008). Yield losses have been estimated to be 56-85% (Thakur et al., 2013) depending upon
growth stages when the crop was expose to drought (Reddy et al., 2003), drought intensities and
duration (Nigam et al., 2005). The use of drought tolerance and variation is an important strategy
to combat drought problem, this variation should be able to provide high pod yield under dry
condition. Direct selection for yield under water stress condition may be effective; however, the
limitations of this approach are high resource investment and poor repeatability of the results due
to the large genotype x environment (G x E) interaction that results in slow breeding progress
(Wright et al., 1996). Therefore, rapid progress may be achieved by considering physiological
traits such as Specific Leaf Area (SLA), and SPAD chlorophyll meter reading (SCMR). Both
SLA and SCMR have been used as surrogate traits for Water Use Efficiency (WUE) (Puangbut

etal., 2017).

Specific Leaf Area (SLA) and SPAD Chlorophyll Meter reading (SCMR) have been reported as
an important physiological trait for tolerance to drought in groundnut (Pasupuleti et al., 2015).
Studies by Wright et al. (1994) observed that SLA was closely and negatively correlated with

Water Use Efficiency (WUE). These traits are significantly influence by factors such as time at
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sampling and leaf age (Nageswara et al., 1995) suggesting the need for further study and the
factors influencing water usage efficiency in groundnut (Nageswara et al., 2001). They further
reported a highly significant relationship between SLA and SCMR in groundnut, suggesting that

SCMR will be reliable and rapid measure to identify genotypes with low SLA and high WUE.

1.2 Justification

Genetic variability for drought tolerance has been reported in groundnut (Songsori et al., 2009).
However, breeding for drought tolerance based on pod yield is lagging behind due to significant
genotype x environment (G x E) interaction. Alternatively, breeding strategies using
physiological traits have been proposed by some researches. Rapid progress in drought tolerance
breeding have been achieved based on characters like Harvest Index (HI), Water Use Efficiency
(WUE), Specific Leaf Area (SLA) and SPAD Chlorophyll Meter Reading (SCMR) (Nigram et

al., 2005).

Information on the heritability of RWC, SCMR, SLA, HlI, pod yield, pod number per plant, 100
seed weight and phenotypic correlation among these traits will be useful for planning suitable
breeding strategies for improving drought tolerance in groundnut. Effective selection of traits
under improvement depends on sufficient additive genetic variation of the traits that are
expressed as heritability. Therefore, the present research was undertaken to achieve the following
objectives:

i.  toidentify drought tolerant genotypes to be used for groundnut improvement.

ii.  toassess the nature of gene action controlling drought tolerant traits in groundnut.

iii.  to determine association between pod yield, and morphological and physiological traits

associated with drought.



CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 Groundnut

Cultivated groundnut or peanut (Arachis hypogaea L.) is a cleistogamous allotetraploid
(2n=4x=40) leguminous annual crop with “AA” and “BB” genomes of 2891 Mbp (Holbrook and
Stalker, 2003). All species, except the cultivated species A.hypogaea and A. monticola in the
section Arachis, and certain species in Section Rhizomatosae, are diploid (2n=2x=20). The
diploid progenitors; A. duranensis and A. ipaensis, contributed “AA” and “BB” genomes,
respectively, to the cultivated groundnut (Kochert et al., 1996). A single hybridization event
between the diploid progenitors followed by chromosome doubling about 3500 years ago led to
origin of cultivated groundnut. Southern Bolivia and Northern Argentina are thought to be center
of origin of this crop (Kochert et al., 1996). The center of diversity of the genus includes

Western Brazil, Bolivia, Paraguay, and Northern Argentina (Gregory et al., 1980).

There are thousands of groundnut cultivars around the world. Certain cultivars groups are
preferred for particular uses because of differences in flavor, oil content, size, shape and disease
resistance. For many uses the different cultivars are interchangeable however, the most popular
cultivars are Spanish, Runner, Virginia and Valencia. Most groundnuts marked in the shell are of
the Virginia type, along with some Valencias selected for large size and the attractive appearance
of the shell. Spanish groundnuts are used mostly for peanut candy, salted nuts, and peanut butter.

Most Runner are used to make peanut butter (Arya et al., 2015)



2.2 Drought Stress

Drought stress is one of the most prevalent environmental conditions that severely impairs
growth and development of field crops production and productivity (Edema, 2014). It differs
from other abiotic stresses in a way that the effects of drought often accumulate slowly over a
considerable period of time. Because of this, drought stress is termed as a “Creeping
phenomena”. It’s impact is apparent to a lesser extent and spread over large geographical areas

with greater damages that result from other natural stresses.

Drought is a worldwide problem. It decreases the global crop production seriously and recently
global climate change has made this situation more serious (Pan et al., 2002). Current estimates
indicated that 25% of the world’s agricultural land is now affected by high levels of water stress
(Jajarmi, 2009). It affects about 50- 85% of groundnut production area worldwide (Pfeiffer,
2005). In arid and semiarid regions, groundnut crop usually experience drought during the
flowering and pod filling period. Drought stress at pod filling period causes pod shriveling which
ultimately reduces pod yield. In rainfed agriculture, water limitation may prove to be a critical
constraint to primary productivity under arid climates. In these areas drought spell is expected at

any critical stage of plant growth (Zamurrad et al., 2013).

2.3  Physiological Responses

The study of physiological responses of groundnut genotypes to water stress is a useful tool to
understanding the mechanisms of drought resistance (Naeem et al., 2015). Drought induces
significant alterations in groundnut physiology. Some groundnut genotypes have a set of
physiological adaptations that allow them to tolerate water stress conditions. Researchers linked
various physiological responses of groundnut plant to drought with their tolerance mechanisms,
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such as: high leaf chlorophyll content, high relative water content, cell membrane stability, high
proline content and lower canopy temperature. Almeselmani et al. (2012) reported significant
reduction in physiological, yield and yield contributing traits in the drought susceptible
groundnut varieties compared to other varieties. Positive and significant association between the
physiological and yield traits was observed. It is obvious from the results that all these

parameters explained the drought tolerance mechanisms.

These drought tolerance mechanisms help in understanding the physiological responses that
enable plants to maintain growth and productivity during stress period. Ultimately, indicating the
importance of these traits in breeding programs for screening and selection of tolerant genotypes
(Naeem et al., 2015). Zaharieva et al. (2001) reported that physiological traits helped in the

selection of best performing drought resistant groundnut genotypes in arid areas.

2.4 Effect of Drought on Groundnut Performance

2.4.1 Drought stresses reduce plant productivity

Drought stress has been a major environmental factor contributing to the reduced agricultural
productivity and food safety worldwide. Drought stress perceived from plant surrounding
environment varies spatially and temporally at several different scales. Drought affects
membrane lipids and photosynthetic responses (Lauriano et al., 2000) and yield (Suther and
Patel, 1992). Water deficit affects thylakoid electron transport, phosphorylation and
carboxylation (Devaiah et al., 2011). Changes in the lipid content and composition are common
in water-stressed plants and this increases membrane permeability. This causes damage and
membrane disruption as well as reduction in photosynthesis. Maintaining membrane integrity

under drought conditions will determine the plants tolerance towards stress. Plants have several
6



mechanisms for adaptation to water and heat stress including stomatal conductance,
paraheliotropism, and osmotic adjustments (Devaiah et al., 2011). Arid and semi-arid
environments typically have hot days and cool nights. Since there is a lack of water vapor in the
air, the temperature at night drops making the night cooler, but the day hotter which can be

stressful to the plant (Devaiah et al., 2011).

2.5 Plant Responses to Drought

2.5.1 Photosynthesis

Canopy photosynthesis is reduced by moisture stress due to reduced stomatal conductance and a
reduction in leaf area. As moisture stress increases, the stomata start closing as a mechanism to
reduce transpiration and consequencely, the entry of carbon dioxide is also reduced (Kalariya et
al., 2013). The decrease in the conductance of mesophyll cells due to moisture stress results in
low conductance of carbon dioxide and a reduction in photosynthesis. Bhagsari et al. (1976)
observed large reductions in photosynthesis and stomatal conductance as the relative water

content of groundnut leaves decreased from 80 to 75%.

The main effect of soil water deficit on the leaf carbon exchange rate is exerted through stomata
closure (Kalariya et al., 2013). These authors reported reduced carbon exchange rate, decreased
transpiration and increased stomatal resistance within three days of withholding water in potted
plants. Under field conditions, Allen et al. (1976) found reduced stomatal resistance after seven
days of stress and significant differences within ten days between water-stressed and non-

stressed plants.



2.5.2 Chlorophyll content
Severe drought stress inhibits the photosynthesis of plants by changes in chlorophyll content,

affecting chlorophyll components and damaging the photosynthetic apparatus. Total chlorophyll
content is found to reduce under water stress conditions. A decrease in chlorophyll content is
faster in drought sensitive than in drought tolerant genotypes (EI-Tayeb 2006). The chlorophyll
content in leaves reflects photosynthetic activity and yield potential of groundnut plants. High
chlorophyll content in different plant leaves was considered as a favorable trait in crop

production under drought stress (Rong-hua et al., 2006).

Drought stress causes wilting to groundnut genotypes, hence reduce the green leaf area and water
uptake from soil profile to some extent. Early studies reported that drought stress increases Soil
Plant Analysis Development (SPAD) Chlorophyll Meter Reading (SCMR) in groundnut. Higher
SCMR under water stress condition shows that, the groundnut genotypes could continue having
high photosynthesis rate per unit leaf area regardless of water stress. In groundnut SCMR has
strong relationship with pod yield and Transpiration Efficiency (TE) under water stress

conditions (Boontang et al., 2010).

Reddy and Rao (1968) reported that severe drought stress decreased the levels of chlorophyll a, b
and total chlorophyll. The decrease in chlorophyll was attributed to the inhibition of chlorophyll
synthesis as well as to the accelerated turnover of the chlorophyll already present. However, mild
drought stress increased the chlorophyll content (Moreshat et al., 1996). Stirling et al. (1989)
reported that the leaves were the primary sites of 14C fixation, followed by stems and pegs. The
fixation of carbon was low during drought stress but increased sharply when drought stress was

relieved. Under drought stress, the stems were initially the major sinks for carbon dioxide but



their sink activity disappeared almost completely when stress was ameliorated. Dry matter
accumulation was reduced by prolonged water deficit (Rao et al., 1985; Sivakumar and Sharma,

1986).

2.5.3 Flowering
The start of flowering is not delayed by drought stress (Boote and Ketring, 1990). The rate of

flower production is reduced by drought stress during flowering but the total number of flowers
per plant is not affected due to an increase in the duration of flowering (Gowda and Hegde, 1986;
Janamatti et al., 1986; Meisner and Karnok, 1992). A significant burst in flowering on alleviation
of stress is a unique feature in the pattern of flowering under moisture stress, particularly when
drought is imposed just prior to re-productive development (Janamatti et al., 1986). When stress
is imposed during 30-45 days after sowing the first flush of flowers produced up to 45 days do
not form pegs during that time, however, flowers produced after re-watering compensated for

this loss (Gowda and Hegde, 1986).

254 Pod formation
Groundnut plants may experience water stress during pegging and pod development and may

have adequate amount of water (Jogloy et al., 1996). This would result in a drastic reduction of
crop yield, and the magnitude of reduction would depend on peanut cultivars. Not only the yield
of groundnut but also the quality of products decreases under drought stress (Rucker et al.,
1995). Peg elongation, which is turgor dependent, is delayed due to drought stress (Boote and
Ketring, 1990). Pegs fail to penetrate effectively into air-dry soil, especially in crusted soils.

Often, within 4 days of withholding water, the soil surface becomes too dry for peg penetration.



Skelton and Shear (1971) reported that adequate root zone moisture could keep pegs alive until
pegging zone moisture content is sufficient to allow penetration and initiation of pod
development. Once pegs are in the soil, adequate moisture and darkness are needed for pod
development. Adequate pod zone moisture is critical for development of pegs into pods and
adequate soil water in the root zone cannot compensate for lack of pod zone water for the first 30
days of peg development. After 30 days of adequate pod zone moisture, the pods can continue

normal growth in dry soil if the roots have adequate moisture.

Wright et al. (1994) reported that pod formation was affected by a dry pod zone. Soil water
deficits in the pegging and root zone decreased pod and seed growth rates by approximately 30%
and decreased weight per seed from 563 to 428 mg. Peg initiation growth during drought stress
demonstrated ability to suspend development during the period of soil water deficit and to re-
initiate pod development after the drought stress was relieved (Sexton et al., 1988). It has
frequently been reported that under water stress, pegging and seed set responses of various
groundnut cultivars varied substantially, this leads to a large reduction in pod yield, and the

reduction percentage also varies among groundnut cultivars (Nageswara Rao et al., 1989).

Soil water deficits in the root zone during pegging decreased pod and seed growth rates by
approximately 30% as well as seed weight from 563-428 mg. The number of pods per plant may
be low due to increases in soil resistance caused by prolonged drought (Sharma and Sivakumar,
1991). Drought reduces pod yield primarily by decreasing the duration of the pod development
phase (Stirling and Black, 1991). Water deficits during kernel or seed development reduce the
pod and seed weight. The shelling percentage is reduced by moisture stress during seed
development (Janamatti et al., 1986).
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2.6 Multivariate Analysis

Multivariate analysis (MVA) is the statistical analysis of many variables at once. The analysis of
large multivariable dat sets is a major challenge for life science research. MVA has been made
much easier with the development of inexpensive, fast computers, and powerful analytical
software (Fredrick, 2013). It is used to assess the extent and pattern of variability within a
genetic resource collection or population in a plant breeding program and also to identify
quantitative traits which explain most the variability of the genotypes, (Jankulovska et al., 2014).
Multivariate techniques have been used by various scientists for studying divergence in different
crops such as: Groundnut (Arachis hypogaea L.) (Upadhyaya et al., 2009 and Sudhir et al.,
2010), winter rapeseed (Brassica napus L.) (Sharafi et al., 2015), rice (Oryza sativa) (Maji and
Shaibu, 2012). According to Aremu et al., (2007) and Sunday and Omolayo (2010), accurate
cultivar evaluations and ability to differentiate between cultivars in respect of genetic parameters
associated with adaptation in cultivated plants and their wild progenitors are critical to any plant
breeding program. Multivariate statistical techniques which simultaneously analyze multiple
measurements on each individual under investigation, are widely used in analysis of genetic
diversity irrespective of whether it is morphological, biochemical or molecular marker-based and
subsequently, classification of germplasm collections. Among the multivariate techniques,
cluster analysis, PCA, principal co-ordinate analysis (PCoA) and Multi-Dimensional Scaling
(MDS) are at present, most commonly employed and appear particularly useful (Maji and

Shaibu, 2012)
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2.6.1 Principal component analysis (PCA)

PCA is one of the several techniques of multivariate that reduced the data into two dimensions
(Smith, 2002). According to Maji and Shaibu (2012), principal Component Analysis (PCA) may
be used to reveal patterns and eliminate redundancy in data sets as morphological and
physiological variations routinely occur in crop. This is done by compressing them and reducing
the number of dimensions into fewer dimensions which show the most variability (Martinez-
Calvo et al., 2008) without much loss of information; thus eliminating redundancy in the data
set. Each variable represents a principal component; therefore the principal component can be

computed as many as the variables (Mustsaers et al., 1997).

The eigenvalue is the contribution of each principal component to the overall variation observed
in the evaluated materials while the eigenvector (own vector) of the correlation matrix represents
the coefficient of the principal components which shows the magnitude of the contribution of
each trait and the direction in each principal component (Mustsaers et al., 1997). The scaling of
eigenvalues range from -1 to +1; hence importance is attached to any principal component for
further analysis because of its eigenvalue which must be =1 or >1 and its contribution in
explaining the overall variations observed (Mutsaers et al., 1997). Therefore those principal
components with eigenvalues <1 are considered not important in contributing to the overall
variance. PCA has been used frequently for genetic diversity analysis in many crops e.g

groundnut (Upadhyaya et al., 2009).

2.6.2 Cluster analysis
Clustering is the process of grouping or making sets of similar or nearly similar type of physical

or abstract objects. The groups thus formed are known as clusters (Mamta and Bharat, 2011). It
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is the process of grouping the data into classes or clusters, so that the objects within the same
cluster have higher degree of similarity in comparison to one another but are very much

dissimilar to the objects in different clusters (Mamta and Bharat, 2011).

Cluster analysis is a convenient method for identifying homogenous groups of objects called
clusters. Objects (or cases, observations) in a specific cluster share many characteristics, but are
very dissimilar to objects not belonging to that cluster (Lokesh et al., 2017). Cluster analysis is a
tool for exploratory data analysis and based on grouping of relatively homogenous classes

(Alicja, 2013).

Choice of parents with great genetic distance is the first steps in the plant breeding program that
involves crossing (Joshi et al., 2004). Anand and Murrty (1968) reported that higher heterosis in
progeny is observed when the progeny is a product of crosses between parents that are of higher
genetic distance. Clustering is subdivision of data from different genotypes into groups of similar
genotype (clusters) such that each cluster consists of genotypes that are similar between
themselves and different to genotype of other clusters; and that genotype in a cluster is assumed
and expected to behave the same way across locations (Albert, 2014). Thus genotype from
different clusters can be selected as parents for breeding program owing to their genetic distance

obtained through the clustering

2.6.3 Dendrogram

The dendrogram is a graphical representation of the results of hierarchical cluster analysis.
This appears in the form of tree like plot where, each step of hierarchical grouping is represented

as a fusion of two branches of the tree resolving into a single one. The branches represent
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clusters obtained on each step of hierarchy. There are several clustering techniques includes
partitioning methods, hierarchical methods, density-based methods, grid-based methods, model-
based methods, methods for high-dimensional data and constraint-based clustering (Mamta and
Bharat, 2011). Clustering has been used to study diversity in different crops such as; groundnut
(Makinde and Ariyo, 2010), rice (Maji and Shaibu, 2012), wheat (Mostafa et al., 2011) and

genetic divergence was observed for these crops using cluster analysis

2.7 Genetic Variability under Drought Conditions

Genetic variability is a prerequisite for character improvement in any breeding program.
Narasimhulu et al. (2012) reported a low magnitude of difference between Genotypic Coefficient
of Variation (GCV) and Phenotypic Coefficient of Variation (PCV) who observed SPAD
chlorophyll meter readings to be less influenced by the environment. Mhike et al. (2011)
reported significant differences in an across site analysis for environments, genotypes and
genotype x environment interactions in groundnut under stress and non-stress conditions. The
extent of variability is measured by GCV and PCV which provides information about relative
amount of variation in different characters in groundnut. According to Roychowdhury and Tah
(2011), the extent of variability is measured by GCV and PCV which provides information about
relative amount of variation in different traits studied. Chaudhary (2001) found that GCV is not
an absolute mean to know the heritable diversity present and should be considered together with
heritability evaluations. A study of genetic diversity with suitable measures like GCV and
heritability evaluations are essential to have an applicable breeding program (Al-Tabbal and Al-
Fraihat, 2012). Bolanos and Edmeades (1996) suggested the use of secondary traits of adaptive

value whose genetic variability increases under drought and could increase selection efficiency.
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2.8 Heritability of Traits under Drought Condition

Heritability provides an idea to the extent of genetic control for expression of a particular trait
and the reliability of phenotype in predicting its breeding value. Heritability is further divided
into broad sense and narrow sense, depending whether it refers to the genotypic value or
breeding value, respectively (Tazeen et al., 2009). The ratio of genetic variance to phenotypic
variance is called heritability in the broad sense. It expresses the extent to which individual
phenotypes are determined by the genotypes. On the other hand, the ratio of additive variance to

phenotypic variance is called heritability in the narrow sense (Tazeen et al., 2009).

This expresses the extent to which phenotypes are determined by the genes transmitted from the
parents. It also expresses the magnitude of genotypic variance in the population, which is mainly
responsible for changing the genetic composition of a population through selection. High
heritability indicates less environmental influence in the observed variation (Songsri et al.,
2008). High heritability for a given trait also indicates that it is governed by additive gene action

and, therefore, provides the most effective condition for selection (Tazeen et al., 2009).

Characters that are controlled largely by genes acting in an additive fashion have higher values
of heritability than characters governed by genes with large non-additive effects (Dabholkar,
1992). Accordingly, it is important to note that heritability is a property not only of the character
being studied, but also the population being sampled and the environmental circumstances to
which individuals have been subjected. More variable environmental conditions reduce the
magnitude of heritability while more uniform conditions increase it (Rosielle and Hamblin,
1981). Furthermore, in predicting response to selection, heritability estimates are used to identify

optimum environments for selection (Singh and Ceccarelli, 1995).
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Whether direct or indirect selection is superior depends upon the heritability of the selected trait
in stress and non-stress environments and the genetic correlation between stress and non-stress
environments (Zavala-Garcia et al., 1992). However, many investigators reported a decline in
heritability for grain yield under water stress conditions (Rosielle and Hamblin, 1981). A number

of reports on heritability are available for different traits of groundnut under drought stress.

Al-Yassin et al. (2005) reported broad sense heritability for pod yield of around 0.60, but fell to
values near 0.40 at very low pod yield levels. In order for a trait to be more useful in selection of
drought tolerance, the heritability estimates for the trait should be greater than the heritability for
yield in the specific environment, so that selecting and advancing only the top few performers is
likely to produce a greater genetic advance than selecting many moderate performers when

heritability is low (Acquaah, 2007).

According to a study by Philipo et al. (2016), heritability estimates of HI, SCMR and number of
pods per plant were higher than heritability estimates of pod yield per plant under water-stress
condition. Therefore, it should be kept in mind that the estimate of heritabilities applies only to
environments sampled (Hallauer and Miranda, 1988; Dabholkar, 1992). Thus, when planning to
improve a locally available elite population, in addition to determining variability, priority
should be given to estimation of heritabilities of the stress tolerant traits under targeted

environmental conditions.

2.9 Diallel Mating

Diallel implies all possible crosses among a set of parents resulting in n? combinations in a
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complete diallel (Griffing, 1956; Stuber, 1980; Christie and Shattuck,1992; Kearsy and Pooni,
1996). Diallel allows the estimation of GCA, SCA and gene action, that is, the additive and non-
additive variance components (Griffing, 1956; Christie and Shattuck, 1992; Dabholkar, 1992).
Diallel mating types are type I, and 1l and Partial Diallel crosses (Dabholkar, 1992).

Type 1 is a factorial mating design with all possible crosses between f male and m female
parents.

Type Il entails n parents crossed to produce n? single cross progeny and selfs (Griffing,

1956).

Partial diallel only uses a sample of the crosses.

Type 1l diallel with reciprocal F;’s excluded is the half diallel (Jones, 1965)

Type 1l with parents excluded is the modified diallel (Griffing, 1956)

Table 2.1: Form of Diallel Method 2 Reciprocals excluded (nothing below the diagonal)
from Hallauer et al., 1981

Females/Males A B C D E Mean
female

A Yan Yen Yea You Yea Y.

B Yas Yes Yos Yeg Y-B

C Yee Yo Yee Y-C

D Yoo Yeo Y-D

E Yee Y-E

Mean male YA YB~ YC™ YD~ YE~ H

Source: (Hallauer et al., 2010)
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2.9.1 Combining ability and gene action under drought conditions

Combining ability studies provide information on the genetic mechanisms controlling the
inheritance of quantitative traits and enable the breeders to select suitable parents for further
improvement or use in hybrid breeding for commercial purposes. In biometrical genetics two
types of combining abilities are considered i.e. general combining ability (GCA) and specific
combining ability (SCA). GCA refers to the average performance of the genotype in a series of
hybrid combinations and is a measure of additive gene action whereas SCA is the performance
of a parent in a specific cross in relation to GCA (Sharief et al., 2009). SCA is due to genes
showing non-additive effects. Selection of parents based on combining ability has been used as
an important breeding approach in crop improvement. Developing of high yielding hybrids along
with other favorable traits is receiving considerable attention (Karim et al., 2018).

The combining ability and gene effects of yield and its components under non-stress and water
stress conditions were studied by several researchers. Basbag et al. (2007) suggested that
combining ability analysis is an important tool for selection of desirable parents together with the

information regarding nature and magnitude of gene action controlling quantitative traits.

Coulibaly (2013) reported significant differences of general combining ability (GCA) effects of
parents and that of specific combining ability (SCA) effects of progenies for morphological and
physiological traits and that both additive and non-additive gene effects controlled most traits,
but non-additive genetic effect was more prevalent in groundnut. Swe and Branch (1986) showed
that both additive and dominance variances were important for biomass, harvest index and pod
yield in groundnut and other traits under drought stress conditions and that the ratios of GCA to

SCA variances were less than unity for all studied traits which showed the predominant role of

18



non-additive gene action in the inheritance (Isleib et al., 1980). Bansal et al. (1991) also reported
that both additive and non-additive gene actions were responsible for the control of traits
evaluated but the effects of non-additive genetic actions were preponderant in respect of the

genetic control of pod yield and yield component traits.

Atif et al. (2012) reported that both GCA and SCA variances were highly significant for most of
the traits studied in groundnut, indicating the importance of additive as well as non-additive
types of gene action in controlling the traits. Moreover, variances due to SCA were higher in
magnitude than GCA for yield and yield components except SCMR at 80 DAS. GCA to SCA
ratios were less than one for all the traits measured indicating preponderance of additive over
non-additive gene action. Betran et al. (2003) reported that under drought, additive effects were
more important and the importance of additive effects increased with intensity of drought
suggesting the need for drought tolerance in both parental lines to achieve acceptable hybrid

performance under severe drought.

2.10 Correlation of Traits under Drought Conditions

Yield in groundnut is the net result of several genetic factors and their individual or combined
interplay with environmental factors. Therefore, character association among themselves or with
grain yield is important. It provides information such that selection for one trait will result in
progress for all positively correlated characters. When there is positive association of major yield
characters, simultaneous selection would be very effective for variety development (Nemati et

al., 2009).
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According to a study by Philipo et al. (2016), under non-stress condition, a moderate positive
significant relationship (r=0.2, P<0.05) was observed between SCMR at 60 DAS and pod
yield/plant, suggesting that the value of SCMR at 60 DAS gives little information for predicting
pod yield in groundnut under non-stress. Under water-stress, SCMR at 60 DAS had moderate
positive and highly significant relationship (r=0.38, P<0.01) with pod yield (g/plant). This
means that understanding the values of SCMR at 60DAS in groundnuts genotypes reveals

significant information on pod yield/plant under water-stress condition.
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CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1 Experimental Site

The research was conducted at the Research Farm of the Institute for Agricultural Research
(IAR), Ahmadu Bello University (ABU), Samaru-Zaria (11°11'N, 07°38' E and 686 m above sea
level) in the Northern Guinea savannah ecological zone of Nigeria (A.B.U., 2018) The second
site was the screen house of Department of Plant Science (11°11'N, 07°38' E and 686 m above
sea level) in the Northern Guinea savannah ecological zone of Nigeria ecological zone of Nigeria

(Olanuga, 1979). The research was carried out during the 2018/2019 dry and raining seasons.

3.2 EXPERIMENT I

3.2.1 Screening for drought
A total of one hundred and seven (107) groundnut genotypes were selected from 1AR Groundnut

Breeding unit in Department of Plant Science. The genotypes were screened for drought
tolerance under both non-stress and water-stress conditions. The first treatment was non-stress
(NS), in which the genotypes were irrigated until maturity whenever soil moisture was depleted
to 30% field capacity. The second treatment was drought stress (DS), in which the genotypes
were irrigated regularly up to 30 days after sowing and watered at 2 weeks interval until

maturity.

3.2.2 Experimental Design
A split — plot design arranged in a randomized complete block design (RCBD) with two

replications was used for both water stress and non- water stress. Two soil moisture levels (non-

stress and water-stress) were assigned in main plots, and groundnut genotypes were laid out in
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sub-plots. Each genotype was planted in one row of 5 m plot with a spacing 0.75m between rows

and 0.25m within the row. The total experimental field was 1199 m?.

3.2.3 Crop Management
Across both treatments, land was prepared for sowing by harrowing to fine filth followed by

ridging. Three seeds were planted per hill, and the seedlings were thinned to two plants per hill at
14 days after sowing (DAS). Phosphorus (P,Os) fertilizer in form of SSP was applied at the rate
of 18 kg ha® one week after seedling emergence. Manual weeding was carried out when

necessary.

3.3 Data Collection

Data was collected on the following parameters;

Days to 50% flowering: This was calculated by counting from date of sowing till when half of
the plants in each plot had flowered.

Number of pods per plant: The number of pods per plant was counted from five randomly
selected plants in each plot

Number of seeds per pod: The number of seeds per pod was counted from five randomly
selected plants in each plot.

Seed weight per plant: The pods from each plant were threshed and the seeds obtained weighed
using a digital balance device and recorded in grams.

Hundred- Seed weight: One hundred (100) sound kernels were counted from the threshed pods
weighed and measured in gram.

SPAD Chlorophyll Meter Reading (SCMR) mmol/cm?: This was recorded twice on each

leaflet of the tetra foliate leaf along the mid-rib at 40, 60 and 80 days after sowing (DAS) using
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SPAD chlorophyll meter. Five plants from each sub-plot were randomly sampled and the third
fully-expanded leaves from the top of the main stems were used for SCMR assessment between
08:30 am and 10:00 am. This record was taken during this interval because there is high
stomatal conductance to allow photosynthesis, while evaporation was low particularly in stressed
groundnut genotypes (Smartt, 1994). SCMR was recorded by a Minolta SPAD-502 meter
(Tokyo, Japan) on the four leaflets of each individual leaf as described by (Nageswara Rao et al.,
2001).

Leaf Area Index: This was measured using an ACCUPAR LP-80 useful for determining light
interception. A ceptometer; is an AccuPAR LP-80 which is a lightweight, portable, linear
Photosynthetically Active Radiation (PAR) sensor, used for measuring canopy PAR interception
and calculating Leaf Area Index (LAI) within the plant or forrest canopy. It uses radiation
measurements and other parameters to accurately calculate LAI non-destructively in real time, in
the field (Cohen et al., 2000).

Harvest Index = Harvest index was calculated per plot based on the following relationship

(Fageria et al., 2011):

Harvest Index (%) = Pod yield (g) x 100

Pod yield (g)+ Haulm yield(g)

3.4  Statistical Analysis

Analysis of variance was performed for each parameter following a split-plot design using
Statistical Analysis System (SAS) package (SAS, 2002). Where there was significant difference
between treatment means (P<0.05) Fisher’s protected Least Significant difference (LSD) test was

used for comparison (Gomez and Gomez, 1984). Homogeneity of variance was tested for all
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characters using Bartlett test (Snedecor and Cochran, 1989). The linear model used for split plot

design is as follows:

Yijk =HU+a, +7’k+(a7/)ik +:Bj +(aﬂ)ij + &j

Table 3.1: Form of ANOVA for split plot design for one condition for random model

Source of variation DF MS EMS

Replication (r-1) MS,

Water Condition (C)  (c—1) MS,, o; +ro;, +rgo;
Error a (r-1)c-1) MSey o

Genotype (G) (g-1) MS, o +o,. +ICo;
(GxC) (g-1)c-1) MS,, o) +rog,

Error b o(r-1)g-1) MS.. o}

Total cgr-1

Where; r = number of replication, ¢ = number of water condition, g= number of genotypes;

= Variance due to environmental error (b)
asc: Variance due to genotype x water condition effect
aj = Variance due to genotypic effect

o2 = Variance due to water condition effect.

3.5  Principal Component Analysis (PCA)

The Principal component analysis was performed using XLSTAT (2007) programming package
to determine which traits of the plants variation to arise among the groundnut genotypes and

contributions that the various traits made to the total variability in the genotypes.
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The PCA ranking was used to determine the drought tolerance and susceptible status of the
genotypes. The PCA ranking values of each genotype as described by (Zhu et al., 2014) was
computed as follows:

Ranking value = [(% Contribution of PC1 + PC1) + (% Contribution of PC2 + PC2) +(%
Contribution of PC3 + PC3)]

3.6  Cluster Analysis

Dendogram for the groundnut genotypes was also generated from the XLSTAT (2007) package

and cluster analysis was used in grouping the genotypes as described by Hair et al., (1995).

3.7 EXPERIMENT I1

3.7.1 Population development

Genetic materials for the population development comprised of four drought susceptible
groundnut genotypes (ICGV-1S-07813, RS006F;B;-50, ICGV-1S-07841 and ICG 12989) and
three drought tolerant genotypes (SAMNUT 23, ICG 5195 and ICG 3312) which were randomly
selected from the screening experiment. The parents were crossed in a half diallel mating design
as described by Dabholkar (1992). The F; seeds harvested were multiplied to obtain enough F;

seeds for evaluation as suggested by Hallauer et al. (1992) for self-pollinating crops.

3.7.2 Hybridization activities

During hybridization, care was taken to avoid pollen contamination among the selected
groundnut genotypes for the population development. The emasculation exercise was carried out

between 4.00pm — 6.30pm depending on the prevailing environment (Nigram et al., 2009).
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Pollination was done in the morning (6.00am- 7.30am). In both activities, different colored nylon
threads were used to mark the emasculated and pollinated buds. One nylon thread denoted that
the bud had been successfully emasculated. The hybridization activities lasted for three weeks.

Harvesting of the F;, seeds started 60 days after the last pollination. All the pods (mature and
immature) originating from the nodes that had pollinated nylon thread on their upper internodes
were picked as hybrid pods. All selfed pods were discarded. The hybrid pods were dried for 15
days at ambient air temperatures in well labeled muslin bags to avoid direct exposure to the sun.

The dried pods were manually shelled with caution.

3.7.3 Evaluation

The seven (7) parents, 21 F;s along with two checks were evaluated under non-stress and water-
stress conditions in the screen house of the Department of Plant Science, A.B.U, Zaria. The
experiment was laid out in a randomized complete block design with two replications. Two pots
each were allocated for the F; progenies and the parents. A total of four healthy seeds from each
genotype were sown at 2 cm depth in dark loamy soil in each pot and two healthy and vigorous
seedlings in each pot were retained after seedling emergence. Evaluation of 7 parents, 21 Fis

along with two checks were as described for screening experiment.

3.7.4 Data collection

The same data were collected as for the screening experiment:

3.7.5 Data analyses
The data collected were subjected to analysis of variance (ANOVA) using General Linear Model

procedure of Statistical Analysis System (SAS) package (SAS, 2002). Fisher’s protected Least

Significant difference (LSD) test were used for mean comparison (Gomez and Gomez, 1984).
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Linear model that was used for RCBD analysis: y;; = ¢+ 1, +0; + &,
Where: y,, =Observed effect for i"" replication j" genotype and k" block.
4 = grand mean of the experiment.

r. = effect due to i"" replication.

g, = effect due to j™ genotype.

& = effects due to the residual or random error of the experiment.

Table 3.2: Form of ANOVA and expected mean square (EMS) of RCBD for one condition

Source of variation Df MS EMS
Replication (r-1

Genotype (g-1) MS, ol +ro;
Error (r-1)\g-1) MS, ol

e

For the individual condition, variance components were computed from mean squares and

expected mean squares as follows: MS,-MS,= o +ro; -0, MS,-MS =ro;,

MS, -M
oo MS, -Ms,

MS
9 o, :

r r

2
s —

MS, = mean squares due to genotypes agz = genotypic variance MS, = error mean square o2 =

error variance crf) = phenotypic variance g = number of genotypes r = number of replications

DF = Degree of freedom
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Table 3.3: Form of ANOVA and expected mean square (EMS) of RCBD for two condition

Source of variation DF MS EMS
Condition(C) (c-1) ol +rol +rgo’
Replication (r-1)

Genotype(G) (g-1) MS, ol +rol +rcol
GxC (g-1)(c-1) MS,, ol +ro,

Error c(g-1)r-1) MS, o’

e

For the combined analysis, variance components were computed from mean squares and

expected mean squares as follows:

2
_ MSgC —|\/|Se 2 2 O'gc 0'_2

2
, 0. =0+

Oy

2

_ MS; -MS,,
=———————, Oy =
rc r

MS,.= mean squares due genotype X condition o2 = error variance MS, = mean squares due to

genotypes, agz = genotypic variance crgC: genotype x condition variance MS,= error mean
square r = number of replications 9 = number of genotypes ¢ = number of conditions,

2 _ - .
o, = phenotypic variance

3.8 Estimation of Genetic Variability Parameters and Heritability

Phenotypic and genotypic coefficients of variation as well as broad sense heritability were

computed using the formulae given by Singh and Chaudhary (1985).

\/;? =100
Joi

(b) Genotypic coefficient of variation (GCV %) = < x100

(a) Phenotypic coefficient of variation (PCV %) =

Where; X = mean of the character
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GCV and PCV values were classified as low (<10%), moderate (10-20%) and high (>20%) as

indicated by Siva-Subramanian and Menon (1973).

(c) Broad sense heritability h, =

3.9 Diallel Analysis of Combining Ability and Gene Action

Mean squares were portioned into difference due to crosses and parents. The general combining
ability (GCA) and Specific Combining Ability (SCA) among the crosses were estimated using a
general linear model (GLM) procedure of SAS (SAS Institute, 2004).

The linear model for diallel mating design for Model 11, Method I1

The model for the analysis of variance is
Xijk =M+ A0 +0; S+ P
Where, x=mean, r, =replication effect, g; and g, are GCA effects.

s;; isthe SCA effectand py, is the experimental error for the X, observation.

Table 3.4: Form of ANOVA for diallel mating design Model 11, Method Il for one condition

Source of variation DF MS EMS

GCA n-1 Mcca ol +ol +(n+2)o;
SCA n(n-1)/2 V. o’ +o?

Error m M. o’

Where: n = number of parents, m = df error from experimental design

M ;. = Mean square Error
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M ;o= Mean square of SCA

M ;.. = Mean square of GCA

o2 = Error variance; ¢’= M,

o?=SCA variance; 2= M.,-M,

o= GCA variance; o;= Mgca-Mgen=0f + 07 +(N+2)o; - ol +0?

Mgea-Msea=(N+2)o;

1
O-S:m(MGCA_MSCA)

The relative importance, measured by GCA to SCA ratio were calculated according to Baker
2MS_ .,

2MSg, + MSgc,

Where: MS;.,and MS,., where the mean squares for GCA and SCA respectively.

(1978) as follows:

3.10 Estimation of Narrow sense Heritability

Narrow sense heritability was estimated with the formula suggested by Ruming (2004) as

follows:

2
h? 20Gca

) ZO-éCA + O'sch + O'ez
The heritability percentage was categorized according to Robinson et al. (1949) as 0-30% (low),

30-60 % (moderate), 60% and above (high).

3.11 Correlation Estimates

Pearson correlation coefficient was employed to estimate the relationships between yield and its
related traits using standard procedure suggested by Cohen et al. (2003). SAS software version
9.0 (2002) was used in executing the analysis.

_ Cov(xy)

rxy 2 2
o, X0,
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Where: 1, = correlation of x and y; Cov(xy) = covariance of trait x and y

oy =variance ofy o= variance of x
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CHAPTER FOUR
4.0 RESULTS
EXPERIMENT I

4.1  Analysis of Variance

Analysis of variance (ANOVA) for the morphological traits (days to 50% flowering and number
of pods per plants) screened under non stress and water stress conditions at Samaru in Table 4.1.
The mean squares for the genotypes showed highly significant (P<0.01) difference for the two
traits measured under both conditions, except for number of pods per plant under non-stress
condition which showed a non-significant (P>0.05) difference. The physiological traits (SPAD
Chlorophyll Meter Reading (SCMR) at 40, 60 and 80 DAS and Leaf Area Index) screened under
non- stress and water stress conditions at Samaru are presented in Table 4.3. The mean squares
for genotypes showed highly significant (P<0.01) difference for all the traits measured, except
for SCMR 40DAS, SCMR 60 DAS and LAI in non-stress condition which showed no significant

(P>0.05) difference.

Analysis of variance for days to 50% flowering and number of pods per plant and some
physiological traits (SCMR for 40, 60 and 80 DAS and Leaf Area Index) under combined
analysis are presented in Table 4.2 and 4.4. The results of analysis of variance for genotype, as
well as the interaction between water conditions and genotype were highly significant (P<0.01)

for both morphological and physiological traits Tables 4.2 and 4.4, respectively.
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Table 4.1: ANOVA for morphological traits measured under non stress and water stress
conditions at Samaru 2018

DFF NPPT
Source of Variation DF NS WS NS WS
Replication 1 <0.001** 48.57** 2.00 158.79**
Genotype 106 45.43** 9.36** 28.70 79.49**
Error 106 1.75 <0.001 11.87 3.57

**: highly significant difference at (P<0.01) probability level, DF= Degree of freedom, DFF= Days to 50%
flowering, NPPT= Number of pods per plant, NS= Non-Stress condition, WS= water-stress condition.
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Table 4.2: ANOVA for morphological traits measured under combined analysis at Samaru 2018

Source of variation DF DFF NPPT
Replication 1 93.99 98.23**
Water Condition(C) 1 171.15** 80.80**
Error a 1 90.43 10.56
Genotype (G) 106 590.39** 54.28**
GxC 106 586.85** 53.92**
Error b 213 56.71 7.98

**: highly significant difference at (P<0.01) probability level, DF= Degree of freedom, DFF= Days to 50%
flowering, NPPT= Number of pods per plant
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Table 4.3: ANOVA for physiological traits measured under non stress and water stress conditions at Samaru 2018

SCMR 40DAS SCMR 60DAS SCMR 80DAS LAI
Source of Variation o NS WS NS WS NS WS NS WS
Replication 1 6.95 16.18** 25.43 17.17 2.75 17.17** <0.001**  <0.001**
Genotype 106 54.59 120.20** 64.05 152.10** 88.56**  152.12** <0.001 <0.001**
Error 106 64.72 0.77 80.12 1.34 57.03 1.34 0.02 <0.001

**: highly significant difference at (P<0.01) probability level, DF= Degree of freedom, NS= non stress condition, WS= water stress condition, SCMR= SPAD
Chlorophyll Meter Reading, DAS=Days after sowing and LAI= Leaf Area Index.
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Table 4.4: ANOVA for physiological traits measured under combined analysis at Samaru 2018

Source of variation DF SCMR 40DAS SCMR 60DAS SCMR 80DAS LAl

Replication 1 0.96 62.42 16.84 0
Water Condition(C) 1 709.83** 1295.62** 262.43** 0.01**
Error a 1 45.36 57.68 25.89 <0.001
Genotype (G) 106 83.77** 75.69%* 114.69%* <0.001**
GxC 106 91.02** 98.32** 125.99** <0.001**
Error b 213 32.69 40.25 29.06 <0.001

**: highly significant difference at (P<0.01) probability level, DF= Degree of freedom, SCMR= SPAD Chlorophyll
Meter Reading, DAS= Days after sowing and LAI= Leaf Area Index.
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4.2 Mean Performance of 107 Groundnut Genotypes Screened under Non-stress and
Water-stress Conditions at Samaru 2018 using Rank Summation Index

The result of top 15 best performing and 10 least performing genotypes based on number of pods
per plant, SCMR at 40DAS, 60DAS and LAI rated using rank summation index under non stress
and water stress conditions are presented in Tables 4.5 and 4.6. Under non stress, the three best
performing genotypes: ICG 12189, ICG-SM-07541 and ICG 5236 had number of pods per plant
greater than the mean performance of all the genotypes by 42%, 46% and 72% respectively. On
the other hand, among the 10 least performing genotypes, eight genotypes had number of pods
lower than the overall mean while genotypes ICGV-1S-07855 and RS006F,B;-(B) had number of
pods greater than the overall mean. For SCMR at 40 DAS and 60 DAS, all the top performing
genotypes were higher than the overall mean by 7%-30% and 10%-38% respectively while all
the least performing genotypes were lower than the overall mean (40.99 and 39.35) respectively.
For LAI, four (4) genotypes ICGV-1S-13990, ICG 12189, RS066F3;B1-57(B) and ICG 6813

ranked below the overall mean 0.08 with a value of 0.07 (Table 4.5).

Under water stress condition, 10 of the top performing genotypes had number of pods per plant
greater than the overall mean. Seven out of the 15 best performing genotypes had number of
pods per plant greater than the mean performance of all the genotypes by 33%-87%. For SCMR
at 40 DAS only 3 ICGV-IS-07841, ICGV-1S-13112 and ICG-1S-07919 of the top performing
genotypes recorded values lower than the overall mean 43.56. The three best performing
genotypes are ICGV-I1S-07843, ICG 9777 and ICG 1519 which had SCMR at 40 DAS greater
than the mean performance of all genotypes by 16-19%. While among the 10 least performing
genotypes, eight (8) of the genotypes recorded lower values than the mean except for genotypes

ICGV-1S-07828 and ICGV-IS-13007 which recorded values greater than the overall mean.
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Table 4.5: Rank summation index of some groundnut genotypes screened under non-stress
condition at Samaru 2018

Genotypes NPPT  SCMR 40 DAS (nmol/im?) “CMRE0DAS , ,, Ranking
(nmol/m®)
Top 15 genotypes
ICGV-1S-13990 5(16) 53.11(2) 47.12(9) 0.07(3) 1
ICG 12189 13(8) 47.14(11) 46.35(12) 0.07(3) 2
ICGV-1S-07803 8(13) 50.26(5) 45.8(15) 0.09(1) 2
ICG 231 7(14) 46.18(18) 51.52(2) 0.08(2) 3
ICGV-I1S-07813 8(13) 48.25(8) 46.2(13) 0.08(2) 3
ICG 10346 7(14) 45.34(20) 54.39(1) 0.08(2) 4
ICGX-1S-13011 10(11) 46.23(17) 47.67(8) 0.09(1) 4
ICGV-1S-03323 1(20) 51.55(4) 46(14) 0.09(1) 5
ICGV-IS-07815 8(13) 49.29(7) 44.3(18) 0.08(2) 6
RS066F3B1-57(B)  4(17) 44.68(23) 48.36(4) 0.07(3) 7
ICGV 07805 9(12) 46.54(15) 43.7(22) 0.09(1) 8
ICG 5236 25(3) 45.68(19) 43.13(28) 0.08(2) 9
ICGV-1S-13007 2(19) 46.85(13) 43.63(24) 0.09(1) 10
ICG-SM-07541 19(5) 43.78(34) 43.8(20) 0.08(2) 11
ICG 6813 12(9) 44.24(29) 43.67(23) 0.07(3) 12
Least 10 genotypes
ICG 9905 4(17) 31.2(105) 36.3(72) 0.08(2) 70
ICGV-1S-07887 2(19) 37.99(72) 26.93(103) 0.08(2) 71
RS006F4B1-49 2(19) 34.15(97) 35.25(80) 0.08(2) 72
RS006F3B1-22® 0(21) 35.56(87) 33.37(88) 0.06(4) 73
ICGV-1S-07883 3(18) 35.22(89) 30.8(97) 0.08(2) 74
ICGV-1S-07809 1(20) 34.34(96) 32(93) 0.09(1) 75
RS006F4B1-31 1(20) 34.47(95) 29.99(99) 0.08(2) 76
ICGV-I1S-07855 9(12) 31.78(103) 27.4(100) 0.08(2) 77
ICGX-5M-
00018/5/4/P2 1(20) 33.03(101) 30.88(96) 0.09(1) 78
RSO006F4B1-4(B) 8(13) 30.03(106) 27.31(101) 0.05(5) 79
Mean 7.00 40.99 39.35 0.08
CV (%) 16.5 19.63 22.75 15.90

NPPT= Number of pods per plant, SCMR= SPAD Chlorophyll Meter Reading, DAS= Days after sowing, ranking
values in bracket () and mean performance value outside the bracket
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Table 4.6: Mean performance using rank summation index for some morphological and
physiological traits in groundnut screened under water-stress condition at Samaru 2018

GENOTYPES NPPT SCMR 40DAS SCMR 60DAS LAl Ranking
Top 15 genotypes

ICGV-1S-07902 3(8) 51.41(13) 46.58(34) 0.07(3) 1
ICGX-5M-00017/5/P5/P2 4(7) 49.44(23) 46.67(33) 0.08(2) 2
ICGV-1S-13978 23(1) 51.01(15) 36.79(76) 0.06(4) 3
ICGV-1S-13112 2(9) 33.25(76) 41.83(62) 0.07(3) 4
ICGV-I1S-07843 1(10) 52.3(9) 49.35(16) 0.09(1) 5
ICG 9777 3(8) 52.5(8) 51.13(9) 0.05(5) 6
ICGV-IS-07815 5(6) 44.66(47) 47.18(28) 0.05(5) 7
ICG 1519 3(8) 53.5(5) 48.66(19) 0.07(3) 8
ICG-1S-07919 4(7) 39.7(67) 48.46(21) 0.07(3) 8
ICGV-I1S-07887 2(9) 45.16(42) 43.71(50) 0.06(4) 9
ICGV-I1S-07841 7(4) 24.81(88) 39.26(68) 0.08(2) 9
ICGV-1S-078513 4(7) 46.35(37) 44.01(47) 0.06(4) 10
ICG 9905 2(9) 50.92(16) 50.24(12) 0.09(1) 11
ICG 6813 2(9) 49.72(22) 50.44(11) 0.09(1) 12
SAMNUT 25 4(7) 50.52(17) 49.65(15) 0.05(5) 13
Least 10 genotypes

ICG 5195 1(10) 41.49(60) 27.89(89) 0.08(2) 74
ICGV-1S-07828 7(4) 49.13(25) 30.56(85) 0.07(3) 75
ICGV-IS-13007 2(9) 53.1(6) 55.48(1) 0.06(4) 75
RS066F3B1-57(B) 0(11) 36.13(73) 33.63(82) 0.09(1) 76
ICGX-1S-13011 1(10) 32.55(78) 36.4(79) 0.08(2) 77
ICG-SM-07541 6(5) 31.46(79) 43.52(51) 0.08(2) 78
ICG 10346 4(7) 28.88(82) 26.31(93) 0.08(2) 79
RSO006F4B-534 0(11) 27.59(85) 28.29(88) 0.06(4) 80
ICGV-1S-13938 1(10) 39.2(70) 44.31(45) 0.06(4) 81
RSO006F4B1-45(B) 2(9) 41.09(61) 44.01(47) 0.07(3) 82
Mean 3.00 43.56 42.83 0.07

CV (%) 18.90 2.02 2.01 2.02

NPPT= Number of pods per plant, SCMR= SPAD Chlorophyll Meter Reading, DAS= Days after sowing, ranking
values in bracket () and mean performance value outside the bracket
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For SCMR at 60 DAS, twelve of the top performing genotypes had SCMR at 60 DAS greater
than the mean performance of all the genotypes by 3%-16% except for genotypes ICGV-IS-
13978, ICGV-IS-13112 and ICGV-1S-07841which recorded values lower than the overall mean
on the other hand six of the least performing genotypes had lower SCMR values than the overall
mean with the exception of genotypes ICGV-I1S-13007, ICG-SM-07541, ICGV-1S-13938 and
RS006F;B1-45(B) which had SCMR values greater than the overall mean . For LAI, nine (9)

genotypes ranked above the overall mean (Table 4.6).

4.3  Principal Component Analysis

The results from principal component analysis performed on the correlation matrix for the
morphological and physiological traits measured under non-stress and water-stress are presented
in Table 4.7. The total variance of the first three principal component (PC) axes accounted for
70.04% and 70.81% for the morphological and physiological traits of the genetic variation
among the groundnut genotypes under non stress and water stress conditions, respectively. PC1
explained 35.92% and 34.73% and PC2 17.36% and 20.33% while PC3 accounted for 16.76%
and 15.75% of the total variation under non-stress and water-stress conditions, respectively. For
morphological traits, under non stress condition, number of pods per had the high score for PC1,
while days to 50% flowering recorded the highest score for PC2 (0.10) and PC3 (0.11). For
physiological traits, SCMR 40, 60 and 80 DAS had higher score under PC1, while SCMR 80
DAS and leaf area index had higher scores in PC2 and SCMR 80 DAS and LAI had higher score

in PC3. Under water stress condition, for morphological traits, number of pods per plant was
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Table 4.7: Principal component analysis based on correlation co-efficient matrix of
morphological and physiological traits screened under non stress and water stress condition at
Samaru 2018

PC1 PC2 PC3

Traits

NS WS NS WS NS WS
DFF 0.24 0.22 0.10 0.52 0.11 0.78
NPPT 0.48 0.46 -0.25 -0.60 -0.22 -0.02
SCMR 40 DAS 0.82 0.77 0.01 0.08 -0.06 0.03
SCMR 60 DAS 0.77 0.74 0.01 0.18 0.01 -0.32
SCMR 80 DAS 0.81 0.83 0.17 0.05 0.11 -0.01
LAI -0.02 -0.11 0.94 0.75 0.19 -0.48
Eigen value (EV) 2.16 2.08 1.04 1.22 1.01 0.95
Proportion of variation (%)  35.92 34.73 17.36 20.33 16.76 15.75
Cumulative Variation (%) 35.92 34.73 53.28 55.06 70.04 70.81

DFF= Days to 50% flowering, SCMR= SPAD Chlorophyll Meter Reading, DAS= Days after sowing, LAl= Leaf
Area Index, NPPT= Number of pods per plant.

41



Table 4.8: Principal component analysis ranking of 107 groundnut genotypes screened under non
stress condition at Samaru 2018

Genotypes PC1 PC2 PC3 Ranking ';::Rj::g
Top 15 Best Genotypes

SAMNUT 26 1.45 1.69 0 17.98 1
ICGV-1S-07812 3.32 3.18 341 15.13 2
ICG 3312 0 0.21 1.28 10.18 3
RS006F4B1-45(B) 3.73 0.91 0 9.92 4
ICGV-I1S-07813 0.54 0.74 5.49 9.68 5
ICGV-1S-07904 1.54 1.98 0.52 9.62 6
ICG 297 0.68 1.32 0.22 8.68 7
ICGV-I1S-07828 0.95 1.97 0.12 8.25 8
ICGX 11003 1.15 0.17 0.08 8.22 9
ICGV-I1S-07842 2.36 0.09 3.15 8.03 10
ICGX-5M-00018/5/4/P2 0.79 0.01 1.32 7.71 11
RSO006F4B1-4(B) 1.23 0.96 1.68 7.56 12
ICGV-I1S-07902 0.45 0.22 0.28 7.49 13
ICGV-1S-13878 1.71 1.4 0.02 7.48 14
ICG 3584 0.08 0.02 1.2 7.06 15
Least 15 Genotypes

ICG 6813 1.49 0.4 0.22 1.43 93
RS006F4B1-22 1.65 0.54 0.52 141 94
ICGV-I1S-07853 3.06 3.31 1.11 14 95
SAMNUT 25 0.22 0 0.99 1.36 96
ICGV-I1S-07891 2.05 0.1 0.14 1.3 97
ICGV-1S-13050 2.39 0.21 0.32 1.2 98
ICGV-1S-07883 0.09 0.83 0.09 1.01 99
RS066F3B1-57(B) 0.56 0 1.15 1.01 100
ICG-SM-07539 0.15 0.18 0.42 0.95 101
ICGV-1S-13989 2.01 1.11 2.05 0.78 102
ICGV-IS-07895 3.83 0.15 1.08 0.77 103
ICGV-1S-13982 0.06 0.09 1.84 0.75 104
ICG 1519 0.59 0.85 0.07 0.66 105
ICG 3421 0.18 0.04 0.79 0.58 106
ICGV-1S-13112 0.78 0.02 0.8 0.4 107
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Table 4.9: Principal component analysis ranking of 107 groundnut genotypes screened under
water stress condition at Samaru 2018

: Numeric
Genotypes PC1 PC2 PC3 Ranking Ranking
Top 15 Best Genotypes
ICGV-IS-13115 591 20.61 1.11 27.64 1
RS006F4B1-45(R) 1431 4.78 0.00 19.10 2
ICGV-I1S-07853 8.97 8.78 041 18.16 3
ICGV-1S-13989 12.17 0.18 5.46 17.81 4
RSO006F4B-534 10.37 0.12 0.2 10.69 5
ICG 3312 0.02 10.21 0.1 10.32 6
ICGV-1S-13978 1.95 7.16 1.13 10.24 7
ICG 10346 7.03 0.08 1.77 8.88 8
ICG 5195 3.77 0.82 3.98 8.57 9
RSO006F4B1-17 0.16 0.81 6.45 7.42 10
ICG 15236 4.48 1.69 1.14 7.32 11
ICGV-1S-13990 5.19 0.01 2.02 7.22 12
ICGV-91283 6.30 0.18 0.17 6.65 13
ICGV-1S-03323 5.42 0.08 0.37 5.86 14
ICGV-1S-07843 4.33 1.05 0.01 5.39 15
Least 15 Genotypes
ICG 4911 0.58 0.20 0.42 1.20 93
ICGV-I1S-07803 0.32 0.82 0.03 1.18 94
ICGV-I1S-07845 0.08 0.05 1.03 1.16 95
ICGV-I1S-07815 0.96 0.00 0.00 0.97 96
ICGX-5M-00017/5/P5/P2 0.27 0.62 0.01 0.90 97
ICG 12989 0.00 0.59 0.26 0.85 98
ICGV-I1S-07841 0.46 0.25 0.13 0.84 99
RS006F4B1-50 0.00 0.12 0.57 0.69 100
RSO006F4B1-53(B) 0.07 0.09 0.47 0.63 101
ICGV-IS-07813 0.23 0.06 0.12 041 102
ICGV-1S-07904 0.04 0.27 0.08 0.39 103
RSO006F4B1-45(B) 0.10 0.24 0.05 0.38 104
ICGV-1S-07809 0.03 0.09 0.19 0.30 105
12CS-010 0.02 0.09 0.15 0.27 106
ICGV-1S-07828 0.17 0.01 0.00 0.18 107
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with high score under PC1, days to 50% flowering were with high scores in PC2, while days to
50% flowering. For physiological traits, SCMR 40, 60 and 80 DAS were with high score under
PC1, leaf area index and SCMR 60DAS were with high scores in PC2 while SCMR 40DAS and

LAI were with high score in PC3.

The principal component scores of the 107 groundnut genotypes based on the morphological and
physiological traits measured under non-stress and water-stress is presented in Tables 4.8 and
4.9, respectively. The results showed the contributions of each genotype to the principal
components. The best genotypes with higher values in percentage were considered as

contributing most of the effects of each component.

The results under non-stress condition indicated that SAMNUT 14 (13.29), ICG 12189 (8.99)
and RS006F4B;1-49 (8.09) had the highest contributions in PC1, while ICGV-1S-07803 (6.35),
ICG 1274 (5.62) and ICG-SM-07541 (4.6) had the highest impact on the traits in PC2 (See
appendix). On PC3, ICGV-1S-07803 (7.31), ICGV-1S-07813 (5.49) and ICGV-1S-07947 (4.98)
had highest character contribution. Under water stress condition, the first three principal
components shows that in principal component 1, RS006F4B;-45(R) (14.31), recorded the
highest score closely followed for ICGV-1S-13989 (12.17) and RS006F4B-534 (10.37). PC 2 has
ICGV-1S-13115 (20.61), with the highest score followed for ICG 3312 (10.21), ICGV-IS-
07853(8.78) while RS006F,B;-17 (6.45), ICGV-1S-13989 (5.46) and ICG 5195(3.98) had the
highest score in PC3. Under non-stress condition, genotypes with the highest pooled ranking
were SAMNUT 26 (17.98), ICGV-1S-07812(15.13) and ICG 3312 (10.18), while the least were
ICGV-IS-13112(0.4), ICG 3421(0.58) and ICG 1519(0.66). Under water-stress condition,
highest pooled ranking was recorded for ICGV-1S-13115 (27.64), followed for RSO06F;B;-
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45(R) (19.1) and ICGV-1S-07853 (18.16) while genotypes with the lowest pooled ranking were
ICGV-1S-07828 (0.18), 12CS-010 (0.27) and ICGV-I1S-07809 (0.3). Seventy (70) genotypes
were found to be drought tolerant while thirty-seven (37) were found to be drought susceptible.
Based on the PCA ranking, the following genotypes (ICGV-1S-13115, RS006F4B1-45(R),
ICGV-1S-07853, ICGV-IS-13989 and RS006F4B-534) were more drought tolerant and
genotypes (ICGV-1S-07828, 12CS-010, ICGV-1S-07809, RS006F,B(B) and ICGV-1S-07904)

were more relatively more sensitive to drought.

4.4 Clustering of Genotypes

The average linkage grouping method using the morphological and physiological variables
identified for Principal Component Analysis (PCA) produced two major clusters and four
clusters of the 107 groundnut genotypes screened under non-stress condition (Fig. 1). Cluster 1
was the largest, containing 35 genotypes (32.71%) followed for cluster Il, which contained 20
genotypes (18.69%). Cluster 1V has the smallest group containing 11 genotypes (10.28%).
Genotypes with high degrees of yield adaptation under water stress were grouped in cluster |
(Fig. 2) and those with low adaptation under water-stress were grouped in cluster 1V. Genotypes
12CS-010 and ICGV-1S-07828 were grouped in cluster Ill. These genotypes showed the least
yield adaptation under water-stress conditions. Genotypes ICVG-1S-07853 and ICGV-1S-13989
are genotypes that were not adapted under non-stress and highly adapted under water-stress
conditions whereas genotypes ICGV-1S-07828, ICGV-I1S-07813 and ICGV-1S-07904 were

adapted under Non-stress and not adapted under water-stress.
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Fig 1: Dendogram displaying genetic diversity among 107 groundnut genotypes screened under non-stress condition at
Samaru 2018
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EXPERIMENT I1

45  Analysis of Variance

Analyses of variance for morphological and physiological traits of groundnut genotypes
evaluated under non-stress and water stress conditions at Samaru are presented in Tables 4.10
and 4.12, respectively. For the morphological traits, the mean squares for the genotypes were
highly significant (P<0.01) for plant height, seed weight and pod yield under non-stress
condition. The mean squares for genotype were also significant (P<0.05) for 100 seed weight,
seed weight and pod yield under water-stress condition, while 50% flowering under both
conditions showed non-significant (P>0.05) difference. For physiological traits, the mean
squares for genotypes were significant (P<0.05) for all the traits recorded under the non-stress

and water-stress condition Table 4.12.

Combined analyses of variance for morphological and physiological traits of groundnut
genotypes evaluated are presented in Table 4.11 and 4.13 below, respectively. For morphological
traits, mean squares for condition were highly significant (P<0.01) for all traits measured except
hundred seed weight which showed significant (P<0.05) difference. Mean squares of genotypes
were highly significant (P<0.01) for plant height and number of pods per plant, other traits
measured showed significant (P<0.05) except for days to 50% flowering which showed non-
significant (P>0.05) difference. Mean squares G x C were highly significant (P<0.01) for plant
height, all other traits showed significant (P<0.05) difference except for days to 50% flowering

which showed non-significant (P>0.05) difference.
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Table 4.10: ANOVA for morphological traits of groundnut genotypes evaluated under non-stress and water- stress conditions at

Samaru 2019

Source of DFF PHT (cm) NPP SWT(g) PDY (g/plant) 100-SWT (g)
variation > NS WS NS WS NS WS NS WS NS WS NS WS
Replication 1 5.40 15.00 29.94 19.85 882 2042 056  0.05 11.88  0.05 15.14  83.30
Genotype 29 440 3.16 381.70** 198.21** 69.64* 37.05*  13.97** 5.68* 25.89** 8.17* 18.53* 107.38*
Error 29 4.02 3.586 145.19 163.62 41.02 25.24 8.73 359 10.37 9.8 166.05 77.2

*, **: significant and highly significant difference at (P<0.05) and (P<0.01) probability level respectively, Df = Degree of Freedom, DFF= Days to 50%
flowering, PHT = plant height, NPP= Number of pods per plant, SWT = Seed Weight and PDY = Pod yield
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Table 4.11: ANOVA for morphological traits of groundnut genotypes evaluated under combined
Analysis at Samaru 2019

L. Pod
Source of variation DE DEE PHT NPP SWT 100- Yield
(cm) SWT

(g/plant)

Replication 1 1.20 33.06 28.03 0.48 24.34 6.77
Condition (C) 1 1.63 18.25**  74.03** 196.61** 101.12* 90.05**
Genotype (G) 29 5.24 45.65**  66.06** 8.68* 121.92* 17.07*
GxC 29 2.32 124.26** 40.64* 10.97* 16.20* 16.99*

Error 58 4.06 152.07 32.59 6.06 1398.22 9.85

*, **: significant and highly significant difference at (P<0.05) and (P<0.01) probability level respectively, DF =
Degree of Freedom, DFF= Days to 50% flowering, PHT = plant height, NPP= Number of pods per plant, SWT =
Seed weight
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Table 4.12: ANOVA for physiological traits of groundnut genotypes evaluated under non-stress

and water- stress conditions at Samaru 2019

Source of SCMR 40 DAS SCMR 60 DAS SCMR 80DAS HI
variation DF NS WS NS WS NS WS NS WS
Replication 1 0.19 1348 6.39 0.11 0.19 20.92 19342 3.44
Genotype 29 6.73* 42.12* 16.63* 7.08* 13.38 16.58 104.71* 74.03*
Error 29 349 19.66 8.05 10.09 995 16.49 51.8 61.25

*, **: significant and highly significant difference at (P<0.05) and (P<0.01) probability level respectively, DF =
Degree of Freedom, SCMR = SPAD chlorophyll meter reading, DAS= Days after sowing, HI = Harvest Index,

LAI = Leaf Area Index
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Table 4.13: ANOVA for physiological traits of groundnut genotypes evaluated under combined
analysis at Samaru 2019

Source of variation  DF SCMR 40DAS SCMR 60DAS SCMR 80DAS HI (%)

Replication 1 8.42 241 12.53 72.62
Condition (C) 1 428.24** 204.36** 3.61* 293.79**
Genotype (G) 29 32.03** 14.27* 17.28* 107.63**
GxC 29 16.81* 9.44 12.69 71.10
Error 58 11.46 8.99 13.14 57.67

*, **: significant and highly significant difference at (P<0.05) and (P<0.01) probability level respectively, DF =
Degree of Freedom, SCMR = SPAD chlorophyll meter reading, DAS= Days after sowing, HI = Harvest Index
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Highly significant (P<0.01) variations were observed for all physiological traits measured
except SCMR at 80DAS which showed non-significant (P>0.05) difference. Mean square for
genotypes was highly significant (P<0.01) for SCMR at 40 DAS and harvest index, all traits
measured showed significant (P<0.05) difference. Mean squares for Genotype x Condition (G x
C) showed significant (P<0.05) difference for SCMR at 40 DAS and non-significant (P>0.05)

difference for other traits recorded. (Table 4.13)

4.6 Mean Performance for Non-Stress and Water-Stress Conditions at Samaru 2019.

The mean performance for the morphological traits measured among the seven (7) parents,
twenty-one (21) crosses and two (2) checks evaluated under non-stress and water stress
conditions is presented in Table 4.14 and that of the combined analysis in Table 4.15. The

genotypes showed considerable variation for the different traits measured.

Days to 50% flowering has a mean of 39 days for both non-stress and water-stress conditions.
Among the 7 parents, RS006F;B;-50 (P,) and ICG 12989 (P,) flowered earliest 38 days both
conditions, respectively, while 1CGV-1S-07841 (P3;) flowered late (42 days) under non-stress
condition and SAMNUT 23(Ps) and ICG 3312(P;) flowered late (41days) under water-stress
conditions, respectively. RS006F4B1-50 x ICG 5195 flowered earliest 36 days under non-stress
condition while ICGV-1S-07813 x ICG 3312, RS006F4B;-50 x SAMNUT 23 and RS006F4B1-50
X ICG 3312 and ICGV-1S-07841 x ICG 5195 flowered earliest (38 days) under water stress
condition. RS006F,4B1-50 x ICG 12989, ICGV-1S-07841 x ICG 12989 and SAMNUT 23 x ICG
5195 flowered late (42 days) under non-stress condition while ICGV-1S-07813 x ICGV-IS-

07841 and SAMNUT 23 x ICG 3312 flowered late (42 days) under water stress condition.
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Table 4.14: Mean performances for Morphological Traits of Diallel Parents and Progenies
Evaluated under Non-Stress and Water-Stress Conditions at Samaru 2019

DFF PHT (cm) SWT (g) 100 SWT (g) PDY (g/plant) NPP

Genotypes W

NS S NS WS NS WS NS WS NS WS NS WS
ICGV-1S-07813 (P1) 39 39 61.3  48.8 3.7 1.3 23.4 28.8 7.1 2.7 16 9
RS006F4B1-50 (P2) 38 40 525 327 5.5 0.3 27.7 12.5 4.4 0.8 18 3
ICGV-1S-07841 (P3) 42 39 473 333 4.5 1.7 40.0 16.6 125 2.2 8 7
ICG 12989 (P4) 38 38 375 404 3.7 2.7 21.0 18.2 12.7 4.4 20 11
SAMNUT 23 (P5) 39 41 73.8 39.8 4.6 3.0 25.1 25.0 7.9 5.2 15 14
ICG 5195 (P6) 39 39 380 372 4.3 3.4 26.1 15.2 10.1 5.4 16 20
ICG 3312 (P7) 41 4 59.9 426 11.7 2.8 29.6 784 8.3 2.7 23 17
ICGV-IS-07813 x RS006F4B1-50 41 39 359 39.6 2.4 15 21.0 53.7 10.5 1.8 14 5
ICGV-IS-07813 x ICGV-1S-07841 39 42 36.3 79.7 1.7 14 50.9 19.6 3.1 3.9 13 8
ICGV-IS-07813 x ICG 12989 38 41 476 57.0 8.2 25 27.0 16.2 7.4 4.2 23 11
ICGV-IS-07813 x SAMNUT 23 40 39 34.0 528 2.0 2.8 24.2 24.7 10.3 2.9 11 12
ICGV-1S-07813 x ICG 5195 40 40 47.1 4717 75 2.3 26.5 30.5 9.4 4.8 17 6
ICGV-1S-07813 x ICG 3312 40 38 357 60.3 5.3 2.7 20.8 13.3 10.2 5.3 23 14
RS006F4B1-50 x ICGV-1S-07841 40 40 64.4 418 1.2 15 15.2 18.2 8.6 34 8 10
RS006F4B1-50 x ICG 12989 42 41 1%1' 56.8 3.3 10 22.3 22.0 3.6 2.0 16 6
RS006F4B1-50 x SAMNUT 23 38 38 535 331 5.3 35 26.8 15.4 8.6 4.8 15 13
RS006F4B1-50 x ICG 5195 36 39 56.3  40.9 5.1 2.1 17.3 23.0 17.6 6.6 26 12
RS006F4B1-50 x ICG 3312 38 38 64.4  39.9 5.2 20 24.2 51.7 7.3 3.7 15 6
ICGV-IS-07841 x ICG 12989 42 39 55.4 412 9.0 2.3 149.2 23.3 6.5 3.6 13 5
ICGV-IS-07841 x SAMNUT 23 41 40 46.8 405 5.2 4.1 42.3 120.3 6.4 6.1 11 11
ICGV-IS-07841 x ICG 5195 38 38 51.6 44.2 12.4 2.6 27.1 17.3 9.4 5.8 29 16
ICGV-IS-07841 x ICG 3312 39 40 59.0 55.7 4.8 3.8 38.3 21.3 5.5 5.4 11 13
ICG 12989 x SAMNUT 23 40 39 529 52.7 4.1 2.8 20.0 14.7 7.1 4.1 14 13
ICG 12989 x ICG 5195 39 41 489 47.0 5.8 25 134.9 20.0 7.7 3.9 20 10
ICG 12989 x 1CG 3312 40 39 49.9 4438 35 1.9 18.5 16.8 3.6 37 14 7
SAMNUT 23 x ICG 5195 42 41 41.0 36.2 4.8 0.9 18.9 15.3 7.4 2.1 13 9
SAMNUT 23 x ICG 3312 39 42 446  36.7 2.2 21 211 17.7 8.8 4.0 11 8
ICG 5195 x ICG 3312 39 39 36.8  48.7 5.3 3.6 23.6 18.4 16.8 5.6 20 16
SAMNUT 24 39 39 56.3 39.6 6.4 4.3 215 23.1 10.8 7.6 26 15
SAMNUT 25 38 39 455 385 14 10.0 14.0 31.6 11.6 2.6 11 20
Mean 39 39 51.2 45.0 5.2 2.62 33.3 27.4 8.27 4.2 16 10.8
C.V (%) 51 438 235 284 57.1 72.4 19.8 14.0 38.9 22.9 20.6 26.5
LSD 41 39 246  26.2 6.0 3.9 88.3 63.9 6.59 6.3 13.1 10.3

DFF= Days to 50% flowering, PHT = plant height, NPP= Number of pods per plant, NSP = Number of Seeds per plant, SWT = Seed Weight,
PDY= Pod yield, CV = Coefficient of Variation
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Table 4.15: Mean Performance for Morphological traits of Groundnut Genotypes Evaluated

under Combined Analysis at Samaru 2019

Genotype DFF PHT(cm) NPP SWT 100
(9) SWT  Pod Yield(g/plant)

ICGV-1S-07813 (P,) 39 55.1 12 25 Z(g.)l 4.9
RS006F4B1-50 (P,) 40 34.3 8 14 16.8 2.6
ICGV-1S-07841 (P3) 39 34.8 10 4.7 338 7.3
ICG 12989 (P,) 38 44 17 5.4 22.6 8.5
SAMNUT 23 (Ps) 40 36.9 12 2.5 24.6 45
ICG 5195 (P¢) 39 42.1 18 5.4 20.9 7.7
ICG 3312 (Py) 41 39.2 20 4.0 49.6 6.8
ICGV-1S-07813 x RS006F,B;-50 38 46.1 12 35 40.7 6.6
ICGV-1S-07813 x ICGV-1S-07841 41 72 8 13 174 25
ICGV-1S-07813 x ICG 12989 42 79.3 13 2.9 19.3 5.6
ICGV-1S-07813 x SAMNUT 23 38 53.1 13 4.1 25.8 7.2
ICGV-1S-07813 x ICG 5195 38 52 16 3.7 239 6.1
ICGV-1S-07813 x ICG 3312 38 62.3 14 4.0 18.7 75
RS006F,B;-50 x ICGV-1S-07841 41 44.5 3.0 29.1 6.0
RS006F,B;-50 x ICG 12989 42 56.1 5.0 85.6 28
RS006F,B;-50 x SAMNUT 23 39 39.9 12 4.3 28.9 6.7
RS006F,B;-50 x ICG 5195 38 46.2 20 7.3 25.1 10.6
RS006F,B;-50 x ICG 3312 39 49.4 8 3.4 45 55
ICGV-1S-07841 x ICG 12989 39 39.3 16 3.0 22.1 5.0
ICGV-1S-07841 x SAMNUT 23 40 46.7 12 4.1 70.1 6.2
ICGV-1S-07841 x ICG 5195 38 46.5 18 4.2 76.1 7.6
ICGV-1S-07841 x ICG 3312 40 52.8 13 3.6 19.9 5.4
ICG 12989 x SAMNUT 23 39 63.2 14 3.7 19.9 56
ICG 12989 x ICG 5195 41 44 11 3.6 195 58
ICG 12989 x 1CG 3312 39 44.7 9 2.0 18.9 37
SAMNUT 23 x ICG 5195 40 37.1 12 2.6 20.7 4.7
SAMNUT 23 x ICG 3312 40.5 36.7 20 7.6 24 6.4
ICG 5195 x ICG 3312 40 54.3 20 7.6 24 11.2
SAMNUT 24 39 48 20 53 22.3 9.2
SAMNUT 25 39 42 15 5.7 22.8 79
Mean 39 48.1 13.3 3.9 30.4 6.2
C.Vv 5.1 25.7 329 23.2 12.2 5.3
LSD 2.9 17.4 8.1 3.5 5.9 4.4

DFF= Days to 50% flowering, PHT = plant height, NPP= Number of pods per plant, SWT = Seed Weight
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Plant height has an overall mean of 51.2 cm and 45.0 cm under non-stress and water-stress
conditions, respectively. Under non-stress condition, plant height ranged from 38.0 cm for ICG
5195 (Ps) to 73.8cm for SAMNUT 23(Ps) among the parents while it ranged from 34.0 cm for
ICGV-1S-0813 x SAMNUT 23 to 101.6 cm for RS006FsB;-50 x ICG 12989 among the
progenies. Under water-stress condition, it ranged from 32.7 cm for RS006F,4B1-50 (P,) to 48.8
cm for ICGV-1S-07813 (P1) among the parents and from 33.1 cm for RS006F,4B;-50 x SAMNUT

2310 79.7 cm for ICGV-1S-0813 x ICGV-IS-07841among the progenies.

Seed weight had an average of 5.2 g and 2.6g under non-stress and water-stress conditions,
respectively and it ranged from 3.7 g for ICGV-1S-07813 (P,) and ICG 12989 (P,4) to 11.7 g for
ICG 3312 (P7) and 0.3 g in RS006F;B1-50 (P2) to 3.4g for ICG 12989 among the parents under
non-stress and water-stress conditions, respectively. Under non-stress, it ranged from and 1.2g
for RS006F,4B1-50 x ICGV-1S-07841 to 12.4g for ICGV-IS-07813 x ICG 5195 while under
water-stress condition, it ranged from 0.9g for SAMNUT 23 x ICG 5195 to 3.5 g for
RS006F;B1-50 x SAMNUT 23. However, the check SAMNUT 25 had highest seed weight 10 g

under water stress condition.

One hundred seed weight has a mean of 33.3 g and it ranged from 21.0 g for ICG 12989 to 29.6
g in ICG 3312 among the parents under non-stress condition. Under water-stress condition, it has
an overall mean of 27.4 g and the parents ranged from 12.5 g for RS006F,B;-50 to 78.4 g for
ICG 3312. Under water-stress condition, the progenies; ICGV-1S-07813 x ICG 3312 recorded
the lowest value of 13.3 g for 100 seed weight and the highest value of 120.3 g was recorded for

ICGV-1S-07841 x SAMNUT 23. For non-stress condition, progenies RS006F;B;-50 x ICGV-IS-
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07841 recorded the lowest value 15.2g and ICGV-I1S-07841 x ICG 12989 149.2g recorded the

highest value for hundred-seed weight.

The overall mean for pod yield were 8.3g and 4.2g/plant under non-stress and water-stress
respectively. Under non-stress, pod yield ranged from 3.9 g/plant for SAMNUT 23 to 12.7
g/plant for ICG 12989 among the parents while among the progenies, pod yield ranged from 3.1
g/plant for ICGV-1S-07813 x ICGV-IS-07841 to 17.6g/plant for RS006F;B;-50 x ICG 5195.
Under water-stress pod yield ranged from 0.8 g/plant for RSO006F4B1-50 to 5.4g/plant for ICG
5195 among the parents and 1.8g/plant for ICGV-1S-07813 x RS006F,B;-50 to 6.6g/plant for
RS006F;B;1-50 x ICG 5195 among the progenies. Number of pods per plant has an overall mean
of 16 pods per plant and 11 pods per plant under non-stress and water-stress respectively. Under
non-stress condition, the genotypes with the most Number of pods were ICG 12989 23pods, ICG
3312 23 pods and RS006F4B1-50 x ICG 5195 29pods while the genotypes with the least number
of pods are; SAMNUT 23 11pods and RS006F,B;-50 x ICG 12989 5pods.The genotypes with
the most Number of pods per plant under water-stress condition are ICG 5195 20 pods among
the parents, ICGV-1S-07841 x ICG 5195 16pods and ICG 5195 x ICG 3312 16pods among the
progenies while RS006F;B;1-50 2 pods among the parents and ICGV-1S-07813 x RS006F;B1-50

(5pods) among the progenies recorded the least number of pods (Table 4.14).

The mean performance for the morphological traits of the groundnut genotypes evaluated under
combined analysis is given in Table 4.15. The genotypes showed considerable variation for the
different traits. For the morphological traits, days to 50% to flowering had an overall mean of
39days. Among the seven parents used in this study, ICGV-IS-ICG 12989 flowered early 38

days) while parent ICG 3312 flowered late 41 days. The progenies, ICGV-1S-07813 x ICG 3312,
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ICGV-1S-07813 x ICG 5195 and RS006FsB1-50 x ICG 5195 flowered earliest 38 days while
ICGV-1S-07813 x ICG 12989 and RS006F4B;-50 x ICG 12989 flowered late 42 days. Plant
height recorded an overall mean of 48.1cm. Among the parents, it ranged from 34.3 cm for
RS006F4B;-50 to 55.1cm for ICGV-1S-07841. Among the progenies, plant height ranged from

36.7cm for SAMNUT23 x ICG 3312 to 79.3cm for ICGV-1S-07813 x ICG 129809.

The mean for number of pods per plants recorded was 13pods. The genotypes with the most
number of pods per plant are ICG 3312 20 pods among the parents and SAMNUT23 x ICG 3312
20 pods, RS006F4B1-50 x ICG 5195 20 pods and ICG 5195 x ICG 3312 20 pods while
RS006F;B;1-50 8 pods and RS006F;B;-50 x ICG 12989 5 pods recorded the least value for

number of pods per plant.

Seed weight had a mean of 3.99 and it ranged from 1.4g for RSO006F;B;-50 to 5.4g for ICG
12989 and ICG 5195 among the parents while it ranged from 1.3g for ICGV-IS-07813 x ICGV-

IS-07841 to 7.6 g for SAMNUT 23 x ICG 3312 and ICG 5195 x ICG 3312 among the progenies.

The mean for 100 seed weight was recorded to be 30.4g. Among the parents, one hundred seed
weight ranged from 16.8g for RSO006F,B1-50 to 49.6g for ICG 3312 under combined analysis.
Among the progenies, ICGV-I1S-07813 x ICGV-1S-07841recorded the lowest value of 17.4g for

100 seed weight and RS006F4B;-50 x ICG 12989 recorded the highest value of 85.6g.

Pod yield recorded a mean of 8.3 g/plant. It ranged from 2.6g/plant for RS006F,B;-50 to 8.5
g/plant for ICG 12989 among the seven parents, the progenies with the lowest per se
performance is ICGV-1S-07813 x ICGV-1S-07841 2.5 g/plant while ICG 5195 x ICG 3312 had

the highest per se performance 11.2 g/plant (Table 4.15).
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Mean performance for the physiological traits of seven (7) parents, twenty-one (21) progenies
and two (2) checks of groundnut evaluated under non-stress and water-stress conditions is
presented in Table 4.16. Under non-stress condition, SCMR at 40 DAS had an overall mean of
42.8 and it ranged from 40.3 for SAMNUT 23 to 44.2 for RS006F,B1-50 among the parents and
the progenies ICGV-1S-07841 x ICG 12989 36.1 had the lowest SCMR 40 DAS while

SAMNUT 23 x ICG 3312 44.8 had the highest SCMR at 40 DAS.

Under water-stress SCMR at 40DAS had an overall mean 46.6 and it ranged from 48.00 for ICG
5195 to 52.3 for RSO006F4B1-50 among the parents and the progenies RS006F4B;-50 x SAMNUT
23 36.8 recorded the lowest SCMR 40 DAS while SAMNUT 23 x ICG 5195 recorded the

highest value of 55.3 for SCMR 40DAS.

SCMR at 60 DAS has an overall mean of 41.8 and 39.2 and it ranged from 39.5 for ICG 12989
and 34.0 for ICG 3312 to 47.8 for ICG 3312 and 40.7 for SAMNUT 23 under non-stress and
water-stress conditions, respectively. The progenies; ICGV-1S-07841 x ICG 3312 47.7 and
SAMNUT 23 x ICG 5195 42.4 recorded the highest values while ICGV-IS-07813 x SAMNUT
23 36.4 and SAMNUT 23 x ICG 3312 36.1 recorded the lowest values of SCMR at 60 DAS

under non-stress and water-stress conditions, respectively.

For SCMR at 80 DAS, the genotypes had an overall mean of 38.4 and 38.1, the parents ranged

from 36.5 for ICG 12989 to 42.2 for ICGV-I1S-07841 and 33.6 for RS006F4B-50
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Table 4.16: Mean performances for physiological traits of diallel parents and progenies evaluated
under non-stress and water-stress conditions at Samaru 2019

SCMR 40DAS SCMR 60DAS SCMR80DAS HI (%)

Genotypes

NS WS NS WS NS WS NS WS
ICGV-1S-07813 (Py) 43.5 49.8 41.8 39.3 38.8 37.2 15.8 9.5
RS006F4B1-50 (Py) 44.2 52.3 45 36.6 37.4 33.6 17.7 3.9
ICGV-I1S-07841 (Ps) 43.3 52.2 455 39.5 42.2 37 12.4 13.9
ICG 12989 (P,) 44.3 48.2 39.5 37.2 36.5 38 16.9 14.5
SAMNUT 23 (Ps) 40.3 50.2 42.1 40.7 37.2 39.6 14.2 13.9
ICG 5195 (Ps) 43.4 48 40.3 38.8 37.3 39.8 15.7 19
ICG 3312 (P) 435 49.3 47.8 34 40.3 39.6 29.3 13
ICGV-IS-07813 x RS006F4B1-50 44.8 43 39.6 40.8 36.1 375 9.6 16.5
ICGV-IS-07813 x ICGV-1S-07841 43.9 39.5 41 41 31.2 37 41.3 6.8
ICGV-IS-07813 x ICG 12989 42.7 38.4 44.6 40.1 41 39.2 25.1 13.4
ICGV-1S-07813 x SAMNUT 23 425 42.8 36.4 39.3 38.6 34.8 10.3 12.6
ICGV-1S-07813 x ICG 5195 40.9 49.6 38.3 39.2 39.9 36.8 22.3 9.7
ICGV-1S-07813 x ICG 3312 42.1 46.4 40.4 40.6 40.2 36.2 13.7 144
RS006F4B1-50 x ICGV-1S-07841 43 50.8 40.1 414 38 41.3 9.6 7.9
RS006F4B1-50 x ICG 12989 41.1 43.5 43.3 40.8 39.1 40.2 134 7.8
RS006F4B1-50 x SAMNUT 23 43.8 36.8 42.2 37.7 38.7 31.9 21.5 22.8
RS006F4B1-50 x ICG 5195 44.3 46.9 41.3 38.2 34.1 43.2 23.9 10.3
RS006F4B1-50 x ICG 3312 42.7 48.9 43.1 40.5 36.4 40.1 175 9.3
ICGV-1S-07841 x ICG 12989 36.1 48.1 45.2 39 41.8 40.6 8 11.9
ICGV-IS-07841 x SAMNUT 23 39.5 47.1 38.4 39.7 41.1 37 17.2 23.6
ICGV-1S-07841 x ICG 5195 44.5 46.1 44.7 38.7 38.2 37.9 31.1 19.7
ICGV-IS-07841 x ICG 3312 42.9 39.1 47.7 38.4 38.8 40.3 14.6 16.3
ICG 12989 x SAMNUT 23 43.2 40.1 36.1 39.3 36.6 38.3 22.8 13.2
ICG 12989 x ICG 5195 42.3 45.8 42.3 43 39.3  40.2 18.9 21.7
ICG 12989 x 1CG 3312 41.9 43.8 39.3 39.7 32.9 40.8 14.9 13.1
SAMNUT 23 x ICG 5195 42 55.3 43 42.4 40.1 35.3 16.9 10.5
SAMNUT 23 x ICG 3312 44.8 51.2 42.5 36.1 42.2 35.9 9.6 12.6
ICG 5195 x ICG 3312 43.6 46.8 415 39.8 39 43.7 16.4 20.3
SAMNUT 24 43.8 51.1 41.3 38.1 38.8 37 20.2 25.6
SAMNUT 25 44.7 45.6 41.3 374 40.4 31.8 11.8 30.8
Mean 42.8 46.6 41.8 39.2 38.4 38.1 17.7 14.6
CcV 4.4 9.5 6.8 8.1 8.2 10.7 40.5 135
LSD 3.8 9.1 5.8 6.5 6.5 8.3 14.7 16

SCMR = SPAD chlorophyll meter reading, DAS= Days after sowing, HI = Harvest Index, LAI= Leaf Area Index
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Table 4.17: Mean performance for physiological traits of groundnut genotypes evaluated under
combined analysis at Samaru 2019

SCMR SCMR SCMR
Genotype A0DAS  60DAS  8ODAS HI (%)
ICGV-IS-07813 (1) 46.7 0.6 38.0 12.7
RS006F4B1-50 (P,) 48.6 38.1 34.9 6.7
ICGV-1S-07841 (P3) 48.0 40.2 34.1 276
ICG 12989 (P.) 455 40.9 39.5 108
SAMNUT 23 (Ps) 46.4 38.6 39.1 12.1
ICG 5195 (Pe) 445 38.5 39.9 20.7
ICG 3312 (Py) 45.7 37.2 39.9 13.4
ICGV-1S-07813 X RSO06F ;B1-50 43.6 42.9 37.4 17.1
ICGV-1S-07813 X ICGV-1S-07841 41.2 405 375 8.2
ICGV-1S-07813 X ICG 12989 39.7 41.7 39.1 13.4
ICGV-1S-07813 X SAMNUT 23 433 40.7 36.8 17.1
ICGV-1S-07813 X ICG 5195 46.9 40.2 35.4 16.8
ICGV-1S-07813 X ICG 3312 44.6 418 36.3 15.9
RS006F,B,-50 X ICGV-1S-07841 471 435 41.8 10.1
RS006F4B;-50 X ICG 12989 39.8 43.0 41.0 7.9
RS006F,4B;-50 X SAMNUT 23 38.1 38.0 36.5 20.0
RS006F,4B,-50 X ICG 5195 45.7 414 40.7 20.7
RS006F,B,-50 x ICG 3312 45.9 441 39.4 12.0
ICGV-1S-07841 X ICG 12989 46.2 39.2 38.6 14.4
ICGV-1S-07841 x SAMNUT 23 45.2 37.9 36.8 23.2
ICGV-1S-07841 X ICG 5195 44.2 405 38.6 193
ICGV-1S-07841 X ICG 3312 405 38.9 36.6 15.6
ICG 12989 x SAMNUT 23 40.2 40.7 377 137
ICG 12989 X ICG 5195 43.9 43.0 401 10.3
ICG 12989 x 1CG 3312 443 411 415 113
SAMNUT 23 x ICG 5195 49.4 413 36.3 13.1
SAMNUT 23 x ICG 3312 47.35 38.8 37.4 24.8
ICG 5195 x ICG 3312 45.1 438 42.0 24.8
SAMNUT 24 475 39.7 37.9 22.9
SAMNUT 25 45.1 39.3 36.1 213
Mean 447 40.5 38.2 16.2
C. V (%) 76 74 9.5 46.9
LSD 48 4.2 5.1 107

SCMR = SPAD chlorophyll meter reading, DAS= days after sowing, HI = Harvest Index
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to 39.8 for ICG 5195 under non-stress and water-stress conditions, respectively. The progenies,
ICGV-IS-07813 x ICGV-1S-07841 31.2 and RSO006F4B1-50 x SAMNUT 23 31.9 recorded the
lowest values while SAMNUT 23 x ICG 3312 42.2 and ICG 12989 x ICG 3312 40.8 recorded

the highest values of SCMR at 80 DAS under non-stress and water-stress respectively.

Results for harvest INDEX revealed that the overall mean were 17.7% and 14.6%; the parents
ICG 3312 and ICG 5195 recorded the highest values 29.3% and 19.0%) while ICGV-1S-07841
and RS006F4B1-50 recorded the least values 12.4% and 3.9% harvest index under non-stress and
water-stress conditions, respectively. Among the progenies, harvest index ranged from 8.0% for
ICGV-IS-07841 x ICG 12989 to 41.3% for ICGV-IS-07813 x ICGV-1S-07841 under non-stress
condition while progenies ICGV-1S-07813 x ICGV-1S-07841 recorded the least value 6.8% and
ICGV-1S-07841 x SAMNUT 23 recorded the highest value 23.6% under water-stress condition.
The two checks SAMNUT 24 and SAMNUT 25 recorded higher values of harvest index under

water-stress condition (Table 4.16).

Under combined analysis, SCMR 40 DAS had a mean of 44.7 and it ranged from 44.5 for ICG
5195 to 48.6 for RSO06F4B1-50 among the parents. The progenies; SAMNUT 23 x ICG 5195
had the highest SCMR at 40 DAS 49.4 while RS006F;B;-50 x SAMNUT 23 had the lowest

value of 38.1 for SCMR 40 DAS.

SCMR at 60 DAS recorded an overall mean of 40.5 and it ranged from 37.2 for ICG 3312 to
40.9 for ICG 12989. The progenies; ICGV-1S-07841 x SAMNUT 23 and recorded the lowest
values of 37.9 for SCMR at 60DAS while RS006F4B1-50 x ICG 3312 recorded the highest
values 44.1. For SCMR at 80 DAS, the genotypes had an overall mean of 38.2 under combine

analysis. Among the parents, ICGV-1S-07841 recorded the lowest value (34.1) while ICG 5195
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and ICG 3312 recorded the highest value 39.9. The progenies, ICGV-1S-07813 x ICG 5195
recorded the lowest value 35.4 while ICG 5195 x ICG 3312 42.0 recorded the highest values of

SCMR at 80 DAS.

Results for Harvest index revealed that the overall mean recorded was 16.2%. RS006F,B;-50
and ICGV-1S-07841 recorded the least and highest values 6.7% and 27.6% among the parents,
respectively. Among the progenies, harvest index ranged from 7.9% for RS006F;B;-50 x ICG

12989 to 24.8% for SAMNUT 23 x ICG 3312 and ICG 5195 x ICG 3312 (Table 4.17).

4.7 Genetic Variability Parameters and Broad Sense Heritability for Morphological
Traits

Genetic variability parameters and broad sense heritability of morphological traits evaluated
under non-stress and water stress at Samaru are presented in Table 4.18. For the morphological
traits, the GCV and PCV were low for days to 50% flowering 1.11% and 1.16% and 3.78% and
3.19% under both conditions, respectively. Generally, PCV was higher than GCV for all traits
measured under the two conditions. High 61.96%, 60.00% and 91.19% broad-sense heritability
estimates were recorded for plant height, pod yield and 100 seed weight under non-stress
condition. Moderate 41.10% and 31.87%, 37.53% and 36.85% broad-sense heritability estimates
were recorded for number of pods per plant, seed weight under non-stress and water-stress
conditions, respectively. Moderate 46.23% broad-sense heritability was also recorded for 100
seed weight under water-stress condition, while low 12.14% heritability was recorded for pod
yield under water-stress condition. Days to 50% flowering recorded low 8.16% and 13.37%
broad-sense heritability values under non-stress and water-stress conditions, respectively (Table

4.18).
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Table 4.18: Variance component and heritability estimates for morphological traits of groundnut genotypes evaluated under non-stress
and water-stress conditions at Samaru 2019

Component of Variance

0 0 H.o (%
Traits Gez O'; (75 GCV (/O) PCV (/0) b ( 0)
NS WS NS WS NS WS NS WS NS WS NS WS
Days to
50% 201  1.79 019 021 220 158 111 1.16 378  3.19 816 13.37
flowering
Plant height 726  81.81 11825 173 190.85 99.10 21.25 9.25 27.00 2213 6196 17.45
Numberof =)o) 1560 1431  5.90 3482 1853 2397 2246 3739 3979  41.10 31.87
pods/plant
\S,\‘jgéht 436 1.79 262  1.05 699 284 31.28 39.1 51.06 6441 3753 36.85
Pod yield 519 474 776  0.66 1295 5.0 3368 19.18 4351 5504 6000 12.14
\ﬁ?;fed 033.02 488.6 924 1500 94227 503.69 013 1416 9221 81.83 9119 46.23

(Tez =Error variance, O'S = Genotypic variance, 0',2J = Phenotypic variance, GCV= Genotypic Coefficient of Variation, PCV= Phenotypic coefficient of

variation, h, = Broad-sense heritability
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Table 4.19: Variance component and heritability estimates for morphological traits of groundnut
genotypes evaluated under combined analysis at Samaru 2019

Component of Variance

Traits o2 Cfgc ng i GCV (%) PCV (%) H, (%)
Days to 50% flowering 190 122 0.73 1.82 2.17 3.43 40.21
Plant height 772 161 82.85 102.95 18.93 21.11 80.47
Number of pods/plant 1657 245 6.36 11.72 18.95 25.74 54.21
Pod yield 497 342 252 5.47 25.42 37.46 46.05
Seed weight 3.08 356 443 6.98 54.00 67.79 63.45
100-Seed weight 492 357 0.02 3.04 0.46 5.74 0.64

092: Error variance, 0§= Genotypic variance, J§C= Genotype x Condition Variance, arz) = Phenotypic

variance, GCV= Genotypic Coefficient of Variation, PCV= Phenotypic Coefficient of Variation, h, = Broad-sense
Heritability
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Genetic variability and broad sense heritability estimates for the morphological traits of
groundnut genotypes evaluated under combined analysis are presented in Table 4.19. The
genotypic variance ranged from 0.02 for 100 seed weight to 82.85 for plant height, the genotype
x condition (G x C) variance ranged from 1.22 for days to 50% flowering to 3.57 for 100 seed
weight and the phenotypic variance ranged from 1.82 for days to 50% flowering to 102.95 for
plant height. The GCV were high 54.00% and 25.42% for seed weight and pod yield, moderate
18.93%, 18.95% for plant height and number of pods per plant. The PCV were high 67.79%,
37.46%, 25.74% and 21.11% for seed weight, pod yield, number of pods per plant and plant
height. The PCV were low 3.43%, 5.74% for days to 50% flowering and 100 seed weight,
respectively. Broad sense heritability estimates were high 80.47% and 63.45% for plant height
and seed weight and moderate for all other traits studied except for 100 seed weight which was

low 0.64% (Table 4.19).

Variance components for physiological traits evaluated under non-stress and water stress at
Samaru are presented in Table 4.20. The genotypic variance ranged from 1.62 for SCMR at 40
DAS under non-stress condition and 0.04 for SCMR at 80 DAS under water-stress to 26.46 for
harvest index under non-stress condition and 11.23 for SCMR at 40 DAS under water-stress
condition. The phenotypic variance ranged from 3.36 for SCMR at 40 DAS under non-stress
condition and 3.54 for SCMR at 60 DAS under water-stress condition to 52.35and 37.01 for
harvest index under non-stress and water-stress conditions, respectively. The estimates of GCV
were highest for harvest index 28.98% and 17.29% under non-stress and water-stress conditions

followed for SCMR at 40 DAS under non-stress condition.
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Table 4.20: Variance component and heritability estimates for physiological traits of groundnut genotypes evaluated under non-stress
and water-stress conditions at Samaru 2019

Component of Variance

GCV (% PCV (% H, (%
Traits o’ o (%) (%) b (%)
NS WS NS WS NS WS NS WS NS WS NS WS
SCMR
at 1.74 9.83 1.62 11.23 3.36 21.06 2.98 7.2 4.29 9.86 48.19 53.33
40DAS
SCMR
at 4.03 5.04 4.29 151 8.32 3.54 4.95 3.13 6.89 4.8 5159 4254
60DAS
SCMR
at 4,98 8.25 1.71 0.04 6.69 8.29 3.41 0.55 6.74 7.57 25.62 0.53
80DAS
Harvest
index 25.9 30.625 26.46 6.39 52.35 37.01 2898 17.29 40.77 41.62 50.53 17.26

agzz Genotypic variance, 0,23 = Phenotypic variance, GCV= Genotypic Coefficient of Variation, PCV= Phenotypic Coefficient of Variation, h, = Broad-sense
heritability, SCMR = SPAD chlorophyll meter reading, DAS= Days after sowing
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Table 4.21: Variance component and heritability estimates for physiological traits of groundnut
genotypes evaluated under combined analysis at Samaru 2019

Component of Variance

Traits GCV (%) PCV (%) H, (%)
o, O O o,

SCMR at 40DAS 5.79 291 3.81 6.7 4.37 5.8 56.76

SCMR 60DAS 4.54 2.08 1.21 3.38 2.71 4.54 35.7

SCMR 80DAS 6.61 1.92 1.15 3.76 2.8 5.07 30.52

Harvest Index 28.26 2.52 9.13 17.46 18.67 25.82 52.32

SCMR = SPAD chlorophyll meter reading, DAS= Days after sowing, ng = Genotypic variance, 0§C= Genotype X

Condition Variance, 0§= Phenotypic variance, GCV= Genotypic Coefficient of Variation, PCV= Phenotypic

Coefficient of Variation, h, = Broad-sense Heritability
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Estimates of PCV were highest 40.77% and 41.62% for Harvest Index under non-stress and
water-stress conditions, respectively followed for SCMR at 40 DAS under non-stress condition.
The GCV were lowest 2.98% for SCMR at 40 DAS and PCV were lowest 4.29% for SCMR 40
DAS under non stress while GCV were lowest 0.55% for SCMR at 80 DAS and PCV were
lowest 4.80% for SCMR at 60 DAS under water stress. Broad sense heritability for physiological
traits ranged from ranged from 25.62% for SCMR at 80 DAS to 51.59% for SCMR at 60 DAS
under no-stress condition while it ranged from 17.26% for harvest index to 53.33% for SCMR at
40 DAS under water-stress condition. Moderate 48.19% and 53.33%, 51.59% and 42.54% broad-
sense heritability estimates were recorded for SCMR at 40 DAS, SCMR 60 DAS under non-
stress and water-stress conditions, respectively. Moderate 50.53% broad-sense heritability was
also recorded for harvest index under non-stress condition. Low values 17.26% and 0.53% were

recorded for harvest index and SCMR at 80 DAS under water-stress condition.

Genetic variability and heritability estimates for physiological traits of groundnut genotypes
evaluated under combined analysis are presented in Table 4.21. The genotypic variance ranged
from 1.15 for SCMR at 80 DAS to 9.13 for harvest index. The genotype x condition (G x C)
variance ranged from 1.92 for SCMR at 80 DAS to 2.91 for SCMR at 40 DAS. The phenotypic
variance ranged from 3.38 for SCMR at 60 DAS to 17.46 for harvest index. The GCV were
moderate 18.67% for harvest index and low for all other traits recorded. The PCV was high
25.82% for harvest index. The PCV were low for all other traits recorded. Broad sense

heritability estimates were moderate 30.52%-56.76% for all the traits studied. (Table 4.19).
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4.8 Combining Ability

4.8.1 Combining ability variances for morphological traits

The mean squares for combining ability for morphological traits of groundnut evaluated under
non-stress and water-stress conditions at Samaru are presented in Table 4.22. The mean squares
due to General Combining Ability (GCA) under non-stress condition were highly significant
(P<0.01) for plant height. Number of pods per plant and seed weight showed significant
(P<0.05) difference while days to 50% flowering and pod yield did not record a significant
(P>0.05) variation. Under water-stress, mean squares due to general combining ability (GCA)
showed a highly significant (P<0.01) difference for plant height and pod yield while other traits
recorded showed a significant difference (P<0.05). The mean squares due to specific combining
ability (SCA) were highly significant (P<0.01) for plant height, number of pods per plant and
seed weight while other traits recorded showed significant differences (P<0.05).

Table 4.23 presents the combining ability for morphological traits across the water conditions.
The mean squares due to general combining ability (GCA) were highly significant (P<0.01) for
plant height and number of pods per plant and non-significant (P>0.05) for other traits recorded.
The mean squares due to specific combining ability (SCA) were highly significant (P<0.01) for
plant height and pod yield, significant (P<0.05) for number of pods per plant and seed weight.
Non-significant (P<0.05) difference was observed for days to 50% flowering. The mean squares
due to GCA x condition interaction showed a significant (P<0.05) difference for pod yield and
seed weight, other traits recorded a non-significant (P>0.05) difference. The mean squares due to
SCA x condition interaction showed a significant (P<0.05) difference for number of pods per

plant and non-significant (P>0.05) for other traits recorded.
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Table 4.22: ANOVA for morphological traits of groundnut genotypes evaluated under non-stress and water-stress condition at Samaru
in 2019

DFF PHT NPP Pod yield SWT
Source of variation DF
NS WS NS WS NS WS NS WS NS WS
GCA 6 3.06 0.35* 641.17** 325.83** 118.76* 31.46* 18.31 7.60** 15.85* 2.79*
SCA 21 482 4.13* 405.71** 208.41** 53.23 32.66* 27.48*%* 2.74** 14.30* 1.34*
Error 29 2.01 1.79 72.6 81.81 20.51 12.62 5.18 4.74 4.36 1.79

GCA= General Combining Ability, SCA= Specific Combining Ability, DFF= Days to 50% flowering, PHT = plant height, NPP= Number of pods per plant,
SWT = Seed Weight
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Table 4.23: ANOVA for morphological traits of groundnut genotypes evaluated under combined

analysis at Samaru in 2019

Source of Variation DF DFF PHT NPP Pod yield SWT
GCA 6 0.91 927.91** 101.67** 9.74 7.26
SCA 21 6.57 455.25**  54.92* 18.66** 9.08*
GCA x Condition 6 2.49 39.08 48.55 16.17* 11.38*
SCA x Condition 21 2.38 158.87 30.97* 11.57 6.56
Error 58 1.90 77.20 16.57 4.96 3.08

GCA= General Combining Ability, SCA= Specific Combining Ability, DFF= Days to 50% flowering, PHT = plant
height, NPP= Number of pods per plant, SWT = Seed Weight
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4.8.2 Combining ability variance for physiological traits

The mean squares for combining ability for physiological traits of groundnut evaluated under
non-stress and water-stress conditions at Samaru are presented in Table 4.24. The mean squares
due to GCA under non-stress condition were highly significant (P<0.01) for SCMR 40 DAS,
SCMR 60 DAS and harvest index, while SCMR 80 DAS was significant at (P<0.05). The mean
squares due to SCA were highly significant (P<0.01) for harvest index while other traits recorded
showed significant differences at (P<0.05).Under water-stress, mean squares due to (GCA)
were highly significant (P<0.01) for SCMR 40 DAS while other traits recorded showed a
significant difference (P<0.05). The mean square due to (SCA) of all physiological traits showed

significant difference (P<0.05).

For combined analysis presented in Table 4.25, the mean squares due to GCA were highly
significant (P<0.01) for SCMR at 40 DAS and significant (P<0.05) difference for other traits
recorded except SCMR at 80 DAS which was non-significant (P>0.05). The mean squares due to
SCA were highly significant (P<0.01) for SCMR at 40 DAS and harvest index and significant
(P<0.05) for other traits recorded except SCMR 80 DAS which was not significant (P>0.05).
The mean squares due to GCA x Condition and SCA x Condition interaction were highly
significant (P<0.01) for SCMR 40 DAS and harvest index and significant (P<0.05) for other

traits recorded except SCMR 80 DAS which was non- significant (P>0.05).
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Table 4.24: ANOVA for morphological traits of groundnut genotypes evaluated under non-stress
and water-stress condition at Samaru in 2019

SCMR 40 DAS SCMR 60 DAS SCMR 80 DAS HI
SOV  DF

NS WS NS WS NS WS NS WS

GCA 6 7.14** 94.12** 25.06** 8.81* 7.06* 17.49* 58.81** 85.04*
SCA 21 7.20* 28.85* 15.20* 7.14* 16.08* 13.28* 131.03** 44.82*

Error 29 1.74 9.83 4.03 5.04 4.98 8.25 25.90 30.62

SOV= Source of variation, GCA= General Combining Ability, SCA= Specific Combining Ability, SCMR = SPAD
chlorophyll meter reading, DAS= Days after sowing, HI = Harvest Index
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Table 4.25: ANOVA for physiological traits of groundnut genotypes evaluated under combined
Analysis at Samaru in 2019

SOV DF SCMR 40 DAS SCMR 60 DAS SCMR 80 DAS HI
GCA 6 61.54** 18.53* 17.7 55.58*

124.26*
SCA 21 25.62** 13.75* 17.24

*

GCA x Condition 6 39.72** 15.34* 6.85 88.28*
SCA x Condition 21 10.44** 8.59* 12.12 51.59**
Error 58 5.79 5.79 6.61 28.26

SOV= Source of variation, GCA= General Combining Ability, SCA= Specific Combining Ability, SCMR = SPAD
chlorophyll meter reading, DAS= Days after sowing, HI = Harvest Index
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4.8.3 Combining ability variance and narrow-sense heritability estimates for
morphological traits

Components of GCA variance, SCA variance, GCA/SCA variance ratios and narrow-sense

heritability (h,) for morphological traits of groundnut genotypes evaluated under non-stress and

water-stress conditions are presented in Table 4.26. Under non-stress condition, magnitudes of
SCA variances were higher than GCA variances for all morphological traits. GCA variances
were positive except for 50% flowering under non-stress (-0.20%) and water-stress conditions,
number of pods per plant under water-stress condition and pod yield under non-stress condition.
The ratios of GCA to SCA variance for all the traits were less than unity, positive GCA/SCA
ratios for all the traits.

Under water-stress condition, the magnitudes of SCA variances were greater than GCA
variances for all traits. The ratios of GCA to the SCA variance for all the morphological traits
were less than unity, while positive GCA/SCA ratios were recorded for all the morphological
traits. The narrow sense heritability estimates are presented were low for all traits under non-
stress condition and water-stress condition. combined analysis as presented in Table 4.27
revealed that ratios of GCA to the SCA variance for all the traits were less than unity, positive
GCAJ/SCA ratios for all traits. The magnitudes of GCA variances were lower than SCA
variances for all the morphological traits except plant height. The narrow-sense heritability
estimates were positive for all traits and were moderate for days to 50% flowering (46.15%),
plant height (52.52%), seed weight (35.94%) and pod yield (42.11%) while it was low for

number of pods per plant (15.91%).
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Table 4.26: GCA, SCA variance and narrow-sense heritability of morphological traits of groundnut genotypes evaluated under non-
stress and water-stress condition at Samaru 2019

Traits o, Oacn Osen Ogca’ Osca h, (%)

NS WS NS WS NS WS NS WS NS WS
Days to 50% flowering  1.01 0.90 -0.2 -0.42 2.81 2.34 0.56 0.14 - -
Plant height 36.30 40.91 26.16  13.05 333.11 126.6 0.76 0.76 1241  13.48
Number of pods/plant 10.26 6.31 7.28 -0.13 32.72  20.04 0.82 0.66 25.31 -
Pod yield 2.59 2.37 -1.02 0.10 22.3 2.00 0.57 0.69 - 4.19
Seed weight 2.18 0.90 0.17 0.11 9.94 0.05 0.69 0.75 2.76 18.26

o-e2 = Error variability, O'éCA: General Combining Ability variance, O':CA: Specific Combining Ability variance, O'éCA : O'SCA: GCA:SCA ratio,

h, =Narrow-sense heritability
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Table 4.27: GCA, SCA variance and narrow-sense heritability of morphological traits of
groundnut genotypes evaluated under combined analysis at Samaru 2019

2 . 2

) Gez GéCA GSZCA O-éCAXC GSZCAXC Teca - Tsea h, %

Traits
0,

Days to 50% 095 282 467 0.11 0.48 0.60 46.15
flowering
Plant height 38.60 85.85 78.05 -119.79 81.67 1.10 52.52
Number of 829 519 3835 17,58 14.4 0.14 15.91
pods/plant
Pod yield 2.48 6.79 13.70 4.60 6.61 0.50 42.11
Seed weight 1.54 5.35 16.00 482 3.48 0.33 35.94

O 5ca= General Combining Ability variance, oz, = Specific Combining Ability variance, Ggca @ Oaca=
GCA:SCA ratio, h, = Narrow-sense heritability
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4.8.4 Combining ability and narrow-sense heritability estimates for physiological traits

Components for GCA variance, SCA variance, GCA/SCA variance ratios and narrow-sense

heritability (h, ) for physiological traits measured under non-stress and water-stress (Table 4.28).

Under non-stress condition, magnitudes of SCA variances were higher than GCA variances for
all physiological traits. GCA variances were negative for all the traits except for SCMR at
60DAS under non-stress (1.10). The ratios of GCA to SCA variance for all the traits were less
than unity, positive GCA/SCA ratios for all the traits. Under water-stress condition, the
magnitudes of SCA variances were greater than GCA variances for all traits. The ratios of GCA
to the SCA variance for all the morphological traits were less than unity, positive GCA/SCA
ratios were recorded for all the physiological traits. The narrow sense heritability estimates were
negative for all the traits except SCMR at 60DAS and under non-stress condition (14.25%), but

positive for all traits under water-stress condition.

Under combined analysis, Table 4.29 revealed the ratios of GCA to the SCA variance for all the
traits were less than unity positive GCA/SCA ratios for all traits, positive GCA/SCA ratios for all
the traits. The narrow-sense heritability estimates were positive for all traits and were low for

days to all traits except harvest index which was moderate 37.88%.
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Table 4.28: GCA, SCA variance and narrow-sense heritability of physiological traits of groundnut genotypes evaluated under non-
stress and water-stress condition at Samaru 2019

Gez GéCA GSZCA GéCA : GSZCA h, (%)
Traits
NS WS NS WS NS WS NS WS NS WS
SCMR at 40 DAS 0.87 4.92 -0.01 7.25 5.46 19.02 0.66 0.87 - 37.73
SCMR at 60 DAS 2.02 2.52 1.10 0.19 11.17 2.10 0.77 0.71 14.25 7.44
SCMR at 80 DAS 2.49 413 -1.00 0.47 11.10 5.03 0.47 0.72 - 9.27
Harvest Index 1295 1531 -8.02 4.47 105.13 14.20 0.47 0.79 - 23.25

cica= General Combining Ability variance, o’.,= Specific Combining Ability variance, oZ,:c’.,= GCA:SCA ratio, SCMR =
SPAD chlorophyll meter reading, DAS= Days after sowing, h, = Narrow-sense heritability
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Table 4.29: GCA, SCA variance and narrow-sense heritability of physiological traits of
groundnut genotypes evaluated under combined analysis at Samaru 2019

Traits o; Oacn  Osca Cacaxc Oseaxc Ovea:Osca M %
SCMR at40 DAS  2.90 399 19.83 29.28 4.65 0.20 23.76
SCMR at60 DAS  2.90 0.53 7.96 6.75 2.8 0.07 7.17
SCMR at80 DAS 331 450 10.63 -5.27 5.51 0.42 15.99
Harvest Index 1413 20.81  40.00 36.69 23.33 0.52 37.88
Céca= Variance due to General Combining Ability, o2, = Variance due to Specific Combining

Ability, 6., : 0= GCA: SCA ratio, SCMR = SPAD chlorophyll meter reading, DAS= Days
after sowing, h, = Narrow-sense heritability, c2.,.= Variance due to GCA x Condition and

2
Oscaxc

= Variance due to SCA x Condition
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4.9 Combining Ability Effects

4.9.1 General combining ability effects for morphological traits

The estimates of general combining ability effects under non-stress and water-stress conditions
are presented in Table 4.30. Under non-stress condition, ICG 12989 recorded significant
(P<0.05) positive GCA effects for days to 50% flowering (0.36) while highly significant
(P<0.01) negative GCA effects were recorded for ICGV-1S-07813 (-0.07) and a significant
(P<0.05) negative GCA effect for ICG 5195 (-0.57) for days to 50% flowering.

Highly significant (P<0.01) positive GCA effects were recorded for RS006F4B1-50 (10.26) for
plant height while very low and highly significant (P<0.01) negative GCA effects were recorded
for ICGV-1S-07813 (-8.42) and significant (P<0.05) negative GCA effect were recorded for ICG

3312 (-0.92) for plant height.

Number of pods per plant recorded a positive significant (P<0.05) GCA effect for ICG 5195 and
a significant (P<0.05) negative GCA were recorded for ICGV-1S-07841 (-3.58) and SAMNUT
23 (-3.08) for number of pods per plant. Significant (P<0.05) positive GCA effects were
recorded for seed weight for ICGV-1S-07841 (1.11). Significant (P<0.05) positive GCA effects

were recorded for pod yield for ICG 5195.

Under water-stress condition, highly significant (P<0.01) negative GCA effects were recorded
for ICG 12989 (-0.01) and SAMNUT 23 (-0.22) for days to 50% flowering. Highly significant
(P<0.01) negative GCA effects were recorded for ICG 5195 (-4.20), significant (P<0.05)
negative GCA effects was recorded for ICGV-1S-07813 (-6.35) for plant height while significant

(P<0.01) positive GCA effects were recorded for RS006F;B1-50 (7.22) for plant height.
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Table 4.30: General combining ability effect estimates for some

stress and water-stress condition in Samaru 2019

morphological traits of groundnut genotypes evaluated under non-

DFF PHT (cm) NPP SWT (g) PWT (g/plant)
Genotypes
NS WS NS WS NS WS NS WS NS WS
ICGV-1S-07813(P;) -0.07** -0.08 -8.42**  -6.35* 0.99 0.87 -0.03 0.2 0.14 -0.21
RS006F4B1-50(P;)  -0.57 0.2 10.26**  7.22* 0.2 -2.13 -1.27  -0.43* -0.38  -0.90*
ICGV-IS-07841(P;) 0.5 -0.08 0.57 0.87 -3.58*  -1.92 1.11* 049 0.49 -0.85
ICG 12989(P.) 0.36* -0.01** 5.29 -2.34 0.2 0.80* 0.09 0.33 -0.92 0.52
SAMNUT 23(Ps) 0.29 -0.22** -1.47 -1.23 -3.08* 0.65 -1.24 0.58* -1.48* 0.65
ICG 5195(P¢) -0.57*  -0.13 -531  -4.20** 4.42* 0.8 1.19 0.11 1.78* 0.06**
ICG 3312(Py) 0.07 0.06 -0.92* 1.35 0.85 0.94* 0.15 0.33 0.36 0.72
SE + 0.44 0.43 2.64 2.84 1.40 1.09 0.65 0.31 0.71 0.42

DFF= Days to 50% flowering, PLT =

plant height, NPP= Number of pods per plant, SWT = Seed Weight, PWT= pod weight
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Table 4.31: General combining ability effect estimates for some morphological traits of
groundnut genotypes evaluated under combined analysis in Samaru 2019

Genotypes DFF PHT NPP SWT Pod yield
ICGV-IS-07813(P1) -0.08 -7.38** 0.93 -2.82 -0.03
RS006F4B;1-50(P,) -0.18 8.74** -0.96 -0.85 -0.64
ICGV-IS-07841(Ps) 0.21** 0.72 -2.715%* 0.31** -0.18**
ICG 12989(P.) 0.17 3.82 0.50 0.21 -0.20
SAMNUT 23(Ps) 0.03* -1.35 -1.21 -0.33** -0.41*
ICG 5195(Ps) -0.22%* -4.75% 2.61* 0.54 0.92*
ICG 3312(P7) 0.07* 0.21 0.89 0.24 0.54*
SE + 0.24 0.96 1.08 0.52 0.62

DFF= Days to 50% flowering,
Standard Error

PHT = plant height, NPP= Number of pods per plant, SWT = Seed Weight, S.E=
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Number of pods per plant recorded a positive significant (P<0.05) GCA effect for ICG 12989
(0.80) and ICG 3312 (0.94). Significant (P<0.05) positive GCA effects were recorded for pod

yield for ICG 5195 (0.06).

Result of the combined analysis is presented in Table 4.31. Highly significant (P<0.01) negative
GCA effects were recorded for ICG 5195 (-0.22), significant (P<0.05) positive GCA effect was
recorded for SAMNUT 23 (0.03) while ICGV-IS-07841 (0.21) recorded a highly significant
(P<0.01) positive GCA effects for days to 50% flowering. Highly significant (P<0.01) positive
GCA effects were recorded for RS006F4B;-50 (8.74), highly significant (P<0.01) negative GCA
effects was recorded for ICGV-IS-07813 (-7.38) for plant height while significant (P<0.01)
negative GCA effects were recorded for ICG 5195 (-4.75) for plant height. Number of pods per
plant recorded a positive significant (P<0.05) GCA effect for ICG 5195 (2.61) while ICGV-IS-
07841 (-2.75) recorded a highly significant (P<0.01) negative GCA effects for number of pods
per plants. ICGV-1S-07841 (-0.18) recorded a highly significant (P<0.01) negative GCA effects
for pod yield. Significant (P<0.05) negative GCA effects were recorded for seed weight for
SAMNUT 23 (-0.33) while ICGV-1S-07841 recorded a significant (P<0.05) positive GCA
effects (0.31) for seed weight. Significant (P<0.05) positive GCA effects were recorded for pod
yield for ICG 5195 (0.92) and ICG 3312 (0.54) while SAMNUT 23 (-0.41) recorded significant

(P<0.05) negative GCA effects for pod yield

4.9.2 General combining ability effects for physiological traits

The estimates of general combining ability effects for physiological traits for groundnut
genotypes evaluated under non-stress and water-stress conditions are presented in Table 4.32.
Under non-stress condition, ICG 12989 recorded significant (P<0.05) negative GCA effects for
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SCMR 40 DAS. For SCMR 60 DAS, ICGV-1S-07841 and ICG 3312 recorded a significant
(P<0.05) positive GCA effect (1.51) and (1.47) respectively. ICGV-1S-07813 and SAMNUT 23
recorded a significant (P<0.05) negative GCA effects (-1.42) and (-1.60). Non-significant
difference was recorded for SCMR 80 DAS. However, ICG 5195 recorded the lowest negative
GCA effect (-0.02) for SCMR 80 DAS. Highly significant (P<0.01) negative GCA effects were
recorded for harvest index for RS006F;B1-50 (-1.76) while SAMNUT 23 (-1.86) and ICG 3312

(-1.37) recorded significant (P<0.05) GCA effect for harvest index.

Under water-stress condition, 1CG-1S-07813 (3.78) and ICG 5195 (2.72) recorded highly
significant (P<0.01) positive GCA effects for SCMR 40 DAS while SAMNUT 23 (-2.44)
recorded a significant (P<0.05) negative GCA effect for SCMR 40 DAS. Non-significant
difference was recorded for SCMR 60 DAS and SCMR 80 DAS. However, ICG 12989 and
ICGV-1S-07813 recorded the lowest negative GCA effect (-0.09) and (-0.37) for SCMR 60 DAS
and SCMR 80 DAS respectively. Significant (P<0.05) positive GCA effects were recorded for

harvest index for SAMNUT 23 (3.52), ICG 5195 (1.01) and ICG 3312 (0.38) for harvest index.

Combined analysis as presented in Table 4.33 showed that ICG-1S-07813 (2.04) recorded highly
significant (P<0.01) positive GCA effects for SCMR 40 DAS while SAMNUT 23 (-2.44)
recorded a significant (P<0.05) negative GCA effect for SCMR 40 DAS. For SCMR 60 DAS,
ICGV-1S-07841 recorded a significant (P<0.05) positive GCA effects (1.09) and (1.47) while
ICGV-IS-07813 (-1.31) recorded a significant (P<0.05) negative GCA effects. RSO06F4B1-50 (-
1.47) recorded a highly significant (P<0.01) negative GCA effects for SCMR 80 DAS.
Significant (P<0.05) negative GCA effects were recorded for harvest index by ICGV-1S-07841 (-

0.65) and ICG 3312 (-0.49) for harvest index.
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Table 4.32: General combining ability effect estimates for some physiological traits of groundnut genotypes evaluated under non-
stress and water-stress condition in Samaru 2019

SCMR 40 DAS SCMR 60 DAS SCMR 80 DAS HI (%)
Genotypes
NS WS NS WS NS WS NS WS
ICGV-IS-07813(P1) 0.30 3.78** -1.42* -1.19 -0.32 -0.37 1.8 -1.23
RSO006F4B;1-50(P2) 0.81 -1.68 0.37 0.44 -1.17 -1.77 -1.76** -2.72
ICGV-IS-07841(Ps) -0.73 -0.75 1.51* 0.67 0.47* 0.48 1.22 2.52
ICG 12989(P.) -0.94* -1.88 -0.24 -0.09 -0.13 0.82 -0.81 1.55
SAMNUT 23(Ps) -0.31 -2.44* -1.60* 0.7 0.91 -0.7 -1.86* 3.52*
ICG 5195(P¢) 0.39* 2.12** -0.09 0.26* -0.02 0.23 2.79 1.01*
ICG 3312(P7) 0.47 0.25 1.47* -2.16 0.26 131 -1.37* 0.38*
SE + 041 0.97 0.63 0.70 0.71 0.90 1.59 1.38

SCMR = SPAD chlorophyll meter reading, DAS=Days after sowing, HI = Harvest Index and S.E= standard error
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Table 4.33: General combining ability effect estimates for some physiological traits of groundnut

genotypes evaluated under combined analysis in Samaru 2019

Genotypes SCMR 40 DAS SCMR 60 DAS SCMR 80 DAS HI
ICGV-I1S-07813(P1) 2.04** -1.31* -0.34 0.28
RS006F4B;-50(P>) -0.44 0.40 -1.47** -2.24
ICGV-1S-07841(P3) -0.74 1.09% 0.48 -0.65*
ICG 12989(P.) -1.41* -0.16 0.35 0.37
SAMNUT 23(Ps) -1.37* -0.45 0.10 0.83
ICG 5195(Ps) 1.56* 0.09 0.10 1.90
ICG 3312(Py) 0.36 0.34 0.78 -0.49*
SE+ 0.97 0.60 0.40 1.45

SCMR = SPAD chlorophyll meter reading, DAS= Days after sowing, HI = Harvest Index, S.E=Standard Error
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4.9.3 Specific combining ability effects for morphological traits

The estimates of specific combining ability effects under non-stress and water-stress condition
are presented in Table 4.34. Under non-stress condition, positive significant (P<0.05) SCA
effects were recorded for days to 50% flowering for RSO06F4B;-50 x ICG 12989 (2.93) and
SAMNUT 23 x ICG 5195 (2.50). For plant height at maturity, positive and highly significant
(P<0.01) SCA effects was recorded RS006F,B;-50 x ICG 12989 (35.11) while highly (P<0.01)
significant and negative SCA effects were recorded for ICG 12989 x SAMNUT 23 (-33.09) and
a significant (P<0.05) negative SCA effects were recorded for ICGV-1S-07813 x RS006F4B1-50
(-16.93) and SAMNUT 23 x ICG 3312 (-29.75). For number of pods per plant, the cross ICGV-

IS-07841 x ICG 5195 recorded positive and highly (P<0.01) significant SCA effects (12.65).

Highly significant (P<0.01) positive SCA effects for pod yield was obtained for ICGV-IS-
07841x SAMNUT 23 (5.17) while negative and highly significant SCA effects were recorded for
RS006F4B;1-50 x ICG 12989 (-5.27). Positive and highly (P<0.01) significant SCA effects were
recorded for ICGV-IS-07841 x ICG 5195 (4.85) for seed weight while a significant (P<0.05)
negative SCA effect was recorded for RS006F4B1-50 x ICGV-1S-07841 (-3.95). For pod yield, a
highly significant (P<0.01) positive SCA effect was recorded for ICGV-1S-07813 x ICG 12989
(5.17) and ICGV-IS-07841 x ICG 5195 (7.07) while a highly significant (P<0.01) negative SCA
effects for RS006F4B1-50 x ICGV-IS-07841 (-5.27) and ICG 5195 x 1CG 3312 (-4.46). A
significant (P<0.05) positive SCA effects were recorded for RS006F4B1-50 x SAMNUT 23
(3.85) while a significant (P<0.05) negative SCA effect was recorded for ICGV-1S-07841 x ICG
12989 (-4.23). Under water-stress condition, positive significant (P<0.05) SCA effects were

recorded for days to 50% flowering for RSO006F,B;-50 x ICGV-1S-07841 (2.37).
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Table 4.34: Specific combining ability effect estimates for some morphological traits of groundnut genotypes evaluated under non-
stress and water-stress conditions in Samaru 2019

DFF PHT NPP SWT Pod yield

Genotypes Crosses

WS NS WS NS WS NS WS NS WS
ICGV-1S-07813 x RS006F4B1-50 PP, 1.86 -0.13 -16.93*  -13.76 -3.20  -6.58* -1.56 -1.41 -3.62 -1.99
ICGV-IS-07813 x ICGV-IS-07841  P4P; -1.21 -0.35 -6.85 -6.81 0.08 -2.80 1.31 0.00 3.61 -0.69
ICGV-1S-07813 x ICG 12989 PPy -2.07 -1.42* -0.22 -1.23 6.30 -1.51 2.83 0.17 5.17**  0.18*
ICGV-1S-07813 x SAMNUT 23 P1Ps 0.00 1.80 -7.11 1.74 -2.92 1.63 -1.99 0.28 -3.07 0.81
ICGV-1S-07813 x ICG 5195 P1P¢ 1.36 -1.06 9.83 -2.12* -3.92  7.49*%* 1.08 1.32 -0.13 1.65
ICGV-IS-07813 x ICG 3312 PP, 1.36 1.86 -33.09**  -13.90 7.64 7.93 1.43 0.92 0.93 1.72
RS006F4B1-50 x ICGV-1S-07841 P,P; 0.29 2.37* 2.58 25.97** -4.13 1.20 -3.95*  -0.03 -5.27**  -0.35
RS006F4B1-50 x ICG 12989 P,P,4 2.93* 1.30 35.11** 1.80 -0.42 1.49 -0.77 0.20 0.44 0.33
RS006F4B1-50 x SAMNUT 23 P,Ps -1.00 -0.99 -6.28 1.22 1.87 3.13 2.55 0.31 3.85* 0.55
RS006F4B1-50 x ICG 5195 P,P¢ -2.14 0.15 0.36 -0.91 5.87 -3.01 -1.66 0.45 -0.31 -0.16
RS006F4B1-50 x ICG 3312 P,P; -0.64 -0.86 23.08 26.52* -4.14 5.93 -1.66 0.44 -1.09 0.43
ICGV-1S-07841 x ICG 12989 P3P, 1.86 1.58 -1.41 7.95 -7.13 -3.72 2.50 -1.24 -4.23*  -1.62
ICGV-1S-07841 x SAMNUT 23 P3Ps 0.43 -1.70 -3.29 -12.18 1.65 3.42 0.03 1.07 1.28 1.05
ICGV-1S-07841 x ICG 5195 P3Ps -1.71 -1.06* 5.34 -1.41 12.65  2.28** 4.85 0.35** 7.07**  0.49*
ICGV-1S-07841 x ICG 3312 P3P, -2.07 -2.14 13.19 -2.38 -1.43 -7.36 1.31 -0.31* -1.17 1.27*
ICG 12989 x SAMNUT 23 P4Ps -0.43 0.72 -1.91 -6.25 1.37 1.30 0.00 0.85 0.54 0.98
ICG 12989 x ICG 5195 P4P¢ -0.57 -2.13 -2.08 0.42 -0.63 3.56 -0.73  -0.02* 0.28 1.32*
ICG 12989 x 1CG 3312 P4P7 2.29 0.93 18.56 15.54 -6.64 -0.64 -0.26 1.56 -2.33 1.60
SAMNUT 23 x ICG 5195 PsP¢ 2.50* 1.08 -3.16 6.84 -4.35 -2.30 -040  -0.36* -0.86 -0.71*
SAMNUT 23 x ICG 3312 PsP; 0.21 0.21 -29.75*  -10.53 -7.93 -6.29 -3.74 -0.65 -5.34 -0.47
ICG 5195 x ICG 3312 PeP; -0.14 1.57 -5.64 -5.00 7.07 -1.14 2.04 0.81 2.86 1.24
SE+ 1.51 1.46 7.67 9.72 9.82 3.73 2.21 1.07 4.99 1.42

DFF= Days to 50% flowering, PHT = plant height, NPP= Number of pods per plant, SWT = Seed Weight, S.E= Standard Error
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Table 4.35: Specific combining ability effect estimates for some morphological traits of
groundnut genotypes evaluated under combined analysis in Samaru 2019

Genotypes Crosses DFF PHT NPP  SWT Pod yield
ICGV-IS-07813 x RS006F4B1-50 P.P, 0.86 -15.35** -4.89 -1.49 -2.81
ICGV-IS-07813 x ICGV-1S-07841 P1P3 -0.78 -6.83 136 0.65 1.46
ICGV-IS-07813 x ICG 12989 P1P4 -1.74* -0.72 2.39 1.50 2.68
ICGV-IS-07813 x SAMNUT 23 P:Ps 0.90 -2.68 -0.64 -0.85 -1.13
ICGV-1S-07813 x ICG 5195 P1Ps 0.15 5.97 1.79 1.20 0.76
ICGV-IS-07813 x ICG 3312 P.P7 161 -2350** 779 1.18 1.33
RS006F4B1-50 x ICGV-IS-07841 P2Ps3 133 14.28** -146 -1.99 -2.81
RS006F4B1-50 x ICG 12989 PP, 2.11** 18.45** 054 -0.29 0.38
RS006F4B1-50 x SAMNUT 23 P2Ps -0.99 -2.53 250 143 2.20
RS006F4B1-50 x ICG 5195 P2Ps -0.99 -0.27 143 0.19 -0.23
RS006F4B1-50 x ICG 3312 P,P; -0.75 24.80** 0.89 -0.61 -0.33
ICGV-IS-07841 x ICG 12989 P3Py 1.72* 3.27 -5.43* 0.63 -2.93
ICGV-IS-07841 x SAMNUT 23 P3Ps -0.64 -71.73 254 0.55 1.16
ICGV-1S-07841 x ICG 5195 P3Ps -1.39* -1.97 7.46** 2.60* 3.78*
ICGV-1S-07841 x ICG 3312 P3P -2.11 541 -439 0.50 -1.22
ICG 12989 x SAMNUT 23 P4Ps 0.15 -4.08 0.04 042 0.76
ICG 12989 x ICG 5195 P4Ps -1.35 -0.83 146 0.38 0.80
ICG 12989 x 1CG 3312 P4P7 161 17.05* -3.64 0.65 0.80
SAMNUT 23 x ICG 5195 PsPs 1.79* 1.84 -3.32  -0.38 -0.78
SAMNUT 23 x ICG 3312 PsP; 021 -20.14* -711 -2.19 -2.91
ICG 5195 x ICG 3312 PsP7 -0.71 -5.32 296 143 2.05
SE + 0.69 5.66 293 135 1.79

DFF= Days to 50% flowering, PHT = plant height, NPP= Number of pods per plant, SWT = Seed Weight, S.E=
Standard Error
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For plant height, a highly significant (P<0.01) positive SCA effects were recorded for
RS006F4B;1-50 x ICGV-1S-07841 (25.97) and a significant (P<0.05) positive SCA effects were
recorded for RS006F4B;1-50 x ICG 3312 (26.52). For number of pods per plant, positive highly
(P<0.01) significant SCA effects were recorded for ICGV-1S-07813 x ICG 5195 (7.49) while
ICGV-IS-07813 x RS006F4B;-50 recorded negative (P<0.05) significant SCA effects (-6.58).
Seed weight and pod yield recorded a significant (P<0.05) negative and positive SCA effects for
ICG 12989 x 5195 (-0.02 and 1.32) while negative significant (P<0.05) SCA effects were
recorded for SAMNUT 23 x ICG 5195 (-0.36 and -0.71) and ICGV-1S-07841 x ICG 3312 (-0.31

and -1.27).

For combined analysis (Table 4.35), days to 50% flowering recorded a positive significant
(P<0.01) SCA effects were for RS006F4B1-50 x ICG 12989 (2.11), a significant (P<0.05)
positive SCA effects for ICGV-I1S-07841 x ICG 12989 (1.72) and SAMNUT 23 x ICG 5195
(1.79) while a significant (P<0.05) negative SCA effect was recorded for ICGV-1S-07813 x ICG
12989 (-1.74). For plant height, positive and highly (P<0.01) significant SCA effects were
recorded for RSO006F4B1-50 x ICGV-1S-07841 (14.28), RS006F4B;1-50 x ICG 12989 (18.45) and
RS006F4B1-50 x ICG 3312 (24.80) while highly (P<0.01) significant and negative SCA effects
were recorded for ICGV-1S-07813 x RS006F4B1-50 (-15.35) and ICGV-1S-07813 x ICG 3312 (-
23.50). A significant (P<0.05) positive SCA effects for ICG 12989 x ICG 3312 (17.05) while a
significant (P<0.05) negative SCA effect was recorded for SAMNUT 23 x ICG 3312 (-20.14) for
plant height. For number of pods per plant, positive and highly (P<0.01) significant SCA effects

(7.46) was recorded for ICGV-1S-07841 x ICG 5195 (7.46) while a significant (P<0.05) negative
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SCA effects were recorded for ICGV-IS-07841 x ICG 3312 (-5.43). Seed weight recorded
significant (P<0.05) positive SCA effect for ICGV-IS-07841 x ICG 5195 (2.60). Pod vyield
Significant recorded significant (P<0.05) positive SCA effect for ICGV-1S-07841 x ICG 5195

(3.78).

4.9.4 Specific combining ability effects for physiological traits

Specific Combining Ability Effect Estimates for some physiological traits of groundnut
genotypes evaluated under non-stress and water-stress condition in Samaru are presented in
Table 4.36. Under non-stress, negative highly (P<0.01) significant SCA effects were recorded for
ICGV-IS-07841 x ICG 12989 (-4.83) for SCMR at 40 DAS while a significant (P<0.05) negative
SCA effect was recorded for ICG 12989 x ICG 3312 (-3.78). For SCMR at 60 DAS, a positive
highly (P<0.01) significant SCA effects was recorded by ICGV-1S-07813 x ICG 12989 (4.55)
while a highly (P<0.01) significant negative SCA effects were recorded for ICG 12989 x
SAMNUT 23(-3.81), also a significant (P<0.05) negative SCA effect was recorded for
RS006F4B;1-50 x ICGV-1S-07841 (-3.52). Negative highly (P<0.01) significant SCA effects were
recorded for ICGV-IS-07813 x ICGV-1S-07841 (-7.26) for SCMR at 80 DAS. Under water-
stress condition, negative highly (P<0.01) significant SCA effects were recorded for ICG 12989
X 1CG 3312 (11.18) while a significant (P<0.05) negative SCA effect was recorded by ICGV-IS-
07841 x SAMNUT 23 (-6.26) for SCMR at 40DAS. For SCMR at 60DAS, a negative highly
(P<0.01) significant SCA effects were recorded for ICG 5195 x ICG 3312 (-5.33). Negative
significant (P<0.05) SCA effects were recorded for ICGV-1S-07841 x SAMNUT 23 (-6.04) for
SCMR at 80DAS. For harvest index, a positive significant (P<0.05) SCA effects was recorded

for ICGV-1S-07841 x SAMNUT 23 (8.04).
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Table 4.36: Specific combining ability effect estimates for some physiological traits of groundnut genotypes evaluated under non-
stress and water-stress conditions in Samaru 2019

5 - SCMR 40 DAS SCMR 60 DAS SCMR 80 DAS HI
enotypes TS WS NS WS NS WS NS WS

ICGV-1S-07813 X RS006F.B,-50 PP, 107 _ 3.99 107 185 067 246 840 592
ICGV-1S-07813 X ICGV-IS-07841 PP, 171  2.88 084 083 7.26%% 128 2033** 3.8
ICGV-1S-07813 X ICG 12989 PP, 074 009 455%% 070 314 -0.63 616 037
ICGV-IS-07813 X SAMNUT 23 P,Ps 009 265 226 197 032 242 754 214
ICGV-1S-07813 x ICG 5195 PP 241 471 195 053 198 174 022 549
ICGV-1S-07813 X ICG 3312 PP,  -1.60  3.03 436 571 078 0.72 107 184
RSO06F,B,-50 X ICGV-1S-07841  P,P; 036  -4.36 352% 072 041  0.06 775  -1.68
RS006F,B;-50 X ICG 12989 PP, 142 433 149 050 213 1.90 201 084
RS006F,4B;-50 X SAMNUT 23 P,Ps 066  0.65 171 -1.04 0.7  -0.89 722 -1.98
RS006F,B,-50 X ICG 5195 PPs 046  2.29 071 075 304 010 497 24
RS006F,B;-50 X ICG 3312 PP, 116  1.48 308 1.07 237 -4.29 059 524
ICGV-1S-07841 X ICG 12989 PP, -4.83%*  -0.09 223 105 317 0.70 1039 -5.01
ICGV-1S-07841 X SAMNUT 23 PsPs 210  -6.26% 324 29 141 -6.04* 013 8.04*
ICGV-1S-07841 X ICG 5195 PPs 220  -1.36 156  -1.98 051 432 9.12*  -2.00
ICGV-1S-07841 X ICG 3312 PP, <163 -2.97 218 050 316 210 487 147
ICG 12989 x SAMNUT 23 PP, 185 52 381%* 0.6 252 137 758 477
ICG 12989 x ICG 5195 PPs 028  -0.98 095  -0.73 114  -1.35 104 339
ICG 12989 x 1CG 3312 PP,  -378% -11.18** 186  0.10 401 076 146 553
SAMNUT 23 x ICG 5195 PPy -0.68  -0.77 301 286 088  2.45 199 341
SAMNUT 23 x ICG 3312 PP, 377 104 267 186 57 045 516  3.03
ICG 5195 x ICG 3312 PP; 004  -1.65 031 -5.33% 142 -0.48 489 278
SE + 141 331 215 240 243 263 541 473

SCMR = SPAD chlorophyll meter reading, HI = Harvest Index, S.E=Standard Error
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Table 4.37: Specific combining ability effect estimates for some physiological traits of groundnut genotypes evaluated under
combined analysis in Samaru 2019

Genotypes Crosses SCMR 40 DAS SCMR 60 DAS SCMR 80 DAS HI
ICGV-IS-07813 x RS006F4B;-50 P1P 2.53 -1.46 -1.57 -7.16*
ICGV-IS-07813 x ICGV-IS-07841 P1P3 2.30 0.00 -4.27** 12.10**
ICGV-IS-07813 x ICG 12989 P1P4 0.42 1.93 1.26 3.26
ICGV-1S-07813 x SAMNUT 23 P1Ps 1.28 -0.14 1.05 -4.84
ICGV-IS-07813 x ICG 5195 P1Pe -3.56* -0.71 1.86 2.63
ICGV-IS-07813 x ICG 3312 P1P7 0.72 -5.04* 0.75 1.45
RS006F4B1-50 x ICGV-1S-07841 P2P3 -2.00 -1.40 0.24 -4.72
RS006F4B1-50 x ICG 12989 PPy -2.87 1.00 2.02 -0.58
RSO006F4B1-50 x SAMNUT 23 P2Ps 0.66 0.34 -0.10 2.62
RS006F4B1-50 x ICG 5195 P2Ps 1.38 -0.73 -1.47 1.28
RS006F4B1-50 x ICG 3312 P2oP7 0.16 -1.00 -3.33 -2.92
ICGV-1S-07841 x ICG 12989 P3P4 -2.46 1.64 1.94 -71.70**
ICGV-1S-07841 x SAMNUT 23 P3Ps -4.18* -3.07* -2.32 3.96
ICGV-I1S-07841 x ICG 5195 P3Pg 0.42 0.21 1.90 3.56
ICGV-IS-07841 x ICG 3312 P3Py -2.30 1.34 -2.63 1.70
ICG 12989 x SAMNUT 23 P4Ps 3.53* -1.99 -1.94 6.17*
ICG 12989 x ICG 5195 P4Ps -0.35 0.11 -0.11 1.17
ICG 12989 x 1CG 3312 P4P7 -7.48** -0.88 -2.38 2.03
SAMNUT 23 x ICG 5195 PsPe -0.72 2.94* 1.66 0.71
SAMNUT 23 x ICG 3312 PsP7 241 -0.41 3.08 -1.07
ICG 5195 x ICG 3312 PsP7 -0.80 -2.82 0.47 3.83
SE + 1.70 1.32 1.56 3.79

SCMR = SPAD chlorophyll meter reading, HI = Harvest Index, S.E=Standard Error
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Under combined analysis, positive significant (P<0.05) SCA effects were recorded for SCMR at
40DAS by ICG 12989 x SAMNUT 23 (3.53), while a significant (P<0.05) negative SCA effect
were recorded for ICGV-1S-07813 x ICG 5195 (-3.56) and ICGV-1S-07841 x SAMNUT 23 (-
4.18). In addition, negative and highly (P<0.01) significant SCA effects were recorded for ICG
12989 x ICG 3312 (-7.48). For SCMR 60 DAS, a significant (P<0.05) positive SCA effects was
recorded for SAMNUT 23 x ICG 5195 (2.94) while a significant (P<0.05) negative SCA effects
were recorded for ICGV-1S-07813 x ICG 3312 (-5.04) and ICGV-1S-07841 x SAMNUT 23 (-
3.07). Highly significant (P<0.01) negative SCA effects were recorded by ICGV-1S-07813 x
ICGV-1S-07841 (-4.27) for SCMR 80 DAS. For harvest index, a positive and highly (P<0.01)
significant SCA effects was recorded by ICGV-1S-07813 x ICGV-1S-07841 (12.10) while
negative highly significant SCA effects were recorded by ICGV-IS-07841 x ICG 12989 (-7.70).
Also, a significant (P<0.05) positive SCA effect was recorded for ICG 12989 x SAMNUT 23
(6.17) while a significant (P<0.05) negative SCA effects were recorded for ICGV-1S-07813 X

RS006F4B;-50 (-7.16) (Table 4.37).

4.10 Relationship between Pod Yield with Morphological and Physiological Traits

The relationship between pod yield and other morphological traits evaluated under non-stress
and water-stress are presented in Table 4.38. Under non-stress condition, number of pods per
plant and seed weight had a strong positive and highly significant relationship (r = 0.67, P<0.01;
and r= 0.80, P<0.01) with pod yield (g/plant). Seed weight had a strong positive and highly
significant relationship (r= 0.50, P<0.01) with number of pods per plant. Number of pods per
plant had a moderate negative and highly significant relationship (r= -0.42, P<0.01) was

observed with days to 50% flowering. Plant height recorded a weak negative and non-significant
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relationship (r=-0.07, P>0.05 and r = -0.07, P>0.05) with pod yield and seed weight. Under
water-stress condition, number of pods per plant had a strong positive and highly significant
relationship (r= 0.71, P<0.0land r=0.65, P<0.01) with pod yield (g/plant) and seed weight
while moderate negative significant relationship (r= -0.34, P<0.05) was observed with plant
height. Days to 50% flowering recorded a moderate negative and non- significant relationship
with number of pods per plant, pod yield and seed weight (r = -0.18, P>0.05, r= -0.14, P>0.05
and r=-0.12, P>0.05). Seed weight had a strong positive and highly significant relationship
(r=0.93, P<0.01) with pod vyield (g/plant). For physiological traits Table 4.39, under non-stress
condition, SCMR at 40 DAS recorded a moderate negative significant relationship with SCMR
80 DAS (r= -0.23, P<0.05) while a moderate and highly significant relationship (r= 0.30,
P<0.05) was observed with harvest index. SCMR 80 DAS observed a moderate negative and
highly significant relationship (r= -0.35, P<0.01) with harvest index. Pod yield recorded a
moderate positive and significant relationship (r= 0.24, P<0.05 and r= 0.25, P<0.05) with
SCMR at 40 DAS and SCMR 60 DAS respectively while a high positive and highly significant

relationship (r=0.79, P<0.01) was observed for harvest index.

Under water-stress condition, pod yield (g/plant) had a strong positive and highly significant
relationship (r= 0.83, P<0.01) with harvest index (HI). HI observed a weak negative and non-
significant relationship (r = -0.05, P>0.05) with SCMR at 40 DAS while a weak positive and
non-significant relationship (r = 0.06, P>0.05 and r = 0.06, P>0.05) was observed with SCMR
80 DAS and pod yield. SCMR 60 DAS observed a moderate negative and highly significant
relationship (r = -0.35, P<0.01) with HI while a weak positive and highly significant relationship
(r=0.31, P<0.01) was observed with SCMR 80 DAS. Pod yield recorded a moderate positive

and significant relationship (r=0.45, P<0.05) with SCMR at 60 DAS.
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Table 4.38: Correlation estimates between pod yield and morphological traits evaluated under non-stress and water-stress conditions at
Samaru 2019

NON-STRESS WATER-STRESS
Traits Traits
1 2 3 4 5 1 2 3 4 5
DFF 1 1.00 1 1.00 0.1 -0.18 -0.14 -0.12
PHT 2 0.24* 1.00 2 1.00 0.01 -0.07 -0.06
NPP 3  -0.42** -0.16 1.00 3 1.00 0.71** 0.65**
PYD 4 -0.21 -0.07 0.67** 1.00 4 1.00 0.93**
SWT 5 0.01 -0.07 0.50** 0.80** 1.00 5 1.00

DFF= Days to 50% flowering, PHT = plant height, NPP= Number of pods per plant, SWT = Seed Weight and PYD= Pod vyield
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Table 4.39: Correlation estimates between pod yield and physiological Traits evaluated under non-stress and water-stress conditions at

Samaru 2019

NON-STRESS WATER-STRESS
Traits Traits
1 2 3 4 5 6 1 2 3 4 5 6
SCMRat40DAS 1 1.00 1 100 004 006 0.02 0.06 -0.05
SCMR at60 DAS 2 -0.03 1.00 2 1.00 0.31** -0.04 0.45** -0.07
SCMR at80 DAS 3 -0.23* 0.27* 1.00 3 1.00 0.12 -0.07 -0.24*
NPP 4 0.31** 0.21 -0.15 1.00 4 1.00 0.71** 0.59**
PDYLD 5 0.24* 0.25* -0.09 0.67 1.00 5 1.00 0.83**
HI 6 0.30** -0.01 -0.35** 0.48** 0.79** 1.00 6 1.00

SCMR = SPAD chlorophyll meter reading, DAS= Days after sowing, NPP= Number of pods per plant PDYLD= Pod yield and HI = Harvest Index
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CHAPTER FIVE

5.0 DISCUSSION
EXPERIMENT |

Understanding drought stress resistance in groundnut would help pinpointing important traits for
efficient screening of germplasm to facilitate future breeding for genetic improvement. Previous
studies related to drought research in groundnut have applied mainly screening under stress for
yield and some agronomic traits and in areas where groundnut is not commonly grown in
Nigeria. The originality of this study lie in the fact that it integrated approach of combining some
agro-morphological and physiological traits to efficiently identify useful genotypes and traits of
interest targeted for implementing breeding programs for drought tolerance in Nigeria especially
under water stress condition. The amount of genetic improvement that can be achieved in a given
set of genotypes depends on the amount of genetic variability that is present within the

population (Falconer and Mackay, 1996).

In this study, significant differences observed among the genotypes for all of the traits measured
under the two water conditions (non-stress and water stress), indicated the presence of
appreciable variability which suggests that progress can be made through selection. The
significant effect of genotypes, water conditions and the Genotype x water condition interaction
for the various traits indicated that the expressions of the genotypes across the two growing
water conditions were not static and non-responsive. This finding was in accordance with those
of Porch et al., (2009), Rezene et al. (2011) and Asfaw and Blair (2014) who found the similar
result in common bean. The study revealed wide variation in the drought tolerance among the

107 groundnut genotypes examined.
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Understanding physiological changes to improve photosynthetic efficiency in groundnut is one
of the key components in the present physiological research (Long et al., 2006). The results on
reduced chlorophyll content under drought effect in this study support the reduction in
chlorophyll content observed in drought stressed Catharanthus roseus (Jaleel et al., 2008) and
Helianthus annus (Reddy et al., 2004). The genotypic difference for chlorophyll content
observed under water-stress condition could be attributed to the difference in their water use
efficiency (Nguyen et al., 1997). Therefore, the genotypes showing high SPAD values under
water-stress condition might show higher water use efficiency through a substantial reduction in
stomatal conductance without affecting carbon assimilation rate. The lower SPAD values under
water-stress condition effect in certain genotypes might be due to the production of reactive
oxygen species that lead to impaired pigment biosynthetic pathways, degradation of chloroplast
membrane or increased lipid peroxidation ( Jaleel et al., 2009), and finally reduced net

photosynthesis (Grzesiak et al., 2006).

The higher leaf chlorophyll content observed in the non-stressed condition in this study was a
result of availability of moisture in the soil throughout the entire life cycle of the crop, which
favors the vegetative growth and induced the plants to grow taller and produce more chlorophyill.
Chaves et al., (2009) reported that drought stress reduces leaf chlorophyll content. However, a

small chlorophyll increase (4%) has been observed under drought as well (Asfaw et al., 2012).

Earlier researchers have recognized the significance of LAl in photosynthesis and yield
determination Jaleel et al., (2009). The reduction in LAI under water-stress effect observed in
this study might be due to reduced PSII activity that results in rapid declines in cell division and
cell size or cell death (Pandey and Shukla, 2015). Results of this study support the conclusion of
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Fukai and Cooper (1995) that drought conditions can cause severe leaf rolling and reduce leaf
expansion, which may potentially lower stomatal conductance and transpiration rate thereby
affecting yield reduction. Genotypic variability for leaf area might be due to varied root length,
transpiration rate and dehydration tolerance among the genotypes (Grzesiak et al., 2006). The
genotypes showing higher LAI under drought treatments might acquire an ability to maintain
leaf water potential through osmotic regulation and epicuticular wax load (Nguyen et al., 1997).

Genotypes in different clusters have dissimilar attributes compared to each other.

PCA performed on the studied traits showed that the first component (PC1) positively related to
all the traits measured except LAI which was negative. The second component (PC2) showed
higher loadings for LAI, SCMR at 80 DAS and days to 50% flowering. PC3 positive
corresponds to days to 50% flowering, SCMR at 60 and 80 DAS and LAI while, SCMR at 40

DAS and number of pods per plant were negatively related.

Under water stress, PCA performed on the studied characters analyzed showed that the first
component (PC1) positively related to all the traits measured except LAl which measured
negative. The second component (PC2) showed higher loadings for LAI, days to 50% flowering
and SCMR at 60DAS. The third component (PC3) positively related to days to 50% flowering
and SCMR at 40DAS while, SCMR at 60 and 80DAS, LAI and number of pods per plant were
negatively related. Thus, the six studied traits were able to discriminate the 107 investigated

genotypes, into distinct groups.

Cluster analysis also explains the nature and level of genetic diversity among the genotypes. The

level of genetic diversity was high based on the pattern of the convergence and divergence of the
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genotypes. Cluster Il consist of most of the drought tolerant genotypes although some were all

found in cluster | and 111 under water-stress condition.

EXPERIMENT II

Plant breeding research with self-pollinating individuals have been traditionally performed with
single crosses between any two (2) parents, followed by development of segregating populations.
This method generally results in reasonable amount of genetic variability needed for selection
and attaining homozygosity. In this study; a 7 x 7 diallel mating design Model 11 was used to
develop segregating populations which were evaluated using randomized complete block design
with 2 replications. The results of this evaluation revealed a significant difference among the
genotypes for both morphological and physiological traits measured under the two water
conditions at individual and combined analysis. This indicates the presence of appreciable

variability in them which is a pre-requisite for any crop improvement program.

The significant differences observed for water conditions for all traits measured under the two
conditions except SCMR at 40 DAS, SCMR at 60 DAS and LAI under non-stress condition
indicates that the conditions in the two water conditions were not similar in many respects and
that is why the genotypes did not perform in same like manner. Similar results were reported by
Mhike et al., (2011) who found out those environmental differentials could be an indication that
the environments were unique. The genotype x condition interactions were significant for all
traits thus, indicating that suitable hybrids could be developed for specific environments. This
was in agreement with the findings of Showemimo et al. (2000) who reported performance or
expression of genes controlling maize characters to be strongly influenced by environmental
variation.
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Combined analysis of variance showed highly significant (P<0.01) difference among the seven
parents, twenty-one (21) progenies and two (2) checks for all the traits recorded, indicating that
genetic variation exists for these traits and, thus, that heritability could be estimated. The
interaction effects of G x C were significant for (P<0.05) pod yield and HI. In theory, pod yield
is a complex trait in which multiple genes are involved, and high G x E interaction is expected
(Wright et al., 1996). Based on low co-efficient of variation and high F-ratio from the analysis of

variance, the best assessment time for SCMR was determined to be 60DAS.

The mean performances of the parents and progenies for the traits studied under non-stress and
water-stress at individual and across conditions show similar trend. The wide variability
observed for pod weight implied that there is ample opportunity for selection for improvement of
this important economic character. Most of the crosses produced more pods per plant as
compared to the parents. This showed that genes controlling pod yield in the parents contributed
favourably in the crosses. It also showed that the parents that differ in their genetic background
combined well and produce promising crosses. Similar findings were reported by Jogloy et al.
(2011) and Shamsideen (2016). Generally, pod yield varied appreciably among the progenies in
each condition and across conditions. Under non-stress condition, the top ranking hybrid for pod
yield was P, x Pg which out-yielded the checks by (36%-63%). Under water-stress condition, the
top ranking hybrid for grain yield was P, x Pg and it under-yielded the check by 43%. Across the
conditions, the top-ranking hybrids for pod yield were Ps X Ps and Ps x P; and it out-yielded the

check by 11%.

104



Overall, the pod yield was reduced by 60% under water-stress conditions, as a result of reduced
plant height and number of pods per plant and increased days to 50% flowering. Similar results
were reported by Betran et al., (2003a) who reported yield reductions of 13% to 50% under
severe drought stress, respectively, in one site and of 5 to 48% in another site during the same
season. Banziger et al., (2006) also reported yield reductions under drought stress at flowering of

30-65% and under drought stress at grain filling of 50% in maize.

Effectiveness of selecting and assessing the potential worth of a genotype depends on the
magnitude of genetic variability in a particular character. It is therefore necessary to study
variability with respect to quantitative characters from components of variation. An assessment
of heritable and non-heritable components of the total variability observed is indispensable in
adopting suitable breeding procedure. The heritable portion of the observed variation can be
ascertained by estimating the heritability. In this study, the PCV was greater than GCV for all
studied traits in the genotypes under the both conditions. These results indicated that the
environment had an important role in the expression of these traits. Therefore, there is enough
scope for selection based on these traits and the diverse genotypes can provide materials for a
sound breeding program. These results are in a harmony with those obtained by Shakoor et al.
(2007), Hefny (2011) and Nagabhushan et al. (2011). Similar results have been reported by
Bello et al., (2012). High values of GCV and PCV were also obtained for plant height, number
of pods per plant, pod yield, seed weight and HI under non-stress and water-stress indicates the
presence of high variability for these traits and provides ample scope for selection of superior
and desired genotypes which is in conformity with the findings of Abhirami et al. (2005) and

Pradeepa (2007). On the other hand, very low values of PCV and GCV were recorded for SCMR
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40DAS, SCMR 60DAS, days to 50% flowering and hundred-seed weight under the three

conditions revealed that the variability among the genotypes was very low for these traits.

The most important function of heritability in genetic study of quantitative characters is its
predictive role to indicate the reliability of the phenotypic value as a guide to breeding value (Al-
Tabbal and Al-Fraihat, 2012). The high broad-sense heritability obtained for some of these traits
(seed weight, pod yield, plant height and hundred seed weight) revealed that variations were
transmitted to the progeny and indicated potential for developing high yielding varieties through
selection of desirable plants in succeeding generations. These results were in agreement with

those of Aminu and Izge (2012).

The broad sense heritability of SCMR at 40DAS and days to 50% flowering increased with
increasing drought stress, whereas, that of number of pods per plant, seed weight, hundred seed
weight, SCMR at 60 and 80DAS and harvest index decreased with increasing drought stress. An
increase in error variance under water stress condition has been reported to cause decrease in
heritability estimates (Hulmel et al., 2005), which was similar to the results obtained in this
study. Decreased heritability for these traits under stress conditions were reported earlier by
Bolanos and Edmeades (1996). The decreased heritability for traits under stress indicates the
need for selection of genotypes under specific environmental conditions for rapid genetic
improvement. Heritability for plant height and pod yield was moderate GCV in relation to the
mean were low under non-stress condition, suggesting that these traits cannot be improved

substantially. These finding agrees with the work of Gravois and Milligan (1992).
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Investigation of the influence of different genetic systems can facilitate a better understanding of
the nature of gene interactions that could influence drought tolerance (Guo et al., 2017). The
significance of mean squares of GCA for most of the traits (even though some parents had
positive values and other had negative values) reported in this study under the different
conditions suggested the prevalence of additive variance for these traits. The significant SCA
mean squares detected in this study under the two conditions suggested that dominance variance
was important for these traits. These results are in general agreement with those reported by
Aminu and lzge (2013) and Badu-Apraku et al., (2013). The fact that both additive and non-
additive gene actions were important in genetic control of most traits studied under the different
conditions means that there is tremendous amount of variability in the genetic materials
evaluated, confirming the results of Aminu and lzge (2013), Bello and Olaoye (2009) and
Olaoye et al., (2005). Even though, additive and non-additive gene actions were responsible in
the genetic control of most traits, the comparative variance due to GCA and SCA revealed the
predominance of non-additive gene action for majority of the traits. This corroborate with the

findings of Mohammed (2009) and Meseka et al. (2006).

Significant effects (P < 0.05) between both GCA and SCA x water conditions, for pod yield and
some traits indicate that the assessment of water-stress and non-stress progenies favor
identification of variability among genotypes. This variability may be related to additive (gi)
and/or non-additive (sij) genetic effects. However, the significant interaction (SCA) progenies X
water condition reduce the relationship between phenotype and its genotype, restricting the
validity of inferences about the behavior, from the viewpoint of breeding and inheritance of

quantitative traits (Li et al., 2000). In work with Eucalyptus clones by Vellini et al. (2008)
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subjected to different water conditions, significant differences were found among both clones

and water conditions for most morphological and physiological traits.

The ratio of GCA to SCA variance also portrays the importance and the predominance of non-
additive genetic effects because the SCA variance was higher than the GCA variance and all of
the ratios were less than unity, confirming the results of Aminu and lzge (2013), Majid et al.
(2010). However, the results contradict the view reported by Sharma et al. (2004) who found the
preponderance of additive genetic effects in the control of most traits in maize. The expression of
the traits being controlled by non-additive genes in this study has an implication in breeding in
that good parent cannot be identified using these traits; instead good specific combiners are the
ones that can be selected for. The genotypes used in this study can therefore be exploited under

drought conditions through targeting the SCA effects.

Heritability estimates in broad sense and narrow sense for physiological traits followed a similar
trend to those for morphological traits related to drought resistance. However, narrow sense
heritability estimates for physiological traits were somewhat higher than those for morphological
traits related to drought resistance implying that the use of physiological traits as surrogate traits
for pod yield in this population may be effective. Therefore, better improvement for these traits

would be expected especially where they reveal higher narrow sense heritability.

The ratio of GCA to SCA variance also portrays the importance and the predominance of non-
additive genetic effects because the SCA variance was higher than the GCA variance and most
of the ratios were less than unity, confirming the results of Aminu and lzge (2013) and Majid et
al. (2010). However, the results contradict the report by Sharma et al. (2004) who found the

preponderance of additive genetic effects in the control of most traits in maize. The expression of
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the traits being controlled by non-additive genes in this study has an implication in breeding in
that good parent cannot be identified using these traits; instead good specific combiners are the
ones that can be selected for. The genotypes used in this study can therefore be exploited under

drought conditions through targeting the SCA effects.

The GCA effects of parents under non-stress and water-stress conditions exhibited variation both
in direction and magnitude. The combining ability effects revealed that different parents were
general combiners for different traits under different conditions. In this study negative GCA
effects were desirable for traits such as days to 50% flowering, plant height while in the case of
other characters like pod yield, number of pods per plant, seed weight, 100-seed weight, SCMR
at 40, 60 and 80DAS and HI positive GCA effects are most desirable. The parent P (ICG 5195)
showed consistency in its performance exhibiting good GCA effects for pod yield under the two
conditions and combined analysis. This genotype was also a good general combiner for other
traits including days to 50% flowering, plant height and number of pods per plant was consistent
in its GCA effects under the two conditions and combined analysis, again proving to be a good
general combiner for pod yield and other traits under water-stress condition. Early flowering are
needed for crop early harvest, while shorter heights are required for lodging resistance. Hence, it

is the best general combiner.

On the other hand, the negative significant GCA effect observed for P;(ICGV-1S-07813), P,
(ICG 12989) and Ps (SAMNUT 25) for days to 50% flowering and plant height under water-
stress condition makes them the best general combiner for these traits while the significant
positive GCA effect observed in P4, Ps and P as the best general combiner for number of pods
per plant, seed weight, SCMR at 40 and 60 DAS and HI under water stress and combined
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analysis . These genotypes could be considered as good combiners for yield and most of the
yield attributing traits under different conditions. These parents could therefore be utilized for
pure line selection or pedigree selection, or an elite breeding population by allowing thorough
mixing among them to achieve novel genetic recombination and the resultant populations could
then be subjected to recurrent selection. These populations could invariably serve as a source of

new desirable hybrids.

The effect of the specific combining ability is interpreted as the deviation of a cross compared to
what would be expected based on the GCA of their parents (Griffing, 1956).When the values are
positive and negative; there is evidence of bidirectional dominance. Therefore, there are genes
that enhance the expression of the traits and others, equally dominant, that reduce it. Hybrids (P;
x P4) and (P3 x Pg) were good specific combiners as indicated by significant positive SCA effects
for pod yield under the three conditions. Other traits with significant SCA effect for (P; x Ps)
were days to 50% flowering, number of pods per plant and seed weight under combined
condition, (P3 X Pg) for number of pods per plant and seed weight under non-stress condition.
Hybrids with significant positive SCA effects for pod yield are (P3 X P7, P1 X P4, P3 X P7, P4 X Pg)
under water-stress and P3 X Pg under combined condition. However, (P; X P4 and P; X Pg)
observed a negative significant SCA effects for days to 50% flowering and plant height under
water-stress while (P1 X P4, P1 X P2 and P; x P7) under combined condition. Negativity of these
traits is important, implying that these hybrids could mature earlier and could escape drought.
Similar results were reported by Aminu and lzge (2013). For physiological traits, significant
positive SCA effect observed for P3 x Ps for HI under water-stress condition, P; x P; and P4 X Ps

under combined condition; P, X Ps and Ps X Pg for SCMR at 40 and 60 DAS. This suggests that
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these hybrid combinations may exhibit favorable factors that enable continued plant growth and

development, even in adverse conditions of water availability.

Correlation coefficient analysis helps to determine the nature and degree of relationship between
any two measurable characters; it resolves the complex relationship between characters into
simple form of association (Channayaa, 2009). When correlation exists between any two
characters, a selection for one character will lead to corresponding change in the other correlated
character. The relationship between pod yield and physiological traits related to drought
tolerance were from non-significant (P>0.05) to highly significant (P<0.01), positive and
negative. Under non-stress condition, moderate positive significant (P<0.05) relationship was
observed between SCMR at 60 DAS and pod yield; this means that knowing the value of SCMR
at 60 DAS qgives little information for predicting pod yield in groundnut under non-stress
condition. HI and number of pods per plant had a strong positive and highly significant (P<0.01)
relationship with pod yield; this means that knowing HI and number of pods/plant gives a greater
accuracy prediction of pod yield. This study supports the earlier study conducted by Jogloy et al.
(2011) on strong and positive relationship between HI and number of pods/plant with pod yield.

Under water-stress, SCMR at 60 DAS had a moderate positive significant (P<0.05) with pod
yield. This means that, understanding the values of SCMR at 60 DAS in groundnut gives some
important information about pod yield under water-stress condition. HI and number of pods per
plant had a strong positive and highly significant (P<0.01) relationship with pod yield.
Understanding the values of HI and number of pods per plant gives accuracy information on pod
yield in groundnut. This study supports the previous study which obtained significant

relationship between SCMR at pod yield (Boontang et al., 2010). Positive and highly significant
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relationship between SCMR at 60 DAS, which is an indirect measure of chlorophyll density and
pod yield under water stress condition, means groundnut genotypes with high SCMR could
maintain higher photosynthetic capacity, added with thicker leaves which influence carbon
exchange rate and chlorophyll content and therefore leads to high pod yield. The higher
significant correlation between SCMR 60 DAS with number of pods per plant and pod yield
under water-stress condition compared to non-stress condition, means SCMR can be used in
breeding programs. Strong positive and highly significant relationship between HI and number
of pods per plant and pod yield implies that genotypes with high HI and number of pods per
plant under water-stress had high pod yield. Such results imply that, HI is the relative
distribution of photosynthesis products between commercial sinks and other existing sinks in the
plant. Therefore this can be used in breeding program as a selection criterion in drought tolerance

breeding programs Philipo et al. (2016).

112



CHAPTER SIX
6.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

6.1 Summary

Plant breeding research with self-pollinating individuals have been traditionally performed with
single crosses between any two (2) parents, followed by development of segregating populations.
This method generally results in reasonable amount of genetic variability needed for selection
and attaining homozygosity. In this study; one hundred and seven (107) genotypes were screened
in a randomized complete block design (RCBD) experiment under non-stress and water-stress
conditions during 2018 dry season. Seven (7) genotypes (ICGV-1S-07813, RS006F4B;-20,
ICGV-IS-07841, ICG 12989, SAMNUT 23, ICG 5195 and ICG 3312) were selected based on
PCA ranking and a 7 x 7 Diallel Mating Design Model Il was used to develop segregating
population. The 21 Fis, 7 parents and 2 checks were evaluated in the screen house of the
Department of Plant Science, Institute for Agricultural Research (IAR) Samaru, Ahmadu Bello
University Zaria, during the 2018/2019 dry season. The experiment was laid out in a randomized
complete block design with two replications. Data were collected on some morphological and
physiological traits along with drought tolerant indices. Data were analyzed using SAS (2002)

following RCBD and Diallel design model 11.

Significant genetic variations were observed for most of the morphological and physiological
traits studied under non-stress, water-stress conditions and combined analysis indicated the
presence of appreciable variability among the genotypes which is a pre-requisite for any crop

improvement program. The results of this study also showed progenies that were tolerant to
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drought with superior morphological and physiological traits such as good pod yield and SCMR

at 60 DAS.

The entry mean broad-sense heritability estimates were high to moderate for most studied
characters. This gave an indication of the importance of additive gene effects governing these
characters and selection for genetic improvement would be worthwhile. Broad sense heritability
was high for plant height and seed weight under combined analysis. This revealed that variation
were transmitted to the progeny and indicated potential for developing drought tolerant varieties
with improved morphological features, through selection of desirable progenies in succeeding

generations.

Generally, pod yield varied appreciably among progenies in each condition and across
conditions. Under non-stress, the top ranking hybrid for pod yield was P, x Ps and out-yielded
the checks by (36%-63%). Under water-stress, the top ranking hybrid for pod yield was P, X Pg
and it under-yielded the check by 43%. Across the conditions, the top-ranking hybrids for pod
yield were Ps X Pg and Ps X P7 and it out-yielded the check by 11%. Overall, the pod yield was
reduced by 60% under water-stress conditions, of which the average yield would have been in

the same environment under non-stress condition.

In this study, SCMR at 60 DAS, number of pods per plant and HI were found to be positively

and significantly correlated to pod yield under both water conditions.
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6.2 Conclusions

It is concluded from this study that the success of hybridization in a breeding program depends
on the choice of distant parental lines. Based on the PCA ranking, sixty-two (62) genotypes were

considered to be drought tolerant and forty-four (44) were considered drought susceptible.

Most of the traits are controlled by both additive and non-additive gene action. Narrow sense
heritability estimates were much lower than broad sense heritability estimates and they were

expected to be under estimated because of high-intra plant variation in the F, population.

For effective selection of genotypes tolerant to drought, and association of drought tolerant traits
with pod vyield due to the effect of morphological and physiological traits is very important.
Therefore, SCMR at 60 DAS and HI could be used as an indirect selection for pod yield under

drought stress condition.

6.3 Recommendations

Crosses that involve parents selected from the clusters characterized by maximum genetic
distance are expected to result in maximum genetic recombination and variation in subsequent
generations. Therefore, hybridization between genotypes selected from clusters | and IV under
stress condition will provide the maximum genetic recombination and variation for drought

tolerance.

It is further recommended that ICGV-1S-07813 x ICG 5195 and ICG 12989 x ICG 5195 should
be further advanced by pedigree method or single seed descent to develop superior groundnut

genotypes that are drought tolerant.
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Advanced screening protocol for drought and the study of root architecture should be used in
identifying superior genotypes. The genotypes identified should be further evaluated in drought
prone areas of Nigeria to ascertain their stability. Such breeding effort may lead to the
development of morphologically and physiologically superior groundnuts that are drought

tolerant.

To fully exploit drought tolerance discovered in these genotypes, identification of DNA markers
would be useful in the transfer of the tolerant genes to commercially useful backgrounds.. As
there were high inter-correlation among physiological traits and pod yield, evaluation of SCMR
at 60 DAS alone is sufficient for cultivar development because it will be more simple,

economical and less time-consuming.

On the other hand, selection for SCMR at 80 DAS, 100 seed weight, HI and days to 50%
flowering may be difficult in early segregating generation and evaluation should be carried out in

more advanced generations.
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APPENDIX

Table 1: Mean performances for morphological traits of groundnut genotypes screened under
non-stress and water stress conditions at Samaru 2018

DFF NPPT DFF NPPT
GENOTYPES — S GENOTYPES e —
12CS-010 38 39 4 3 ICGCV-1S-07889 37 36 4 2
12CS-102 36 40 2 1 ICG-1S-07803 36 40 1 5
ICG02148 36 36 6 0 ICG-1S-07919 36 36 9 4
ICG10346 36 38 7 4 ICG-1S-07947 36 36 a1
ICG11249 36 36 2 2 ICG-SM-07539 38 36 5 2
ICG12189 36 36 13 4 ICG-SM-07541 36 40 19 6
ICG 1274 37 36 27 9 ICGV 07805 38 40 9 4
ICG12089 37 41 71 ICGV-5M00010/P15/P2 36 36 6 1
ICG 12991 38 39 12 10 L(I:\/IGO\(/)ON o 36 41 2 2
ICG 1519 37 39 5 3 ICGV-91283 37 40 10
ICG15236 36 39 8 3 ICGV-1S-03323 36 40 10
ICG 1973 37 36 0 ICGV-1S-07803 36 36 8 0
ICG 2019 36 40 2 ICGV-1S-07809 37 36 10
ICG 2106 36 39 13 7 ICGV-1S-07812 36 36 5 2
ICG 231 37 40 7 2 ICGV-1S-07813 38 36 8 2
ICG 294 37 36 2 1 ICGV-1S-07815 36 36 8 5
ICG 297 36 41 5 2 ICGV-1S-07828 36 39 77
ICG 311 36 40 4 2 ICGV-1S-07829 38 39 4 2
ICG 3312 36 40 27 1 ICGV-1S-07841 38 39 12 7
ICG 3421 37 40 5 0 ICGV-1S-07842 37 40 8 0
ICG 3584 38 36 3 0 ICGV-1S-07843 38 40 2 1
ICG 4911 36 38 7 3 ICGV-1S-07845 38 40 30
ICG 5195 37 40 10 1 ICGV-1S-07849 36 36 5 1
ICG 5236 38 41 25 1 ICGV-1S-078513 37 36 6 4
ICG 6813 36 36 12 2 ICGV-1S-07853 38 36 2% 5
ICG 7906 37 36 8 3 ICGV-1S-07855 36 36 9 4
ICG 9777 38 39 8 3 ICGV-1S-07859 36 36 7 3
oG 9905 % 40 . ICGV-1S-07883 37 36 3 4
oS wow o o KSR @ w1
ICGV-IS-

e 37 36 8 3 ICGX-5M-00018/5/4/P2 38 38 10
Mean 36 38 500  4.00 Mean 36 38 5 4
CV (%) 005 010 1650 39.00 CV (%) 005 010 1650 39.00

NS= Non-stress, WS= Water stress, DFF= Days to 50% flowering, NPPT= Number of pods per plants and CV=
Coefficient of variation.
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Table 1 Cont’d

DFF NPPT DFF NPPT
GENOTYPES NS VSV NS WS GENOTYPES NS WS NS WS
ICGV-1S-07893 36 41 7 4 ICGX-1S-11057 36 39 7 4
ICGV-1S-07894 39 36 3 2 ICGX-1S-13011 36 39 10 1
ICGV-1S-07895 37 36 2 1 ICGX-1S-13988 38 40 5 0
ICGV-1S-07900 36 39 7 2 JL11 36 37 1 2
ICGV-1S-07902 36 39 11 3 RS006F3B1-22® 37 36 0 0
ICGV-1S-07904 37 36 1 4 RS006F4B1-17 37 36 6 1
ICGV-1S-13007 36 36 2 2 RS006F4B1-22 37 36 1 4
ICGV-1S-13050 36 41 4 1 RS006F4B1-31 36 41 1 2
ICGV-1S-13075 38 36 5 2 RS006F4B1-4(B) 36 38 8 3
ICGV-1S-13097 36 40 1 1 RS006F4B1-45(B) 36 38 3 2
ICGV-IS-13112 38 39 2 2 RS006F4B1-45 ® 36 36 3 0
ICGV-1S-13115 36 36 39 2 RS006F4B1-49 37 40 2 1
ICGV-1S-13865 37 37 2 2 RS006F4B1-50 36 36 3 2
ICGV-1S-13878 38 36 1 0 RS006F4B1-53(B) 38 38 3 3
ICGV-1S-13911 36 39 4 1 RS006F4B1-85 36 40 4 0
ICGV-1S-13938 38 36 1 1 RS006F4B1-B5 37 36 4 1
ICGV-1S-13978 36 36 24 23 RS006F4B-21 38 40 4 1
ICGV-1S-13982 38 39 5 2 RS006F4B-534 38 40 4 0
ICGV-1S-13986 38 36 5 1 RS066F3B1-57(B) 38 39 4 0
ICGV-1S-13989 38 36 5 1 SAMNUT 14 36 36 3 0
ICGV-1S-13990 37 36 5 4 SAMNUT 23 36 36 2 2
ICGV-IS-07816 38 36 6 1 SAMNUT 24 36 39 5 1
ICGX 11003 36 36 4 4 SAMNUT 25 37 41 14 4
SAMNUT 26 36 40 15 1
Mean 36 38 5 4 Mean 36 38 5 4
CV (%) 0.05 0.1 16.50 38.9 CV (%) 0.05 0.1 16,5 389

NS= Non-stress, WS= Water stress, DFF= Days to 50% flowering, NPPT= Number of pods per plants and CV=
Coefficient of variation.
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Table 2: Mean performances for morphological traits of groundnut genotypes screened under
combined analysis at Samaru 2018

GENOTYPES DFF NPP GENOTYPES DFF NPP
12CS-010 38 3 ICG 9905 38 3
12CS-102 38 2 ICGCV-1S-07889 36 3
ICG 02148 36 3 ICG-1S-07803 38 8
ICG 10346 37 5 ICG-1S-07919 36 7
ICG 11249 36 2 ICG-1S-07947 36 2
ICG 12189 36 8 ICG-SM-07539 37 4
ICG 1274 36 18 ICG-SM-07541 38 13
ICG 12989 39 4 ICGV 07805 39 6
ICGV-
ICG 12991 38 11 5MO000L0/P15/P2 36 3
ICGV-
ICG 1519 38 4 5M00017/5/P1/P1 39 2
ICG 15236 37 6 ICGV-91283 39 1
ICG 1973 36 1 ICGV-1S-03323 38 0
ICG 2019 38 2 ICGV-IS-07803 36 4
ICG 2106 37 10 ICGV-IS-07809 36 1
ICG 231 39 5 ICGV-IS-07812 36 4
ICG 294 36 2 ICGV-IS-07813 37 5
ICG 297 39 3 ICGV-IS-07815 36 7
ICG 311 38 3 ICGV-IS-07828 37 7
ICG 3312 38 14 ICGV-IS-07829 38 3
ICG 3421 38 3 ICGV-IS-07841 38 9
ICG 3584 37 1 ICGV-IS-07842 39 4
ICG 4911 37 5 ICGV-IS-07843 39 1
ICG 5195 38 6 ICGV-IS-07845 39 2
ICG 5236 40 13 ICGV-IS-07849 36 3
ICG 6813 36 7 ICGV-IS-078513 36 5
ICG 7906 36 5 ICGV-IS-07853 37 15
ICG 9777 38 6 ICGV-IS-07855 36 7
Mean 37 4 Mean 37 4
CV(%) 0.08 22.87 CV(%) 0.08 22.87

Days to 50% flowering, NPP= Number of pods per plant
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Table 2 Cont’d

GENOTYPES DFF NPP GENOTYPES DFF NPP
ICGV-IS-07859 36 5 ICGX-5M-00017/5/P5/P2 36 6
ICGV-1S-07883 36 3 ICGX-5M-00018/5/4/P2 38 1
ICGV-1S-07887 40 2 ICGX-IS-11057 37 5
ICGV-IS-07891 36 6 ICGX-IS-13011 37 5
ICGV-1S-07893 39 6 ICGX-1S-13988 39 2
ICGV-1S-07894 37 2 J.L11 36 2
ICGV-1S-07895 36 2 RS006F3B1-22® 36 0
ICGV-1S-07900 37 5 RS006F4B1-17 36 4
ICGV-IS-07902 37 7 RS006F4B1-22 36 3
ICGV-I1S-07904 36 3 RS006F4B1-31 39 2
ICGV-IS-13007 36 2 RS006F4B1-4(B) 37 6
ICGV-IS-13050 39 2 RS006F4B1-45(B) 37 3
ICGV-IS-13075 37 3 RS006F4B1-45® 36 2
ICGV-IS-13097 38 1 RS006F4B1-49 39 2
ICGV-1S-13112 38 2 RS006F4B1-50 36 2
ICGV-1S-13115 36 21 RS006F4B1-53(B) 38 3
ICGV-IS-13865 37 2 RS006F4B1-85 38 2
ICGV-IS-13878 37 1 RS006F4B1-B5 36 2
ICGV-1S-13911 37 2 RS006F4B-21 39 2
ICGV-1S-13938 37 1 RS006F4B-534 39 2
ICGV-IS-13978 36 13 RS066F3B1-57(B) 38 2
ICGV-1S-13982 38 3 SAMNUT 14 36 2
ICGV-IS-13986 37 3 SAMNUT 23 36 2
ICGV-1S-13989 37 3 SAMNUT 24 37 3
ICGV-1S-13990 36 5 SAMNUT 25 39 9
ICGV-1S-07816 37 4 SAMNUT 26 38 8
ICGX 11003 36 4

Mean 37 4 Mean 37 4
CV(%) 0.08 22.87 CV(%) 0.08 22.87

Days to 50% flowering, NPP= Number of pods per plant
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Table 3: Mean performances for physiological traits of groundnut genotypes screened under
combined analysis at Samaru 2018

GENOTYPES SCMR 40 DAS SCMR 60 DAS SCMR 80 DAS LAI
12CS-010 41.06 40.76 36.13 0.07
12CS-102 45.16 40.42 41.66 0.06
ICG 02148 43.29 38.39 43.31 0.07
ICG 10346 37.11 40.35 34.97 0.07
ICG 11249 36.29 42.75 31.98 0.09
ICG 12189 47.04 48.94 48.66 0.08
ICG 1274 44.57 39.47 48.76 0.09
ICG 12989 45.43 44.09 40.81 0.06
ICG 12991 32.85 37.24 35.05 0.08
ICG 1519 48.46 41.88 43.60 0.09
ICG 15236 45.37 34.53 35.24 0.06
ICG 1973 40.83 38.05 36.66 0.08
ICG 2019 41.53 41.26 32.07 0.09
ICG 2106 42.13 48.91 45.25 0.09
ICG 231 48.05 44.75 44,73 0.09
ICG 294 42.91 40.56 38.01 0.09
ICG 297 45.07 39.94 32.03 0.09
ICG 311 46.27 43.41 40.39 0.09
ICG 3312 39.21 38.78 29.50 0.06
ICG 3421 30.91 43.18 28.76 0.09
ICG 3584 41.23 44.09 41.11 0.07
ICG 4911 30.56 42.90 42.42 0.09
ICG 5195 46.87 34.14 36.99 0.05
ICG 5236 47.85 42.18 34.55 0.09
ICG 6813 46.98 47.05 42.34 0.08
ICG 7906 43.29 46.07 44.94 0.09
ICG 9777 44.66 49.43 45.04 0.07
ICG 9905 41.06 43.27 45.70 0.08
ICGCV-1S-07889 46.15 37.61 40.52 0.09
ICG-1S-07803 48.46 39.54 47.94 0.05
ICG-1S-07919 50.85 42.96 47.74 0.06
Mean 42.27 41.09 40.20 0.07
CV (%) 13.54 15.48 13.44 12.42

SCMR=SPAD Chlorophyll Meter Reading, DAS= Days after sowing and LAI= Leaf Area Index.
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Table 3 Cont’d

GENOTYPES SCMR 40DAS SCMR 60DAS SCMR 80DAS LAI

ICG-1S-07947 33.19 45.73 45.82 0.07
ICG-SM-07539 38.57 47.60 40.41 0.09
ICG-SM-07541 44.32 45.69 43.12 0.08
ICGV 07805 49.72 46.27 43.45 0.08
ISCIi/ICE)\(gEHO/PlS/PZ 37.93 43.39 36.28 0.09
ISCIi/I%\Cg(-M?/S/Pl/Pl 44.93 43.91 47.46 0.07
ICGV-91283 42.94 33.39 33.99 0.09
ICGV-1S-03323 46.96 37.63 35.41 0.08
ICGV-IS-07803 45.38 46.45 45.61 0.09
ICGV-IS-07809 39.1 38.42 37.32 0.06
ICGV-IS-07812 41.23 43.13 32.07 0.09
ICGV-IS-07813 43.58 44.35 47.13 0.07
ICGV-IS-07815 45.49 45.55 52.86 0.07
ICGV-IS-07828 44.35 40.23 38.51 0.08
ICGV-IS-07829 44.71 37.25 39.82 0.07
ICGV-IS-07841 49.47 33.11 36.30 0.08
ICGV-IS-07842 45.45 43.32 49.03 0.09
ICGV-IS-07843 34.38 37.36 40.04 0.09
ICGV-IS-07845 44.03 38.72 44.95 0.08
ICGV-1S-07849 47.39 46.47 39.60 0.06
ICGV-1S-078513 47.68 44.04 41.78 0.05
ICGV-1S-07853 42.78 42.85 42.71 0.05
ICGV-1S-07855 39.07 35.71 30.97 0.05
ICGV-1S-07859 44.38 41.05 39.94 0.06
ICGV-1S-07883 43.07 40.43 36.54 0.07
ICGV-IS-07887 43.26 27.36 38.43 0.06
ICGV-IS-07891 45.52 34.04 43.14 0.07
ICGV-IS-07893 45.22 39.83 40.92 0.07
Mean 42.27 41.09 40.2 0.07
CV (%) 13.54 15.48 13.44 12.42

SCMR= SPAD Chlorophyll Meter Reading, DAS= Days after sowing and LAI= Leaf Area Index.
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Table 3 Cont’d

GENOTYPES S SCMRGODAS  SCMR80DAS LAI
ICGV-1S-07894 4373 39.67 35.21 0.08
ICGV-1S-07895 47.90 44.48 44.66 0.07
ICGV-1S-07900 36.65 4235 41.06 0.09
ICGV-1S-07902 39.04 4111 41.24 0.07
ICGV-1S-07904 38.49 4138 41.64 0.06
ICGV-1S-13007 49.13 45.11 38.73 0.09
ICGV-1S-13050 38.72 47.26 36.60 0.07
ICGV-1S-13075 47.81 4827 33.60 0.08
ICGV-1S-13097 32.40 42.99 36.75 0.08
ICGV-1S-13112 38.37 4058 35.65 0.06
ICGV-1S-13115 44.44 45.10 4113 0.05
ICGV-1S-13865 38.53 4174 37.59 0.06
ICGV-1S-13878 41.92 41.49 43.79 0.09
ICGV-1S-13911 43.25 4475 46.85 0.07
ICGV-1S-13938 4473 46.02 39.44 0.09
ICGV-1S-13978 4535 38.28 42,62 0.05
ICGV-1S-13982 41.17 43.39 41.95 0.09
ICGV-1S-13986 46.47 38.96 49.49 0.08
ICGV-1S-13989 35.77 32.15 34.85 0.06
ICGV-1S-13990 52.36 50.66 50.16 0.05
ICGV-I1S-07816 39.21 38.00 39.55 0.07
ICGX 11003 41.83 42.33 36.04 0.06
N o 39,56 38.65 29,64 0.09
Mean 4227 41.09 40.20 0.07
CV (%) 1354 15.48 13.44 12.42

SCMR=SPAD Chlorophyll Meter Reading, DAS= Days after sowing and LAI= Leaf Area Index.
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Table 3 Cont’d

GENOTYPES SCMR 40 DAS SCMR 60 DAS SCMR 80 DAS LAl
AP 41.03 36.71 39.13 0.08
ICGX-IS-11057 42.50 39.63 42.85 0.07
ICGX-1S-13011 39.39 42.03 44.94 0.09
ICGX-1S-13988 36.31 43.12 40.54 0.06
JL11 43.05 41.89 40.27 0.09
RSO06F3B1-220 34.55 40.82 37.64 0.05
RSO06FAB1-17 38.99 33.34 37.75 0.05
RSO06F4B1-22 42.62 45.60 46.44 0.07
RSO06F4B1-31 39.17 30.47 39.65 0.06
RSO06F4B1-4(B) 39.33 39.27 41.54 0.07
RSO06F4B1-45(8) 38.99 40.07 34.50 0.08
RS006F4B1-45@ 30.45 31.99 27.36 0.05
RS006F4B1-49 34.84 39.38 37.80 0.09
RSO06F4B1-50 42.41 40.43 39.05 0.07
RSO06F4B1-53(B) 42.96 42.46 47.62 0.07
RS006F4B1-85 49.07 40.46 53.23 0.08
RSO06F4B1-B5 41.66 39.10 36.94 0.07
RSO06F4B-21 40.93 40.50 38.70 0.09
RSO06F4B-534 35.84 35.39 31.03 0.09
RS066F3B1-57(B) 40.41 40.99 35.91 0.07
SAMNUT 14 41.65 43.09 43.03 0.09
SAMNUT 23 41.70 40.65 43.10 0.07
SAMNUT 24 43.42 29.87 34.06 0.08
SAMNUT 25 45.64 42.30 46.34 0.06
SAMNUT 26 44.07 41.49 43.59 0.08
Mean 4227 41.09 40.20 0.07
cv 13.54 15.48 13.44 12.42

SCMR=SPAD Chlorophyll Meter Reading, DAS= Days after sowing and LAI= Leaf Area Index.
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Table 4: Mean performances for Physiological Traits of Groundnut Genotypes Screened under
Non-Stress and Water Stress Conditions at Samaru 2018

SCMR 40 DAS SCMR 60 DAS SCMR 80 DAS LAI
GENOTYPES NS WS NS WS NS WS NS WS
12CS-010 33.10 49.03 37.02 4451 3435 379 0.08 0.06
12CS-102 46.74  43.57 41.78 39.07 49.07 342 0.06 0.05
ICG 02148 40.82 45.75 3593 40.85 42.16 445 0.07 0.05
ICG 10346 4534 28.88 5439 2631 4116  28.8 0.08 0.08
ICG 11249 31.59 40.99 43.47 42.03 26.74  37.2 0.07 0.06
ICG 12189 47.14 46.95 46.35 51.53 50.38 47 0.07 0.06
ICG 1274 38.92 50.22 33.25 45.69 5098 46.6 0.09 0.05
ICG 12989 42.03 48.83 4486 43.32 49.27 3241 0.08 0.07
ICG 12991 37.11 28.58 3245 42.03 36.25 33.84 0.08 0.05
ICG 1519 43.43 53.50 35.11 48.66 3341 53.88 0.08 0.07
ICG 15236 43.08 47.66 25.61 43.45 26.79 43.72 0.07  0.07
ICG 1973 39.28 42.38 30.51 45.59 31.34 42.00 0.08 0.05
ICG 2019 35.81 47.24 36.33 46.19 35.96 28.23 0.09 0.08
ICG 2106 39.60 44.66 4422  53.6 38.30 52.25 0.08 0.08
ICG 231 46.18 49.92 5152 37.98 43.01 46,51 0.08 0.08
ICG 294 43.74 42.08 38.11 43.02 37.72 38.35 0.08 0.05
ICG 297 47.27 42.88 3597 4391 38.85 25.29 0.08 0.06
ICG 311 43.42 49.13 39.14 47.67 37.02 43.85 0.06 0.08
ICG 3312 35.84 42,58 4117 364 27.84 31.28 0.07 0.05
ICG 3421 3492 269 4096 454 28.64 28.92 0.08 0.08
ICG 3584 32.44 50.02 39.62 48.56 38.74 43.53 0.08 0.05
ICG 4911 3551 2561 41.38 44.41 40.47 4445 0.07 0.07
ICG 5195 52.26 41.49 40.39 27.89 48.27 25.70 0.07 0.08
ICG 5236 45.68 50.02 43.13 41.24 30.59 38.50 0.08 0.08
ICG 6813 4424  49.72 43.67 50.44 35.25 4940 0.07 0.09
ICG 7906 41.73 44.86 49.52 42.63 39.45 50.40 0.07 0.06
ICG 9777 36.82  52.50 47.73 51.13 39.47 50.60 0.07 0.05
ICG 9905 31.2 5092 36.3  50.24 39.6 51.8 0.08 0.09
Mean 40.99 43.56 39.35 42.83 39.42 41 0.08 0.07
CV (%) 19.63  2.02 22.75 2.026 19.16  2.82 159 2.02

NS= Non-stress, WS= Water stress, SCMR= SPAD Chlorophyll Meter Reading and LAI= Leaf Area Index.
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Table 4 Cont’d

GENOTYPES S?\:II\S/IR 40 VL\)/és SEI;/IR 60 V[\)IQS S?\II\S/IR 80 \I/Dvés NSLAIW .
ICGCV-IS-07889  47.14 4516 3150 43.71 51.07 2997  0.09 0.06
ICG-1S-07803 5414 4278  31.00 4807  49.14 4675  0.07 0.06
ICG-1S-07919 4443 5727  37.82 4816 4406 5141  0.08 0.08
ICG-1S-07947 3868 27.69 4651 45 4737 4427  0.09 0.5
ICG-SM-07539 3745 39.7 46.76 4846 4697 3384  0.08 0.7
ICG-SM-07541 4378 4486  43.82 4757 4307 4317 008 0.09
ICGV 07805 4654 529 4371 48.86 3926 47.64  0.09 0.09
;i/%\&')lomm 4439 3146 4338 4352 3981 3275  0.09 0.8
CGV-

éMOOOl?/S/Pl/Pl 4262 4724 3800 4985 4251 524 008 0.08
ICGV-91283 4648 394 3815 2868 4287 2511  0.08 0.6
ICGV-1S-03323 5155 4238 4612 2927 4541 2541  0.09 0.05
ICGV-1S-07803 5026 4049 4583 4708 4517 4605  0.09 0.08
ICGV-1S-07809 3434 4387 3200 448 3196 4268  0.09 0.07
ICGV-1S-07812 3582 4665  39.23 47.08 3823 259  0.08 0.6
ICGV-1S-07813 4825 3891 4628 4253 5258 4169  0.08 0.06
ICGV-1S-07815 4929 4169 4432 4678 5153 5419  0.08 0.7
ICGV-1S-07828 4275 4595 4091 3956 4318 3384  0.07 0.07
ICGV-1S-07829 4475 4466  27.30 47.18 324 4724 008 0.05
ICGV-1S-07841 4982 4913 3574 3056 4065 3196  0.07 0.07
ICGV-1S-07842 39.18 5171 3615 5054  49.63 4843  0.07 0.08
ICGV-1S-07843 4395 2481 3553 3926 4842 3166 008 0.08
ICGV-1S-07845 4726 4079 3937 3818  40.67 4923 007 0.05
ICGV-1S-07849 4247 523 4363 49.35 3405 4516  0.07 0.09
ICGV-1S-078513 38.38  56.97 411  46.98 39.1 4446  0.08 0.08
ICGV-1S-07853 3326 523 3293 5281 2954 5588  0.09 0.05
ICGV-1S-07855 31.78 4635 2746 4401 3455 2739  0.08 0.06
ICGV-1S-07859 3756 5121 3400 48.07 3531 4456  0.08 0.07
ICGV-1S-07883 3522 5092 3081 50.04 308 4228  0.08 0.09
Mean 4099 4356  39.45 42.83 39.42 4099  0.08 0.7
CV (%) 1963  2.02 228  2.026 1916 282 159 202

NS= Non-stress, WS= Water stress, SCMR= SPAD Chlorophyll Meter Reading and LAI= Leaf Area Index.
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Table 4 Cont’d

CENOTYPES SiII\S/IR 20 5\23 SCli\II\éIR 6OI\DA28 S?\II\S/IR 80|\3NASS NSLAIWS
ICGV-15-07887 3799 4853 2693 2779 3815 3870 008 0.05
ICGV-IS-07891 4419 4685 4127 2680 4727 3900 009 0.06
ICGV-IS-07893 4100 4944 3299 4667 3872 4301 009 0.08
ICGV-IS-07894 4220 4526 3346 4589 2814 4232 008 0.09
ICGV-1S-07895 4180 5399  37.64 5133 3274 5666 008 0.06
ICGV-1S-07900 3075 3355 4090 4381 3715 4500  0.06 0.06
ICGV-1S-07902 3639 4169 3524 4698 3376 4876 007 0.09
ICGV-1S-07904 3738 396 3593 4767 4129 4253 008 007
ICGV-1S-13007 4685 5141 4363 4658 4728 302 009 0.07
ICGV-1S-13050 4438 3305 4171 5281 4471 285 009 0.05
ICGV-1S-13075 4253 5310 4106 5548  37.82 2940 009 0.06
ICGV-1S-13097 3502 2978 4287 4312 3439 3910 009 0.09
ICGV-1S-13112 3704 3970 4793 3323 4291 2840 009 007
ICGV-1S-13115 4234 4655 4094 4925 3512 4710 009 0.04
ICGV-1S-13865 4382 3325 4164 4183 3974 3540 009 0.07
ICGV-1S-13878 3809 4575 3808 449 4878 3880 009 007
ICGV-1S-13911 3498 5151 3669 5281 4447 4920 008 008
ICGV-1S-13938 4113 4833 4161 5044 3987 3900 008 0.06
ICGV-1S-13978 4237 4833 4006 3649 3650 4870 008 0.07
ICGV-1S-13982 4313 3920 4248 4431 4241 4150 007 0.06
ICGV-IS-13986 4192 5101 4113 3679 4617 5280 007 0.06
ICGV-IS-13989 4713 2442 4195 2235 4667 2300 009 0.09
ICGV-IS-13990 5311 5161 4712 5420 4772 5260 007 0.9
ICGV-1S-07816 3031 3910 3882 3719 3692 4220 007 0.09
ICGX 11003 3462 4903 3629 4836 2574 4642 007 007
:)%glé-/g%é/PZ 3643 4268 3646 4085 2624 3310  0.07 008
:)%)061):3_/2}\2/_P2 3303 4903  30.88 4253 3349 4485 009 008
Mean 4099 4356 3935 4283 3942 41 0.08 0.07
CV (%) 1063 2.02 2275 2026 1916 2.82 1%9 2.02

NS= Non-stress, WS= Water stress, SCMR= SPAD Chlorophyll Meter Reading, DAS= Days after sowing and

LAI= Leaf Area Index.
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Table 4. Cont’d

GENOTYPES SI\ClléVIR 403\//_\38 SI\CléVIR GOBVASS SEQ/IR 80[\)/688 < LAIWS
ICGX-1S-11057 3511  49.89 3515 4412 33.71 52 0.09 0.08
ICGX-1S-13011 46.23 3255 47.67  36.40 47.59 423 0.09 0.08
ICGX-1S-13988 4225  30.37 4282 4342 34.34 46.8 0.08  0.05
JL11 4451 4159 39.38 4441 37.76 42.8 0.07  0.06
RS006F3B1-22® 3556  33.55 3337  48.26 33 423 0.06  0.05
RS006F4B1-17 3400 4397 40.08  26.60 30.75 448 0.06  0.09
RS006F4B1-22 36.9 48.33 39.17  52.02 37.89 55.0 0.07  0.06
RS006F4B1-31 3447 4387 29.99  30.96 36.32 43.0 0.08 0.07
RS006F4B1-4(B) 30.03  48.63 2731 5123 28.69 o4.4 0.05 0.05
RS006F4B1-45(B) 36.9 41.09 36.13 4401 29.8 39.2 0.05 0.07
RS006F4B1-45 ® 3748 2342 37.98  26.01 30.99 23.7 0.07 0.04
RS006F4B1-49 3415 3553 3525 4352 34.7 40.9 0.08 0.05
RS006F4B1-50 3996 44.86 3932 4154 37.3 40.8 0.08 0.08
RS006F4B1-53(B) 4533  40.59 4249 4243 47.11 48.1 0.08 0.08
RS006F4B1-85 4434  53.79 44,92 36 49.38 57.1 0.07  0.09
RS006F4B1-B5 4153 41.78 42 36.2 4191 32 0.07  0.06
RS006F4B-21 4187  40.00 39.06 4193 42.46 34.9 0.09 0.05
RS006F4B-534 4408  27.59 42.5 28.29 35.77 26.3 0.09 0.06
RS066F3B1-57(B) 4468  36.13 4836  33.63 35.89 35.9 0.07  0.09
SAMNUT 14 3833  44.96 4781  38.37 4437 41.7 0.07  0.06
SAMNUT 23 3865 44.76 4282 3847 44.22 42.0 0.08 0.08
SAMNUT 24 4059  46.25 3403 2571 43.12 25.0 0.07  0.05
SAMNUT 25 40.76  50.52 3495  49.65 42.76 49.9 0.07  0.05
SAMNUT 26 4319 4496 43.72  39.26 43.52 43.7 0.06  0.08
Mean 40.99 4356 3935 4283 39.42 41 0.08 0.07
CV (%) 19.63  2.020 22.75 2.03 19.16 2.82 1590 2.02

NS= Non-stress, WS= Water stress, SCMR= SPAD Chlorophyll Meter Reading and LAI= Leaf Area Index.
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Table 5: Principal component analysis for 107 groundnut genotypes screened under non-stress

condition at Samaru 2018

. Numeric
Genotypes PC1 PC2 PC3 Ranking Ranking
SAMNUT 26 1.45 1.69 0.00 17.98 1
ICGV-I1S-07812 3.32 3.18 341 15.13 2
ICG 3312 0.00 0.21 1.28 10.18 3
RS006F4B1-45(B) 3.73 0.91 0.00 9.92 4
ICGV-1S-07813 0.54 0.74 5.49 9.68 5
ICGV-IS-07904 1.54 1.98 0.52 9.62 6
ICG 297 0.68 1.32 0.22 8.68 7
ICGV-1S-07828 0.95 1.97 0.12 8.25 8
ICGX 11003 1.15 0.17 0.08 8.22 9
ICGV-1S-07842 2.36 0.09 3.15 8.03 10
ICGX-5M-00018/5/4/P2 0.79 0.01 1.32 7.71 11
RSO006F4B1-4(B) 1.23 0.96 1.68 7.56 12
ICGV-1S-07902 0.45 0.22 0.28 7.49 13
ICGV-1S-13878 1.71 1.40 0.02 7.48 14
ICG 3584 0.08 0.02 1.20 7.06 15
ICGV-1S-07841 0.87 1.62 0.00 6.76 16
ICGV-1S-07887 6.32 0.00 1.38 6.73 17
RS006F4B1-85 1.16 0.15 0.35 6.47 18
ICG 311 0.02 0.57 1.78 6.30 19
ICGV-I1S-07803 4.32 6.35 7.31 5.98 20
ICGV-IS-07894 0.50 0.06 1.31 5.94 21
ICG-1S-07803 7.41 0.83 0.02 5.86 22
ICG 5195 0.92 1.48 0.46 5.82 23
ICG 1973 0.69 1.68 0.32 5.73 24
ICG 12189 8.99 0.00 0.69 5.61 25
ICG 231 0.78 0.13 1.65 5.60 26
ICG-1S-07919 2.15 3.21 1.11 5.29 27
ICGX-1S-13988 1.11 1.03 0.01 5.17 28
ICGV-1S-07855 6.76 0.63 0.16 5.05 29
ICGV-1S-13007 3.32 0.09 1.28 4.69 30
ICGV-IS-07816 0.17 1.53 0.27 4.64 31
ICGV-1S-13865 0.14 0.45 0.19 4.49 32
ICG 294 7.42 0.45 1.74 4.45 33
ICGV-1S-078513 0.00 0.71 1.67 441 34
ICGV-1S-13990 0.04 0.28 1.16 4.32 35
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Table 5 Cont’d

Genotypes PC1 PC2 PC3 Ranking g;;ﬁ;'gc
RS006F4B1-49 8.09 0.01 0.12 4.26 36
ICGV-1S-07815 1.52 1.71 0.00 4.04 37
ICGX-5M-00017/5/P5/P2 4.79 0.01 1.14 3.91 38
SAMNUT 14 13.29 0.24 1.6 3.91 39
ICGV-1S-13075 5.24 0.62 0.44 3.87 40
ICG 1274 4.11 5.62 0.44 3.74 41
ICG 2019 2.15 0.17 0.00 3.48 42
ICGV-1S-07859 0.96 0.88 1.21 3.47 43
ICG 12991 0.11 0.05 1.69 3.28 44
ICGV-1S-07829 5.08 0.39 1.60 3.23 45
ICGV-1S-07845 0.79 0.83 1.87 3.15 46
RS006F4B1-17 1.02 0.37 0.02 3.14 47
ICGV-1S-07900 0.18 0.58 0.7 3.13 48
ICGV-1S-07843 0.36 0.01 1.25 3.06 49
ICGV-1S-13115 3.46 0.00 0.28 3.04 50
RS006F4B1-50 0.72 2.86 3.90 3.03 51
ICGV-1S-13911 1.92 0.78 1.75 291 52
ICGCV-IS-07889 2.31 3.08 0.34 2.86 53
RS006F4B1-45® 0.02 0.03 1.39 2.72 54
ICGV-1S-07893 1.77 0.53 0.00 2.71 55
ICG-1S-07947 3.08 0.62 4.98 2.69 56
ICG 9905 0.75 1.94 0.00 2.69 57
RS006F4B1-B5 5.65 0.2 0.01 2.65 58
ICG 12989 0.53 0.25 1.13 2.57 59
ICGV-1S-07849 0.37 1.24 0.26 2.49 60
ICG 10346 1.13 0.57 0.01 2.43 61
ICGV 07805 1.58 0.48 0.01 241 62
ICGV-91283 2.09 0.26 2.14 2.38 63
ICGV-5M00017/5/P1/P1 6.35 0.18 0.20 2.37 64
SAMNUT 24 4.60 3.28 0.15 2.35 65
JL11 1.91 0.21 0.13 2.32 66
ICG 15236 1.90 0.04 2.32 2.31 67
ICG 5236 0.53 0.73 0.10 2.30 68
RS006F3B1-22® 0.01 3.77 0.13 2.28 69
12CS-010 0.73 0.02 0.04 2.22 70
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Table 5 Cont’d

Genotypes PC1 PC2 PC3 Ranking g;;ﬁ;'gc
ICG-SM-07541 0.67 4.60 0.02 2.21 71
12CS-102 0.58 0.99 0.78 2.14 72
ICG 4911 241 0.02 0.00 2.12 73
ICG 9777 0.77 1.23 0.13 211 74
ICG 11249 0.07 0.20 0.31 2.07 75
SAMNUT 23 0.04 0.70 0.03 1.99 76
ICGV-1S-07809 3.94 1.80 0.23 1.97 77
ICGV-1S-13938 3.55 2.13 0.14 191 78
ICGV-1S-03323 2.26 0.72 0.18 1.87 79
ICGX-1S-11057 0.37 1.07 0.19 1.87 80
ICGV-1S-13986 1.29 0.11 3.02 1.86 81
ICG 7906 0.88 1.75 0.02 1.77 82
ICGV-5M00010/P15/P2 0.00 1.76 0.01 1.72 83
ICG 2106 1.03 1.02 0.37 1.71 84
ICGV-1S-13097 0.07 0.12 0.20 1.66 85
ICGV-1S-13978 1.69 0.68 0.86 1.62 86
ICGX-1S-13011 0.99 0.00 1.23 1.60 87
RS006F4B-534 0.16 0.03 3.09 151 88
RS006F4B1-31 0.21 151 0.99 1.48 89
ICG 02148 3.35 0.94 0.04 1.48 90
RS006F4B1-53(B) 4.88 0.65 0.08 1.46 91
RS006F4B-21 2.24 1.65 0.02 1.44 92
ICG 6813 1.49 0.4 0.22 1.43 93
RS006F4B1-22 1.65 0.54 0.52 141 94
ICGV-1S-07853 3.06 3.31 1.11 14 95
SAMNUT 25 0.22 0.00 0.99 1.36 96
ICGV-1S-07891 2.05 0.1 0.14 1.30 97
ICGV-1S-13050 2.39 0.21 0.32 1.20 98
ICGV-1S-07883 0.09 0.83 0.09 1.01 99
RS066F3B1-57(B) 0.56 0.00 1.15 1.01 100
ICG-SM-07539 0.15 0.18 0.42 0.95 101
ICGV-1S-13989 2.01 1.11 2.05 0.78 102
ICGV-1S-07895 3.83 0.15 1.08 0.77 103
ICGV-1S-13982 0.06 0.09 1.84 0.75 104
ICG 1519 0.59 0.85 0.07 0.66 105
ICG 3421 0.18 0.04 0.79 0.58 106
ICGV-1S-13112 0.78 0.02 0.80 0.40 107
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Table 6: Principal component analysis for 107 groundnut genotypes screened under water-stress
condition at Samaru 2018

. Numeric
Genotypes PC1 PC2 PC3 Ranking Ranking
ICGV-IS-13115 591 20.61 1.11 27.64 1
RS006F4B1-45® 14.31 4.78 0.00 19.10 2
ICGV-1S-07853 8.97 8.78 0.41 18.16 3
ICGV-1S-13989 12.17 0.18 5.46 17.81 4
RS006F4B-534 10.37 0.12 0.20 10.69 5
ICG 3312 0.02 10.21 0.10 10.32 6
ICGV-1S-13978 1.95 7.16 1.13 10.24 7
ICG 10346 7.03 0.08 1.77 8.88 8
ICG 5195 3.77 0.82 3.98 8.57 9
RS006F4B1-17 0.16 0.81 6.45 7.42 10
ICG 15236 4.48 1.69 1.14 7.32 11
ICGV-1S-13990 5.19 0.01 2.02 7.22 12
ICGV-91283 6.30 0.18 0.17 6.65 13
ICGV-1S-03323 5.42 0.08 0.37 5.86 14
ICGV-1S-07843 4.33 1.05 0.01 5.39 15
ICG 9777 3.10 0.76 1.42 5.27 16
ICG 9905 3.01 1.54 0.34 4.89 17
RS006F4B1-4(B) 2.82 0.58 1.46 4.86 18
SAMNUT 24 4.75 0.02 0.00 4.77 19
ICG-1S-07919 4.00 0.00 0.72 4.71 20
ICGV-I1S-07842 1.66 2.82 0.07 4.55 21
ICG 1519 2.94 1.04 0.51 4.49 22
RSO006F4B1-85 1.26 1.72 1.41 4.40 23
ICG 6813 3.68 0.32 0.30 4.29 24
ICG 12991 1.98 0.74 1.50 4.22 25
ICGV 07805 2.27 1.52 0.42 4.21 26
ICGV-1S-07895 3.70 0.03 0.44 4.16 27
ICG 2106 3.44 0.50 0.21 4.15 28
ICGV-1S-13112 2.81 0.45 0.83 4.09 29
ICGV-1S-078513 2.31 0.25 1.53 4.09 30
RS066F3B1-57(B) 3.09 0.42 0.24 3.74 31
ICGV-1S-07849 1.73 0.29 1.71 3.73 32
RS006F4B1-49 0.85 0.20 2.49 3.54 33
ICG 1274 0.75 0.00 2.68 343 34
ICGV-1S-13911 3.06 0.26 0.09 341 35
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Table 6 Cont’d

Genotypes PC1 PC2 PC3 Ranking g;rﬁ;‘g
RS006F4B-21 0.48 2.52 0.33 3.33 36
ICGV-5M00010/P15/P2 1.81 1.49 0.00 3.3 37
ICGV-1S-07855 0.10 3.09 0.08 3.27 38
RS006F4B1-22 2.74 0.01 0.52 3.27 39
ICG 3421 2.42 0.77 0.02 3.21 40
SAMNUT 25 2.52 0.00 0.58 3.10 41
ICGV-1S-13050 1.24 0.14 1.67 3.05 42
ICG 294 0.46 0.20 2.34 3.00 43
ICG 297 1.47 0.39 1.08 2.94 44
ICGV-1S-07883 141 0.57 0.87 2.85 45
ICGX-1S-11057 2.41 0.04 0.38 2.82 46
ICGX-1S-13011 1.38 1.31 0.06 2.75 47
ICGV-1S-13097 0.9 1.14 0.66 2.70 48
ICGV-1S-07887 1.11 1.56 0.02 2.69 49
ICGV-1S-13938 0.12 0.86 1.69 2.67 50
ICG 311 0.54 2.09 0.02 2.66 51
ICG 5236 2.44 0.17 0.02 2.63 52
ICGV-5M00017/5/P1/P1 1.87 0.38 0.17 2.41 53
ICGV-1S-07812 0.54 0.54 1.33 2.41 54
ICGV-1S-07900 0.84 0.06 1.50 2.41 55
ICG-SM-07541 1.92 0.02 0.40 2.35 56
SAMNUT 23 0.00 0.38 1.95 2.33 57
ICGV-1S-07902 1.33 0.00 0.99 2.32 58
ICG-1S-07947 1.04 0.24 1.01 2.29 59
ICGV-1S-07894 0.19 1.46 0.57 2.22 60
ICGCV-IS-07889 0.65 0.46 1.05 2.15 61
ICG 12189 0.96 0.1 1.06 2.12 62
ICGV-1S-07816 0.08 0.04 2.00 2.11 63
ICG-1S-07803 0.47 1.59 0.01 2.07 64
12CS-102 0.86 1.07 0.12 2.06 65
ICGV-1S-07893 0.57 1.45 0.02 2.04 66
ICG 2019 0.19 1.84 0.01 2.04 67
RS006F3B1-22® 0.24 1.56 0.20 2.00 68
ICGV-1S-07891 0.72 1.12 0.11 1.94 69
ICG 11249 0.55 0.42 0.96 1.93 70
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Table 6 Cont’d

Genotypes PC1 PC2 PC3 Ranking gg;ﬁ;‘g
RS006F4B1-B5 1.77 0.12 0.00 1.89 71
ICGV-1S-07859 1.46 0.33 0.10 1.88 72
RS006F4B1-31 0.47 0.37 1.01 1.86 73
ICG-SM-07539 0.24 1.04 0.54 1.82 74
ICGV-1S-13075 0.38 0.08 1.33 1.79 75
ICG 1973 0.07 0.02 1.69 1.78 76
JL11 0.05 0.55 1.17 1.77 77
ICGX-1S-13988 0.62 0.80 0.35 1.77 78
ICG 231 0.10 1.57 0.06 1.74 79
ICGV-1S-13865 1.17 0.30 0.27 1.74 80
ICGV-1S-13878 0.02 1.39 0.31 1.73 81
ICGV-1S-07829 0.29 0.33 1.08 1.70 82
ICGV-1S-13007 0.02 1.25 0.36 1.63 83
SAMNUT 14 0.30 0.60 0.66 1.56 84
ICGV-1S-13986 0.76 0.36 0.39 1.50 85
ICGV-1S-13982 0.10 0.21 1.19 1.50 86
ICG 7906 0.38 0.08 1.04 1.49 87
ICG 3584 0.29 0.03 1.12 1.45 88
ICGX-5M-00018/5/4/P2 0.18 1.06 0.16 1.39 89
ICGX 11003 1.11 0.11 0.09 1.30 90
ICG 02148 0.01 0.68 0.6 1.28 91
SAMNUT 26 0.13 0.00 1.07 1.20 92
ICG 4911 0.58 0.20 0.42 1.20 93
ICGV-1S-07803 0.32 0.82 0.03 1.18 94
ICGV-1S-07845 0.08 0.05 1.03 1.16 95
ICGV-1S-07815 0.96 0.00 0.00 0.97 96
ICGX-5M-00017/5/P5/P2 0.27 0.62 0.01 0.90 97
ICG 12989 0.00 0.59 0.26 0.85 98
ICGV-1S-07841 0.46 0.25 0.13 0.84 99
RS006F4B1-50 0.00 0.12 0.57 0.69 100
RS006F4B1-53(B) 0.07 0.09 0.47 0.63 101
ICGV-1S-07813 0.23 0.06 0.12 0.41 102
ICGV-I1S-07904 0.04 0.27 0.08 0.39 103
RS006F4B1-45(B) 0.1 0.24 0.05 0.38 104
ICGV-1S-07809 0.03 0.09 0.19 0.30 105
12CS-010 0.02 0.09 0.15 0.27 106
ICGV-1S-07828 0.17 0.01 0.00 0.18 107
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