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GENERAL ABSTRACT

World food security is greatly challenged by climate change effect. Sub Saharan
Africa is adversely affected by drought with considerable yield losses. The solution to
food insecurity in these areas depends on the breeding of crop genotypes with
improved adaptation for yield, drought and nutrition. Thus, the study was undertaken
to; a) investigate the performance of elite sorghum varieties for yield under moisture
stress b) to evaluate the nutritional composition of International Centre for Research
in Semi-Arid Tropics (ICRISAT) sorghum genotypes and, c) to assess the gene action
for grain yield among the crosses generated between Kenya Agricultural and
Livestock Organization (KALRO) and ICRISAT genotypes. The elite genotypes from
KALRO were evaluated for grain yield under drought stress for three seasons at
KALRO- Kiboko Substation during the 2014/2015 short and long rains. For nutrition
analyses, grains from ten genotypes derived from ICRISAT were evaluated for
nutritional composition at the University of Nairobi food science department. The
data sets were subjected to analyses of variances (ANOVA). Results showed that two
KALRO genotypes namely Red Swazi and Wheatland reported greater yield and two
ICRISAT genotypes namely IESV23006DL and IESV23010DL scored highly in
terms of total proteins and total phenols. The two selections from KALRO were then
crossed to two selections from ICRISAT to generate population which combines both
yield, drought tolerance and nutritionally rich genotypes using North Carolina mating
design 11 (NCD11). The F; generations were advanced to F,. Agronomic data was
obtained from ten middle row plants randomly selected and subjected to ANOVA and
mean squares obtained used to determine the combining ability of the traits. Analysis

of variance revealed significant differences in plant height, panicle yield and days to

Xi



50% anthesis among the genotypes. These sorghum progenies are promising in
ensuring food security and positively meet the challenges of malnutrition and lifestyle
diseases affecting human health in view of climate change effects experienced in the
semi-arid areas of Kenya.

Key words: Drought, nutritional composition, gene action
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CHAPTER ONE

INTRODUCTION

1.1 Background information

Sorghum is the world 5™ most preferred crop after wheat, rice corn and barley
(FAOSTAT, 2012). Production of sorghum worldwide stands at about 15.27 tha™
(FAOSTAT, 2015) of which Africa and Asia contributes about 90%. In terms of
output per country, the USA is the world leading sorghum producer with about 10.9M
tones followed by Nigeria (6.7 M tones), Sudan (6.2 M tones), India (5 M tones) and
Ethiopia and Argentina at 4M tones respectively (USDA, 2015). In Africa, sorghum
yields are low <1.1t/ha (Kumar et al., 2011) and this low production has been
attributed to frequent drought, use of local landraces, among other constraints

(Mangoma et al., 2014).

The arid and semi-arid areas of Kenya are characterized by low precipitation, frequent
and prolonged drought and poor soils rendering agricultural production very low.
Sorghum, which has been identified to guarantee yields under drought and poor soil
conditions, is less preferred by the farmers as compared to more maize which is
susceptible (Riziki et al., 2013). Despite the fact that sorghum can perform well under
the above stated conditions, its productivity is still low and the low productivity has
been attributed to drought stress, use of low yielding landraces, and poor adoption of

improved sorghum genotypes amongst other constraint (Timu et al., 2014).

Drought in ASALS has always led to hunger, malnutrition among pregnant and school
going children and often death of livestock. The Kenyan Government through the
ministry of agriculture, livestock and fisheries in collaboration with ICRISAT bred

1



and released sorghum genotypes that are adaptable to these AEZ such as Gadam,
KARI Mtamal but this has been affected by poor technological transfer coupled with
poor preference for sorghum by farmers who prefer local landraces which are poor in
yields (Chamberlin et al., 2014, Timu et al., 2014). Comparatively, improved varieties
have outperformed the local landraces in terms of yield, nutritional composition, and
industrial applications since they are sweet, highly palatable, and low in tannin,

protein and polyphenols for brewing purposes (Ratnavathi and Chavan, 2016).

Although sorghum has been extensively studied to contain enough nutrients to help
manage malnutrition related illnesses, nutritional variations exist among different
genotypes (Awika and Rooney, 2004). Studies have been carried out in sorghum
genotypes to identify phenolic compounds that have been reported to control lifestyle
diseases (Awika and Rooney, 2004). These phenols have also been reported to render

protein non bioavailable.

Sorghum yield and nutritional composition are influenced by genetic factors as well
as by GxE. Heritability studies on traits influencing grain yield could aid in the
introgression of desirable traits into the locally adapted landraces and therefore

improve sorghum production in the Eastern County.

1.2 Problem statement

Drought stress is responsible for poor crop production in the ASALSs leading to
rampant hunger and malnutrition (Knox et al., 2010). In the ASALs, farmers still
prefer growing maize even with the critical low moisture levels leading to recurrent

yield losses. KALRO and ICRISAT have bred and fast tracked the release of high



yielding sorghum hybrids which are capable to mitigate the effects of climate change

(Olembo et al., 2010).

1.3 Justification

Due to severity of drought and unreliable rainfall in the ASALSs occasioned by climate
change, a paradigm shift in agriculture has been initiated to promote agricultural
technologies that are able to mitigate the current climate change effects. Among these
technologies are the use of irrigated agriculture and the promotion of improved
sorghum genotypes. Through a collaborative research approach, KALRO and
ICRISAT have developed and released improved sorghum genotypes such as KARI
mtamal, Seredo, Serena, and IS #76-23 which are high yielding under drought stress.
Furthermore, breeding for improved nutritional content is currently being undertaken
to develop sorghum genotypes of higher phenol and protein content to mitigate the

problem of food insecurity and rampant malnutrition in these areas (ICRISAT, 2006).

Thus, this research aimed at identifying high yielding and nutritious sorghum
genotypes suited for the ASALs coupled with elucidation of the gene action
conditioning inheritance of these key traits. This will greatly enhance the sorghum

breeding research in Kenya leading to development of superior sorghum varieties.

1.4 Study objective

The study was conducted so as to improve sorghum productivity in Kenya through

identification of drought resilient, high yielding and nutritious sorghum genotypes.



1.4.1 Specific Objectives

1. To investigate selected elite sorghum genotypes from KALRO for grain yield

under moisture stressed environment.

2. To evaluate improved ICRISAT sorghum genotypes for proximate
composition.

3. To assess gene action associated with yield contributing traits in sorghum
from crosses generated between KALRO and ICRISAT genotypes for
sorghum improvement in Kenya.

1.5 Hypotheses

1. There is no variation in grain yield and drought tolerance among the elite sorghum
genotypes.
2. There is no variation in nutritional composition among elite sorghum genotypes.

3. Grain yield is not influenced by additive gene effects.



CHAPTER TWO

LITERATURE REVIEW

2.1 Origin, classification and, races of sorghum

Sorghum is believed to have originated from Ethiopia-Sudan border of North Eastern
Africa (Doggett, 1998; FAO, 1995) from which it spread to other parts of the world
(FAO, 2007). Sorghum classification is based on maturity time and temperature. On
maturity time, there are early, medium and late maturing genotypes (Smith, 1995,
Gilchrest et al., 2017). The early maturing ones take about sixty days to mature
whereas the late maturing ones take about one hundred and fifty days. Classification
on the basis of temperature groups sorghum into three areas; tropical lowland,

temperate, and cool-tolerant tropical high altitude (Doggett, 1988).

There are five races of sorghum which include Kafir, Bicolor, Durra, Guinea and
Cauda tum to which the ongoing breeding advancement is credited (Karari, 2007).
The distribution of sorghum from West Africa to the United States was facilitated by
slave trade amidst other crop introductions such as guinea corn and chicken corn
(Doggett, 1970; Smith and Frederiksen, 2000). In the Northern Africa, the brown and
the white Durras were introduced in 1874, the Milo race in about 1880, feterita in
1996 and hegari in 1908 (Doggett, 1970; Dillon’s et al., 2007). In the West and East
Africa, India and China, the races guinea-caudatum, guinea kaffir is prevalent, where

as in the Americas the kafir-cauda race dominates (Harlan and de Wet, 1972).

2.2 Potential role of sorghum in Kenya
The population density of East Africa is about 200 million and this is expected to rise

two-fold by 2030 (World meter, www.worldometer.info). This population is
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compromised by insufficient food security occasioned by continuous drought and
pressure on arable land (Wassu and Simeret, 2013). Climate smart crops such as
sorghum are highly recommended in addressing food security in the ASALs (Wassu

and Simeret, 2013).

In Kenya, the non-arable lands constitute about 82% of the total land mass (Munyiri
et al., 2010) and suffer from extreme poverty, poor rainfall, food insecurity and
rampant malnutrition due to extreme temperatures, inadequate precipitation, soil
erosion and low soil fertility (Munyiri et al., 2010). The use of local landraces, lack of
farm inputs and lack of irrigation has further contributed to poor crop yields (Ryan

and Spencer, 2001; Jens et al., 2007).

Sorghum has been reported to be drought resilient and produces even better yields
with minimum precipitation and thus is the crop of choice in ensuring food security
(Riziki and Mwangi, 2013). Furthermore, it requires little farm inputs such as
fertilizers or sometimes does well in poor soils (Fetene et al., 2011; Riziki and
Mwangi, 2013). Sorghum is rich in carbohydrates and the macro-elements such as
magnesium, potassium, calcium and phosphorus; however, it has low protein content
and other important minerals, for example, iron and zinc (Riziki and Mwangi, 2013).
Sorghum is also used as a livestock feed in form of fodder and silage (Wambugu and
Mburu, 2014); Motlhaodi et al., 2014). Sorghum is also rich in B-complex (Lloyd et
al., 2010), iron and zinc (Mohammed et al., 2010), copper and pantothenate (Joseph
and Lloyd, 2004) and gluten free (Ciacci et al., 2007). It has a crude protein content
similar to wheat but lower than corn (Etuk et al., 2012) but lower in vitamin A (Carter

et al., 1989). Sorghum therefore has the potential to be exploited in the management



of lifestyle diseases and since its drought tolerant it can quarantine adequate nutrition
in view of climate change effects currently being experienced the world over.
Therefore, the potential of sorghum to address food security, generate income and
create jobs and manage life-style diseases has not been fully exploited in Kenya

(Riziki and Mwangi, 2013).

2.3 Drought effects on plant growth

Inadequate water (drought) is the cause of major crop losses in the tropics (Blum,
1988). The ASALs experience intermittent and highly variable rainfall, high
temperatures and poor soils. According to Prasad et al. (2008), drought stress is
associated with high temperatures and moisture stress. The high temperatures increase
transpiration rate and influence soil-water and temperature balance (Amelework, et
al., 2015). Drought predictions were previously based on meteorological data (Blum,
2011) but currently drought is being assessed based on soil moisture balance and soil
properties. Assessment of the soil properties remains paramount because inadequate
soil moisture affects the plant ability to complete its growth period (Moussa and

Abdel-Aziz, 2008).

Water stress occurs at different stages of plant development with considerable impact
on grain yield (Tuinstra et al., 1997; Kabede et al., 2001). At germination stage,
moisture deficit may lead to poor plant vigor (Baalbaki et al., 1999). At seed setting
stage and at anthesis severe yield losses could be realized (Blum, 1996). Drought
stress has been categorized into pre and post flowering drought stresses. Different
varieties respond differently to moisture stress. Pre-flowering water stress negatively

influences traits such as stand count, tillering ability, number of heads and seeds per
7



head whereas moisture deficit after flowering impacts on transpiration efficiency,
photosynthetic rate and sugar translocation and results into poor yields early leaf

senescence (Thomas and Howarth, 2000; Xin et al., 2008).

2.4 Grain yield selection under moisture stress in sorghum

Sorghum is a highly valued crop in the ASALSs due to its ability to withstand drought
and poor soil fertility (Kawano et al., 1983) hence the need to identify superior and
adapted sorghum varieties. Several approaches have been utilized in evaluating the
performance of sorghum for release in the ASALs. Evaluating a variable number of
sorghum genotypes under optimal growing conditions of moisture levels for proper
plant growth has been recommended as one of the treatment regimes. The use of
optimal environmental conditions would be most preferred for most farmers since it is

accompanied by minimal production cost (Atlin et al., 1989; Seetharama et al., 1984).

The extent of genetic gain from selection for broader adaptation from both optimal
and non-optimal production environments depends on the growth conditions (Bramel-
Cox et al., 1991). Thus, evaluation of the breeding materials should be carried out in
both water stressed and poor soils to enhance the probability of selecting genotypes
that are adaptable in both environments (Belete, 2018). The breeding scheme used in the
management of segregating populations may influence the rate of genetic gain to be made
under stress situations (Belete, 2018). Individual plants selected from early segregating
populations under poor soil condition and inadequate moisture are unlikely to maintain
similar expressions in subsequent generations. Thus, phenotypic evaluation under moisture
stress environment should be done on genotypes that are pure and stable by deploying the

most suitable breeding strategy (Belete, 2018).



2.5 Drought as a major sorghum production constraint in the semi-arid tropics

The greatest impact of drought stress depends on the stage of sorghum growth at
which it occurs (Krupta et al., 2019). In sorghum production, drought stress is
significant at the anthesis and seed filing phases of growth. Moisture stress at
seedling stage affects crop establishment and the overall yields. Drought stress is
categorized as either pre or post flowering drought stresses. Pre anthesis drought
stress affects yield determining traits such as stand count, tillering capacity, number of
heads and number of seeds per head whereas post-anthesis moisture stress affects
transpiration efficiency, CO, fixation and carbohydrate translocation which leads to

reduced yields and premature leaf senescence (Thomas et al., 2000)

2.5.1 Mechanisms of drought response in sorghum

Sorghum varieties adapted to the semi-arid tropics are equipped with several
morphological, physiological and biochemical processes which confers drought
tolerance ensuring crop survival and production (Krupta et al., 2017). Such responses
include avoidance, recovery, survival and tolerance. Several mechanisms such as high
stomatal conductance coupled with leaf rolling helps in maintaining water potential in
the leaf thus lowering leaf temperature which in turn improves transpiration efficiency
and carbon fixation. Tolerant sorghum genotypes are also equipped with dense,
extensive and deep rooting system for water and nutrient absorption, proper osmotic
adjustment, accumulation of proline and the ability to stay-green amidst moisture

stress (Krupta et al., 2017).



2.5.2 Genetics of drought tolerance in sorghum

Different genotypes respond differently to drought stress and that drought response is
influenced by several genes and by several phenotypic, physiological and biochemical
factors (Belete, 2018). Previous studies by Ekanayake et al. (1985) reported
polygenic inheritance in rooting traits. In other studies, Amento-Soto et al. (1983)
drought tolerance was attributed to long and dense root network which was
conditioned by additive-additive gene effect while the root tip thickness was
influenced by minor gene effects. Leaf curling and fluid balance in drought tolerance

has been associated with a single gene (Belete, 2018).

Genotypes which are tolerant to drought often remain green for a longer period and
are known to exhibit a QTL responsible for greenness (Duncan et al., 1981).
However, the heritability of this QTL among most genotypes is not consistent.
Heritability of the stay-green trait was reported to be controlled by dominant genes as
in B35, recessive gene in R9188 and was also influenced by the environment (Belete,
2018). Heritability estimates of 80% and 60% among elite sorghum genotypes have
been reported for broad and narrow sense for the stay-green trait respectively (Belete,
2018) enabling their introgression into sorghum improvement programs (Walulu et
al., 1994). Osmotic adjustment reported in previous studies has been associated with
the genes oal and OA2 (Tuinstra, et al., 1997). The stay green trait has also been

attributed to monogenic inheritance in sorghum (Belete, 2018).
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2.5.3 Approaches towards breeding for moisture stress in Sorghum

Sorghum breeding programs have focused on the identification of sorghum genotypes
with better yield and adaptation to drought (Amelework et al., 2015). This has been
coupled with the mapping of novel genes like yield, plant itself, target environment
and the economic environment which are key drought traits (Fernandez, 1992).
Several methods have been deployed in breeding for moisture stress in sorghum for
example pure line selection, pedigree, bulk selection and backcrossing.(Acquaah,
2007). Cytoplasmic male sterility and heterosis breeding have been exploited in
sorghum improvement programs. Dogget (1988) reported an 86% heterosis on the
seed weight per plant, an 82% increase in grain weight and 12% increase in stover

weight in sorghum hybrids compared with parents.

Both direct and indirect approaches have been used in the development of sorghum
varieties with tolerance to drought. The direct approach assumes that the growing
conditions are optimal whereas the indirect approaches are done under moisture stress
simulated conditions. Variations for stress tolerance among sorghum genotypes are
also as a result of the interaction of genotype by environment rendering direct
selection for a physiological trait in one environment challenging. Therefore, indirect
selection is mostly preferred method since it takes into consideration yield per se,
development traits and the response of the plant towards water stress (Ludlow and

Muchow, 1990).

Screening for drought in the past has been done under near normal conditions since
the maximum yield potential is only possible under these conditions. It has also been

realized that there is a strong linkage between yield and environment (Tuinstra et al.,
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1997; Habyarimana et al., 2004). Nevertheless, a significant genotype x environment
interaction may hinder the realization of grain yield potential under poor growing
conditions (Chapman et al., 2000a, b). Even though yield decline is realized under
water stress conditions, Richards (1996) and Tuinstra et al. (1997) proposed that
selection under these conditions is ideal for selection for yield and drought associated
characters. Therefore, drought response is attributed to the tradeoff between osmotic
adjustment within the plant and the plant physiological functions in combination with

other biotic and abiotic stresses (Amelework et al., 2015).

2.6 Screening techniques for drought resistance

In an attempt to understand the balance between several drought tolerance traits and
their importance for plant survival several screening methods have been employed. It
is worth noting that drought screening trials should incorporate plant growth
conditions and plant responses towards these stresses such as tissue water status, leaf
area and stomatal conductance (Kidanemaryam, 2019). The screening methods used
includes; the use of automated plant phenotyping platforms, automated rotating
lysimeter systems, nondestructive measurement of plant water status over time, use of
magnetic resonance equipment and other precision equipment’s to quantify plant
water, use of rain out shelter facilities. Of interest is the emerging field of phonemics
which focuses on the characterization of the whole plant phenotypes by use of digital
imaging tools (Kidanemaryam, 2019). However, the choice of screening method to be
employed in the genetic improvement for sorghum should consider efficiency,

reliability, sample size, and time (Johnson, 1980).
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2.7 Combining ability studies in sorghum

The knowledge on gene action is a prerequisite tool for plant breeders since it helps
them understand the degree of genetic variance from a breeding population and in the
development of hybrids. The concept of gene action was first reported by Sprague and
Tatum (1942) who described general combining ability (GCA) as the mean an arising
from a line in a cross combination, whereas, specific combining ability (SCA) was
applied depending on superiority or inferiority of a hybrid combination. GCA
indicates the worth of an inbred as a parent of multiple hybrids. Estimates of GCA are
useful for choosing a few key inbred to use as testers. SCA is as a result of genetic
effects specific to a hybrid combination and not accounted for by GCA effects. SCA
measures genetic effects that are specific to a hybrid combination. As a rule of thumb,
GCA effects are additive whereas SCA is due non additive effects (Jinks, 1954), or

assumed to be a deviation from additivity (Bernardo, 2014)

Performance of several crosses from a single parental line is a way of determining the
worth of a genotype with all possible combination. When the average performances
between the parents are subtracted from the average of all the crosses, the GCA of the
line is derived. Every cross derivative provides a figure which is a summation of the
GCA effects of the two parents. The extent of deviation may sometimes be smaller or
bigger than the expected mean. The deviation is the SCA of the two lines in
combination. The SCA is of interest because it indicates the degree of heterosis
expressed in each cross while representing the dominance deviation value in the
simplest case but ignoring epistatic deviation. Therefore, a cross between sorghums

with greater combining ability, from diverse origin, is more likely to result in a hybrid
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with a greater degree of heterosis which will also be manifested in a greater SCA for

one of the lines in specific combination with the other.

Griffing (1956) reported that the inbreeding coefficient F=1 among inbred parents
(homozygous), the genetic variance o° (variance among hybrids) could be termed as
the combining ability where;

oG = 6°cca + G°sca

And,

o’cca and o’sca are the variances for general and specific combining ability effects

respectively.

Partitioning of combining ability variance indicates both the major and minor gene
effects and their interaction while SCA effects components reveals both dominance
and epistasis (Rojas and Sprague, 1952). Kambal and Webster (1965) estimated the
components of variance caused by GCA and SCA and their interaction with years for
five traits in split-plot design and reported that both GCA and SCA were important in
determining yield and other characters, but the GCA effects were prominent and
stable over years. Beil and Atkins (1967) observed that variances for GCA were three
times more than specific effects and found similar ratios with such traits as the
number of kernels per panicle, number of panicles per plant, and weight of 100

kernels.

Indhubala (2010) reported the preponderance of non-dominant gene interaction in all
traits observed in sweet sorghum. Makanda et al. (2010) reported combining ability

for sorghum grain yield in different tropical and mid-altitude environments and
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reported that GCA and SCA were significant for all the traits implying that both
additive and non-additive gene effects. Similarly, Mahdy et al. (2011) revealed that
GCA variance components for days taken to 50% anthesis, plant height, and 1000
seed weight were bigger than those of SCA in different environments whereas the
SCA for grain yield was more than GCA effects. However, Tariq et al., (2014)
reported that the dominance variance was greater than the additive variance for all the
parameters studied with a degree of dominance greater than one among sorghum

genotypes.

2.8 Cytoplasmic male sterility in sorghum

The development of sorghum hybrids depends on the types of parents used. Sorghum
is largely a self-pollinated plant and suffers from sterility issues. The sterility in
sorghum is designated as cytoplasmic—genic male sterility on which hybrid
production is dependent since it prevents self-pollination and eases emasculation by
hand (Quinby and Martin, 1954; Stephens and Holland, 1954). Hybrid production has
emanated from production of genotypes that are designated as male and female sterile
parents depending on the presence or absence of fertility restoration genes. The R line
(restorer line) contains the fertility-restoring genes and used as a male; sometimes it is
designated a B line and can be sterilized by backcrossing with a male sterile

designated as an A line.

2.9 Determinants of grain yield in sorghum

Yield is the ultimate product harvested in sorghum. Several characters within and
without the plants contributes towards grain yield in crops. Researchers have pointed

several QTLs involved in yield determination in sorghum (Madhusudhana, 2019).
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Similarly, yield was also found to be associated with some phenotypic traits such as
plant height and panicle characteristics.(Madhusudhana, 2019). However, the

expression of yield is affected by the genotypic by environmental interactions.

Several researchers have reported the QTL responsible for grain yield in sorghum (S
Hart etal., 2001; Brown etal.,, 2006; Srinivas etal., 2009; Reddy etal., 2013;
Shehzad and Okuno, 2015;Sukumaran et al., 2016; Boyles et al., 2016;; Eight QTLS
with diverse genetic origin were reported on linkage group (LG) 2, 3, 6, 9, and 10.
Three of the QTL reported on linkage group 10 were meta-QTL indicating their
consistent expression in diverse genetic backgrounds (Mace and Jordan, 2011). Six of
the eight QTLs were major effect QTL controlling less than 10% of total phenotypic
influence on grain yield. Shehzad and Okuno (2015) reported a major QTL for grain
yield on linkage group 7 contributing about 22% of total variance. A robust and
consistent QTL on linkage group 1 (QYLD1.1) was reported to influence grain yield
both under stress and non-stress environments (Sukumaran et al., 2016). A major
QTL on linkage group 6 (14.6%) was co-located with QTL for seven important grain
yield determining traits (Srinivas et al., 2009). This QTL region on LG 6 harbored the
major maturity gene, Ma;, and major dwarfing gene, Dw,. Such consistent and major
QTLs are suitable for marker assisted selection (MAS) for grain improvement in

sorghum.

2.10 Morphological characterization of sorghum

Sorghum landraces exhibit high morphological variations (Motlhaodi et al., 2014).
Phenotypic traits have aided in selection of desirable genotypes in sorghum namely
plant height, seed weight, panicle length and the days taken to reach 50% anthesis
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(Kumar et al.,, 2011; Esperance, 2009). These morphological traits enhance the
tolerance and survival of sorghum under intermittent drought conditions without
compromising yields (N’guni et al., 2011). Morphological studies have been used to
determine the genetic variation of sorghum and their ability to respond positively to

environmental stresses. (Abdi et al.,2002; Motlhaodi et al., 2014).

Panicle characteristics and stalk juiciness are key morphological traits which
contribute to altitudinal and ecological differentiation and reflect the patterns
portrayed within their centers of diversity (Abdi et al., 2002; Deu et al., 2006). Some
landraces are classified only by their glume color while others by panicle shape,
which may also explain their weak genetic architectures (Claid and Chakauya, 2008).
Further, Teshome et al. (1997) reported that leaf midrib color is the greatest
morphological trait used in identifying specific sorghum landrace. Morphological
traits such as prolific root system and ability to delay reproductive development have

made sorghum to survive drought and yield higher produce (Alhassan, 2005).

Sorghum color is also a useful morphological trait (Adeline et al., 2007) with most
land races exhibiting red grain color as the dominant color followed by brown color
(Esperance, 2009). Panicle shape is easily identifiable by farmers in their fields
(Claid and Chakauya, 2008; Abdi et al., 2002). The panicle shapes vary from compact
elliptic panicle to very open panicle (Chantereau and Rattunde, 2006). Sorghum
varieties with waxy leaves and stalks have shown drought tolerance (Reddy et al.,
2007) while the shattering character associated with grain coverage and most

preferred by farmers especially during threshing (Adeline et al., 2007).
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2.11 Proximate composition of sorghum

Sorghum contains several nutritional components such as various phytochemicals like
phenols that can be exploited in the management of malnutrition and modern lifestyle
diseases such as cancers, hypertension, obesity and diabetes (Awika and Rooney,
2004; Ralph, 2000). These phytochemicals lower the risk of colon and skin cancers;
promote cardiovascular health, and lower cholesterol levels due to their antioxidant
characteristics (Sistino, 2003). Phenols in sorghum have also been known to hinder
protein bioavailability by forming insoluble complexes however, this does not affect

its antioxidant activity (Reid and Hagerman, 2001).

The phenolic compounds in sorghum are grouped into two categories; the phenolic
acids and the flavonoids which also vary with the environment (Joseph and Lloyd,
2004). Phenols may influence the pigmentation of sorghum seed color like the red,
brown and white sorghum grain types. However, sorghum grain color may not be
accurate in determining the phenol levels.

2.12 Mating designs in sorghum

Breeding designs also referred to as mating designs have been used in the study of
genetic traits among a set breeding population (Hallauer and Miranda, 1989). These
mating designs give useful data on the extent of genetic variations and combining
abilities for the different traits in the breeding population. Mating designs can be
categorized into one, two, three or four factor designs based on the method of control
brought by parents to be crossed. Simple and the commonly used designs are two
factor designs namely diallel, the North Carolina Designs (NCD 1) and NCD 11).

Other designs are triallel and quadrille. In any genetic study, a breeder should choose
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a simple design but that will provide the required genetic estimates. According to
Hallauer (2007), NCD11 mating scheme is a preferred cross-classification design
because a larger number of a breeding population is used to generate fewer number of

crosses than in a diallel design (Hill et al., 1998).

The North Carolina design 11 mating design was proposed by Comstock and
Robinson (1948). Parents clustered as either males or females in this mating design
(Hallauer and Miranda, 1989). The mating scheme results into progenies that is
composed of male and female half sib families, and male x female full sib families.
The genetic components can be determined from the mean squares obtained from the
ANOVA of the North Carolina design 11 (Hallauer and Miranda, 1989). Gene effects
and heritability can be calculated from the ANOVA (Henning and Townsend, 2005).
The North Carolina design 11 mating scheme has been used to estimate genetic
variances and heritability’s in hop (Henning and Shaun Townsend, 2005), in beans

(Elia, 2003) and in maize (Derera et al., 2001) but not widely used in sorghum.
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CHAPTER THREE
PHENOTYPIC EVALUATION OF ELITE SORGHUM GENOTYPES FOR
YIELD UNDER DROUGHT STRESS CONDITIONS

Abstract

Drought stress contributes to significant yield losses in sorghum especially in semi-
arid areas of Kenya. The trial was conducted to investigate the grain yield of elite
sorghum genotypes under moisture stressed environment. The genotypes in this study
were evaluated during the short and long rains of 2014/2015 at KALRO Kiboko in a
randomized complete block design (RCBD) with three replications for three seasons.
Data was collected on plant vigor, days to 50% flowering, plant height, drought
tolerance, grain yield, senescence and seed set based on ICRISAT 1993 sorghum
descriptor. The collected data was subjected to analysis of variance (ANOVA) using
GENSTAT software version 15 and means separated using Duncan’s Multiple Range
Test (DMRT). Results showed that the genotypes Red Swazi, Gadam, and Seredo
significantly (p<0.05) gave the highest grain yield whereas Wheatland, IS #76-23, and
Red Swazi were the earliest maturing varieties under water stress. All the varieties
showed a moderate score on drought response. Grain yield was found to associate
positively with all the agronomic traits studied signifying that selection for sorghum
genotypes in the semi-arid areas of Kenya should be based on several agronomic
parameters but more so on drought response and plant height.

Key words: Elite sorghum genotypes, drought stress, phenotypic evaluation
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3.1 Introduction.

Sorghum is the fifth most important cereal crop. It occupies the second position
among the stable food grains in the semi-arid tropics where it is a food security crop
for more than 300 million people in Africa (Kadenemaryam et al., 2019). In Africa,
sorghum is ranked as the third most useful crop after maize and wheat while in
Eastern Kenya it is ranked second after maize (Ngugi et al., 2013). Sorghum is
relatively tolerant to low moisture potential than other cereals such as maize and
wheat. Sorghum is projected to serve as a food security crop in view of the global
climate change effect (Krupa et al., 2017). Despite Sorghum being endowed with
suitable morphological, physiological and biochemical adaptation to drought, the
production of the crop is still constrained by unpredictable rainfall and prolonged

drought (Krupa et al., 2017).

Genetic variations exist among sorghum genotypes in terms of grain yield and
drought tolerance, however, their degree of adaptation and mode of gene action on
most of yield related traits have not been fully understood and applied in breeding
programs (Ahmad et al., 2011). Heritability is a measure of the phenotypic variance
due to genetic effect and plays a significant role in determining a breeding outcome
(Tadesse et al., 2015). Heritability gives information as to which morpho-genic trait is
to be transmitted to subsequent generations, breeding method to be employed,
prediction of the genetic gain and the usefulness of gene effects (Wagar et al., 2008;
Laghari et al., 2010). Both broad and narrow sense heritability have been exploited in

breeding programs (Falconer and Mackay 1996). Rapid selection is accelerated by high
heritability values. Nevertheless, it has been noted that heritability alone is not adequate if

used without incorporating genetic advance (Najeeb et al., 2009). The degree of genetic gain
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from a given trait in a given selection process is dictated by genetic advance. A bigger genetic

advance with higher heritability estimates reduces selection intensity (Tadesse et al., 2015).

Several genotypes adaptable to semi-arid tropics have been bred and released to the
farmers in drought prone regions. However, their adoption and utilization has been
hindered by poor farmers’ attitude towards sorghum. The current study sought to
evaluate the elite sorghum genotypes under drought stress to determine their yield

potential with regards to the current climate change.

3.2.1 Trial Station
The field experiment was conducted at KALRO-Kiboko Kenya for three seasons

during the short and long rainy seasons of 2014/2015. KALRO-Kiboko lies at an
altitude of 993 m above sea level (ASL) and is located on the latitudes 2°15° S and
longitude 37°45°E Rainfall pattern is bimodal with an annual mean of 600 mm. The
region has annual mean maximum temperature of 30.6 °C, annual mean minimum.
3.2.2 Planting materials

The sorghum genotypes evaluated are marked by their local names, origin and
pedigree as shown on Table 3.1.

Table 3. 1 Name, Origin and Pedigree of Genotypes Studied

Line no. Name Origin Pedigree

1 Gadam KALRO Improved (OPV)

2 KARIMtamal KALRO Improved variety (OPV)
3 ICSVII ICRISAT Inbred line

4 1S76-23 ICRISAT Inbred line

5 KAT487 KALRO Improved variety (OPV)
6 KAT369 KALRO Landrace (Makueni local)
7 Red Swazi KALRO Landrace

8 SDS5232 ICRISAT Inbred line

9 Seredo KALRO Improved variety (OPV)
10 Serena KALRO Improved variety (OPV)
11 Wheatland KALRO Landrace

3.2.3 Experimental design
The genotypes were planted in three replications at spacing of 75cm by 25cm in a

randomized complete block design (RCBD) at KALRO-Kiboko sub-station.
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3.2.4 Scoring
The agronomic data was scored based on the sorghum descriptors developed by

(IPGRI)/ICRISAT (1993) as reference for the observation.
3.2.5 Activities and data collected
Planting was done on 5m x 4m rows plots at a spacing of 75cm x 25cm. A compound
fertilizer (NPK) applied during planting the rate of 50Kg ha™. Seed drilling was done
followed by thinning at two weeks’ time interval to provide a crop stand of 56,000
plants/ ha. Planting was done 15 days after the start of rains to stimulate drought stress
with two subsequent sprinkler irrigations. Moisture stress was imposed by irrigating
the plots after every 4 days for three hours per every day, from germination stage for
one week (7 days) before anthesis when moisture stress was imposed. Two more
irrigations were done as follows; the first one was applied, fourteen days after 50% of
the plants had flowered while the second one was applied, twenty-six days after 80-
100% of the plants had completed flowering.
Agronomic traits were scored as follows;
i.  Seedling vigor measured 14 days after sowing was given a score of between 1-
5, where 1 indicated the strongest vigor and 5, the weakest.
ii.  Grain weight was measured from heads of two inner two rows in grams but
excluded two border plants from each two rows.
iii.  Days to flowering was recorded as the number of days from planting to when
50% of the plants in each plot flowered.
iv.  Plant height was measured as the distance in centimeters from the base of the
plant to the tip of the panicle from a mean of 5 plants at physiological
maturity.

v.  Senescence was measured in a score between 1-3, where Score 1, indicated
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complete death of leaves and stalk,2 moderate and 3 indicated very slightly.
vi.  Drought tolerance was measured using a score of between 1-3, where 1,
indicated the most susceptible,2 moderate and 3 the most tolerant, 100 seed
weight; was measured as the number of 100 seeds in each sample and weight
expressed in grams.
3.2.6 Data analysis
The data collected were subjected to analysis of variance using General Statistics
(GenStat) Discovery, 15" Edition. (Payne et al., 2011) to compute the means,
variances among the agronomic traits. The mean separation was done using Duncan’s
multiple range Test (DMRT) at 5% significance level. Simple linear correlation
coefficient (Pearson, 1985) was performed to understand the relationship among the
agronomic traits studied. The correlation coefficient was defined by;
= cov. x1x2 (var. x1) (cov. x2)
Where: r = correlation coefficient cov.x1x2 = covariance between traits x1x2
var.x1= variance of trait x1 var.x2= variance of trait x2 to calculate simple linear
correlation coefficients
Genetic variances were estimated by the formula given by Burton and Vane (1956)
and Johnson et al. (1955) while genotypic and phenotypic covariances for different
traits were calculated based on the formula given by Miller et al., (1958) as follows;
o°G (an estimate of genotypic variance) = (MSG —MSE)/r,
Where; MSG was the estimate of mean square of tested accession,
MSE was the estimate of mean square of error, r, refers to the number of
replications; MSE is the estimate of 6°E;
o’P (an estimate of phenotypic variance) = ¢’G (genotypic component of

variance) +o°E;
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PCV (phenotypic coefficient of variation) =Va®P/X %100,
Where; ¢°P was the phenotypic component of variance. X was the average
mean of the trait
GCV (genotypic coefficient of variation) =Va2G/Xx100,
Where; ¢°G was the genotypic component of variance. X was the average
mean of the trait;h?B (broad sense heritability) =G/a”p,
Where;a°G is the genotypic component of variance and o’P was the
phenotypic component of variance;
GA (genetic advance) was taken as a percent of the mean assuming selection of the
superior 5% of the accessions;
(GA (as% of the mean) =K x\a?P/XxhB2x100,
Where; (the standardized selection intensity) = 2.06 (at 5%selection intensity), 2P
was the phenotypic component of variance, h’B was the heritability in broad sense,

and X was referred to as the mean of the trait being evaluate

3.2 RESULTS

3.3.1 Weather data
Weather data for KALRO-Kiboko was obtained from Kenya Meteorological

Department (KMD) (www.meteo.go.ke) in 2015 (Appendix 1). The temperatures

during the experimental period ranged from a mean of 20.0 °C-18.0 °C for season one
(2014 short rains) and from 19.0 °C-18.0 °C during second season, (2014 long rains).
KALRO-Kiboko experienced a total of 271.35 mm and 440.65 mm during the 2014
short rains and 2015 long rains, respectively. Rainfall was lowest in January and

highest in December in both the years.
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during the long rains growing season

3.3.2 Variation among the genotypes during the short rains March -May 2014
The analysis of variance (ANOVA) (Table. 3.2) revealed significant differences in

terms of grain yield (p=0.525), plant height (p=0.042) among the genotypes.

Table 3. 2 Analysis of variance (ANOVA) among the genotypes studied during
season 1 short rains (2014)

Source of DF Sw DTF DT YD PH PV SS SNS
variation

Rep 2 01468 0.182 0.545 107989 114.7 16.545 1410.9 8.1565
Genotype 10 0.6538 161.6 2.303 612241** 3728.2** 146.788  2363.3 4.1818
Error 20 1.802 31.81 6.787 1312264 29945 196.182 2539.1 7.8182

Key: **=highly Significant at 95%, * = significant at 95%, DF=Degrees of freedom, SW=100 seed weight,
DTF= days to 50%flowering, DT=drought score, YD=yield, PH=plant height, PV=plant vigor, SS=seed
set%, SNS=senescence

3.3.3 Performance of the genotypes during the short rains
Significant differences (p=0.005) were reported for plant height (p=0.04) and grain

yield (p=0.525) among the genotypes studied. The average plant height was 176.4cm,
the shortest genotype was ICSV11 with the height of 155.0cm while the tallest was
SDS5232 (194.3cm). Plant vigor was average among the genotypes. Seed set was all
time high at an average78.6%. Seredo reporting the lowest seed set (71.70%) and
Gadam the highest (90.00%). All the genotypes reported moderate drought tolerance
score with an average score of 2.00. Senenceses was lowest among the genotypes
with an average of 1.43. The average mean yield was 1418gms with SDS5232
reporting the highest (1643gms) while the lowest was ICSV11 (1137gms). The
genotypes displayed significant differences in grain yield (p=0.525). The mean for
100 seed weight was 1. 8gms. Red Swazi reported the lowest seed weight (1.6gms)
whereas ICSV11 (2.1gms) and Serena (2.1gms) reporting the highest respectively.

The genotypes took an average of 74 days to flower. (Table 3.3)
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Table3. 3 Mean performance for the agronomic traits evaluated during 2014 short rains at
KALRO-KIBOKO

ENT. GENOTYPE DTF PH PV SS% DT SNS YD 100SW

No

1 GADAMEL 74.8 174.2 14.67 90.00 267 1.00 1452 1.8

2 ICSV11 74.1 155.0 15.67 73.30 233 1.00 1137 2.1

3 IS#76-23 73.1 176.9 15.67 81.70 267 1.33 1495 1.9

4 KARIMTAMAL1 73.9 178.3 17.33 93.30 267 133 1284 1.7

5 KAT369 75.4 182.9 16.33 7330 233 167 1310 1.6

6 KAT487 73.4 184.8 16.33 88.30 233 1.00 1375 1.8

7 REDSWAZI 74.3 174.6 17.33 80.00 233 1.67 1501 1.6

8 SDS5232 76.7 194.3 17.67 73030 2.00 1.33 1643 1.8

9 SEREDO 73.8 186.9 16.33 7170 233 133 1514 1.9

10 SERENA 74.8 172.6 16.33 73.30 200 133 1558 2.1

11 WHEATLAND 72.9 161.1 18.33 66.70 2.62 1.67 1463 1.8
Grand mean 74.3 176.4 16.85 78.6 2.00 1.43 1418 1.8
P<0.05 0.997  0.040** 0.904 0.089 0.732 0.427 0.525** 0.693
LSD 16.058 20.84 4.614 18.10 0.436 1.065 436.3 0.511
CV (%) 9.2 6.9 16.4 13.5 177 6.2 17.9 16.3

Key: **=highly Significant at P<0.05, * = significant at P<0.05, DF=degrees of freedom, SD=100
seed weight, DTF=Days to 50% flowering, DT=drought score,=YD-yield per plot, NPH= No. of
plants harvested, PH=plant height, PV=plant vigor, SS=seed set%, SNS= senescence, LSD= Least
significant difference of means (5% level); CV=Coefficient of variation

3.3.4 Variations among the agronomic traits evaluated genotypes during the
long rains (October-December,2014)

The analysis of variance (ANOVA) revealed significant differences for drought

tolerance (p=0.004), plant vigor (0.003) and senescence (p=0.023). (Table 3.4)

Table3. 4 Analysis of variance (ANOVA) among the genotypes for the agronomic traits
evaluated during 2014 long rains

Source of DF SW DTF DT YD PH PV SS SNS
variation

Rep 2 02527 0.788 2.1818 94203 604.3 27.152 455 2.6061
Genotype 10 0.8751 24.242  3.6366* 415768 3666.8 36.582*  780.30 2.7273*
Error 20 1.3194 45212 1.8818 1753952 3450.1 36.182 1325.79 47273

Key: **=highly Significant at 95%, * = significant at 95%, DF=Degrees of freedom, SW=100 seed weight,
DTF= days to 50%flowering, DT=drought score, YD=yield, PH=plant height, PVV=plant vigor, SS=seed set%o,
SNS=senescence

3.3.5 Mean performance of the genotypes during season 2 long rains 2014

Significant differences (P<0.05) was observed among the genotypes in terms of
drought tolerance, plant vigor and senescence (Table3.5). The highest plant vigor was
noted with Seredo and KAT487 recording 18.00 and 19.00 respectively.

KARIMtamal reported the lowest with 16.00. Drought score was moderate among
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the genotypes however, significant differences (p=0.004) among the genotypes was
observed. IS#76-23, KAT369 and Seredo were the most drought tolerant genotypes.
Significant differences were noted in terms of senescence (p=0.023). SDS5232 was
the least senescence (1.00) whereas KARIMtamal and KAT369 the most senescence

at 2.00 respectively. (Table 3.5)

Table 3.5 Mean Performance by the genotypes during Season 2 Long Rains 2014

ENTRY GENOTYPE DTF PH PV SS% DT SNS YD 100SW

No.

1 GADAMEL 75.00 144.2 18.33 80.00 2.00 1.67 1668 1.9

2 ICSV11 73.67 177.9 18.67 85.00 2.66 1.67 1585 1.7

3 IS#76-23 73.33 171.7 18.00 81.70 3.00 1.33 1459 1.8

4 KARIMTAMAL 75.33 182.2 16.00 83.30 2.67 2.00 1708 2.0

5 KAT369 73.00 172.2 17.33 75.00 3.00 2.00 1502 1.8

6 KAT487 74.00 175.8 19.63 93.30 2.67 1.33 1462 1.9

7 REDSWAZI 74.33 185.2 18.67 75.00 2.67 1.67 1748 1.8

8 SDS5232 75.33 172.2 17.67 82.00 2.67 1.00 1367 2.3

9 SEREDO 73.00 176.1 19.00 80.00 3.00 1.67 1526 2.1

10 SERENA 75.00 174.4 16.33 83.30 2.67 1.33 1512 1.9

11 WHEATLAND 73.67 173.4 17.67 78.3 2.00 1.67 1479 2.0
Grand mean 74.15 173.7 17.94 81.40 2.67 157 1531 1.9
P-value 0.426 0.073 0.003** 0.362 0.004** 0.023** 0.888  0.280
LSD 2.561 22.37 2.291 13.88 0.514 1.065 504.4  0.4365
CV (%) 2.0 6.9 7.5 10.0 11.4 21.8 19.1 13.2

Key: **=highly Significant at P<0.05, * = significant at P<0.05, DF=degrees of freedom, SD=100 seed weight, DTF=Days to
50% flowering, DT=drought score,=YD-yield per plot, NPH= No. of plants harvested, PH=plant height, PV=plant vigor,
SS=seed set%, SNS= senescence, LSD= Least significant difference of means (5% level); CV=Coefficient of variation

3.3.6 Variations observed during season 3 short rains 2015 (March -June)
The ANOVA revealed significant differences (p<0.05) in terms of days to 50%

flowering, plant height (Table 3.6)

Table3. 5 Analysis of variance (ANOVA) among the genotypes between the agronomic traits
during the short rains (2015).

Source of variation DF SwW DTF DT YD PH PV SS SNS

Rep 2 0.3224 0.182 0.2424 76289 26.47 0.727 28.79 0.4242
Genotype 10 0.1618 161.61** 1.5758 20588 791.07** 27.636  140.91 1.5151
Error 20 14351 31.81 2.4242 33727 257.24 29.273  354.33 1.5757

Key: **=highly Significant at 95%, * = significant at 95%, DF=Degrees of freedom, SW=100 seed weight, DTF= days to
50%flowering, DT=drought score, YD=yield, PH=plant height, PV=plant vigor, SS=seed set%, SNS=senescence
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3.3.7 Mean performance among the genotypes for the agronomic traits
evaluated during season 3 short rains (2015)

There were significant differences (p<0.005) among the genotypes for the agronomic
traits such as days taken to 50% flowering (p=0.001) and plant height (p=0.001).
Serena took the shortest time to flower (72 days) while SDS5232 took the longest
time to flower (80 days) but averagely the genotypes took 74 days to flower. The
average plant height was 176.0cm.). KAT369 was the tallest at (183.0cm) while

Serena was the shortest at (165.8cm) (Table 3.7)

Table 3. 6 Mean Performance of Genotypes Short Rains 2015 Season 3

ENT. GENOTYPE DTF PH PV SS% DT SNS YD 100SW
No
1 GADAMEL 75.67 174.4 17.00 83.33 2.67 1.00 1833.4  1.87
2 ICSV11 73.33 182.2 17.00 90.00 3.00 1.33 1920.1 1.96
3 IS#76-23 73.33 177.1 18.00 86.67 3.00 1.00 1689.5 2.00
4 KARIMTAMAL 75.33 181.3 19.33  90.00 3.00 1.00 17956  1.90
5 KAT369 76.00 183.3 18.00 88.33 3.00 1.33 1798.3 2.03
6 KAT487 73.33 175.0 18.33  90.00 3.00 1.00 1666.5 1.87
7 REDSWAZI 73.00 174.3 18.00  90.00 3.00 1.67 18195 1.97
8 SDS5232 80.33 170.4 19.33  88.33 2.33 1.00 17933 1.8
9 SEREDO 72.67 176.1 20.00  90.00 2.67 1.00 1826.0 1.87
10 SERENA 72.67 165.8 18.00  90.00 2.67 1.00 1682.8 1.93
11 WHEATLAND 73.00 175.5 20.00 82.82 3.00 1.00 16717 1.83
Grand mean 74.36 176.0 18.64  88.45 2.48 1.12 1772.4 1.91
P<0.05 0.001** 0.01** 0.109 0.635 0.285 0.089 0.327 0.958
LSD 2.148 22.37 2.061 7.171 0.5930 0.428 221.18 0.371
CV (%) 1.7 6.9 6.5 4.8 12.2 2.5 7.3 114

Key: **=highly Significant at P<0.05, * = significant at P<0.05, DF=degrees of freedom, SD=100 seed weight,
DTF=Days to 50% flowering, DT=drought score,=YD-yield per plot, NPH= No. of plants harvested,
PH=plant height, PV=plant vigor, SS=seed set%, SNS= senescence, LSD= Least significant difference of
means (5% level); CV=Coefficient of variation

3.3.8 Variation among the genotypes across the three seasons 2014/2015

There were significant differences (p<0.005) among the genotypes for the agronomic
traits evaluated such as days to 50%flowering, plant height and plant vigor. Season
significantly influenced the genotypes in as far as drought tolerance, yield, seedling

vigor, seed set% and, senescence was concerned. Significant genotype by season
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(GXS) interaction was observed for the duration to achieve 50% flowering, plant

vigor and plant height, yield and seed set% (Table 3.8).

Table 3. 7 Combined analysis of variance (ANOVA) among the genotypes across the three seasons during 2014/2015

Source of variation DF SW DTF DT YD PH PV SS SNS
2 0.033 0.434 0.13 54620 167.4 10.5 53.28 1.04
10 0.034 10.8** 0.25 28930 266.7**  3.3** 142.5 0.43
2 0.091 05 1.9%* 1002884** 725 37.4**  853.3**  1.82*
Genotype x season 20 0.067 8.1* 0.24 47215 275.9* 3.21 88 0.2
64 0.064 2.9 0.21 55823 111.1 3.6 62.6 0.23

3.3.9. Mean performance of the genotypes across the three growing seasons

during 2014/2015

All the genotypes displayed moderate to high scores in terms of drought tolerance
across the three seasons. IS#76-23 was the most tolerant among the genotypes while
Wheatland scored the least. Season significantly influenced all the drought related
traits among the genotypes (p<0.001). High degree of senescence was observed for all
the genotypes and this varied across the seasons however, not statistically significant.
KAT 369, Red Swazi and, Seredo had a moderate score of 1.667 respectively (Table
3.9). The number of days taken to flower varied from 74-75 days; relatively the
genotypes took about two and a half months to flower. Significant differences were
noted among the genotypes as well as between genotype by seasons (p<0.001). The
genotypes exhibited significant differences in plant height (p=0.0017) across the
seasons. The average plant height was 175. 4cm. The tallest variety across the three
seasons was KARI Mtama 1 at 182.3cm while the shortest one was Wheatland at
170cm. Generally, the varieties were medium in height. IS #76-23 having the highest
number of plants harvested at 17.00, whereas ICSV11 had the lowest plant harvested

at 16.00. Significant differences were noted among the genotypes as well as greater
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interaction between genotype by season. There was a significance difference noted in
seed set % (p= 0.024) among the genotypes. Red Swazi had the highest seed set at
90.56% whereas KAT487 had the lowest seed set% at 78.89% across the seasons.
However, seed set was all time high among the genotypes across the three seasons.
All the genotypes reported higher grain yields. Red Swazi had the highest grain yields
with 1689.6 gms while KAT487 the lowest at 1501.3gms. The yields were stable
across seasons (Table 3.9).

Table3. 9 Combined Means for Traits Evaluated During Short and Long Rains at
KALRO-Kiboko during 2014/2015

ENTRY GENOTYPE DT PH PV SS% DT SNS YD 100SW

No F

1 GADAMEL 748 164.3 16.2 83.33 2444 1222 1644 1.9

2 ICSV11 741 1717 158 84.44 2.667 1.444 1547 1.9

3 IS#76-23 73.1 175.2 174 82.78 2.889 1.222 1548 1.9

4 KARIMTAMA1l 73.9 182.3 17.1 83.33 2.778 1.444 1596 1.9

5 KAT369 75.4 1795 16.3 88.89 2.778 1.667 1537 1.8

6 KAT487 73.4 1784 16.4 78.89 2.667 1.111 1501 1.9

7 REDSWAZI 743 178 17.3 90.56 2556 1.667 1690 1.8

8 SDS5232 76.7 178.9 17.3 81.67 2444 1.111 1601 2

9 SEREDO 73.8 179.7 16.1 80.56 2556 1.667 1639 2

10 SERENA 748 1709 17.1  80.56 2.667 1222 1584 2

11 WHEATLAND 729 170 16.4 82.22 2.333 1.444 1538 1.9
Grand mean 743 1754 16.7 77.22 2.616 1.384 1584 1.9
P<0.05 0.39 0.017* 0.83 0.024* 0323 0.077 0871 0.86
LSD 1.89 9.93 2.18 7.454 0.436 0.46 2225 0.24
CV (%) 27 6 139 96 17.7 35.3 14.9 13.4

Key: **=highly Significant at P<0.05, * = significant at P<(.05, DF=degrees of freedom, SD=100
seed weight, DTF=Days to 50% flowering, DT=drought score,=YD-yield per plot, PH=plant height,
PV=plant vigor, SS=seed set%, SNS= senescence, LSD= Least significant difference of means (5%
level); CV=Coefficient of variation

3.3.10 Association between phenotypic traits
Drought tolerance associated positively with seed set% (r=0.4781*) and seed weight

(r=0.1979). Seedling vigor was positively correlated with senesces (r=0.2622), Plant
height (r=0.0732), plant vigor (r=0.3471), 100 seed weight (r=0.099), yields
(r=0.2889), and days to 50% flowering (r=0.1628). Days to 50 % flowering was
positively correlated with senesces (r=0.3224), plant height (r=0.0722) and 100 seed

weight (r=0.1655) (Table 3.10).
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Grain yield was found to be correlated with all the agronomic traits evaluated but
more significantly was noted with the plant vigor (r=0.5521**). The seed weight
reported a positive association with plant height (r=0.0504). The plant vigor positively
associated with senesces (r=0.0237), seed set % (r=0.0446), and plant
height(r=0.1494). Plant height was positively associated with senesces (r=0.1055) and
seed set % (r=0.1058) (Table 3.10).

Table3. 10 Phenotypic Relationship Between Grain Yield and Yield Related Traits for The
Genotypes Evaluated at KARLO-Kiboko.

YD DT PV DTF 100SW NPH PH SS%
YD
DT -0.213
PV -0.184 0.252
DTF -0.557* 0.007 -0.182
100SW -0.148 -0.325 -0.171 -0.129
NPH -0.251 -0.018 -0.394 0.33 0.069
PH -0.465 0.14 0.046 -0.077 -0.107 -0.154
SS% -0.211 -0.452 -0.006 -0.014 0.229 -0.053 -0.189
SNS 0.011 0.244 -0.09 -0.269 0.019 -0.031 -0.071  0.117

Key: * = significant at P<0.05, DF=degrees of freedom, SD=100 seed weight,
DTF=Days to 50% flowering, DT=drought score, =YD-yield per plot, NPH= No.
of plants harvested, PH=plant height, PV=plant vigor, SS=seed set%, SNS=
senescence.

Yield was negatively correlated with all the traits studied (Table 3.11) except days to
50% flowering (r=-0.557). Drought tolerance score was negatively associated with
seed set (r=-0.452) and with 100 seed weight (r=-0.325) but weakly positively
correlated with senescence (r=0.244). Days to flower was weakly negatively

correlated with senescence (r=-0.269) (Table.3.11).

Table 3. 11 Phenotypic Correlation Between Drought Tolerance and Yield Related Traits

DT PV DTF _ YD(gms) 100SDW NPH PH(cm) SS%
DT
PV -0.02
DTF -0.65  -0.29
YD (gms) 040  -026 052
100SDW 016  -006 -019 -0.15
NPH 007  -026 006  -0.39 0.12
PH (cm) 037 004 -011 -0.10 -0.05 -0.10
SS% 029~ 014  -005 -0.08 0.11 003 -0.13
SNS 0.12 012 -031 -0.15 0.13 003  -0.09 0.27

* = significant at P<0.05, SD=100 seed weight, DTF=Days to 50% flowering, DT=drought
score, =YD-yield per plot, NPH= No. of plants harvested, PH=plant height, PV=plant vigor,
SS=seed set%, SNS= senescence.
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3.3.11. Phenotypic and genotypic associations
No significant variations were reported among the genotypes for the agronomic traits

studied (Table3.12). Heritability estimates were low and ranged from 2%-15% except
yield which had the highest heritability but negative (-95%). The GA as a mean varied
from 0.118% in days to 50% flowering to 37% in yields. The GA was very low as
well among these genotypes (Table 3.12).

Table3. 12 Phenotypic and Genotypic association between the Traits

TRAIT S°G S%p GRMEAN  H% GCV% PCV% GA%
100SDW -0.0105  0.1218 1.9 8 5.4 18.37 3.02
DTF 0.183 12.847 74 1.2 0.537 4.805 0.118
DT 0.01326  0.4763 2.616 2 4.29 26.39 1.08
YD (gms) -8964 94073 1584.1 -95 -6 19.36 37
NPH -0.7703  1056.36  16.7 7 5.25 19.5 2.8
PH (cm) 51.86 438.86 175.4 11 4.105 11.94 2.9
PV -0.1363  6.76 17.71 2 2.08 14.68 0.6
SS% 26.6 177.23 82.83 15 6 16.07 5
SNS 0.064 0.5084 1.384 12 18.28 51.52 12.73

Key: 100SDW=100 seed weight, DTF=Days to 50% flowering, DT=drought score, =YD-yield per
plot, NPH= No. of plants harvested, PH=plant height, PV=plant vigor, SS=seed set%, SNS=
senescence, GRMEAN=Grand mean S’G=genotypic variance, S?P=phenotypic variance,
H2%=broad sense heritability, GCV%=genotypic coefficient of variation, PCV%-=phenotypic
coefficient of variation, GA%-=genetic advance

3.5 DISCUSSION
Variance analysis among the genotypes across the three season’s revealed greater

genetic variability among the sorghum genotypes evaluated. The observed variations
could be explained by genotypic differences and also due to genotypic by season
interaction. In season one or during the short rains (March -June), the plants
experienced more water stress than during the long rains (October-December). The
days taken to reach 50% flowering was averagely 74 days but this was reported across
the seasons. Earliness is a form of genotypic adaptation to drought stress since plants
that are able to flower early are capable of escaping terminal drought stress which

often leads to reduced yield or complete crop failure (Tadesse et al., 2015).

Earliness is a key drought stress trait in breeding programs with the current study

reporting early flowering genotypes which could utilize the available moisture leading
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to high yields. Assefa et al., (2010) reported 36% vyield reduction in sorghum due to
moisture stress at the vegetative phase and 55% yield reduction attributed to moisture

stress during the reproductive phase.

Plant heights across the seasons were significantly different and this was greatly
influenced by the genotype and also by season. The average plant height across the
season was 175. 4cm.The genotypes were tallest in season 1 and 3 (176.4cm) but
shortest in season 2 (173.7cm). Adequate moisture levels in the soil are critical for
proper growth and development of any plant. In moisture stress environment stunted
growth, suppressed leaf number and elongation, reduced photosynthetic ability and
low dry matter accumulation (Blum, 1996). In this study, the plants were shortest in
season two which were the long rains (October-December 2014). During this season
irrigation was applied just for four days in a week for three hours to facilitate
germination and proper establishment, the rest of the growing season depended on
natural precipitation which was scanty and sporadic as opposed to season 1 and 3
where supplementary irrigation was done. Genotypes that are able to escape drought
are usually short in stature as a sort of genotypic adaptation to enable them utilize the
little moisture available to complete their life cycle without compromising yields.
Researchers have reported a strong association between plant height and grain yield
(Ramasamy, 2013) where tall plants have been associated with longer maturity time
with greater yield under optimal conditions but with poor yields under sub-optimal

under unfavorable growing conditions (Karari, 2006).

Plant vigor influences growth rate and escape from growth stress. Crop that is able to
establish fast may escape weeds, diseases, pest and even drought. In season 1, the

crops were less vigorous as compared with season 2 and three respectively. These

35



genotypic differences could be attributed to moisture levels in the soil during
germination phase. Senescence which is the ability of the plants to retain their leaf is
an adaptation towards drought tolerance. Genotypes that are able to retain their green
leaf for a longer period are able to convert radiant energy in sugars and translate the
sugars into yields’. Seed set and seed weight differed across the seasons owing to the

growing conditions and moisture levels throughout the growing seasons.

The negative correlation observed between days to 50% flowering and grain yield (r=-
0.557) implies that delayed flowering was correlated with lowest grain yield. Under
unfavorable environmental conditions, some plants are likely to delay flowering and
anthesis till conditions become favorable, but may fail to flower completely if the
conditions are unfavorable leading to no seed formation. Early flowering is a form of
genotypic adaptation to current environment and highly correlated to drought (Kumar
and Abbo, 2001; Tadesse et al., 2015). Earliness trait can protect the plant from most
biotic and abiotic stresses like diseases and drought (Monpara and Dhameliya, 2013).
The genotypes that flowered early also gave higher yields in both seasons since they

were able to escape terminal drought.

Very little linear relationship was observed between the yield and drought revealing
the role of genotype by season interactions. In this study, the genotypes Red Swazi,
Gadam, and Seredo gave higher grain yields whereas Wheatland 1S#76-23, and Red

Swazi were the earliest maturing genotypes.

The variation observed between PCV and GCV for the traits evaluated were small
signifying less environmental effect in the phenotypic traits studied. Similar reports

had been cited by Sami et al., (2013) who observed small differences between PCV
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and GCV on sweet sorghum genotypes .This implies that these genotypes have a
narrow genetic base and will not therefore respond positively to selection further
signifying that they have a common ancestry (Tadesse et al., 2015). However wider
differences were noted for traits such as grain yield, plant height and seed set and

therefore selection for improvement purposes could be based on these traits.

Heritability for most traits were low and ranged from 2%-15%. This means that most
of the traits would not respond positively to selection and that are affected by
environment. A report by Obilana and Fakorede (1996) also revealed that if a trait is
affected by environment, then its heritability would be low in a population in which
the environments differed widely. On the contrary, in controlled environment, these
variations do not occur and the traits would portray higher heritability. However, the
heritability for grain yield was highest among the traits studied though negative (-
95%). This trait would therefore respond positively to selection. This is in agreement
with findings by Ahmed et al., (2016) while working on local sorghum genotypes in

Sudan.

The mean GA ranged from 0.118% in days to 50% flowering to 37% in grain yields.
The low values for heritability and the low percentage of genetic advance suggest that
the observed differences among the genotypes were due to non-additive gene effect.
Rao and Patil (1996) suggested that selection should be based on traits with higher

heritability and genetic advance.

3.6. Conclusion and Recommendations
This study identified four superior sorghum genotypes namely Red Swazi, Wheatland,

IS#76-23 and Gadam which could be evaluated further for release within the ASALSs.
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It was also noted that the sorghum genotypes studied differed with respect to their

yield and drought responses.
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CHAPTER FOUR
PROXIMATE COMPOSITION OF ELITE SORGHUM GENOTYPES BRED
FOR THE SEMI -ARID AREAS OF KENYA

Abstract

Hunger and malnutrition experienced in the semi-arid areas of Kenya is occasioned by
continuous use of low yielding landraces with low nutritional composition coupled
with drought stress. The study was undertaken to assess the nutritional composition of
elite sorghum genotypes with an aim of identifying the ones with high protein and
phenol content to help in the control of malnutrition and lifestyle diseases in the
marginalized areas of Kenya. Ten grams of genotypes used in the study were oven
dried to a moisture content of 12%. The samples were then grounded into flour using
mortar and pestle. Each sample was then divided into three portions to represent three
replications. Proximate components; ash, fat, moisture content, protein content,
carbohydrates, total energy (kcal), total oxalates, and total phenols were determined
following AOAC specification. Data was analyzed by ANOVA and means separation
was conducted by Duncan’s’ Multiple Range Test (DMRT). The results showed a
high significant difference (p<0.005) in energy, protein, ash and total phenolic.
Genotype IESH2210 had the highest levels of energy 353.08 kcal in energy/cal while
Gadam had the least at 334.30kcal. IESH2210RL had the highest protein content at
12.853% and the lowest was Gadam at 4.2%. Total phenolic contents were highest in
ICV23006RL at 628.5mg/100g while they were lowest in IESV91104RL with
146.9mg/100g.Total phenols reported a positive significant association with crude
fibre at (r=0.539**), Significant but negative association was recorded between
phenols and CHO % (r=-0.929**) and with proteins(r=-0.596*). Genotypes

IESV2210 and IESV23010DL scored highly in protein content and therefore can be
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selected for sorghum improvement towards combating malnutrition in the semi-arid
areas of Kenya.

Key words; Elite sorghum genotypes, proximate composition, Malnutrition

4.1 Introduction
The climate change effect has greatly hampered agricultural productivity in the

tropics (Lobell et al., 2010). This has often resulted into frequent food shortages and
rampant malnutrition especially in the ASALs of Kenya (Mohajan, 2014). Sorghum is
considered as a poor man’s crop due to its ability to perform well under drought
stress, poor soils and requires less farm inputs (Riziki and Mwadalu, 2013). In SSA,
sorghum is mainly grown by resource constraint farmers where it serves several
purposes ranging from human to livestock feed (Tadesse et al., 2015). Due to climate
change effects, most dependable and preferred cereals such as wheat and maize have
become highly susceptible to moisture stress and as a result their yields are predicted
to decline significantly by the year 2050 (Knox et al.,2010).With disastrous

consequences on human livelihood in the semi-arid areas.

Breeding programs by the national agricultural research stations (NARS) focuses on
breeding for drought tolerant crops and particularly high yielding and nutritious
sorghum genotypes since improved/hybrids are known to yield better than landraces.
However, their utilization has been hampered by poor uptake and preference on maize
among the farmers in ASALs. These improved genotypes are rich in proteins; energy
and micronutrients (Fe and Zn) providing the much-needed calories and protect the
population from malnutrition and hidden hunger compared to the landraces (Muui et

al., 2013)
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Sorghum grains contain phenols which are important for the management of lifestyle
diseases. These phenols have been reported to exhibit antioxidant property (Choi et
al., 2007), anti-carcinogenic property (Kwak et al., 2004), lower cholesterol (Ha et
al., 1998) and can reduce mortality associated with cardiovascular illnesses (Cho et

al., 2000).

Despite the ability of sorghum to guarantee food security, control malnutrition and
manage lifestyle diseases, its utilization is still very low due to overdependence on
maize. This study sought to evaluate the proximate composition of elite sorghum
genotypes bred for the semi-arid areas of Kenya so as to inform policy makers on the

need to popularize sorghum technologies in Kenya.

4.2 Materials and Methods

4.2.1 Materials
The Studies were conducted at the University of Nairobi, Department of food science

and Nutrition based at the college of Agriculture and veterinary sciences (CAVS). In
this study, grains of ten Sorghum genotypes obtained from ICRISAT were used

(Table 4.1)

Table 4. 1 Name, Origin and, Pedigree of Grain Samples Used for the Study

Line no. Name Origin Pedigree

1 ATX623XMACIA ICRISAT Inbred line

2 Gadam ICRISAT Improved line
3 ICSV111 IN ICRISAT Inbred line

4 ICSV23006DL ICRISAT Inbred line

5 IESH2210 ICRISAT Inbred line

6 IESV22012 ICRISAT Inbred line

7 IESV23010DL ICRISAT Inbred line

8 IESV91004RL ICRISAT Inbred line

9 KARI Mtama 1 ICRISAT Inbred line
10 Macia ICRISAT Improved line
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4.2.2 Sample preparation

Studied samples were manually cleaned from foreign materials and grounded into

flour.

4.2.3 Methods of Analysis

4.2.3.1 Nutritional Analysis.
The representative samples of sorghum flour genotypes were divided into three

portions and analyzed for proximate composition.
(1) Moisture Determination.
Moisture content was determined by AOAC 925; 10 (Horwirtz, 2000). Two grams
(2 g) of powdered grains of each genotype was divided into three portions and
placed into dry dishes of pre-determined mass. These were then oven for 1 h at
130° Cl/until a constant mass was observed. The samples were then removed from

the oven and allowed to cool normally and reweighed.

Moisture % = W; - W, * 100/ Sw Where; W; was the mast of the dish and
fresh sample, W5, is the mass of the dry sample and dish, and Sy is the sample

weight.

(2) Ash% content
Four grams of the sample was placed into a crucible of known mass and
heated in a muffle furnace set at 550° C. The samples were ignited until light
grey color was observed. The sample was then removed and cooled at room
temperature and reweighed.
Ash % = W; — W, = 100/ Sy, where; W is the weight of the ash+crucible
after ashing, W, is the weight of the empty crucible, and Sy is the weight of

the sample taken.
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(3) Determination of fat content.

Fat content was determined by Sox let extraction method. Two grams of the flour
sample was placed into an already prepared extraction thimble. The sample
containing thimble was fitted with fat-free absorbent cotton wool. The Sox let
extraction apparatus was assembled and filled with petroleum ether spirit to a half
capacity before the fat of the sample is extracted. Then, the extraction was
allowed to run for 4 hours. Afterward, the extracted fat was removed, and then,
oil/fat-containing flasks were placed onto the rotary evaporator to allow for
solvent evaporate and oven drying at at 103° C for 30 min, followed by cooling in

a desiccator and reweighing. Fat % = Ws— W % 100/ Sy,

Where; Wrs is the mass of the receiver flask and fat deposit, W is the mass of the

empty receiver flask only, and Syy is the mass of the sample used.

(4) Determination of crude fibre content

Two grams of preheated samples was placed into a one-liter (1 I) beaker, and then,
digested in a hot plate for 1 h with a mixture of an equal volume of 2.5 M H,SO,
and 2.5 M NaOH. Then, filtration was done by moisturizing with small volumes
of ethanol. The filtrate was dried in an oven at 100° C until a constant mass was
obtained (W1). Then, the oven-dried samples were again incinerated at 600° C for

3 h in a muffle furnace followed by cooling and reweighed (W2).

Crude fiber % = W1 — W2 % 100 /SW,

Where; W1 is the mass of the porcelain crucible and sample before ashing, W2 is
the mass of the porcelain crucible containing ash, and W is the mass of the

sample.
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(5) Protein Determination.

The test was performed by the Kjeldahl method of (W. Horwirtz, 2000). 0.5 g of
sorghum flour sample was weighted into a 50 ml Kjeldahl flask, and 8 ml of
concentrated H,S0, was added with 2 grams of (copper and potassium sulfate)
mixture catalyst. Samples were digested until pure colorless solution was
observed. Then, digested samples were distilled by using Kjeldahl distiller, and
the distilled steam gas (ammonia) was collected with 25 ml of the mixture of 2%
boric acid mixed indicator of bromocresol green plus methyl red. The distilled

sample was titrated by 0.1 N HCI until the first appearance of the pink color.

Crude protein % = (a x b * 14 * 6.25 * 100) /W,

Where; a represents the normality of the acid; b is the volume of standard acid
used (ml), corrected for the blank (i.e., the sample minus the blank); W is the

sample weight (g); and 6.25 is the conversion factor for protein from % nitrogen.

(6) Total Carbohydrate (CHO %)
It was determined as a total carbohydrate by subtracting measured protein, fat,

ash, and moisture from 100%.

Total carbohydrate (%) = 100 — Moisture (%) + Protein (%) + Fat (%) + Ash (%).

(7) The Gross Food Energy.

The value was estimated by the following equation

Food energy kcal/ g = (%TC — %CF) x4+ (%TF x 9) + (%CP x 4),

Where; TC is the total carbohydrate, CF is the crude fiber, TF is the total fat, and

CP is the crude protein.
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(8) Phenol Content determination.
Total phenols were determined by using vanillin-HCL assay methods using a UV
spectrophotometer (Burns, 1971) as modified by (Rooney et al., 1972) cereal
chemistry. One gram of the sample in a screw cap test tube was measured, and then,
10 ml of 1% HCI in methanol was added to the tube containing the sorghum sample.
The sample-containing tube was placed on a mechanical shaker for 24 h at room
temperature, and then, the tube was centrifuged at 1000g for 5 minutes. One milliliter
(2 ml) of supernatant was taken and mixed with 5 ml of vanillin-HCI reagent in
another test tube. Then, the sample was allowed to wait for 20 minutes to complete
the reaction, and then, the absorbance of the colored intensity of the sample was
measured using a UV-visible spectrophotometer at 500 nm.
Tannin (mg/g) = (As — Ay —intercept/ (Slope x d x W) x10,
Where;
As is the sample absorbance, Ay is the blank absorbance, d is the density of the
solution (0.791 g/ml), W is the weight of the sample in gram, and 10 is the aliquot.

(9) Evaluation of total Oxalates

This was determined by the procedure outlined by Day and Underwood (1986)
whereby 19 of the powdered composite sample was placed onto a 100ml conical flask
followed by addition of 75ml 3MH,SO,. 1. mixture was centrifuged for one hour and
filtered. The filtrate was titrated against hot 0.05 M KMnOQOy solution for 30s before
decolonization was observed. 1cm® of 0.05 M KMnO, was taken to represent 2.2 mg

of oxalate.
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4.2.4 Statistical analysis
GenStat Discovery, 15MEdition. Payne et al., (2011) was used for data analysis. The
ANOVA obtained was used to compute the means. Mean separation was done using
Duncan’s multiple range Test (DMRT) and the probability level was allowed at 95%
significance level (Snedecor and Cochran, 1987). Simple linear correlation coefficient
(Pearson, 1985) was performed to understand the relationship among the agronomic
traits studied. The correlation coefficient was defined by;

r=cov. x1x2 (var. x1) (cov. x2)
Where: r = correlation coefficient cov.x1x2 = covariance between traits x1x2
var.x1= variance of trait x1 var.x2= variance of trait x2 to calculate simple linear

correlation coefficients

4.3 Results
4.3.1 Analysis of variance

Analysis of variance (ANOVA) (Table 4.2) revealed significance differences
(p<0.005) for ash%, Energy/cal, Protein content and total phenols.

Table4. 2Combined Analysis of Variances for the Proximate Composition on the Genotypes

Studied
Sov DF MS VR Fpr
Ash% 2 1.60 4.79 <0.001**
Moisture content 2 2.53 0.14 0.998
Energy/cal 2 174.88 7.18 <0.001**
Fiber 2 0.63 0.00 0
Fat% 2 2.61 0.17 0.995
Oxalates 2 0.02 - -
Proteins 2 20.70 2759.05 <0.001**
Total phenolics 2 79620.60 2600.49 <0.001**
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Key: **= Significant at 5% level; V.R. = variance ratio; Fpr. =F probability, MS =mean sum of squares, -
No data obtained

4.3.2 Proximate analysis
Proximate analysis results (Table 4.3) revealed that the mean moisture content was

8.53%. IESV23010DL had the highest moisture content of 10.350% and
ICSV2300RL had the lowest moisture content of 7.513%. The average ash % was
1.623%. IESV91104RL had the highest ash % of 1.745% while KARI mtamal had
the lowest 1.520%. There was a great significant difference in ash content %
(p<0.001). The mean for CHO% was 72.16%. Gadam had the highest CHO% of
76.47, followed by ATX623XMACIA which had 74.56%. The lowest was IES112210
which had a score of 69.84%. The range varied from 70-76%. There were significance
differences in terms of energy in kilojoules among the accessions (p<0.001). The
mean was 353.08. The highest was obtained by IESH2210 which had 361.5 and the
lowest was obtained by Gadam (334.3) and ICSV1111N (349.0) respectively. The

range varied from 351-359 for the rest of the genotypes.

The mean fibre % was 2.76%. ICSV23006RL had the highest (3.75%) whereas
Gadam had the lowest (2.27%). The mean for protein % was 9.509%. IESH2210 had
the highest protein % of 12.853, this was followed by IESV23010DL (12.082),
IESV91104RL (11.820) and IESV22012 (10.813). Gadam had the lowest protein
content of 4.200%. There was great significant difference noted between accessions
(p<0.001). The mean fat % was 5.25. IES112210 had the highest fat content (6.560%)
whereas Gadam had the least (2.27). The mean for oxalates was 0.35%.
ATX623XMACIA had the highest (0.45%) whereas ICSV1111IN had the least

(0.21%). The mean for total phenols was 301.5mg/100g.ICVV23006RL had the highest
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(628.5mg/100g) whereas IESV91104RL had the least (146.9mg/100g). There was

great significant difference among the accessions (p<0.001).

Table4. 3 Proximate Composition of Elite Sorghum Genotypes Studied

GENOTYPE Ash Moisture Energ Fat Fibre Oxalates Proteins  Total CHO
% % yl/cal % % % % phenols %
ATX623XMacia 1.62 8.1 353.31 4.24 3.06 0.45 6.83 257.2 74.56
Gadam 1.59 9.68 334.31 3.6 2.27 0.41 4.2 194.9 76.47
ICSV111 IN 1.61 9.15 349 5.37 2.74 0.21 9.77 154.8 70.56
ICSV23006RL 1.71 7.51 352.89 5.03 3.75 0.3 9.564 628.5 72.27
IESH2210 1.675 7.73 361.53 6.56 2.38 0.33 12.85 222.2 69.84
IESV22012 1.65 8.41 358.77 5.98 2.41 0.41 10.81 227.9 70.8
IESV23010DL 1.58 10.35 356.09 6 2.5 0.31 12.09 542.9 70.3
IESV91104RL 1.745 7.81 358.98 6.14 2.71 0.41 11.82 146.9 70.42
KARIMtamal 1.52 8.41 350.97 4.74 3.22 0.28 8.39 354.9 72.81
Macia 1.53 8.1 354.99 4.83 2.6 0.42 8.767 284.4 73.54
Grand mean 1.624 8.53 353.08 5.25 2.76 0.35 9.509 301.5 7216
P value (95%) <0.001 0.998 <0.001 0.995 0 0 <0.001 <0.001 0
LSD (95%) 0 7.288 8.406 6.671 0 0 0.148 9.33 0
CVv 0 50.2 1.4 74.6 0 0 0.9 1.8 0

Key: LSD= Least significant difference of means, (5% level); CV=Coefficient of variation

4.3.3. Correlation between proximate components
The total phenols were significantly correlated with total CHO% and proteins but

negatively (r=-0.929 and r=-0.596 respectively) the only positive correlation was with

the fibre content % (r=-0.539) (Table 4.4).

Table4. 4 Correlation Coefficients between Total Phenols and Nutritional Traits Measured in
Elite Genotypes

Totphn CHO% Ash% Energy Fat% Fibre% M.C% Oxal%

Totphn

CHO_% -0.929**

Ash_% -0.629 0.48

Energy -0.61 0.29 0.46

Fat_% -0.355 0.15 0.27 0.55

Fibre_% 0.539** -0.47 -0.54 -0.45 -0.09

M.C% -0.446 0.22 0.33 0.65 0.87 -0.14

Oxal% 0.836 -0.76 -0.65 -0.58 -0.26 0.68 -0.33

Prtn% -0.596* 0.84 0.13 -0.23 -0.18 -0.17 -0.14 -0.39
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Key: **highly significant at p<0.0l, *significant at p<0.05, Totphn=total phenols, m.c=moisture content,
oxal%=oxalate %, prtn%=protein%o

4.4 Discussion

Sorghum is a critical crop in the provision of vitamins, proteins and micronutrients
necessary for maintenance of proper health, growth and development in view of
climate change effects (Salgueiro et al., 2002, Chan et al., 2007, Masresha Minuye
Tasie and Belay Gezahegn Gebreyes.2020). Determination of proximate composition

of sorghum would improve sorghum utilization and product development in Kenya.

(Masresha Minuye Tasie and Belay Gezahegn Gebreyes. 2020)

The ash % content of sorghum is related to mineral content. The mean for ash % was
1.60% and ranged from 1.52%-1.74%. This range agrees with those reported by
various researchers for various sorghum genotypes evaluated for example 1.30 to 3.40
(Moharram and Youssef, 1995), 0.77 to 1.39 (Chung et al., 2011) 1.43 to 1.92%
(Pontieri et al., 2012), and 1.51 to 2.06% (R. M. E. Hamad, 2006). IESV91104RL
reported the highest ash content of 1.74% and this could be attributed to variations
arising from soil, water, altitude and climatic differences in which the sorghum was

grown (Tasie and Gebreyes. 2020).

The mean for energy content was 353.08Kcal/100g and ranged from 334.3 to 361.5
Kcal. These findings concur with those reported by S.O. Onyango et al. (2020). The
total energy is related with the total carbohydrates (CHO) since it’s the carbohydrates
that are oxidized to release energy in the body for vital body functions. IESV2210
reported the highest energy /cal values of 361.53Kcal. Much of this energy is

contributed by the carbohydrates, fats and to some extent proteins. The genotype

49



IESV2210 with the highest energy value also had the highest fat content (6.56%) and

the highest protein content (12.85%) in this study.

Sorghum is considered a cheaper source of proteins for the poor people residing in the
semi-arid tropics however; its bioavailability is affected by tannins which complexes
with the proteins hence influencing its digestibility after cooking as compared to other
cereals like maize and wheat (Duodu et al., 2002). IESV2210 reported the highest
protein content (12.85%). The range for the protein content among the genotypes was
4.2%-12.85%. Gadam reported the lowest protein content (4.2%) and significant
variations reported among the genotypes. These results agree with findings by Dicko
et al., (2006), Johnson et al., (2010) and Badigannar et al. (2016). The observed
variations in protein contents could be attributed to genotype by environmental
interaction (Deosthole et al., 1972). The genotypes IESV2210, IESV22012,
IESV23010DL and IESV91104RL reported highest protein content as compared to
the rest and as such should be considered for sorghum improvement towards control

of malnutrition in the ASALSs.

The total phenols content ranged from 334.3-628.5mg/100g with a mean of
301.5mg/100g. IESV23006RL reported the highest phenol content of 628.5mg/100g.
Variations in phenolic content in sorghum have been documented. Sedghi et al.
(2010) reported a range of 10mg/100g to 351mg/100g and 0.021 to 0.681%. Kaijage
et al., (2014) reported a range of 2.18%-5.76% on twelve sorghum genotypes in
Tanzania. Food materials containing high phenol content are not favored for
consumption because phenols impact negatively on nutrient availability and
digestibility unless processed adequately (Tasie and Gebreyes, 2020). Phenols also

influences sensory taste of the food by making them bitter hence reducing their
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consumption. The genotypes Gadam, ISCSV111N, and IESV91104RL reported very
low phenol content and are therefore recommended for food product development and
consumption particularly in the developing countries characterized with rapid
population growth and hidden hunger. Phenols have been reported to protect the
sorghum plant against bird attack, fungal infections, insects and parasitic weeds (Beta
et al., 2000). It has also been reported that the polyphenols in the seeds also prevent

losses due to premature germination and damage from mold (Harris and Burns, 1970).

The association between the total phenols with crude fibre content (r=0.539*%*)
implies though, fibre content did not show significant variation among cultivars,
phenolic contents are indicators of high level of crude fibre and therefore phenols can
be used as a secondary selection criterion for fibre content. Crude fibre encompasses a
complex of indigestible sugars, (Awika and Rooney, 2004). The significant positive
correlation observed between total phenols and crude fibers suggest complexes with
phenols in grain sorghum (Dykes and Rooney, 2006). As reported in the present
study, the genotypes that had the highest crude fibre content also had the highest total
phenols and one can therefore safely conclude that these genotypes also had the

highest tannin levels.

Positive correlation observed between total phenols and total oxalates (r=0.836)
suggests that oxalates are associated with phenols and together they form complexes
that renders oxalates non bio-available or low as reported in this study (Awika and
Rooney, 2004). The negative and significant correlation between total phenols and
CHO% (r=-0.929*) and proteins(r=-0.596*) is due to the fact that phenolic acid forms
complexes with proteins, minerals and carbohydrates making them unavailable

(Bryden et al.,2007).
51



In the studied sorghum genotypes, there was a tremendous variation that can be
exploited in breeding cultivars high in polyphenols, low in oxalate content, high in
energy and protein content to mitigate the effect of rising modern life-style diseases,

hidden hunger and malnutrition.

4.5 Conclusion and recommendation

This study found that the sorghum genotypes differed in most of the parameters
evaluated. These variations were attributed to genotypic effects, environmental and
soil type. This study recommends that the genotypes IESV23010DL and IESV2210
are high in protein content and thus should be considered for sorghum improvement
in the ASALs. The genotypes ATX623XMacia and Gadam revealed very low protein

and phenol content and are therefore suited for baking and brewing purposes.

These selected genotypes should be considered by food industries, consumers and
breeders for sorghum improvement for the control of malnutrition and job creation in
the country. It can be concluded from this study that determination of nutritional
components of various sorghum genotypes is important in designing and developing
highly nutritious food products of good quality and also assist breeders in executing a
suitable breeding program for sorghum improvement as well as in improving sorghum

value chain.

This study further recommends that the selected genotypes could be introduced to the
farmers in the semi-arid areas to control rampant malnutrition among school going

children and pregnant women since severe drought is associated with household food
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insecurity and malnutrition. Consequently, these genotypes should be introgressed

into the locally adapted landraces to improve on yield and protein content.
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CHAPTER FIVE
GENE ACTION FOR YIELD RELATED TRAITS IN ELITE SORGHUM
GENOTYPES BRED FOR SEMI-ARID AREAS OF KENYA

Abstract

Sorghum is a promising cereal crop in SSA in view of climate change effect. This
study was undertaken to assess gene action on yield contributing traits on elite
sorghum genotypes bred for the semi-arid areas of Kenya. Four elite genotypes were
selected for the study; 'lESV23006DL and IESV23010DL were used as males
whereas Red Swazi and Wheatland as females. The mating design employed was
North Carolina Mating Design 11. The F; progenies were evaluated under field
conditions at ICRISAT (Kiboko) field station in 2015/2016 and advanced to F,. Seven
agronomic parameters namely; Days to 50% flowering, plant height, grain yield, ear
exertion, panicle length, panicle width and seed set. Grain yield was reported to
associate positively with panicle length, panicle width and plant height. Comparisons
on genetic variances (additive and dominance variance) and dominance ratio in this
study revealed the significance of non-additive gene effect on plant height and panicle
length while the additive effect was found to control grain yield. Day’s t050%
flowering, plant height, grain yields revealed the influence by GCA and SCA effects.
The male parents were better combiners as depicted by their relatively higher GCA
effects and therefore most suited for sorghum nutritional improvement in the ASALS
of Kenya.

Key words: Gene Action, elite sorghum genotypes, GCA, SCA
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5.1 Introduction

Climate change poses the biggest threat to world food security. Most cereals except
sorghum remains very vulnerable to drought effects and may even become extinct by
the year 2050 (Knox et al., 2010). In spite of this, the world population is increasing
rapidly putting a lot of stress on agricultural land and governments on food security.
Sorghum is the only crop projected to withstand climate change and guarantee world
food security (Lobbel et al., 2012). However, sorghum productivity is hampered by
the use of low yielding and low nutritious landraces. The semi-arid areas of Kenya
constitute about 80% of the Kenyan population (Muui et al., 2013). Most of these
people are extremely poor and are not technically and financially equipped to mitigate
the effect of drought. As a result, food insecurity and malnutrition are frequent in
these areas (Riziki and Mwadalu, 2013). Furthermore, sorghum is less preferred

compared to the more vulnerable maize.

Climate change has been associated with genetic erosion. Understanding the
variations on the morphological traits determining grain yield with respect to sorghum
is crucial for breeders in guaranteeing the world future food crisis. The information on
the mode of inheritance on these traits will assist in designing breeding strategies
which will deliver genotypes that are adaptable, high yielding and nutritious. This
study sought to investigate the mode of inheritance of grain yield associated traits
from crosses generated from high yielding and nutritious sorghum genotypes so as to
inform the breeders and policy makers on the need to improve and popularize

sorghum towards realization of food security in view of climate change effect.
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5.2 Materials and Methods

5.2.1 Plant materials
The parental sorghum genotypes that were used are represented in table 5.1.

Table5. 1 Name, Origin, Pedigree, and Role df Parental Materials Used in the Study

Lineno Name Origin Pedigree  Role in the Desirable traits
Cross
1 IESV23006DL ICRISAT Inbred Male High yielding, moderate drought
line tolerance moderate height, high in
protein content
2 IESV23010DL ICRISAT Inbred Male High yielding, moderate drought
line tolerance moderate height, high in
protein content
3 Red Swazi KALRO Landrace  Female Average Yield, tolerant to drought,
low in protein content, average
plant height
4 Wheatland KALRO Landrace  Female Dwarf, highly tolerant to drought,

Average yields, low in protein
content

5.2.2 Field trial

Crossing and field evaluation activities were conducted at KALRO-Kiboko, a sub
center used for dry land research in Makueni County, Eastern Province, Kenya. It is
located about 187 km east of Nairobi. It lies at an altitude 993m above sea level
(ASL) and latitude of 2°15’south and longitude 37°45°E. It is classified under agro-
ecological zone 5. The mean annual rainfall is 615mm with a bimodal distribution.
The short rain is more reliable and falls in October to January with a seasonal mean of
328mm. The long rain falls from March to June with seasonal mean of 233mm.It has
mean annual maximum temperature of 30.6°C, and mean annual minimum
temperature of 17.4°C and overall means temperatures of 24°C. The soils are sandy
clay.

5.2.3 Generation of the crosses

The parental genotypes IESV23006DL and IESV23010DL were used as males

whereas Red Swazi and Wheatland were used as females. The mating design North
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Carolina mating design 11(NCD11) as proposed by Mather and Jinks (1982) was used
to generate the progenies used in the study. At the start of anthesis, the females were
emasculated by hand to kill the pollens grains whereas the males were bagged to
collect the pollens. When the female florets were completely opened the panicle were
reduced to a few florets and pollen transferred to the panicle while shaking gently
followed by bagging to prevent outcrossing. Fertilization were done early in the

morning on receptive stigmas

5.2.4 Field management and evaluation

The F; seeds were harvested and drilled in four-meter rows alongside their parents as
checks in randomized block designs with three replications in short rains 2015/2016.
Spacing used was 0.75m between rows. Thinning was done three weeks after
germination at 0.2m between plants leaving one plant per hill. DAP and CAN
fertilizers were applied at recommended rate of 46 kg P,0s/ha and 54kg/ha,
respectively. Weed control was done three times. Off types were removed regularly
and the true to type Fis were tagged, harvested and seeds processed. During the long
rains, October-November 2015/2016, the F; seeds were advanced to F; in randomized
plots in three replications.

5.2.5 Data collection and analysis

Data was collected on the F, population from middle rows with a net plot area of 6m?
for the major the phenotypic characters as; Days to 50% flowering, plant height,
drought score, panicle yield, panicle length, panicle width, ear exsertion using
sorghum descriptors (IPGRI, 1993) on 40plants that were randomly selected .and
bagged. Analysis of data was done to analysis using Gens tat version 15" Edition

Payne et al., (2011). The ANOVA obtained was used to determine the GCA effects

57



for the parents as outlined by Kearsey and Pooni (1996) as follows; GCAf= Xs-p and
GCA=Xm-u

Where;

GCA, and GCA=GCA of male and female parents respectively

Xt —mean of female parent, Xm-mean of male parent, p-overall mean of all crosses
The SCA effects of the crosses were computed according to (Kearsey and Pooni,
1996) as follows; SCAX =Xy-E (Xx) =X« - [GCA+GCAn+ U]

Where;

SCAL=SCA effects of the two parents in the cross, Xx =observed mean value of the

cross, E (Xyx) =GCAf and GCAm of female and male parents respectively

The standard error (SE) and the standard error of the difference (SED) for the SCA
effects were calculated according to (Dabhokar, 1992 as follows;

SEmale = \ (MSE/s*r*f), SEfemale = v (MSE/s*r*m) and SED male =
(2MSE/s*r*f), SED female= \ (2MSE/s*r*m),

Where:

MSE = mean square error; r = number of replications; f and m = number of female
and male parents, respectively.

5.2 Results

5.2.1Analysis of variance

ANOVA (Table5.2) reported significant difference in terms of plant height, days to
50% flowering and panicle yield among the genotypes signifying greater genetic

variability among the genotypes studied.
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Table 5. 2 Analysis of Variance (ANOVA) for the Genotypes Studied

Sov DF DTF PH SS% PL PW GY EST

Rep 2 1766.86 49357.00 285.68  63.00 6.22 18979.00  11871.00
Gen 3 748.615*** 23851.5%** 51.28 347.00 12,92 S7T732** 913.00
Error 6 352.82 4884.60 102.56  65.00 15.19 66370.00  507.00
CV% 0.00 7.80 0.00 6.30 10.20 - 30.70
LSD 4.99 18.55 2.69 2.14 1.03 75.50 5.96
95%

Key: DF=degrees of freedom, DTF=days to 50% flowering, PH=plant height, SS%=seed set,
PL=panicle length, PW=panicle width, GY =grain yield, EST=ear exsertion, LSD=least significant
differences, CV=coefficient of variation. **p < 5% and ***<p1% levels of probability respectively

When the treatments were partitioned into parents, crosses and their interaction (Table

5.3.), it was found that the crosses differed greatly in days to 50% anthesis and the

panicle characteristics. Both the female and male parents revealed significant

differences in plant height, panicle length panicle width and grain yield. The

interaction between Females X Males displayed significantly for panicle width and

grain yield. The variance estimate (o “°GCA) and (c°ca) were significant for days to

50% flowering, plant height and panicle length. Similarly, the variance estimates for

GCA were equally significant for days to 50% flowering, plant height and panicle

length. The GCA / SCA ratio was greater than one for traits such as panicle length,

panicle width and grain yield and less than one for number of days taken to achieve

50% flowering, and plant height. Highest dominance was reported for days taken to

reach 50% anthesis, plant height, and the panicle attributes such as length and width.

Table 5. 3 Combined Analysis of Variance for Parents and Crosses

SOV DF DTF PH PL PW PY EXS SS%
Crosses 3 62.5* 144.421 20.42** 6.042 2103.7** 12.38 90.00
Female 1 144 122.84%** 121.3** 13.1** 1901.3** 9.31 90.00
Males 1 25.8** 146.033 38.5** 5.9** 1692.3** 10.82 88.33
FemalesxMales 3 10.3 132.42 13.9 5.2** 1520.6** 9.11 88.0
o’Females - 3.01** 2031.20** 8.21** 6.22 160.14 11.73 -
o’Males - 20.63** 1010.44** 6.45** 5.900 120.6 11.73 -1.67
622GCA - 5.23** 1031.14** 7.91%* 0.177 130.5 - -
6?SCA - 8.20** 1310.12** 7.52** 0.144 120.6 - -
6>GCA/6>SCA - 0.63 0.787 1.05 1.229 1.08 - -
G6’A - 0.023 534.1 0.006 0.006 -496.6 - -
oD - 1.087 659.78 0.002 0.010 2915.6 - -
62A/62 D 0.021 0.809 3.05 0.6 -0.170 - -

Key; ***=highly Significant at P<0.01, ** = significant at P<0.05, SOV=source of variation
DF=degrees of freedom, SD=100 seed weight, DTF=Days to 50% flowering, GY-grain yield, PL= panicle
length, PH=plant height, SS=seed set%, EXS=ear exsertion
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The estimates for general combing ability (GCA) (Table5.4) revealed that the male
parents IESV23006DL and IESV23010DL reported negative but highly significant
values for days to 50% anthesis and plant height a marked GCA effect for panicle
weight whereas the female parents (Red Swazi and Wheatland) reported negative
significant GCA for days to 50%Flowering. Red Swazi displayed a marked GCA
effects for plant tallness whereas Wheatland had a bigger negative GCA for plant
height. The GCA for panicle length was negative though not significant in Red Swazi
which also reported positive significant GCA for panicle weight. Among the crosses,
ICSV23006DLX Red Swazi, ICSV23006DL X Wheatland and ICSV23010DL X Red
Swazi reported no significant GCA for days to 50% flowering,
ICSV23010XWheatland reported positive GCA values. No significant GCA was
reported for plant height, panicle length, panicle width, panicle yield, ear exsertion

and seed set% among the crosses.

Table 5. 4 General Combining Ability Effects for the Parents and Crosses According to NCD11 Mating

Design
Male Parents DTF PH PL PW GY EXS SS%
ICSV23006DL 1.62** 40.182** -1.34 8.15**  11.2 -3.37 0.0
ICSV23010DL -1.86*** -43.02** 0.772 8.85** 125 -3.58 0.812
Female Parents
Red Swazi -0.76** 16.50** -1.566 9.20** 9.25 - -
Wheatland -2.02** -20.12 3.478 6.92 10.74 - -
Crosses
ICSV23006DLXRedswazi -0.26 -21.6 -0.66 3.98 0.17 - -
ICSV23006DLXWheatland -0.23 16 -0.49 3.56 0.19 - -
ICSV23010DLXRedswazi -0.36 15.63 -0.52 4.23 0.18 - -
ICSV23010DLXWheatland 0.21 18.36 -0.12 3.68 -0.14 - -

Key; ***=highly Significant at P<0.01, ** = significant at P<0.05, DF=degrees of freedom,
SD=100 seed weight, DTF=Days to 50% flowering, GY-grain yield, PL= panicle length, PH=plant
height, SS=seed set%, EXS=ear exsertion.

The analysis of specific combining ability (Table 5.5) reveals that the cross
IESV23006DL X Red Swazi reported positive and significant SCA for days to 50%

flowering but negative GCA for panicle weight and ear exsertion. Similarly, the cross
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ICSV23010 X Red Swazi reported positive significant SCA for days to 50%
flowering and a non-significant negative ear exsertion. IESV23006DL x Wheatland
reported no significant negative SCA for plant height, panicle length and panicle
weight whereas the cross IESV23010DL X Wheatland gave negative non-significant
SCA for days to 50% flowering and panicle weight but reported positive significant

SCA for panicle length.

Table 5. 5 SCA Effects of the Progenies Tested

CROSSES DTF  PH PL PW GY EXS SS%
(cm) (cm) (cm) (gms)
ICSV23006DLXRedswazi 1.9* -3.10 0.65 -0.5 52.0 15 -
ICSV23006DLXWheatland 0.2 -6.1 -1.2 -0.7 49.2 0.1 -
ICSV23010DLXRedswazi 35** 08 2.9 0.5 46.8 -35 -
ICSV23010XWheatland -0.29  10.30 2.75* -1.7 46.8 0.7 -

**=hjghly Significant at P<0.005, * = significant at P<0.05, DF=degrees of freedom, SD=100 seed
weight DTF=Days to 50% flowering, GY-panicle yield, PL= panicle length, PH=plant height,
SS=seed set%, EXS=ear exsertion, -No data

5.3. Discussion
The ANOVA obtained for parents revealed significant differences for number of days

taken to obtain 50% flowering, plant height and grain yield. This implies that greater
genetic variability exists among these parents with their crosses which could be
exploited for a breeding target. These further demands the need to analyze the SCA
from the populations derived from the crosses. When the treatments were partitioned
into parents, crosses and their interaction, it was found that the crosses showed
significant differences in days to 50%flowering, panicle length and yield. The male
and female parents revealed significant differences in plant height, panicle length,
panicle width and grain yield. The Females x Males interaction displayed significant
scores for panicle width and grain yield. The male parents displayed remarkable
variances in as far as days to 50% flowering, panicle length, panicle width and grain

yield are concerned better than the females implying that that they are better
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combiners and can produce progenies with desired traits. This is in agreement with
Kale (2016) who found similar results while working on gene action in sorghum on

different environment.

GCA represents the fixable parts of the genetic variance present and is useful in the
breeding of high yielding genotypes. The estimates for general combing ability
(GCA) in this study revealed that the male parents IESV23006DL and IESV23010DL
reported highly negative significant values for days to attain 50% anthesis and plant
height. Similarly, the male parents reported positive and significant GCA values for
panicle weight. The female parents (Red Swazi and Wheatland) also reported
significant but negative GCA for days to 50% anthesis. Red Swazi (parent) gave
positive significant GCA for plant height whereas Wheatland had a bigger negative
GCA for the same trait. The GCA for panicle length was negative though not
significant in Red Swazi which also reported positive significant GCA for panicle
weight. These results conform to those reported by Gilchrest et al., (2017). Parents
reporting significant but positive GCA values for plant height also yielded better
signifying a strong relationship between GCA and performance per se and can be
considered good parents in agreements with those reported by lyamar et al. (2001)
and Chaundry et al. (2006). Negative GCA for plant height is desirable in sorghum
improvement programs since it’s highly correlated to dwarfness and hence making
plants to resist lodging and facilitates easier harvesting using combine harvesters
(Fellahi et al., 2013). Consequently, negative combining ability effect in sorghum is

desirable since it is correlated with earliness (Makanda, 2017).

Plant height modification is probable using these lines since it has been shown to be

controlled to a bigger extent by additive genes effects as portrayed in their remarkable
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GCA effects (Justine et al., 2015). Negative GCA for panicle exsertion is undesirable
since leaf sheath encourages the development of fungal infections and insect larvae at
the base of the panicle and the whole panicle (Dogget, 1988). Crosses reporting
positively significant general combining ability effects for plant height also reported
good vyield performance pointing a correlation between the two traits and thus can be

regarded as good combiners. This concurs with reports by Kulakarni et al. (2006).

The specific combining ability (SCA) reveals that the cross IESV23006DL X Red
Swazi reported significant SCA for days to 50% flowering but negative GCA for
panicle weight and ear exsertion. Similarly, the cross ICSV23010 X Red Swazi
reported positive SCA for days to 50% flowering. IESV23006DL X Wheatland
reported no significant negative SCA for plant height, panicle length and panicle
weight whereas, the cross IESV23010DL X Wheatland gave negative non-significant
SCA for days to 50% flowering and panicle weight but reported positive significant
SCA for panicle length. A large positive significant SCA implies that the parents are
good combiners and that they provided adequate ground for the expression of the
desirable alleles influencing the trait even though the parents did not express any trait

superiority (Gilchrest, 2017).

The variance estimate o 2GCA and 6°SCA were positive for days to 50% flowering,
plant height and panicle length. The variance due to SCA was higher than GCA
suggesting the role of non-additive gene action in the inheritance of the trait and this
could be attributed to complementarily between the parents (Gilchrest, 2017). The
GCA / SCA ratio was greater than one for panicle traits implied the role of additive

gene action. This corroborates those reported by Aruna et al., (2010). The ratio
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GCA/SCA for days to 50% flowering and plant height was less than unity suggesting
that gene control is non-additive. Mohammed (2009) reported that additive gene
action was noted to control days to 50% flowering and forage yield while non-
additive gene effects influenced plant height where 62GCA/o2SCA ratio was less than
one. Mahdy et al. (2011) found that both additive and non-additive gene action were
important for inheritance of plant height and grain yield, and they found the additive
effect-controlled days to anthesis. Several researchers indicated the preponderance of
additive and non-additive gene action in heritance of grain yield and some agronomic
traits (Kenga et al., 2004; Abdel-Mottaleb, 2009; Mohammed, 2009; Mahday et al.,

2011).

The variances due to dominance effect (6> D) were bigger compared to additive
variances (c?A) in most traits studied with the exemption of panicle length. This
agrees with those reported by Fellahi et al., (2013) and Rani et al., (2015). The
variations noted in additive variance with GCA and dominance variance with SCA
variance followed by subsequent estimation of the ratio 6°A/c® D which was more
than unitary for the panicle length, panicle width and panicle yield revealed the
preponderance gene influence on the traits. For characters such as days to 50%
flowering, plant height, ear exsertion, seed set, additive gene action was predominant.

Similar findings were reported by Kenga et al., (2005) and Tadesse et al. (2008).

5.4 Conclusion and Recommendations
There is need for exploitation of genetic variability for crop improvement purposes.
The genotypes that exhibit higher GCA could be exploited for sorghum improvement

programs through accumulation of desirable alleles using a suitable breeding method.
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In this study, the male parents IESV23006DL and IESV23010DL reported higher
GCA for panicle yield and yield determining traits and thus could be utilized for
advancing sorghum hybridization programs in the semi-arid areas. Similarly, the
crosses exhibited higher SCA for panicle yield and plant height. Comparisons on
genetic components (additive and dominance variance) and dominance ration in this
study revealed the preponderance of dominant gene influence for yield associated
characters while major gene effects were significant for panicle yield. Thus, superior
genotypes should be selected from the segregating F2 population and advanced

further.
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CHAPTER SIX

GENERAL DISCUSSION, CONCLUSION AND RECOMMENDATIONS

6.1 Introduction and Conclusion

The use of sorghum is becoming popular over the world due to its ability to tolerate
drought stress. In Kenya ASALs, drought stress continues to lower agricultural
productivity especially on the most preferred maize crop resulting to rampant food
insecurity and malnutrition. Farmers in the ASALSs regions of Kenya still insist on
growing the less tolerant maize and, in a few cases, sorghum land races which take
longer time to mature and are low yielding. In an attempt to address the agricultural
production constraints, the NARS has developed and released new improved sorghum
genotypes with better adaptation to water stress and nutrition while guaranteeing good
yields. Therefore, the study was conducted under the following objectives (1) to
evaluate elite sorghum genotypes from KALRO for grain yield under drought stress,
(2) to evaluate the elite sorghum genotypes from ICRISAT for proximate composition

and (3) to investigate gene action on grain yield determining traits.

To evaluate the sorghum genotypes for grain yield and drought, seven sorghum
genotypes were grown at KALRO Kiboko for two seasons. Significant genotype by
season interaction was reported among the traits studied. During season 1, early
flowering was noted. The genotypes Red Swazi, Gadam, and Seredo gave the highest
grain yields whereas Wheatland 1S#76-23 and Red Swazi were the earliest maturing
genotypes. The positive correlation between drought and seed set confirmed that the

genotypes studied were also drought tolerant.
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For proximate composition determination, larger genotypic differences were observed
among the sorghum genotypes. High phenol content was associated with high crude
fibre content which constitutes complex carbon derivatives. Therefore, selection for
crude fibre should be considered alongside phenols. This study revealed that the
genotypes that reported highest crude fibre also had the highest total phenols implying
that these genotypes also had the highest tannin levels (Awika and Rooney, 2004).
The levels of oxalates reported were very low and varied from 0.3-0.45% and this
therefore makes sorghum one of the few cereal crops with favorable levels of
oxalates. A diet having high oxalates more than 50mg per day is not recommended
since it results into a condition known as oxalosis (Helen Comer et al., 2017). The
positive correlation between total phenols and total oxalates (r=0.836) suggested that
oxalates are associated with phenols and together they form complexes that renders
oxalates unavailable, or low. These make sorghum diets ideal as high oxalate diets are
not recommended for human diet as reported (Awika and Rooney, 2004). Genotypes
assessed me this study showed great variation in terms of proteins that could be
exploited in breeding cultivars with high proteins to mitigate the effect of malnutrition

in the ASALSs.

The genotypes that exhibited higher GCA should be exploited for sorghum
improvement programs through accumulation of desirable alleles using a suitable
breeding method. In this study, the male parents IESV23006DL and IESV23010DL
showed good GCA for grain yield and other yield contributing traits and thus can be
utilized to develop superior sorghum varieties for release in the ASALs. The
differences noted from additive and dominance variances with dominance ratios

points to the preponderance of dominant gene effect on yield contributing traits while
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major gene influence was found significant for panicle yield. The male parents
displayed significant differences in days to 50% flowering, panicle length, width and
yield than the females implying that that they are better combiners and can produce

progenies with desired traits.

6.3 Recommendations

The following recommendations have therefore been made from the study;

1. The genetic information on gene action, genetic variability, and heritability on
the sorghum genotypes under study concerning grain yield should be exploited
for sorghum improvement purposes.

2. Information on correlation among traits should be exploited in the selection of
quantitative traits for future sorghum improvement with emphasis on the
strength and direction of the trait association.

3. Molecular techniques should be employed in the validation of genes
responsible for drought response and total phenol content.

4. The segregating populations from the crosses should be evaluated further to

identify the best performing once for possible release to the farmer

68



REFERENCES

Badigannavar, A., Girish, G., Ramachandran V. and Ganapathi, T. R. (2016).
“Genotypic variation for seed protein and mineral content among post-rainy

season-grown sorghum genotypes,” The Crop Journal, vol. 4, no. 1, pp. 61-67

Abdel-Mottaleb, A, A. (2009). Heterosis and combining ability in grain sorghum
(Sorghum bicolor L. Moench) under optimum and low level of nitrogen. Ph.D.

thesis, Faculty of Agriculture, Assiut University, Egypt

Abdelseed, B.H. (2000). Effect the fermentation on the nutritive value of four
sorghum lines. Thesis MSc Faculty of Agriculture, U of K.

Abdi, A., Bekele, E., Asfaw, Z. and Teshome, A. (2002). Patterns of morphological
variation of sorghum (Sorghum bicolor (L.) Moench) landraces in qualitative
characters in North Shewa and South Welo, Ethiopia. Hereditas 137: 161-
172.

Abu, A.E, Aba, D.A, Chindo., P.S, Ango., K.M. and Maigida, D.N. (2001).
Biochemical evaluation of ten sorghum cultivars compared with Wheat for

baking characteristics. Institute of Agricultural Research, Zaria.

Abubakar, L.and Bubuche, T.S.(2013) Genotype x environment interaction on
biomass production in sorghum (Sorghum bicolor L. Moench) in North-
Western Nigeria. African Journal of Agricultural Research, 8 (35). pp. 4460-
4465.

Acquaah, G. (2007). Principles of plant genetics and breeding. Blackwell Publishing,
Carlton, Australia.

Acquaah, G. (2012). Principles of plant genetics and breeding. 2nd ed. Wiley-
Blackwell, Oxford University press.

Adeline, B., Monique, D., Eric, G. Doyle., M.K. and Hellen, 1.J. (2007). Local genetic
diversity of sorghum in a village in Northern Cameroon. Structure and

dynamics of landraces. Theoretical and applied genetics.

Agboma, P.C., Jones, M.G.K., Rita, P.H, and Pehu, E. (1997). Exogeneous glycine-
betaine enhances grain yield of maize, sorghum, and wheat growth under

69



supplementary water regimes. Journal of Agronomy and Crop Science.178:29-
37.

Ahmad, S.Q., Khan S., Ghaffar, M. and Ahmad F. (2011). Genetic diversity analysis
for yield and other parameters in maize (Zea Mays L.) genotypes. Asian J.
Agric. Sci. 3(5), 385-388.

Ahmed, M. EI Naim., Ibrahim M. Ibrahim., Mohammed, E. Abdel Rahman., Elshiekh
A. Ibrahim. (2012). Evaluation of Some Local Sorghum (Sorghum Bicolor L.
Moench) Genotypes in Rain- Fed environment. Journal of Plant Research
2(1): 15-20.

Akinsola, R.O. (1993). Nutritional value of some poultry feeds in Nigeria. MSc
Dissertation, Bayero University, Kano. Pp 12-35.

Albayrak, S., O. Tongel., M. Guler, (2005). Stability analysis and determination of
seed yield and yield componets of candidate vetch (Vicia sativa L.) varieties in
Middle Black Sea Region. The Journal of Agricultural Faculty of Ondokuz
Mayis University. 20 (1):50-55.

AOAC. (1993). Official methods of analysis of the association of official analytical
chemist, 15th INC, Suite400, 2200 Wilson Boulevard Arlington, Virginia
22201, USA.

Arnon, D.I. (1995). Criteria of essentiality of inorganic micro-nutrients for plants with
special reference to molybdenum in trace elements in plant physiology.
Chronica Botanical Company, Waltham mass. Pp 120.

Arumuganathan, K. and Earle, E.D. (1991) Estimation of nuclear DNA content of
plants by flow cytometry. Plant Molecular Biology 9:229-233.

Aruna, C., S. Audilakshmi, and C.D. Reddy. (2010). Sorghum germplasm for vyield
improvement and evaluation of sorghum [Sorghum bicolor (L.) Moench]
germplasm lines for their yield components. Indian J. Agric. Sci. 80:409-412.

Asha, V.B., Geetha, K., Sheela, K., and Nanapal, G.N. (2005). Nutritional
composition of Sorghum and Moth Bean. Incorporated Traditional Recipes.
Journal of Human Ecology 17 (3): Pp 201-203

Ashiono, G., B, Ouma., J. P. Gatwiku. (2006). Farmyard manure as an alternative
source in production of cold tolerant sorghum in the dry highlands of Kenya.

Journal of agronomy 5(2):201-204.

70



Assefa, K., Ketema, S., Tefera, H., Nguyen, H.T., Blum, A., Ayele, M., Bai, G.,
Simane, B. and Kefyalew, T. (1999). Diversity among germplasm lines of the
Ethiopian cereal tef (Eragrostis tef (Zucc.) Trotter). Euphytica, 106, 87-97.

Atlin, G.N., Frey, K.J. (1989). Predicting the relative effectiveness of direct versus
indirect selection for oat yield in three types of stress environments. Euphytica
44:137-142.

Awad, A. Ahmed., Mohamed, S. M., Hassan, Ahmed., M. El Naim. (2016).
Evaluation of Some Local Sorghum Genotypes in Northern Kordofan of
Sudan Semi-Arid Agro Ecological. Environment. International Journal of
Agriculture and Forestry.6 (1), 54-57.

Awika, J.M. and Rooney, L. W. (2004). Sorghum phytochemicals and their potential
impact on human health. Phyto-chemistry 65(9):1199-1221.

Badwal, S.S. (1970). Correlation between grain and fodder yield in jowar. Madras
Agric. J. 58:531-533.

Barron, J. J. Rockstrom, F. Gichuki, and N. Hatibu. (2003). Dry spell analysis and
maize yields for two semi- arid locations in East Africa. Agric. For.
Meteorol.117: 23 — 37.

Barron, J. (2004). Dry spell mitigation to upgrade semi-arid rain fed agriculture:
Water harvesting and soil nutrient management for smallholder maize
cultivation in Machakos, Kenya. Ph.D. thesis in Natural Resources
Management. Department of Systems Ecology, Stockholm University,

Sweden

Beil, G.M. and R. E. Atkins. (1967). Estimates of general and specific combining
ability in F1 hybrids for yield and its components in grain sorghum, Sorghum
vulgare Pers. Crop Sci. 7:224-228

Belete, T. (2018) Breeding for Resistance to Drought: A Case in Sorghum (Sorghum
bicolor (L.) Moench). J Agric Forest Meteorol Res, 1(1): 1-10.

Bello. D., A.M. Kadams., S.Y. Simon. And D.S. Mashi. (2007). Studies on Genetic
Variability in Cultivated Sorghum (Sorghum bicolor L. Moench) Cultivars of

71



Adamawa State Nigeria.Nig. J. Trop. Agric., A Publication of SAAT, FUT,
Yola, Nigeria, 3: 4-9

Bello, D., Kadams, A.M. and Simon, S.Y. (2001). Correlation and Path Coefficient
analysis of grain yield and its components in Sorghum. Nig. J. Trop. Agric., A
Publication of SAAT, FUT, Yola, Nigeria,3: 4-9

Bello, O. B. and Olaoye, G. (2007). Combining ability for maize grain yield and other
agronomic characters in a typical southern guinea savanna ecology of Nigeria.
Afr. J. Biotechnol. 2009; 8 (11): 2518-2522

Bello, O. B., Ige, S. A., Azeez, M. A., Afolabi, M. S., Abdulmalig, S. Y. and
Mahamood, J. (2012). Heritability and Genetic Advance for Grain Yield and
its Component Characters in Maize (Zea Mays L.). International Journal of
Plant Research, 2(5), 138-145., http://dx.doi.org/10.5923/j.plant.20120205.01

Beta T, Rooney, L W, Waniska, R. D. (1995). Malting characteristics of sorghum
cultivars. Cereal Chemistry 72(6):533-538.

Beta, T., Rooney, L. W., Marovatsanga, L. T. and Taylor, J. R. N. (1999). Phenolic

compounds and kernel characteristics of Zimbabwean Sorghums. J. Sci. Food
Agric., 79, pp 1003-1010.

Bibi, A., Sadagat, H.A., Akram, H.M., Mohammed, M.l. (2010.) Physiological
markers for screening sorghum (Sorghum bicolor) germplasm under stress
condition. Int J Agric Biol 12:451-455.

Biswas, B.K., Hasanuzzaman, M., Eltaj, F., Alam, M.S and Amin, M.R. (2001).
Simultaneous selection for fodder and grain yield in sorghum. J. Biol. Sci., 1:
319-320.

Blum, A. (1988). Plant Breeding for Stress Environments. CRC Press, Boca Raton,
Florida.

Blum, A. (1996). Crop responses to drought and the interpretation of adaptation. Plant
Growth Regul. 20:135-148.

Blum, A. (2011). Drought resistance and its improvement. In: Blum A. (ed) Plant
Breeding for Water-Limited Environments. Springer Science and Business
Media, NY, pp. 53-137.

Blum, A. (1979). Genetic improvement of drought resistance in crop plants: a case for
sorghum. In Mussell, H and Staples, R. Eds. Stess physiology in crop plants
pp.429-445.Wiley, New York.

72


http://dx.doi.org/10.5923/j.plant.20120205.01

Bohra, P.S.P., P.S. Phul, and A. Rang, (1985). Association analysis for yield and
quality traits in sorghum. Crop Improv. 12:89-93.

Borrell, A.K, Hammer, G.L, Douglass, A.C.L. (2000). Does maintaining green leaf
area in sorghum improve yield under drought? Leaf growth and senescence.
Crop Sci 40: 1026-1037.

Boyer, J.S. (1982) Plant production and environment. Science 218:443-448.

Bozoglu, H., A. Gulumser. (2000). Determination of genotype x environment
interactions of some agronomic characters in dry bean (Phaseolus vulgaris L.).
Turk J Agric For. 24: 211- 220.

Bramel-Cox., K.A Kumar, J.D., Hancock and D.J. Andrews. (1995). Sorghum and
millets for forage and feed pp. 325-354.

Bruckner, P.L., Frohberg, R.C. (1987). Stress tolerance and adaptation in spring
wheat. Crop Sci 27: 31-36.

Bryden, W. L., Selle, P.H., Ravindran, V., Acamovic, T. (2007). Phytase: an anti-
nutrient factor in animal diets. In: Poisonous plants: global research and
solutions. (Editors: K, E. Panter, T L, Wierenga, and J A, Pfister) Page 279.
CABI Publ. Wallingford, U. K.

Burns, R.E. (1963). Methods of tannin analysis for forage crop evaluation. Georgia.
Agricultural experiment station technical bulletin, 32, pp 1-14.
Burton, G.W. and De Vane, E.H. (1953). Estimating heritability in tall fescue (Fistvea

arundinacea) from replicated clonal material. Agr. J.45: 284-291

Campos, H., Cooper, M., Habben, J.E, Edmeades, G.O, Schussler, J.R. (2004).
Improving drought tolerance in maize: A view from industry. Field Crops Res.
90:19-34.

Chamberlin J, Jayne TS, Headey, D. (2014).Scarcity amidst abundance? Reassessing
the potential for cropland expansion in Africa. Food Policy, 48: 51-65.

Chandrashekar, A., Kirleis, A.W. (1988). Influence of protein on starch geneticization

in sorghum. Journal of cereal chemistry, 65: 457-462.

Chapman, S.C., Cooper, M, Butler, D.G, Henzell, R.G. (2000a). Genotype by
environment interactions affecting grain sorghum: In Characteristics that
confound interpretation of hybrid yield. Aust. J. Agric. Res. 51:197-207.

73


https://www.sciencedirect.com/science/article/pii/S0306919214000761#!
https://www.sciencedirect.com/science/article/pii/S0306919214000761#!
https://www.sciencedirect.com/science/article/pii/S0306919214000761#!

Chaudhary, S.B., J.V. Patil., B.B. Thombare, and V.M. Kulkarni. (2006). Selection of
parents based on combining ability in sorghum [Sorghum bicolor L. Moench].
Ann. Plant Physiol. 20:95-97.

Chavan, S.K., R.C. Mahajan, and S.U. Fatak. (2011). Correlation and path analysis
studies in sorghum. Crop Res. 42:246-250.

Cherula, C and Rao, P.G. (1989). Genetic variability and character association for
yield and yield components in winter sorghum. J Res. A.P.A.U. 17(1): 4-7.

Chimoita, E.L., Onyango, C.M., Kimenju, J.W., Onyango, J.G.P. (2017).Agricultural
Agents influence on the Uptake of Improved Sorghum Technologies. Journal
of Agricultural Research. 5(4):219-225.

Cho, C. M., Ko, J. H. and Cheong, W. J. (2000). The effect of fermentation and
drying on the water-soluble vitamin content of tahara, a traditional Turkish
food. Talanta. 51, pp 799.

Ciacci, C., Maiuri, L., Caporaso, N., Bucci, C., Giudice, L. D., Massardo, D. R.,
Pontieri, P., Fonzo, N. D., Bean, S. R., loerger, B., and Londei, M. (2007).
Celiac disease: in vitro and in vivo safety and palatability of wheat-free

sorghum food products. Clinical Nutrition. 26:799-805.

Clement Karari. (2006). Characterization of sorghum (Sorghum bicolor (L). Moench.)
Parental lines and prediction of their hybrid performance under simulated
water and population density stress. PhD. Dissertation, University of
KwaZulu Natal.

Collins, F.C. and R.C. Pickett. (1972). Combining ability for protein and lysine in an
incomplete diallel of sorghum (Sorghum bicolor (L) Moench). Crop Sci.12:5-
6.

Comstock, R.E. and H.F. Robinson. (1952). The components of genetic variances in
populations of biparental progenies and their use in estimating the average
degree of dominance. Biometrics, 4:524-266.

Dar, W.D., Reddy B.V.S., Gowda, C.L.L, Ramesh, S. (2006). Genetic resources
enhancement of ICRISAT-mandated crops. Curr. Sci. 91:880-884.

74


https://profiles.uonbi.ac.ke/echimoita/publications/agricultural-agents-influence-uptake-improved-sorghum-technologies
https://profiles.uonbi.ac.ke/echimoita/publications/agricultural-agents-influence-uptake-improved-sorghum-technologies

Degu, E., A. Debello, and K. Belete. (2009). Combining ability study for grain yield
and vyield related traits of grain sorghum [Sorghum bicolor (L.) Moench] in
Ethiopia. Acta Agronomica Hungarica 57:175-184.

Desogbo, Z.S., N. E and Dzudie, T. (2013). Use of response surface methodology for
optimizing the action of mashing enzymes on wort reducing sugars of the

Madjeru sorghum cultivar. African J. of Food Sc; 5: 91-99.

Devi, G, Villas., A. Tonapi, (2017). Nutritional and health benefits of millets ICAR-
India institute of millets Research (IIMR) Ranjendranagar, Hyderabad, and IP
112.

Dicko, M. H., Gruppen, Traore A.S., Voragen, A. T, Berkel, W. H. (2006). Sorghum
grain as human feed in Africa: relevance of content of starch and amylase
activities. African journal of biotechnology 5(5): 384-395.

Dicko, M. H., Gruppen H. Traore A. S., Van Berkel W. J. H. and Voragen A. G. J.
(2005). Evaluation of the effect of germination on phenolic compounds and
antioxidant activities in sorghum varieties. J. Agri. And Food Chem., 53, pp
2581-2588.

Dimitrios, B. (2006). Sources of natural phenolic antioxidants — review. Trends in
Food Science and Technology; 17, 505-512.

Diplock, A. T., Charleux, J. L., Crozier-Willi, G. (1998). Functional food science and
defense against reactive oxidative species. British Journal of Nutrition
80(Suppl 1): S77-S112.

Doggett, H. (1988). Sorghum. 2nd ed. Longman Scientific and Technical,
London.p:512

Dowling, L. F., C. Arndt and B. R. Hamker. (2002). Economic viability of high
digestibility sorghum as food for market broiler. Agronomy J. 94, pp 1050-
1058.

Drinah, B. C. Banda, N. and Pran, V. (1990). Nutritional Improvement of Tannin-
Containing Sorghums (Sorghum bicolor) by Sodium Bicarbonate. Cereal
Chem., 67(6), pp 533-537.

Duodu, K.G., Taylor, J.R. N., Belton, P. S., Hamaker, B. R (2003). Factors affecting
sorghum protein digestibility. Journal of Cereal Science, 35: 161-174

75



Dykes, L and Rooney, L.W. (2006). Sorghum and millet phenols and antioxidants
Journal of Cereal Science 44: 236- 251.

E. Maxson and L. Rooney. (1972). “Evaluation of methods for tannin analysis

in sorghum grain,” Cereal Chemistry, vol. 49, no. 6, p. 7109.

Ebadi, M. R., J. Pourreza, J. Jamalia, M. A. Edris, A. H. Samie and S. A. Mirhadi.
(2005). Amin acid content and availability in low, medium and high tannin
sorghum in grain for poultry. Int. J. Poult. Sci., 1, pp 27-31.

Eggum, B. O., Monawar, L., Back Knudsen, K. E., Munck, L. and Axtel, J. (1983).
Nutritional quality of sorghum and sorghum foods from Sudan. J. Cereal
Science, 1:127-137.

Esperance Habindavyi, (2009). Morphological characterization of Sorghum

(Sorghum bicolor) diversity in Burundi. Msc. Thesis.

Etuk, E. B., Ifeduba, A. V., Okata, U. E., Chiaka I., Okoli., feanyi, C., Okeudo N. J.,
Esonu B. O., Udedibie, A. B. I. and Moreki, J. C. 2012. Nutrient Composition
and Feeding Value of Sorghum for Livestock and Poultry. J. Anim. Sci. Adv.,
2(6):510-524

Evans, L.T. (1993). Crop evolution, adaptation and yield. Cambridge University
Press. London, UK.

Evans, L.T., Ward law, I.F. (1976). Aspects of the comparative physiology of grain
yield in cereals. Adv Agron 28: 301-359.

F. A. O. (1995). Sorghum and Millets in Human Nutrition. Food and Nutrition Series
FAO Rome Italy Pp 49-86.

Faisal, E.A., Aisha, O.A.H. (2011). Genotype X seed production environment
interaction on the performance of sorghum (Sorghum bicolor [L.] Moench)
under irrigation. Agric. Biol. J. North Am. 2(4):2151-7517.

Fakorede, M. A. B., Opeke, B. O. (1985). Weather factors affecting the response of
maize to planting dates in tropical rain forest location. Exp. Agric. 21: 31-40

Falconer, D.S and Mackay, T.F.C. (1996). Introduction to quantitative genetics. 4th
ed. Benjamin Cummings, England, pp. 245-247.

76



FAO, (2012). Improvement and production of maize, sorghum and millets, Swedish
funds in trust, FAO, Rome, Italy.

Farooq, M., M. Hussain., Abdul Wahid and K. H. M. Siddique, (2012). Drought
Stress in Plants: An Overview genotypes for traits related to drought tolerance.
Field Crops Res, 123: 10-18.

Fasoula, D.A and V.A Fasoula, (1997). Competitive ability and plant breeding. Plant
breeding reviews 14:89-138.

Fellahi, Zine El-Abidine., A. Hannachi, H. Bouzerzour, and A. Boutekrabt, (2013).
Line x tester mating design analysis for grain yield and yield related traits in
bread wheat (Triticum aestivum L.) (Accessed 25 April 2017).
https://www.hindawi.com/journals/ija/ 2013/201851/

Fernandez, G.C.J. (1992). Effective selection criteria for assessing stress tolerance. In:
Kuo, C.G. (Ed) Proceedings of the International Symposium on "Adaptation of
Vegetables and Other Food Crops in Temperature and Water Stress". 13-16
Aug 1991. Tainan, Taiwan. pp. 257-270.

Fetene, M. Okori, P. Mneney, E. Tesfaye, K. (2011). Delivering new sorghum and
finger millet innovations for food security and improving livelihoods in
eastern Africa, Nairobi, Kenya.

Fick, G.N. and J.F. Miller, (1997). Sunflower Breeding. In: AA Schneiter (ed.)
Sunflower Technology and Production. ASA SCSA and SSSA Monograph.
No: 35. Madison, WI, USA, P.395-440.

Fischer, G. (2009). World Food and Agriculture to 2030/50: How do climate change
and bio energy alter the long-term outlook for food, agriculture and resource
availability? Paper presented at FAO Expert meeting on how to feed the world
in 2050, Rome, Italy.

Foster, V., and C. Briceno-Garmendia, (2010.) Africa’s infrastructure: a time for
transformation. World Bank, Washington, DC.

G. Burton and D. E. Vane, (1953). “Estimating heritability in tall fescue (Festuca
arundinacea) from replicated clonal material,” Agronomy Journal, vol. 45, pp.
478-481

Gaff, D.F. (1980). Protoplasmic tolerance to extreme water stress. In: Turner, N .C
.and Kramer, P.J. (eds.) Adaptation of plants to water and high temperature
stress. Wiley, New York, pp: 207-230.

77



Gerda, M. Christopher, D.V. (2007). Can GM sorghum impact Africa? Trends in
Biotechnology 26(2):64-68

Ghazy.Mona M.F., Shadia, M.S, Magda, N. (2012). Genotype—environment
interactions and stability analysis for dry-matter yield and seed yield in
Hungarian vetch (Viciapannonica Crantz.). Moench). J. Agric. Res. Kafer El-
Sheikh Univ. 38(1):142-153.

Giriraj, K. and Goud, J.V. (1983). Association of yield components and development
traits in grain sorghum. Indian Journal of Agricultural Science 53: 5-8.

Godbharle, AW. More, and S.S. Ambekar, (2010). Genetic Variability and
Correlation Studies in elite ‘B’ and ‘R’ lines in Kharif Sorghum. Journal of
Plant Breeding, 1(4): 989-993

Gomez, K.A. and Gomez, A.A. (1984). Statistical procedures for Agricultural
research. 2" Edition, John Wiley and sons, New York

Goud, J.V., and B.M. Asawa, (1978). Yield components in sorghum. Mysore J. Agric.
Sci. 12:265-268.

lyanar, K., A. Gopalan, and P. Ramasamy, (2001a). Combining ability analysis in
sorghum [Sorghum bicolor (L.) Moench]. Ann. Agric. Res. new series 22:341-
345.

Griffing, B. (1956b). The concept of general and specific combining ability in relation
to diallel crossing systems. Aus. J. Biol. Sci.9:463-493.

Habyarimana, E. Laureti, D. de Ninno, M. Lorenzoni, C. (2004). Performance of
biomass sorghum (Sorghum bicolor L. Moench) under different water regimes
in Mediterranean region. Indus. Crops Prod. 20:23-28.

Hahn, D. H., Rooney, L. W. and Earp, C. F. (1984). Tannins and phenols of sorghum.
Cereal Foods World.29:776 — 779.

Hamza, N.B., N. Sharma, A. Tripathi, and N. Sanan-Mishra, (2016). MicroRNA
expression profiles in response to drought stress in Sorghum bicolor. Gene
Exp. Patterns, 20: 88-89.

Hansen, M. M. and K.L.D. Mensberg, (1998). Genetic differentiation and relationship
between enetic and geographical distance in Danish sea trout (Sa/motruttal.)
populations. Heredity: 81:493-508.

78



Harlan, J.R and J.M.J. de Wet. (1972). A simplified Classification of sorghum. Crop
Science 12:172-176.

Holmstrom, K.O, Mantyia, E. Welin, B. Mandal, A. Palva, E.T. (1996). Drought
tolerance in tobacco. Nature 379:683-684.

House, L. R, D. S. Murty, M. Gomez, B. N. Verma, and Yi Sun, (2000). The
development of Agricultural industries in several African and Asian Countries,
pp.131-191. In sorghum: Origin, history, technology and production, Wayne
C. S. and Richard A. Fredriksen (eds.) John Wiley and sons Inc., New York.

House, L.R. (1985). A guide to sorghum breeding, first edition. International Crops
Research Institute for the Semi-arid Tropics (ICRISAT), Patancheru, India,
P.O. Andhra Pradesh, India 502324, pp.2-13, 34-94 and 96-1609.

Howarth, C.J., Rattunde, E.W., Bidinger, F.R.and Harris, D. (1997). Seedling survival
of abiotic stress: sorghum and pearl millet. Proceedings of the international
conference on genetic of sorghum and pearl millet improvement.
INTSORMIL. Lincoln, NE.Pp.379-399.

Hu, F. B. (2002). Dietary pattern analysis: A new direction in nutritional
epidemiology. Current Opinion in Lipidology 13(1):3-9.

Huho Julius, M. and Edward, M. Mugalavai, (2014). The effects of drought on food
security in Kenya. The journal of climate change; Impact and Responses Vol,
2.

Hulme, M., Doherty, R. M., Ngara, T., New, M. G. and Lister, D. (2001), African
climate change: 1900-2100. Climate Res. 17, 145-168.

Hulse, J.H., Laing, E.M., Pearson, O.E. (1980) Sorghum and millets: Their
composition and nutritive value. Academic Press, London.

Hussien Shimelis, Pangirayi Tongoona, and Mark Laing, (2015) Physiological
mechanisms of drought tolerance in sorghum, genetic basis and breeding
methods: A review. African Journal of Agricultural Research

I.M. Chung., E. H. Kim., M. A. Yeo., S. J. Kim., M.C. Seo., and H. I. Moon, (2011)
“Antidiabetic effects of three Korean sorghum phenolic extracts in normal and
streptozotocin-induced diabetic rats,” Food Research International, vol. 44,
no. 1, pp. 127-132,

79



IBPGR/ICRISAT, (1993). Descriptors for sorghum. IBPGR Secretariat, FAO, Rome,
Italy: pp. 1-26.

Ihekoronye, A.l and Ngoddy, P.O. (1985). Integrated Food Science and Technology
for Tropics. MacMillan Education Ltd.

International Board for Plant Genetic Resources (IBPGR), (1987). Catalogue of
passport and characterization data of sorghum, pearl millet and finger millet
germplasm in Zimbabwe.

lyanar, K., A. Gopalan, and P. Ramasamy, (2001a). Combining ability analysis in
sorghum (Sorghum bicolor (L.) Moench). Ann. Agric. Res. new series 22:341-
345.

J. Kaijage, S. Mutayoba, and A. Katule, (2014) “Chemical composition and nutritive
value of Tanzanian grain sorghum varieties,” Livestock Research for Rural

Development, vol. 26, p. 177.

Jayasudha, S.and D. Sharma. (2009). Combining ability and gene action analysis for
yield and its components in rice (Oryza sativa L.). J. Rice Res. 2:105-111.

Jayaprakash, P., S. Ganapathy, and M.A. Pillai. (1997). Correlation and path analysis
in sorghum (Sorghum bicolor (L.) Moench) Ann. Agric. Res. 18:309-312.

Jimoh, W.L.O.and Abdullahi, M.S. (2017). Proximate analysis of selected sorghum
cultivars. Bayero Journal of Pure and Applied Sciences, 10(1): 285 - 288.

Jody, R. Gilchrest. (2017). Evaluation of Partially Converted Lines from the Sorghum
Conversion Program to Determine Combining Ability and Heterosis for Early
Testing. PhD Dissertation submitted to the University of West Texas AandM
University Canyon, Texas.

Johnson, D. A (1980). Adaptation of plants to water and high temperature stress. In :(
eds. Turner NC and Kramer PJ), Wiley, New York, pp: 419-433.

Johnson, H W, Robinson, H.F. Comstock, R.E. (1955). “Genotypic and phenotypic
correlations in soybeans and their implication in selection,” Agronomy
Journal, vol. 47, pp. 477-483

Joshi, A. B. (1979). Breeding methodology for autogamous crops. Indian J. Genet.,

39(3): 567-578.
80



Joshi, S.K., Sharma, S.N., Singhania, D.L., Sain, R.S. (2004). Combining ability in
the F1 and F2 generations of diallel cross in hexaploid wheat (Triticum
aestivum L. em.) Thell Hereditas, 141, 115-21.

Jowett, D. (1972). Yield stability parameters for sorghum in East Africa. Crop Sci. 12:
314317.

K. G. Duodu., A. Nunes., I. Delgadillo, (2002) “Effect of grain structure and cooking
on sorghum and maize in vitro protein digestibility, ” Journal of Cereal
Science, vol. 35, no. 2, pp. 161- 174,

Kadam, D.E., Patil, F.B., Bhor, T.J., Harner, P.N. (2001). Line x tester analysis in
sweet sorghum hybrids. Journal of Maharatra Agricultural University 25 (3):
318-319.

Kale, P. B. (2011). Studies on combining ability of newly developed sorghum lines.
M. Sc. (Agri.) Thesis. Dr. PDKV, Akola.

Kale, B.H. and Desai, R.T. (2016). Gene action studies over different environments in
sorghum (Sorghum bicolor (L.) Moench). Adv. Res. J. Crop Improv. 7 (1):
116-120,

Kamau, C.K. (2007). Characterization of sorghum (Sorghum bicolor L. Moench)
parental lines and prediction of their hybrid performance under simulated
water and population density stresses. PhD. Thesis. University of KwaZulu
Natal

Kambal, A.E. and O.J. Webster, (1966). Estimates of general and specific combining
ability in grain sorghum, sorghum vulgare Pers. Crop Sci. 5: 521-523.

Kanawade, D.G., R.B. Deshmukh., N.S. Kute, J.V. Patil, and S.R. Dhonde, (2001).
Combining ability studies in sorghum. Indian J. Agric. Res. 35:56-59.

Kawano, K., Jennings, P.R (1983). Tropical crop breeding achievements and
challenges. In: Potential Productivity of Field Crops Under Different
Environments. International Rice Research Institute, Los Banos, Laguna,
Philippines, pp: 81-99.

Kearsey, M.J., Pooni, H.S. (1996). The genetical analysis of quantitative traits.
Chapman and Hall, London.

81



Kebede, H., Subudhi, P.K., Rosenow, D.T., Nguyen, H.T. (2001). Quantitative trait
loci influencing drought tolerance in grain sorghum (Sorghum bicolor L.
Moench). Theoretical and Applied Genetics. Theor Appl Genet 103:266—-276.

Kempthorne, O. (1957). An introduction to genetic statistics. John Willey and Sons.
Ind., New York. pp. 468-470.

Kenga, R., Alabi, S.0., Gupta, S.C. (2004). Combining ability studies in tropical
sorghum (Sorghum bicolor (L.) Moench). Field Crop Research 88: 251-260.

Kenya Agricultural Research Institute (KARI). (1993). Strategic plan for Cereals in
Kenya (1993-2013), Kenya Agricultural Research Institute, Nairobi, Kenya,
pp8-25.

Kidanemaryam, W. (2019). Review on Mechanisms of Drought Tolerance in
Sorghum (Sorghum bicolor (L.) Moench) Basis and Breeding Methods. Acad.
Res. J. Agri. Sci. Res. 7(2): 87-99

Kinama J.M, Stigter C.J, Ong CK, Ng’ang’a. J.K, Gichuki F.N (2005). Evaporation
from soils below sparse crops in contour hedgerow agroforestry in semi-arid
Kenya. Agric For Meteorol 130:149-162.

Kisha T.J., C.H. Sneller and B.W. Diers. (1997). Relationship between genetic
distance among parents and genetic variance in populations of soybean. Crop
Sci. 37:1317-1325.

Knox, J. T., Hess, A. Daccache, and T. Wheeler. (2012). Climate change impacts on
crop productivity in Africa and South Asia. Environ. Res. Lett. 7: 034032.

Konfo, C. Euloge, S. Ahoussi, D. E, Soumanou, M. Sohounhloue, CK. (2014).
Physico-chemical profile of malt produced from two sorghum varieties used
for local beer (Tchakpalo) production in Benin. International Journal of
Biosciences, Vol. 5, No. 1, p. 217-225

Krupa, K.N., Dalawai, N., Shashidhar, H. E., Harinikumar, K.M., Manojkumar, H.B.,
Bharani, S. and Turaidar, V. (2017). Mechanisms of Drought Tolerance in
Sorghum: A Review, Int. J. Pure App. Biosci. 5(4): 221-237. DOI:
http://dx.doi.org/10.18782/2320-7051.2845

Kulakarni, V., P.M. Salimath, and M.S. Patil. (2006). Combining ability analysis in
Rabi sorghum (Sorghum bicolor (L.) Moench). Crop Res. 32:455-458.

82


http://dx.doi.org/10.18782/2320-7051.2845

Kumar, A.A., Reddy, B.V.S., Sharma, H.C., Hash, C.T., Rao, P.S., Ramaia, B., Reddy
P.S. (2011). Recent advances in sorghum genetic enhancement research at
ICRISAT. Am J Plant Sci 2:589-600.

Kumar, B. A. (2013). Studies on genetic parameters and inter-relationships among
yield and yield contributing traits in sorghum (Sorghum bicolor L. Moench).
The BioSCAnN. 8(4): 1311-1314.

Kumar, P., Chandra, G., Jyoti, B., Singh, A., Magadum, S. K., Shrotria, P. and Singh,
N.K. (2016). Estimation of genetic components of variance for yield and its
contributing characters in forage sorghum (Sorghum bicolor (L.) Moench).
Bull. Env. Pharmacol. Life Sci., Vol 6 Special issue 1, 2017: 310-315

Kumar, R and Singh, K.R (1986). Genetic variability, heritability and genetic advance
in grain sorghum farm Sc: J C.S. Azad Univ., Kanpur, 1:1-2.

Kumar, J. and Abbo, S. (2001). Genetics of flowering time in chickpea and its bearing
on productivity in semiarid environments. Adv. Agron. 72, 107-138.

Kwak, C. S., Lim, S. J,, Lim, S. A. (2004). Antioxidative and antimutagenic effects of
Korean buckwheat, sorghum, millet and Jo's tears. Journal of Korean Society
of Food Science Nutrition 33:921-929.

Levitt, J. (1964). Forage plant physiology and soil range relationship. American
Society of Agronomy, Madison, Wisconsin, pp: 55-66.

Liu, J., S. Fritz., C. F. A. Van Wesenbeeck., M. Fuchs., L. You., M. Obersteiner,
(2008). A spatially explicit assessment of current and future hotspots of
hunger in sub- Saharan Africa in the context of global change. Global Planet.
Change 64: 222 — 235.

Lobell, D. B, and S. M. Gourdji. (2012). The influence of climate change on global
crop productivity. Plant Physiol.160: 1686 — 1697

Lobell, D. B., Burke, M. B., Tebaldi, C. Mastrandrea, M. D., Falcon, W. P. and
Naylor, R.L. (2008) Prioritizing climate change adaptation needs for food
security in 2030 Science 319 607-10

Ludlow, M.M. (1993). Physiological mechanism of drought resistance. In: Mabry,
T.J, Nguyen HT, Dixon RA, Bonness MS (eds.) Biotechnology for arid land
plants. IC2 Institute, University of Texas, Austin, Pp: 11-34.

83



Ludlow, M.M., Santamaria J.M., Fukai, S. (1990.) Contribution of osmotic
adjustment to grain yield in Sorghum bicolor L. Moench under water-limited
conditions Il: Water stress after anthesis. Australian J. Agric. Res. 41:67-78.

M. H. Dicko., H. Gruppen., A. S. Traore., A. G. Voragen., and W.J.van Berkel,
(2006). “Sorghum grain as human food in Africa: relevance of content of
starch and amylase activities.” African Journal of Biotechnology, vol. 5, no. 5,
pp. 384-395,

M. J. Salgueiro., M. B. Zubillaga., A. E. Lysionek., R. A. Caro., R. Weill, and J. R.
Boccio. (2002). “The role of zinc in the growth and development of children,”
Nutrition, vol. 18, no. 6, pp. 510-519

M. Kondo., K. Kita, and H-O. Yokota. (2007). “Ensiled or oven-dried green tea by-
product as protein feedstuffs: effects of tannin on nutritive value in goats,”

Asian-Australasian Journal of Animal Sciences, vol. 20, no. 6, pp. 880-886,

M. Sedghi., A. Golian., P. Soleimani-Roodi., A. Ahmadi, and M. Aami-Azghadi,
(2012) “Relationship between color and tannin content in sorghum grain:
application of image analysis and artificial neural network,” Brazilian Journal

of Poultry Science, vol. 14, no. 1, pp. 57-62,

Mahajan, R.C., P.B. Wadikar, S.P. Pole, and M.V. Dhuppe, (2011). Variability,

correlation and path analysis studies in sorghum. Res. J. Agric. Sci. 2:101-103.

Mahdy, E.E., M.A. Ali, and A.M. Mahmoud. (2011). The effect of environment on
combining ability and heterosis in grain sorghum (Sorghum bicolor (L.)
Moench). Asian J. Crop Sci. 3:1-15.

Majisu, B.N. (1971). Evaluation and utilization of sorghum germplasm. E. Afr. Agric.
For. J. 37 (2):129-141.

Makanda 1., P. Tongoona, and J. Derera, (2009). Combining ability and heterosis of
sorghum germplasm for stem sugar traits under off-season conditions in
tropical lowland environments. Field crops research, 114:272-279.

Makanda I., P. Tongoona., J. Derera., J. Sibiya and P. Fato, (2010). Combining ability
and cultivar superiority of sorghum germplasm for grain yield across tropical
low-and mid-altitude environments. Field crops research, 116:75-85

84



Manach, C., Scalbert, A., Morand, C. (2004). Polyphenols: Food sources and
bioavailability. American Journal of Clinical Nutrition 79 (5):727-747

Mangoma, N., Dlamini, Z. (2014). Use of polymerase chain reaction-restriction
length polymorphism (PCR-RFLP) technique to analyze the anthocyanidin
synthesis (ANS) gene locus in Zimbabwean sorghum landraces with different
seed proanthicyanidin profiles.IJBMBR.Vol.5 (5) Pp 48-58

Mather, K., Jinks, J.K. (1982). Introduction to biometrical genetics. 3rd ed. Chapman
and Hall, London.

McBee, G.G., Miller, F.R. (1982). Carbohydrates in sorghum culms as influenced by
cultivars, spacing and maturity over a diurnal period. Crop Science 22,381-
385.

Miller, F.R (1982). Genetic and environmental response characteristics of sorghum:
In: sorghum in the eighties. L.R House, L.K. Mughogho and J.M. Peacock
(Eds) ICRISAT Centre Patancheru, AP. 502 324, India 1:393-402.

Miller, P.A and J.A Lee (1964). Heterosis and combining ability in varietal top
crosses of upland cotton, Gossypium hirsutum L. Crop Sci. 4:646-649.

Miller, P.A., Williams, J.C., Robinson, H.P., Comstock, R. E. (1958). “Estimation of
genotypic and environmental variances and covariance in upland cotton and
their implications in selection.” Agronomy Journal, vol. 50, pp. 126-131

Mitra, J (2001). Genetics and genetic improvement of drought resistance in crop
plants. Curr. Sci. 80:758-763.

Mohammed, M. (2009). Line x tester analysis across locations and years in Sudanese

x exotic lines of forage sorghum. J. Plant Breeding Crop Sci. 1:311-319.

Monpara, B.A. and Dhameliya, H. R, (2013). Genetic behavior of earliness related
traits and seed yield in chickpea (Cicer arietinum L.). Pak. J. Biol. Sci. 16,
955-959.

Motlhaodi, T. Geleta, M. Bryngelsson, T, Fatih, M. Chite, S. Ortiz R. (2014). Genetic
diversity in ex-situ conserved sorghum accessions of Botswana as estimated
by microsatellite markers. AJCS 8(1)35-43.

Moussa, H.R., Abdel-Aziz, S.M. (2008). Comparative response of drought tolerant
and drought sensitive maize genotypes to water stress. Aust. J. Crop Sci. 1:31-
36.

85



Munyiri, S. W., Pathak, R. S., Tabu, I. M. and Gemenet, D. C. (2010). Effects of
moisture stress at flowering on phenotypic characters of selected local maize
landraces in Kenya. Journal of Animal and Plant Sciences, 8 (1): 892- 899

Mupangwa, W., Love, D., Twomlow, S.J. (2006). Soil-water conservation and
rainwater harvesting strategies in the semi-arid Mzingwane Catchment,
Limpopo Basin, Zimbabwe. Physics and Chemistry of the Earth 31, 893-900.

Murty, B.R., V. Arunachalam, and M.B.L. Saxena, (1967). Classification and
catalogue of world collection of sorghum. Indian J. Genet. 27: 1-74

Mustapha, A.A.G. and Magdi, A.O. (2003). Proximate Composition and Content of
Sugars, Amino Acids, and Anti Nutritional Factors of three Sorghum varieties.
Agricultural research centre, King Sa'ud University, Pp 5-19

Muui, C.W., Muasya, R., M.D.T. Kirubi. (2013). Baseline survey on factors affecting
sorghum production and use in Eastern Kenya. African Journal of Food,
Agriculture, Nutrition and Development. Pp 13.

N. Rai., J.F. Rajewski., V.S.B. Reddy., W. Stegmeier, and B.S. Talukdar. (1996).
Breeding hybrid parents. In: proceedings of the international conference on
the genetic improvement of sorghum and pearl millet (D. Rosenow et al. (ed.)
p.173185, September 23-27, 1996- Lubbock, Texas.

Najeeb, S., Rather, A.G., Parray, G.A., Sheikh, F.A. and Razvi, S.M (2009) Studies
on genetic variability, genotypic correlation and path coefficient analysis in
maize under high altitude temperate ecology of Kashmir. Maize Genetics

Cooperation Newsletter. 83, 1-8

Nandanwankar, K.G. (1990). Heterosis studies for grain yield characters in Rabi
sorghum [Sorghum bicolor (L.) Moench]. Indian J. of Genet.PI. Br., 50: 83-
85.

Ndunguru, B., Ntare, B., Williams, J., Greenberg, D. (1995). Assessment of
groundnut cultivars for end-of season drought tolerance in a Sahelian
environment. Agric Sci 125: 79-85.

Nduwumuremyi, A., Tongoona, P., Habimana, S. (2013). Mating designs: helpful tool
for quantitative plant breeding analysis. J. Plant Breed. Genet, 1(3), 117-129.

86



Ng’uni, D., Geleta, M., Bryngelsson, T. (2011). Genetic diversity in sorghum
(Sorghum bicolor (L.) Moench) accessions of Zambia as revealed by simple
sequence repeats (SSR). Hereditas 148:52-62

Ngugi, K., Maswili, R. (2010.) Phenotypic diversity in sorghum landraces from
Kenya. African Crop Science Journal, Vol. 18, No. 4, pp. 165 — 173

Niehaus, M.H. and R.C. Pickett, (1966). Heterosis and combining ability in a diallel
cross in Sorghum vulgare Pers. Crop Sci. 6:33-35.

Nizam, 1., M.G. Cubuk., E. Moralar, (2011). Genotype x environment interaction and
stability analysis of some Hungarian vetch (Viciapannonica Crantz.)
genotypes. African J Agric Res (AJAR). 6(28): 6119-6125.

Noha Mohammed Isam, A. Mohammed Ahmed, and Elfadel, E. Baboker. (2010).
Nutritional Evaluation of sorghum flour (Sorghum bicolor Moench) during
processing of Injera. World Academy of Sciences, Engineering and
Technology; 51 2011-3-22.

Nooden, LD (1988). The phenomena of senescence and aging. In: Nooden LD,
Leopold AC (Eds.). Senescence and aging in plants. Academic Press, New
York, NY, pp: 1-38.

Nzuve, F., Githiri, S., Mukunya, D.M., Gethi, J. (2013). Combining abilities of maize
inbred lines for grey leaf. Journal of Plant Breeding and Crop Science.
5(3):41-47

Obalum, S. E., U. C. Amalu., M. E. Obi, and T. Wakatsuki. (2011). Soil water
balance and grain yield of sorghum under no- till versus conventional tillage
with surface mulch in the derived Savanna Zone of southeastern Nigeria. Exp.
Agric. 47: 89.

Obilana, A.T. and Fakorede, M.A.B. (1986). Heritability: A Treatise. Samaru J.
Agric. Res. 1: 72-82 AR.

Oerke, E. C. (2006). Crop losses to pests. J. Agri. Sci. 144: 31— 43

Okanlawon, O.E. (2000). Post-harvest Handling of Grains. Nigeria Stored Product
Research Institute, Kano. Pp12.

Olembo, K. N., M'mboyi, F., Kiplagat, S., Sitieney, J. O. (2010). Sorghum Breeding
in Sub-Saharan Africa: The Success Stories, African Biotechnology

Stakeholders Forum, Nairobi, Kenya.

87


https://profiles.uonbi.ac.ke/fnzuve/publications/combining-abilities-maize-inbred-lines-grey-leaf
https://profiles.uonbi.ac.ke/fnzuve/publications/combining-abilities-maize-inbred-lines-grey-leaf

Olugbemi, L. B. (1993). Current Status and Prospects of Composite Flour Technology
with particular References to Sorghum for Bread and Biscuits. Paper presented
at the Regional Symposium on current progress in the processing and
utilization of Sorghum and other Related Cereals Ouagadougou. 22-26"™ Nov.

Omondi, E. G. O., Makobe, M. N. Onyango. C. A., Matasyoh, L. G., Imbuga, M. O
.and Kahangi, E. N. (2008). Nutritional Evaluation of Mutants and Soma
clonal Variants of Sorghum. (Unpublished paper)

P. H. Selle., D. J. Cadogan., X. Li, and W. L. Bryden, (2010). “Implications of
sorghum in broiler chicken nutrition,” Animal Feed Science and Technology,
vol. 156, no. 3-4, pp. 57-74,

P. Pontieri., R. Di Fiore., J. Troisi, (2012) “Chemical composition and fatty acid
content of white food sorghums grown in different environments,” Maydica,

vol. 56, no. 1

Pagliaro, B., Santo lamazza, C., Simonelli, F., Rubatt, S. (2015). Phytochemical
Compounds and Protection from Cardiovascular Diseases: A State of the Art.
Biomed Res Int 2015: 918069, 2015.

Parr, A. J. and Bolwell, G. P. (2000.) Phenols in the plant and in man. The potential
for possible nutritional enhancement of the diet by modifying the phenols
content or profile. Journal of the Science of Food and Agriculture 80(7):985-
1012

Pauli, A.W., Stickler, F.C and Lawless, I. R. (1964). Developmental phases of grain
sorghum as influenced by variety location and planting date. Crop Science
4:10-13.

Payne, R.W., Murray, D.A., Harding, S.A., Baird, D.B. and Soutar, D.M. (2015). An
Introduction to GenStat for Windows (15th Edition). VSN International,
Hemel Hempstead, UK.

Pedersen, J.F., J.J. Toy, and B. Johnson. (1998). Natural outcrossing of sorghum and
Sudan grass in the Great Plains. Crop Sci. 38: 937-9309.

Pepper, D. (1983). Choosing plant mating design allocations to estimate genetic
variance components in the absence of prior knowledge of the relative
magnitudes. Biometrics 35:511-521.

88



Prabhakar, B. (2003). Genetic variability and correlation studies in F2 population of
Rabi sorghum. J. Maha. Agril. Univ., 28 (2): 202 — 203.

Prabhakar, B., Sanganamoni, M., Shivashankar, S. and Nagendra Babu, G. (2016).
Studies on Physico-Chemical Analysis of Sorghum Varieties. International
Journal of Agricultural Science and Research (IJASR) Vol. 6, Issue 1, Feb
2016, 87-92

Price, M L. and Butler, L. G. (1977). Rapid visual estimation and spectro photometric
determination of tannin in sorghum grain. J. Agric. Food Chem., 25: 1268-
1273

Quinby, F.R.and J.H. Martin. (1954). Sorghum improvement. Adv. Agron J. 6:305-
359.

Quinby, J.R. (1967). The maturity genes of sorghum. Adv. Agron. J. 19:267-305.

Quinby, J.R. (1974). Sorghum improvement and the genetics of growth. College
Station, TX (USA): Texas And University Press p. 108.

R. E. Burns, (1971.) “Method for estimation of tannin in grain sorghuml,” Agronomy
Journal, vol. 63, no. 3, pp. 511-512,

R. M. E. Hamad, (2006). Preliminary studies on the popping characteristics of
sorghum grains, Sudan Academy of Sciences, Khartoum (Sudan),
Thesis/Dissertation, INIS,

R.R. Jadhav, and D.T. Deshmukh, (2017). Heterosis and Combining Ability Studies
in Sorghum (Sorghum bicolor (L.) Moench). Over the Environments. Int. J.
Curr. Microbiol. App. Sci.3058-3064

Rafig, C.M., Rafique, M., Hussain, A. and Altaf, M. (2010). Studies on heritability,
correlation and path analysis in maize (Zea Mays L.). Agric. Res. 48(1), 35-38.

Rahimi, R., B. Rabiei., H. Samizadeh, and A. Kafi Ghasemi, (2010). Combining
ability and heterosis in rice cultivars. J. Agric. Sci. Technol. 12:223-231.

Rakshit S., Gomashe, S. S., Ganapathy, K. N., Elangovan, M. Ratnavathi., C. V.
Seetharama, N., Patil J. V. (2011). Morphological and molecular diversity

89



reveal wide variability among sorghum landraces from south India. J. Plant
Biochem. Biotechnology, 21: 145-156.

Ramasamy Perumal, (2012). Sorghum Breeder, Agricultural Research Center, Kansas
State University, 1232 240th Avenue, Hays, Kansas 67601, USA.

Ramu, P., Billot, C. Rami., J.F. Senthilvel., Upadhayaya, H.D., Ananda Reddy, L.
Hash, C.T. (2013). Assessment of genetic diversity in the sorghum reference
set using EST-SSR markers. Theor. Appl. Genet. 126, 2051-2064.

Rani, C.P., C. Aruna, and F. Jabeen. (2015). Studies on heterosis and combining
ability for yield components in grain sorghum (Sorghum bicolor (L.) Moench).
Madras Agric. J. 102:108-114.

Rao, P.S., Kumar, C.G., Fatima, A., Jayalakshmi, M., Ahmed, K., Reddy, B.V.S.
(2011). Sweet sorghum-dynamics of sugar yield in relation to phenological
stages. In: Bioenergy and biorefinery conference-Southeast Asia, Singapore.
ICRISAT 23-25.

Rao, P.S., Kumar, CG., Prakasham, R.S., Rao, A.U., Reddy, B.V.S. (2009). Sweet
sorghum: breeding and bioproducts. In: Cruz, V.M.V. Dierig, D.A. editors.
Industrial crops: breeding for bioenergy and bioproducts. New York:
Springer.

Rao, P.S., Kumar, C.G., Reddy, B.V.S. (2012). Sweet sorghum: from theory to
practice. In: Rao, P.S, Kumar, C.G. editors. Characterization of improved
sweet sorghum cultivars. Berlin: Springer. 1-15.

Rao, S.S., Patil, J.V., Prasad, P.V.V., Reddy, D.C.S., Mishra, J.S., Umakanth, A.V.,
Reddy. B.V.S., Kumar, A.A. (2013). Sweet sorghum planting effects on stalk
yield and sugar quality in semi-arid tropical environment. Agron J.
105(5):1458-65.

Rao, S.S., Umakanth, A.V. Patil J.V., Reddy, B.V.S., Kumar, A.A., Reddy, C.R., Rao,
P.S. (2013). Sweet sorghum cultivar options. In: Reddy, B.V.S., Kumar, A.A.,
Reddy, C.R., Rao, P.P., Patil, J.V. editors. Developing a sweet sorghum
ethanol value chain. Patancheru 502 324, Andhra Pradesh, India: International
Crops Research Institute for the Semi-Arid Tropics. 23-37.

Rashid, M., A.A. Cheema, and M. Ashraf, (2007). Line x tester analysis in basmati
rice. Pakistan J. Bot. 39:2035-2042.

90



Ratnavathi, C.V., Chavan, U.D. (2016). Malting and Brewing of Sorghum. In:
Sorghum Biochemistry: An Industrial Perspective. Oxford: Academic Press,
2016, pp. 63-106.

Raut, S.K., Patil, P.H. and Khorude, P. W. (1994). Path analysis of yield components
in sorghum (Sorghum bicolor L.) Agric. Sci, 12 (2): 172- 174.

Raut, S.K., P.H. Patel, and P.W. Khorgade. (1992). Path analysis of yield components
in sorghum. Agric. Sci. Digest, Karnal 12:172-174.

Reddy, B.V., H.C. Sharma., R.P. Thakur., S. Ramesh., F. Rattunde, and M. Mgonja,
(2006). Sorghum hybrid parents research at ICRISAT-strategies, status and
impacts. Journal of SAT Agricultural Research, 2:1-24

Ribaut, J.M., C. Jiang., D. Gonzalez-de-Leon., G.O. Edmeades, and D.A.
Hoisington, (1997). Identification of quantitative trait loci under drought
conditions in tropical maize. 2. Yield components and marker-assisted

selection strategies. Theoretical Applied Genetics 94: 887-896

Richards, R.A (1996). Defining selection criteria to improve yield under drought.
Plant Growth Regul. 20:157-166.

Riday, H., E.C, 8rummer, T.A. Campbell., D. Luth, and P.M. Cazcarro, (2003).
Comparisons of genetic and morphological distance with heterosis between
Medicago saliva subsp. saliva and subsp. Facala Euphytica 131: 37-45.

Riziki Mwadalu and Maina Mwangi (2013). The potential role of sorghum in
enhancing food security in semi-arid eastern Kenya Journal of Applied
Biosciences 71:5786— 5799

Rosenow, D.T (1977). Breeding for lodging resistance in sorghum. In: Loden HD and
Wilkinson D (ed.) Proceedings of the 32" Annual Conference on Corn and
Sorghum Research Conference. American Seed Trade Association,
Washington, DC, pp: 171-185.

Rosenow, D.T (1994). Evaluation for drought and disease resistance in sorghum for
use in molecular marker assisted selection. In: Witcombe, J.R, Ducan, R.R
(Eds). Proceedings on use of molecular markers in sorghum and pearl millet

breeding for developing countries, Norwich, pp: 27-31.

91



Rosenow, D.T., Ejeta, G., Clark, L.E., Gilbert, M.L., Henzell, R.G. (1996). Breeding
for pre-and post-flowering drought stress resistance in sorghum. In:
Proceedings of the International Conference on Genetic Improvement of
Sorghum and Pearl Millet, Lubbock, Texas, USA, pp: 400-411.

Rosenow, D.T, Quisenberry, J.E, Wendt, C.W. Clark, L.E. (1983). Drought tolerant
sorghum and cotton germplasm. Agric Water Manag. 7:207-222.

S. Gu-Ayebeafo Okrah, (2006) Screening of six local sorghum varieties for their
malting and brewing qualities, MSc. Thesis Degree in Food Science and
Technology, KNUST Space, http:// dspace.knust.edu.gh/.

S. S. L. Chan., E. L. Ferguson., K. Bailey., U. Fahmida., T. B. Harper., and R. S.
Gibson, (2007). “The concentrations of iron, calcium, zinc and phytate in
cereals and legumes habitually consumed by infants living in East Lombok,
Indonesia,” Journal of Food Composition and Analysis, vol. 20, no. 7, pp.
609- 617.

S.0.0nyango.,G.0.Abong.,M.N.Okoth.,D.Kilalo,andA.W.Mwangombe,(2020).Physi
co-chemical properties and sensory quality of cassava-cowpea millet

composite flour. Africa Crop Science Journal. Vol 28, pp27-39

Sami, R. A., Yeye, M. Y., Ishiyaku, M. F., and Usman, I. S. (2013). Heritability
studies in some sweet sorghum (Sorghum Bicolor. L. Moench) genotypes. J.
Bio. Agri. Health care 3(17), 49-51.

Sanchez, P. A., K. D. Shepherd., M. J. Soule., F. M. Place, and R. J. Buresh. (1997)
Soil fertility replenishment in Africa. An investment in natural resource
capital. Pp.1 — 46 in R. J. Buresh, P. A., Sanchez, and F. Calhoun, eds.
replenishing soil fertility in Africa. Soil Sci. Soc. Am, Madison, WI.

Sankarpandian, R., D. Krishnadoss, and A.A. Devarathinam, (1996). Genetic
parameters, correlations and path analysis among yield and yield characters in
grain sorghum. Madras Agric. J. 83:625-628.

Sarker, U., P.S. Biswas, B. Prasad., and M.A. Khaleque Mian. (2002). Heterosis and
genetic analysis in rice hybrids. Pak. J. Biol. Sci. 5:1-5.

92



Scalbert, A. and Williamson, G. (2000.) Dietary intake and bioavailability of
polyphenols. Journal of Nutrition Pp. 123-130

Seetharama, N., Nath, B., Verma, P.K. (1984). Selection for grain yield in low
nitrogen fertility conditions. Cereal Res Com 12: 47-51.

Shaza, K. Mohamed., Abdel Azim, A., Ahmed, Sakina., M. Yagi., Abdi, E. Wahab.,
H. Abd Allah, (2009). Antioxidant and Antibacterial Activities of Total
Polyphenols Isolated from pigmented sorghum (sorghum bicolor) lines. JGEB
vol: 7

Shinde, V.K., Nerkar, Y.S., and Kate pallewar, B.N. (1979). Studies on genetic
variability in winter sorghum selection. Sorghum newsletter, P: 22.

Shisanya, C. A, Recha, C. and Anyamba, A. (2011). Rainfall variability and its
impacts on normalized differences vegetation index in ASALs of Kenya.
International Journal of Geosciences 2:36-47

Silverstein, J., J. Parsons., C.E. Rexroad., and Y. Palti, (2005). Heterosis and genetic
distance in strain crosses of rainbow trout. Aquaculture America Conference
2005. New Orleans, LA, 17th_20th Jan. 2005.

Simpson, G.M. (1981). Water Stress in Plants. Praeger, NY.

Singh, N.N., Sarkar, K.R. (1991). Golden Jubilee Symposium Genetic Research and
Education. Indian Society of Genetics and Plant Breeding, New Delhi.

Singh, S., Pawar, I.S. (2005). Theory and application of biometrical genetics. 1st ed.
CBS Press, Frederiksberg

Sinha, S.K. (1986). Approaches for incorporating drought and salinity resistance in
crop plants. In: Chopra VL. Paroda, R.S (Eds.). Oxford and IBH, New Delhi,
pp: 56-86.

Sistino, J.J. (2003). Epidemiology of cardiovascular disease in the last decade:
treatment options and implications for perfusion in the 21% century. Perfusion
18, 73-77

Slavin, J L. (2000). Mechanisms for the impact of whole grain foods on cancer risk.
Journal of the American College of Nutrition; 19, 300S-307S

Sleper, D.A. and Poehlman, J.M. (2006). Breeding field crops, fifth edition. Blackwell
Publishing.

93



Smith. C. W. and Frederiksen, R. A. (2000). Sorghum: origin, history, technology,
and production. New York, NY: John Wiley and Sons, 824.

Snedecor, G.W., Cochran, W. G. (1987). Statistical methods (17th Ed.) Ames, IA:
The lowa state University Press.

Snowden, J.D. 1936. The cultivated races of sorghum. London, UK: Adlard and sons
pp.230 274.

Soujanya, T., T. Shashikala, and Umakanth, A.V. (2017). Heterosis and Combining
Ability Studies in Sweet Sorghum (Sorghum bicolor (L.) Moench) for Green
Fodder Yield and Its Contributing Traits. Int. J. Curr. Microbiol. App. Sci.
6(10): 3434-3442. Doi: https://doi.org/10.20546/ijcmas.2017.610.405

Sprague, G. F. and L. A. Tatum. (1942). General vs. Specific combining ability in
single crosses of corn. J. Amer.Soc. Agron. 34:923-932.

Squire, G.R. (1993). The physiology of tropical corn production. CABI International,
Wallingford.

Srinivas, P., Rao, Vinutha, K.S., Anil Kumar., G.S. Chiranjeevi., T, Uma., A. Pankaj,
L. Prakasham, R. S., Singh., H.P., Sreenivasa, R., Surinder, C., Shibu, J.
(2016). Sorghum: A Multipurpose Bioenergy Crop.

Stephens, J.C., and R.F. Holland. (1954). Cytoplasmic male sterility for hybrid
sorghum seed production. Agron. J. 46:20-23.

Sunku, S.S.K., M.B. Reddy., and P.R.R. Reddy, (2002). Character association and
path analysis in grain sorghums (Sorghum bicolor L. Moench) vis-a-vis the

Sudan grasses (Sorghum sudanense). Forage Res. 28:42-45.

Tadesse Y., M. Weldetsion, N. Abraha, E. Manyasa., T. Abraha, (2015). Combined
selection for earliness and yield in pedigree developed sorghum (sorghum
bicolor I. Moench) progenies in Eritrea J. Plant Breed. Genet. 03 (01) 01-08

Tadesse, T., Tesso T., and Ejeta G. (2008). Combining ability of introduced sorghum
parental lines for major morpho-agronomic traits. An Open Access Journal
published by ICRISAT (ejournal.icrisat.org). 6:1-7.

Tariq, A.S., Z. Akram., G. Shabbir., K.S. Khan., and M.S. Igbal, (2014). Heterosis
and combining ability studies for quantitative traits in fodder sorghum
(Sorghum bicolor L.). J. Agric. Res. 52:329-337.

94



Taurchi, M. and A.M. Rezai. (1997). Correlation between traits and path analyzed for
grain yield in sorghum. Iranian J. Agric. Sci. 28:73-86.

Taylor, J.R.N. (2006). Overview; Importance of sorghum in Africa. Department of
food science. University of Pretoria, South Africa.

Thomas, H. Howarth, C.J. (2000). Five ways to stay green. J. Exp. Bot. 51:329-337.

Timu, A G., Mulwa, M. R., Okello, J., Kamau, M. (2012). The role of varietal
attributes on adoption of improved seed varieties. The case of sorghum in
Kenya. Tegemeo institute of agricultural policy development, Nairobi, Kenya

Timu, A.G, Mulwa R, Okello, J., Kamau, M. (2014). The role of varietal attributes on
adoption of improved seed varieties: the case of sorghum in Kenya.
Agriculture and Food Security 3:9

Torres Cepeda, T.E., Alanis Guzman, M.G., and Maiti, R. (2006). Relation between
Nutritional Composition and Anatomical Parameter in Sorghum, vol. 3 Pp
2010.

Tuinstra, M.R., Ejeta, G., Goldsborough, P. (1998). Evaluation of nearly-isogenic
sorghum lines contrasting for QTL markers associated with drought tolerance.
Crop Sci. 38:835-842.

Tuinstra M.R., Grote E.M., Goldsborough, P.M., Ejeta, G. (1997). Genetic analysis of
post-flowering drought tolerance and components of grain development in
Sorghum bicolor L. Moench. Mol. Breed. 3:439-448.

W. B. Johnson., W. S. Ratnayake., D. S. Jackson, (2010) “Factors affecting the
alkaline cooking performance of selected corn and sorghum hybrids,” Cereal

Chemistry, vol. 87, no. 6, pp. 524-531,

W. Horwitz. (2000) Official Methods of Analysis of AOAC International17th Edition,
Journal of the Association of Official Analytical Chemists, Gaithersburg, MD,
USA

Waniska R D. (2000). Structure, phenolic compounds and antifungal proteins of
Sorghum caryopses. In: Technical and institutional options for Sorghum grain
mold management. P 72-106.Proceedings of an international conference,
ICRISAT, May 18-19, Patancheru, India.

95



Wagar-Ul-Hag, M., Malik, F., Rashid, M., Munir, M., and Akram, Z. (2008).
Evaluation and estimation of heritability and genetic advancement for yield
related attributes in wheat lines. Pak. J. Bot. 40(4), 1699-1702.

Woodfin, C.A., Rosenow, D. T., and Clark, L. E. (1988). Association between the
stay-green trait and lodging resistance in sorghum. Agronomy abstracts.
ASA, Madison, Wisconsin: 102.

Wortmann, C. S., M. Mamo., C. Mburu., E. Letayo., G. Abebe., K. C. Kayuki, (2009).
Atlas of sorghum production in eastern and southern Africa. Univ. of
Nebraska-Lincoln, Lincoln, NE

Xin, Z., Aiken, R., Burke, J. (2008). Genetic diversity of transpiration efficiency in
sorghum. Field Crops Res. 111:74-80.

Y. Deosthale., V. Nagarajan, and K. V. Rao, (1972). “Some factors influencing the
nutrient composition of sorghum grain,” Indian Journal of Agricultural
Sciences, vol. 42, pp. 100-108

Y. Moharram, and A. Youssef, (1995) “Sorghum grain and quality of its edible
products,” in Developments in Food Science, pp. 111-146, Elsevier,

Zhu, M., Phillipson, J. D., Green grass, P. M. (1997). Plant polyphenols: Biologically
active compounds or non-selective binders to protein? Photochemistry
44(3):441-447.

96



APPENDICES

Appendix 1: Mean monthly temperatures (°C) for 2014/2015 growing seasons in

Kiboko

Year/ Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Month
2014 17 |20 |20 |19 |19 |18 |18 |19 |19 |20 |19 |18
2015 199 |20 |21 |20 |19 |18 |18 |19 |20 |22 |20 |19

Appendix 2: Mean monthly rainfall (mm) for 2014/2015 growing season in Kiboko
(Makueni County)

Year/ |Jan Feb | Mar |Apr |[May |Jun |Jul |Aug|Sep |Oct | Nov Dec
Month

2014 | 345 |73.64|29.21 |14.78 | 5.26 | 11.48 | 1.48 | 524 |17.99 | 17.2 | 36.15 | 55.47
2015 |13.13|16.78 | 39.04 | 53.29 | 34.3 | 26.28 | 6.06 | 4.08 | 2.97 | 17.21 | 104.61 | 122.9
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