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ABSTRACT

Sorghum is an important staple food crop for semi-arid areas in Tanzania. However, the
productivity is very low due to several constraints, particularly drought. The present study
was conducted to develop sorghum genotypes with improved drought tolerance and grain
yield. The specific objectives were to: 1) identify farmers’ production constraints and traits
preferences of sorghum in central Tanzania. i1) Introgress drought tolerant quantitative trait
loci (QTL) from donor parents into farmers preferred sorghum varieties and iii) identify traits
contributing to drought tolerance of sorghum genotypes. A participatory rural appraisal
(PRA) was conducted at Kongwa district in Dodoma region and Ikungi and Iramba district in
Singida region to identify constraints facing sorghum production, farmers’ trait preferences
and coping strategies to address drought. Two donor parents B35 and S35 with stay green
(STG) QTL 1, 2 and 3 were introgressed to the farmers preferred sorghum varieties to
develop F;, BC,F; and BC,F, populations. Five BC,F; (NA307, W82, NA316, NA241 and
SE438) populations and their parents were genotyped using 30 Single Nucleotide
Polymorphism (SNP) markers. Results of the PRA showed that bird damage, poor soil
fertility, drought stress, pests and diseases and lack of improved varieties were the major
constraints of sorghum production. Early maturity, drought tolerance, high yield were ranked
the highest preference when selecting new sorghum varieties. The coping strategies to
address drought stress in sorghum involved early planting and use of drought tolerant
varieties. Three (W82, NA241 and NA307) genotypes with heterozygous alleles and two
genotypes (NA316 and SE438) with homozygous alleles were selected for selfing to generate
BC,F; populations. Moreover, plants with favourable alleles for either STG 1, 2, or 3 and
good agronomic performance in field condition were selected. Eight genotypes namely

NA241A, NA241B, NA307, NA316A, NA316B, NA316C, SE408 and SE438 from BC,F;



populations alongside with three parents and one check were selected after phenotyping
BC,F, population. The genotypes were planted in a split plot design under well watered and
water stressed environments to determine the performance, correlation, heritability and
genotypes by environments interaction. The results from the genotyping study revealed that,
7 out of 30 markers were for STG 1, 2 and 3 after genotyping of BC,F; population; the
remaining 23 markers were for traits contributing to STG in plants such as heat shock
domain, programmed cell death triggering, aspartic proteases and chloroplast precursor.
Genotyping of BC,F; population indicated that, 7 SNP markers out of 10 had favourable
alleles for STG in sorghum. Seventy one out of 728 BC,F; samples genotyped were
heterozygous. Of these, SNP markers snpSB00075, snSB00102 and snSB00103 were scored
as heterozygous allele in seven samples of BC,F1 with B35*Wahi background. Markers
snSB00049, snSB00077, snSB00102 and snSB00103 indicated heterozygous allele in 37
samples of BC,F; with S35*Pato background. The rest (19) SNP markers showed
homozygous alleles for BC,F, population. Eighteen SNP markers indicated favourable alleles
among 728 of BC,F; samples genotyped including nsSB00049 and nsSB00054 for STG 1,
snpSB00089 FOR STG 2 and nsSB00102 and nsSB00103 for STG 3. The rest of alleles were
favourable for other roles related to STG in sorghum during post flowering drought
condition. Similar trend were observed in the genotyping of BC,F; population which seven
SNP markers indicating favourable alleles for STG 1, STG 2 and STG 3. The SNP marker
snpSB00089 indicated the highest (729) total number of favourable alleles for STG followed
by snpSB00101 (728) and snpSB00102 with 727 after genotyping of BC,F; population.
However, the SNP marker snpSB00103 failed to identiy at least one favourable alleles for
STG in this study.The genotype W82 was associated with snSB00102 marker, NA241
(snSB00102 and snSB00103) and NA307 was linked with snSB00101 and snSB00102

markers for STG 3 in BC,F; population. Grain yield per hectare varied from 1770 kg/ha of
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donor parent B35 to 3415 kg/ha of BC,F; genotype NA316C under well watered trial and
from 1711 kg/ha of the donor parent B35 to 2652 kg/ha of genotype SE438 under water
stressed trial. Significant differences were recorded in plant height, chlorophyll content,
panicle length, panicle width, inflorescence exsertion, leaf rolling, grain weight per plant,
panicle weight per plant and STG in both environments at P < 0.01. The mean performance
of plant height was the highest (142.2 cm) in NA316C under water stressed condition and
143.3 cm under water irrigation. Interaction between genotypes by the environments were
directed by majority of traits namely panicle length, panicle width, chlorophyll content,
inflorescences exsertion, total number of leaves at physiological plant maturity, total number
of green leaves at plant maturity, panicle weight, grain weight per panicle and root biomass.
However, the interactions were not differed to plant height, leaf length and grain weight per
plant. Panicle weight, panicle width and panicle length were significantly correlated with
grain yield. STG and inflorescences exsertion were negatively correlated with grain yield.
Chlorophyll content was correlated with total number of green leaves. A negative correlation
was detected between traits STG and total number of green leaves. Above 50% heritability
estimates were recorded in well watered and water stressed conditions. However, the
interaction between genotypes by environments lowered the heritability of traits evaluated.
Geometric mean productivity (GMP) and mean productivity (MP) were significantly
correlated with yield under well watered environment (YP) and yield under water stressed
environment (YS) and each other. There was low correlation between tolerance index and
grain yield (0.12) in water stress environment. Stress sustainability index (SSI) showed low
correlation with all indices compared thus; SSI is suggested as the best index for screening
low yield under stressed environments. The genotypes NA307, NA316C and SE408
produced the highest grain yield per hectare across the environments. Therefore this study

provided the bases of new genotypes which are promising for drought tolerance and yield.
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The genotypes should be advanced to lines and recommended for release after further

evaluations in different geographical locations cultivating sorghum in Tanzania.
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CHAPTER ONE

1.0. GENERAL INTRODUCTION

Globally, sorghum (Sorghum bicolor (L) Moench) ranks the fifth staple food crop after
maize, rice, wheat and barley (FAOSTAT, 2017). It is the second priority staple crop after
maize in Sub-saharan Africa and major food and nutritional security crop to over 100 million
people in Eastern Africa. The centre of genetic diversity of sorghum is in Ethiopia (Teshome
et al., 1997). It was spread to Arabia, India and reached China in 3" century; sorghum
entered in the United States of America (USA) through slave trade (Ayana and Bekele,
2000). Seven sorghum races are commonly cultivated in different geographical regions
globally. Dura is common in the Horn of Africa, Middle East and India, Sballu in India,
Koaliang in China (Olsen, 2012). Dura is the oldest Sorghum bicolor race which was
consumed for the first time by Egyptian over 4000 years ago. The genetic centre of Kafir race
covers Tanzania and Southern parts of Africa (National Research Council, 1996). Kafir has
thick, juicy stems, large leaves, and awnless cylindrical-shaped panicles. Milo originated
from East Africa; it has stems that are less juicy than Kafir. The centre of origin for caudatum
race ranges from Eastern Nigeria, Chad and Western Sudan while guinea race covers Western
Nigeria and Senegal in West Africa (National Research Council, 1996). Hegari sorghum
originated from Sudan, the group is part similar to Kafir but panicles are oval in shape with
chalky white grain seed. Sorghum, which is very common in erratic rainfall areas, has not
been exploited enough for utilization (Muui et al., 2013).

The United States of America (USA) is the top of sorghum producer globally, producing 9.2

million tons per year with productivity of 4.5 t/ha followed by Nigeria (6.8 million tons per



year with productivity of 1.2 t/ha), Sudan and Ethiopia (4.9 million tons per year with
productivity of 2.7 and 0.7 t/ha respectively) (FAOSTAT 2018).

Tanzania produces a total of 796,570 tonnes of sorghum annually with the productivity of 1
tonne/ha (FAOSTAT, 2018). Three quarter of sorghum production in Tanzania is produced
from Central, Lake and Eastern zones (Wortmann et al., 2006). Sorghum is mainly grown as
the major food crop in the central zone (Dodoma and Singida regions), followed by Western
zone (Tabora region) and Lake zone (Shinyanga, Mwanza, Simiyu and Mara) (Brown, 2013).
Semi-arid lands comprise four zones including central zone with Dodoma and Singida
regions, Shinyanga, Mara and Mwanza region in lake zone, some parts of Manyara region
and the low land of Arusha and Kilimanjaro regions in the northern zone, part of Iringa
region in the southern-highland zone; part of Tabora region in western zone and Lindi and
Mtwara regions in the southern zone of Tanzania (Lyimo and Kangalawe, 2010; Mongi et al.,
2010; Schechambo et al., 1999; Swali et al., 2012; URT, 2007).

In Tanzania sorghum is used as alternative source of food in areas where maize does not do
well. It is used as the raw materials for making processed and local beers which is consumed
by many people in the country. The crop is used as livestock feed for maximizing milk, eggs
and broilers production. Sorghum is used for production of fuel, oil and wax in countries with
advanced technology like United States of America (USA), India, Brazil and South Africa
(Agrama and Tuinstra, 2003). In addition, sorghum is used to make porridge, ugali and can
be prepared by mixing with beans (Brown, 2013). The grains contain over 70 ppm of iron
with more than 50 ppm of zinc, which is an important nutrient for human health. The need for
sorghum grains is high due to increasing demand by the industry sectors for processing by-
products (Ringo et al., 2015).

Despite its ability to adapt drought stress, pests and diseases in the marginal lands where

other cereals usually perform poorly, its productivity in Tanzania is low compared to most
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production regions elsewhere. Semi-arid areas (Dodoma and Singida regions) grow sorghum
as one of the main food crops, and are most vulnerable to food shortage due to inconsistency
of rainfall (Brown, 2013). Low yield of sorghum in central zone may be because of different
factors including rain-fed agriculture, pests and diseases and dry spell during post-flowering
(Barron, 2003). Early planting close to start of rainfall is among the strategies used by
farmers in central Tanzania to escape drought, with assumption that, seed will germinate
upon start of rainfall (URT, 1997). Further planting is done as soon as it rains during planting
period in December/January to cater for moisture for seed germination and physiological
growth of the plant. Nonetheless, rains may commence late and sometimes does not fall for
some weeks which may cause wilting of the seedlings. Farmers may re-plant two to three
times per season due to unpredictable rainfall. Farmers plant sorghum in different dates with
probability that one of the planting date may end up with good yield (Mwanga, 2002). They
plant both early and late maturing varieties. Early maturing sorghum varieties do not resist
much dry spell compared to late maturing varieties which performs better if a dry-spell
occurs during the middle of rainfall season (Mwanga, 2002). The central zone is considered
as food insecure every year among regions in Tanzania due to drought constraint in semi-arid
areas in Dodoma and Singida regions (Ministry of Agriculture, 2019). Drought causes leaf
rolling and loss of STG in sorghum which reduces yield up to 100% majoring with terminal
drought which is more important to yield reduction than other types. Terminal drought affects
the crop at flowering and grain filling stages. At grain filling plants need sufficient water for
high yield. In addition, Striga hermothica and S. asiatica causes 30 - 90% yield loss (Mrema
et al., 2017). Farmers who prefer to grow maize in semi-arid areas are advised to grow
sorghum as an alternative crop to avoid risk of maize harvest loss.

A number of approaches have been recommended to address the drought stress in sorghum.

For instance, a use of participatory rural appraisal which involves farmers provides the
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current information on traits lacking in their cultivated varieties for improvement. The
information helps plant breeders to develop new varieties which contain farmers’ traits
preferences (Mamoudou et al., 2006). A number of improved sorghum varieties were
released in Tanzania for drought tolerance and yield over two decades ago. For instance Lulu
and Serena were released in 1970s (Gierend et al., 2014). Varieties Tegemeo and Pato were
released in 1978 and 1995 respectively. Pato variety is early maturing, drought resistant, has
good taste, resistant to lodging and with yield of 2.5-4 t/ha. The variety is also preferred by
birds and field insects such as stem borers and storage pests. The grain is basically used for
food and brewing. Macia was realised in 1999 with the attributes of good taste, high yielding,
drought resistant, high tillering, and white grain colour. The crop is affected by field insects,
storage pests and birds; it is used as a source of food (Mgonja et al., 2005). A private seed
company released Sila as a new sorghum variety in 2008 (Monyo et al., 2004). Wahi was
released in 2002 as tolerant to Striga, early maturing, drought resistant, high yield and high
tillering. The variety is preferred by birds and also severely attached by stem borer, aphids
and storage pests. It is purposely grown for food and brewing. Hakika variety was released
for the first time in 2002 with attributes of Striga tolerance, early maturing and drought
resistant. Hakika is preferred by birds, insects and storage pests. It is used as food and for
alcohol production. NACO- Mtama I was released in 2013 with attributes including early
maturing, large grain size, and high yielding but is preferred by birds and pests (aphids and
stem borer). The variety has characteristics of shattering after maturity which needs early
harvesting. The variety was released for food and brewing. Seguifa was developed in West
Africa (ICRISAT- Mali), it was released in 1995. It has attributes including; early maturing
from 95-100 days from planting, drought tolerant, high yielding, high tillering but is highly

susceptible to stem borer and aphids; this variety was released for food.



The above varieties were released as introductions for drought tolerance and high yielding
traits. However, no pedigree information is available in Tanzania. Besides, the varieties were
released a long time ago and efficiency of performance of traits has been reduced because of
several factors including drought. Although sorghum tolerates drought, flooding and heat
compared to other cereal crops, under extremely drought it fails to adapt (Dicko et al., 2006).

Drought is a complex phenomenon which is controlled by different genes and exploitation of
these genes needs advanced technology (Ashraf et al., 2008). Among the technologies, the
application of molecular markers have the potential which allows for manipulation of genetic
information and combine with appropriate agronomic traits associated with drought tolerance
before final selection of lines to advance (Ejeta and Knoll, 2007). Molecular markers are used
for detection of QTLs that help to express the phenotypes in plants such as, pre-flowering and
post-flowering drought tolerance in sorghum (Ejeta and Knoll, 2007). Molecular markers
associated with high yield and drought tolerance under well watered and water stressed
conditions are screened for the improvement of drought tolerance in sorghum (Tuinstra et al.,
1996). Marker alleles expressing high yield under well irrigation treatment are associated
with phenotypic trait data under limited irrigation water condition. Selection of new sorghum
lines should be for those with positive correlation under well watered and water stressed
conditions (Tuinstra et al., 1996). Stay green (STG) is conditioned by many genes which
need diversity approaches to identify the position of those genes or QTLs which are
introgressed to non-stay-green sorghum (Kiranmayee et al., 2020). QTLs for STG 1, STG 2,
STG 3, and STG 4 were mapped from B35 sorghum lines using molecular markers (Tuinstra
et al., 1997; Tao et al., 2000; Xu et al., 2000; Kebede et al., 2001; Sanchez et al., 2002).
These lines originated in Ethiopia and are used as donor parent (B35 and E-36) for
introgressing to non- STG sorghum (Kassahun et al., 2010). Markers identify QTLs and

chromosome location associated with genes expressing for drought tolerance in sorghum
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(Ashraf et al., 2008). Other donor parents (K359w, K260, S35SG06008 and S35SG06040)
for drought tolerance were developed at ICRISAT. Uses of donor parent lines with drought
tolerance in origin have contribution in sorghum improvement for drought adaptability
(Ringo et al., 2015).The use of marker assisted backcrossing (MABC) is a common method
for introgression of already mapped STG QTLs associated with drought tolerance genes to
drought sensitive varieties. MABC approach allows transfer of traits of interest from the
donor parents to recurrent parents by successive backcrossing (Walulu et al., 1994). MABC
supplements phenotypic data for the efficiency screening of traits in sorghum (Ashikari and
Matsuoka, 2006; Takeda and Matsuoka, 2008). During phenotypic selection of the suitable
sorghum lines based on the data, early maturity is one of the important traits considered for
sorghum improvement as it can escape from drought effect (Ansarifard et al., 2020; Kamal et
al., 2017; Mwanga, 2002). Physiological parameters contributing to drought tolerance are
important for evaluation of sorghum lines performance. Unfortunately no studies have been
conducted to address drought stress in sorghum by MABC in Tanzania. Therefore, there is a
need to explore the feasibility of developing new sorghum lines for drought stress tolerance
by marker assisted selection. Marker assisted selection simplifies selection of elite lines and

shortens breeding cycles.



The general objective of this study was to develop drought tolerant and high yielding

sorghum genotypes through maker assisted backcrossing using SNP markers

The specific objectives were to:

i. identify farmers’ production constraints and traits preference of sorghum in central

Tanzania;

ii. introgress QTLs for drought tolerance into farmers’ preferred sorghum

varieties; and

iii. determine traits’ performance contributing to drought tolerance in sorghum.



CHAPTER TWO

2.0. LITERATURE REVIEW

2.1. Farmer involvement in sorghum improvement

Participatory rural appraisal (PRA) is a concept which indicates farmers and plant breeders
have different and highly complementary skills which together achieve better outputs of crop
yield through collaboration than each working alone (Mc Guire, 2008). Farmers and plant
breeders stand a better chance of developing new crop varieties which address constraints of
production (Mc Guire, 2008). PRA increases options for addressing sorghum production
constraints such as diseases and pests, salinity, drought and poor soil fertility in sorghum crop
(Mwamahonje et al., 2021). It is important for sorghum breeders to involve farmers who have
diverse knowledge of traits to their local areas for successful breeding demand driven.
Sorghum stakeholders for instance farmers, brewers and agro dealers have different
prefferences of sorghum traits, therefore, should be consulted to identify their preferences for
incorporation in the new varieties (Kaliba et al., 2018). New sorghum varieties which meet
stakeholders’ traits preferences are considered for release to increase the adoption rate
((Monyo et al., 2004; Nuijten et al., 2013). Trait preferences are also important to socio-
economical, cultural, and individual factors, and these can be used for creating awareness of
improved sorghum seed for increasing the adoption rate (Monyo et al., 2002). The approach
is useful for crop improvement as it advocates interactive science where stakeholders are part

of it (Roling et al., 2004).



2.2. Constraints facing sorghum production

2.2.1 Drought

Drought affects nutrients and water uptakes from the soil due to limited moisture which
hinder root development. It affects the process of photosynthesis, respiration and dry matter
partitioning in the plants depending on the type of drought (Pang et al., 2017). Drought
affects sorghum plants differently at physiological growth stages; for instance, at seedling,
pre-flowering and post-flowering stages which contribute to the loss of final yield. Pre-
flowering and post-flowering drought reduce grain yield (Borrell et al., 2014; Hammer et al.,
2014). Water stress at post-flowering growth stage causes yield losses of 87-100%, at this
stage plants need plenty of water for grain filling (Craufurd and Peacock, 1993). The degree
of drought impact in sorghum changes from one environment to another. The ability to
maintain the stay-green trait differs from one variety to another; nonetheless, stay-green is
positively correlated with grain yield in sorghum (Borrell et al., 2014). During drought
condition, the plant utilises water present in the root zone for survival. The efficiency of a
plant to absorb water from the soil depends on the ability of the root to penetrate into deep
soil (Xiong et al., 2006). Studies show that, drought tolerant crop species have higher roots
with more root density (Wasaya et al., 2018). Drought affects morphological features of a
crop for instance, leaf rolling, yield, number of leaves, leaf area index, leaf shape, number of
seeds per plant, reduced growth of roots and reduced different growth stages (Saddam et al.,
2014). Moreover, 70-75% loss is caused by drought because of irregular rainfall which is
associated with climate change. Farmers in these areas practice mixed farming, avoid the use
of improved varieties which are susceptible to bird attack and abandoning of some local
landraces especially late maturing with poor yield under drought condition (Bucheyeki et al.,

2010).


https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=P.%20Q.%20Craufurd&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=J.%20M.%20Peacock&eventCode=SE-AU

Rainfall in semi-arid areas is erratic; it falls in a single rainy season from December to April
per year depending on geographical, seasonal and annual variability (Msongaleli et al., 2015).
Usually rainfall is characterized by heavy storms with floods. This causes run-off instead of
penetrating the soil to support plant growth (Msongaleli et al., 2015). Sorghum is a drought
tolerant crop that can survive and improve yield in low rainfall and soil fertility. It grows
from 400-600 mm annual rainfalls. Under good agronomic management, for instance, timely
planting, weeding, fertilizer application, pest and disease control, the crop produces high
yield. However rain is unreliable and inconsistent ranging from 300- 400 mm per year which
does not satisfy the crop requirement like sorghum in semi-arid areas. The rainfall may start
early or is delayed which makes it difficult for farmers and agricultural experts to know the
trends of the rainfall. Therefore, the sorghum crop is commonly adapted to semi-arid areas
where most cereal crops fail to cope. The ability of sorghum to survive under drought stress
helps farmers to produce sorghum for food security (Bibi et al., 2012). Sorghum has capacity
to cope with different types of stresses, such as water and salt-stresses, high temperature,
wind and flooding (Ejeta and Knoll, 2007). Nonetheless, sorghum is usually affected by
drought stress at pre- flowering and post-flowering growth stages which have critical effect
during seed setting after anthesis stage (Kapanigowda et al. 2013). Drought lowers sorghum
grain yield causing food insecurity especially in Sub-saharan Africa where sorghum is used
as the main food crop (Saddam et al., 2014). The erratic nature of rainfall constraint sorghum
production in semi-arid areas where agriculture is typically dependent on rain fall (Mkonda
and He, 2017). More efforts to research demand driven outputs are needed to improve the
farmers’ agronomic practices on sorghum production especially use of improved seed,
fertilizer use and agronomic crop management (Ochieng et al., 2011). Sorghum varieties
which were introduced from the research institutions have numerous problems including

lodging, poor drought tolerance and poor grain quality, attacked by birds and difficult to store
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because of poor storage infrastructure (Mwamahonje et al., 2021). Farmers need to develop
management strategies for dealing with these problems (Kudadjie et al., 2004). Plant breeders
should develop new varieties which are demand driven by stakeholders. The diagnostic study
suggests that because farmers produce their own seed, improving the quality of their seed is a
benefit for them (Kudadjie et al., 2004). Plant breeders have responsibility to work closely
with farmers to identify the problems and solutions of sorghum production to increase the

adoption rate.

2.2.2. Striga infestation

Striga asiatica and S. hermonthica infestation is among the constraints which hinders
sorghum productivity worldwide (Zhu-Salzman et al., 2004). Striga infestation causes
sorghum grain losses about 22-27% in Sub-saharan Africa (AATF, 2011). In Tanzania, it
covers the major parts producing sorghum and maize. The infestation is concentrated in
different zones like lake zone (Mwanza, Mara, Shinyanga and Simiyu regions), Western zone
(Igunga in Tabora region), Central zone (Dodoma and Singida regions) (Mrema et al., 2017).
This weed is associated with limited soil nutrients (Ejeta, 2007) and it causes a severe loss of
yield resulting into food insecurity in sorghum and maize producing areas (Gebretsadik et al.,

2014).

2.2.3. Lack of technology adoption

Farmers fail to apply technologies in their field which cause poor soil fertility, low moisture
conservation and low yield (Marenya and Barrett, 2009). High compact soil is cultivated by
magoe ripper to increase soil porosity. Uses of magoe ripper technology have been reported
to increase sorghum grain yield by 100% compared to zero tillage. Zero tillage causes high

run-off of water and poor water resources utilization due to low technology or inaccessibility
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to extension officers who advise farmers to adopt improved agronomic management
(Msongaleli et al., 2015). Deforestation reduces soil fertility and poor distribution of rainfall
which affect sorghum production. Moreover, poor crop protection has facilitated the diseases

and pests hindering crop in the field and storage room (Msongaleli et al., 2015).

Most of improved sorghum varieties produce higher yield than local varieties with short
period to maturity (90-110 days) (Mwamahonje and Maseta, 2018) however, farmers face
difficulties of storage facilities. Improved sorghum varieties are affected more by storage
pests compared to the local ones same as in maize crop (Midega et al., 2016). Palatability is
one of the traits which are considered by consumers in sorghum, in areas where improved
palatable sorghum varieties are lacking farmers opt to adopt local varieties which have low
yielding ability (Timu et al., 2014). Farmers produce improved sorghum varieties purposely
for market while local is produced for food. It is recommended that breeders should consider
palatability and taste in sorghum improvement (Timu et al., 2014). Improved varieties have
low palatability and hence palatable traits need to be incorporated in during breeding new
varieties to cut-out this constraint (ECARSAM, 2005). The farmers who use improved
varieties produce about 1 t/ha which is very small compared to the standard yield proposed
by world and Africa with an average of 5 t/ha (ECARSAM, 2005). More effort is needed to
educate farmers on the use of improved sorghum varieties which are drought tolerant, high

yielding and demand driven to increase production.

2.3. Drought coping mechanisms in sorghum

Drought coping mechanism is the ability of plants to withstand drought stress while
maintaining appropriate physiological activities to stabilize and protect cellular and metabolic
integrity at tissue and cellular level (Tuinstra ef al., 1997; Xiong et al., 2006). Drought

tolerance is a complex trait associated with QTL caused by the interaction of environmental
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and genetic factors. It allows cell survival with less metabolic activity leading to low yield of
plants (Izanloo et al., 2008). Sorghum is affected by drought in early growth stages and pre
flowering and post flowering growth stages (Badigannavar et al., 2018). Drought occurring
during early growth stage; weakens growth of sorghum plants because of limited water and
nutrients absorption from the soil. Pre-flowering drought is common when plants are at
vegetative growth stage to pre-flowering; it affects physiological and morphological plant
growth (Wani et al., 2012). However, plants have ability to resume normal physiological
growth on drought recovery. Post-flowering drought occurs during post-flowering growth
stage. It affects grain filling in cereal crops as at this stage plants need sufficient water;
therefore it causes the significance yield loss (Verma et al., 2018). Notwithstanding, plants
have mechanisms to cope with the drought stress including physiological, morphological and

biochemical mechanisms.

2.3.1 Physiological mechanisms

Physiological mechanism involves the adjustment in photosynthesis, chlorophyll content,
stomatal conductance and transpiration rate. The plants reduce leaf water potential; regulate
osmotic potential while keeping high chlorophyll content for photosynthesis to support plant
growth (Baccari et al., 2020). Sorghum copes with drought attributable to regulated
physiological processes which occur during growth. The physiological traits that account for
the adaptation include stomata conductance which act as the regulator of photosynthetic
process. It closes stomata during drought to minimize water losses during transpiration and
photosynthesis (Tuinstra et al., 1997); (Xiong et al., 2006). Sorghum allows accumulation of
high chlorophyll content and maintains STG which is important for grain yield (Blum et al.,
1989). Below is the detailed discussion of physiological mechanism of sorghum to drought.

2.3.1.1 STG sorghum
13



STG refers to the retention of green colour in plant leaves which delays leaf senescence for
enhancing photosynthesis during water stress (Thomas and Ougham, 2014). The role of STG
in plant is to maintain chlorophyll while reducing the leaf senescence in plants for survival.
Plants with sufficient STG have advantages to partition nitrogen in plant leaves which offer
efficient transpiration and radiation which reduces sink carbon tank (Borrell and Hammer,
2000). This enhances yield under limited water conditions during post-flowering. STG trait is
categorized into five types. The first and second type is functional STG, which triggers and
regulates onset of leaf senescence. The third and fourth type plays a major role in maintaining
plant greenness which undergoes photosynthesis with the STG (Thomas and Howarth, 2000).
The fifth is type E of which its green leaves is associated with the initial chlorophyll content.
The study of drought tolerance in sorghum targets the first and second type of STG which is
functional STG (Thomas and Howarth, 2000). Functional STG has significant contribution to
carbon income of the plant during drought stress (Meru, 2010). STG in sorghum is an
important trait that contributes to drought tolerance. It has been exploited through marker
assisted selection by backcrossing (Edema and Amoding, 2015). Sorghum varieties with low
levels of STG at post-flowering stages lack drought tolerance mechanism. Water deficit,
during post flowering, lowers chlorophyll content; this increases leaf senescence in the plant
(Borrell et al., 2014). Genotypes with drought tolerance show low level of leaf senescence
maintaining green colour on leaves which account for photosynthesis in sorghum plants.
Sorghum has ability to grain fill under water shortage due to high level of STG (Borrell et al.,
2000). Deployment of STG traits through delaying leaf senescence is one of the strategies to
improve sorghum production in semi-arid areas. This improves grain production, fodder and
quality of sorghum products with positive correlation to STG (Reddy et al., 2014). The
critical stage of quantifying the ability of sorghum variety to maintain STG is during pre-

flowering and post-flowering stages when optimum water is needed for vegetative growth
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and production, respectively. The lines with high STG are screened in breeding programmes
to develop drought tolerant varieties (Borrell et al., 2014). Large size of canopy, number of
tillers, leaves, and leaf size at pre-flowering may contribute to the delay of pre-anthesis
(Ahlawat et al., 2008). STG is associated with proline production in plants. During drought
stress plants tend to secret high amount of proline as a strategy of coping with the drought
condition (Hayat et al., 2012). This is enhanced by a combination of activities achieved by
diversity of proteins in plants. Two drought tolerant sorghum varieties have been developed
in Ethiopia B35 (BTx642) and E-36-1). Sorghum lines with QTL related with drought
tolerance in addition to B35 and E-36-1 include K359w, K260, S35SG06008 and
S35SG06040. The line B35 contains most of the QTLs STG1, STG 2, STG 3 and STG 4 for
STG traits shown during post flowering and E-36-1 contains QTLs for STG shown during
pre-flowering stage (Edema and Amoding, 2015).These sorghum lines are good sources of
drought tolerance for improvement of sorghum. STG QTLs can be introgressed to drought
sensitive recurrent parents by MABC method. In addition, STG has been reported to increase
resistance to lodging (Sanchez et al., 2002). Delaying loss of green tissues is the trait of
interest for addressing the challenge of drought stresses in plants. Sorghum varieties with
delayed STG have high chlorophyll content, chlorophyll content index and the leaves remain
green for a long period of time during post-flowering water stress (Luche et al., 2015).
Drought tolerant sorghum produces high grain yield and relative high biomass compared to
non- STG varieties under limited water conditions. The major genetic variations among STG
sorghum have been reported in Ethiopia (Borrell et al., 2000). The delayed leaf senescence
which accounts for STG in sorghum is increased by specific leaf nitrogen (Vadez et al.,
2013). This occurs because during young stages, most hybrid sorghum varieties have high
levels of nitrogen for vegetative growth that increases high specific leaf nitrogen during post-

flowering water stress (Borrell er al., 2000b). Three regions in the sorghum genome are
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associated with 30% variation in the STG (Thomas and Howarth, 2000; Tao ef al., 2000).
About 47% biomass of sorghum is produced at post flowering stage during water stress
(Borrell et al., 2000). Phenotyping of drought tolerant sorghum accessions is tedious and time
consuming. Biomass in sorghum shows good heritability in the yield performance in response
to harvest index. In this approach, QTLs which are tightly linked with molecular markers and
genes encoding drought tolerance in sorghum are selected for exploiting STG traits to
potential lines (Walulu et al., 1994; Tuinstra et al., 1997). During introgression of drought
tolerance QTLs both foreground selection and background selection of desired traits are
exploited from targeted regions of the sorghum genome. Most of the QTLs introgressed to
the potential recurrent parents are intermediate, about 40%, depending on the environmental
factors which have influence to QTLs introgression (Walulu et al., 1994). The effect of post
flowering under water stress starts 15 days from withholding irrigation (Kassahun et al.,
2010). Sorghum plants use water stored in the deep and high density roots although the
production of carbohydrate automatically is reduced. The reduction of water in the soil has
effect on the coleoptile length, higher root shoot ratio and longer roots. Drought stresses
reduces the fresh weight and the biomass of root, leaf growth and enhances roots growth (Ali
et al., 2011). The root structure and anatomy account for water uptake by plants. Drought
stress causes reduction of leaf area which is enhanced by decrease of cell division with small
leaf size that reduces eva-transpiration. Leaf senescence is affected during overexpression
and under expression of the hormones if enzymes do not work efficient, this reduces
photosynthesis efficiency in plants (Jordi et al., 2000; Peleg et al., 2011). Rivero et al. (2007)
reported the successful introgression of STG in sorghum by transgenic technology by using
an enzyme isopentenyltransferase (/PT) which catalyses the rate of cytokinin expression in
sorghum. However, the yield of new sorghum varieties developed by this technology is low

compared to other methods of sorghum improvement (Rivero et al., 2007). Even though,
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there are different techniques/mechanisms under which plants maintain STG during limited
moisture, STG QTLs developed by mapping using marker assisted selection seems to be the

one which to a large extend is expressing STG phenotype in sorghum.

2.3.1.2. Chlorophyll content

Chlorophyll is an important part of the plant which governs photosynthesis process for the
production of food. Chlorophyll is classified into five; type a found in higher plants, b in
plants and green algae and chlorophylls ¢, d and e, in some algae. Chlorophyll, a
photosynthetic pigment, is involved in light absorption and plays an important role in plant
photosynthesis. Chlorophyll converts sunlight energy to chemical energy in the in the
presence of sunlight and water. Limited sunlight and water reduces chlorophyll production as
well as yield in crops (Fu and Huang, 2001). Drought reduces the production of chlorophyll
as it reduces surface area of greenleaf and causes high transpiration rate. Drought destroys
photosynthetic parts thus reduces chlorophyll content in plants (Fu and Huang, 2001). Crops
which grow in semi-arid areas have characteristics to cope with the situation, for instance
sorghum has ability to resume photosynthesis and physiological growth after phase of
drought stress. It develops roots which assist to transport water and nutrients from the soil to
the plant but it reduces the final yield. Chlorophyll content decreases with increases of
drought stress, however, in some cereals such as black gram [Vigna mungo (L.) Hepper]
which contain high level of a chlorophyll content, chlorophyll content increases under
moisture stress condition (Ashraf and Karim,1991). High level of type a chlorophyll can
facilitate chlorophyll content recovery compared to type » which confers drought tolerance in
in sorghum (Kapanigowda et al., 2013). Sorghum varieties which are drought tolerant might
contain higher ratio of type a chlorophyll to type b which is useful for introgression into the

recipient parents for improvement of drought tolerance (Kapanigowda et al., 2013).
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2.3.2 Morphological mechanism

Morphological mechanism for drought tolerance in sorghum involves morphological traits
which are associated with drought tolerance in sorghum for instance plant height, leaf
arrangement, root system, root to shoot ratio and biomass accumulation. Plants with large
weight of below to above ground biomass production have a high chance to tolerate water
stress (Getnet et al., 2015). The biomass production depends on roots and shoots growth in
plants. Drought affects more shoot growth than root growth in sorghum because of high level

of temperature which increases rate of transpiration in plants (Bibi et al., 2010).

2.3.2.1. Leaf rolling

Leaf rolling is a mechanism used by plants during drought stress to prevent water loss by
reducing leaf surface area (Kadioglu and Terzi, 2007). Leaf rolling is common in cereal crops
for instance; previous studies by Kusaka et al. (2005) reported that, folding of pearl millet
plant leaves during water deficit as the mechanism of survival. Leaf rolling and stomatal
conductance play a major role as the physiological indices accounting for drought tolerance
in plants. Leaf rolling is regulated by leaf water potential while stomatal conductance governs
soil moisture (Assefa et al., 2010). Sorghum maintains stomata opening due to low level of
leaf water potential. The positive correlation of leaf rolling against leaf water potential have
gained advantage for breeders who use leaf rolling as one of the parameters for drought
tolerance estimation (Baret er al., 2018). Leaf rolling caused by reduction of leaf water
potential differs from one plant species to another. This is due to failure of plants to adjust to
low leaf of osmotic potential at low leaf water potential (Amelework et al., 2015). In
addition, leaf rolling is used as desiccation avoidance as it has negative influence to
transpiration rate caused by changes in leaf stomatal conductance and reduction of leaf area

so as to lower the water loss (Kadioglu and Terzi, 2007). Leaf rolling helps to rescue plant
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survival by stomatal closure. While there is lack of sophisticated instruments for transpiration
rate measurements and stomatal closure measurements for drought tolerance in sorghum, leaf
rolling is a good alternative for screening drought tolerance. Plants with high drought
tolerance show low stomatal conductance compared to susceptible plants (Kadioglu and
Terzi, 2007). Low stomatal conductance tends to raise leaf temperature which causes high
transpiration in drought tolerant plants (Kadioglu and Terzi, 2007). Stomatal closure is
caused by high leaf temperature and transpiration rate. Plants with high susceptibility to
drought are enhanced by high stomatal conductance with low leaf temperature (Kadioglu and
Terzi, 2007). The difference between stress and non-stress sorghum genotypes could
probably be due to poor correlation between drought tolerance and yield potential
(Amelework et al., 2015). Plants with drought tolerance donot necessarily produce high yield.
Therefore, plant breeders screen accessions with combined traits across the environments

(Simova-Stoilova et al., 2016; Siebers et al., 2015).

2.3.2.2. Root system

The root systems influence drought tolerance in sorghum as they help to enhance water
absorption from the soil to plant parts during water stress (Grieder et al., 2014). Roots grow
about 2 to 3 cm per day and are the first parts of plant affected by drought stress (Routley et
al., 2003). Sorghum roots grow to about 1 to 2 m depth in the soil at booting stage; this
enables uptake of water at a distance of 1.6 m lateral from the plant (Routley et al., 2003).
The root system is characterized by high level of osmotic adjustment all together contributing
to drought tolerance in sorghum (Bibi et al., 2012). Root growth reaches stationary phase
during the flowering stage, especially for non- STG sorghum genotypes (Robertson et al.,
1993). Sorghum genotypes with seminal roots and large vessel diameters have high tolerance

in limited water environments (Blum, 2004). Root distribution and root system structure in
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sorghum depends on the carbon partitioning to the roots, which increases plant survival
during drought stress (Blum, 2004). Plants with high ability to establish high root growth in
water stress have high ability to tolerate water deficit attributable to increased root growth,
which increases contact with soil thereby enhancing water uptake (Yambao et al., 1992).
During drought situation, the plant absorbs water stored in the root zone however; the
efficiency of absorption differs from one crop to another or from one variety to another. The
crops with tolerance to drought absorb water from deep soil for survival (Xiong et al., 2006).
Studies have revealed that drought tolerant varieties have deep roots and long lateral root
systems which support the uptake of water and nutrients for plant use (Lynch, 2013; Yu et
al., 2008). In addition, thick roots and large branches of roots penetrate the compact soil
which facilitate high uptake of water for plant use (Simova-Stoilova et al., 2016). Therefore,
the association of root architecture and root branching should be exploited to improve
drought tolerance in sorghum as it helps to retain STG during water stress.

Root to shoot ratio is the proportion of root to shoot development during physiological plant
growth. The production of root and shoot depends on availability of water for plant intake.
Limited water affects root and shoot development in plants. In sorghum, the root to shoot
ratio increases with decrease of soil moisture as the mechanism of survival (Sher et al.,
2013). However, there is a variation in efficiency for maintaining root to shoot ratio among
sorghum varieties. Sorghum with high level of STG accumulates large weight of biomass to
support plant (Borrel et al., 2014). The primary roots growth of sorghum is slower than
secondary roots growing from root crown. The strength of root system and biomass
production therefore depend mainly in secondary growth root system (Tari et al., 2012). Root
morphology, root biomass and structures of root systems enhance tolerance of sorghum in

limited soil moisture (Assefa and Staggenborg, 2011). Thus, further studies to understand the
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mechanism that confer increase of root to shoot ratio during drought tress should be given

priority in sorghum improvement.

2.3.2.3. Biomass accumulation

Biomass refers to the dry matter after extraction of water by drying in the oven. Biomass
production differs among plant species and varieties. It is among the traits which are used as
an indicator of drought tolerance in plants including sorghum. Drought tolerant lines are
characterized by high production of biomass as the way of adaptation for survival. About
47% biomass of sorghum is produced at post-flowering during water stress (Borrell et al.,
2000b). Biomass is grouped into two types; the first type is above ground biomass which is
composed of dry matter of plant parts above the ground for instance the shoot. The second
type is below ground biomass composed dry matter below the ground for instance roots.
Biomass accumulation in sorghum is contributed by high efficiency of photosynthesis which
is driven by high chlorophyll content in leaves, STG and high concentration of carbon-
dioxide (CO2) in the atmosphere (Ogbaga et al., 2019). Biomass accumulation is used as an
indicator of drought tolerance in sorghum during post-flowering drought in the context that, it
enables physiological plant growth and produce reasonable grain yield under low moisture
though, the yield is low. Borrell et al. (2014) confirmed that biomass accumulation in
sorghum is correlated with STG, sorghum genotypes with high STG have high biomass
accumulation compared to non- STG genotypes. High production of biomass at the post-
flowering growth stage increases yield potential than partitioning (Habyarimana et al., 2002).
Increase of biomass accumulation in sorghum could also be attributable to enzymes which
are active during moisture stress, to rescue plants from wilting. Therefore, it is recommended
to take consideration of the biomass production when testing lines for drought tolerance in

sorghum.
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2.3.3. Biochemical mechanism

Biochemical mechanism involves various biochemical products accumulation by plants
during drought (Ogbaga et al., 2016). Biochemical mechanism involves the biochemical traits
such as proline and photosynthetic pigments which assist the plant to adapt to drought
condition (Getnet et al., 2015). Drought in sorghum accumulates reactive oxygen species and
breakdown of the cellular membrane which hinder the metabolic reactions in plants (Ahmed
et al., 2016). Studies have shown that drought-sensitive crops like, maize, barley and tobacco
accumulate higher H,O, and lipid peroxidation than that in drought-tolerant ones (Ahmed et
al., 2016). Drought stress enhances the reaction of enzyme anti-oxidant, it has been reported
that plants which produce more anti-oxidants have more chance of tolerating drought than
those with less anti-oxidants (Su et al., 2017). These findings indicate that, enzymes anti-
oxidant activities increase in drought stress tolerant sorghum than drought stress sensitive
sorghum (Amoah and Antwi-Berko, 2020). Such findings point out the need to further study
of the mechanism of enzymes anti-oxidant activities to drought stress in sorghum. Sorghum
accumulates high content of proline as the means of minimizing drought effects (Getnet et
al., 2015). In addition, nitrogen also has significant contribution to adapt to drought in
sorghum. Drought induces biochemical reactions in plants which persuade the secretion of
compatible solutes, dehydrins and drought induced proteins (Badigannavar et al., 2018). The
compatible solutes osmolytes are responsible for protecting plants from high levels of
osmotic stress during water stress. The accumulation of compatible solutes in plants is the
indicator of drought stress. The production of solutes plays the mechanism for adaptation of
drought condition. Biochemical compounds are accumulated in herbaceous plants as the
means of plants protection, such solutes should be exploited for improvement of crops
(Ofgbaga et al., 2014). Heat Shock Proteins (HSPs) and dehydrins (DHNs) are classifications

of proteins which increase with increase of drought stress in sorghum and maize (Ogbaga et
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al., 2014). Thus, traits related to biochemical mechanism for drought tolerance in sorghum
need to be studied at molecular level to widen the chance of detecting QTL related with
drought tolerance in the biochemical compounds. Many studies have been conducted to
understand the mechanisms which trigger drought tolerance in sorghum (Kapanigowda et al.,
2014; Ngugi et al., 2013). Most studies have been undertaken in the greenhouse and/or
screen-house which may not reflect the actual field conditions. Further tests are important
under field conditions to determine the adaptability of plants not only against drought stress
but also other biotic (pests and diseases) and abiotic stresses (soil nutrients). This will help to

screen the genotypes with combination of traits associated with drought tolerance.

2.4. Water Use Efficiency

Water use efficiency is the biomass production per unit water use. It is imperative in
physiology studies (Monclus et al., 2006). However it is difficult to screen for in a breeding
programme as it differs depending on the accessions and environmental factors (Condon et
al., 2002). There is inconsistent relationship between water use efficiency and dry matter
accumulation in the experimental trials treated with different water regimes (Blum, 2005).
Climatic and genotypic factors have effects on water use efficiency. High temperature and
wind increase transpiration rate which is negatively influencing water use efficiency in crops
(Schymanski and Or, 2016). Water use efficiency has contribution to drought tolerance and
non-drought tolerance in crop genotypes depending on genetic differences (Condon et al.,
2002). High water use efficiency increases biomass and leaf area per plant (Assefa et al.,

2010). Yield performance under drought condition is controlled by genetic variations

controlling yield potential, drought tolerance and water use efficiency (Hasan et al., 2016).
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2.5. Methods of emasculation in sorghum

Sorghum is a cereal crop with outcrossing ranging from 5-30% close to anthesis and after
flowering. Outcrossing in sorghum is attributed to wind and insects movement from one
flowered plant to another (Barnaud et al., 2008). Different methods are used for anthers
emasculation sorghum. Hand emasculation method involves the removal of anthers of flower
close to flowering by use of forceps and needle. Emasculation is done a day before flowering
to avoid outcrossing. Hand emasculation method has high risk of outcrossing if
contamination is not properly controlled. The emasculated panicle of sorghum plant is
covered by paper bag. Hand emasculation method need skilled person to avoid damage of
floret during emasculation. It should ensure all pieces of anthers are removed to avoid self-
pollination. The second method is hot water emasculation which involves hot water to kill
anthers before producing pollen. The pollen has higher sensitive to temperature and humidity
than stigma a female part of the flower. The head of sorghum plant prior to flowering is
immersed in the hot water at 42-48°C for 10 minutes which kills pollen leaving viable female
organs. However, there is possibility of self-pollination in few crossed plants. The self
pollinated plants are identified by assessing segregation proportion of crossed plants (House,
1985). In addition, hot water is a method of emasculation which generates cytoplasmic male
sterility for production of hybrid seed in sorghum (Hodnett and Rooney, 2018). Plastic bag is
the method of anthers emasculation which uses polythene bag to cover the trimmed panicle of
sorghum plant where the top part that initiates flowering and the bottom part of panicle are
trimmed and covered to create high humidity and temperature which prevents dehiscence
(Laxman, 1997). It is followed by the removal of polythene bag and allows crossing with
pollen from the donor parent within three to four days. This depends on the efficiency of

pollen death of the itended female plants before crossing (Laxman, 1997). This method is
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useful when dealing with crossing of many plants within the limited time. However, the

possibility of self-pollination is high if some pollen fail to die.

2.6. Molecular techniques for sorghum improvement

2.6.1. Genetic diversity of sorghum

The study of genetic diversity in sorghum is the basis of breeding materiels for development
of new lines. The study of genetic diversity compares different genotypes that can generate
elite lines and new varieties for food production and breeding programs in research institutes
(Sinha and Kumaravadivel, 2016). Traits namely early maturity, disease resistance, grain
yield and drought tolerance are considered when producing new genotypes to widen
germplasm of the sorghum crop (Arunkumar et al., 2004). Landraces of sorghum exhibit
moderate genetic diversity which is useful in the identification of diverse accessions which
serve as parental lines for efficient utilization and application of germplasm into sorghum
breeding programs (Burow et al., 2012). Assessment of genetic diversity of sorghum
considers contrasting phenotypic and genotypic characters which can produce new seeds with
high vigour and heterosis (Burow et al., 2012). One of the challenges facing genetic diversity
of sorghum on the conserved germplasm is due to large number of accessions which need to
be screened to obtain the elite genotypes (Casa et al., 2008). It is a challenge to screen for
specific traits of interest which can bring impacts in the society. The proposed easy way is to
group germplasm according to regional origin which could have significant correlation with
adaptation to the trait of interest (Uphadyaya et al., 2009). Nevertheless, further studies to
understand the genetic diversity of sorghum is imperative to increase possibility of obtaining

new outstanding performing sorghum that can withstand harsh environment.
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2.6.2. Molecular markers used in sorghum genotyping

Molecular markers have become the important tool in supplementing plant breeders to
develop new varieties (Jiang, 2013). Markers show variation within and among genotypes
and trace the QTLs/genes associated with the expression of certain traits of consumer
preference (Platten ef al., 2019). A number of studies have used molecular markers to study
genetic diversity and traits related to crops improvement (Govindaraj et al., 2015; da Silva et
al., 2017). For sorghum, a number of molecular markers have been utilized to identify the
QTLs associated with stay-green, like delayed leaf senescence, leaf rolling, chlorophyll
content, water use efficiency and yield. QTLs are mapped across the environments while

others are specific to some environments (Hash et al., 2003).

2.6.2.1. Random Amplified Polymorphic DNA (RAPD)

RAPD is a type of molecular marker which is developed from PCR amplification of specific
genomic DNA sequences recognized by random primers of arbitrary nucleotide sequence
(Williams et al., 1990). RAPD markers are dominant and medium throughput thus; no needs
to know the DNA sequence. They are simple, time saving due to its rapidity and requiring
small amount of DNA (Welsh and McClelled, 1990). For this reason, RAPD markers are
used to identify unknown species in crops and animals. Several studies on genetic diversity of
wild and domesticated sorghum have revealed high genetic variation which may play as the
bases of sorghum improvement (Agrama and Tuinstra, 2003; Akhare et al., 2003; Ayana et
al. 2000). However, RAPD markers have low reproducibility which needs many primers that
may not be good for genotyping of DNA materials in crops including sorghum (Van

Haeringen, 2001).

2.6.2.2. Amplified Fragment Length Polymorphisms (AFLP)
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AFLP markers refer to the markers that are generated from PCR and Restriction Fragment
Length Polymorphism (RFLP) for amplification of DNA materials. AFLP amplification is
selective to the subset of genomic restriction fragments. AFLP markers have good
reproducibility compared to Inter-Simple Sequence Repeat, RAPD and RFLP markers (Costa
et al., 2016; Paul et al., 1997). AFLP (Vos et al., 1995) and RFLP markers have
polymorphism with high polymorphic information content (PIC) and Shannon diversity
index. However, the cost is high for large-scale and locus-specific application which needs
skilled person to run sophisticated modern equipment (Bradeen and Simon, 1998).The
markers cannot differentiate homozygous and heterozygous individuals which make it

cumbersome to achieve genotyping (Costa et al., 2016).
2.6.2.3. Simple Sequence repeats or Microsatellites (SSR)

SSR markers are DNA markers with short, tandem repeated di-, tri-, tetra-or penta-nucleotide
motifs. The markers tandem arranged repeat units 1-6 bp long Di-, tri-and tetra-nucleotide
repeats —(CA)n, (AAT)n and (GATA)n in a genome. It is characterized by high mutation rate
between 102-10° which makes them polymorphic markers and useful in genotyping
compared to RAPD and RFLP and AFLP (Jenhan and Lakhanpaul, 2006). SSR primer design
requires unique sub-set of flanking DNA to enable amplification of DNA fragments (Vieira
et al., 2016). The amplicons show polymorphism which is attributed by allelic variation
based on the number of repeat motifs in the microsatellite (Vieira et al., 2016). SSR markers
are randomly distributed almost in the whole genome, co-dominant, high reproducibility, and
high information content. This makes it a more important marker than ALFP, RAPD and
RFLP markers. The marker is used for high throughput genotyping in plants. SSR markers
require small amount of DNA about 100ng/sample for genotyping work. Microsatellites or

Single Sequence Repeats (SSRs) are extensively employed in plant genetics studies, using
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both low and high throughput genotyping approaches. On the other hand markers need
experienced labour and high cost for automated work (Vieira et al., 2016). SSR markers have
high polymorphic information content (PIC) and Shannon diversity index. SSR markers are
useful for genetic studies in plants including mapping QTLs associated with traits of interest,
genotyping of plants, estimation of relationship of genotypes, designing linkage group and
marker assisted selection studies (Kalia et al., 2011). SSRs have been used in the genetic
diversity of sorghumare. The SSR markers which indicate high polymorphism for STG are
used as candidate markers for mapping STG QTLs which are closely linked to genes
associated to drought tolerance (Edema et al., 2015). SSRs are used by plant breeders to find
distant related STG trait sorghum for crossing to develop new sorghum lines (Mwamahonje

et al., 2021)

2.6.2.4. Inter-simple sequence repeats (ISSR) markers

ISSR markers are multilocust markers which are generated by the amplification of DNA
segments using microsatellite sequence primers (Reddy et al., 2002). ISSR markers have high
efficiency compared to RAPD which has low reproducibility and AFLP that has higher cost
of genotyping (Meyer et al., 1993, Gupta et al., 1994, Wu et al., 1994, Zietkiewicz et al.,
1994). ISSR markers are designed by the amplification of ISSR sequence of DNA that is
flanked by microsatellite sequences in two sides. The PCR amplification of the ISSR regions
uses single primer to multiply the amplification products which are useful for the studies on
genetic diversity, phylogeny and gene tagging on different crop species including sorghum
(Ng and Tan, 2015; Satish et al., 2016). The ISSR markers are highly polymorphic, thus are
used for genome mapping and evolutionary biology in different living organisms (Yang et
al., 1996; Reddy et al., 2002). The markers are dominant, powerful, rapid, affordable and

methodologically not sophisticated that can be handled by normal skilled person compared to
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other dominant markers Gupta et al., 1994; Wang et al., 1998). Nonetheless, the markers
segregate as co-dominant in some cases which can distinguish between homozygous and
heterozygous alleles thus make it useful for crop improvement (Wu et al., 1994; Wang et al.,
1998; Sankar and Moore, 2001). The markers are important for the study of genetic marker to
new learners and for organisms which lack genetic information (Ng and Tan, 2015). ISSR
markers have been used to determine genetic distance estimates of maize genotypes for
introgression to develop new germplasm. These apply in other cereal crops like pearl millet,
barley and finger millet for generating new lines (Idris et al., 2012). Therefore, ISSR markers

can be used for the mapping of stay green QTLs in sorghum.

2.6.2.5. SNPs Markers

SNP markers show high level of polymorphism due to the high content in the genome, is not
time consuming compared to other markers however, need skilled person and high cost at
beginning for automated operation (Jenhan and Lakhanpaul, 2006). Molecular marker tools
are growing; recently, SNPs markers have become the important marker because they are
simple for automation data production and they are available almost in the whole genome.
SNPs have ability to detect traits which other markers cannot because of abundance across
the genome, ubiquitous and high throughput automation (Mammadov et al., 2012). SNP
markers group the allele- specific molecular reaction products; separate and detect allele
specific products for easy identification which SSR markers cannot do (Vignal er al., 2002).
SNP markers are used in mapping QTLs associated with the traits of interest to improve the
traits. This is due to availability of SNPs in the entire genome such that generates clear map
resolution which clearly show polymorphism (Mammadov et al., 2012).With high variation

present between and within hybrid and local accessions, characterization is important to
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identify suitable genotypes for use in agriculture and preserving in the gene bank for future
use (Akhare et al., 2008).

Regarding the difficulties to differentiate among sorghum accessions, SNPs do well, using
these sweet sorghum accessions for instance, have been grouped into three major groups
including; historical and modern genotypes for syrup production, modern genotypes mainly
for sugar supply and amber genotypes (Murray et al., 2009). SNP has current at the peak due
to high abundance and can accommodate the whole genome of sorghum with high throughput
and high resolution compared to others. This marker can identify the diversity to single base
level (Disasa et al., 2016). SNP markers can indicate the variability on a single nucleotide in
the DNA present in the genome. Due to high efficiency, the number of SNPs and variations
available in all regions of plant genome are detected (Sakiyama et al., 2014). SNPs markers
can be exploited from genomic or from the expressed sequence tag sequences by high
throughput sequencing technology, they can be obtained in the PCR products (Calvifio et al.,

2009).

2.6.2.6. Diversity Arrays Technology

Diversity Arrays Technology (DArT) refers to a technology which applies in the study of
molecular genetics for the development of sequence markers for genotyping and genetic
analysis. It is a hybridization based approach which can run at least 1000 of genomic loci in
parallel (Jing et al., 2009). The technology offers a high multiplexing level with reasonable
cost (Mace et al., 2008). DArT has become more applicable in several plant species than
other technologies because of high throughput, genomic coverage and transferability
(Boczkowska et al., 2020). Despite the fact that the different molecular markers have been
useful in the study of genetic diversity, genome mapping, and marker assisted selection, they

differ in the effectiveness. Moreover, the cost of genotyping using SSR and SNP markers are
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based on the data point run. Therefore, the cost of investment using these markers is high.
This have affected plant breeding programs due to large number of data set which most plant
breeders cannot afford to pay. DArT involves the whole genome sequencing which identify
different coding regions of the genome in various crops. The technology has developed DArT
markers which are used for mapping QTLs of farmers preferred traits in sorghum for
improvement. The QTLs are located in the specific position of chromosomes. DArT assays
generate whole genome fingerprints by scoring the presence versus absence of DNA
fragments in genomic representations generated from genomic DNA samples through the
process of complexity reduction. DAarT markers are used for genotyping in sorghum, barley,
wheat, plant height, drought tolerance and yield (Fiust et al., 2015; Mace et al., 2008;
Sabadin et al., 2012). Gy9 is an examples of QTLs for yield that have been mapped in
sorghum using DAarT markers while QTLs for drought tolerance was mapped in the

chromosome number 4A in wheat (Ballesta et al., 2018).

2.6.3. Maker-assisted backcrossing of sorghum

Most traits of interest in the sorghum crop have been difficult to exploit through conventional
breeding (Prohens, 2011). MABC can transfer alleles at one or more loci from the donor
parent to the recurrent parent using molecular markers (Hasan et al., 2015; Saxena et al.,
2002). Backcrossing for drought tolerance in sorghum is tedious and time consuming. SSR
and SNP markers have been mapped for STG QTLs in sorghum. These markers are used for
marker assisted backcrossing for the improvement of STG in sorghum. MABC simplifies the
breeding programs by reducing the breeding cycles which shortens the duration of releasing
new improved varieties. The introgression of alleles of preferred traits can be attained after
six backcrosses with genome recovery of recurrent parent by 99.2% (Hasan et al., 2015). The
recurrent parent genome is recovered by half of each backcross for instance, two backcrosses
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recover 87.5%. Plant breeders use marker assisted backcrossing as the tool for selecting traits
which contain alleles with high recovery of recurrent parent genome. It helps to compare
phenotypes and genotypes of large sorghum populations with consistence across the
environment; nevertheless, QTLs are influenced by variation in environmental factors
(Saxena et al., 2002). Testing the effect of water stress on sorghum across environments is
important. Researchers have concentrated on developing new varieties which are drought-
tolerant because of climate change occurring in most parts of the world. To achieve
exploitation of QTLs from the donor parents to recurrent parents, a large number of
polymorphic, high resolutions, high throughput, co-dominant and informative molecular
markers are used (Baloch et al., 2017). This helps to identify genes associated with complex
drought tolerance due to small genome size of sorghum (Paterson et al., 2009). By using
molecular markers, a number of sorghum linkage maps associated with drought tolerance
have been identified (Mace et al., 2012). Molecular markers for donor and recurrent parents
play a major role for elimination of linkage drag to enhance the recovery of recurrent parent’s
genome. QTLs for STG originated from donor parent B35 and E 36-1 are commonly used for
introgression into sorghum lines (Borrell er al., 2014; Edema and Amoding, 2015). In
addition, epistatic interactions within and between STG loci have been reported in sorghum
genome, these interactions within the phenotypes can be exploited by the use of Near-
isogenic lines (NILs) and applied in the sorghum breeding program. MABC remains the
important tool for introgression of traits of interest from the donor parent to the recurrent
parent for sorghum improvement.

MABC involve Foreground and background selection, foreground selection refers to
selection of molecular makers associated with the donor parent in particular target locus. The
aim of foreground selection markers in MABC is to maintain locus of target in heterozygous

state of both parents up to final backcrosses (Gorthy et al., 2017). Foreground selection is
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achieved by marker-assisted backcrossing. Some of the traits which have been introgressed
into recurrent parents by backcrossing include drought tolerance, high yielding, shoot fly
resistance, and Striga species resistance in sorghum (Ouedraogo et al., 2017). Foreground
selection markers mSBCIR238, Xtxp72, mSBCIR222, mSBCIR314, Xtxp225 and Xtxp285
have been mapped for STG using SSR markers (Ouedraogo et al., 2017). High yield is a
complex trait contributed by several QTLs in chromosome 1, while sorghum flowering QTLs
are located in chromosome2 (Sukumaran et al., 2016). These QTLs together significantly
contribute to enhance grain yield in sorghum. Background selection reduces donor parent
alleles increasing the recovery of the recurrent parent genome. Background selection occurs
when trait of recurrent parent is recovered while receiving new specific traits from the donor
parent for enhancement (Gorthy et al., 2017). It aims to minimize the size of introgressed
region, to remain with the target gene following selection of non-deleterious loci of particular
traits during backcrossing. It is achieved by identifying the best recombinants between the
genes of target which are closely linked to the markers (Hospital, 2001). Single nucleotide
polymorphism markers could work better to detect linkage groups due to higher efficiency
compared to SSR markers. Figure 2.1 illustrate basic procedures to follow when improving
trait of choice from the donor parent to preferred recurrent parents in sorghum. MABC
focuses on specific trait when introgressing to the recurrent parent for instance drought
tolerance, disease and pest resistance and Striga tolerance. It involves phenotyping and
genotyping the genotypes to develop new lines with high proportion of trait of target (Kamal

etal., 2017).
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Figure 2. 1. Marker assisted backcrossing procedures for introgression of stay green

QTLs from the donor parent B35 to the recurrent parent Tabat

2.7. QTL mapping for yield in sorghum

QTL mapping is the exploitation of QTLs associated with genes coding for expression of a
trait of interest using molecular markers. For instance, the yield-related components in
sorghum are conferred by a number of genes (Hamidou e al., 2018). These genes are
associated with QTLs which express agronomic-related traits, such as yield components and
abiotic stress tolerance. These QTLs are traced using molecular markers. Molecular markers
are useful for mapping of QTL located close to the genes expressing the traits. The markers
which are successful and lead to identification of QTL of agronomic traits of importance are

recorded as the markers of that QTL (Zou et al., 2012). Marker assisted selection has a role to
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play for the improvement of sorghum yield. During optimization, only markers which are
tightly linked with candidate QTLs for high yield are screened for sorghum improvement by
marker assisted selection (Fakrudin et al., 2013). The study of genetic diversity focusing on
characters of drought-tolerant, yield and yield related traits such as plant height, number of
leaves, root biomass is important to increase heritability and genetic gain for sorghum
improvement. A number of QTLs for yield and yield related traits have been exploited for
sorghum improvement. For instance, PSTOL1 and Sb07g02840 genes are associated with
increase of root diameter which enhance sorghum grain yield. The QTLs Gy-3, SA2-3
located in sorghum chromosome 3 (SBI-03), Gy/SA2-3, at position ~ 71Mb in SBI-03; and
Gy/RD-7 QTL at 3.6Mb in SBI-07) are linked to yield related traits such as root morphology
and surface area of fine roots which help to increasing yield in sorghum (Bernardino et al.,
2019). In addition, Reddy et al. (2013), found 3 QTLs for sorghum yield in SBI-09, 1 in SBI-
04 and 1 in SBI-06. According to Reddy et al. (2013), at least one QTL for panicle was
detected on SBI-09, SBI-04 and SBI-06. QGy-dsr06-1 is the major QTLs of panicle weight in
sorghum contributing 11.4% of phenotypic variance. QTL qYLDI1.1 in SBI-01 enhances
sorghum grain yield during water stress and moisture conditions. Such QTLs should be
incorporated to sorghum lines which lack them for sorghum yield improvement. Yield trait is
controlled by several QTLs available in every chromosome in sorghum (Kapanigowda et al.,
2013; Rajkumar et al., 2013; Reddy et al., 2013; Shehzad and Okuno, 2015). Of the QTLs
which have been exploited enhancing sorghum yield, 20% of them are allocated in SBI-01
(Mace and Jordan, 2011). This calls for further research to explore new QTLs which are
useful for improvement of yield than the current QTLs. Plant height, number of tillers,
panicle weight, grain weight, stay green are associated with grain yield in sorghum (Mace

and Jordan, 2011; Reddy et al., 2014). Nevertheless, further studies on mapping QTLs for
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yield and yield component require more attention to exploit specific QTLs which are closely
linked to the gene coding for yield to maximize yield.

2.8. QTLs pyramiding for drought tolerance sorghum

QTL pyramiding involves crossing of one near inbred line (NIL) to other composing different
useful QTLs by subsequent marker-assisted selection to produce new lines with both
advantageous traits. The transfer of traits of interest from the donor parents to the recipient is
recommended for the same species (Takeda and Matsuoka, 2008). QTL pyramiding improves
drought tolerance in sorghum compared to introgression lines. For instance, introgression
lines with Stg 1 and 2 reduce yield by 23% in water stressed trial compared to fully irrigated
trial. The combined stay-green introgression lines with pyramided Stg 1 and 2 introgression
lines reduce yield by 11% in water stressed trial compared to fully irrigated trial (Kamal et
al., 2017). Pyramiding involves combination of QTLs with different efficiency to enhance the
expression of stay-green traits (Sanchez et al., 2002). Use of molecular markers helps to
detect QTLs which could be pyramided to improve drought tolerance in sorghum (Harris,
2007). Pyramiding of QTLs may fail to improve stay-green in sorghum due to incompatible
gene action, which does not allow expression of intended traits (Kassahun et al., 2010). The
success of pyramiding is subject to genetic architecture and correct mapping of QTL of the
trait (Takeda and Matsuoka, 2008). During QTLs pyramiding, only the best expression of
trait of interest is selected for further evaluation in multi-location trials before approval as
new varieties. Studies have suggested that, mapping of QTLs for expression of stay green
using molecular markers are important for pyramiding to enhance heritability of new lines
(Sakiyama et al., 2014). Every QTL contributes a small percent to enable expression of the
stay-green trait which needs pyramiding to assemble QTLs for expression (Kassahun et al.,
2010; Sanchez et al., 2002). Pyramiding of stay green QTLs during pre-flowering and post-

flowering drought in sorghum increases chance of developing new promising lines with
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valued traits by marker assisted backcrossing (Gorthy et al., 2017; Kabede et al., 2001).
Other traits which have been suggested to be exploited by pyramiding method are Striga
resistance (Ali et al., 2016), high yield and plant height. These findings assist plant breeders
to map the potential QTLs of traits that are introgressed and can be expressed after
pyramiding (Ongom, 2016). To achieve pyramiding, efficiency molecular markers for
mapping QTLs need to be exploited to facilitate molecular breeding programs in sorghum.
With gradual increase of temperature and drought especially in semi-arid areas, pyramiding
QTLs for drought tolerant and yield is recommended (Kadam and Fakrudin, 2017). It should
be noted that some of the pyramided QTLs do not express phenotypically, therefore, only
pyramided QTLs which express their traits are recommended for selection in sorghum

improvement (Kassahun et al., 2010).

2.9. Combining ability for addressing tolerance in sorghum

Combining ability is defined as the ability of the parent lines to combine during crossing and
transmitting traits of interest to progenies (Fasahat et al., 2016). There are two categories of
combining ability, general combining ability which deals with additive genetic variance and
specific combining ability which deals with non-additive genetic variance (Sory, 2015).
Combining ability is determined in parents and their crosses. Some of the traits of interest
evaluated in these combinations include high yield, disease resistance, plant height, early
maturity and drought tolerance (Tadesse et al., 2008). The parent crosses with good
combining ability of progenies at different or specific environment are selected for release or
further advancement (Assefa, 2012). Drought is one of the constraints most stressing
sorghum productions. The best parents for stable combining ability are the base for
addressing drought challenge is sorghum (Assefa, 2012). This is an agreement with Tadesse

et al. (2008) who commented that, the adoption of sorghum hybrid is one of the goals to
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improve drought tolerance in sorghum. Crossing different parent lines develop hybrid
sorghum which can tolerate drought stress. To achieve sorghum hybrid development, a
successive screening the best parents for drought tolerance and yield is important. MABC is
one of the options to identify parents which produce genotypes that can cope with drought
stress and other yield related traits in sorghum. The gene actions for enhancing the
heritability of drought and high yielding traits have been reported by Sory (2015). This can be
confirmed by use of molecular markers to identify the QTLs/genes associated with traits of

interest.
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CHAPTER THREE

3.0. FARMERS’ PRODUCTION CONSTRAINTS AND TRAITS
PREFERENCE OF SORGHUM IN CENTRAL TANZANIA

3.1. Introduction

Sorghum is commonly grown in sub-Saharan Africa for food. The crop is grown in drought
prone areas which are characterized by low annual rainfall (Mavhura et al., 2015). In East
Africa, Tanzania is leading in sorghum production followed by Uganda (Tenywa et al.,
2018). Sorghum is cultivated as small scale agriculture by most of smallholder farmers in
Dodoma, Singida, Mara, Simiyu, Tabora and Shinyanga regions (Brown, 2013). Sorghum is
grown for food and animal feeds as the source of energy and minerals and it is gluten free
(Dial, 2012). However, in Tanzania, the production is below 1 ton per hectare compared to
mean yield of 1.3 tons per hectare in East Africa (Mrema et al., 2017). Efforts have been
made to increase sorghum production by importing new varieties into Tanzania. Nonetheless,
only 5% of the local farmers have adopted these new varieties and the productivity has
remained stagnant (Orr et al., 2016). Low yield advantage to some of the improved sorghum
varieties versus landraces causes a low adoption rate (Smale et al., 2018). Nevertheless,
sustainable exploitation of potentials in sorghum is low as the crop is drought-tolerant and
can, therefore, be cultivated in drought-prone areas to safeguard food security for the people
and livestock (Wagaw, 2019). Apart from drought, poor soil fertility persists in sorghum
farms in semi-arid regions of Tanzania. This is caused by high soil erosion, deforestation,
burning of vegetation, poor agricultural practices, and unpredicted rainfall (Omoro, 2013).
The depletion of nutrients such as nitrogen, phosphorus, and potassium is high, but the

application rate of fertilizers in Tanzania is 15.9 kg/ha, which is far below the average world
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recommendation of 162 kg/ha (FAO, 2018). Socio-economic activities have impacts on the
adoption of improved sorghum varieties. Gender, age and education can either negatively or
positively enhance adoption of technologies. Access to land, cultural uses, performance of
varieties influence farmers adoption (Diale, 2011). Farmers’ traits preferences determine type
of varieties to develop to enhance the adoption of improved sorghum seeds. Sorghum farmers
lack knowledge to differentiate improved and local sorghum varieties’ traits performance
because of poor agronomic practices of crop. There is a gap on adoption rate of improved
seed; most farmers grow local varieties which yield is low. There is a gap of technologies to

control pests and diseases and other agronomic practices suited for sorghum production.

Therefore the aims of this study were to
1.  determine constraints of sorghum production in the study area,
ii.  identify sorghum traits preferred by farmers in Central Tanzania, and

iii.  determine coping strategies for drought by farmers in the study area

3.2. Materials and methods

3.2.1. Study area

The study was conducted in Dodoma and Singida regions of Tanzania where sorghum is the
main crop cultivated. The Dodoma region was represented by the Kongwa district (6.200°S
36.417°E/-6.200; 36.417) and the Singida region was represented by the Ikungi (-5°07'60.00"
S 34°45'59.99" E) and Iramba (-4°25'16.14" S 34°18'9.65" E) districts. Temperature ranges
between 25—32OC, whereas rainfall ranges from 400-600 mm annually. Rainfall starts in
December to the end of April. The areas are characterised by dry spell, which lasts for 2—4
weeks during rainy season each year. These regions are located in the centre of the country,

where soil fertility is low and soil erosion is high. The representative villages in this study
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were purposively selected as sorghum producers including Laikala (-6.193647, 1.36.617899),
Sagara (-6.24983848, 1.36.55242241), Msambu (4° 20" 0" S, 34° 10’ 0" E), and Nkonkilangi
(4°15'0" S, 34° 12' 0" E). Areas selected for this study in Tanzania are shown in Figure 3.1.
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Figure 3. 1. Map showing areas purposively selected for PRA survey in Tanzania
3.2.2. Sampling and respondents

Two regions of Dodoma and Singida, two districts (Iramba and Ikungi) from Singida region

and one district (Kongwa) from Dodoma region, were purposively selected for this study
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based on the sorghum production, importance of sorghum to many households as food
security crop and number of sorghum producers within the districts. Each district was
represented by two villages which were randomly selected. Ten experienced sorghum farmers
per village (total 60 farmers for six villages) were randomly selected to participate in the
focus group discussions facilitated by the Village Chairman (VC) and Agricultural Extension
Officer (AEO). About thirty farmers per village, for a total of 180 farmers, were randomly
selected for individual interviews. Supplementary information was collected from key
informants in each village. The sample size formula used for obtaining study sample was as
follows (equation 1):

n=no/[l1+mo-1)/N]()

Where: n is the sample size, N is the population size, and no is the calculated sample size for
an infinite population (Cochran, 1963). Various participatory rural appraisal (PRA) tools
were used including focus group discussion, individual interviews, and preference ranking

with the total of 240 farmers.

3.3. Research design and data collection

A cross-sectional survey approach was used to collect data at a single time point (Kothari,
2004; Saunders et al, 2007). Semi-structured questionnaires and checklists were used to
collect data from 180 farmers in households, 60 farmers in the focus groups discussion, and
key informants. The information obtained from the focus group discussions and other
observations was cross-checked and confirmed with a semi-structured questionnaire. Finally,

biographic data were recorded for each respondent.
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3.4. Statistical data analysis

Data were processed with SPSS v. 20 (IBM Corp., Armonk, NY, USA). Descriptive and
inferential statistics were used for data analysis. Comparisons of the Mean yields of improved
and local varieties were estimated by use of the one-way Analysis of Variance (ANOVA).
The data analysis on improved sorghum varieties (%) cultivated by farmers per district,
constraints of sorghum production and coping strategies proposed by farmers to overcome
drought were subject to determination by chi-squares in SPSS software.

The factors influencing the productivity of improved sorghum varieties were estimated by
employing the multiple linear regression analysis models as shown below (model equation 2):

Y= Bo+B,X;+...+ BX,+E e )

where Y = dependent variable, X = independent variable, BO = constant value of Y if values
of X =0, n = number of independent variables, and B1 to Bn = estimate of effects of X on Y
as X increases by one unit; and €= error term for the unknown variations in dependent
variable Y. On the other hand, factors influencing the improved sorghum variety adoption
rates were determined by using a binary logistic regression analysis model below (Model
equation 3) in accordance to Wuensch (2020), Ln(Odds)=In[p/(1-p)] =E(Y) = a + Bx (3)
where Ln is the natural logarithm, p=the predicted probability that farmers adopted the
production of improved sorghum varieties, whereas 1-p = the probability that farmers didn’t
adopt, and p/1-p is the probability of the odds for adoption. But Y is the dependent (outcome)
variable and X is the predictor of the factors affecting improved sorghum variety adoption, a

is the constant value of Y when all values of X = 0, while f is the estimated effect of X on Y.

3.5. Results
The number of farmers who participated in the interview was balanced by half between males

and females per villages in each district (Table 3.1). The analysis of socio economic
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characteristics of smallholder farmers growing sorghum in the study area, indicated that,
females (51.7%) had higher participation in sorghum production than males (48.3% and
farmers with age from 40-50 years played a major role in farming activities while 18-20 years
participated least (Table 3.2). The family size had impact on levels of sorghum production by
farming families. A family with 7-8 members showed high sorghum production (27.8%)
while family with 1-2 members showed the least production (6.8%) (Table 3.2). Out of the
180 farmers interviewed about farm size, 28.4% had above 18.125 hectares while 10.2% had

farm size from 14.375-18.125 hectares.

Table 3. 1. Number of males and females participants at two villages in each district

Village Male Female Total District
Laikala 20 20 40 Kongwa
Sagara A 20 20 40 Kongwa
Msambu 18 20 38 Ikungi
Nkuninkana 18 20 38 Ikungi
Nkonkilangi 20 19 39 Iramba
Mseko 20 19 39 Iramba
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Table 3. 2. Socio economic characteristics of smallholder farmers growing sorghum in
Central Tanzania

Variable Frequency Percent
Gender

Male 85 48.3
Female 91 51.7
Age category

18-28 years 22 12.5
29-39 years 38 21.6
40-50 years 53 30.1
51-60 years 37 21.0
Above 60 years 26 14.8

Family size category

1-2 members 12 6.8
3-4 members 37 21.0
5-6 members 45 25.6
7-8 members 49 27.8
9-10 members 12 6.8
Above 10 members 21 11.9

Farm size category

1.25-5.0 hectares 42 23.9
5.625-9.375 hectares 26 14.8
10-13.75 hectares 40 22.7
14.375-18.125 hectares 18 10.2
Above 18.125 hectares 50 28.4

3.5.1. Sorghum farm size

Majority of farmers (59%) cultivated 0.2-0.8 hectares per farmer followed by 17% who

cultivated 0.9-1.5 hectares. Six percent of farmers cultivated above 2.9 hectares (Figure 3.2).

45



University of Ghana http://ugspace.ug.edu.gh

w .28 Hactares  w09-1.5Hectares = 1622 Hectarnes

2.3-2 9 Hectares m Abowe 2.9 Hectares

Figure 3. 2. Sorghum farm size distribution in study area
3.5.2. Types of crops grown by farmers in the study area

The major crops cultivated by farmers were sorghum (86.3%) followed by maize (53.1%),
pearl millet (37.7%). The least crops cultivated by farmers included grapes (0.6%), bambara
nut (1.1) and cowpea, 1.7%. Notwithstanding, maize was given the first priority as food crop.
Pearl millet and sweet potatoes used as alternative source of food while sunflower (36.6%)
was used as the main cash crop (Table 3.3). Apart from crops above, farmers kept cattle,

chicken, sheep and goats for household’s income generation.
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Table 3. 3. Types of crops grown in the study areas

Crop type Responses Percent
Sorghum 151 28.7
Maize 93 17.7
Pearl millet 66 12.5
Sunflower 64 12.2
Sweet potato 56 10.6
Groundnut 37 7
Rice 35 6.7
Cassava 11 2.1
Bambara nut 7 1.3
Cow pea 3 0.6
Finger millet 2 0.4
Grape 1 0.2

3.5.3. Sorghum varieties cultivated by farmers

About 81.3% of farmers interviewed cultivated local sorghum varieties, 6.8% cultivated
improved varieties the rest cultivated both. The reasons for growing local varieties were due
to availability and accessibility of seed, pest and disease resistance, and food and market
demand of local seeds. The reasons for growing improved varieties were due to early
maturing, high yielding and appealing colour of improved sorghum seed. Findings revealed
that, farmers in Kongwa, lkungi and Iramba districts mainly cultivated two improved
sorghum varieties, Tegemeo and Serena. Serena was cultivated by 23.2%, 16.4%, and 28.8%
in Kongwa, Iramba and Ikungi districts, respectively, while 35.7%, 4.9% and 5.1% cultivated
Tegemeo variety in Kongwa, Iramba and Ikungi districts, respectively. Farmers in Kongwa
districts cultivated the largest number (8) of improved varieties while the adoption rate was
very low in Ikungi district (Table 3.4).There were differences in the cultivation of improved

varieties among districts, particularly Tegemeo, Macia, NACO-Mtama 1 and Pato. The
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cultivation of improved sorghum varieties was the highest in Kongwa district and the lowest

in Iramba district. The list of local sorghum cultivated by farmers is presented in Figure 3.3.

Table 3. 4. Improved sorghum varieties (%) cultivated by farmers by district

Variety name Percentage of improved varieties cultivated per district Chi-Square
Kongwa Iramba Ikungi

Serena 232 16.4 28.8 0.266
Tegemeo 35.7 4.9 5.1 0.000%**
Macia 32.1 1.6 0.0 0.000%**
NACO-Mtama 1 17.9 1.6 0.0 0.000%**
Pato 16.4 0.0 0.0 0.000%**
Okoa 3.6 0.0 1.7 0.329
Sila 3.6 0.0 0.0 0.114
Wabhi 0.0 1.6 1.7 0.623
Lulu 0.0 33 0.0 0.149
Pirila 1.8 0.0 0.0 0.340
Hakika 0.0 1.6 0.0 0.388

*** Significant at P < 0.001
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3.5.4. Source of sorghum seed adopted by farmers

The main source of sorghum seed was own saving (89.8%), 5.7% farmers had access to seed
from Agro-dealers. Although, extension officers are responsible to coordinate farmers on the
adoption of improved technologies, 0.6% of farmers depended on extension officers to get

seed (Figure 3.4).
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Figure 3. 4. Source of sorghum seed

3.5.5. Constraints facing sorghum farmers

Farmers cited various constraints on sorghum production in their villages. Of these, bird
damages and poor soil fertility were reported as major constraints by at least 55% of
respondents in each district followed by drought (Table 3.5). Farmers reported that, rainfall
had been decreasing annually, resulting in prolonged droughts which affected grain filling
during the post-flowering period. It was observed that, limited knowledge of fertilisers, lack

of capital to buy them, and few subsidies from the government contributed to soil erosion and
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low soil fertility. It was noted that, skills and knowledge of soil and fertility management is
needed by farmers to maximize the production and conservation of biodiversity. Despite low
soil fertility within the three districts, yet farmers did not use manure from their livestock to
support plant growth which could enhance the final yield.

Farmers in all districts complained that, pests and diseases were critical sorghum production
constraints (Table 3.6). The risk of these was highest in Iramba (47.5%) district. The pests in
sorghum included Busseola fusca, Rhopalosiphum maidis and Spodoptera frugiperda, whereas
the common disease was the Sphacelotheca reiliana; reported in all three districts. Prevalence
of wide range of diseases and pests was the problem which faced farmers as they lacked prior
experience in identifying and naming other sorghum diseases. According to the focus group
participants in Kongwa, lkungi and Iramba districts, pests and diseases for sorghum caused
great losses. Of the constraints reported drought was reported to be the most common
constraint, followed by lack of knowledge on the good agronomic practices related to
sorghum field management. The low adoption rate for the new technologies reported by the
key informants specifically extension officers, included: perception of crop growers that
sorghum is a minor crop, and hence gave it low priority. Low prices of sorghum produce
output and lack of reliable markets as well as limited number of products from the same crop.
On part of improved sorghum production adopters, the main constraint was lack of extension
services emanating from limited extension staff contacts.

Furthermore, sparsely distributed rainfall was reported as constraint by participants in all
districts; however, the concern was highly reported in Iramba district. The participants
reported that the shortage of rainfall resulted in drought stress during the post-flowering
stage. In these areas a dry spell for 2—4 weeks was common such that, post-flowering and
grain filling in sorghum were greatly affected. In Iramba district farmers cited fertiliser

shortage to be among the challenges to sorghum production due to lack of input subsidy as it
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is for other grain crops such as maize, cashew nut, and cotton which the government used to
subsidize. Another constraint reported by farmers of Nkonkilanga in Iramba district was that
limited number of tractors which reduced their capacity to adopt mechanization and
consequently, used hand hoe and ox ploughs which do not cultivate well and thus lead to run
short of timely land preparation, planting and harvesting their sorghum crop. Due to rainfall
challenges, majority (96%) of the farmers had the need for seeds of drought tolerant sorghum

varieties, especially those which do better in the period of late January and February months.

Table 3. 5. Constraints of sorghum production

Constraint Percentage of constraint per district Chi-Square
Kongwa Iramba Ikungi
Birds 96.4 68.9 94.9 0.000#:**
Problem of market 1.8 4.9 1.7 0.482
Poor soil fertility 58.9 86.9 55.9 0.000%#*%*
Drought 33.9 63.9 57.6 0.003**
Pest and diseases 8.9 47.5 18.6 0.000%#**
Poor agronomic management 14.3 19.7 13.6 0.607
Lack of improved varieties 17.9 23 20.5 0.792
Shortage of fertilisers 54 8.2 22 0.012*
Poor mechanization 1.8 33 2.03 0.808
Scarce of land 7.1 0 13.6 0.013*

* k¥ k%% Significant at P < 0.05, P < 0.01, and P < 0.001, respectively.
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Table 3. 6. Common pests and diseases affecting sorghum

Village Pest Effect Disease Effect
Sagara A Army worm High Head smut Medium
Stem borer High
Birds High
Laikala Crickets High Head smut High
Stem borer High Leaf rust Medium
Armyworm High
Aphids High
Birds High
Nkuninkana Stem borer Medium Head smut High
Aphids Medium
Msambu Armyworm High
Locust Medium
Stem borer High
Nkonkilangi Armyworm High Head smut medium
Stem borer High
Aphids High
Mseko Stem borer High
Birds High
Fall armyworm High
Aphids Medium
Strigasp High

3.5.6. Sorghum variety trait preference

Of all respondents, 82.4% indicated that early maturity was their preferred sorghum variety
trait, followed by drought tolerance (75.6%) and high yield. Other desired traits were taste,
pest and disease resistance, post-harvest storage life, bird resistance and Striga resistance
ranked last. Participants in the focused discussion groups at Sagara A, Msambu, and
Nkonkilangi ranked drought tolerance first. The focus discussion groups at Laikala and
Nkuninkana ranked high yield as the second most important sorghum variety selection

criterion. The Sagara A and Msambu focused discussion groups rated early maturity as their
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third most preferred trait, whereas Nkonkilangi, Mseko, and Laikala ranked high yield,
drought tolerance, and good germination as their second most preferred traits, respectively.
Nonetheless, drought tolerance, and resistance to birds, diseases, and pests ranked last for the
sorghum growers at Sagara A, Laikala, Nkuninkana, Msambu, Nkonkilangi, and Mseko
villages. Flavour and grain colour criteria were ranked fourth by participants from

Nkuninkana village in Ikungi district and Konkilangi village in Iramba district (Table 3.7).
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Table 3. 7. Sorghum variety preference criteria ranked by farmers

Criterion Rank Rank Rank Rank Rank Rank
Sagara A Laikala Nkuninkana Msambu Nkonkilangi Mseko
Disease and pest
th rd rd th § th
resistance 5 3 3 5 5
rd st st rd nd st
High yield 3 1 1 3 2 1
st th nd st st nd
Drought tolerance 1 5 2 1 1 2
, ~th t t t t 1
Striga tolerance
i T i th i
Grain color 4
nd th t nd T ¥
Early maturing 2 4 2
Long post-harvest th
6 i f i i i
storage life
i th th rd t
Market availability 5 4 3
th
Flavor i T 4 + ¥ ¥
Tolerance to bird o ¥ ¥ 7 th Sth 3r d
predation
th i i th ¥ +
Grain weight 4 6
ond t t t t

Good germination

TCriteria not ranked

3.5.7. Drought coping strategies used by sorghum farmers

Early sowing was implemented by the highest number of participants (18%) in Iramba
district followed by Ikungi (15.3%) and Kongwa (14.3%). Drought tolerant varieties were the
second strategy to cope with drought in the particular districts (Table 3.8). Most farmers in
Kongwa and Iramba districts cited early-maturing varieties as one of the strategies to
overcome drought. Other strategies, such as cropping calendar which guide farmers the dates
of planting were used in one district only. The other techniques used by the sorghum farmers

to overcome drought are listed in Table 3.8. There were significant differences in coping
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strategies to overcome drought stress which were cited by farmers from some of the districts.

There were no significant differences for the common responses from participants’ districts.

Table 3. 8. Coping strategies proposed by farmers to overcome drought in sorghum

Technique Number of respondents (%) per district Chi-square
Kongwa Iramba Ikungi

Early planting 14.3 18 15.3 0.895
Drought tolerant varieties 8.9 11.5 11.9 0.860

k%
Practice contour farming 12.5 3.3 0.0 0.007

*
Fertilisers application 7.1 0.0 0.0 0.012
Timely weeding 1.8 1.6 0.0 0.599

*
Deep cultivation 7.1 0.0 0.0 0.012
Tied ridging 12.5 9.8 5.1 0.373
Early maturing varieties 16.1 14.8 6.8 0.259
Irrigation 1.8 0.0 34 0.357

kK%K
Cropping calendar 0.0 18 0.0 0.000
Intercropping with legumes 0.0 33 1.7 0.392
Staggered planting 1.8 0.0 0.0 0.340

3.5.8. Factors influencing sorghum productivity

Factors enhancing sorghum productivity included low production cost, cultivation
experience, market demand, Macia, Pato, sorghum as a food source, and varieties adapted to

the specified locations. All of these positively influenced sorghum production (Table 3.9).
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Gender (male), age, Tegemeo and area cultivated negatively influenced sorghum productivity

in the study areas however, the level of influence differed among factors.
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Table 3.9. Regression analysis of the factors influencing the productivity of the

improved sorghum varieties

Model Unstandardized Standardized t P-values
Coefficients Coefficients
B SE B

(Constant) -404.4 307.9 -1.313 0.237
Gender (1 = male; 0 = otherwise) -269.2 51.2 -0.46 -5.254 0.002**
Age -20.7 2.5 -0.96 -8.212  .000***
Number of men 143.7 15.7 1.05 9.160  (.000***
Number of acres 41.34 9.1 0.58 4.571 0.004**
Acres for sorghum production -137.7 15.9 -1.37 -8.663  ().000***
Sorghum as a food source 178.4 72.3 0.27 2.469 0.049*
Market demand dummy (1 = high; 244.0 58.4 0.42 4.181 0.006**
0 =low)
Low production cost (1 = yes; 0 = 1,710.6 169.8 1.28 10.072  .000***
no)
Length of time growing sorghum 366.0 75.6 0.55 4.838 0.003**
¥
Sorghum varieties grown (1 = 166.7 40.2 0.49 4.144  (.006***
improved; 0 = local)
Tegemeo (1 = grown; 0 = not -636.3 59.4 -1.07 - 0.000%**
grown) 10.710
Macia (1 = grown; 0 = not grown) 195.1 63.5 0.31 3.074 0.022*
Pato (1 = grown; 0 = not grown) 643.3 85.0 0.89 7.567  (.000***

a. Dependent variable: yield of improved varieties per acre

R* =0.977 Adjusted R* = 0.929 F =20.042 P =0.001

*, **EEE Significant at P < 0.05, P < 0.01, and P < 0.001, respectively.

3.5.9. Factors influencing adoption of improved sorghum varieties

Binary logistic regression results on the factors influencing the adoption of improved

sorghum varieties revealed that, some factors negatively influenced adoption whereas others

positively influenced the adoption. Those promoting the adoption of improved sorghum
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varieties included early maturity with the probability Exp (9.171) of the adoption indicate that
[Odds/(1+0dds)] early maturity will result into significant crop adopted by 90.2% above if it
was not early maturity, while the value of the Odds for area (EXP (B)) = 1.058 indicates that
unit increase in area under sorghum would significantly increase the adoption rate by 51.4%
than otherwise (Table 3.10). Similarly, market accessibility Odds value EXP (2.851)
indicates that access to the sorghum market would significantly increase adoption rate by
74% than otherwise (P > 0.05). The factors negatively influencing the adoption of improved
sorghum varieties included lack of drought tolerant variety whose EXP (0.169) indicate that
adoption rate would significantly decrease by 15%, and cultivation experience (EXP (B) =
0.131 would significantly decrease adoption rate by 16%. This implies that with much
experience in production of the same crop the farmer become reluctant of adopting new
technologies believing that his own experience matters more than new ones. The values of
cox and Snell R* and Nagelke R” indicated that about 20.3-32.8% of the variations in the rate
of adoption of improved sorghum varieties among the farmers were contributed by the
variables specified in the logistic regression model, implying that the factors are very

important to consider.
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Table 3. 10. Binary logistic regression of the factors influencing the adoption of

improved
Variables B SE Wald df P-Value Exp(B)
Constant -1.47 0.193 57.651 1 0.000*** 0.231
ED (1 = primary; 0 = otherwise) 1.61 0.749 4.613 1 0.032* 5
Age dummy (1 =>35vy; 0 = otherwise) 1.1 0.534 4.252 1 0.039* 3.006
Decreasing rainfall trend (1 =yes; 0=no) -0.99 0.506 383 1 0.05 0.371
Exp-D (1 =>3y; 0 = otherwise) -2.03 0.732 7.703 1 0.006** 0.131
Area in acres (farm size) 0.06 0.068 0683 1 0.409 1.058
Lack of DT varieties (1 = yes; 0 = no) -1.78 0.672 7.015 1 0.008** 0.169
RH (1 = adopted; 0 = otherwise) 193 1.11 3.026 1 0.082 6.899
Early maturity 2.22 0.868 6.525 1 0.011* 9.171
Food security -0.74 0.782 09 1 0.343 0.476
Market accessibility 1.05 0.484 4.688 1 0.030* 2.851
Decreasing rainfall trend -0.4 0.554 0521 1 0.47 0.671
Model Summary
Cox and Nagelkerke
-2 log likelihood Snell R2 R2
129.862 0.2 0.328

3.6. Discussion

The present study noted that, farmers were aware of the improved sorghum varieties though,

the number of farmers who cultivated was low. Low adoption rates for the improved sorghum

varieties among famers within districts indicates that, either technologies transfer were not

sufficiently done or farmers perceived negatively the technology package for the same crop

production. Similarly, the cost for adopting the technology could have been too high

compared to the use of crop varieties that farmers used to grow on their fields such that

farmers saw it as irrational to grow the new varieties. Other reasons could be due to lack of
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stockists within farmers reach to ensure supply of the seeds during planting season. Sorghum
varieties cultivated in Tanzania are open pollinated varieties (OPV) which have lower yield
than hybrid varieties cultivated in countries producing the highest yield like Oman and USA
(FAOSTAT, 2018). Strengthening agro dealers who sell improved sorghum seed, subsidizing
the seed input cost by the government and extension service delivery may contribute to seed
and knowledge access to farmers and subsequently increasing the levels of adoption of
improved sorghum varieties among farmers across the districts.

According to the key informants, birds attack farm fields where improved sorghum varieties
are grown due to their taste and other physiological characters of the sorghum grains. Aphids
and mealybugs affect sorghum leaves, stems, and grains. Similar pests in addition to Striga
weed and stem borers were reported to affect sorghum production (Muui et al., 2013;
Suleiman and Rugumamu, 2017). The same finding was reported by Mofokeng et al. (2017)
that bird damage and drought stress are the major sorghum production constraints which
hinder production causing food insecurity to smallholder farmers. Furthermore, limited soil
nutrients result into poor physiological plant growth. Dimkpa and Bindraban (2013) asserted
that fertiliser application supplements soil nutrients, supports physiological plant growth, and
boosts grain yield.

Thus, farmers need to supplement their soil fertility with application of manure and
inorganic fertilisers for improved crop growth and production. Moreover, inconsistent rainfall
and dry spells during the growing season hamper fertiliser application in the semi-arid areas.
Based on these results, it is recommended that farmers work closely with Tanzania
Meteorological Authority (TMA) and extension officers to access weather condition forecasts
which are recommended for fertilisers application. Farmers’ lack of knowledge to understand
life cycles of pests and diseases contributed to failure to control them timely. This suggests

for use of a participatory approach system and demonstration plots in order to disseminate
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technologies for diagnosing of pests and diseases’ symptoms in sorghum before it is too late
for controlling them. Moreover, this calls upon the strengthening collaboration between
agricultural researchers, extension officers and farmers in order to address pests and diseases
affecting sorghum production.

The findings from these results suggest that sorghum breeders should develop new improved
sorghum varieties which can tolerate post-flowering drought which is most common within
the semi-arid areas which have been reported to experience decrease of rainfall due to climate
change (Nhamo et al., 2019). On the other hand, agricultural officers, researchers and
extension officers should consider dissemination of techniques for diagnosis of pests and
disease symptoms in sorghum production areas. This will help farmers to be aware of the
control measures against the pests and diseases of sorghum to reduce economic yield losses.
Breeding for drought-tolerant sorghum varieties can reduce drought stress especially during
the post-flowering period when plants need sufficient water for grain filling. This study
suggests that farmers to grow improved and local sorghum varieties with traits of drought
tolerance and promising yield as an alternative coping strategy to drought to ensure food
availability.

Farmers practiced early sowing before rainfall as the strategy to cope with drought however
this approach may not be effective as it affects the germination and emergence of seed
because, more than 70% of the seeds are affected by pests while some decay, similar report
was contributed by Basavaraj et al. (2015) who used conjoint analysis to rank five sorghum
production traits and two market traits in drought prone areas under limited early rainfall
before the seed germinate and emerge. Delayed planting is another strategy especially in the
regions with high dry spell period, this helps fast recovery of plants from drought effect.
Application of rainwater harvesting technologies like tied-ridging and contour farming has

been reported to sustain moisture for plant use after ceasation of rainfall (Ouedraogo et al.,
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2017). Application of organic fertilizers allows decomposition of nutrients while keeping soil
moist for a long period than in organic fertilizers (Gaufichon et al., 2010). Mixed cropping
assure getting yield even if some crops in combination fail others will succeed for instance
farmers mix sorghum with legumes such as groundnuts, cow pea, bambaranut which
contribute to reduce drought risk.

Technique of planting in holes conserves water and nutrients to support plants (Gaufichon et
al., 2010).The finding reported by Mrema et al. (2017) shows that, Striga weed resistance
was ranked the third preference by farmers who participated in the interview. This is contrary
to findings in this study which ranked Striga weed resistance the last of choice suggesting
that the variation of weed availability differ from one location to another nevertheless, further
study is needed to explore scientific information.

This study noted that, some traits such as post-harvest storage, shelling and taste were ranked
the last preferences notwithstanding, these traits are important for maintaining post-harvest
grain quality and enhancing adoption rate of sorghum by-products. Therefore, traits of
interest are key factors for enhancing adoption of improved sorghum varieties to increase
sorghum grain production. Traits of interest by farmers should be considered before
developing new improved sorghum varieties which are demand driven; similar suggestion
was reported by Ajambo et al. (2017). The findings of this study, both men and women
participated equally in sorghum farming, contrary to Ogeto et al. (2013) who reported a
stronger influence of women than men. Men and women in the study areas believed that
working as teams in the families have impact on the success of farming activities. However,
some participants reported that, men take over when it comes to selling of agricultural
produce. Climatic conditions have influence on the adoption of improved varieties from one

location to another. For instance, the current study found Tegemeo, an improved sorghum
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variety, was negatively influencing productivity in central zone, different from the lake zone
where the adoption rate was high (Mafuru et al., 2007).

Even though, there were number of factors positively influencing sorghum productivity,
market demand was a key factor for many farmers. Apart from the constraints raised by
respondents, the findings of this study noted that, farmers are willing to produce high yielding
sorghum varieties when there is assurance of market demand. For instance, some brewing
industries buy white sorghum grains for beer processing nonetheless; they are not consistent
for the reason of lacking legal contract between producers and brewing companies. For
assured crop market and quality products there should be contractual arrangements between

farmers and buyers which are legally binding.

3.7 Conclusion and recommendations

The main constraints on sorghum production in central Tanzania were poor soil fertility,
drought, pests, and diseases. Stem borers, aphids and Quelea birds were the most destructive
sorghum pests in the region. The traits preferred by farmers in the studied areas included high
yield, early maturity, drought tolerance, and pest and disease resistance. Coping strategies
used for addressing drought stress in sorghum comprised; early planting, use of drought
tolerant varieties and use of cropping calendar. Therefore, plant breeders must factor in
drought tolerance, pest and diseases resistance and other related traits when they develop
improved sorghum varieties to stimulate farmers’ adoption rate. To further address these
constraints, collaboration —among plant breeders, pathologists, entomologists,
socioeconomists, soil scientists, extension officers, local government authorities, and the
ministry of agriculture must be enhanced. Coping strategies should be well demonstrated to
farmers to increase awareness of addressing drought effects in sorghum production. Low

adoption of improved sorghum varieties is contributed by market problem. Plant breeders
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should consider pest and disease resistance, market access, long-term post-harvest storage
and bird damage tolerance when they develop new sorghum varieties. There is need to
strengthen sorghum value chain to diversify end products and market options among
stakeholders as these will motivate farmers to expand farms for sorghum production.
Furthermore, the finding suggests uses of better ways of transfer of improved technologies to
the target communities for increased adoption of improved sorghum varieties to maximize the

productivity per hectare.
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CHAPTER FOUR

4.0. INTROGRESSION OF QUANTITATIVE TRAIT LOCI FOR
DROUGHT TOLERANCE INTO FARMERS’ PREFERRED
SORGHUM VARIETIES

4.1. Introduction

Post flowering drought that occurs during dry spells is among the major challenges of
sorghum production in Tanzania. Dry spells affect physiological plant growth and sorghum
grain yield (Barron, 2004). In sorghum, both pre and post flowering drought stress affects the
crop, though post flowering drought stress is the major concern (Premachandra et al., 1994).
Post flowering drought stress occurs when plants are at grain filling stage, which is critical
for determination of yield performance (Kamal er al., 2018). Drought affects water and
nutrients uptake to plant parts by causing leaf rolling, leaf senescence and reduced vegetative
plant growth (Kamal et al., 2018). It affects plant stands, grain size, grain quality and quantity
(Borrel et al., 2014). Farmers can escape long dry spells by planting the crop later than
normal where the post-flowering period does not fall within the dry spell period (Slegers,
2008). Drought stress in sorghum has been addressed using both conventional and modern
breeding tools such as genome-wide association, marker-assisted selection, marker assisted
backcrossing (MABC), and bioinformatics (Serraj et al., 2003).

The common traits indicative of drought tolerance include plant height, leaf rolling, leaf
senescence, chlorophyll content, days to 50% flowering, days to 50% maturity and root
biomass (Velazco et al., 2019). Besides, panicle length, panicle weight, and number of seeds
per panicle, number of tillers, grain size, dry matter and inflorescence exsertion can also be
indicative traits for drought tolerance (Sory, 2015). Nevertheless, drought stress is a highly

complex trait, where environmental and crop management greatly contribute to the variability
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found (Weeden et al., 1993; Boyles et al., 2019). Therefore, the identification of plants that
associate correctly with the trait is quite challenging. It has been indicated that, retaining
greenness in leaves during limited water condition accelerates carbon fixation for the
production of starch (Van Oosterom et al., 1996). The greenness of leaves allows
photosynthesis process to produce food for the plant and minimizes premature death of
flowers which ultimately maintains yield under drought stress conditions (Rosenow and
Clark 1981).

The exploitation of drought tolerance traits in sorghum has been achieved by mapping STG
QTLs which are associated with the expression of phenotypic traits such as delay of leaf
senescence and maintaining of green leaves at maturity in the field. The STG in sorghum is a
recessive trait character that expresses retention of greenness of the leaf area at maturity
(Borrell et al., 2014). The efficiency of retention of green leaf area depends on the genetic
makeup of sorghum genotypes under limited water condition (Borrell er al., 2014). It is
difficult to select plants by phenotyping only because variations may not be due to genetic
differences but rather it may be due to environmental effects that may mislead screening
(Ribaut and Betran, 1999). To screen for drought tolerance, researchers have developed
molecular markers that are tightly linked to STG QTLs associated with drought tolerance.
Studies have been conducted to map STG QTLs in sorghum genotypes SC56, B35, KS19 and
E36-1 using SSR and SNPs markers (Xu et al., 2000).

The parental lines B35 and E36-1 contain QTL which contribute to expression of the STG
phenotypes in sorghum (Kabede et al., 2001). The B35 parental line is characterized by high
chlorophyll content, STG and stable root system traits. These agro-morphological
characteristic traits enable plants to grow and survive under limited moisture conditions and
can be used as phenotypic markers to aid the introduction of drought tolerance into sorghum

genotypes in the development of superior varieties for cultivation under arid drought stress
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environments. Within the several traits, STG is the major trait that enhances photosynthesis in
plants for growth development and yield. Sorghum genotypes with STG have high efficiency
of utilizing nitrogen nutrients from the soil which lower leaf senescence under limited
moisture conditions (Ngugi et al., 2013).

Molecular markers that are used for QTLs mapping are suggested to be of high
polymorphism. AFLP, RAPD and RFLP markers have been applied in breeding for drought
tolerance, however; AFLP and RAPD has been poor mainly because they fail to differentiate
between homo and heterozygous alleles. RFLP requires high molecular weight DNA and also
because of its tedious experimental assays, has not been amenable to automation, these days
it is not used. SSR markers are cost-effective, simple and can distinguish heterozygous versus
homozygous but not as high throughput as SNP markers (Gimode et al., 2016; Mammadov et
al., 2012). KASP markers are useful for screening genotypes that contain traits of interest for
a short time compared to field phenotyping. In sorghum, the use of KASP markers can
shorten breeding cycles of releasing the new inbred lines by half of the cycles used for the
development of inbred lines by conventional breeding method (Semagn et al., 2013). KASP
markers identify heterozygous alleles that are important for the improvement of traits through
introgression to the deficient varieties by backcrossing (Thomson, 2014). KASP markers are
simple and amenable for use however it is medium throughput (Meade et al., 2019). For
efficiency, marker-assisted backcrossing for STG in sorghum, KASP markers are being
employed. Furthermore, the SNPs markers in sorghum breeding are used to fine-map the
stay-green QTLs which are closely linked to the genes that express stay-green during post-
flowering drought. Similarly, SNPs markers have the ability to detect clearly and efficiently
the existing polymorphism among genotypes, including in sorghum. High effective marker-
assisted selection shortens the genetic distance of the flanking DNA markers of particular

QTLs of target (Hospital, 2001). First, mapping starts with many markers followed by
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successive reduction based on the number of backcrosses used. Screening targets recurrent
parent alleles with markers linked to QTLs of a target in the genome which depends on the
study objective (Morris et al., 2003). It is advised that mapping of STG QTLs should be done
at BC,F; or BCsF; onwards as at this stage the introgression of targeted traits is attained. One
of the approaches that currently is being used to tackle drought in sorghum is the
introgression of QTLs from the donor parents to the recurrent parents until the genome or
main features of the recurrent parent is recovered (Meru, 2010). Notwithstanding, this
approach needs several backcrosses and high polymorphic markers for successive recovery of
recurrent parent traits.
Therefore, the objective of this study was to:
1. introgress STG QTLs from donor parents B35 and S35 to the recurrent parents NACO
Mtama 1, Seguifa, Tegemeo, Macia, Pato, Wagita, Wahi, Hakika and Kenya by using
MABC; and

il. identify STG QTLs transferred to the recurrent parents using SNPs markers

4.2. Materials and methods

4.2.1. Location of the study

The study was conducted at TARI- Makutupora Centre located 23 km North of Dodoma city
in Dodoma region (Longitude: 35°, 46.093'E and Latitude: 05°, 58.669'S) (Altitude: 1070 m).
The annual rainfall at TARI- Makutupora ranges from 300-500 mm with poor distribution
and over 500 mm in few years, and the temperature varies from 15-35.1'C (Tanzania
Meteorological Agency, 2014). The area is classified as semi-arid which is characterized by a
mono-modal rainfall pattern. Rainfalls occur between December and April with dry spell in

February.
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4.2.2. Markers used for phenotyping and genotyping of BC,F; population

Morphological and molecular markers that track the presence of drought tolerance and related
traits of agronomic importance were used in this study. The utilization of these markers made
the selection of genotypes of interest effective.

The morphological markers used in this study were leaf rolling, leaf senescence, plant height,
days to 50% flowering, days to 50% plant maturity, total number of green leaves at plant
maturity, grain colour and grain size, grain weight, root biomass, stem biomass and
chlorophyll content. These traits are easy for visual analysis during field evaluation. The
molecular markers were used to trace favourable alleles for the STG QTLs as described by
Burow et al. (2019) and introgressed into preferred sorghum varieties. A total of 30 SNP
Kompetitive allele specific PCR (KASP) markers were used to screen materials at population
stage BC,F, at the first genotyping (da Silva et al., 2020). Seven out of these markers were
for STG 1, 2 and 3; the remaining 23 SNP markers were for traits contributing to STG in
plants such as heat shock domain, programmed cell death triggering, aspartic proteases and
chloroplast precursor, these traits are expressed in sorghum plants during drought. Others
were used for the recurrent specific traits (Table 4.1.).

A total of 10 SNP (KASP) markers were used to genotype the BC,F; population in the
second genotyping. Three out of these markers were for STG 1, one marker for STG 2 and
three SNP markers were for STG 3; the remaining 3 SNP markers were for traits contributing
to STG in plants such as heat shock domain, programmed cell death triggering, aspartic
proteases and chloroplast precursor. One marker was used for the recurrent specific traits

(Table 4.2.).
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Table 4. 1. List of SNPs markers associated with STG QTLs for drought tolerance in sorghum for first genotyping

S.n Physical_Mbp SNP Ids alleles Donor allele Alternate allele possible traits
1| S2.56112177 snpSB0035 | C/T C
2 | S2_56918230 snpSB0037 | C/T C grain types Comments
3| S2.56918233 snpSB0038 | A/T A Favourable allele
4 | S2_57495274 snpSB0039 | A/G G Most important for STG traits
5 | S2_59000770 snpSB0040 | C/T T
6 | S2_59047449 snpSB0041 | C/G G
7 | S2_59255001 snpSB0042 | T/C C PCD triggering
8 | S2.59281892 snpSB0043 | T/C C
9 | S2_59472716 snpSB0044 | A/T T
10 | S2_59821923 snpSB0049 | G/A A
11 | S2_60059010 snpSB0053 | A/G G N2 mobilization/ SAG/SGR1
12 | S2_60098184 snpSB0054 | G/A A
13 | S2_61811307 snpSB0072  G/A APETALA2 and EREBPs
14 | S2_62145285 snpSB0075 | A/G Recurrent parent specific
15 | S2_62155735 snpSB0076 | T/A Heat shock domain
16 | S2_62155778 snpSB0077 | T/C
17 | S2_62378269 snpSB008O | C/T Recurrent parent specific
18 | S2_63375987 snpSB0083 | T/C
Chloroplast precursor/ubiquitionus
19 | S2_63690795 snpSB0087 | A/G
20 | S2_65453155 snpSB0089 | C/A SGR2
21 | S2_67306935 snpSB0091 | A/C panicle compactness
22 | S2_67357372 snpSB0092 | C/G Salt responsive
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Aspartic proteases through SA

23 | S2_67423749 snpSB0093 | A/T
24 | S2_67664290 snpSB0094 | T/C
25 | S2_67710384 snpSB0095 | A/G
26 | S2_69739036 snpSB0098 | C/G
27 | S2_69859850 snpSB0099 | C/T
28 | S2_70523721 snpSB0101 | C/G
29 | S2_71360153 snpSB0102 | A/G
30 | S2_71419274 snpSB0103 | C/G

Al Q Ql 3 O] @l O 4
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Table 4. 2. List of SNPs markers used for the second genotyping of BC,F; population

S.n | Physical_Mbp | SNP Ids alleles | Donor allele | Alternate allele | possible traits

1 | S2_59255001 | snpSB0042 | T/C C PCD triggering

2 | 5259821923 | snpSB0049 | G/A A

3 1 S2_60059010 | snpSB0053 | A/G G N2 mobilization/ SAG/SGR1
4 | S2_60098184 | snpSB0054 | G/A A

5| S2_61811307 | snpSB0072 G/A APETALA?2 and EREBPs

6 | S2_65453155 | snpSB0089 | C/A A SGR2

Aspartic proteases through

7 | S2_69739036 | snpSB0098 | C/G C SA

8 | S2_70523721 | snpSBO101 | C/G G

9 | S2_71360153 | snpSB0102 | A/G G SGR3
10 | S2_71419274 | snpSB0103 | C/G C

Comments

Most important for STG traits

4.3. Introgression of STG QTLs from donor parents to the recurrent parents and
genotyping

Marker-assisted backcrossing (MABC) method was used to introgress STG QTLs alleles
from the donor parents B35 and S35 into the farmers’ preferred sorghum varieties (NACO-
Mtama 1, Macia, Seguifa, Hakika, Wahi and Pato) in Tanzania. The donor parent B35 is
drought tolerant and contains STG 1, STG 2, STG 3 and STG 4 QTLs. Parental line S35 is an
introgression line with B35 as STG QTL donor (STG A). These donor parents were
introgressed into recurrent parents Pato, Macia, Wahi, Hakika, Seguifa and NACO Mtamal
to develop generations of F;, BC,F;, BC,F;, BC,F, and BC,F; populations for strengthening
the stability of drought tolerance in sorghum. The recurrent parent Pato was originated in
Ethiopia but was released in Tanzania after multi-location screening. This is a white grain
variety that is used for food, and it is characterized by fast recovery from drought, having a
maturity period between 95-100 days, highly palatable with hard grain endosperm and no

testa. Macia and Seguifa are also white grained and used for food while NACO Mtamal is
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white grain used for food and brewing (Simtowe and Mausch, 2018). The introgressions of
STG QTLs in drought susceptible sorghum varieties were achieved using marker-assisted

backcrossing (MABC) method used by Reddy et al. (2014).

4.3.1. The development of F;, BC,F; and BC,F; populations

A total of 12 crossing plots with 5 rows each were planted on two crossing blocks. Inter-row
and intra-row spacing was 0.75 m and 0.30 m respectively. The distance between crossing
plots was 1.5 m whereas the distance between crossing blocks was 2 m. The plastic bag
method was used to emasculate anthers in the florets by clipping the top and bottom parts of
panicle at initial flowering. The remaining portion of the panicle was covered by using a
white plastic bag to allow high temperature and humidity to accelerate anthers formation and
death to avoid selfing during crossing. Scissor, cotton wool, rubber band, tweezers, dissecting
needles and sharp pencil points were used for emasculation. Pollen was collected in paper
bags from the donor parent plants to the preferred recurrent parent plants during morning
time from 7:00 to 11:00 am, precisely when flowers are blooming and shedding pollen. This
was followed by dusting the pollen on the stigma of emasculated panicles of the recurrent
parents to obtain the F; seeds. Each head of the selected recurrent parent was cross pollinated
by a single donor parent and both were bagged soon after pollination. Pollination bags were
removed at the soft dough stage 10- 15 days from pollination and the seed set on bagged
heads was assessed visually using a scale of 0 to 100% where 0% represented a completely
sterile head without seed set, and 100% represented a completely fertile head with complete
seed set. Birds were controlled from eating seed set after removing the bags by using nets

which were covered for each panicle.

To generate BC,F,; populations, the F; seeds from each of the F; generation were planted and

backcrossed to their respective recurrent parents. Seeds from the F; and recurrent parents
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were planted in different crossing blocks on 17" and 22" August, 2018 at TARI-Makutupora
Centre. Each of the F; generation corresponding to each of the recurrent parent was planted
side by side with spacing a of 0.75 m between rows and 0.30 m within rows where each row
was 5.4 m long. The emasculation of anthers was conducted on the recurrent parents to leave
female parts of plant which were pollinated with pollen from the F; plants to produce BC,F,

populations.

BC,F; seeds were used to generate BC,F; populations; seeds from each of the BC;F,
population were planted and backcrossed to their recurrent parents. Seeds from the BC,F; and
recurrent parents were planted in different crossing blocks on 24™ and 30™ December 2018 at
TARI-Makutupora Centre, Tanzania. Each of BC,F; corresponding to each recurrent parent
was planted in a length of 5.4 m side by side using the same spacing as ealier indicated. The
plastic bag method was used for anthers emasculation on the recurrent parents for each BC,F,
populations as previously explained. The emasculated recurrent parents’ flowers in both trials
were pollinated with BCF; pollen to produce BC,F; populations. The number of seeds was

recorded.

4.3.2. Genotyping of BC,F; populations

Genotyping of BC,F; populations for STG QTLs was performed with a KASP marker (LGC,

Middlesex, UK) in an agreement with Intertek-AgriTech

(https://www.intertek.com/agriculture/agritech/: accessed on 20 July 2021) in Sweden. A
total of 200 seeds per BC,F; population and 17 seeds per parent were sown on 14" June 2019
at TARI- Makutupora Centre in Dodoma region, Tanzania using the spacing of 0.75 m
between rows and 0.3 m between intra-row. A total of 150 leaf samples per BC,F,

populations and 3 samples per donor and recurrent parent population making a total of 752
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samples were collected from the breeding nursery 46 days from planting. Prior to leaf sample
collection, the 96 well plates were labelled for sample tracking. Three leaf discs of
approximately 4-5 cm were collected per plant sample using single-hole punching
methodology and placed into the 96 well plates. The plates were kept in ice-box containing
ice packs to avoid deterioration of the genomic (gDNA) concentration while collecting
samples in the field. Further, samples were oven dried at a temperature of 40°C for 48 hours

followed by packing and shipping to Intertek laboratory in Sweden for genotyping.

DNA extraction at vendor was conducted as follows; plant tissue samples were homogenised
before commencing the extraction. The extraction was done using the sbeadex™ magnetic
microparticles Kit from LGC (UK). Briefly, a concentration of 250 pL lysis buffer PN was
added to each homogenised sample, and then samples were incubated at 65°C for 10 minutes
followed by centrifugation at 2500 x g for 10 min to pellet the debris. The total of 520 uL
binding buffer PN and 60 pL sbeadex particle suspension was added to a fresh sample tube
after mixing well with the sbeadex particle suspension. About 200 pL lysate was transferred
into the prepared tube containing binding buffer PN and sbeadex particle suspension. It was
followed by thoroughly mixing and setting the pipette volume to 700 pL and pipetting up and
down 5 times. The sample solution was incubated at room temperature for 4 min to allow
binding to occur. Shake tube(s) by magnetic for 1 min at room temperature which enabled
sbeadex particles to form a pellet. The supernatant was removed and discarded. The
magnetics were separated from the sample tubes, then 400 pL wash buffer PN1 was added
followed by mixing thoroughly by pipetting 350 pL to fully re-suspend the pellet. The sample
tubes were incubated at room temperature for 10 min. The samples were agitated periodically
by using a shaker or vortex. The magnet was brought into contact with the tubes for 1 min at

room temperature where, sbeadex particles formed a pellet. The supernatant was removed
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and discarded while taking care not to dislodge the pellet. The magnet was separated from the
sample tubes. The addition of 400 puL wash buffer PN2 and 400 pL sterile ultrapure water
were repeated to separate supernatants and DNA pellets. One hundred micro litre elution
buffer PN was added to the pellet. Elution buffer and pellets were mixed thoroughly by
pipetting 75 pL to fully re-suspend the pellet. Sample tubes were incubated at 55 °C for 10
min, and agitated periodically using a heated shaker or vortex. An elution was performed at a
temperature of 55 °C which is recommended for high DNA yield. The magnet was brought
into contact with the tubes for 3 min at room temperature where sbeadex particles formed a
pellet. An eluate of 80 uL was transferred to a new tube by pipetting and the DNA quality
and concentration were checked using nanodrop spectrophotometer. Isolated DNA samples
were loaded in 0.8% agarose gel followed by electrophoresis and Lambda (A) DNA standards
were compared to The DNA content. Samples with good quality and quantity of 2 to 2.5 ng
per ul were diluted as working solution before amplification. The DNA samples were arrayed
into a 96-well with a total of 752 samples. No template controls (NTCs) were included on
each of 8 PCR plates. KASP genotyping mix (LGC, UK) and genotyping mix was prepared
according to the intended number of reactions plus an additional dead volume. Dry DNA
method was used for genotyping, n/a of DNA, 2.5 uL of 2x KASP Master mix, 0.07 uL
KASP assay mix and 2.5 pL of water with the total reaction volume of 5 pL. All reagents
were vortexed before use. The required amount of genotyping mix to each DNA sample in
the reaction plate using a pipette or dispensing robot was added. The plate with an optically
clear seal was sealed. The plate was centrifuged at 550 x g. The thermal cycle for genotyping
was activated at 94°C for 15 minutes, denatured at 94°C for 20 minutes,
Annealing/elongation temperature 61-55°C for 60 seconds (drop 0.6°C per cycle).

Denaturation at step three was set at 94°C and annealing temperature of 55°C. The reaction
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plate in a FRET-capable plate reader was read after completion of the thermal cycle where all

plates were read below 40°C (Gimode et al., 2016).

4.3.3. Development of B,F, and BC,F3

The genotypes W82, NA241 and NA307 with heterozygous alleles and two genotypes
NA316 and SE438 with homozygous alleles were selected from BC,F; population as the best
performing after field and genotyping analysis. These genotypes were planted in the field for
evaluation of their performance on grain yield, days to 50% flowering, days to 50% maturity,
plant vigour, panicle weight and appealing of grain seeds to generate BC,F, population. The
genotypes NA241A, NA241B, NA316A, NA316B, NA316C, NA307, SE408 and SE438
were screened from the population BC,F, as the best performing under field condition. Each

genotype of BC,F, populations was planted to generate genotypes of BC,F; populations.

4.3.4. Genotyping of BC,F; population

The genotyping of BC,F; population was conducted to evaluate availability of favourable
alleles for STG trait in BC,F; populations. Seven genotypes (NA241A, NA241B, NA316A,
NA316B, NA316C, SE408 and SE438) were chosen and planted for the second genotyping
and field evaluation. The genotype NA307 was evaluated under field conditions only
following the limitation of samples needed for genotyping. At least a total of 100 leaf
samples from at least 100 plants were sampled per genotypes and 3 samples per control
genotype and per parent making a total of 752 samples. The young leaf samples with quality
DNA were collected 35 days from planting. Sampling was done on the fresh dry leaf to avoid
molds when shipping samples to molecular genotyping facility. Samples were kept in the

icebox with ice parks inside to avoid DNA denaturation. The samples were oven-dried for
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two days at 40°C. Dried samples were packed and labeled well for shipping to Intertek
laboratory in Sweden for molecular data analysis.

The procedures for DNA extraction, genotyping and molecular data analysis of BC,F;
population were conducted in the same way as it was done in the genotyping of BC,F;
population above. The genotyping of BC,F; population used 10 SNP markers which indicated
high number of favourable alleles for STG expression with corresponding high STG under

field conditions in BC,F; population (Table 4.2).

4.4. Molecular data analysis

Marker-assisted ~ selection  data  analysis was  conducted using  flapjack
(https://excellenceinbreeding.org/toolbox/tools/flapjack) tool and the genotypic data input
files for flapjack were prepared using a data file conversion tool in galaxy online tool
accessed through the EiB galaxy portal (http://galaxy-demo.excellenceinbreeding.org/). The
galaxy input file containing genotype file, sample file, SNP summary, original genotype file,
original sample file, original SNP information, sample list in order, matched id results and
header were generated and imported into the EiB galaxy online software
(https://excellenceinbreeding.org/toolbox/tools/eib-galaxy-instance). The data inputs
generated in the galaxy tool were converted into the https://ics.hutton.ac.uk/flapjack/ file

which was used for further analysis.

4.5. Results

4.5.1. BC,F genotyping results

Seventy one (10%) out of 728 BC,F; samples collected for genotyping was heterozygous

(Table 4.3). Of these, SNP markers snpSB00075, snpSB00102 and snpSB00103 were scored
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as heterozygous alleles in a total of 7 samples with BC,F; of B35*Wahi background. The
markers snpSB00102 and snpSB00103 were expressed as heterozygous alleles in the total of
8 samples of BC,F; with BS35*Hakika background. The markers snpSB00049, snpSB00077,
snpSB00102 and snpSB00103 indicated heterozygous allele in 37 samples of S35*Pato
background. The markers snpSB00072, snpSB00077 and snpSB00103 expressed
heterozygous alleles in 10 samples of BC,F; with B35*Seguifa background. The markers
snpSB00037, snpSB00041, snpSB00098, snpSB00102 and snpSB00103 showed
heterozygous allele in 10 samples with B35*Macia background and the markers
snpSB00042, snpSB00098, snpSB00102 and snpSB00103 expressed heterozygous allele in
the total of 18 samples of B35*NACO Mtama 1 background (Table 4.3). The rest (19) SNP

markers showed homozygous allele of the BC,F; samples used for genotyping.

80



Table 4. 3. BC,F; sorghum populations scored with heterozygous alleles using SNP markers

Population Sample number SNP markers H.Allele DP alleles Rp alleles
BC,F; (B35*Wahi) 22 snpSB00102 G/A AA GA
44 snpSB00103 G/C CcC CcC
59 snpSB00103 G/C CcC cC
70 snpSB00103 G/C CC CcC
82 snpSB00102 G/A AA GA
90 snpSB00102 G/A AA GA
94 snpSB00102, snpSB00103  G/A, G/C  AA, CC GA, CC
BGC,F, (S35*Hakika) 111 snpSB00103 G/C CcC CcC
117 snpSB00103 G/C CC CcC
125 snpSB00103 G/C CcC CcC
127 snpSB00103 G/C CC CcC
128 snpSB00103 G/C CcC CcC
131 snpSB00102, snpSB00103  G/A,G/IC  AA,CC GA, CC
138 snpSB00103 G/C CcC CcC
157 snpSB00103 G/C CcC CcC
BC,F; (NACO Mtama 1) 175 snpSB00102 G/A AA AA
190 snpSB00102 G/A AA AA
207 snpSB00102 G/A AA AA
210 snpSB00103 G/C CC CcC
213 snpSB00103 G/C CC CcC
241 snpSB00102,snpSB00103 G/A,G/C  AA,CC AA
255 snpSB00102 G/A AA AA
266 snpSB00103 G/C CcC CcC
272 snpSB00103 G/C CcC CcC
276 snpSB00103 G/C CcC cC
284 snpSB00103 G/C CC CcC
304 snpSB00102 G/A AA AA
307 snpSB00102,snpSB00103 G/A,G/IC  AA,CC AA, CC
319 snpSB00103 G/C CcC CcC
320 snpSB00103 G/C CcC CcC
BC,F, (B35* Macia) 347 snpSB00103 G/C CcC cC
348 snpSB00102, snpSB00103  G/A, G/IC  AA, CC AA, CC
352 snpSB00103 G/C CcC CcC
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Table 4.3: Continue

391 snpSB00103 G/C CC CC
395 snpSB00103 G/C CcC CcC
BGC,F; (B35*Seguifa) 418 snpSB00072 A/G GG AA
441 snpSB00072 A/G GG AA
463 snpSB00072 A/G GG AA
566 snpSB00072 A/G GG AA
567 snpSB00103 G/C CcC CcC
569 snpSB00103 G/C CC CC
581 snpSB00103 G/C CC CC
582  snpSB00103 G/C CC CC
BC,F,; (S35*Pato) 586 snpSB00103 G/C CC CC
589  snpSB00102, snpSB00103 G/A, G/C A,CC
595 snpSB00049, snpSB00102 G/A, C/T GG,AA  AAAA
601 snpSB00103 G/C CC CC
606 snpSB00049 G/A GG AACC
610 snpSB00049, snpSB00103 G/A, G/C GG,CC
624 snpSB00102 G/A AA AA
625 snSB00103 G/C CC CC
631 snpSB00102 G/A AA AA
634 snpSB00102 G/A AA AA
637 snSB00102, snpSB00103 G/A, G/C AAGG AACC
638 snpSB00102 G/A AA AA
639 snpSB00102, snpSB00103 G/A, G/C AAGG AACC
640 snpSB00103 G/C CcC CcC
644 snpSB00103 G/C CC CC
645 snpSB00102 G/A AA AA
647 snpSB00103 G/C CcC CC
656 snpSB00103 G/C CC CC
659 snpSB00102 G/A AA AA
661 snpSB00102, snpSB00103 G/A, G/C AACC ACC
663 snpSB00103 G/C CC CC
68  snpSB00103 C/T, G/C CC CcC
671 snpSB00103 G/C CC CC
679 snpSB00103 G/C CC CC
681 snpSB00103 G/C CC CC
685 snpSB00102, snpSB00103 G/A, G/C AA,CC AACC
703 snpSB00102 G/A AA AA
725 snpSB00102 G/A AA AA
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Eighteen SNP markers showed favourable alleles among 728 of BC,F; samples genotyped
(Table 4.4). The list of markers that indicated favourable alleles that were most important for
STG included: snpSB00049 and snpSB00054 for STG 1, and snpSB00102 and snpSB00103
for STG 3. The rest of alleles were favourable for other roles related to STG in sorghum, for
instance triggering programmed cell death, heat shock domain and salt regulation in plants

during drought conditions.

Table 4. 4. Favourable alleles identified and the roles in sorghum under drought

condition
SNP Markers Favourable allele Role
snpSB00039 A Triggering programmed cell death
snpSB00040 C Triggering programmed cell death
snpSB00041 C Triggering programmed cell death
snpSB00043 T Triggering programmed cell death
snpSB00044 A Triggering programmed cell death
snpSB00049 G STG 1
snpSB00053 A STG 1
snpSB00076 T Heat shock domain
snpSB00077 T Heat shock domain
snpSB00083 T Chloroplast precursors
snpSB00087 A Chloroplast precursors
snpSB00089 C STG 2
snpSB00093 A Salt regulation
snpSB0009%4 T Salt regulation
snpSB00095 A Salt regulation
snpSB000101 C STG 3
snpSB00102 A STG 3
snpSB00103 G STG 3

Three samples of plants (W82, NA241 and NA307) with heterozygous alleles and two
samples (NA316 and SE438) with homozygous alleles were chosen as samples which
contained favourable alleles for STG QTL for planting to generate BC,F; populations. Plant

W82 possessed snSB00102, NA241 (snSB00102 and snSB00103) and NA307 was linked
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with snSB00101 and snSB00102 markers for STG 3. Moreover, plant sample NA316
recorded homozygous alleles for SNP markers SNsb00049, snSB00053 and snSB00054 for
STG 1 and snSB00102 for STG 3 while plant SE438 showed homozygous alleles of SNP
marker snSB00054 for STG 1, and snSB00102 for STG 3. Plants which expressed
heterozygous alleles after genotyping were categorized as the first priority because of the
availability of traits from both parents for successful STG introgression from either of the
donor parents B35 or S35 to the recurrent parents. Prior to selection, phenotypic data were
recorded for traits such as days to 50% flowering, plant height, days to 50% plant maturity,
panicle weight, grain weight per plant, seed vigour, stability of plants, leaf senescence,
susceptible to pest and diseases. Plants with good performance of the traits above were
selected and compared with genotyping data. Only plants with favourable alleles for STG 1,

STG 2 or STG 3 and good performance under field conditions were selected.

4.5.2. BC,F; genotyping results

Seven out of ten SNP markers (snpSB00049, snpSB00053, snpSB00054, snpSB00089,
snpSB00098, snpSB00101 and snpSB00102) used for genotyping of BC,F; population
identified favourable homozygous alleles for STGs in sorghum. snpSB00049, snpSB00053,
snpSB00054 identified favourable homozygous alleles for STG 1, snpSB00089 for STG 2
and snpSB00101 and snpSB00102 identified STG 3 (Table 4.5). The snpSB00042,
snpSB00072 and snpSB00103 SNP markers failed to identify favourable alleles.The SNP
markers snpSB00054, snpSB00089 and snpSB00101 the highest number (124) of samples in
almost all genotypes genotyped while snpSB00042 and snpSB00098 failed to identify
favourable alleles for STG. The donor parent B35 showed favourable alleles, the recurrent

parents NACO Mtama 1, Seguifa and control Wahi did not show favourable alleles.
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Table 4. 5. BC,F; populations scored by at least six favourable homozygous alleles using

10 SNP markers
Population Genotype SNP markers FA Number of FA
BG,F; (B35*NACO) NA241A snSB00042 TT 0
snSB00049 GG 115
snSB00053 AA 122
snSB00054 GG 124
snSB00072 AA 6
snSB00089 CcC 124
snSB00098 GG 0
snSB00101 CC 124
snSB000102 AA 123
snSB00103 GG 0
NA241B snSB00042 TT 0
snSB00049 GG 113
snSB00053 AA 122
snSB00054 GG 122
snSB00072 AA 4
snSB00089 CC 122
snSB00098 GG 0
snSB00101 CC 122
snSB000102 AA 122
snSB00103 GG 0
NA316A snSB00042 TT 0
snSB00049 GG 116
snSB00053 AA 120
snSB00054 GG 120
snSB00072 AA 2
snSB00089 CC 121
snSB00098 GG 0
snSB00101 CcC 121
snSB000102 AA 121
snSB00103 GG 0
NA316B snSB00042 TT 0
snSB00049 GG 70
snSB00053 AA 115
snSB00054 GG 115
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Table 4.5. continue

BC,F; (B35*Seguifa)

NA316C

SE408

SE438

snSB00072
snSB00089
snSB00098
snSB00101
snSB000102
snSB00103
snSB00042
snSB00049
snSB00053
snSB00054
snSB00072
snSB00089
snSB00098
snSB00101
snSB000102
snSB00103
snSB00042
snSB00049
snSB00053
snSB00054
snSB00072
snSB00089
snSB00098
snSB00101
snSB000102
snSB00103
snSB00042
snSB00049
snSB00053
snSB00054
snSB00072
snSB00089
snSB00098
snSB00101
snSB000102

AA
CC
GG
CC
AA
GG
TT

GG
AA
GG
AA
CC
GG
CC
AA
GG
TT

GG
AA
GG
AA
CC
GG
CC
AA
GG
TT

GG
AA
GG
AA
CC
GG
CC
AA

40
115

115
115

92
122
122
27
122

121
121

55
55
55

73

73
73

23
51
51
26
52

52
52
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Table 4.5. continue

DP B35

Control Wahi

RP NACO Mtama 1
Seguifa

snSB00103
snSB00042
snSB00049
snSB00053
snSB00054
snSB00072
snSB00089
snSB00098
snSB00101
snSB000102
snSB00103
snSB00042
snSB00049
snSB00053
snSB00054
snSB00072
snSB00089
snSB00098
snSB00101
snSB000102
snSB00103
snSB00042
snSB00049
snSB00053
snSB00054
snSB00072
snSB00089
snSB00098
snSB00101
snSB000102
snSB00103
snSB00042
snSB00049
snSB00053
snSB00054

GG
TT
GG
AA
GG
AA
CC
GG
CC
AA
GG
TT
GG
AA
GG
AA
CC
GG
CC
AA
GG
TT
GG
AA
GG
AA
CC
GG
CC
AA
GG
TT
GG
AA
GG
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Table 4.5. continue

snSB00072 AA 0
snSB00089 CC 3
snSB00098 GG 0
snSB00101 CC 3
snSB000102 AA 3
snSB00103 GG 0

DP- Donor parent, FA- Favourable allele, no- Number, RP- Recurrent parent,

The SNP marker snpSB00089 indicated the highest (729) total number of samples with
favourable homozygous alleles for STG followed by snpSB00101 (728) (Table 4.6). The

marker snpSB00103 indicated the lowest (0)

Table 4. 6. Favourable alleles identified and the roles in sorghum under drought

condition
Number of samples with favourable

SNP Markers ~ FA Role alleles
snpSB00042 T Triggering PCD through SA 0
snpSB00049 G STG 1 and N mobilization 584
snpSB00053 A STG 1 and N mobilization 707
snpSB00054 G STG 1 and N mobilization 709
snpSB00072 A APETALA2) and EREBPs 105
snpSB00089 C STG 2 729
snpSB00098 G Aspartic proteases through SA 0
snpSB00101 C STG 3 728
snpSB00102 A STG 3 727
snpSB00103 G STG 3 0

EREBPs- ethylene-responsive element binding proteins, FA- Favourable allele, N- Nitrogen, PCD- programmed

cell death, SA- salicylic acid, STG- stay-green
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4.6. Discussion

Findings in this study revealed the importance of molecular markers to shorten breeding
cycles in sorghum. The genotyping results indicated plants which contained favourable
alleles for STG. Such information is crucial when exploiting traits from the parents to
improve new lines, as STG is a complex trait associated with several genes. The introgression
of STG QTLs to senescence genotypes by MABC enhances post-flowering drought tolerance
in sorghum (Kamal et al., 2018; Kiranmayee et al., 2020). The transfer of STG trait from the
donor parent B35 and S35 to the farmers’ preferred varieties in the current study was the
basis of drought tolerance improvement of new sorghum genotypes generated. The
introgression of STG QTL uses SNP markers which have been screened for post-flowering
drought tolerance. This study identified favourable alleles for donor and recurrent parents on
STG 1, STG 2 and STG 3 in the samples of the genotypes BC,F, and BC,F; populations
indicating successful introgression. The incorporation of STG QTLs improves plants’ delay
leaf senescence from post flowering to physiological plant maturity. Sukumaran et al. (2016)
reported 8 to 24% phenotypic variations contributed by STG QTLs with the flanking SNP
markers. Other studies which used SSRs markers for improvement of STG 1, STG 2, STG 3
and STG 4 in sorghum were reported successful introgression (Kimani er al., 2012;
Ouedraogo et al., 2017; Reddy et al., 2014). However, this study was focused on SNP
markers which produce clear map resolution for clear polymorphism. The SNP markers
indicate bialleles arrangement in the whole of genome. The markers identified alleles with
high rate of recovery in the genome which made their precision higher than other markers
(Da Silva et al., 2020). Findings in the current study show that, some of the new genotypes
generated by backcrossing method performed well in grain yield compared to control and
recurrent parents. The outperformance of new genotypes over farmers’ cultivated varieties

shows the advantages of SNP markers in sorghum improvement. STG 1 QTL adapts post
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flowering drought stress using SSR markers. STG 1 QTL increases yield grain more than
other QTLs thus, it is named as the best trait using SSR marker (Kamal et al., 2017). The
STG 3A and 3B QTLs are flanked by SNP markers from the target region of 56 Mbp to 72
Mbp for delaying leaf senescence at post-flowering drought in sorghum because of their
water use efficiency. Currently, SNP are the most commonly used markers for identification
of genetic polymorphism which are used in the study of genetic variation among populations
(Adu et al., 2019; Nelimor et al., 2020). Da Silva et al. (2020) used two backcrosses to
introgress bmr6 allele for biomass from the donor parent CMSXS170 line to elite lines
CMSXS652 and IS23 of sweet sorghum using SNP markers. Results revealed a successful
transfer of the bmr6 allele to the recurrent parent for biomass improvement. For successful
backcrosses, the promising genotypes selected for traits of interest should contain favourable
alleles either one of the parents and must be expressed phenotypically. Backcrosses must be
done at least three to four times for sufficient transfer of the QTLs from the donor to the
recurrent parents followed by successive selfing until the backcross line is close to the
original recurrent parent (Da Silva et al., 2020). SNPs markers narrow the specific location of
QTLs which is closely linked to gene expressing STG trait. The SNP markers identify
favourable alleles for STG expression thus; fasten screening of drought tolerance sorghum
genotypes. The current study identified favourable alleles for STG that were screened for
further studies of sorghum improvement. It was noted that; some of the plants performed well
in the field condition by expressing STG, low leaf rolling, high yield and high vigour of
grains sorghum but were not linked by SNP markers used for genotyping. This indicates that
there is need to map large number of SNP markers to widen chances of identifying the right
STG QTLs. If SNP markers fail to locate the position of the QTL expressing STG in the
chromosomes, SSR and DArT markers can alternatively be used (Kiranmayee et al., 2020).

Moreover, findings have reported that there are some QTLs which are detected by molecular
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markers in the backcrosses but fail to express under field condition; such genotypes do not
qualify for selection of crop improvement (Platten et al., 2019). Differential transcriptome
analysis encompasses bioprocess to map genes controlling the expression of drought
tolerance in sorghum (Azzouz-Olden et al., 2020). The STG expression on drought tolerant
sorghum varieties is due to the reaction of genes which increase the production of antioxidant
capacity, regulatory factors and the repressors of early senescence (Azzouz-Olden et al.,
2020). The application of modern technology supplements conventional breeding techniques
to address drought stress in sorghum. The modern technology for instance, molecular markers
map traits of interest which save time of breeding cycles. In this study, SNP markers
identified favourable alleles for STG QTLs from the genotypes of BC,F; and BC,F;
population which simplified comparison with field data to screen the best plants with traits of
target. It is important to use markers that are powerful and reliable to identify the favourable
alleles for STG, QTLs and chromosome position of genotypes for inclusion in drought

tolerance sorghum improvement.

4.7. Conclusions and recommendations

Eighteen out of 30 SNP markers used for genotyping BC,F; population indicated favourable
alleles for STG 1 STG 2 and STG 3 among the sorghum genotypes employed in this study.
Seven out of 10 SNP markers used for genotyping BC,F; population indicated favourable
alleles for STG 1 STG 2 and STG 3. These markers are recommended for screening drought
tolerance QTLs in sorghum. This study recommends further mapping of SNPs markers that
are tightly linked to STG QTLs for drought tolerance in sorghum. This will help to widen
chances of identifying favourable alleles for STG in sorghum. Further marker assisted
backcrossing by SNPs markers is recommended to enhance transferring further important

target traits from the donor parents to the farmers’ cultivated sorghum varieties in Tanzania.
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CHAPTER FIVE

5.0. DETERMINATION OF PHYSIOLOGICAL TRAITS
CONTRIBUTING TO DROUGHT TOLERANCE
OF SORGHUM

5.1. Introduction

Drought tolerance in sorghum is enhanced by different genes; each gene contributes part to
drought tolerance (Phuong et al., 2019). Breeding in sorghum for drought tolerance trait
focuses on the incorporation of many traits, for instance; lower leaf canopy, leaf rolling, and
reduced transpiration. These traits are negatively correlated with yield in sorghum during
drought stresses (Ali et al.., 2009). Plants with deep root system show resistance to post-
flowering drought stress under limited water conditions. Deep roots help plants to uptake
sufficient water and nutrients required for plants (Khatab et al., 2017). Sorghum root system
is well developed that helps to absorb water and nutrients from the soil for survival of the
crop under limited water condition (Naoura et al., 2019). On top of that, leaf dry matter, root
biomass, flag leaf area, leaf weight, grain yield and plant height are among the parameters
used for multivariate analysis to screen drought tolerant crops (Misra et al., 2002; Khan et al.,
2004; Kapanigowda et al., 2013; Jabereldar et al., 2017). Multivariate analysis helps to
identify traits which contribute drought tolerance in sorghum (Negarestani et al., 2019).
Combinations of different traits contribute to drought tolerance in sorghum for instance;
plants with high root length and root dry weight have higher drought tolerance (Brunner et
al., 2015). Other traits used for multivariate analysis of drought tolerance in sorghum include;
above ground dry matter, specific leaf area and heading date (Phuong et al., 2019).
Furthermore, leaf rolling is used as an indicator to identify drought tolerant plants (Kadioglu

and Terzi, 2007). In sorghum, lines with high tolerance to drought show leaf rolling under

92


http://www.frontiersin.org/people/u/74592

limited moisture content in the soil. Leaf rolling is correlated with leaf water potential, a leaf
starts to roll following reduction of leaf water potential however; it depends on varieties
(Amelework et al., 2015). Plants adjust osmotic water potential under low water leaf potential
to reduce leaf rolling during drought stress condition which favours plant physiological
growth and final yield (Morka, 2015). Leaf rolling trait is used for screening drought
tolerance and high yield in sorghum. Drought tolerant varieties show reduced leaf rolling due
to effective adjustment of osmotic potential in low leaf water potential under water stress.
Plants reduce leaf area, root biomass, dry matter content and yield in drought condition as the
mechanism of survival (Magsood and Ali, 2007). In addition, traits performance can be
estimated by the heritability which indicates proportion of variations which is important for

selection of the lines (Waqar-Ul-Hagq et al., 2008). High heritability for days to flowering,

panicle length, days to maturity and plant height has been reported in sorghum (braha

et al., 2015). Drought indices such as MP, GMP, SSI, STI and tolerance index (TOL) are

also useful for determination of trait performance in sorghum which simplifies selection of
best breeding materials of sorghum (Kharrazi and Rad, 2011). Highly drought tolerant lines
produce relative higher traits of targets compared to susceptible lines. Therefore, during
screening for drought tolerance, lines which are tolerant to drought are screened for
improvement to produce new varieties.

The objectives of this study were to:

1. determine yield performance of sorghum lines under well irrigated and non-irrigated;

ii. identify physiological traits contributing to post-flowering drought tolerance in
sorghum;

iii.  determine indices of drought tolerance in sorghum lines; and

iv. determine heritability of traits in sorghum population developed.
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5.2. Materials and Methods

5.2.1 Location of the study

The study was conducted at TARI- Makutupora Centre located at 22 km North of Dodoma
municipality in Dodoma region (Longitude: 35°, 46.093'E and Latitude: 05°, 58.669'S)

(Altitude: 1070 m). The annual rainfall ranges from 300-500 mm with poor distribution,

temperature varies from 15-35.10C (TMA- 2014). The area is classified as semi-arid which is
characterized by mono-modal rainfall pattern. The area gets rainfall between December and
April of the year.

The management of BC,F,; plants were collected for genotyping until pre-flowering. Plants
were self-pollinated before flowering to avoid outcrossing. Each plant was selfed using
pollination bag until the soft dough stage. Seeds were harvested from plants of each BC,F,
populations. Plants with the best performance in terms of heading, grain size and other yield
related traits were chosen for generating BC,F, populations. A total of six genotypes from
BC,F; populations, that is, W82, SE408, SE438, NA307, NA316 and NA241 with
B35*Wahi, B35*Seguifa, and B35*NACO Mtama 1 parents background were selected as the
best genotypes under genotypic and phenotypic evaluation to generate BC,F, populations.
These genotypes were planted on 29™ December, 2019 with the spacing of 0.75 m between
rows and 0.3 m within rows. Agronomic management such as fertilizers application,
weeding, pest and diseases control were conducted. Prior to pre-flowering, BC,F, plants were
self-pollinated. Birds were controlled by scaring in support with the use of mosquito net that
were used to cover the panicle to reduce pressure of birds attacking from grain filling to early
physiological plant maturity. Phenotypic data including number of seeds per panicle, plant
height, and number of leaves were recorded from the breeding site. Plant height was

measured at the distance from the ground to the top of panicle using ruler/tape measure. Leaf
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length, leaf width, panicle length and panicle width and panicle exsertion length was
measured using a ruler. Data collection was recorded to identify the plants that were
responding well on yield related traits which were then used for field evaluation. A total of
eight genotypes from BC,F, populations include NA241A, NA241B, NA316A, NA316B,
NA316C, NA307, SE408 and SE438 were selected as the best genotypes from BC,F,

populations for generating BC,F; populations.

5.2.2. Experimental design

The split plot on the complete randomized block design (CRBD) with three replications and
twelve entries per replication was used for this study. The total area for each trial was 1000
m”. Genotypes of BC,F; sorghum populations were planted in five rows per replication with
spacing of 0.75 x 0.3 m between row and within row respectively. The genotypes were
evaluated in well watered irrigation and stressed water environments in one location. The
main treatment in the main plot was irrigation regimes while sub treatment in the sub-plot
was sorghum genotypes of BC,F; populations. Well watered irrigation trial was fully irrigated
from planting to 50% physiological maturity. Water irrigation was withheld in the water
stressed trial at days to 50% flowering stage to physiological maturity. The yield related traits

were evaluated in well watered and stressed plots.

The interaction between sorghum genotypes generated and irrigation regimes were
determined using model Y;; = u+gi+ej+ (ge); +e; where; Y is the measured mean of it
genotype and j" environment, p is the grand mean, g; is the main effect of genotype, ej is the
main effect of environment, ge;; is the interaction of i" genotype and j™ environment, ej is an
experimental error associated with i" genotype and jth environment. 5.5.2 Evaluating

physiological traits contributing to drought tolerance in sorghum
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5.2.3. Determination of indices of drought tolerance in sorghum genotypes

Six selection indices including stress susceptibility index (SSI), stress tolerance index (STI)
(Fernandez, 1992), stress tolerance (TOL) (Hossain et al., 1990), mean productivity (MP)
(Hossain et al., 1990), geometric mean productivity (GMP) (Fernandez, 1992), stress
intensity (SI) and yield stability index (YSI) were calculated based on grain yield under
drought-stressed and irrigated conditions. Stress tolerance attributes were computed based on

the formula:
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Ssi=[1-(Ys )/ (Yp) ]/ SL

Sl is the stress intensity and calculated as:

si=[1-(¥s ) / (¥p) ]

GMP=, ( YPxYS )

TOL=( Yp-Ys )and

MP=( Yp+Ys ) / 2

STI=[ (Yp )x(Ys) / ( ¥p )’ ] (Fernandez, 1992)
YSI=Ys / Yp

Reduction (%)= ( Yp—-Ys ) / Yp

Where Ys and Yp are the yields of B,F; populations assessed under water stress and normal
irrigation conditions trials and Y's and Yp are the mean yields over all populations assessed in

two conditions (Fernandez, 1992; Hossain et al., 1990).

5.3. Determination of heritability of traits among sorghum parents

The heritability of donor and recurrent parents was determined based on the interaction
between genotypes and environments. The interactions of sorghum lines with the
environment were determined based on the phenotypic parameters that were collected as

described in Chapter 3. Broad sense heritability was computed using the formula below;

The broad sense heritability (H) of the parent lines was computed as follows;

H=0o’g |/ ( o’g+o’gxe+c’e )
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2 . . 2 . . 2
Where, 6°g = genotypic variance, 6 gxe = genotype x environment variance, and ce =

environmental variance (residual error).
Genotypic variance was computed as follows;
o’g= ( MSg—MSgxe-MSe ) / re

Where, MSg = mean square of the genotypes, MSgxe = mean square of the genotype x
environment interactions, MSe = mean square of the residual error (environmental variance),

r =number of replications, and e = number of environments.
Genotype x environment interaction variance was computed as follows;

o’gxe = ( MSgxe-MSe ) / r

5.4. Data collection and statistical data analysis

Ten plants were tagged with labels per plot for data collection. The parameters recorded for
drought tolerance indices and yield related traits were root biomass, stem biomass,
chlorophyll content, 1000 seed weight, STG, Inflorescence exsertion, panicle weight. Yield
of grain under full irrigation and stress managed trials were measured using a digital
weighing balance. Ten sample plants per plot were used for root and stem biomass
evaluation. Root biomass was collected below ground level of the plant, stem biomass was
taken from above the ground to the base of panicle, and these two parameters were subjected
to oven drying at 70° for three days. Chlorophyll content was measured from single leaf on
top, middle and bottom part of the plant using atLEAF chlorophyll meter where the average
chlorophyll content of three leaves was recorded. Leaf rolling was scored using a scale of I to
5 where I - no leaf rolling, 2 - low leaf rolling, 3 - intermediate leaf rolling, 4 - High leaf
rolling and 5 — extremely high leaf rolling ( death of leaves). STG was scored using scale

from 1 to 9 where 1- very low or no visible sign of leaf drying, 3 - low, 5 - intermediate, 7 -
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high and 9 - very high. Inflorescence exsertion was recorded using the scale of 1 to 4 where 1
- slightly exserted (<2 cm but ligule of flag leaf definitively below inflorescence base), 2 -
exserted (2-10 cm between ligule and inflorescence base) 3 - well-exserted (>10 cm between
ligule and inflorescence base), 4 - peduncle recurved (inflorescence below ligule and clearly
exposed splitting the leaf sheath). Total number of green leaves per plant at physiological
maturity was counted in both full irrigation and water stress trials based on ICRISAT
sorghum descriptors.

Multivariate statistical analyses such as the principal component analysis were computed by
using GENSTAT 12th edition, SAS software version 9.4 and “R” software of the current
version. The mean separation was determined using least significance difference at 5%

confidence interval.

5.5. Results

Results showed segregation among populations evaluated after selfing BC,F; generation. Ten
percent of the total plants planted per BC,F; populations were screened for the best
performing of traits (appendix 3. Table 6.1, 6.2 and 6.3). A total of six genotypes (NA307,
NA241, NA 316, SE408, SE438 and W82) were selected from the best 10% of screened

plants (Table 5.1).
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Table S. 1. Selected best performing BC2F2 seeds of sorghum genotypes from BC2F1
populations

Background of parent Genotype PH STG GLM PL PW IEX GWT
B35*NACO_NA241 NA241 146 5 2 24 8 2 113.4
B35*NACO_NA307 NA307 1478 5 3 26 85 4 147.3
B35*NACO_NA316 NA316 145 5 5 24 8 3 154.2
B35*Seguifa_SE408 SE408 1438 5 4 20 7 3 114.7
B35*Seguifa_SE438 SE438 1473 5 3 215 7 3 103.4
B35*Wahi_W82 W82 123 5 2 34 8 2 101

PH- Plant height (cm), STG- Stay green, GLM- Total number of green leaves at maturity, PL- Panicle
length (cm), PW- Panicle width (cm), IEX- Inflorescence exersion, GWT- Grain weight (g), NACO- NACO

Mtama 1

5.5.1 Grain yield performance of new sorghum populations under well and stressed

water environments

In water irrigation environment, the population NA316C yielded the highest with the mean
yield of 3415 kg/ha followed by NA307 with the mean yield of 3163 kg/ha, Seguifa
(recurrent parent) mean yield of 2911 kg/ha and SE 438 with 2770 kg/ha (Table 5.2). The
lowest yield was recorded by the donor parent B35 with mean yield of 1770 kg/ha. Under
stress environments, the best performing genotypes included SE438 with mean yield of 2652
kg/ha followed by NA316C with mean yield of 2585 kg/ha) and NA307 with 2556 kg/ha.
The genotype B35 resulted in the lowest mean yield (1711 kg/ha) of all populations

evaluated.
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Table 5. 2. Grain yield of sorghum within genotypes under normal water irrigation and water
stress conditions

Grain yield (kg/ha)
Population Water irrigated Water stressed
NA241A 2430 2081
NA241B 2430 2170
NA307 3163 2556
NA316A 2400 2252
NA316B 2296 2230
NA316C 3415 2585
SE408 2044 2296
SE438 2770 2652
Wahi 2030 2415
NACO 2630 1978
Seguifa 2911 2326
B35 1770 1711
SE 0.008 0.005
LSD 0.016 0.009
CV (%) 54.5 34.3

SE- Standard error mean, LSD- Least significance difference of the mean, CV(%)- Coefficients of variations,
NACO- NACO Mtama 1

5.5.2 Distribution of chlorophyll content in sorghum genotypes

The evaluation of chlorophyll content distribution indicated that the highest content was
found in the middle leaves of sorghum plant in both environments. Results in the water
stressed environment indicated that the donor parent B35 expressed the highest chlorophyll
content on both positions of the plant with 59.04 g/l at the top leaf, 60.71 at the middle and
51.4 g/1 at the bottom leaf (Table 5.3). The genotype SE438 expressed the highest chlorophyll
content (47.18, 52.14 and 44.96 g/l) at top, middle and bottom leaves of the plant
respectively. Majority of the genotypes (NA316C, NA307, NA241B, SE408, Seguifa, NACO
Mtama 1, Wahi, S438 and B35) had chlorophyll content above 30 g/l in all parts of the plant
which has been recommended for sorghum. However, the overall chlorophyll content was

higher in donor parent and the recurrent parents except genotype SE438.

Results in the well watered environment showed above 35 g/l of chlorophyll content on top,

middle and bottom leaves of all sorghum genotypes. The genotypes SE438, NA316C and the
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parents B35, Seguifa resulted in above 46 g/l of chlorophyll content in both parts of the plant.
B35 showed the highest chlorophyll content (66.01, 63.94 and 58.23 g/1) on top, middle and

bottom plant leaves of all genotypes evaluated in well watered environment (Table 5.3).

Table 5. 3. Mean values of top, middle and bottom leaves of chlorophyll content on
sorghum genotypes in stressed and un-stress environments

Stress environment Un-stress environment

Genotypes CH-Topleaf CH-Middle leaf CH-Bottomleaf  Genotypes CH-Topleaf CH-Middle leaf CH-BOT leaf

NA241A 27.29a 34.97ab 29.91a NA241A 39.77a 46.89abc 40.67abc
NA316B 29.75a 34.38a 31.97a NA316B 48.14bc 49.97bcd 42.23abc
NA316A 29.99a 38.62abc 33.63a NA316A 46.52abc 50.91bcd 44.56bc
NA316C 31.46ab 38.72abc 32.88a NA316C 50.99c 56.57de 46.26¢
NA307 33.49abc 43.16bc 34.79a NA307 44.46abc 46.53abc 40.54abc
NA241B 33.70abcd  40.93abc 38.10ab NA241B 39.84a 42.28a 35.44a
SE408 39.49bcde  43.20bc 38.01ab SE408 41.85ab 44.46ab 35.99ab
Seguifa 40.05bcde 42.43abc 36.75ab Seguifa 52.23c 53.77cd 47.80c
NACO 40.98cde 44.61cd 38.85ab NACO 42.44ab 50.14bcd 41.36abc
Wahi 42.67de 46.86¢d 35.29a Wahi 47.03abc 49.15abcd 39.04abc
SE438 47.18e 52.14de 44.96bc SE438 47.80abc 51.09bcd 43.73abc
B35 59.04f 60.71e 51.46¢ B35 66.01d 63.94e 58.23d
SE 2.65 2.56 2.74 SE 2.41 2.23 2.6

LSD 5.21 5.04 5.39 SLD 4.73 4.39 5.12

CV (%) 27 22.9 28.5 CV (%) 19.7 17.1 235

+bede and are comparisons for the Bonferroni mean test, BOT- Bottom, CH- Chlorophyll content (g/1),

CV (%)- Coefficient of variations of means, SE- Standard error of deviation, LSD- Least Significance difference of means,

NACO- NACO Mtama 1

There were significant differences in traits (plant height, leaf rolling, grain weight per plant, panicle
weight per plant and STG) of sorghum genotypes at P < 0.001 under water irrigation and water stress
treatments (Table 5.4 and 5.5). The mean performance of plant height was the highest (142.2 cm) in
population NA316 followed by NA316B with 139 cm in the stressed environment. The donor parent
exhibited the lowest (95.5 cm) plant height in the watered stress trial; however, there were no
significant differences among populations tested. In the watered irrigation trial, the genotype

NA316A, NA316C indicated the high performance of plant height with 143.3 cm and140.3 cm while
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the lowest plant height (94.6 cm) was recorded in the donor parent B35. There were significance
differences of leaf rolling in the genotypes NA241B, NA316A, NA316BB, SE408, local check Wahi
and the donor parent B35 in the water stressed trial (Table 5.4). The score of leaf rolling for the
genotypes NA241A, NA316C, NA307, NACO Mtama 1, Seguifa and SE438 varied but were not
significant. The genotypes SE438 and NA316C scored low leaf rolling in both environments.
The parents Seguifa and NACO Mtama 1 indicated low score in water irrigation and the
genotype NA307 had lower score leaf rolling than the rest of the genotypes genotypes in

water stressed condition.

In this study, there were variation (P < 0.05) of the total number of leaves counted at
physiological plant maturity among sorghum genotypes evaluated in irrigated and water
stressed conditions. The genotype NA307 showed the highest total number of leaves across
the environments. The donor parent B35 and check Wahi showed higher total number of
leaves than backcross genotypes except genotype NA307. The population NA241B showed

the lowest (1.97) total number of leaves.

Each backcross genotype showed lower total number of green leaves than check and donor
parent B35 across the environments. The total number of green leaves at maturity was
significantly affected by water irrigation and water stress environments. The highest number
(3.5) of green leaves was recorded from the donor parent B35 and check Wahi (2.7) in the
stressed environment where the genotypes NA241B and NA316A showed higher (2.1 and

1.7) total number of green leaves than the rest (Table 5.5).

The genotypes NA316C and NA316A showed 3.87 and 4.2 rating of STG similar to the
check Wahi and B35 with 3.73 and 4.13 rating of STG respectively in irrigated environment
(Table 5.4). The genotype NA241B and NA316A had 5.6 and 5.8 rating of STG similar to the

check Wahi which showed 5.7 STG under water stressed environment (Table 5.4). The
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genotype NA316A performed well across the environments. The lowest STG rating (5.8) was
recorded from the genotype NA241B in water irrigated and the lowest STG (7.3) in the

genotype NA241A in water stressed environment.

Based on the root biomass, genotypes NA316C and NA316A produced higher (68.33 and
51.67 g) than other backcross genotypes except parents B35 and Seguifa which produced the
highest root biomass in water irrigated condition (Table 5.4). The lowest (40 g) root biomass
was reported on genotype SE408 in unstressed conditions. Similarly, there were significant
differences among genotypes evaluated in the stressed condition whereas, check Wahi
recorded the highest (58.3 g) root biomass followed by B35 (48.3 g). The genotypes SE438
and NA307 (45 g) performed well in root biomass accumulation. The genotypes NA241A
and SE408 were significantly affected by post flowering drought, resulting in less than 37 g

of root biomass (Table 5.5).

The yield of genotypes NA307, NA316C and S438 per panicle weight per plant in well
watered irrigation and in water stressed environments were 0.88 kg, 0.8 kg, 0.74 kg and 0.79
kg, 0.7 kg and 0.74 kg respectively (Tables 5.4 and 5.5). The panicles per plant showed

significant differences among the genotypes at P < 0.05.

The genotype NA316C and NA307 produced high yield across the environments. Under
water irrigation, genotypes NA316C recorded (0.077 kg) grain yield per plant and NA307
(0.071 kg) in well watered condition (Table 5.4). These genotypes produced the same amount

(0.58 kg) of root biomass per plant in water stressed condition (Table 5.5).
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Table 5. 4. Means of traits performance of sorghum genotypes under well watered

irrigation

Genotype PH LR NLM GLM STG RB PWT GWT
NA241A 132.6cd  1.9abc  6.73ab  2.90abc 4.93abc  45.00abc  0.073abcde  0.055abc
NA241B 134.9cd  2.0bc 6.87ab  1.90a 5.80c 43.33ab 0.071abcde  0.055abc
NA316A 143.3d 1.8abc  6.23a 2.70abc  4.20ab 51.67bc 0.073bcde 0.054abc
NA316B 1344cd  1.9abc  6.13a 2.43ab 5.00abc  46.67abc 0.067abcd 0.052abc
NA316C 140.3cd  1.7ab 6.63a  3.33bcd 3.87a 68.33d 0.080de 0.077¢
NA307 133.9cd  2.0bc 7.77c 2.57abc 5.60bc 46.67abc  0.088e 0.071bc
SE408 129.2¢ 2.1c 6.83ab  2.87abc  5.00abc  40.00a 0.056abc 0.046ab
SE438 138.6cd  1.7ab 6.73ab  3.13bc = 4.07a 48.33abc 0.074bcde 0.062abc
Wahi 111.9b 2.0bc  7.70c 4.37d 3.73a 48.33abc 0.054ab 0.046ab
NACO 136.4cd 1.6a 6.13a 2.77abc  4.80abc  51.67bc 0.075cde 0.059abc
Seguifa 135.4cd  1.7a 6.70ab  3.07bc 4.53abc  53.33c 0.079de 0.066abc
B35 94.6a 1.9abc  7.50bc  3.57cd 4.13ab 73.33d 0.052a 0.040a
SE 3.6 0.1 0.24 0.33 0.44 2.9 0.006 0.008
LSD 7.08 0.19 0.47 0.64 0.86 5.71 0.012 0.016
Ccv 10.7 20.3 13.6 42.6 36.3 21.9 32.7 54.5

a,b,c,d

and © are comparisons for the Bonferroni mean test, CV- Coefficient of variation, GWT- Grain weight per plant (kg),

GLM- Total number of green leaves at maturity, LSD- Least significance difference of means, LR- Leaf rolling,
NLM- Total number of leaves at maturity, PWT- Panicle weight per plant (kg), RB- Root biomass,
SE- Standard error of means, STG- Stay green
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Table 5. 5. Mean values of traits of sorghum genotypes under water stress

condition

Genotype PH LR NLM GLM STG PWT GWT RB
NA241A 138.3b  2.3b 6.9ab 1.3ab 7.3e 0.06abc 0.05ab 33.3a
NA241B 1353b  2.03ab  6.5a 2.1bc  5.6ab 0.064abcd 0.05ab 41.7bcd
NA316A 1345b 1.98ab  7.0ab 1.7ab  5.8abcd 0.066bcd 0.051ab ~ 41.7bcd
NA316B 139.0b  2.03ab 6.9ab 1.5ab  6.7bcde 0.062abcd 0.05ab 41.7bcd
NA316C 142.2b  1.85a 6.9ab 1.2a  6.9de 0.07bcd 0.058b 40abc
NA307 135.1b 1.8a 7.6bc  1.3ab  6.9cde 0.079d 0.058b 45cd
SE408 1342b  2.1ab 7.0ab 1.6ab 6.3bcde  0.064bcd 0.052ab 38.3abc
SE438 1359b 1.8a 6.7ab  1.6ab  6.1bcde  0.074cd 0.06b 45cd
Wahi 106.9a 1.97ab  8.lc 2.7cd  5.7abc 0.071bcd 0.054b 58.3e
NACO 136.2b  1.9a 6.4a l.4ab  6.7bcde 0.064bcd 0.052ab 36.7ab
Seguifa 134.5b 1.9a 6.9ab  1.3ab  6.3bcde 0.054ab 0.045ab 36.7ab
B35 95.5a 2.1ab 7.5bc  3.5d 4.8a 0.046a 0.039a 48.3d
SE 3.39 0.11 0.26 026  0.36 0.005 0.005 2.08
LSD 6.66 0.22 0.51 052 0.7 0.01 0.009 4.1

(Y 10 22 14.3 57.9 221 32 34.3 19.1

+bedand ©are comparisons for the Bonferroni mean test, CV- Coefficient of variation, GWT- Grain weight per plant (kg),

GLM- Total number of green leaves at maturity, LSD- Least significance difference of means, LR- Leaf rolling,
NLM- Total number of leaves at maturity, PWT- Panicle weight per plant (kg), RB- Root biomass, SE- Standard error of means,
(1- full leaf with green Colour, 9-Complete leaf death)

The mean square values of various traits evaluated between genotypes by environments
revealed interactions (at P < 0.05 and P < 0.01) (Table 5.6). The interaction were recorded
from eight traits including days to 50% flowering, leaf rolling, chlorophyll content, total
number of leaves at physiological plant maturity, total number of green leaves at plant
maturity, STG, panicle weight, grain weight per panicle and root biomass. There was no
interaction between genotypes by environments for trait of plant height and grain weight. The
mean squares for genotypes were significant (at P < 0.05 and P < 0.01) for all traits except
root biomass. Majority of the traits evaluated for mean squares performance between
genotypes by environments showed significant differences except plant height and grain yield

per plant.
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Table 5. 6. Mean squares for performance of sorghum genotypes in well water and
watered stressed environments

SV DF DFW PH LR CH GLM STG RB GWT
Rep 2 129.38 2430** 0.8 1700%** 6* 11%* 2224%* 0.006**
Gen 11 1263.39%* 11389%*%* L.1%%  2350%%* 18.9%*  18%* 2437%* 0.003**
Env 1 79.33 6 1.8%*  13432%*%  260%*  469** 15116%*  0.006*
Gen xEnv 11 97.97*%* 266 0.4*%  405%%* TH* 10%* 1777%* 0.001
Residual 694 19.83 187 0.2 59.43 1.4 2 101 0.0001
Total 719

*, ** Significant differences at p <0.05 and p <0.01 respectively, DF- Degree of freedom, DFW- Days to 50%
flowering, PH- Plant height (cm), LR- Leaf rolling, CH- Chlorophyll content (g/l), GLM- Total number of green
leaves, STG- Stay green, RB-Root biomass (g), GW- Grain weight per plant (kg), SV- Sources of variation, Rep-

Replication, Gen- Genotype, Env- Environment.

5.5.3 Correlation of drought tolerance and yield related traits in sorghum

There were positive and negative correlation coefficients among traits contributing to drought
tolerance and yield in sorghum populations (Table 5.7). The traits of panicle weight, panicle
width and panicle length were significantly correlated with grain yield. STG and
inflorescences exsertion were negatively correlated with grain yield. Panicle width and
panicle weight were strongly correlated to grain yield and each other. Chlorophyll content
was positive and significantly correlated with total number of green leaves at maturity. Plant
height was correlated with panicle weight however the correlation was low with grain yield.
STG and inflorescences exsertion showed negative correlation with most traits. However,
both showed non-significant positive correlation with plant height. The highest negative
correlation was between traits STG and total number of green leaves at maturity and STG and

chlorophyll content.
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Table 5. 7. Correlation coefficients of traits contributing to drought tolerance and grain yield
of sorghum genotypes under water irrigated and water stressed environments

Trait GW PWT PH NLM BM NGLM PW IEX CH STG PL
GW -

PWT 0.72%%* -

PH 0.27%* 0.41%* -

NLM 0.08 0.17** -0.13%* -

BM 0.26%** 0.29%** -0.21%*  0.04 -

NGLM 0.18** 0.2%* -0.2%% 0.21%*%  0.39%* -

PW 0.53** 0.75%* 0.5%* 0.04 0.17*%  0.06 -

IEX -0.17%%  -0.18%*  (0.2%* -0.07 0.01 0.1 -0.08 -

CH 0.25%* 0.27** -0.26%*  -0.02 0.6 0.53*%* 0.2%* 0.1 -

STG -0.21%*  -0.22**  0.09 -0.03 -0.41%*  -0.84*%*  -0.11 -0.15%*  -0.56** -

PL 0.35%%* 0.51%* 0.18%* 1 0.29**  0.07 0.46**  -0.09 0.14%%* -0.1 -

Note: BM= Root biomass, IEX- Inflorescence exsertion, GW= Grain weight per panicle (kg), PWT= Panicle weight

(kg), PH= Plant height (cm), CH= Chlorophyll content (g/l), STG= Stay green, NGLM= Total number of green leaves

at maturity, NLM= Total number of leaves at maturity, PL- Panicle length (cm), PW- Panicle width (cm).

5.6. Heritability estimates

The broad sense heritability estimates varied from 88.2% of plant height to 64.2% of grain

weight in water irrigated condition and from 89.1% of plant height to 65% of leaf rolling in

water stressed condition (Table 5.8). The traits of stem biomass, root biomass, 1000 seed

weight and chlorophyll content recorded above 85% of broad sense heritability estimates in

both environments. The average heritability for both environments was about 80%.
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Table 5. 8. Broad sense heritability (%) of parents and backcrosses

Trait Water irrigation Water stress
Plant height (cm) 88.2 89.1
Stem biomass (kg) 87.3 89.7
Chlorophyll content (g/1) 85.9 88.4
Root biomass (g) 87.1 86.9
1000 seed wt 86 86.3
Panicle length (cm) 84.7 88.5
Leaf width (cm) 85.7 83.6
Number of green leaves at maturity 78.9 84.4
Number of leaves at maturity 83.4 78.3
Panicle width (cm) 82 70.4
Inflorescence exsertion 74.3 77.4
Panicle weight (g) 76.1 75.3
Leaf senescence 71 79.5
Leaf length (cm) 75.2 75.1
Leaf rolling 74 65
grain weight (g) 64.2 65.8

Plant height showed the highest (89.52%) broad sense heritability of all traits determined by
days to 50% flowering (80.88%) and 80% of stem biomass between genotypes by
environments. The root biomass showed the lowest broad sense heritability (12.38%)

followed by STG (17.64%) across the environments (Table 5.9).
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Table 5. 9. Heritability of sorghum genotypes traits accross water
management environments

Trait Heritability (%)
Plant height (cm) 89.52
Days to 50% flowering 80.88
Stem biomass (kg) 80
Chlorophyll content (g/1) 64.39
Leaf width (cm) 62.33
Total number of leaves at maturity 62.26
Panicle length (cm) 61.26
Panicle width (cm) 43.67
Grain weight per plant (g) 42.86
Leaf length (cm) 38.95
1000 seed weight (g) 38.4
Total number of green leaves at maturity 34.86
Panicle weight (g) 30
Inflorescence exsertioon 29.36
Leaf rolling 23
STG 17.64
Root biomass 12.38

5.7. Principal components analysis of the traits

PCA of grain yield under water stressed and well watered condition showed two principal
components of which PC1 explained 85.99% of the total variation while the PC2 explained

14.01% of the variation (Figure 5.1)

Based on grain yield results, the highest MP and GMP were recorded for populations
NA316C (3415 and 2585 kg/ha) and NA307 (3163 and 2556 kg/ha), suggesting genotypes
variation for yield performance across the environments (Table 5.10). Yield based on STI
indicated that the population NA316C (with mean yield 3415 and 2585 kg/ha), NA307 (3163
and 2556 kg/ha and SE438 (2770 and 2652 kg/ha) performed the best across the

environments with the STT values (1.39, 1.27 and 1.15) respectively. The highest values (830,
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652 and 607) of TOL were recorded in the populations NA316C (3415 and 2585 kg/ha)
Seguifa (2630 and 1978 kg/ha and NA307 (3163 and 2556 kg/ha). The lowest values (-385,-
252 and 66) were recorded in the populations Wahi with mean yield of 2030 and 2415,
SE408 (2044 and 2296 kg/ha) and NA316B (2296 and 2230 kg/ha. These populations

performed differently across the environments.

Scatter plot (Total - 100.00%6)

+St ressed

+Uns‘[ressed

PC1 - 85.99%

Genotype scores
+ Environment scores

Figure 5. 1. Principal component analysis of (PCA) of grain yield under water stressed
and well watered conditions

Correlation coefficients were used as tool to determine the promising criteria for drought

tolerant populations (Table 5.11). The indices GMP, MP were highly correlated with YP and
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YS and each other. TOL was positively correlated with yield by 0.83 under water irrigated
environment and low correlation with yield by 0.12 under water stressed condition. The
contrasting correlation between TOL and YP and YS suggested the reduction of grain yield
under water irrigation conditions thus is not recommended for selection of promising

populations for drought tolerance indices.

Table 5. 10. Drought stress indices and yield under water irrigated and water stressed

conditions

Population YP YS TOL MP GMP Sl SS1 STI YSI Red (%)

NA241A 2430 2081 349 2255.5 2248.7 0.14 1.03 0.79 0.86 14.4
NA241B 2430 2170 260 2300 2296.3 0.11 0.97 0.83 0.89 10.7
NA307 3163 2556 607 2859.5 28434 0.19 1.01 1.27 0.81 19.2
NA316A 2400 2252 148 2326 23248 0.06 1.03 0.85 0.94 6.2
NA316B 2296 2230 66 2263 2262.8 0.03 0.97 0.8 0.97 2.9
NA316C 3415 2585 830 3000 2971.2 0.24 101 139 0.76 24.3
SE408 2044 2296 -252 2170 2166.3 -0.12 1.03 0.74 0.12 -12.3
SE438 2770 2652 118 2711 27104 0.04 1.08 1.15 0.96 4.3
Wahi 2030 2415 -385 2222.5 2214.2 -0.19 1 0.77 1.19 -19
Seguifa 2630 1978 652 2304 2280.8 0.32 0.78 0.82 0.75 24.8
NACO 2911 2326 585 2618.5 2602.1 0.12 1.68 1.06 0.8 20.1
B35 1770 1711 59 1740.5 1740.3 0.03 1.1 048 0.97 3.3

Note: NACO- NACO Mtama 1, YS- Yield under water stress condition, YP- Yield under normal irrigation conditions,
TOL- Tolerance inde, MP- Mean productivity, GMP- Geometric mean productivity, SSI- Stress susceptibility index,
STI- Stress tolerance index, Red (%)- Percentage reduction.

There were no significant correlations between SSI and the rest of indices. SSI is the best
indices for selection of the populations with low yield and drought tolerance to water stressed
conditions. YSI was strongly correlated with STI and negatively correlated with YP, TOL,
MP, GMP and SSI. Red was only positively correlated with TOL and MP, rest of the indices
were negatively correlated and non-significant. TOL was positively correlated with MP and

GMP but not strongly correlated with YP. Furthermore, SSI indicated non-significant
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correlation with MP and GMP. The lowest correlation was found between Red and YSI and

indices between YSI and TOL.

Table 5. 11. Correlation coefficients of drought stress indices and yield under water
irrigated and water stressed conditions

Indices YP YS TOL MP GMP SS1 STI YSI Red
YP -

YS 0.648* -

TOL 0.832%%  (.116™ -

MP 0.955%%  (.846%*  0.628%* -

GMP 0.95%* 0.853%%  0.617* 0.997" -

SS1 0.168™  0.129™  0.125™ 0.168™ 0.171™ -

STI -0.599*%  0.118™  -0.866"  -0.373*F  -0.362"  0.322™ -

YSI -0.748™  0.009™  -0.982%%  -0.52%x* -0.511™  -0.109™  0.897%* -

Red 0.748™  -0.009™  0.982%%  (.52%* 0.511™  0.109™  -0.897** .,

Note: *= Significance at P=0.05, ** = significant at P=0.01, ns= not significance at 5% or 1% of probability level,

YS- Yield under water stress condition, YP- Yield of sorghum grain under normal irrigation conditions, TOL-
Tolerance index, MP-Mean productivity, GMP- Geometric mean productivity, SSI-Stress susceptibility index,
STI-Stress tolerance index, Red- Percentage reduction, YSI- Yield stability index

Four principal axes were generated in the study of PCA in drought tolerance indices (Table
5.12). The first principal axis (PC1) accounted for 59.1% of the total variation and positively
correlated with YP, YS, TOL, MP, GMP, SI, SSI, STI and Red (Table 5.12). The first
dimension of principal component may be selected as the best indicator of yield potential and
drought tolerance in this study. The population with high values of PC1 can be high yielding
in the water irrigated and water stressed environments. The second principal axis (PC2)
showed 20.8% of the variation and explained the positive correlation with TOL, SI, YSI and
Red however were negatively correlated with YP, YS, MP, GMP, SSI and STI (Table 5.12).
PC3 indicated 10% variation explaining positive correlation of most of the indices except
TOL and SSI. The findings revealed that SSI did not separate the drought-susceptible
cultivars. However, the populations with highest PCA1 and lowest PCA2 showed good yield

performance in both environments. The rest of principal axes were below 10% of proportion.
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Table 5. 12. Principal component analysis of potential yield (YP), yield under
stressed (YS) and drought tolerance

Variable PCl1 PC2 PC3 PC4

YP 0.411 -0.013 0.002 0.007
YS 0.261 -0.527 0.033 0.124
TOL 0.346 0.367 -0.022 -0.08
MP 0.39 -0.215 0.014 0.053
GMP 0.389 -0.224 0.018 0.052
SI 0.289 0.486 0.008 0.104
SS1 0.071 -0.129 -0.098 -0.97
STI 0.39 -0.21 0.017 0.051
YSI -0.02 0.017 0.994 -0.1

Red 0.314 0.441 0.006 -0.1

Eigenvalue 5.905 2.082 0.999 0.987
Proportion 0.591 0.208 0.1 0.099
Cumulative 0.591 0.799 0.899 0.997

YP = yield under well-watered conditions, YS = yield under drought-stress, TOL = tolerance index,
MP = Mean productivity, GMP = Geometric mean productivity, SSI = stress susceptibility index,

STI = stress tolerance index, Red = percentage reduction, YSI- Yield stability index, SI- Stress intensity

There was correlation of angles between vectors in the biplot diagram of PCA (Figure 5.2). There was
similarity between STI and MP and strong correlation with GMP. YP and YS were distantly

correlated indicating that water stress reduced the yield.
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Figure 5. 2. Biplot diagram of PCA of genotypes on yield irrigated (YP) and water
stressed conditions

5.8. Discussion

Chlorophyll content is an important trait which determines the ability of a plant to
photosynthesize food for use. The current study noted variation of chlorophyll content in
plant parts. The chlorophyll content distribution in the plant differs from one part to another
depending on factors like age and temperature (Dwyer et al., 1991). It is concentrated more in
the centre portion of the sorghum plant than top and bottom parts (Dwyer et al., 1991). This
aligns with the current study which noted higher distribution of chlorophyll content at the
middle part of the plant than top and bottom parts. Results showed that the bottom leaves of

the plant have the lowest chlorophyll content because leaf senescence starts at that part.
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Chlorophyll content reduces with increase of water stress which affects water and nutrients
uptake from the soil to the plants. In sorghum, chlorophyll content is helpful especially
during post flowering drought to enable a plant manufacture its own food for use and
maintain physiological plant growth and grain yield. The presence of high chlorophyll
content during drought stress condition delays the process of leaf senescence to retain STG
which accounts for grain yield on sorghum. Xu et al. (2000) reported the correlation of leaf
chlorophyll content and STGT in sorghum during post flowering drought suggesting the use
of these traits for screening drought tolerance and yield in sorghum. The amount of
chlorophyll content recorded in all parts of the donor parent B35 and the introgressed
genotypes in our study indicate that the donor parent B35 contributed part of the
improvement. Although water stress reduced chlorophyll content in all plant parts compared
to irrigated condition, majority of the genotypes showed above 30 g/l chlorophyll content
however, the highest chlorophyll content in the donor parent indicates that the introgression
of STG to the recurrent parent was not exploited enough to some of the genotypes for
improvement. The reduction of chlorophyll content during post flowering drought initiates
leaf senescence and lowers STG (Li et al., 2019). The resistance of sorghum genotypes delay
leaf senescence to allow grain filling and other physiological processes to take place (Wanous
etal., 1991).

Drought is the major constraint of crop production globally. This study noted different responses of

genotypes in stressed and non-stressed environments. The yield performance of sorghum crop
depends on the genetic diversity, heritability and genetic gain of the generated population.
The traits associated with yield in sorghum include biomass, plant height, days to 50
flowering, days to 50% maturity, number of tillers per plant, number of grains per panicle and
panicle weight per plant (Sadia et al., 2018). These traits are considered when screening high

yielding sorghum. Grain yield is influenced by biotic and abiotic factors. Abiotic stresses such as
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drought significantly reduces grain yield of sorghum (Wenzel, 1999). STG 1, 2, 3 and 4 QTLs linked
to drought tolerance in sorghum have been useful for introgression to non-stay green sorghum to
enhance grain yield during post flowering drought stress (Sabadin er al., 2012). The QTLs introgressed
to non- STG parents contribute to grain yield increase in water stressed condition. Nonetheless, it
depends on the period of dry spell and genetic makeup of genotypes (De Souza et al., 2020). The
current study recorded the increase of grain yield by 156 kg (7%) under water stressed environments.
The difference of performance of grain yield is affected by water management where water irrigation
enhances physiological plant growth and yield. Similarly, Ajeigbe et al. (2018) reported that, sorghum
grain yield depends on amount of water available in the soil for plant use. Low water content hinders
roots and leaves growth which is important for water and nutrients uptake and photosynthesis.
However, this study identified few genotypes which performed better in water stress environment
than in the well watered condition; this is contrary to Sory (2015) who recorded higher yield in
irrigated than in water stressed condition. The genotypes with high grain yield in both environments
for example, the genotypes NA307 and NA316C in this study indicate that these genotypes can
perform well in the multi-location trials in the next step of evaluation. These genotypes may contain
high genetic potential which may perform well in physiological growth across environments.

Environmental conditions determine the performance of traits in plant growth. Plant height,
days to flowering, root biomass and chlorophyll content of plants respond differently at
different environments. Traits of sorghum plant respond different in water managements,
some respond positively in one environment and negatively in another environment. Traits
which show good response in contrasting environments are suggested for screening of
drought tolerant genotypes in sorghum. Water stress reduces chlorophyll content which
affects photosynthesis efficiency and grain yield of sorghum (Zhang et al., 2019). The current
study noted higher chlorophyll content in water irrigation environment than in water stressed
condition implying that water management influenced the results. Genotypes with high

chlorophyll content delay leaf senescence under limited water. The ability to maintain
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chlorophyll contents depends on type of drought. The expression of STG during drought
condition prior to flowering and after flowering of plants is the indication of drought
tolerance which is contributed by STG. Nonetheless, in water stress conditions plants express
STG before physiological maturity. Findings of this study revealed that, STG expression is
affected by water stress than in water irrigation condition because of reduction of moisture in
the soil. In the study of STG introgression in non-STG sorghum, Kassahun et al. (2010)
found success introgression of STG from donor parent B35 to the adapted senescence
sorghum varieties which suggest the uses of MABC for improvement of post flowering
drought tolerance in sorghum. In addition, the balance between nitrogen for grain filling and
nitrogen released by parts of the plant and absorbed by root accounts for STG expression in
sorghum during water scarcity (Borrell et al., 2000b). Plants with plenty of nitrogen content
have ability to delay leaf senescence for maintaining photosynthesis for a long period which
helps to produce sufficient carbohydrates for developing grains. STG in sorghum has been
associated with high grain yield in drought prone environments where post flowering drought
is the major challenge (Borrell et al., 2000a). Chlorophyll content and STG are important for
evaluation of drought tolerant sorghum under water management environments. Findings by
Zaeifizade and Goliov (2009) revealed that maize genotypes with high drought tolerance are
associated with high chlorophyll content and grain yield compared to drought susceptible
genotypes. The current study indicates that plants respond differently in plant height under
water irrigation and water stress conditions. The variation of plant height is due to genetic
difference of genotypes in the same condition. In addition, this study recorded the majority of
the introgression genotypes had higher root biomass at post flowering than the recurrent
parents but less than check genotypes and the donor parent B35 at water stress condition

indicating the contribution of donor parent to improve target traits. Kassahun et al. (2010)
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reported similar findings where backcross genotypes had higher root biomass than
senescence parents and positive correlation between root biomass and STG.

The interaction of genotypes by environments plays the major role in the study of genetic and
phenotypic variance in crop improvement. The genetic and phenotypic variances determine
the variation of performance on traits of sorghum in different treatments. Mean squares
computed for various traits of sorghum genotypes by environments showed significant
differences at p < 0.05 and p < 0.01 respectively except plant height and grain yield per plant.
The interactions were influenced by water stress environment which limits growth of most
parts of the plant. The traits which are positively influenced by the interaction of full
irrigation and stressed treatments have been considered as the best indices of drought
tolerance in sorghum. The current study noted low variation of plant height of the sorghum
genotypes evaluated in the contrasting environments; this could be because of recording days to
flowering in the same environmental condition at days to 50% flowering before imposing stressed
environments. The same trend was on grain yield except that the mean yield of grain per plant was
high in water irrigation environment. Similarly, the interaction of water irrigation and water
stress did not influence root biomass and grain yield per plant, this could be due to
insufficient transfer of STG QTLs from the donor parent to the recurrent parent, variation of
soil nutrients and water uptake by the plant. The interaction of water management and
genotypes accounts for grain yield at post-flowering growth stages. Plants with deep root
systems can access water from deep soil in water stressed condition to support plant growth
and the high grain yield. This study reports significant interactions of genotypes performance
of STG in sorghum.These plants can be used as the basis for improvement of drought

tolerance and yield in crops including sorghum.

The interaction of genotypes and environments reduces the broad sense heritability of target

traits. Broad sense heritability estimates are used to screen variability of traits performance of
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genotypes. It focuses on traits such as, grain yield, chlorophyll content and panicle length, root
biomass, dry matter, plant height, panicle weight and STG and number of seed per plant
(Efisue, 2006). Plant height and days to 50% flowering expressed higher heritability
compared to other traits in crops. Variability of heritability estimates in the genotypes in this
study was influenced by the interactions among genotypes by environments. Plant height has
been useful for estimation of heritability in various crops including sorghum (Phuke et al.
2017). Heritability estimates depend on the level at which trait gene is inherited from the
parents to the siblings. Hamidou et al. (2018) reported high heritability in sorghum for traits
of grain yield, plant height and panicle weight. These are similar to this study where the
results reported > 80% broad sense heritability of plant height, days to 50% flowering and
stem biomass which indicates these traits were not influenced by the environments.
Nevertheless, the percentage of heritability in root biomass, STG and leaf rolling were below
25% because of environmental influences (Kiranmayee et al., 2020). The exploitation of
variability present in the genotypes depends on heritability estimates of the traits evaluated.
The interaction of genotypes and water managements in the current study reduces broad
sense heritability estimates. The reduction of heritability estimates is due to variation of
performance of genotypes in the contrasting environments. Plants respond different in
different environments which affects phenotypic and genotypic expression of the genotypes
(Ye et al., 2006).

In the study of drought tolerance indices, STI index appeared to be the best drought tolerance
indicator which is suggested for the screening of drought tolerant genotypes. The genotype
NA316C which produced the highest grain yield across the environments however its TOL
was the highest too. These findings contradict with report by Sory (2015) who reported high
values of TOL in sorghum and concluded that such genotypes were susceptible to drought

stress. Therefore, further studies are needed to confirm the findings.
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Principal component analysis is essential for grouping genotypes based on the performance of
traits of interest. It shows the relationship among genotypes which enable selection of the best
traits for different purposes. The study of drought tolerance indices of sorghum in full
irrigation and water stress environments identify the genotypes which adapt well in both
environments. Basically plants grow well in sufficient water condition compared to limited
water condition. However, in sorghum significant variation occurs at post flowering drought
which reduces yield. Interestingly in this study, some genotypes performed better in stressed
environments than in well watered. This finding suggests that the variation could be due to
variation of soil nutrients which are common in semi-arid areas. Various studies (Sory, 2015;
Ouedraogo et al., 2017) have shown higher grain yield in full irrigation of sorghum when
water is withheld at 50% post-flowering growth stage. It is possible for some genotypes to
perform well in stressed environments after withholding water at post flowering because
moisture retains for some days which support plant growth.

5.9. Conclusions and recommendations

Water irrigation and water stress environments influenced the variation of traits performance.
The interaction of genotypes by environment influenced the performance of various traits.
The heritability was higher in well watered than in the water stressed conditions but was low
on the interaction of genotype by environments. Chlorophyll content in sorghum leaves vary
from one part of plant to another but the concentration is highest in the middle part of the
plant. For the best screening of plants with drought tolerance traits in sorghum, chlorophyll
content is one of the important traits. The genotypes NA307, NA316C and SE438 were
selected as the best performing in terms of grain yield across the environments. These
genotypes should be further tested for multi-location trials to evaluate the performance before

recommending as new varieties.
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CHAPTER SIX

6.0. GENERAL CONCLUSIONS AND RECOMMENDATIONS

6.1. General conclusions

In the present study, the constraints of sorghum production identified included bird damages,
poor soil fertility, and drought stress. Majority of farmers in Tanzania cultivate local sorghum
varieties which are tolerant to storage pests and own seed saving because of unavailability of

improved seed of the sorghum crop and high cost of inputs.

The drought coping mechanism practiced by farmers included early planting, use of drought
tolerant varieties, planting early maturing varieties. The traits preferences chosen by farmers
include drought tolerance, early maturity and high yield. Farmers have knowledge to identify
preferred traits of sorghum genotypes suggesting that plant breeders should considered them

when planning for breeding new improved sorghum varieties.

There was limited number of extension officers in the villages to satistify extension services
to farmers, the available officers failed to train large numbers of farmers due to limited

facilitation.

In the study of MABC 71 (10%) out of 728 BC,F; samples collected for genotyping was
heterozygous. Eighteen SNP markers showed favourable alleles for STG QTLs and other
roles contributing to STG in sorghum. The markers nsSB00049 and nsSB00054 expressed
favourable alleles for STG 1, and nsSB00102 and nsSB00103 expressed for STG 3. The
favourable alleles identified for STG QTL in the current study showed that, the genotypes

generated by marker assisted backcrossing was partly successful.
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Three samples of genotypes W82, NA241 and NA307 with heterozygous alleles and two
samples of NA316 and SE438 genotypes with homozygous alleles were selected as the best
genotypes from BC,F; population after comparing field and genotypic data, these samples

were planted as genotypes for advancing to BC,F; populations.

The genotypes NA241A, 241B, NA307, NA316A, NA316B, NA316C, NA408 and NA438
of BC,F; seeds were selected as the best for grain yield, grain vigour and heading from

BC,F; populations.

The donor parent B35 contributed to the variation of yield recorded between three genotypes
NA307, NA316C, SE438 and the recurrent parents and check in well water and water
stressed environments. Three genotypes (NA307, NA316C, and SE438) showed genetic gain
after introgression of STG QTL from B35 compared to the recurrent parents NACO Mtama 1
and Seguifa, these genotypes will contribute to increase sorghum productivity when approved

as new sorghum varieties in Tanzania.

6.2. General recommendations

Plant breeders should consider drought tolerance, pest and diseases resistance and other
related traits when they develop improved sorghum varieties to stimulate farmers’ adoption
rate. To further address these constraints, collaboration among plant breeders, pathologists,
entomologists, socio-economists, soil scientists, extension officers, local government

authorities, and the ministry of agriculture is imperative to enhance sorghum productivity.

There is need to strengthen sorghum value chain to diversify use of end products and market
options among stakeholders as these will motivate farmers to expand farms for sorghum

production.
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The government should increase the number of extension officers to facilitate the uptake of
new technologies innovated by researchers which will help to increase the productivity of

sorghum.

Studies are needed to map further SNP markers which are highly polymorphic and closely
linked to QTLs associated with drought tolerance genes. These will increase efficiency of
identifying QTLs that are linked to STG and expand genetic variation between parents and
backcross populations. Further backcrosses for enhancing STG QTLs in sorghum are needed

to widen the possibility of transferring trait of target.

Based on heritability information, the traits plant height and days to 50% flowering which
showed the highest heritability are recommended as the basis for differentiating of sorghum

populations.

STI is recommended as the indice for screening drought tolerance of sorghum genotypes.
Because of contradiction of different reports on the acceptable TOL in crops further studies
are needed to find the relevant conclusion.

The genotypes NA307, NA316C and SE438 performed well in terms of grain yield per
hectare across the environments. Therefore, these genotypes should be tested in multi-
location trials to evaluate the distinction, uniformity and stability before recommended for

release as the new varieties.
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APPENDICES

Appendix 1: Semi-structured questionnaire for focus group discussions on constraints of
sorghum production, coping mechanism for drought and trait preference by sorghum

farmers

I. Identification

Name of facilitator Date of discussion: ---/----/201-----
Working station Designation------------------- Region
Location of discussion: Village Ward

District Region

List of farmers

S/N | Name Age Gender Mobile number
1

2

3

4

5

6

7

8

9

10

1. Do you involve with agricultural activities in your village? Yes---No----. If yes, which crops

contribute income in your households? Starting with the highest to the lowest
i

1.

iii.

1v.

V.
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2. What other sources that contribute income rather than crops?
1.

ii.

1ii.

1v.

3. Do you grow sorghum? Yes [ ], No [ [, If yes why? S —

4. Have you ever heard improved sorghum varieties? Yes [ |, No [ ] If yes, who introduced
to you? Agricultural researchers [ ], International Organization (ICRISAT) [ ], NGOs [ ],

Private Companies [ ], Others --------=---mmmm oo

6. Where do you access seed? Own saving seed [ ], Agro-dealers [ ], Agro researchers [ ],

NGOS [ ] Other —---mmm oo oo oo

7. Which sorghum varieties are grown in your village and their maturity period?

S/N Improved varieties Early maturity (80-90 days Medium maturity (95- | Late maturity (above 110 days)

105days)

S/N Local varieties Early maturity (80-90 days Medium maturity (95- | Late maturity (above 110 days)

105days)
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9. Do you apply fertilizers in sorghum? Yes [ ], No [ ]

If no, why?

10. If yes, which type of fertilizers do you apply?

Inorganic fertilizers [ ], Organic fertilizers [ ], Both fertilizers [ ]

11. Do you face the problem of pests and diseases on sorghum? Yes [ |, No[ ]. If yes, list.

Impact of pest in sorghum

S/N

Common Pest

Low

Medium

High

Impact of disease in sorghum

S/N

Disease

Low

Medium

High

13. What is the average yield of improved varieties do you get (bags/acre ----------------- ,

Local varieties (bags/acre or hectare) ---

14. Is drought stressing a problem on sorghum crop in your village? Yes [ ], No [ ]
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If yes, which stage of growth is highly affected; early growth [ ], vegetative growth [ ], post

flowering growth [ ]
15. Do you have drought tolerance sorghum varieties in your village? Yes [ ], No [ ],
If yes, mention 1-----------------om—-—- G e B B

16. Comparing local and improved sorghum varieties, which is frequently affected by

terminal drought stress? ------------------—--—-

17. What should be done to reduce terminal drought stress effect on sorghum?

18. Is there need to develop new drought tolerance sorghum? Yes [ ], No [ ] If yes or no,

WY 7 oo

19. Which criteria do you use for selection of suitable sorghum varieties?

Criteria

1 st 2nd 3rd 4th Sth

disease and pest resistant

High yielding

Drought tolerant

Striga spp tolerant

Grain colour

Early Maturity

Late Maturity

Storability

Market availability

Plant height

Taste

Tolerant to bird attack

Grain weight

168




Shelling

 — S — R S—
_______________________ T 5 e

Appendix 2: Semi-structure questionnaires for Individual interview to understand farmers’

perception on sorghum production

Questionnaire NUMbEr--------=========mmmm oo

I. Identification
Name of interviewer-----------==-=====---ccmmeeu-- Date of interview: ---/----/201-----

Working station---------------------------- Designation------------------- Region--------------mommeu-
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Location of interview: Village-----------------==--=emmcemeumo Ward-------------mm oo

District---------——m e REgION~~mmmmmmm e
Name of reSpOndent; =-----m-mmmmmmmmm e

Gender: Male [ ] Female [ | Age: —---=---=mmmmmmmm oo .

Role: Head of the household [ ]; Household activities [ ]; others-------=====mmmmmmmmmmmmomeeee -
Highest level of educational: Illiterate [ |; primary [ ]; secondary [ ]; diploma [ ] university [ ]

i. Number of family members in the household: [ ]

ii. Number of females in the household: [ ]

1ii. Number of men in the household: [ ]

iv. How many acres/hectares do you own in your household? Acres [ ] or hectares [ ]
v. How many acres used for sorghum production? Acres [ ] or hectares [ ]

2. Which crops (Starting with the highest rank) contribute income in your household?

Cl’Op 1St 2ﬂd 3l‘d 4th Sth 6th 7tl‘l

Maize

Pearl millet

Cassava

Sorghum

Sunflower

Bambara nut

Finger millet

Grape

Ground nut

Sweet potato

Rice

Cow pea
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7. Have you ever heard improved sorghum varieties? Yes [ ], No [ ] If yes, who introduced
to you? Agricultural researchers [ ], International Organization (ICRISAT) [ ], NGOs [ ],

Private Companies [ ], Others —------==---mmmm oo

9. Where do you get seed? Own saving seed [ |, Agro-dealers [ ], Agro researchers [ ], NGOs
[ ] Other —==-mmmm e oo

10. Which sorghum varieties are grown in your village and their maturity period?

S/N Improved Early maturity (80- | Medium maturity | Late maturity (above
varieties 90 days (95-105days) 110 days)

1

2

3

4

S/N Local varieties | Early maturity (80- | Medium maturity | Late maturity (above

90 days (95-105days) 110 days)
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12. Do you apply fertilizers in sorghum? Yes [ ], No [ ]

If N0, WY P mmm e oo

13. If yes, which type of fertilizers do you apply?
Inorganic fertilizers [ ], Organic fertilizers [ ], Both fertilizers [ ]

14. Do you face the problem of pests and diseases on sorghum? Yes [ ], No[ ]. If yes, list.

Impact of pest in sorghum

S/N

Common Pest Low Medium High

Impact of disease in sorghum
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S/N

Disease Low Medium High

16. What is the average yield of improved varieties do you get (bags/acre ----------------- ,

Local varieties (bags/acre or hectare) -----------------------
17. Is drought stressing a problem on sorghum crop in your village? Yes [ ], No [ ]

If yes, which type of drought is highly affecting crop growth? Early drought (young
seedlings) [ ], mid drought (vegetative growth) [ ], terminal drought (flowering/seed setting)
L],

18. What is the trend of rainfall from the past 10 years ago to now? is increasing[ ], is

reducing| |, is constant [ ]

19. Do you think there is need to develop new drought tolerant sorghum varieties? Yes [ ],

No [ ] If yes Or N0 Why 7 =mmmm oo oo
20. Do you have drought tolerance sorghum varieties in your village? Yes [ ], No [ ],
Ifyes, mention 1........................... 2 K 4o,

21. How do you overcome drought? 1-----=---==-mmmmmmmmmmm oo Do

22. Do you have access to market? Yes [ ], No [ ]
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If yes what is the price of sorghum grain per bag (100kg) Tsh
20kg) Tsh ---------

If no, where do you sell?

23. Which criteria do you use for selection of suitable sorghum varieties?

Criteria

lst

disease and pest resistant

High yielding

Drought tolerant

Striga spp tolerant

Grain colour

Early Maturity

Late Maturity

Storability

Market availability

Plant height

Taste

Tolerant to bird attack

Grain weight

Shelling

Others--------------

24. What do you think are constraints of low yield in sorghum?
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Appendix 3. Selection of 10% best performance genotypes from BC,F; populations for traits
of plant height, STG, total number green leaves at maturity, panicle length, panicle width,

and grain weight per plant.
Table 6.1. Selection of 10% best performance genotypes from BC,F, populations for traits PH, STG, GLM, PL,
PW, EX and GWT with B35 donor parent and Wahi and Hakika recurrent parents background

Genotypes PH STG NGLM PL PW EX GWT (kg)
B35*Wahi_33 96.5 5 3 23 5.5 2 41.8
B35*Wahi_77 114 5 1 30.5 7.5 3 90.7
B35*Wahi_78 109 4 3 33 6.3 2 71.7
B35*Wahi_80 111 4 2 34 8 3 106.4
B35*Wahi_82 123 5 2 34 8 2 101
B35*Wahi_83 114.5 5 2 32 7.5 3 83.2
B35*Wahi_85 111 5 1 30.5 6 2 67.4
B35*Wahi_89 121 5 3 314 7 2 97.5
B35*Wahi_90 112.2 6 1 31 6 3 79.3
B35*Wahi_93 120.5 5 3 34 5 2 60.2
B35*Wahi_103 107 5 2 27 6 2 62.7
B35*Wahi_105 121 4 3 31 4.8 2 60.8
S35*Hakika_ 118 130 6 2 30 8 2 77.8
S35*Hakika_130 121 5 1 31 6.6 2 76.5
S35*Hakika_131 140 5 2 30.5 6.5 2 82.8
S35*Hakika_133 128 6 1 25 6 2 72
S35*Hakika_138 119 6 2 25 6 3 54.1

PH- Plant height (cm), STG- Stay green, Total number of green at maturity, PL- Panicle length (cm), PW- Panicle

width (cm), EX- Inflorescence exersion, GWT- Grain weight (g)
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Table 6.2. Selection of 10% best performance genotypes from BC,F, populations for traits PH, STG, GLM, PL,
PW, EX and GWT with B35 donor parent, and Macia recurrent parents background

Genotypes PH STG NGLM PL PW EX  GWT (kg)
B35*NACO_241 146 5 2 24 8 2 113.4
B35*NACO_242 135 6 0 255 8 3 120.4
B35*NACO_246 140 5 2 26 8.2 3 119.6
B35*NACO_255 135 6 1 24.5 6 3 100
B35*NACO_260 123.8 6 0 21 8 2 96
B35*NACO_263 131 6 1 21.5 8 2 102.1
B35*NACO_273 158.8 6 2 21.5 6.5 3 103.4
B35*NACO_291 134 5 2 25.5 8 3 100
B35*NACO_305 143 5 2 23 8 4 106.1
B35*NACO_307 147.8 5 3 26 8.5 4 147.3
B35*NACO_309 141 4 3 26 8.8 3 122.2
B35*NACO_311 148.5 4 2 24 8.5 2 106
B35*NACO_312 144.5 4 3 235 7.5 3 104.6
B35*NACO_314 131 4 5 24 9 2 96.2
B35*NACO_316 145 5 5 24 8 3 154.2
B35*NACO_317 121 6 2 22 7.5 3 113.3
B35*Macia_336 92 9 0 20 3.8 3 26.1
B35*Macia_343 110 7 0 23 6 3 26.6
B35*Macia_359 125 5 1 22.3 4.4 3 24
B35*Macia_363 135.8 7 0 22 4 3 29.6
B35*Macia_381 112.5 8 0 22 4 3 24.7
B35*Macia_384 135.5 7 1 25 6 3 24.3
B35*Macia_391 122 7 1 24 4 3 28.6
B35*Macia_394 156 7 1 23 6 3 33.3
B35*Macia_399 123 8 0 20 5 2 24.8

PH- Plant height (cm), STG- Stay green, Total number of green at maturity, PL- Panicle length (cm), PW- Panicle
width (cm), IEX- Inflorescence exersion, GWT- Grain weight (G), NACO- NACO Mtama 1
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Table 6.3. Selection of 10% best performance genotypes of BC2F1 populations for PH,STG, NGLM, PL, PW, EX

and GWTwith B35 donor parent and Seguifa and Pato recurrent parents background

Genotypes PH STG  NGLM PL PW  EX GWT/P

B35*Seguifa_408 143.8 5 4 20 7 3 114.7
B35*Seguifa_415 127.7 5 3 19 5 3 141
B35*Seguifa_425 134.9 6 1 24 8 2 85
B35*Seguifa_428 126.8 5 1 23 7 3 86.6
B35*Seguifa_436 143 5 2 20 7 3 91.8
B35*Seguifa_438 147.3 5 3 21.5 7 3 103.4
B35*Seguifa_444 141.2 5 2 21 7 3 107.7
B35*Seguifa_456 151.8 6 1 23 65 3 88.2
B35*Seguifa_460 147 5 3 23 65 2 102.4
B35*Seguifa_462 154.5 5 3 20.5 7 3 84.6
B35*Seguifa_465 132.5 5 2 20 7 3 97.9
B35*Seguifa_467 160 6 1 20.5 6 3 90.2
B35*Seguifa_468 130.5 6 1 22 83 3 137
B35*Seguifa_469 127.5 6 1 22.5 7 3 98.7
B35*Seguifa_480 169.5 6 1 21 6 3 93
B35*Seguifa_486 130 6 1 22.5 6 2 100.6
B35*Seguifa_487 117.5 6 1 19.5 7 3 92.4
B35*Seguifa_488 150.1 6 1 23 7 3 112.8
B35*Seguifa_493 137 6 1 21 7 3 88
S35*Pato_623 135.5 7 1 19 8 3 91.5
S35*Pato_630 115 8 1 18 8 2 88.7
S35*Pato_661 165.5 6 1 20 8 3 123.9
S35*Pato_668 138 7 1 22 8 2 111.6
S35*Pato_685 148 8 0 21.5 8 3 81.2
S35*Pato_686 149 9 0 24 7 3 83.3
S35*Pato_691 134 8 0 22 86 2 88.3
S35*Pato_713 155 6 1 22 8 2 93.1
S35*Pato_715 142 6 1 23.5 8 3 108.8
S35*Pato_721 146 6 1 215 72 2 103.1
S35*Pato_723 150 6 1 21.5 9 2 116
S35*Pato_726 140 7 0 21.5 7 2 84.7
S35*Pato_730 144 6 1 23 8 2 89.4
S35*Pato_735 155 6 1 18 8 3 101.7
S35*Pato_736 155 7 1 22 8 2 99.8
S35*Pato_737 137 6 1 22 88 3 104.1

PH- Plant height (cm), STG- Stay green, Total number of green at maturity, PL- Panicle length (cm), PW- Panicle

width (cm), IEX- Inflorescence exersion, GWT- Grain weight (g)

177





