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ABSTRACT

The nature and magnitude of the genotype x environment interactions is important to identify
superior and stable genotypes under target environments. This will assist to maximize
specific adaptation and to speed up the distribution of new cultivars to growers. Eleven pre-
release flue cured tobacco hybrid lines were evaluated for yield and quality in four different
tobacco growing regions thus, Kutsaga and Rusape representing the slow growing areas,
Trelawney representing the medium growing areas and Tengwe representing the fast growing
areas . The thrust of this study was to assess the stability and adaptability of these hybrid
lines. KRK 26R was used as a positive check line because it is a cultivar that is adaptable and
stable to a wide range of environments. The hybrid lines were raised with the new float tray
system of seedling production and all cultural practises were done following the TRB
handbook recommendations. Significant genotype x environment variations were observed
among the hybrid lines. For the total saleable yield, environmental high significant difference
was observed (P = 0.001), the study revealed that Tengwe had the best yield of 2755kg/ha,
while, Kutsaga had the least yield of 1934kg/ha. For the grade index genotypic highly
significant difference was observed (P = 0.001) with G9 outperforming all other test
genotypes including the check line with an index of 61.74, while, G1 least performed with
an index of 51.0. For the top grades proportion Genotype x Environment interaction was
found and GGE biplot procedure was followed and results indentified the stability and
adaptability of the performance of the hybrid lines. The GGE biplots indentified that G7, G8
and G11 as the high quality and stable genotypes. G1, G2 and G5 least performed and had
low stability. It was observed that Kutsaga that is located in the slow growing areas as the
ideal testing environment for these set of hybrids that were under test.

Key words: Genotype x Environment interaction; Tobacco; Yield; Quality; Stability;
Adaptability
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CHAPTER ONE

1.0 Introduction
Tobacco (Nicotiana tabacum.L) is a perennial crop grown as an annual in most of the
countries in the world. According to (FAO, 2010) tobacco generates 20 billion dollars a year
worldwide and about 3.9 million hectares of land are reserved for its production. Tobacco is
the largest field crop income earner in Zimbabwe and its production is out-competing other
cash crops such as cotton (TIMB, 2014). Approximately 700 000 families rely directly or
indirectly on tobacco production in Zimbabwe, (Chivuraise, 2011) the majority of these
families are rural based small scale farmers where tobacco is the primary source of income,

thereby, directly contributes to rural economic development and livelihood (TRB, 2011).

There are well defined agro-ecological regions suited for tobacco production in Zimbabwe.
These regions are termed fast, medium and slow growing areas and are classified to the
growing regions based on the average cumulative rainfall and annual mean maximum
temperature that prevails in the regions (TRB, 2011). The fast growing regions such as
Guruve, Doma and Hurungwe, are characterised by low altitude, high rainfall and high
temperatures. Medium growing regions such as Concession, Banket and Trelawney are
characterised by medium altitude medium temperatures and slow growing areas such as
Rusape and Headlands are characterised by high altitude high rainfall and warm-cool

temperatures (TRB, 2011).



Tobacco Growing Areas
of Zimbabwe

Council Districts
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2. Trealawney \Darwendale
3.Banket fayshire
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Figure 1.1 illustrations of the tobacco growing areas of Zimbabwe (TRB, 2011)

Although there are well known traditional growing areas, one of the major constrain of
tobacco production in Zimbabwe is the farmer’s inability to select appropriate tobacco
varieties for their environment and management practises. Recent trends have revealed that
yield and quality of tobacco presented for marketing can be significantly improved if farmers
adopted the correct varieties for their respective regions (TIMB, 2014). Two common
mismatches observed in small scale tobacco farming are:

i Selecting fast maturing and ripening varieties for fast growing regions, resulting in
excessive pressure during reaping, and poor biomass accumulation, which ultimately result in
poor leaf quality and reduction in yield.

ii. Selecting slow maturing varieties for slow growing regions that commonly results in
delayed reaping and consequently, increased reduction in yield and poor curing qualities

(TRB, 2011).



Variety adaptation is largely based on the growth habit, in relation to the rate at which an
environment promotes growth and ripening (Fan et al., 2007). To a lesser extent, variety
adaptation is also based on the inherent varietal resistance to naturally prevailing biotic and
abiotic stresses in selected area (Yan et al., 2010). Thus, it is very important to indentify
genotypes that perform well in specific environment for plant improvement so as to
recommend best ideal genotypes for specific locations. Genotype x environment interaction
is when dissimilar genotypes react in a different way to environmental fluctuations and this
concept is very essential in plant breeding as it influences the selection of superior genotypes
in trials (Yan and Rajan, 2002). G x E Interaction complicates the selection process because
of the difference in performance of different genotypes in the same environments and has
been reported in different crops and plants and the occurrence of GEI causes genotypes to
perform differently from one environment to other (Van de Merwe, 2012). Thus, it is
important to have information of the influence of GEI on variety evaluation to aid decisions

before cultivar recommendations.

Leaf quality, plant stature, adaptability of crop genomes as well as the general performance of
different cultivars is the concern of farmers striving to achieve high productivity and quality
tobacco. Although there are well defined tobacco growing areas in Zimbabwe (slow, fast and
medium), proper study has not been done in trying to understand the concept of the genotype
x environment interaction (TRB, 2011). Currently, varieties are prescribed to their growing
areas based only on their ripening rates, there is lack of information about variety
performance in particular areas in terms of the influence of the genotype x environment

interaction.



National yield of tobacco in Zimbabwe averages to 912 kg/ha against the varieties potential
of 4000-4500 kg/ha, while quality of the tobacco leaf is very poor (TIMB, 2014). Poor
variety selection in the tobacco growing regions is among the major factors contributing to
such low yields and poor quality. Tobacco growers are not accessing the best information on
how best they can grow their varieties in their locations (Factsheet, 2008). Cultivar trials like
the Cooperative Cultivar Trials enable the recommendation of the best varieties for specific
areas, however, these trials tends to be confounded by seasonal growing conditions. It is
therefore imperative that formal testing of varieties with sophisticated analytical tools to
decipher the GxE studies should be conducted. Varieties that are found to be stable in each
environment are the ones that should be grown by farmers and this information can only be
found if the trials like the genotype x environment Interaction are conducted (Mazarura,

2010).

Therefore, this research seeks to evaluate the influence of the GEI on the newly bred tobacco
hybrids lines on how best famers can choose cultivars that best perform in their areas in terms

of yield and quality.

1.1 Main objective
To determine the genotype x environment Interaction and establish the adaptability and
stability of 11 pre-release flue-cured tobacco hybrids in four different tobacco growing areas

in comparison to KRK 26R (Check)

1.1.1 Specific objectives

e To measure the total saleable yield of 11 new pre-release flue cured tobacco hybrids in
four different tobacco growing areas to the popular variety KRK26R as the check

e To compare the grade index of 11 new pre-release flue cured tobacco hybrids in four

different growing areas to the check KRK26R)
4



To assess the top grades proportion of 11 new pre-release flue cured tobacco hybrids in

four different growing areas to the check KRK26R)

1.1.2 Hypotheses

There is significant difference in the total saleable yield (tonnes/ha) of 11 new pre-release
flue cured tobacco hybrids in four different tobacco growing areas to the popular variety
KRK26R as the check

There is significant difference in the grade index of 11 new pre-release flue cured tobacco
hybrids in four different growing areas to the check KRK26R)

There is significant difference in the top grades proportion of 11 new pre-release flue

cured tobacco hybrids in four different growing areas to the check KRK26R)



CHAPTER TWO

2.0 Literature Review

2.1 Account of tobacco domestication

Tobacco originated in South and North America and first known by the European explorers
in the 15™ and 16™ century where it was used as medicine, psychoactive substance, narcotic,
painkiller, and pesticides and later on used for rituals and ceremonies. Due to the demand of

the plant, distributions outside its origins were done through trade in the 300 BC.

Tobacco smoking in Zimbabwe is thought to have been through primitive landraces such as
the Nyoka landraces and wild species of the Nicotiana rustica (TRB, 2011). Successful
cultivation of the flue-cured tobacco in Zimbabwe was made by Jesuit priest at Chishawasha
in the 1890s (TRB, 2011). The establishment of tobacco in Zimbabwe came with changes in
culture, economy and different stages in political and trading importance. Through breeding
over 1000 different varieties of N. tabacum are the most economic in the world today. One
hundred and twenty five countries now cultivate the crop with over 4 million hectares of land

(TIMB, 2014).

2.2 Tobacco production and trends in Zimbabwe

The land reform program of the early 2000 saw an increase in tobacco production from
22000 to about 64775 farmers by 2013 with over 77910 hectares under use. The rise
contributed to the country’s Gross Domestic Product (GDP) from 2009- 2015 with about
USD$174,457,761 to USD$586,400,000 respectively (TIMB, 2016), the fast land reform

program brought about change and thus expanding the tobacco industry.



2.3 Tobacco growing areas of Zimbabwe

The Zimbabwean natural environment consists of two major climatic divisions with the semi-
dry regions covering the tobacco growing belt. The region is then divided into three agro-
ecological sub-areas namely fast, slow and medium growing areas. The sub-area vary in the
climatic attributes thus giving differential growth patterns for tobacco which lead to different

growth habits, variations in yield and quality of the leaf (TRB, 2011).

However, it should be noted that although there is rise in tobacco production, the industry is
confounded by various challenges, one of which is of the planting material being used which
does not suit areas considered marginal for tobacco production. Thus current varieties are not
bred for these areas so there is a gap that needs research in addressing this expansion in the

tobacco industry (TRB, 2011).

2.4 Cooperative Cultivar Trials (CCT)

To ensure proper variety recommendations plant breeders perform Cooperative Cultivar
Trials (Crossa et al., 2002). These are trials meant to agronomically test new hybrids in the
various tobacco growing areas under farmer management practices and in different seasons.
These trials are done three to five years and new hybrids showing better performance under
these trials are then recommended to be grown in these growing areas and specific districts.
Interestingly, by growing genotypes in diverse locations, the utmost yielding or genotypes
that outperform other genotypes in all the growing areas can be indentified (Yan et al., 2007).
There are differences in the performance of genotypes tested in different environments due to
the variations in the factors such as soil. Cultivars tested in diverse locations or years often
have significant fluctuations in yield, and or quality due to the response of genotypes to

environmental factors such as soil fertility or presence of diseases (Kamara et al., 2006).



These fluctuations are referred to as G x E interaction and are common and have been studied

in trying to improve crop productivity.

2.5 Genotype x environment (GXE) interaction effects

Successful cultivars should have outstanding yieid, quality and other essential agronomic
characters. Performance of cultivars shou1d be dependable and consistency from environment
to environment. Occurrence of Genotype x Environment interaction is one of the major
causes of the difference in the performance of genotypes in different environments. GEI is
the failure of cultivars to attain the similar comparative performance in different
environments. More so, it should be noted that the causes of Genotype x Environment
interaction have become a combination of both genetic and non-genetic effects on the

developments of crops (Fan et al., 2007).

Phenotype of living organisms is mostly is controlled by genotypic and the environmental
variations and these variations are rarely independent to each other (Bernardo, 2002). The
way a phenotype respond to variations in environments vary from genotype to genotype.
Thus, plant breeders are embarking on programs to match the genotype and environment in a
way that genotypes are designed to grow in environments they do best. In this exercise,
breeders come across situations where the comparative ranking of cultivars changes from one
environment to the other and this affects the continuation of breeding on cultivar evaluation

in terms of how genotypes perform in respective environments (Yan and Hunt, 2001).

Furthermore, there are problems rising in the genotype x environment interaction and these
problems influence several stages in plant breeding programs by reducing correlation
between genotype and by complicating the evaluation of selection. Genotype x environment

interaction exist where there are differences among genotypes that are not consistent from



environment to environment. Kang (2005) is of the view that genotype x environment
interaction is relevant only when cultivars are tested in various locations, thus in various
locations, years as well as varying growing seasons. Experiments conducted in single
environments do not allow breeders to draw general conclusion regarding performance of test
genotypes and a general conclusion relative to performance in a wide range of environment is
what the breeder should know. Conducting experiments in several environments is necessary

to analyze and identify stable adaptable and high yielding genotypes.

2.6 Gene and environment interaction

Survival of living organisms is determined either by their genes or by the environment and
these are consequences of the gene and environment interaction. A gene is genetic
constituents of an individual that determines characteristics (phenotype) inherited, while the
environment may be divided into predictable and unpredictable categories
(Kaya et al., 2006). The predictable category includes variables that occur under human
control such as the agronomic practices and the unpredictable category includes the
unpredictable variables such as rainfall and temperature. The environment has become a state
of change and the pace of the evolution has become vital to the plant breeders. The ability or
inability of plants to adapt to the changes in the environment to the speed necessary

determines the continuation, extinction or the evolution of species.

2.7 Classification of genotype x environment interaction

GEI can influence the nature of cultivars that breeders may want to release for production in
different growing areas thereby affecting the breeding progress. Statistics in genotype x
environment arise only when there are differences in the performance of genotypes cause
lack consistency over different areas (Magagane, 2012). The performance of genotypes in

environments determines how vital interaction is in G x E studies, thus when the performance



of a genotype remain constant from one environment to the other, it is eluded that there is

absence of GXE.

Statistics in genotype x environment arise only when there are differences in the performance
of genotypes cause lack consistency over different areas (Magagane, 2012) :
Ai—Bi# Ay-Byor Ay —Bi- (A2—By) #0
Considerable interaction rise as :
Ai—B1.Ay:By#0
Where A, A;, By, and B, characterize different cultivars

There are different types of genotype x environment interaction and these are:

2.7.1 No Interaction
No interaction GEI happens when one genotype, genotype A (Figure 2.1) performs superior
than genotype (B) with the similar magnitude across all locations integrated in test locations

(Magagane, 2012)

10
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Figure 2.1 illustrating no interaction effects of GEI

2.7.2 Non Cross over GEI

Non cross over GEI happens when one genotype, genotype A (in Figure 2.2) responds better
than genotype B, in all environments (Gauch et al., 2009). Genotype A and B respond
differently in two environments but their ranks are unchanged. The response of two
genotypes under different environments is non additive, the magnitude of inter-genotypic
variance increases, and the environmental modifications of two genotypes are moving

towards the same direction Figure 2.2 (Magagane, 2011).

11
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Figure 2.2 illustrating non cross over interaction effects of GEI

2.7.3 Cross over interactions

Cross over interaction vital to plant breeders, it occurs when one genotype example genotype
(A) is outperforms other genotypes in one location, but when genotype B is more productive
in the other location (Figure 2.3). Cross over interaction is differential and is not stable, thus,
the basic test for cross over interaction is used for decision making on the evaluation of

various genotypes in different locations (Gauch et al., 2008).

12
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Figure 2.3 illustrating cross over interaction effects of GEI for yield variations

2.8 Importance of genotype x environment interaction

Studies of genotype x environment interaction are vital in plant breeding as they give data on
how locations influence variety performance (Mohammadi et al., 2007). Thus, this study
seeks to support breeding programmes concerning decision making such as selecting
appropriate environments for testing genotypes (Kandus et al., 2010). This helps in
identifying stable and adaptable genotypes that are consistent in performance across diverse
environments (Kang, 2005). Golbashy (2012) explains two types of stable genotypes, those
that indicates stable average yield across environments, and those with high yield in specific
environments, but with poor yield in non-targeted environments, these are genotypes with
specific adaptability. Thus, this knowledge helps breeders in determining if there is need to

13



develop varieties for environments by identifying mega environments, specific as well as

broad adapted cultivars.

2.9 Genotype x environment interaction studies from other countries in different crops

Genotype x environment interaction has been studied world-wide and in several crops.
Mugagane (2012) found that minimum night temperatures determining physiological stages
in maize are the major contributor of GEI. Genotype x environment interaction in durum

wheat (Purchase et al., 2000), in water melon (Smith et al., 2012) have also been studied.

Perkins and Jinks (1968) did a research in sunflower and they found that the stability of yield
performance of cultivars may be due to genetic control. He found that some inbred lines
contribute more to stability of hybrids than other cultivars, thus, indicating that genotypes
have a contribution to yield stability. To add, studies were also done in France on two
sunflower networks. Yan et al (2007) have determined interactions for yield between
genotypes growing length as well as the length of the season. A correlation between earliness
of sunflower cultivars and earliness of season existed and found a positive yield correlation
between the two factors. In Zimbabwe, studies of G x E were also conducted Chimene (2014)
were maize inbred lines were evaluated and showed that genotype performance are limited to
the environment and cultivars that were under test had difference in their performance across

environments.

2.10 Heritability and its estimations

Heritability (H?) measures variables caused by genetic effects and environmental diversity
(Yan et al., 2010). Thus, the resemblance between phenotypic and breeding values can
determine success in changing a character through selection and this can be measured by H?

(Yan et al., 2010).
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The H? of an individual can help breeders in nominating appropriate selection methods. Thus,
when H? is high there is mass selection, but as the value of H® decreases more emphasis
should be placed on pedigree and progeny test. Environmental factors such as, number of
replications, plant density and plot size affect the magnitude of H? because, of such factors

comparisons of estimates obtained in different experiments must be with caution.

Heritability comes in two types thus, broad sense and narrow sense heritability. Broad sense
heritability comprises