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To the late my father

You sustained severe sunburns in those cotton fields in pains-taking effort of
setting me on this narrow path to the destination you foresaw!

Kwa malemu bambo wanga

Munazunzika ndi dzuwa lowamba koopsya m'minda ija ya thonje mkuyesetsa
kolimba kundilozera kanjira aka ka masomphenya anu!
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Abstract

Eleven elite breeding lines of flue-cured tobacco, OD1, OD2, ODT1, ODTS,
ODT19, ODT82, ODT92, ODT100, OD313, OD490 and OD486B were evaluated
for their field and market performance at the Tobacco and Cotton Research
Institute in the 1998/99 growing season. The currently accepted cultivar, TL33,
was used as a control.

Crop growth duration, photosynthetic competence, plant height at topping,
number of leaves per plant, leaf area, and yield were investigated as parameters
of field performance. Leaf quality, nicotine and reducing sugar concentrations
and monetary returns per hectare were investigated as parameters of market
performance.

The correlation analyses of the parameters of field performance showed that
plant height at topping and whole-plant leaf area might be the most important
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yield components of these elite breeding lines. Non-significant differences
existed between any one of the elite breeding lines and TL33, in terms of cured
leaf yields, concentrations of nicotine and reducing sugars in the leaves, cured
leaf quality and market income. The Non-significant differences could be
attributed to either the restricted genetic advance that is due to the common
ancestry and the limited genetic base of Nicotiana tabacum or the inherent
inaccuracy of one trial at a single locality.

A combined analysis of data from the trial at Rustenburg and other similar trials
at Groblersdal, Potgietersrus and Vaalwater was conducted so that accurate
information could be arrived at for meaningful conclusions.

The combined analysis showed significant differences among the localities and
among the entries. ODT92, ODT82, OD2 and OD1 produced significantly higher
yields than TL33 across the four localities. However, the four elite breeding lines
were not significantly different from each other. ODT82, ODT92 and OD2 gave
significantly higher market income per hectare than TL33, but the three elite
breeding lines did not differ significantly. The interaction between the localities

and the entries were non-significant.

The Additive Main effects and Multiplicative Interaction (AMMI) analysis showed
that the first Interaction Principal Component Analysis (IPCA1) was non-
significant. However, the AMMI analysis predicted that ODT82 and ODT92 would
be the best-adapted genotypes at Groblersdal, Potgietersrus and Rustenburg
while ODT92 and OD2 would be the bést—adapted genotypes at Vaalwater in
productivity and economic viability.

ODT82 and ODT92 were recommended for on-farm trials at Groblersdal,
Potgietersrus and Rustenburg. ODT92 and OD2 were recommended for on-farm
trials at Vaalwater. The three elite breeding lines would undergo the on-farm

trials pending their release as commercial cultivars at their respective localities.
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A holistic approach to crop improvement in multiple locality experiments with
designs that maximise genetic effects might be a panacea to experimental
irregularities and low producer income levels that prohibit investment.

Research programmes may need to have linkages with the concerned industry,
have clear research objectives and adhere to the acceptable procedures of
recommendation development.
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CHAPTER 1

Introduction

Tobacco, Nicotiana tabacum, L. of the Solanaceae family, originated in South
America. It is probably the most widely cultivated non-food crop in the world.
Over 33 million people worldwide engage themselves in tobacco production,
particularly in the third world countries of Africa. This drug crop is consumed as a
smoke, a snuff or a chew for its stimulant alkaloid, nicotine. Upon consumption,
the nicotine influences the intellect, stimulates the imagination and improves the
endurance of the consumer (Chaplin, 1977; Collins and Legg, 1977; and Keller,
1976). The crop is classified as flue-cured, burley, dark air-cured and oriental.
These classes differ in their genetic make-up, production, curing and use.
However, all tobaccos have a common ancestral gene pool (Wernsman and
Rufty, 1988). Flue-cured and burley tobaccos are the most produced and utilised
classes.

The first European person to be introduced to tobacco was Christopher
Columbus when he was given tobacco as a gesture of friendliness by the
inhabitants of the Americas in 1492. Today, tobacco is grown worldwide from the
latitude 45° N to the latitude 40° S under a wide range of climatic and edaphic
conditions. The varying conditions under which tobacco is grown result in the
localization and specialization in certain types of grades for particular tobacco
products (Keller, 1976).

The Portuguese and other sailors brought tobacco to the natives of Southern
Africa. When Jan Van Riebeck came to the Cape in 1652, the Hottentots were
already using tobacco. Initially, the suitable areas for tobacco production in the
inland of South Africa were found in Magaliesburg, Northern Transvaal and the
Eastern Lowveld, where it was originally grown on a subsistence basis. The
growth of the mining industry and the influx of foreign miners, who brought



sophisticated tobacco consumption methods like cigars and cigarettes, led to
commercial production of tobacco. In 1937, a tobacco research farm was
established near Rustenburg. In 1953, the tobacco research farm became the
Tobacco Research Centre, now known as the Tobacco and Cotton Research
Institute (TCRI). Today, the tobacco production areas in South Africa include the
Northern Province, the Mpumalanga Lowveld, the Eastern Cape, the Western
Cape, the North West Province and certain areas of KwaZulu-Natal (Figure 1.1)
(Van Wyk, 1985).
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Figure 1.1:  Tobacco producing areas in South Africa



The labour-intensive nature and profitability of the crop make its production a
large-scale job-creating enterprise (Anonymous, 1996). The six provinces invest
about R1 billion per year in tobacco farming, generating jobs for over 35000
people, over 63000 wholesalers and about 460000 retailers of tobacco products.
Tobacco is easy and not costly to transport because it has a low weight and a
low volume/value ratio. Tobacco is not easily perishable, unlike other agricultural
products. It is a lucrative crop. In Zimbabwe, tobacco is 22 times as profitable as
cotton, 57 times as profitable as maize and 59 times as profitable as soybeans
(Anonymous, 1996).

South Africa features on the map of the world economy as the 25™ most
important tobacco producer (Anonymous 1996). The agricultural sector
contributed 4.0% of the total gross domestic product (GDP) in 1998 (Orkin, 1998)
(Figure 1.2).

Transport (7.00%)
Mining (7.00%)

Agriculture (4.00%)
Electricity (4.00%)
Imputation (4.00%)

General Government (14.00%)

Trade (15.00%)

Construction (3.00%)
Other Producers (2.00%)
Community Services (2.00%)

Finance (17.00%)
Manufacturing (21.00%)

Figure 1.2:  Contributions of different economic sectors to total GDP at current prices

for the first three-quarters of 1998: redrawn from Statistics SA. 1998.

In most parts of the world, tobacco is grown profitably on light soils. In South



Africa, it is mostly grown on heavy black soils (Akehurst, 1968), although today
more light soils are also used. Generally, most parts of South Africa receive
unreliable rainfall during the tobacco-growing period (Anonymous, 1993).
Because of these factors, tobacco produced in South Africa is of a relatively low
quality. Attempts to improve on quality by supplementing the inadequate rainfall
result in the escalation of the production costs. To compound these problems,
the activities of the anti-smoking lobby, who stress the deleterious effects of
tobacco smoking on human health, have resulted in a reduction in tobacco
consumption (Table 1.1).

Table 1.1:  The decline in the local consumption of tobacco in South Africa from
1991 to 1992. {Source: Trends in the agricultural sector. (51):9.

Department of Agriculture. Republic of South Africa}

Tobacco products 1992

Cigarettes 33639000 | 32509000
Pipe tobacco 7 496 000 6 552 000
Snuff 704 000 1084 000
Roll-tobacco 49 000 23 000
Cigars 5000 -

Total 41 893000 | 40168 000

The low-quality tobacco led to reduced demand and prices on both the local and
export markets. The price of burley tobacco dropped by 35% during the period
1991-1992. Consequently, burley tobacco production was discontinued
throughout the country. South Africa experienced a dwindling of both the local
and the export tobacco markets in 1992 (Anonymous, 1996).

New technologies, which could improve tobacco yield and quality and reduce
production costs, would revive the tobacco industry in South Africa. Tobacco
breeding for yield and quality is intended to revive and sustain the industry.



CHAPTER 2
Literature review

Plant breeders use plant genetic resources to create new genetic variation. The
genetic variation becomes the raw material for crop improvement. Therefore,
genetic variation is a prerequisite for sustainable crop production. The explosion
of the global population elevates the demand for crop products. Paradoxically,
the world is experiencing heavy plant genetic erosion at this very time of high
demand for crop products. This trend calls for the management of plant genetic
resources to rescue the genetic resources that are continuously being lost.

Categories of biodiversity management systems include in situ, in situfon-farm,
and ex situ conservation. Farmers are already practising in situ/on-farm
agrobiodiversity conservation at considerable economic sacrifice to the benefit of
formal plant breeding systems (Swaminathan, 1997). Therefore, the access to
plant genetic resources is a benefit-sharing process between the conservers and
the users of agrobiodiversity. Symbiotic linkage between conservers of
agrobiodiversity and the commercial industry is probably the promising pathway
to the identification, collection, conservation, and sustainable utilization of plant
genetic resources. Faith in this symbiotic linkage ‘is the assurance of things
hoped for, the conviction of unseen realities’ (Hebrews 11:1) in the abolition of
poverty among the disadvantaged farmers. The evaluation of the elite breeding
lines of flue-cured tobacco for field and market performance was for the benefit of
the tobacco growers in partial fulfilment of the requirement for the symbiotic
linkage.

Increased genetic variability and gains from selection may be results of
introgression of diverse germplasm into the present crop genetic base
(Thompson and Nelson, 1998). Scientists postulate that Nicotiana tabacum L.
arose as a single chance hybrid between the progenitors Nicotiana sylvestris and



Nicotiana tomentosiformis. A review of the commercial tobacco cultivars shows a
limited germplasm base. Flue-cured tobacco cultivars show a close genetic
relationship. Tobacco plant breeders have reshuffled and recombined a common
base of genetic factors. Therefore, it is logical to expect that tobacco cultivars
would have similar genetic backgrounds and that the genetic advance would be
restricted (Keller, 1976).

Although other factors are of vital importance, yield dominates the objectives of
all plant breeding programmes (Stoskopf et al., 1993; Wallace and Yan, 1998;
Simmonds, 1987). Intensive investigation is focussed on cultivar structure
improvement to achieve this dominant objective (Kostova and Kurteva, 1997).
Conventional breeding methods have enabled tobacco researchers to develop a
number of high yielding tobacco cultivars (Narayaran et al, 1998). High yields of
acceptable quality are to be produced if the high initial capital outlay, farm
structure maintenance and crop management costs incurred by the farmer are to
be justified (Dippenaar et al., 1991).

The progress in breeding for improved tobacco yield and leaf quality has been
quite difficult to assess due to the confounding effects of genetic improvement
and improved production technology (Wernsman and Rufty, 1988). Large
interactions between the genotype and the environment retard the progress of
obtaining gains from selection (Comstock and Moll, 1963). The interactions
between the genotype and the environment may constitute a limiting factor in the
estimation of the variance components and in the efficiency of the selection
programmes (Sprague, 1966). The narrow genetic base, in tobacco, that restricts
the progress of genetic gains, compounds the difficulty of assessing the genetic
advance. Therefore, it is essential for the breeder to design his testing
procedures in such a way as to maximise the genetic effects relative to the
environmental and interaction effects (Miller et al., 1958).

Breeders need to make selections in the environments in which the useful



genetic variability is best expressed, the environmental effects on heritable
characters not withstanding (Meredith, 1984). Heritability is the ratio of the
genetic variance to the total variance, quantitatively expressed as H = Vg/(Vg
+Ve) (Allard, 1960; and Breese, 1968), where H is the heritability, Vg is the
genetic variance, and Ve is the environmental variance.

Genetic variance is that part of the phenotypic variance, which can be attributed
to the genotypic differences among the phenotypes. The variance of the
interaction between the genotype and the environment is the part of the
phenotypic variance attributable to the failure of the differences between the
genotypes to be the same in the diﬁerent‘environments (Dudley and Moll, 1969).
Therefore, heritability varies with the environmental factors. This emphasises
Meredith’s idea that the breeders need to make selections in the environments in
which the useful genetic variability is best expressed.

A slight negative relationship exists between yield and quality of flue-cured
tobacco. Quality decreased when the cured-leaf yield was more than 2000 kg/ha
in DH10 and 2500 kg/ha in Drava. The highest value of a DH10 crop was
realized in the season when the highest yields were produced, while Drava
reached its highest value in the season during which it produced the highest
quality (Smalcelj, 1998).

The problem of the negative relationship between yield and quality has spurred
in-depth studies of yield and quality components in other crops also. A new high-
yielding cultivar of field pea (Pisum sativum L.), Crown, consistently yielded
better than the standard cultivar, Whero, by 28.2%, because of its short stature
and relatively prostrate growth habit (Jermyn and Russell, 1998). A high variance
of 51.9% was detected in the yield of a common buckwheat cultivar. The effect of
year was significant in characters like plant height and oil and potassium
contents (Michalova et al., 1998). High yielding sugar cane cultivars, PS80-847
and PS80-960 exceeded the target yield for the area in comparison with the



control cultivar, M442-51. PS80-960 gave the highest yield and sugar content
(11.8%) with straight stems and large stem diameter (Mudefar and Suhardi,
1998). Photosynthesis, chlorophyll fluorescence and symbiotic nitrogen fixation
were studied in soybean (Glycine max L.) to identify selection criteria for
genetically induced cold tolerance. The objective was to enhance the yielding
potential of soybean in South Africa (Van Heerden and Kruger, 1998). The

drought adaptation mechanism in the tobacco cuitivars TL33, CDL28, GS46, and
| Elsoma, could, in part, be attributed to chlorophyll a fluorescence (Van Rensburg,
1991). The chlorophyll a fluorescence values, which are good indicators of
photosynthetic efficiency, showed that the more drought-tolerant cultivars, GS46
and Elsoma, had a fast initial decline in photosynthetic efficiency that stabilized
as water stress became acute. The less drought-tolerant cultivars, TL33 and
CDL28, showed a slow continuous decline.

In Turkish tobacco, the leaf area has the greatest positive direct effect on cured-
leaf yield, followed by the number of leaves per plant (Kara and Esendal, 1996).
Much as many plant breeding programmes have concentrated on dealing with
genetic traits responsible for high yields in turns, a holistic approach is the best
means of improving yield (Wallace and Yan, 1998). An operating system of traits
is the final determinant of yield levels. It is further argued that from the
physiological and genetic viewpoints, biomass accumulation is the major yield
component followed by partitioning of photosynthates. Number of days to
maturity is another major yield component. Therefore, improved adaptation and
number of days required to reach maturity are the most advocated criteria for

acceptance of new crop cultivars.

Plant breeders agree that some genotypes do well over a wide range of
ecological zones, while others are environment-specific for optimum
performance. Some regard the attainment of augmented and stabilized yields as
the most important goal in plant breeding (Soliman and Allard, 1991). On the
other hand, others employ multiple comparison experimental procedures in



regional yield trials to identify genotypes well suited to particular environmental
conditions (Piepho, 1995). Such procedures serve as tools for developing site-
specific recommendations for particular cultivars. Suitable genotypes are those
that do not differ from or are better than the currently recommended cultivar in
the area. Therefore, it is important to evaluate breeding materials under the
conditions, which are similar to those in which the materials will eventually be
used (Allard and Bradshaw, 1964). It is ideal to breed, for every locality, the
genotype that is best adapted to that environment (Hill, 1975).

The objective of this work was to evaluate the elite breeding lines of flue-cured
tobacco for their field and market performance in Rustenburg. Evaluation of
tobacco breeding lines needs to be done over a period of two seasons at four
different locations with four replications per location and year (Wernsman and
Rufty, 1998). Additionally, an adequate test for genotypic performance should
cover such characters as maturity, plant height, number of leaves per plant,
cured leaf yield, grade index and reducing sugar and nicotine concentrations of
the leaf (Wernsman and Rufty, 1998).

However, Greeff (1986) argued that both fixed location evaluation systems
(FLES) and district trial evaluation systems (DTES) are equally efficient as
methods of evaluating the performance of cultivars. The genetic yielding potential
is best shown with the FLES. The exira years of testing may not really be
necessary and fewer trials than are normally conducted would still provide the
same results (Greeff, 1986).
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CHAPTER 3

The conventional method of tobacco cultivar development

All the classes of tobacco; flue-cured, burley, dark air-cured and oriental differ in
their genetic make-up, production, curing techniques and use although they have
a common ancestral gene pool (Wernsman and Rufty, 1988).

Tobacco is a prolific, inbred, and seed-propagated allotetraploid (4x) with large
perfect flowers that are easy to emasculate. Therefore, the plant can be selfed or
cross-pollinated at will in a breeding programme. The pedigree breeding method
is employed in almost all the breeding programmes. The back cross breeding
method is useful in breeding for disease resistance. The hybrid breeding in flue-
cured tobacco is used mainly for rapid results in the combination of characters to
expedite the progress i