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ABSTRACT

A study was conducted on normal KCB and
KCE and their modified mutant populations carrying
brachytic-2, opaque-2 and sugary-2 genes. The
objective was to study the effect of three mutant
genes on yield and protein characters, the eff;ciency
of two recurrent selection methods (reciprocal
recurrent selection and testing methods) and an
attempt to improve grain yield, the appearance and

the texture of opaque grains.

After formation of the two triple mutant
populations of KCB and KCE, they were improved using
the two methods separately through one cycle. The
improved populations, their hybrids and previously
converted populations together with four commercial
checks making a total of ?5 entries were evaluated

in 5 x 5 triple lattice designs at four locations.

Results showed that the bracl®ytic-2 gene may
or may not affect grain yield, but cefinitely reduced
plant and ear height; it improved lodging resistance
and kept the leaf number constant. It failed to
improve the crop index. The opaque-2 gene improved
nutritional value but Ilowered the grain yield; it

made grains much more susceptible to pests and diseases
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Modified grains with varying frequencies rectified
some of the opaque defects. Double mutant population
had better yields, and quality characters; this

was probably due to the favourable epistatic
interactions between the two genes. However, at

the triple mutant Ilevel tremendous improvement was

realised.

The relationships between yield and quality
traits were negative. KCE population made faster
genetic gains than KCB. The reciprocal recurrent
selection was much more efficient than S~ testing.
Introgression of genes from KCB population into KCE
and vice versa,ythat took place at the time of
formation affected their response to heterosis unfavourably.
However, after one cycle of selection in both methods

the populations responded positively.

Breeding programmes for the release of open
pollinated varieties may have a choice between S
testing and reciprocal recurreLt selection methods,
depending on the skill of labour and available
resources. However, in view of a programme for hybrid
production, reciprocal recurrent selection 1is the

most appropriate.

It would be difficult to encourage the production
.

of high protein quality maize if it yielded less than
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normal maize. In this study it was clearly indicated
that the yield performance of triple mutant hybrids
was equal to the best commercial hybrid grown in Kenya
and as good as their normal counterparts. There is
scope for further improvement in triple mutanc
populations and tEeir hybrids qsing any of tq§
recurrent selection procedures. The role of genetic

modifiers needs to be studied further particularly

their iInheritance.



CHAPTER 1

INTRODUCTION

Maize 1is the most important food crop 1in Kenya.
It constitutes the staple food for the majority of
the country’s 15 million people. It occupies the
largest area of land amongst crop plants and it is
grown by nearly all small scale farmers in Kenya.
According to the Ministry of Agriculture (1979/80)
20 million bags each of 90 kg or some 2 million metric
tons of maize are produced annually on about one
million hectares of land. Approximately 70 percent
of the area under maize is planted with hybrids or
composites and the remaining 30 percent is planted
with either local maize or some advanced generation
of hybrids. Spectacular increase in maize production
followed the development of high yielding hybrid
varieties in 1964 and their subsequent multiplication
and distribution by Kenya Seed Compsny, Kitale

(Appendix 1).

The maize breeding method used in Kenya is
known as a "Comprehensive Breeding System”. It
utilises two distinct populations.- Originally the

populations were Kitale Synthetic 11 and Ecuador 573,



which were highly cross compatible and gave hig;h
yielding hybrids such as H 611, H 612, H 613 B

and H 614 C. Later on Kitale composite B (KCB)

and Kitale composite E (KCE) populations were
improved by reciprocal recurrent selection, by
-modified ear-to-row selection and by selection
following Sj testing. It was, however, realised
that both Kitale Synthetic Il and Ecuador 573
consisted of tall plants, with a plant height
ranging between 380 and 450 cm. Tha hybrids tetween
populations, though superior in yield, became
excessively tall. For instance, H 613 B. one of the
best commercial hybrids, stands around 500 cm. This
kind of height renders plants susceptible to lodging

and also leads to low grain to vegetative yield ratio.

Therefore, there is a need to reduce plant
height and to improve the harvest index of these
populations without affecting the grain yields. One
of the approaches could be incorporation of a
dwarfing gene such as brachytic-2 ib”~b”) to reduce

plant height.

Although maize covers a good proportion of
the protein requirement of people .in Kenya, it lacks
in protein qgjality. The most serious deficiency Iis

*
the low content of the two essential amino acids,



tryptophane and lysine, which man and non-rumifl”®
animals cannot synthesize. Hertz, Bates and IMs°n
(1964) discovered that the "opaque-2 gene

could double the kernel’s lysine content when
introduced into a normal strain of maize. The °~3Cile
gene when incorporated is reported to be assocraeC*
with reduction in grain yield, susceptible to 3ar
rot and poorer storage ability. However, thes?B
defects apparently can be corrected by the use

genes capable of modifying the operation of thO
opaque-2 gene. It, therefore, appears approprjitS
to incorporate sugary-2 genes into Kitale compfI5™ 6
B and Kitale composite E opaque-2 populations, endowed
by a study on their influence on yield, proteil
guantity and quality characters. When these m13®
genes are 1incorporated into these two populati®°s”
they seem to offer a good scope to improving pfor1l
quality and reducing the plant height without
interference with the grain.yield. Such imprchH
populations could be used as open pollinated

varieties and/or for developing new hybrids.

2
Once the mutant genes brachycic-2, opaquwe

and sugary-2 have been introduced*into these
L.ugm 2 nd

populations it would b~ imperative to improve 1

also their hybrids through suitable breeding



Experiments done at Kitale have shown that reciprocal
recurrent selection (R) and selection on the basis

of testing are efficient 1in improving yield

of Kitale Synthetic Il and Ecuador 573 populations
(Darrah, Eberhart and Penny 1972). It is, therefore
of interest to investigate the relative

efficiencies of these two breeding methods in
improving yield performance of mutant populations
of"Kitale composite B, Kitale composite E and their

hybrids.

Therefore the objective of this research

project are:

() To study the effects of three mutant genes,
brachytic-2, opaque-2 and sugary-2 in the
genotypic background of Kitale composite B
and Kitale composite E, with respect to grain
yield, protein quality and quantity, plant

height and other characters.

(i) To compare the efficiency of reciprocal
recurrent selection and testing methods
in improving yield and quality characters
in triple mutant population and their

hybrids after one cycle of selection.



CHAPTER 2

" LITERATURE REVIEW

2.1. History and origin of maize

According to Mangelsdorf and Reeves (1959)
the maize plant is native to the Americas
testified by the remains of prehistoric maize
dating back as far as 3000 to 5000 B.C. 1in Mexican
caves. It was the principal food of the Indians
when Columbus discovered America. It is still the
most important cereal food in Mexico, Central

America and many countries in South America.

Maize has two close relatives, gamma grass
(Tripsaoum dactyloides) and teosinte (Euohlaena
mexioana) . Gamma grass grows wild in the Eastern
anq South Eastern sections of the United States and
Ce;tral and South America. Teosints 1is generally
regarded as the closest relative to maize, since
the two species cross readily. The annual form
of teosinte has ten pairs of chromosomes, the same
number that is found in maize. Two locations have

been suggested as possible origin of maize, 1.e.

the highlands of Peru, Ecuador and Bolivia as one,



the other being the southern region of Mexico. It

is also felt that the maize plant may have developed
from the primitive pod corn, while teosinte originated
as a hybrid between pod corn and gamma grass. The
modern races of maize would then have originated
through introgression of teosinte into raize. (Mangelsdorf,
MacNeisn and Galiant 1952) indicated that despite various
theories neither the place nor the mode of the origin

of maize can be stated with certainty.

2.2. Importance of maize

In World production of cereal grain, maize
ranks in the third place, behind wheat and rice.
More than one half of the total World crop is grown
in the United States, where it is jsed primarily as
a feed grain for livestock. Maize 1is a major source
of calories for many millions of people in several
parts of the developing World. It could also be a

good source of protein it the quality is improved.

2.3. Hybrid maize

An important era in maize breeding began
in 1909 when Shull suggested a method for producing
¢ o

hybrid maize seed. The previous year, he had reported



that ordinary maize is composed of many complex
hybrids which decline in vigour with inbreeding

and that it was the breeders® task to maintain the
best hybrid combination. The commercial production
of single-cross hybrid, however was not yet

economical.

It was in 1918 that Jones solved the problem
by suggesting that for commercial production, a
double cross hybrid was ideal. This step made
production of hybrid maize seed economically feasible;
a first commercially grown double-cross hybrid
maize was produced and grown 1in Connecticut in 1921.
The use of hybrid maize in the United States Corn Belt
became extensive in 1930°%s. Within the. period between
1936 and 1945 hybrid maize in the corn belt increased
from 5 to 90 percent. Now, 100 percent of the Corn
Belt is planted to hybrid maize (Poehlman and

Borthakur 1968).

After the second World war hybrid maize
started to spread beyond the boundary of the United
States of America into Latin America, Asia and Africa.

Paliwal (1964) reported that inbred lines developed



and released through the Coordinated Maize Improvement
Scheme (CM-lines) made it possible -For various public
and private breeding programmes in India to release
hybrid maize. However, the Indian cultivated varieties
of open pollinated maize had not yielded good inbred
lines, probably because the original germplasm was

poor and had a narrow genetic base. Current maize
improvement programmes in South Eastern Asia are

based mainly on inbred lines introduced from Columbia,

Mexico, U.S.A. and Kenya.

South Africa and Rhodesia were the first
countries in Africa to realise some success in the
production of maize hybrids. Shortly after World War
Il Rhodesia became the first country after the U.S.A.
to release maize hybrids for commercial production.
Success in Rhodesia can be ascribed to continuity in
the maize breeding programme and to the high standard
of field experimentation. Originally all the lines
were derived from one variety only, Salisbury Flat
White, but lately the scope of material has expanded

and include some of the materials from Mexico,

Van Eijnatten (1965) while working 1in Nigeria
reported that hybrids from United States of America

and South Africa failed to give good results. As a



result, local breeding programmes were intensified.
Lines developed from local varieties and from some
exotic cultivars, e.g. Ilkom White, Akwete, Mexico 5
and Lagos White, when crossed, showed low specific
combining ability, suggesting that the future for
hybrid development was not yet as promising as
expected. However, composite populations were

considered of great importance.

2.4. Introduction of maize 1in Kenya

The Portuguese, great voyagers and traders,
sailed all around the Coast of Africa. Burtty-Dary
(1914) mentions that the maize was being grown in
Ethiopia 1in 1423, at which time the Portuguese were
unsuccessfully trying to establish themselves in
the country. In order to establish communication
with India, the Portuguese built Fort Jesus at
Mombasa after 1593 and they maintained a presence
there almost continuously until 1729. Though there
is no written evidence that they actually introduced
maize to the Coast, it is quite probable that they did,
since they were certainly instrumental 1in introducing

it to other parts of Africa and Asia.

After reaching i™Me Kenya Coast, maize did not

spread inland quickly, because the Portuguese made no



attempt to develop the country as they did not

intend to build up slave trade in this area. As

a result of that there was very little contact between
the Coast and the interior of Kenya, until the Arab
slave traders and European powers in the 19th

century opened up the Kenyan hinterland through
explorers, missionaries, administrators and settlers.
Kamba and Kikuyu were apparently the first tribes to
take up the cultivation of maize. Dawson (1911)
reported that the variety grown was small seeded,
mixed in colour and had only a single ear per plant.
This may indicate that the early introductions from
the Coast were Lowland flint types not adapted to

the higher attitudes. He also mentioned that
varieties such as Canadian fTlint, Cuzco, OId Cabin
Home and Hickory King had already been imported by
1900 AD. The Kenyan Agricultural Department and early
European settlers also imported a considerable range of
varieties from South Africa, Rhodesia and the United

States of America early in the 20th century.

2.5. Hybrid maize in Kenya (Harrison 1970)

The first attempt at maizeebreeding in Eastern
Africa were in Rhodesi” and Kenya and were for the

benefit of commercial European Tarmers. The Kenyan
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programme, however, was only a spare-time activity of
wheat breeders, and consequently, made little
progress. Some single and double hybrids were
produced and evaluated in yield trials, but very few
outyielded the open pollinated varieties. Conclusions
were that the genetic base from which the inbred lines
were derived was too narrow. This programme \s/as
abandoned during the war and, though it was resumed

in 1948, a fire in the maize crib at Njoro in 1953
destroyed both the records and most of the breeding

materials.

Two main developments stimulated interest in
maize breeding 1in East Africa. These were: the
meetings of the East African Specialist Committee for
Agricultural Botany under the Chairmanship of
Hutchinson and secondly the arrival of Fuooinia polysora
Underw., the tropical maize rust, in West Africa in
1951 and the devastation it caused there. This led
to a breeding programme for resistance being set up
by the East African Agricultural and Forestry
Research Organisation (EAAFRO) under the leadership

of Storey et al. (1958) .

Storey et al .(1958)stated that T. polysora first
appeared in 1952. Lines carrying genes for resistance

Rpp 10 and R 11, were back crossed to various local
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maize stocks and the derivatives ware offered to the
national breeding programmes in Tanzania, Uganda and
Kenya. Similar work was done in respect of maize

streak, F.sorghi and Helminthosporium turaicum.

At Kitale breeding for resistance to both
P. sorghi and H.turoioum started in 1959 and ,,1963,
respectively. The lines carrying resistance were
obtained from Hooker of Illinois and Ullstrup of
Purdue, Indiana. Unfortunately donor parent to one
disease proved highly susceptible .to others and above
all they were not adapted to high altitude conditions.
This programme was abandoned when useful field
tolerance was found in collections from high altitudes
in Latin America where the two diseases are as
serious as at Kitale. This material combined tolerance
to both diseases and in addition it proved reasonably
adapted to the Kitale environment. It was, therefore,

incorporated into the main breeding populations.

In 1954 attention was drawn to the work of
Comstock, Robinson and Harvey (1949) in North Carolina,
U.S.A. indicating that over-dominance was not as
important in the expression of hybrid vigour as had
been thought. A large part of hybrid vigour could also
be explained by straight dominance and additive gene

action. Therefore, the -development was proposed of



early generation inbred lines with high general
combining ability for the formation of synthetic

varieties .

The recommendations were adopted for the high
altitude late maturity maize breeding programme
based at Kitale and in 1955 a full time maize
breeder M.N. Harrison was appointed to start
developing the Kenyan national maize breeding
programme. Dowkers” breeding programme for early
maturing maize 1in the dry and marginal areas of
Machakos started in 1957 at Katumani. This aimed
at the production of synthetic varieties and later
on the "Katumani composite” which proved popular in
the region. Katumani maize also played an important
role in the initiation of a breeding programme at
Embu for medium maturing maize. Dne of the products
from crosses between early Katumani Synthetics and
late Kitale hybrids was Embu hybrid 511. The medium

maturing hybrid was released in 1968.

From 1959 onwards *the Kitale programme has
forged ahead steadily as a result of Harrison’s
effort. He collected available local materials,
basically Kenya Flat White, which had over the
years attained a high ievel of adaptation and some

uniformity. By intercrossing this material, Kitale



station maize was formed later indicated as Kitale
Synthetic 1. Inbred lines developed from this local
population through half sib family selection were
evaluated by progeny testing and a minimum of ten

of the best performers were put together to form a
new synthetic, Kitale synthetic 11, that was
released iIn 1961 to fTarmers west of the Rift Valley
because it outyielded the Kitale synthetic | by 10

to 12 percent.

Single-cross hybrids were also tried and the
results proved promising to such an extent that
a group of inbred lines yielded in all combinations
on the average 30 percent above Kitale synthetic
1. Subsequently, a double-cross hybrid H 622 *vs
released for planting in 1964.- In 1959, Harrison
introduced from Central -and South America a larger
collection of germplasm and after crossing these
with the local materials identified the possibility
of using exotic materials in the Kitale programmes.
Certain crosses of Kenyan and Central American maize
types iIn both cases open pollinated varieties,
showed the existence of high combining ability.
Crosses of Kitale Synthetic 11 to Costa Rica 7 and
Ecuador 573 in particular yielded 40 percent above

Che best parent, Kitale Synthetic 11I. The varietal



cross between Ecuador 573 and Kitale Synthetic II,
was therefore released along with the classical
hybrids in 1964, as the varietal hybrid H 611. This
itself was a breakthrough as the approach shifted
from the orthodox inbreeding and hybridisation to
population improvement and the release of «

populations or population crosses.

As a follow-up to this, a comprehensive
breeding system proposed by Eberhart, Harrison and
Ogada (ig67) came up as an appropriate method to
exploit the situation. The outline of the
comprehensive breeding system presently used in

Kenya has four main phases:

(1) Evaluation of local and exotic varieties

to identify the best bnseding material.

(2) Compositing selected breeding material

into one or more populations in such a

manner that each population has considerable

genetic variation for the trait requiring
improvement and that the cross of these

populations will show heterosis.

(3) Recurrent selection in-each population to

increase th8 frequency of favourable genes

in order to develop populations and



population crosses that are improved

with each cycle of selection.

(4) Release of commercial varieties 1in one

of the Tfollowing forms:

(@) the cross of two populations as a
varietal hybrid,

(b) single, three way or double-cross
hybrids from inbred lines developed
from the elite material after each
cycle of selection,

(c) a synthetic variety derived from
advanced generations of the population
cross in areas where hybrid production

is not yet feasible.

Classical hybrids on the basis of inbred lines
derived from Kitale station maize achieved a moderate
improvement in yield of 30 to 40 percent over that
of the basic populations. Varietal hybrids or
top-cross hybrids performed much better reaching
yield levels of 42 to 62 percent above that of the
Kitale station maize. This was attributed to the

wide genetic base in the parental population. This



information led to the development of populations
with even wider genetic bases to serve as

breeding stocks.

2.6. Study of breeding methods

During the period between 1964 and 1968 a
study of breeding methods was initiated at Kitale
with the aim to compare their efficiencies under
East African conditions when using local and
introduced maize populations. The results of this

study were to enable the selection of the suitable

breeding method. Kitale synthetic Il and Ecuador 573 were

used as breeding materials (Darrah, Ebertiart and Penny 1976).

The breeding methods compared were:

O) Mass selection (M)

(i) progeny testing (5)

(i) Full-sib selection (F)

(iv) Ear-to-row selection (E)

w) Reciprocal recurrent selection (R)

After six years of comparison, (Darrah, Ebertiart and

Penny 1976) carried out the final evaluation at Kitale.

Reciprocal recurrent selection proved much more

effective r”r interpopulation improvement than the
A

others. It made 3.5 percent gain in grain yield per
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year or 7 percent per cycle.

2.7. Formation of composite populations

Two basic breeding stocks with broad
genetic base were formed between 1963 and 1967.
These were Kitale composite B (KCB) and Kitale
composite E (KCE). Genes were introgressed from
KCB into KCE and vice versa. This; was intended
to increase vigour and genetic variability within
each population, 1in order to provide good scope for

selection within the populations themselves and for the

potential to obtain hybrids (Eberhart, Harrison and Qgada 1967).

2.8. Population improvement

When KCB and KCE populations which had
been improved by different recurrent selection
methods, were evaluated along with other varieties,
there was no yield improvement either in the
composite population per se or in their hybrids
(Appendix 2). However, Kitale synthetic Il (KSII)
and Evuador 573 (Ec 573) showed significant
improvements. Ec 573 improved by ear-to-row
selection made 44.0 percent improvement in grain

yield over the original population. A cross between



KSIl and Ec 573, later commercially referred to
as H 611, showed a well marked heterosis. When
KSIl and Ec 573 were improved by reciprocal

recurrent selection through three cycles, a cross
between them showed even higher gains. The
greatest change occurred from cycle zero (Co™ to
cycle 1 CC~ and thereafter the changes were
smaller (Appendix 2). It was, therefore, much
more difficult to improve composite? populations
and their hybrids per se than their respective

component parents and their hybrids.

2.9. Use of brachytic-2 (b”~b”")

Johnson (1971) reported that brachytic-2 gene
reduced plant height in maize, however, the progress
in height reduction was slow and complicated by other
factors. There are other kinds of brachytics, e.g.
brachytic-1 (r-~ br") , brachytic-3 (br™ brn),
pigny (pg), dwarf-1 (dw-" dw-"), etc. All these have
the characteristic of height reduction. Brachytic
genes are reported to improve the g;rain to fodder
ratio (Leng 1957). However, 1little 1is known on its
genetics and associated effects on the materials

3
into which it is introduced.



Harrison saw the work of Leng with the
brachytic-2 gene that was reported in 1950. After
that Kitale synthetic Il wasflown out and crossed
to the inbred line US 13 carrying this gene. The
dwarfed Kitale synthetic 11 brought back, was
therefore the source of the brachytic-2 gene that
was later transferred into both KCB and KCE. Leng
(1957) mentioned that short stalk lybrids were not
popular in the mid-west of te U.S.A., because
there was a tendency of lowering the yield. The
short height of brachytic material should not
necessarily be a big drawback, Campbell (1965)
emphasized that due to modifiers within the brachytic-
2 populations it was possible to select within these
populations near-normal tallplants. Harrison
(1961) produced a dwarf version of Kitale synthetic 11
with the 1idea that all the future lines extracted
from 1it, would- be dwarf without the? necessity to
convert the lines. The dwarfing of a maize plant
is a quick means of reducing te height of tall
maize, 1increasing relative stalk strength and
improving the efficiency of te plant. The
inefficient plants tend to devote most of the energy

intercepted towards foliage ad support structure



formation and less towards grain development.
Johnson (1971) reported that brachytic-2 genee
reduced plant height, however, the progress in
height reduction was slow and complicated by
other factors. It was then decided that plant
height be reduced by selection, "plant baja”nOr
short plant selection. Ten cycles of recurrent
selection in Tuxpeno reduced the height by 1 m
(approximately 10 cm per cycle of selection)
thereby demonstrating that "plant aaja” - selection
was just as good as using brachytic-2 gene. Darrah, Eberhart

and Penny (1976) working with the two different populations,

KSIl and Ec 573, stated that selection for reduced
ear height and Ulodging resistance in the breeding
nursery improved yield performance in them and
their crosses. It was then emphasized that greater
attention to ear height and lodging resistance

was required to reduce harvesting losses in the

commercial maize crop in Kenya.

Glover (1970) reported on- a gene conditioning
plant structure, different from brachytic-2 known
as "compact”. He concluded that the compact gene
would have been better to work with instead of

ot brachytic-2 because*of its performance at high
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population densities. When growth patterns of 1i;he three
Kenya maize varieties, H 613 C, H 512 and Katumani,
were compared, by Law (1974). Katunani had the highest
harvest 1index (48 percent ). This was

explained by the smaller stem which accounted ,for

only 22 to 24 percent of the short dry weight in
comparison with 27 to 35 percent in the other

varieties. Grain yields were low but at a higher

plant density, this could be improved. The variety

was capable of gaining in yield per day of growing
season but not the other varieties. Hybrid H 512

had a lower net assimilation rate (NAR) in the
vegetative phase which contributed to sink limitation
of photosynthates, probably caused by cold

environment in Kitale. H..613 C produced more dry
matter than any other variety but excessive proportion
of this was used for stem growth resulting in low
harvest index. A comparison of “four cycles of

improved, advanced generations of Kitale composite

A (KSIl x Ec 573) indicated that there were no

significant differences in leaf area or growth pattern,
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but there were significant differences in stenm
morphology. stems were considerably thicker and
slightly shorter than CQ. Despite the fact that
1974 was particularly bad for lodging, CQ plots
lodged 69 percent compared to 32 percent in the
plots. During the grain filling period, dry matter
in grain per plant differed. CQ plots accumulated
212 gm per plant compared to 260 gm per plant in CA.
When the plots of Cgqg and were harvested the final
yield obtained were 95 g/ha and 102 qg/ha,

respectively.

The effects of brachytic-2 gene (b”™ b”) on
different Kitale maize characters was reported by
Omolo (1978) as shown 1in Appendix 3. He found
that brachytic-2 gene did not affect the grain
yield but reduced plant height and lodging

percentage.

2.10 Discovery of Opaque-2 gene o

Although maize 1is considered an excellent
source of carbohydrates, the protein quality is
low since it is deficient in essential amino acids

such as lysine and tijyptophane. This deficiency



is a major constraint in maize as a food grain and

has to be supplemented from other sources.

Hertz, Bates and Nelson (1964) discovered the ability of
opaque-2 gene to control the amino acid balance by
changing the protein composition and increasing the
content of lysine and tryptophane ir maize
endosperm (Appendix 4). Studies with 1isogenic lines
of W 64 showed that the endosperm of opaque-2
contains twice as much lysine and trytophane but the

total protein remained constant.

With the discovery of the opacue dgenes interest
has been generated Tfor the development of hybrids,
varieties or composites with high nutritional quality
(Alexander, Dudley and Lambert 197D). Asnani and Gupta (1970)
confirmed that the opaqueness was governed by a
single gene. The phenotypic character of opaque-2
maize was TFTound when the opaque-2 existed in
homozygous condition (02 02). Hcwhirter (1971)
identified another maize mutant gene which also
affected lysine content and designated it opaque-1
(°t °]1). While studying the starch modifying mutant
genes and their combination with the opaque-2, Paez
(1973) found that sugary-2 (SU2 SU2K shrunken-1

.
(sh™ sh.,), shrunken-2 (sh® sh2)* brittle-i (bt™ bt?)



and brittle-2 (bt2 bt2) similarly increased lysine

content of the endospernm.

In general it is agreed that the discovery
of opaque-2 gene opened up a new perspective but
there are a few problems associated with it, which
require further investigation as indicated by
Annapurna and Reddy (1971) and Finlay (1970).
The opaque grains are soft, less dense and weigh
less per unit volume (Bauman, 1974). It is also
stated that in some genotypes the yisld is reduced
though not drastically and the soft floury grain is
more susceptible to diseases and pests. With all
these one would expect the acceptability by farmers
to be poor. However, Finlay (1970) found that it
was possible to combine a better balance of amino
acids with better grain type through selection of

modifiers.

Within a population of opaque-2 it is feasible
to select the modified types which are almost
normal 1in appearance, sometimes referred to as hard
endosperm or vitreous types. The modified grain
types will recover the yield lost and restore
resistance to diseases and pests-. Omolo (1977)
visually selected modified grain types out of KSII

and Ec 573 opaque-2. A cross between them formed



hybrid H 611 opaque modified (H 611 CO™ 9 mod)
which recovered the yield lost (Appendix 7). Through
two cycles of selection for high lysine, Paez

(1973) increased lysine content from 0,27 to 0.40

percent in Lagon composite population of opaque-2.

2.11. Influence of opaque-2

In a preliminary study Omolo (L977) reported
that opaque'2 gene increased lysine index by
over 50 percent while there was no effect on the
protein content (Appendix 5). It was found that
though opaque-2 gene improved the nutritional
quality, it reduced yield by 24.7 percent, fTailed
to show any response to heterosis and reduced the
weight of 1000 grains (Appendix 6). Opaque-2
genes lowered the grain yield of H 611 by 26.3
percent, (Appendix 7), significantly reduced tne
weight of 1000 grains and 1increased the percentage
of diseased ears (Appendix 6). Opaque-2 ears were
56.3 percent more diseased than the normal ears.
Similarly 1000 grain weight of opaque ears was
reduced by 23.3 percent. It was therefore concluded

that the yield reductio*n in opaque-2 populations and
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hybrids was due to high incidence of diseases and

reduction of grain weight.

2.12. The combined effect of two mutant genes,

opaoue-2 and brachytic-2 (double mutant)

Omolo (1981) studied the combined effects
of opaque-2 and brachytic-2 1in both KCB and KCE.
The combination of brachytic-2 and opaque-2
reduced lysine and tryptophane percentage but
not the total protein content (Appendix 8). The
double mutant populations had lower yields and
the loss of yield was associated with the
presence of opaque-2 (Appendix 9). The reduction
of lysine and tryptophane percentage could have
been either due to presence of brachytic-2 or
the interaction between the two genes or both.
Reduction of plant height of the double mutant was
attributed to brachytic-2 gene. There was no

heterosis in the hybrids.

2.13. Use of sugary-2 (suf su®)

Working on the possibility of modifying opaque-2
maize, Paez, Helm and Zuber*(197H) found that vitreous

quality, kernel density and lysine percentage
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were 1improved when opaque-2 and sugary-2 were
combined. The digestibility of the double

mutant was also better than that of the single
mutant opaque-2 (°2 °2 1« To confirm the use

of sugary-2 (SU2 SU2) as a modifier of opaque-2,
Paez (1973) carried out some allelic tests
on stocks of seeds with modified endosperm
phenotypes isolated from homozygous opaque-2

(02 02~ lines. It was TfTound that the genotype
constitution of the modified line was opaque-2
sugary-2 ( SU2~« The endosperm of the
stock was translucent or vitreous with hard texture
and had higher percentage of lysine per unit protein
than opaque-2 endosperm. Test weight and kernel
density of the opaque-2/sugary-2 stock were similar

to those of the normal endosperm types.

Bauman (1977) working on inheritance and
improvement of protein quality and content in
maize discovered that even modifying opaque by
the use of other genes such as sugary-2 improved
kernel hardness and vitreousness but the yield
still remained lower than the normal maize. It

was also reported that opsque-2/sugary-2 maize
.
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(double mutant) had some nutritional improvement

over opaque-2.

Floury-2 gene (A" has been combined
with opaque-2 to give a double mutant opaque-2/
floury-2 (02 o» r"2”~ hy Nasiiko, Klyuchko and
Trofimov (1974). Results were not successful either,
they had low biological value and low yields,
which confirmed the previous work done by Nelson
(1965) who reported that the hybrids formed from
the double mutant populations of opaque-2 and
floury-2 varied in grain yield with some of them

approaching the normal hybrids.
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CHAPTER 3
MATERIALS AND METHODS

3.1. Kitale Composite B (KCB) and Kitale

Composite E (KCE)

These two composite populations have high
genetic variability within each of them and genetic
diversity between them. KCB 1is composed of about
75 percent of Kenya Flat White and 25 percent of
Costa Rica and Cometico lines. In 1963, fourteen
different components which were classified as Kenya
Flat White maize were put together by intercrossing.
Among these were Kitale, Endebess, Kakamega and
Njoro Synthetics as well as selected inbred lines,
their crosses, best local farmers stock from Njoro
and bulk of some lines from the genetic nursery.

All these components were planted for three years
(1963 to 1965) in separate rows but were allowed to
mix freely by interpollination for five generations
until the components lost their original identity.

In 1966 ten KCB S™ lines o