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Acid infertile tropical soils are a major constraint on production in

to identifyobjectives of thisThe

of acid soil tolerance and study their inheritance. Thirtyattributes

hybrids from

evaluated in Mississippi and at four acid

soil locations in Kenya in 1990 and 1991.

significant differences for daysThere among genotypes towere

peduncle length, number of grains perflower, plant height, head length,

grain yield, and 1000 in bothhead, seed

parents and expressions of heterosis

generally confined better environments, Mississippi Statewere

Obambo. which appearedUniversity and Agronomic traits be goodto

indicators of tolerance to acid soil conditions included earlier maturity,

longer heads,taller plants, and higher yields. General combining

the primary source of genetic variation for these traits and,

I

Dr. Lynn M. Gourley 
and Dr. Clarence E. Watson

four genotypes consisting of 10 parents and 24 Fx

ability was

Carolina Mating Design II were

a North

study were

differences among

weight at most of locations

much of the tropics.

to the
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AGRONOMIC CHARACTERISTICS AND LEAF MINERAL ELEMENT 
CONCENTRATIONS IN SORGHUM [Sorghum bicolor (L. ) Moench] .

years; however,



consequently, should respond rapidly to selection and could be utilized in

either a cultivar or an Fx hybrid.

effectSoil hadacidity adverse agronomicmostonan

several superior hybrids identifiedcharacteristics ; however, inwere

IS7254C and IA28, consistentlyTolerant males,acid soil environments.

their hybrids under low pHimparted good agronomic characteristics to

TX623 Wheatland the best female generalwhileconditions, and were

combiners.

significant differences among genotypes for mostThere leafwere

Elements which showed the most promisemineral element concentrations . as

indicators of tolerance to acid soil were calcium and magnesium; however,

measurements of leaf mineral element concentrations are expensive, time

consuming, and require highly skilled labor. Consequently, agronomic

would efficient oftraits be evaluators soilacid tolerance,more

particularly in developing countries, where much of the world's acid soils

are found.

Broad-sense and narrow-sense heritabilities for most traits tended to

be higher in the better environments. Heritabilities for days to flower,

plant height, and peduncle length were generally high, but other agronomic

characteristics were typically in the low to intermediate range and showed

considerable variation locations. Heritabilities for mineralacross

element concentrations tended to be low to intermediate.
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CHAPTER I

INTRODUCTION

Sorghum [Sorghum bicolor (L.) Moench] ranks fifth in importance

sativa), maize (Zea mays) and barley (Hordeum vulgare). Sorghum is of

daily food for half a billion people (Rooney ec

In the Unitedal. , 1986) , primarily in Asia, Africa and Latin America.

States of America and developed countries of the temperate regions,

sorghum is important for animal feed (Doggett, 1970). In China, India

and the United States, the total sorghum plant is used in various forms

the stalks arefor green chop, hay, silage, and pasture. In some areas,

used as building materials and the remaining plant materials are used

In industry, products such asfor fuel after harvest (Doggett, 1970).

starch, syrup, sugar,

glucose, dextrines, and sorghum oil have been successfully manufactured

from sorghum, the other (Doggett, 1970). Broomcorn

[Sorghum bicolor (L.) Moench] the broom-makingis important in

In thirdIn China, sorghum is used in production of wines.industry.

35% sorghum adjunct in the brewinguse

industry, has yielded beers which comparable to commercial barleyare

a well-adapted crop of the arid

and semi-arid tropics due to its tolerance to drought and many other

1

Sorghum has achieved importance as

major importance as a

and by-products such as

malted lager in alcoholic content, taste, and acceptability.

at one time or

world countries,

and industrial fuel;

of about

among the world's cereals, after wheat (TriCicum aesbivum), rice (Oryza



I

2
conditions and its relatively lower fertilizer requirements.stress

wide range of soils. It will

grow on heavy deep - cracking vertisols, as well as light soils; however,

1988) .in the tropics (Doggett, Grainoccupies heavier sandsit

depth of approximately 182sorghum roots will penetrate to a

chemically or physically impenetrable barrier is encountered

lower pH limit for sorghum growth has beenThe1988) .(Doggett,

reported to be 4.0 to 5.0 (Shuman et al., 1990; Sutton and Dick, 1989).

pH range of 5.5 to 8.5 and some degree of salinity,

alkalinity, and poor drainage (Doggett, 1988).

In Eastern Africa, where 75% of the land area is semi-arid with

an average annual rainfall of 400 to 1000 mm, sorghum is considered to

1986) . Thebe the most important crop in the region (Guiragossian,

countries of Eastern Africa collectively produce about 4,000,000 tons

about 6,000,000 hectares of land. The region

consists of Burundi, Ethiopia, Kenya, Rwanda, Uganda, Somalia, Sudan,

These countries have much in common: history of origin,and Tanzania.

consisting of poor soils,

political, and scientific problems.economic, Due

physiographic diversity, agricultural systems and cropping patterns in

the region are divergently adapted to the various agro-climatic zones.

soil, animal, and crop husbandry,As diseases and pests,

social and economic management, and demographic density vary according

to these systems and patterns (Guiragossian, 1986).

Soil management currently basedis culturaltraditionalon

withpractices uniform,systematic, oftrendsno organizedor

Sorghum tolerates a

Sorghum can be grown successfully on a

large land masses

until a

cm or

of sorghum grain on

to elevation and

a result,

unreliable weather, and
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basedis itsnotoperation. areas on

Consequently, land is not beingpotential productivity and capability.

Soil degradation and erosionmanaged according to its requirements.

With the degradation of more fertile soils, and facedare widespread.

arable

known to beland due to increasing population pressure, large areas

marginally productive, have been brought under cultivation (Lopes ec

al., 1987).

The practice of liming acid soils has long been recognized as

The adoption ofnecessary for optimum crop production in such soils.

agricultural systems whichinlimited by itsliming is cost are

basically subsistence

liming the soil surface does little to correct the chemicalMoreover,

impediments to root penetration found in the subsoil (Gourley, 1987b).

Using plants tolerant to acidity is an important complementary

stablesubsistence agriculture,soil Inapproach management.to

favorablehigh yieldsperformance than inis importantmore

Laboratory and greenhouse procedures for evaluatingenvironments.

low fertilitysorghum tolerance with status

al. (1990)have been developed. Gourley reportedtropics et

inconsistencies between acid soil and solution culture techniques and

demonstrated that different genetic responses to the

being measured. The objectives of this study were to:

(1) identify attributes of acid soil tolerance and transfer

these to high yielding agronomically acceptable cultivars;

(2) determine the influence of soil acidity limitations on the

treatments were

with increased land requirements to intensify the use of new

farming and which use relatively few inputs.

to acid soils

Land utilization in most

in the
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performance of sorghum in low fertile acid soils in major

sorghum producing low altitude areas of Kenya;

evaluate combining ability for tolerance to soil acidity;(3)
and

(4)

heterosis in relation to soil acidity and identify plants

mineral deficiencytolerate and toxicitybetterthat

stresses associated with these soils.

■

study genotype-environmental interactions, heritability, and
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CHAPTER II

LITERATURE REVIEW

Soil acidity

Soil acidification is

first colonized by algae and lichens. Acids, largelysurfaces are

derived from carbon (C) and nitrogen (N) cycles, are involved in the

rock minerals duringof soil the of soildissolution and process

In natural ecosystems, soils gradually become more acidicdevelopment.

older generally morewith Thetime. are

than soils. In general, superimposing agriculturalacidic young

results faster ofin soilproduction ecosystem rateson an

acidification (Helyar and Porter, 1989). In agricultural and natural

the N cycle plays important role in causing soilecosystems, an

acidification (Helyar and Porter, 1989). In agricultural ecosystems,

acids in the sulfur (S) cycle sometimes important (acid sulfateare

soils, elementalacid rain, finely sulfidesS , divided inor
3+fertilizers). Over periods involved in soil formation, iron (Fe to

) and manganese (Mni,+ to Mn2+) transformations have been implicated

in acidification (Mann, 1983).

Water in soil contains carbonic acid (HCO3) in equilibrium with

carbon dioxide (C02) in the soil air. As water percolates through the
acidificationsoil, leached. In acidare

5

Fe2+

a natural process which starts when rock

occurs when bicarbonates

and more weathered soils
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soils, inputs, outputs, and the accumulation of HCO;

Acid rain reduces soil pH to levels at whichof pH change.causes

acid soil problems [hydrogen (H+) and Mnotheraluminum (Al) and

toxicity, and calcium (Ca2+) deficiency] are highly likely (Helyar and

1989). Low molecular weight organic acids suchPorter,

aspartic, malic, citric, and tartaric acid are usually present in acid

soils (Huang, 1988).

minerals by chemical andfrom soilreleasedisAluminum

The hydrolysis and polymerization ofbiochemical weathering reactions.

acidification of the environmentleadingreleasesAl toprotons,

Released protons attack Al-bearing minerals, resulting(Huang, 1988).

The dissolved Al undergoes hydrolyticthein

reactions and releases protons to soil solutions and natural waters and

The proton generationthereby generation of protons is perpetuated.

of silica relics.theaccelerated bybe presenceprocess can

the weathering of Al-bearing minerals,Consequently,

otherfarming,natural vegetation, andenhanced by leaching,

anthropogenic activities, would lead to acidification of soils and the

associated environment (Huang, 1988).

Soil acidity has also been defined in terms of potassium chloride

1990).(KC1) extractable and pH-dependent acidity (Sharma al. ,et

Extractable acidity was ascribed to isomorphous substitution while pH-

and soiland Al

Exchangeable H+, Al3+, Fe3+,organic matter. , and certain other

hydrolyzable ions to

acidity on hydrolysis (Sharma ec al., 1990). They concluded that in

Mn2+

as glutamic,

dependent acidity was

>3 can be significant

on the

dissolution of Al.

ascribed to polymers of Fe

soil exchange complex also contribute

which can be
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soils in which there was a high base saturation percentage and low pH,

originated fromportion of the acidity themaj orthe

hydrolysis of Al, Fe, and Mn thereby forming hydronium ion (H30+) which

lowers the pH of the soils.

Distribution of aluminum in soils

Aluminum is the most abundant metallic element in soils and the

Besides affecting soil acidity,associated environment (Huang, 1988).

microbial events, enzyme activities, transformation of organic matter,

forof plantnutrients animalsoil and andstatusstructure,

production, transformation of Al can also affect the bioavailability of

environmental pollutants and biocides and the subsequent food chain

Distribution of Al in soils iscontamination in terrestrial systems.

either octahedrally or tetrahedrally coordinated with oxygen (02) in

crystalline and short - range ordered Al-bearing minerals.

exists as exchangeable Al and hydroxy Al interlayers and

the edges and external planar surfaces (Huang, 1988) .

soils (pH 4.0) ,In acid Al ions< presentvery are as

aluminohexahydronium ions [(Al.6H2O)

The aluminohydronium ions sequentially dissociate H+ as pH increases,

. (0H°-

The usual sequence of H+ dissociations is as follows:

Al(OH2°-5+ > Al(OH2°-5+) 6 5+) + H+)5

as coatings on

3+] , but are usually designated Al3+.

leaving OH" in place of 0H2 groups, i.e.

mus t have

It also
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+ H+Al3+ <

+ H+Al(0H)2+

+ H+AL(0H)2+ A1(OH)3

+ H+<

+ H+

+ H+>

At pH values greater than 6.5, Al becomes increasingly soluble as

The positively charged monomericnegatively charged aluminates form.

polymerize to form both large and

small positively charged polynuclear complexes (Haynes, 1984). Soluble

and polymersAl species two monomersgroups:

The proportion of soluble Al in each(Huang, 1989; and Ritchie, 1989).

category may be estimated theoretically using thermodynamic principles

alternatively, by assuming that Al species which react quickly (<or,

colored complex are monomeric (labile) and Al species

are polymeric or non-labile (Ritchie,that react more slowly (> 30 min)

also precipitates1989) . FeAs

oxides.Mn

containing Al and Fe and crystalline phases has beenin amorphous

observed in soils and it has been shown that positively charged Al- and

through

hydroxyl groups. Acidity increases the solubility of Fe, Al, and Mn

and the concentration of these elements in the soil solution may reach

toxic levels in very acid soils (Grundon et al., 1987).

I

a1(oh)52'
a1(oh)3°

Al(0H)2+

Al(OH)4

A1(OH)2+

a1(oh)2+

A1(0H)a

and Fe3+

A1(OH)63

Fe- hydroxy copolymers could form by bridging of Al3+

A1(OH)52'

2 min) with a

may be

The presence of oxides

and A1(OH)2+ species can

species and Mn precipitates as

soil pH increases,

divided into

as hydroxy-Fe
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Distribution of acid soils

consisting of the AfricanCons iderable

continent (Larson, 1986; and Pieri, 1987); Southeast Asia (Pushparajah

and Bachik, 1987); and the Americas (Gourley, 1987b) covering South and

1987;(Salinas and Castilla, andCentral America and the Caribbean

The distribution of acid soils inGourley, 1987b) contain acid soils.

between 23°N and 23°S latitude (Gourley,

Ultisols,generally formed by Oxisols, and1987b) .

20, 14%and

these majortropics, respectively (Gourley, 1987b). Continent-wise,

soil orders in the Americas, Africa, and Asia cover 1463, 1143, and 810

million hectares, respectively.

Pieri (1987) has categorized acid soils of Africa into:

and1) acid soils in the humid tropics and savannas;

2) acidified cultivated soils common in Western Africa that cover

The acid soils in humid tropical zones of Africa cover several hundred

the zone of the Benin Gulf, the Adamaoua Plateau,million hectares:

and thethe Congo Basin, the high Plateau of Madagascar,Cameroon,

highlands dividing the Zaire and Nile basins (Pieri, 1987). A large

majority of soils in sub-Saharan western Africa belong to the Alfisol

tropical subgroups. In East Africa, the suborders, Tropudults with

Orthox, are predominant in Uganda; Ustalfs with Usterts in Kenya; and

Ustalfs with Userts and Ustox with Ustalfs in Tanzania. Most of the

the tropics generally occurs

humid, subhumid, and semi-arid zones.

a thermic orarea has an acidic to Ustic soil moisture regime and

Acid soils are

About 50% of the tropical land mass in Africa has acid soil.

land area of theInceptisols which occupy 23, of the

tropical land masses
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The area Northwest of Lakeisohyperthermic soil temperature regime.

beyondandnorthern is acidicKenyaintoextendingVictoria

Many contain fragments or consolidated materials andisohyperthermic.

Fluctuations in surface soil acidity occur in response to several

factors:

1) most significant in tropical areas, is decreased acidity from

ash after either the burning of fallow or from additions of

lime, when applied;

2) acidification occurs in response to addition of acid-forming

or more commonly from organic acids releasedfertilizers,

during reactions involved in organic matter decomposition,

active after initiation of cultivation;which is especially

3) duration and intensity of the surface soil pH and exchangeable

Al flux after any of the above cultural events depend upon a

multitude of parameters; and

4) sandy textured soils generally respond more dramatically

because of their cation exchange capacity (CEC) and low

organic matter contents than do finer textured soils (Huang,

1988) .

Characteristics of acid soils

infertileAcid tropical soils considered marginal forare

agricultural production (Pieri, 1987; Lopes et al., 1987; and Gourley,

1987a).

cm of the surface (Larson, 1986).are extremely acidic within 50

mineral stress, low soil organic matter content, acidity, shallow soil

The major constraints to crop production on the land are
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and drought (Larson, 1986).rooting depth,affectsdepth which

surface horizon that is usually

poorly buffered, and low in organic matter (Pieri,

low capacity for retaining water for growth

Ultisols have very few primary1987).Lopes eC al. ,1987;(Pieri,

ofthesupply bases inleftminerals root mostto cropszones

high in Fe and Al; have low1987) ;Backik,(Pushparajah and are

often shallow in depth with large areas prone tofertility, and are

Surface reactivity of Fe and Aldrought (Clark and Gourley, 1987).

oxides is a key factor controlling the phosphorus (P) sorption capacity

Oxisols have also low capacity for retainingof soils (Juo, 1987).

and Lopes eC al. , 1987). The clay1987;water for growth (Pieri,

fraction of oxisols is dominated by minerals that have a low surface

Consequently, an oxisol may have high clay content, bearea and CEC.

very infertile, and have a low capacity for retaining water for growth.

An effective CEC value of 14meq/100g clay has been proposed

criterion to differentiate soils with low activity clays from those

with high activity clays (Juo, 1987). In humid climates, weathering

leaching processes lead, sooner or later, to natural acidification of

permeable soils. The fundamental factors that limit the fertility of

such soils are

molybdenum (Mo), S, potassium (K), Ca, copper (Cu), magnesium

(Mg), or zinc (Zn)]; and

and Mn).

I

1987) accompanied by a

1) impoverished nutrient status [e.g. deficiencies of P,

2) the presence of phytotoxic substances (e.g. soluble Al, Fe,

coarse textured,

as the

Kaolinitic soils are characterized by a
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In particular, phosphate presents special difficulties because it is

subject to strong fixation by soil components (Clark and Gourley, 1987;

Haynes, 1984).

Despite the enormous

differences between humid and savanna acid soils,

These constraints are usually chemicalgroup, have common constraints.

The magnitude and significancerather than physical (Gourley, 1987a).

of the constraints, however, varies with the ecosystem and the use and

management of these soils (Lopes et al. , 1987) . Deficiencies of N, and

P are by far the most limiting soil chemical constraints in terms of

percentage of total area affected.

and Cu; Al toxicity; P fixation; and low CEC complete the list of major

Aluminum toxicity is more widespreadconstraints (Lopes et al., 1987).

than Mn toxicity (Nelson, 1983) .

Influence of soil pH

The greatest influence of soil pH

At low soil pH, Mo forms insolublethe availability of nutrients.on

The factors adversely affectingcompounds with Fe and is unavailable.

crop growth on strongly acid soils are complex, but at low pH, the most

characteristic problems are the result of toxic levels of Al,

Mn and deficiencies of Ca, P, Mg, and Mo (Clark and Gourley, 1987).

The greatest risks of allowing soil pH in farming and pastoral areas to

besides restricted

choice of species,

erosion risk following the failure of plants to provide adequate ground

area covered by acid tropical soils and the

on plant growth is its effect

Fe, and

Deficiencies of K, S, Ca, Mg, Zn,

decline are, the obvious effects of low yield,

these soils, as a

reduction in the fertility of subsoil, and high
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Detrimental effects of Al on plant growth

is an important growthAluminum,

below soil pH 5.0for plantslimiting factor

5.5 (Aniol(Taylor, 1989), but can limit growth at pH levels

The major characteristics of Al toxicity to most cropet al., 1980).

resulting in swollen, stubby

roots and the complete absence of lateral and branch root development;

and top growth (Rhue et al., 1978; Haynes, 1984). Lateral roots appear

to be more sensitive to damage than primary roots, but all root growth

Consequently, the root system isis reduced as Al levels increase.

There is inhibition ofinefficient in absorbing nutrients and water.

the uptake and translocation of P by plants (Haynes, 1984). Phytotoxic

severely than leaf growth (Taylor,inhibit root growthmetals more

1989) . Strong subsoil acidity with Al at toxic levels reduces root

penetration and the plant's ability to withstand drought (Boye-Goni and

Marcarian,

a reduction in yield and P and Ca contents of plants. Low shootcauses

dry matter yields in sorghum have been reported in ferric and aluminum

phosphate soils (Furlani et al., 1986). Ohki (1986) reported that in

Alsorghum, toxicity photosynthesisdecreased chlorophylland

concentration and there was enhanced red pigmentation induced in leaves

by K, Ca, Mg, and Mn deficiencies and mineral element toxicities. High

Al concentration in sand culture has been reported to delay nodulation

and depress plant growth in Stylosanches species.

as high as

cover and soil stabilization (Crogan et al., 1989).

as a major soil constituent,

reduces nutrient uptake; and

species are inhibition of root growth,

1985; Goldman et al., 1989);

in many acid soils
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Inorganic monomeric species of Al have been reported to be toxic

root growth, whereas Al present in soluble organically complexedto

forms is of low toxicity (Kerven et al., 1989). In rye (Secale cereale

ions have been reported to accumulate in the cell nucleus,

disturbing the mechanism of deoxyribonucleic acid (DNA) replication

Aluminum has been reported to accumulate in the(Aniol et al., 1980).

cytoplasm of plant cells in a form bound to ribonucleic acid (RNA) and

to the membrane, thereby interfering with protein synthesis and energy

Soil Al availability was observed to reduceproduction (Haynes, 1984).

vesicular-arbuscular mycorrhizae (VAM) colonization of sorghum roots

and VAM activity in the soil (Raju et al., 1988).

Tolerance to soil acidity

Species vary in their reaction to soil acidity. The existence of

such differences has raised the possibility of breeding agriculturally

important plants for improved tolerance to soil acidity. Acid tolerant

previously could not be cropped without heavy lime application (Atlin

and Frey, 1989). liming may be ineffective in preventingMoreover,

Liming gives only small yield improvement

enough down
the profile. Root growth is frequently confined to the amended top

soil because the toxicities of the soil below, particularly excess Al,

strongly restrict root extension and root growth in this zone (Crogan

subsistence farming systems, the negative effects of liming can include

because the zone of ameliorated soil does not extend far

et al. , 1989). Besides being costly in land-locked countries and

L.), Al

varieties have eliminated the need for liming on large areas that

subsoil acidification.
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suppressed availability of Mg and K, and

induced deficiencies of micro nutrients such as boron (B) (Robson

and Abbott, 1989).

Gourley (1987b) reported that higher percentagesand Marcarian, 1985) .

of sorghum lines in the tolerant and moderately tolerant category were

selected from acid soil areas in Kenya and Uganda than from the other

(1987c) reported a higher percentage ofAfrican countries. Gourley,

moderate to highly Al-tolerant entries from the guinea race of Sorghum

Hayne (1984) reportedbicolor than from the other four sorghum races.

tolerances of triticale (Xdifferences relative Allarge in

differences of theseand wheat. ToleranceTriticosecale Wittmack)

related to differences in Al tolerance of the parent

species used.

of Al differ in differentPhysiological mechanisms tolerance

plant species and cultivars and may be controlled by different genes

through different biochemical pathways. (1989)and FisherScott

suggested plant tolerance to Al may operate in several ways:

1) the pH in the root zone may be increased thus decreasing

solubility and toxicity of Al;

2) lower CEC of the roots;

3) resistance of plasmalemma to Al damage;

4) morphological change under Al stress (e.g. production of

mucigel to protect the root from Al damage);

have generally originated from areas with calcareous soils (Boye-Goni

cultivars were

Most Al-tolerant cultivars have come from areas known to have

acid Al-toxic soils (Doggett, 1970) and the least tolerant cultivars

reduced P availability,
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in plant tissue, cytoplasmic Al is inactivated or detoxified5)

that it does notAl is complexed by organic molecules, soas

disrupt cell metabolism;

differential distribution of tissue Al in tops and roots; and6)
tolerance to low internal concentrations of Mg, Ca, P, and Fe.7)

Aluminum accumulation within plants in relation to Al tolerance

Some plant species which are tolerant to highhas no general pattern.

levels of solution Al, accumulate and detoxify Al within their tissues.

Tea (Camellia sinensis L. Ktze) detoxifies Al by complexing it with

organic acids and polyphenols and accumulating it in older leaves. In

lowerAl-tolerant plantsof containthe topscontrast, some

concentrations of Al than do those of sensitive plants, which is often

in the roots of tolerant plants (Foy andto accumulation of Aldue

third group of Al-tolerant plants contain lowerFleming, 1978). A

concentrations of Al in the roots than do sensitive plants, but have

similar concentrations in their tops.

Evidence suggests that the pH induced by roots of plants grown in

solution culture or soils, often increases with increasing resistance

of plant cultivars Al 1984).species toxicity (Haynes,toor

Differential pH-changing abilities among Al-tolerant and Al-sensitive

have been postulated in

nitrate absorption. Aluminum tolerance in wheat cultivars has been

characterized by the ability nitrate N efficiently thein

presence of ammonium N, thus raising the pH of the growth medium (Foy

and Fleming, 1978).

to use

wheat cultivars to be due to differences
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Aluminum tolerance has been associated with Al accumulation in

roots expressed

Some Al-tolerant cultivars of ryegrass (Lolium perenne(root CEC).

and barley have lower root CECs and accumulate less Al inL. )i wheat,
Such a mechanism assumes thatthan do Al-sensitive ones.their roots

most of the Al in roots is held by exchange-adsorption to cell walls of

the free space (presumably as Al) , whereas evidence suggests that it is

precipitated in nonexchangeable forms (Haynes, 1984).

The ability of plants to utilize phosphate and Ca in the presence

of Al was suggested as

acid soil condition.

(Glycine max L.), and snapbean (Phaseolus vulgaris L.), Al tolerance

has been associated with the ability to resist Al-induced Ca deficiency

In some Al-tolerant wheat, maize, and tomato(Foy and Fleming, 1978).

Al tolerance has beenMill.) cultivars,esculencum(Lycopers icon

associated with the ability to tolerate low phosphate levels in the

absence of Al (Foy and Flemming, 1978). Ambient Al in

nutrient culture solution has been reported to increase P concentration

of Al -of Al-tolerant legumes, thoseintops

Andrew eC al. (1973)sensitive species (Andrew and Vandenberg, 1973) .

P, Ca, K, Mg, and Na

content in plant tops of tropical and temperate pasture legume species.

In tropical species, Al concentrations in plant tops increased. In

all species, Ca concentration in plant tops was reduced. In species

sensitive to Al, the content of P and K decreased. In the majority of

a possible mechanism of tolerance of plants to

presence or

as magnitude of the net negative charge of the root

In some cultivars of wheat, barley, soybean

studied the effects of Al treatment on Al, N,

in the but decrease
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There was no consistenttolerant species, K concentration increased.

however,

Theyon Na.

in Ca concentration in plant tops ofthe reduction

balanced by reciprocal increases in K and Mg.

Since Al and Mn toxicities are related to soil acidity, plants

growing in acid soils

Macfie and Taylor (1989) reported that Mn tolerance was positivelyMn.

other workers havehowever,tolerance in wheat;correlated with Al

reported that Mn tolerance was not related to Al tolerance in studies

Tolerance to excess Al was not necessarilywith Amaranthus tricolor.

1983).correlated with tolerance Into

Phalaris aquatlca (L.), Al has been reported to counter the effects of

reduction in Mn uptake causedMn toxicity (Culvenor, 1985). In rice,

by Al is in contrast to the situation in Brassica where Al increased Mn

concentrations and consequently toxicity symptoms (Culvenor, 1985). In

(Solarium tuberosum) and maize, Mg uptake inpotato greaterwas

cultivars tolerant of Al toxicity than in sensitive cultivars (Scott

and Fisher, 1989). Other studies suggest that K, Ca, Mg, and ammonium

(NH4) have significant effects in alleviating Al toxicity in various

crops (Alva et al., 1986).

In sorghum, tolerance to acid tropical soil conditions has been

associated with differences distribution of mineralin plant part

element concentrations in plant 1987).(Clark and Gourley,tissue

Al tolerance of sorghum

(Furlani Clark,and 1981). The effect of Al toxicity rooton

tolerant species was

Seminal root lengths have been used to assess

excess Mn in rice (Nelson,

little effect on Mg levels and no significant effects

there waseffect of Al on N concentration in plant tops;

might be expected to be tolerant of both Al and

concluded that
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elongation and death of the growing point is the current basis of the

The ability of plants tomany rapid tests for Al tolerance in plants.

hasof and beenP, Feconcentrations Ca,internallowtolerate

Duncan (1987) reported thatthe basis for Al tolerance.

the most Al-tolerant genotypes accumulated higher levels of Cu, Mn, Ca,

otherof thanlevelslower Kwell genotypes.and Mg, asas

Differential distribution of Al between sorghum plant tops and roots

possible tolerance mechanism (Gourley, 1987a).

sorghum leavesinthat Al concentrations(1987) reportedDuncan

Gourley

(1987a) reported that most Al-susceptible genotypes grown on Al toxic,

soils in the tropics died within 2 to 4 weeks whilelow base status

to Al-toxicity stressother genotypes differed in their responses at

Under 60% Al saturation, about 10%different stages of plant growth.

high degree of tolerance to Al toxicity.of the genotypes exhibited a

that an Al saturation ofDuncan and Shuman (1990) reported, however,

50% with soil organic matter contents of < 5%

stress level which the sorghum genus was able to withstand.

Characteristics commonly used to evaluate field grown plants for

tolerance rating of visual toxicitysurvival,to

symptoms (plant vigor), weight of aerial plant parts, grain yields, and

(1988)leaf mineral contents (Flores et al., 1988) .

reported that genotypes tolerant to acid soil grown at 63% saturation

(pH 4.1) had higher harvest taller,indices, were

favorable growth and yield traits, than susceptible genotypes. Head

Days to

suggested as

length was not affected by stress due to high Al saturation.

has been reported as a

collected from different soil pH treatments were identical.

was the maximum field

and showed more

Flores et al.

soil acidity are
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days for susceptible genotypes (Flores et al., 1988).

Clark and Gourley (1987) reported that element contents disrupted

the most when plants were grown on acid soils were P,

They suggested that silicon (Si) may be associated with overcoming Mn

and Fe toxicity in some plants.

and Al were higher; and chlorine (Cl), S,and Si were lower;

and Zn remained unchanged in leaves of plants grown

They furthercompared to leaves of plants grown on

reported that in two acid soils treated with 2 and 6

respectively, concentrations of Ca and Si increased and Mn, Fe, and Al

Galvez (1987) reported Si

effects were not sufficient to completely

effects on sorghum.

Heterosis

The discovery of genetic male-sterile gene, and cytoplasmic

in sorghum made the

hybrids by farmers possible the hybridand made seed production

industry a commercial success. Heterosis, defined as the superiority of

Fx hybrid over the midparent, and heterobeltiosis, defined as thean

Fx hybrid over the better of its

been characterized in sorghum. Heterosis for yield is usually measured

the yield increase of the F compared to the mean of the combinedas 1

parental yields, although for practical purposes it is often better to

take the yield of the better parent

I

ms2,

overcome Mn and Al toxicity

tons lime ha'1

use of commercial sorghum

superiority of an

a neutral soil.

on an acid soil

flowering was delayed 3 days for tolerant genotypes as compared to 8

male sterile gene, msc^

as the baseline (Doggett, 1988).

two parents, have

Ca, K, and Mg.

Mn, Fe,

Concentrations of P, K, Ca, Mg, Cu,

et al.decreased in leaves of plants.
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different environmentsheterosisof providesMeasurement over

information useful in selection of lines for hybridization. The yield

increase of the hybrid relative to a conventional cultivar is rather

constant over a wide range of growing conditions and management levels.

to thePercentage heterosis is

trial in which it was measured (Doggett, 1988).

faster plantsorghum is mainly due growthHeterosis in to

(1981) and Wilson1974). Finkner (1978)(Quinby,

determined by dominant or overdominant

Rubaihayo and Makumbi (1976) found yield to be under thegene action.

control of significant dominant and epistatic effects. They reported

that most yield components of sorghum showed significant heterotic

effects, but the degree of heterosis depended the type of hybrid.on

Finkner al. (1981) reported that 43% of yieldedet test crosses

significantly better than their midparent mean and 35% of the crosses

yielded significantly more than the highest yielding parent. Wilson et

hybrids for grain yield in sorghum. Also, Laosuwan and Atkins (1977)

and Liang et al. (1972) observed greater heterosis for grain yield than

Nandanwankar (1990)

reported that the manifestation of heterosis for grain yield in sorghum

grain size. furtherHe that hybridsreported exhibitedsome

significant positive heterosis for earhead length, involving long x

long panicle parents. Doggett (1988) considered heterosis to be the

gene

I

reported that grain yield was

al. (1978) observed highly significant differences among parents and F2

a statistic which is applicable only

was due to increased number of seeds per earhead, earhead length, and

for any of the yield components they studied.

in hybrids wasresult of additive

et al.

action and yield increase

et al.
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Quinby (1974) reported thatascribed to the use of superior parents.

grain yield advantage in sorghum hybrids consistently results from a

in either parental line.larger number of grains per panicle than

(1972) obtained low heterobeltiosis for plant height andLiang et al.

for days-to-first-bloom and kernel weight.negative heterobeltiosis

mature kernels of male parents were heavierQuinby (1972) found that

than those of hybrids.

Combining ability

The concept of general and specific combining ability has become

Although(Wilson ec al., 1978).of hybrid cultivars in many crops

additive genetic variance may result from the action of genes that also

of additiveof the relativeknowledgedisplay dominance, amount

variance for important quantitative traits is useful in predicting the

amount of improvement when selection is to be practiced (Bittinger ec

(1978) reported that general combiningal. , 1981).

ability (GCA) and specific combining ability (SCA) effects for sorghum

grain yield were significant and that the relative magnitude of GCA and

much important than GCA,more

importance of dominantemphasizing the andLaosuwan

(1977)Atkins three-way hybrids,reported that single and GCAin

effects of the R-lines accounted for the largest portion of the of the

variation expressed for grain yield, heads/plant, 100-seed weight, and

seeds/head. Significant GCA effects for females were expressed for all

characters in single crosses, but this effect was significant only for

SCA was

Wilson et al.

increasingly important in plant breeding because of the widespread use

SCA effects indicated that

gene action.



23
Specific combining ability madeseeds/head in the three way hybrids.

inheritance of all in boththe traitsthe smallest contribution to

(1983) studied a number of traits intypes of hybrids.

forage sorghum and reported that GCA effects exceeded SCA effects for

all traits except plant height in females and grain and leaf yields in

Modi and Dabholkar (1989) obtained significant GCA and SCA formales.

dry weight of leaves and stem,days to 50% flowering, harvest index,

They identifiedprimary branches/panicle, and grains/primary branch.

some varieties as desirable combiners for harvest index on the basis of

hybrids that superioridentifiedalsotheir andGCA weresome

combinations for harvest index on the basis of their SCA effects.

(1987) analyzed sorghum plant tissue and observed

that GCA effects exceeded SCA effects for N, Mg,

and Zn; however, these GCA effects did not exceed SCA effects for P, Cl

and Fe in females and S and Cl in males. The GCA and SCA of females

Boye-Goni and Marcarian (1985) obtained

highly significant GCA and SCA effects for Al- tolerance. General

combining ability effects were much more important than SCA effects.

Aluminum-tolerance showed predominantly additive genetic effects with

Gene action

In order to develop high yielding acid soil tolerant cultivars

and hybrids, it is essential to identify the sources of tolerance and

study the inheritance of tolerance. The relative contribution of

some degree of dominance.

were low for both Fe and Cu.

S, Si, K, Ca, Mn, Cu,

different genes depends on the magnitude of gene effects (Wilson et

Gorz et al.

Ross et al.
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Tolerance to Al toxicity is generally considered to beal., 1978).

Rhue et al.In maize,dominant.

that of the more tolerant parent and reportedhybrids to be as great as

single locus by a multiplecontrolledthat Al at a

In sorghum, tolerance to Al toxicity was inheritedallelic series. as

1990); however,dominant character (Gourley et al., Boye-Goni anda

Marcarian (1985) reported that the Al - tolerance in sorghum showed

predominantly additive genetic effects with

(1987) the ofal. suggested existence withBorgonovi et genes

complementary effects for tolerance to Al toxicity. They suggested

few major genes in sorghum with a dominant trend and

several minor genes with at least some additive effect involved in the

genetic control of tolerance to Al.

two-gene hypothesis in which inheritance of Al tolerance in Phalarls

leastaquatica requires alleledominant locus.eachat atone

Modifiers of these also be involved. (1987)genes may

cited other workers who indicated that mineral concentration

least partially under genetic control and suggested that considerable

accumulation.

Partitioning of genetic variance

Wilson et al. (1978) reported

of genetic variation among different sorghum genotypes.components

Finkner et al. (1981) reported that additive gene action was more (82%)
important than nonadditive (18%) grain yield inaction forgene

Culvenor et al. (1986) proposed a

that there are a

some degree of dominance.

was at

(1978) found Al tolerance of all Fx

tolerance was

both additive and nonadditive

progress was possible by selection for either high or low mineral

Gorz et al.
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Genetic variances due to males were greater than those due tosorghum.

Bittinger et al. (1981) reported additive genetic variance tofemales.

plant height,for flowering,variancedominancethanbe greater

and panicle length, but not forlodging, panicle weight, seed weight,

thatof the view(1977)Atkinsandgrain yield. Laosuwan were

nonadditive gene effects also contributed to the variation expressed

for grain yield among single crosses and for seeds/head among three-way

hybrids.

Modi and Dabholkar (1989) found additive and nonadditive genetic

variance for days to 50% flowering, harvest index, dry weight of leaves

and stems, primary branches/panicle, and grains/primary branch. They

considered efficient partitioning of dry matter

Sorghum genotypesimportant attribute of high yielding cultivars.

manifest variability for dry matter accumulation.

which are late in maturity produce more dry matter per plant; however,

against 50% in

the high yielding hybrids (Modi and Dabholkar, 1989).

Heritability

Heritability estimates provide information on the transmission of

characteristics

genetic advance under selection (Liang et al., 1972). Genetic ratios,

resembling heritability, were used by Gorz et al. (1987) who reported

higher GCA relative to SCA variances for mineral element content with

the exception of Cl and Fe in females and S and Cl in males. Ross et

al.

only 29% of the dry matter is in the form of grain as

Local cultivars

from parent to progeny and can be used to predict

(1983) also reported higher ratios of GCA to SCA variances for

into components an
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agronomic forage traits in sorghum, except for plant height in females

and tillering in males.

relatively high(1972) obtainedal.Liang narrow-senseet

days-to-first-bloom, plant height,for andheritability estimates

Low narrow-sense heritability estimates for grain yieldkernel weight.

indicative of the important role of environmental and non-additivewere

totalgenetic effects which constituted

phenotypic variation for many F2 populations. Eckebil et al. (1977)

obtained high broad-sense heritability estimates for bloom date, plant

for headsestimates per

For grain yield in sorghum, Finkner et al. (1981)

reported a narrow-sense heritability of 44%. Bittinger et al. (1981)

reported that flowering and panicle length showed relatively high

heritabilities (73%); yield showed the lowest heritability (37%); and

plant height, lodging, panicle weight, weightand seed were

intermediate (56% to 64%).

Boye-Goni (1985) reported heritability of Al­and Marcarian

tolerance in sorghum be high. broad-senseNarrow-sense andto

heritabilities were 78 and 99%, respectively. Culvenor et al. (1986)

reported heritability estimates for relative

solution of 48 to 75% for Phalaris aquatlca L. grown in a field high in

aluminum. Heritability estimates for shoot growth low andwere

insignificant .

a major proportion of the

plant were low.

height, yield, and kernel weight; however,

root extension in Al
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Stability of yield

the ability of

range of environmentsa

breeding objective which is difficult to achieve (Heinrich al. ,et

plant breedersIn practical with1983). concernedterms, are

performance in sub-optimal environments such as tolerance to problem

soils and drought stress.

relative performance of cultivars often changes from one environment to

another (Saeed and Francis,1983).

Eberhart and Russell (1966) developed a method of measuring crop

yield stability based regression technique.

environmental index for each of the environments used in a series of

trials as the mean yield of all cultivars at one environment minus the

grand mean of all cultivars in all environments of the trials. They

then showed that both the regression coefficient and the deviation from

of the yield stability of the

cultivar.

of stability parametersuse

in selection among high yielding cultivars in any particular area of

adaptation before cultivars are recommended for release on the basis of

yield performance from different trails.

Mechanisms of yield stability can be categorized into:

1) genetic heterogeneity,

2) yield component compensation,

3) stress tolerance, and

I

Stability of yield, defined as

on a They calculated an

regression of a

substantial fluctuation in yield over

given cultivar's yield on the environmental indices

is a

For quantitative traits such as yield, the

could be

Faris et al. (1981) recommended the

a measureconsidered as

a genotype to avoid
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4) capacity to recover rapidly from stress (Heinrich et al.,

1983).

stress would normally have

stability and genetic variancesregression coefficient in stress

environments would generally be lower than in non-stress environments

Comparison of regression coefficients of(Rosielle and Hamblin, 1981).

index show that hybrids (Jowett, 1972) and

hybrid blends (Reich and Atkins, 1970) are more stable than cultivars

in terms of yield components. Hybrids have been reported to maintain

heads/m2,high numbers of seeds/head, and seed weight in poor

(Heinrich al. , 1983).environments Majisu and Doggett (1972)et

indicated that highly heterotic and stable hybrids would show

yield advantage over equally stable cultivars.

Linear regression has been regarded ofas average

of particular genotypes, whereas the deviation about theresponse

regression line has been considered most suitable measure of

stability. Genotypes with the lowest standard error or deviation about

the regression line would be the most stable (Nayeem and Bapat, 1989).

sorghum,In and seeds/head have been reported to

increase with improved environments (Heinrich et al., 1983). Early and

medium maturing sorghum genotypes, have appeared to be more stable than

the late maturing genotypes (Saeed and Francis, 1983). Genotypes that
special characteristics such soil toleranceacidpossess as are

considered the largest contributors to Genotype X Environment (G X E)

interaction. Plant breeders interested in selecting superiorare

heads/m2

a large

as the

a measure

a lowA genotype with high tolerance to

yield on environmental
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genotypes in the presence of G x E interaction (Francis and Kannenberg,

1978) .

Correlations

There is concern that plants tolerant of acid soils may be low

thatsoils. The notionnon-acidyielding and poorly adapted to

low yielding occurred becausetolerant of acid soilscultivars are

in acid soil

modern high yieldcompared withyielding whenlowtolerant and

These newer cultivars had notcultivars.

In

sorghum, there is very limited information on correlation between acid

Phenotypic correlationsand agronomic characters.soil tolerance

represent the associations actually observed (Gorz et al., 1987).

that yield showed highlyal. (1981)Bittinger reportedet

correlations withsignificant phenotypic genotypicpositive and

flowering and panicle weight. Other significant positive correlations

included plant height with flowering and panicle weight with lodging.

Grain yield per unit area has been reported to be highly correlated

with number of grains per head, plant height, and threshing percentage

(Eckebil al. , 1977). Rubaihayo Makumb i (1976) obtainedandet

significant phenotypic, genotypic, and environmental correlations among

yield components in sorghum, but the results were not consistent across

sorghum groups studied. (1987) reported 30 phenotypic

correlations among 12 mineral elements in sorghum to be statistically

significant. Some of the highest values were from the relationships of

potential "green revolution"

areas were both acid soil

Gorz et al.

traditional cultivars grown

been selected for acid soil tolerance (Scott and Fisher, 1989).
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and Cu with Zn.

correlations calculated among the mineral elements and 12 agronomic and

quality traits were the positive association of protein with P; the

negative relationship of plant height with N and P; brix of stem juice

with K; and neutral detergent fiber (NDF) with P. Johnson and Ohki

(1984) reported that low soil pH significantly reduced dry weight, flag

leaf area, and grain yield in wheat. Grain yield was related to soil

pH, but not to flag leaf area.

Zn; S with K; Further, some of the highest phenotypic

N with P, S, Cu, and Zn; Mg with Si and Cu; Si with Ca; P with Ca and



CHAPTER III

MATERIALS AND METHODS

Genotypes

Thirty-four genotypes consisting of six cytoplasmic genetic male

sterile A-lines, represented by their respective maintainer B-lines, as

North Carolina Mating Design II were utilized in this

originated from theThe parental USA ands tudy. genotypes were

previous performance under acid conditions.selected based Inon

Kenya, Seredo, popular improved cultivar from Uganda, was included as

local check for purposes of agronomic performance, bearing in minda

for study had not beenthat the materials the in thetested area

before.

Entry Genotype Description

1 TX623 Al Susceptible Female
2 WHEATLAND Al Susceptible Female
3 B-YEL PI Al Susceptible Female
4 (AT-1)-52-2-1-2-1 Al Tolerant Female
5 (AT-2)-10-6-1-2-1 Al Tolerant Female
6 (AT-1)-36-4-2-2-1 FemaleAl Tolerant
7 IS7254C MaleAl Tolerant
8 IA28 MaleAl Tolerant
9 TX430 MaleAl Susceptible

10 TX432 MaleAl Susceptible
35 SEREDO CheckLocal cultivar

31

male parents, and their 24 Fx

The 10 parental genotypes were as follows:

hybrids from a

female parents, four restorer R-lines, as
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Locations

One additional location was established atbasis of soil pH (Table 1).

the Plant Science Research Center (PSRC) Mississippi State, MS. The
in Temperature Zone (TZ) 3 MAT 20-22°Clocations used in Kenya were

The first (long) rainy season commenced in

in September. Thesesecond (short)the

Three locations,important crop in the subsistence farming systems.

the Obambo trial location was selected to test performance at a soil pH

With the exception of the Buburi trial location, trialsabove 5.2.

were conducted on sites located on farmers' fields under the Fertilizer

All trial sites used had no historyUse Recommendation Project (FURP).

of farmyard manure or fertilizer application by the FURP project or by

farmers.

Soil sampling

At each trial site in Kenya, soil samples were taken for physical

and chemical analysis to determine the nutrient status of the soil.

Soil samples of depth levels of 0 to 20 cm, referred to as topsoil, and

randomly dug and composited separately for each soil depth within each

replicate. kept in polythene bags and sent to

National Agricultural Research Laboratories (NARL), Nairobi, Kenya for

were collected from four holes20 to 40 cm, referred to as subsoil,

Buburi, Mumias, and Ukwala, were chosen for low soil pH (<5.2) while

Soil samples were

with bimodal rainy seasons.

March and

situated in low altitude, low fertile acid soil, where sorghum is an

locations were

Four locations were selected in Western Province, Kenya on the
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Soil samples were taken prior to land preparationsoil test analyses.

and after harvesting the trials in 1990 and 1991.

Physical and chemical analyses of soil samples

The soil samples were air dried and crushed to pass through a 2-

The following characteristics were determined: sand, clay,screen.mm

topsoil subsoilof andclassificationsilt toand percentages;

determine soil texture; soil pH (1:1.25 KC1) ; organic carbon; total N;

P, K, Mg, Na, Ca, Mn, Zn, Cu, and Fe contents, based on milliequivalent

Carbon to nitrogen (C:N) ratio and exchangeableper 100 g of soil.

Trials

Trials were grown in 1990 and 1991 during the long rains season

in Kenya and during the summers of 1990 and 1991 in Mississippi. The

experimental design for each location randomized complete block

with four replicates. In Kenya, plots consisted of

each genotype

sparingly by hand. seedlings were thinned to 20After emergence, cm

between plants within rows. around the field were plantedRows to

Seredo to serve as guard rows to reduce border effects.

Periodic sprays of recommended insecticides were used to control

major insect pests. Birds were scared away at all sites in Kenya from

the grain filling period through harvest period. In Kenya, pre­

emergence herbicides and fertilizers were not used. This was done to

simulate typical sorghum management practices of Western Kenya. All

a single row 5 m in

was a

Seed forlength with 75 cm between rows.

acidity (Hp) were also determined.

was sown
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trials were maintained weed-free throughout the growing period.

Agronomic characteristics

The following agronomic characters

days to flower as judged by the number of days from(1)
date of planting to date when 50% of the plants were

flowering;

measured as the distance from the(2)

first basal node to the top of the panicle after flowering;

peduncle length (cm) was measured as the distance from the(3)

base of the flag leaf node to the base of the panicle;

measured as the distance from thehead length (cm)(4) was

base of head to the tip of the head;

leaf length (cm) of the fourth leaf from the top of the(5)

plant;

(6) leaf width (cm) of the fourth leaf from the top of the

plant;

fourth leaf area (FLA) (cm2) was calculated as the product(7)

of leaf length, excluding the sheath, and leaf width of the

fourth leaf from the top the plant X 0.75 (Stickler et al. ,

1961);

(8) number of heads per plot;

(9) total weight of

threshed grain per plot;

(10) thousand seed weight (g) was measured as

samples from each plot containing 250 grains each and

an average of two

grain yield per plot (kg) was measured as

were evaluated:

plant height (cm) was
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converted to 1000 grains;

number of grains per heads;(ID
total dry weight (kg) per plot;(12)
harvest index (%) was recorded as the ratio of grain yield(13)
per plot to total dry matter yield (Flores et al., 1988).

under study,differencesDue to

All heads in each plot weredone at different times.

harvested from plants and collectively put in bags. Heads were sun-

Before harvesting, fiveweighing.before threshing anddried

representative plants were randomly chosen in each plot and cut at

ground level; sun-dried; weighed to determine total plant dry matter;

and converted to

Leaf mineral analysis

Before harvesting,

randomly selected and one leaf from each plant

second node from the top. Three leaves per plot were placed in a paper

bag and sun-dried. The dried leaf samples from the four locations in

Kenya were sent to Dr. R. B. Clark, University of Nebraska, Lincoln for

mineral analyses. Samples cleaned free otherof soil andwere

impurities before analysis. Samples were ground to pass through a 0.5

1987) .

fluorescence (EDXFR) (Clark and Gourley,1987) . mineralsTheray

Mineral compositions were determined using energy dispersive x-

a per plot basis.

was harvested from the

mm (40-mesh) screen and later made into pellets (Clark and Gourley,

evaluated included: Mg, K, Al, Ca, Si, P, S, Cl, Mn, Fe, Cu, and Zn.

three representative plants per plot were

in maturity among materials

harvesting was
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Statistical data analyses

Statistical computations were made on a plot basis. Data for each

characteristic were analyzed in accordance with North Carolina Mating

Design II with a random model (Comstock and Robinson, 1948) . Expected

(EMS) were as follows:mean square components

Source df MS EMS

r-1 MSIReps

Males (M) m- 1 MS 2 +

Females (F) f-1 MS 3

(m-l)(f-l)M x F MS4 +

(r-l)(mf-l)Error MS 5

where:

number of replications

number of malesm

f number of females

male variance

female variance

male x female variance

environmental variance.

With inbred the geneticparents expectations of the variance
components would be

- V2

o rmcTf

-2f

2

ram£

<4

+

o2e
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where:

- additive genetic variance

= dominant genetic variance.

+
Hb

++

Narrow-sense heritability (Hn) was estimated as:

Hn
++

Means of treatments were separated using Fisher's Protected Least

0.05 level of significanceSignificant Difference (LSD) theat

following analysis of variance. Analyses of variance were conducted

(GLM) procedure of

Analysis System (SAS Institute, 1985).

<*A

^A

Broad-sense heritability (Hb) was estimated as:

using the General Linear Model the Statistical



CHAPTER IV

RESULTS AND DISCUSSION

Soil characteristics of locations

Significant differences among locations in Kenya were observed for

all characteristics in both years except Zn which differed only in 1991

Thus ,(Tables 2-5).

acidity, levels of fertility stresses, and physical properties: however,

characteristics .

There was a significant Location X Time X Depth interaction for Mn, K, Na,

Significant Location X Time interactions existed for P,and Ca in 1990.

1991.for and in1990; Ca, Mn, Znin and P,Ca,Mg, Na,

Significant Location X Depth interactions were obtained in 1990 for K, Na,

There were fewerCa, sand, clay, Zn, Cu, and exchangeable acidity (Hp).

significant interactions in 1991 than in 1990.

differences between soils taken at planting and harvesting times for soil

1990; and for pH, in 1991.pH, Mg, Na, Ca, Mn, in P,

Significant differences between soil depths existed for percent clay, K,

Hp, Na, Ca, and Mn in 1990 and percent clay and silt, in 1991.

Means for physical and chemical characteristics of soils sampled at

significant differences among locations for sand, silt, and clay contents;

however, differences between soil depths within locations were generally

not significant.

40

There were significant

There were

and P and Ca

significant interactions were observed for many soil

the locations selected for the study varied in

and Mn

the four locations in Kenya are presented in Tables 6-9.
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Soil pH

and was considered theObambo had a mean pH of 5.6 in both years

Obambo had relatively highermost favorable site for sorghum production.

concentrations of K, Mg, Ca, Na, and Mn than the other locations in Kenya.

and Mumias ranged from 4.3 to 5.0 in 1990 andSoil pH at Buburi, Ukwala,

from 4.7 to 4.9 in 1991. Mumias and Ukwala were characterized by low soil

The HppH, high Fe content, high Hp, and deficient levels of Mg and Ca.

Similarthe toxicinlocationstheselevels range.at two were

observations were made by Clark and Gourley (1987).

(20-40 cm) had significantly lower levels of K,

and Mn at Mumias in 1990;Similar results were obtained for K,Buburi.

These

(1989) who found that one of theresults are agreement with Crogan eC al.

reduction in fertility of the

subsoil. The significantly higher levels of Hp and Mn in the subsoils at

Buburi and Mumias, respectively, represented additional toxicity risks to

the developing roots of crops in the subsoil.

of physical and chemical characteristics

of soils measured at planting and harvest at the four locations in Kenya

during 1990 and 1991. A significantly lower pH

than at harvest at all locations except Ukwala. This soil pH fluctuation

was attributed to the differences in relative amount of rainfall at the

two periods. At planting time, significantly lower levels

Significantly lower levels were

Tables 7 and 9 present means

was observed at planting

of P were

observed at Mumias; Mg at Obambo and Buburi; and Mn at Obambo, Buburi and

Na, Ca, Mn, Zn, and Cu and higher (toxic) levels of Hp than top soils at

consequences of declining soil pH, was a

Mumias, than at harvest, in 1990.

In 1990, subsoils

for K and Mg at Buburi in 1991; and for Mn at Mumias in 1991.
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and for Caobserved for P and Mg at Ukwala; for Na at Obambo and Buburi;

In 1991, significantat Obambo at harvest than at planting time in 1990.

for Mg at Buburilower values were obtained for P at Buburi and Ukwala;

and for Ca at Buburi and Ukwala at planting than at harvestand Mumias;

obtained for P at Obambo; and for Mntime.
The significant changes inat Buburi and Mumias at harvest time in 1991.

the mineral content over time was attributed to the pH changes in the soil

Mg at Obambo andprofile which affected pH sensitive minerals such as

1990.Buburi and Mumias inBuburi, andP

ignificant pH differences between the two time periods were

there were significant changes in the concentrations of P, Mg,observed,

Reduction in mineral content at harvest timeCa, Mn,

Carbon concentration andmay have been partially due to crop utilization.

C:N ratio

locations in Kenya in 1990 indicating higher organic matter content.a

Agronomic characteristics

The combined analyses of variance for agronomic characteristics of

35 sorghum genotypes measured at five and 1991 are

presented in Tables 10 and 11.

location interactions except for number of grains

per head and total dry weight. Consequently, each location was analyzed
separately.

Analyses of variance of agronomic characteristics for agronomic
characteristics are presented in Tables 12-21. At Buburi and Mumias, data

for the both years was based on two replicates due to effects of soil

significant genotype x

Although no s

Zn, and Fe levels.

were significantly higher at Buburi

In both years, all characters exhibited

than at the other three

Significantly lower means were

at Mumias,

locations in 1990

Mn at Obambo,
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Many of thepart of crop growth period at each location, respectively.

materials were not well adapted to the environmental stresses encountered

in Kenya, which resulted in additional missing plots at some locations.

The major stresses included central shootfly {AntherLgona soccata) , witch

Weed {Striga hermonthica') , sorghum midge {Contarinia sorghicola) , aphids

{Rhopalsiplum maidis Fitch) , and bird damage which hurt crop performance

at various stages of growth in various locations.

Days to Flower

significant differences for daysamong genotypes to

(Tables 12-21) . The ten parental genotypes differed significantly at all

locations in both years except at Ukwala in 1990, Buburi in 1991, and

Mumias in both years . Significant average heterosis for days to flower

observed at Obambo, Buburi, and MSU in both yearswas

Parents. FTs tended to be earlier maturing

inbred these locations;than the however,parents thisat average

lowest soil pH values. Differences among the FjS were found at Obambo, I
Significant male effects (GCA) were

(expressed for days to flower at MSU,

•Significant female effects (GCA) were expressed for this trait at MSU and

Ujjcwala in both years, at Obambo in 1990, This

Indicated the importance of additive genetic variance for this trait. A

female interaction was observed for days to flower at

r u •» c

as indicated by the

erosion and water drainage problems that were experienced in the early

significant male x

There were

and at Buburi in 1991.

heterosis was not exhibited at Mumias and Ukwala,

in 1990,

significant contrast of Fxs vs.

Obambo, and Ukwala in both years.

flower at all locations

jjkwala, and MSU in both years.

but only at Obambo and MSU in 1991

the locations with
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femaleand at MSU and Ukwala in 1991.MSU and Obambo in 1990,

of specific combining ability (SCA) and isinteraction is

indicated the presence of non-additive gene action for days to flower.

Generally, all genotypes flowered earlier at Obambo and MSU than at

other locations in both years indicating that the locations with low soil

flowering was

in agreement with Flores ec al.delayed (Table 22).

(1988) who reported that days to flower was delayed by 3 days for tolerant

genotypes

bothlocations inearliestTheacidity. at mos t yearsparent was

IS7254C was the earliest parent atgenerally Wheatland, except at Mumias.

exhibited comparableIS7254C1990; however,inMumias

In 1990, Fxsnumbers of days to flower in both years at Obambo and Ukwala.

Similarly in 1991,than parents

hybrids flowered earlier than parents except at Buburi and Mumias. These

results are in agreement with Quinby (1974) who found that heterosis in

sorghum is mainly due faster plant growth. (1972)Liangto

reported negative heterobeltiosis for days - to - first-bloom. Generally,

TX432, flowered earlier than other hybrids in both years across locations.

These hybrid combinations were also earlier than their respective parents.

In the better environments, hybrid combinations involving tolerant male

IA28 ,parent,

trend changed in locations with low soil pH.

Male GCA effects

flowered later than other hybrids

were significant for early flowering for TX432 at

Male x

MSU in both years, and at Ukwala in 1990; for IS7254C at MSU and Ukwala in

These results are

hybrid combinations involving females, Wheatland and B-Yel-PI, and male,

a measure

in both years, but the

pH reduced the

as compared to 8 days for susceptible genotypes due to soil

flowered earlier

and Wheatland

rate of plant growth and, consequently,

except at Ukwala.

ec al.
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Significant male GCA effects forand for IA28 at Obambo in 1991.1991;

late flowering existed for TX430 at Obambo in 1990; and for IA28 at MSU in

the(AT-1)-36-4-2-2-1 exhibited mostWheatland andboth years.

Both B-Yel-PI and (AT-ignificant female GCA effects for days to flower.s
Female GCAcombiners.location specific female2)-10-6-1-2-1 were

The expression ofeffects for days to flower were negative for Wheatland.

GCA effects for days

Modi and Dabholkar (1989) also obtained significant GCA effectsvariance.

for days to flower.

hybrid combinationsobtained ineffectsSignificant SCA were

(AT-1)-36-4-2-2-1 MSU andall femalesinvolving IA28 with atexcept

Positive SCA effects were more frequent than negative SCA in IA28Obambo.

Specific combiningfor late flowering.suggesting dominancecrosses

ability appeared to be of less importance than GCA for days to flower at

Modi and Dabholkar (1989) also reportedmost locations.

effects for days to flower.

Plant Height

Analyses of variance for plant height are presented in Tables 12-21.

except Buburi in 1990 and Mumias in 1991. Significant differences among

parents were observed at all locations except Buburi and Ukwala in 1990

and Mumias in 1991. The contrast of F1s vs Parents was significant only at

Obambo and Mumias in 1990 and Ukwala in 1991. significant

variation at all locations in both years except for Buburi in 1990 and

Mumias 1991.in Significant male GCA effects for plant height were

significant SCA

significant additive genetic

FjS showed

Significant differences among genotypes were observed at all locations

to flower indicated
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Significant femaleobtained at all locations except for Mumias in 1991.

GCA effects were also obtained in all locations except Buburi in 1990 and

This indicated that additive gene action was importantMumias in 1991.

Male x female interactions (SCA) were significant atfor plant height.

MSU in 1991 indicating that non-additive gene action was also important in

controlling this character at this location.

Means of plant height for all entries, by location and year, are

Generally, all entries were taller at MSU in bothpresented in Table 23.

Lowest over all plant height means wereyears than at any other location.

obtained at Buburi in 1990 which was attributed to central shootfly damage

and a short dry spell that occurred shortly after thinning the crop. In

Plantover allboth years,

Wheatland was the shortestheight was suppressed at Mumias in both years.

parent across locations in both years except at Mumias in 1991. IS7254C

locationsthe exceptwas

Generally, hybrids were taller than parents at most locations indicating

heterosis for plant height. Hybrids involving male parent IS7254C were

most locations in both years.

invariably shorter than

Although Rubaihayo and

Makumbi (1976) reported considerable heterosis for this character, the

results of this study are in agreement with Liang et al. (1972) whomore

obtained low heterobeltiosis for plant height. Doggett (1988) stated that

heterosis is a statistic which is applicable only to the trial in which it

is measured, and emphasized the need for its measurement over different

environments in order to be able to select lines that express heterosis

means for Obambo and Ukwala were comparable.

Hybrids of Wheatland with TX430 or TX432 were

tallest parent

tallest, regardless of female parent, at

other hybrids across locations in both years.

for Mumiasat all in 1991.
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Male GCA effects were significant atover

all locations in both years except for Mumias in 1991. At all locations

in both years, tolerant male IS7254C had high GCA means and the highest

frequency of positive male GCA effects of any male, except at Mumias in

that other male combiners invariably had1991.

Male GCA effects were significant for all thenegative male GCA effects.

IS7254C and TX430 were the bestfour males. Over locations and years,

the poorest male combiner.

effectsobtained, GCAeffectswhere werewere

positive for IS7254C and negative for IA28 and TX430. Hybrids involving

IA28 and TX430 tended to be shorter than the other hybrids. These two

male parents would appear to be good combiners for making short hybrids

Female GCAwhich are desirable for situations where lodging is

effects were significant for all female combiners except (AT-1)-52-2-1-2-

1.

followed by TX623. Tolerant female combiners invariably poorwere

demonstrated significant GCA effects in

acid soil stressed locations except for (AT-1)-36-4-2-2-1 at Ukwala in

1991. The effects invariably

negative for Wheatland and positive for TX623. Significant SCA effects

for plant height were observed for IS7254C crossed with TX623, Wheatland,

TX623 X IS7254C and TX623 X

Both GCA and SCA effects were present for plant height; however, additive

genetic variance was more important than non-additive genetic variance in

controlling plant height.

a problem.

combiners for plant height as none

a wide range of environments.

male combiners and TX432 was

B-Yel PI, and (AT-1)-52-2-1-2-1 in one year.

IA28 had significant SCA effects at Obambo and Ukwala in the same year.

In all cases

Wheatland was the best female combiner across locations and years,

obtained were

It was also observed

significant female GCA

significant GCA male
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Head Length

Analyses of variance for head length at individual locations in both

Significant genotypic differences

observed at all locations in both years except for Buburi in 1990 andwere

Significant differences among parents were observed atMumias in 1991.

and at Buburi and Ukwala in 1991. Thein both years;MSU and Ob ambo

significant at Obambo, Mumias, and MSU inParents wasvs

1990; and at MSU and Ukwala in 1991 indicating the existence of heterosis

significant differences among F1s at allfor head length.

in 1990,except Obambo andlocations

significant differences among males at all locationsThere wereyears.

except Buburi in both years and Mumias in 1991. Females were significant

This indicated

Male x female interactions were only significant at MSU in 1990 and at

Ukwala in 1991. This indicated that GCA effects were more important than

SCA effects in controlling head length at most locations.

Means of head lengths of all entries

Generally, location means were comparable between years, except at Buburi.

Male parent TX430 and female parent TX623 had expressed particularly long

head lengths across locations in both years except at Ukwala and Mumias.

(AT-2)-10-6-1-2-1 and IA28 showed the least fluctuation in head length

among locations. Hybrid combinations involving male parents, IS7254C and

IA28, generally had longer heads than other hybrids combinations and the

Thereexpression locations.pronounced stressedatwas more was

pronounced heterotic expression for head length at MSU, Obambo, Ukwala,

contrast of Fxs

years are presented in Tables 12-21.

There were

are presented in Table 24.

in both years at MSU and Ukwala, in 1991 at Obambo and in 1990 at Mumias.

Mumias in 1991, Buburi in both

significant additive genetic variance for head length.
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Similar results were also reported by Rubaihayoand Mumias in some years .

who reported significant(1990)Nandanwankar(1976) and

Significant male GCA effects for headpositive heterosis for head length.

The best male combiners werelength existed for all males except IA28.

it was observed that IS7254C had longer headsIS7254C and TX432;however,

and TX432 had shorter heads than the location means at Ukwala and Mumias.

Male GCA effects for TX430 were significant at MSU in both years and TX430

Significanthad significantly longer heads

The best female combinersfemale GCA effects were found for all females.

were TX623,

the poorest combiners.52-2-1-2-1 were

for tolerant than forhigherUkwala and Mumiasobtained at were

While significant male x female interactions existedsusceptible females.

TX430(AT-2)-10-6-1-2-1 showedonly hybridUkwala,andMSUat ax

(1981) reported that additiveBittinger et al.

genetic variance was greater than dominance variance for head length. It

appeared that additive gene action

gene action for this trait.

Peduncle Length

Analyses of variance for peduncle length are presented in Tables 12-

21.

except Buburi. Mean squares for parents were only significant at Ukwala

in 1990 and at Ukwala in

1991. significant at all locations except

significant SCA effect.

was more important than non-additive

Mean squares for FTs vs

Parents were significant at Obambo and Mumias

It was observed that GCA means

Wheatland, and (AT-2)-10-6-1-2-1, while B-Yel-PI and (AT-1)-

Differences among Fj^ were

in 1991 and at MSU and Obambo in both years.

Significant differences among genotypes existed at all locations

and Makumbi

than other males at MSU.
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Buburi in both years and MSU and Mumias in 1991. Mean squares for males

all locations Buburi,significant indicated additiveexceptatwere

Females were significant at allgenetic variance for peduncle length.

locations except Buburi indicating significant GCA effects for females.

Male x female interactions were significant at Ukwala in 1991 and at MSU

and Obambo in both years. While both additive and non-additive genetic

variance existed for peduncle length, additive genetic variance

predominant source of variation for this trait.

Means of peduncle length for all entries are presented in Table 25.

Significant differences among parents existed in the better environments.

(AT-2)-10-6-1-2-1 had consistently longer peduncle than IA28a across

Generally, for reasons not clear, peduncle length

tended to increase in the poor environments, except at Buburi where it was

suppressed for all entries in both years. Hybrids of male parent TX432

had longer peduncles compared other hybrids, ofin theto even some

stressed environments. TX623 (AT-1)-52-2-1-2-1and x TX432

showed the least variability across locations in both years. Significant

male GCA effects were found for all male combiners. the best

general combiner for long peduncle length across locations while IA28 was
the poorest general combiner. Male GCA effects for TX430 were negative

All females showed significant GCA effects.

(AT-2)-10-6-1-2-1 the best female general combiner inandwas most
locations and demonstrated the highest GCA whichyears means were

means,
environments. (AT-1)-52-2-1-2-1, B-Yel-PI, Wheatland, and TX623 were poor
female combiners. (AT-1)-36-4-2-2-1 showed negative female GCA effects.

for all locations and years.

significantly higher than the overall location

locations and years.

TX432 was

was the

even in stressed

x IS7254C
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female interaction (SCA) effects were observed only for

Wheatland x TX432 which expressed SCA for shorter peduncle length at MSU

prevalent than non­Additive genetic varianceand Obambo.

additive genetic action for peduncle length.

Leaf Length

forSignificant differences among genotypes

Obambo and Ukwala in both yearsfourth leaf from the head were noted at

There were significant differencesand at MSU in 1990 (Tables 12-21).

10 parents at Obambo and Ukwala in both years,

only at MSU and Obambo, indicating the lack of heterotic expression for

leaf length in stressed areas.

Significant male GCA

effects were found in both years at Obambo and Ukwala and at MSU for 1990.

Significant female effects existed for both years at Obambo, and in 1990

A significant male x female interaction was

observed only at Obambo in 1990. indicates that GCA effects wereThis

more predominant than SCA effects in the inheritance of leaf length.

Means of leaf length are presented in Table 26. In general, male

parent IS7254C had lower mean leaf length than other parents, and parents,

TX623 and TX430, had the longest leaves at most locations. Some hybrids

of TX430 had higher than other hybrids.

than hybrids involving male parents, TX430 and TX432. Male GCA effects

for leaf length were significant for all males with IA28 being the best

vs Parents contrast was seen

among the

A significant Fj^s1991, and at MSU in 1990.

at MSU, Buburi, and Ukwala.

locations, some hybrids involving male parent IS7254C had shorter leaves

was more

leaf length means

at Mumias in

Fx genotypes differed significantly in both

Significant male x

years at Obambo and Ukwala, and in 1990 at MSU.

leaf length of the

At some
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the poorest general combiner. Female GCAgeneral combiner and TX432

(AT-2)-10-6-1-2-1; however, only TX623 showed positive female GCA effects

Significant SCA effects were observed for (AT-2)-10-6-1-for leaf length.

It appeared that additive genetic variance2-1 x TX432 at Obambo in 1990.

important than non-additive gene variance for controlling leafmorewas

length.

Leaf Width
There were significant differences among genotypes for maximum leaf

Significant differenceswidth at MSU, Obambo and Ukwala (Tables 12-21).

among parental genotypes occurred only at Obambo.

Parents contrast was found only at Ukwala in 1991, indicating that there

Environmental influences onlittle heterotic response for leaf width.was

this character were large. Ukwala was the only location that produced

Significant male GCA

effects were expressed at MSU, Obambo, and Ukwala. Significant female GCA

effects existed at MSU, Buburi, and Ukwala. No significant male x female

noted, indicating the

variance and the importance of additive gene variance for leaf width.

Means of the maximum leaf width are presented in Table 27. There

few differences among parents and Frs. Male IS7254C had the widest leaf

width at MSU. At MSU, Obambo, and Ukwala parents had narrower leaves than

in general.Fxs, Generally, the GCA of the tolerant males weremeans

higher than the location means and the GCA means of the susceptible males,

except for IA28 at MSU and Obambo in 1990. At Obambo and Ukwala, GCA

A significant Fj^s vs

significant differences among Fxs in both years.

effects for leaf length were only significant for TX623, Wheatland, and

lack of non-additive geneticinteractions were
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for tolerant females were higher than for susceptible females andmeans

above location means except for (AT-2)-10-6-1-2-1 in 1990 at Obambowere

Susceptible females had higherand (AT-1)-52-2-1-2-1 in 1991 at Obambo.

than tolerant female combiners at Buburi in 1990, except forGCA means

No significant female GCA effects existed except for WheatlandWheatland.

Whilenegative. additiveat Ukwala in 1991 where

genetic variance may be important for leaf width,

played

Leaf Area

There were

Significant differences amongand Ukwala (Tables 12-21).Obambo,MSU,

parents existed only at MSU and Obambo. Significant average heterosis for

vs

Significant differences among FxsParents at MSU,contrast.

Significant male effectsObambo, and Ukwala. expressed at MSU,were

and Ukwala while significant female GCA effects existed at MSU,Obambo,

Obambo, Buburi, and Ukwala. existence of significant GCA effectsThe

indicated an important role for additive genetic effects in controlling

leaf femaleMale interactions significant atnotarea. x were any

location, indicating that non-additive genetic variance was not important

At Mumias and Buburi, no significant

differences of any kind were observed for leaf area in either year.

Means for leaf area of the 35 genotypes are presented in Table 28.

Location highest thenObambo and decreasedMSU andatweremeans

drastically as the degree of environmental stress increased. As expected,

significant differences among genotypes for leaf area at

a major part in the expression of leaf width.

in the inheritance of leaf area.

environment may have

leaf area was at MSU and Ukwala only as denoted by a

were seen

the GCA effect was

significant F1s
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TX623 and (AT-2)-leaf area means for locations fluctuated between years.

10-6-1-2-1 generally had high

IS7254C had the lowest mean leaf areayears, except at Mumias in 1991.

1991,the other parental genotypes. Incompared tosites asacross

regardless of genotype, leaf area of genotypes at Mumias,

Superior hybrids for leafdecreased.

2)-10-6-1-2-1 x IS7254C, Wheatland x TX430 ,

general lack ofIA28. The(AT-1)-36-4-2-2-12-1-2-1 and x

heterotic response was attributed to effect of the stress environments, as

in not being able to detect significant differences among parents andseen

These results disagree with those reportedhybrids in these environments.

by Rubaihayo and Makumbi (1976) who obtained highly

they measured the area of the flag leaf and thefor leaf area; however,

1990,growth conditions. Inunder optimum cropdone

thanand Ukwala had higher GCA meanstolerant males at Obambo, Buburi,

In 1991, at Obambo,for except IS7254Csusceptible males,

observed for the tolerant maleand Ukwala trend wasBuburi,

The male GCA means for IA28 were generally the highest in mostcombiners.

the bestexcept in the less acid locations. In both years,locations,

TX432 combiners had invariablycombiners

negative male GCA effects in low fertile acid areas including Obambo.

females; however, tolerant females varied considerably with locations and

Despite high GCA means in both tolerant and susceptible females,years.

the only

(AT-2)-10-6-1-2-1. (AT-2)-10-6-1-2-1 was

significant heterosis

a better general combiner for

was drastically

area included TX623 x IS7254C, (AT-

a similar

significant female GCA effects expressed were in Wheatland and

at Obambo.

mean leaf areas across locations in both

x TX430,

experiment was

B-Yel-PI x TX430, (AT-l)-52-

Tolerant females generally had higher GCA means than susceptible

were IA28 and TX432; however,
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female effectsthe GCA invariablyWheatlandthanleaf wereasarea

negative for Wheatland, except at MSU where the best of the environments

therefore, that additive geneticIt appeared,growth existed.for

GCA effectsimportant for leaf

No significant SCA effects were foundimportant than female GCA effects.

lack of non-additive genetic variance for

leaf area.

Number of Heads per Plot

Significant genotypic differences for number of heads per plot were

found at all locations except Mumias (Tables 12-21).

parents were significant at all locations except at Mumias. The contrast

limited heterotic response for heads per

Obambo and Ukwala.plot. significant at MSU,

Male GCA effects ignificant only at Ukwala in both years. Mean

squares for female GCA effects were significant at all locations in 1990,

but were significant only at Ukwala in 1991. There was a significant male

female 1991Obambo in Ukwalax

indicating that both GCA and SCA inheritance ofimportant in thewere

number of heads per plot.

Means of number of heads per plot are presented in Table 29. All
location produced fewer heads per plot in 1990 than in 1991, except for

Buburi. More heads were produced at MSU in 1990 than at any other of the

Kenyan locations. On the average, parents had higher number of headsa

than hybrids. In 1991, Buburi had, by far, the lowest number of heads of

significant only at Ukwala and Buburi in 1990 andof FLs

Differences among

vs parents was

at any location indicating a

Differences among

were s

in both years

were more

and atinteraction at

area and malevariance was

1991, respectively, indicating a

F1s were
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TX430 produced thein 1991,establishmentlocation. Due to poorany
Seredo had a highper plot at all locations.lowest number of heads

1991. the parentalinall locations Amongnumber of heads across

per plotof headshighest numbertheIS7254C had acrossgenotypes,

differences among hybrids within andThere werelocations and years.

Heterotic response, especially mid-parent heterosis,locations.across

In 1991,positive, but expression varied among hybrids and locations.was

thehigher than otherMumiasof heads harvestednumberthe at were

head sizes were very small with very few grains ofhowever,locations;

from nodal tillersharvestedheadshead. Somesorghum wereper

low yield at this location.contributing to the

Male GCA means were higher for susceptible males than for tolerant

in case of TX432, were higher than the location means; however,males and,

for TX432 observed only at Ukwala.were

Across locations, the tolerant male IS7254C had lower GCA means than other

The GCA effects for this male were invariably negative, but weremales.

only significant at Ukwala in 1991. IA28 and TX430 showed no significant

male effects locations Femaleand GCAGCA years. wereacross means

generally higher for susceptible females. Significant female GCA effects

were found for all females. Wheatland was the best female combiner across

locations for number of heads. Significant female GCA effects for TX623,

(AT-1)-52-2-1-2-1, (AT-2)-10-6-1-2-1and also positive, butwere were

limited to the better environments. Significant female GCA effects for B-

negative both in the good and the poor

environments. This indicated effectsthat forGCA importantwere

determining number of heads. Significant SCA

significant male GCA effects

Yel-PI and (AT-1)-36-4-2-2-1 were

was observed with TX623 x
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IS7254C at Ukwala in 1991 and with (AT-2)-10-6-1-2-1 x IS7254C at Obambo

indicating that non-additive gene action was presentand Ukwala in 1991,

for number of heads per plot,

action in the genetic control of number of heads.

Grain Yield

There were

all locations in both years except at Mumias in 1991 (Tables 12-21).at

locationsSignificant differences

except MSU and Buburi in 1990 and Mumias in 1991. Average heterosis (FjS

vs parents) was expressed for grain yield at Obambo and Buburi in 1990, at

significant1991,Ukwala MSUin years.

differences among hybrids at all locations in both years except at Buburi

Significant male GCA effects were expressed for grainand Mumias in 1991.

yield at all locations in both years except at Ukwala and Mumias in 1990.

in bothSignificant female GCA effects were

Significant malein 1991.Buburi and Mumiasyears except at

interactions were found at all locations except at Buburi in 1991 and at

Mumias in both years. Mumias was the harshest environment for production

of grain in both years, but in 1991 it was that no significant

differences among the 35 entries could be detected. At Buburi, besides

and bird damage made it difficult to detect genetic variation for grain

yield, especially in 1991.

There were large differences between the location means of good

significant differences among genotypes for grain yield

so severe

Means grain yields of the 35 genotypes are presented in Table 30.

the soil stress conditions on the crop, severe erosion, shoot fly, striga

but was not as important as additive gene

x female

observed at all locations

in both

among parents were observed at all

There wereand at
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Male GCA means for grain yield were higher for IA28 than for other

Significant male GCA effects for grain yield were foundmale combiners.

combiner in both goodbestIA28 the andmales.for all poorwas

it had invariably positive GCA effects. In the case ofenvironments as

significant GCA effects were negative.allIS7254C,

GCA effectsvaried with locations and years,

results(AT-1)-52-2-1-2-1. These that additiveexception of suggest

Significant

found. Allwere

hybrids except B-Yel-PI x IS7254C; Wheatland x IA28; (AT-1)-52-2-1-2-1 x

IA28; and females, TX623, (AT-1)-52-2-1-2-1, B-Yel-PI and (AT-1)-36-4-2-2-

1, crossed with male parent TX432 expressed significant SCA effects;

however, SCA effects tended to be low in most environments. Significant

observed more frequently Obambo, and Ukwala.at MSU,

Only one hybrid at Buburi showed significant SCA. SCA effects for a given

hybrid were rarely fromconsistent each location. Theatone year

existence of both additive and non-additive genetic variance for grain

yield were indicated by these data which is in agreement with Wilson et

al. (1978). Male combiners tended to be more consistent from location to

location than female combiners in terms of GCA. Significant SCA effects

were less common and tended to be associated with the better environments.

These results support Laosuwan and Atkins (1977) who reported that the GCA

effects of R-lines accounted for the largest portion of the variation

expressed for grain yield.

were both positive and negative depending with location and year with the

genetic variance was important in the control of grain yield.

Female GCA means

SCA effects were

so that for most females,

which were both negative or positive,SCA effects,



121
One thousand seed weight

weight at all locations except Buburi and Mumias in both years (Tables 12-

21) .
Mean squares for Fxs vs Parent wereboth two years and at Obambo in 1991.

significant only at Obambo in both years and at Buburi in 1991

indicating limited expression of heterosis for 1000 seed weight. There

Obambo and Ukwala in bothwere

In both years, significant differences among males were found atyears.

Significant differences among females were foundMSU, Obambo, and Ukwala.

at Obambo and Ukwala in both years and at MSU and Buburi in 1991. Male x

female interactions were significant in 1991 at MSU and Obambo and in both

years at Ukwala.

Means of 1000 seed weight of the 35 genotypes are presented in Table

One thousand seed weight in both years at Mumias31.

it was generally observed seed weightslower than the other locations.

lower at Buburi and Ukwala than at MSU and Obambo in both years. Atwere

Heterotic response for 1000

seed weight of hybrids above either parent was more observable at Obambo

in 1990 than at other sites, although hybrids did express heterosissome

for 1000 seed weight in several locations. A number of hybrids maintained

higher 1000 seed weight than other genotypes in the poorer environments

which supports the findings of Heinrich ec al. These data also(1983).

agree with Nandanwankar (1990), who reported positive heterosis for seed

(1972) who obtained negative heterobeltiosis forsize, and Liang ec al.

kernel weight. Quinby (1972) also found that male parents had heavier

significant differences among Fxs at MSU,

most locations, parental means were similar.

was significantly

There were significant differences among genotypes for 1000 seed

Parental genotypes were significantly different at MSU and Ukwala in
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There were discernable differences among hybridskernels than hybrids.

for thousand seed weight in both good and bad environments. Generally,

hybrids involving male parent IS7254C had higher means than other hybrids

Some hybrids also exhibited negative heteroticin a number of locations.

response compared to the lighter seeded parent.

Male GCA means were generally higher for IS7254C than for other male

Significant male GCAcombiners at all locations except Buburi in 1991.

It was observed that IS7254C andeffects were obtained for all males.

TX430 had positive male GCA effects whereas IA28 and TX432 had negative

Generally, female GCA means for Wheatland were higher thanGCA effects.

Although significant GCA effects were observed for allfor other females.

females, Wheatland had the highest frequency of significant GCA effects.

GCA effects for Wheatland were positive while female GCA effects of the

other combiners were generally negative. Significant SCA effects were

obtained with TX623 x IA28, Wheatland x IA28, B-Yel-PI x TX432, (AT-2)-10-

6-1-2-1 (AT-1)-36-4-2-2-1 Ofand these hybrids,

Wheatland IA28 (AT-2)-10-6-1-2-1 TX432 exhibitedX and positiveX
significant SCA effects in poor environments, although the expression was

for one location and year only. These results are in agreement withone

Bittinger eC al.

greater than dominant gene effects for thousand seed weight.

Number of Grains per Head

Significant differences among genotypes were found at MSU and Ukwala

Average

Differences among

parents existed at Buburi in 1991 and at Obambo in both years.

in 1990, and at Obambo in both years (Tables 12-21).

x TX432.

(1981) who reported that additive gene effects were

x TX432,
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significant only at Obambo and Ukwala

Significant differences among hybrids were expressed at MSU,in 1990.
Mean squares for malesObambo and Ukwala in 1990 and at Obambo in 1991.

significant at MSU, Obambo, and Ukwala in 1990 and at Obambo in 1991.were

Obambo andSignificant differences among females were expressed at MSU,

Male x female interactions for number of grainsMumias in single years.

Mean numbers of grains per head of the 35 sorghum genotypes are

for thelocationGenerally,Table 32.inpresented stressmeans

lower than location means of the better environments.environments were

of grains head thannumberlowergenerally exhibitedParents pera

Parents differed from each other within locations. Parents,hybrids.

(AT-2)-10-6-1-2-1 and TX432, had comparable performances across locations

Parent IA28 had particularly high numbers of seeds perexcept at Mumias.

head at Obambo in both years and at Buburi in 1991. Hybrids exhibited a

the highest however,higher number of grains head than parent;per

often in better environments than in poorexpressed more

number of hybrids that exhibited heterosisenvironments.

across locations, except at Mumias. Nandanwankar (1990) and Rubaihayo and

Makumbi (1976) also reported consistent significant increases in number of

grains per head due to heterotic effects. Differences among hybrids were

evident both in the good and poor environments. Hybrids involving all

females crossed with male parent IA28 had generally higher numbers of

seeds per head across locations than other hybrids. Hybrid Wheatland x

■

only at Obambo and Ukwala in single years.

heterosis for number of grains was

were significant

heterosis was

There were a

IS7254C had 4110 seeds per head at Ukwala in 1991 which was the highest of
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Hybrid (AT-1)-52-2-1-2-1 x TX430all hybrids in any location or year.

also had a higher number of seeds per head over locations than some other

relatively poor hybrid inTX432hybrids. Wheatland poorwas ax

environments compared to many of the other hybrids.

Male GCA means for number of grains per head were generally higher

No significant male GCA effects were found forfor IA28 than other males.

IA28 had positive significant male GCA effects in both years atTX432.

and in 1990 at MSU and Ukwala, whereas other male combiners hadObambo,

negative indicating poor general combining ability. Female GCA means were

higher for (AT-1)-52 - 2-1-2 -1 than for other females. Depending on the

females, TX623, B-Yel-PI, and (AT-1)-36-4-2-2-1, exhibited bothlocation,

negative and positive GCA effects; however, only the positive female GCA

effects s ignifleant. Both Wheatland (AT-2)-10-6-1-2-1and hadwere

negative significant female GCA effects. observed that females11 was

combiners had expressed significant GCA effects It

appeared that additive genetic effects controlled the number of grains per

head which agrees with Laosuwan and Atkins (1977) who reported that GCA

effects of males controlled the largest portion of the variation expressed

for number of grains per head. Significant positive SCA effects were

expressed at Ukwala by (AT-1)-36-4-2 - 2 - 1

TX432 and IA28 in 1991. These in

agreement with Laosuwan and Atkins (1977) that while non-additive gene

effects contributed the variation in single hybrids they playedto a

lesser role than additive gene effects.

1

significant GCA effects only in better environments and these effects were

in 1990 and by TX623 xx IA28

at low frequency.

B-Yel-PI x at Obambo results are
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Total Dry Weights

Total dry weight were not measured at Obambo and Ukwala in 1990 nor

There wereat MSU in 1991.

DifferencesObambo and Mumias (Tables 12-21). among parents wereMSU,

and Mumias in someUkwa1a, MeanBuburi,significant at Obambo, years.

only significant at Obambo in 1991 andparents weresquares vs

Differences among Fxs wereMumias in 1990.

Males were significantin single years and at Obambo in both two years.

for females1990. MeanObambo and Mumias inMSU,at squares were

in both years. Male x

female interactions were

Location means for total dry weights from good environments were at

location means from the poor environments in 1990least twice as high as

(Table 33). Total dry weights at Obambo in 1991 low and were notwere

much different from the poor environments except for Mumias. Differences

among parents were more obvious when they were compared between Obambo and

the stress environments. Large differences were exhibited by TX623, and

IA28 which had low total compared to the

tall IS7254C. generally hadParents lower dry weights thanmatter

obvious at MSU and Buburi. There was

inconsistency in expression of heterosis and also fluctuations in total

dry weights of particular hybrids location.given Theseat a

inconsistencies were attributed to differences in soil pH and genotype.

Fluctuations also Furlani al. (1986) haveet

reported that in ferric and aluminum phosphate soils, low shoot dry matter

yields were obtained. Johnson and Ohki (1984) reported similar findings

■

significant at MSU and Obambo in 1990.

significant at MSU and Mumias

significant differences among genotypes at

for Fxs

dry weights across locations as

this was not ashybrids; however,

existed between years.

significant at MSU and Mumias in 1990 and Obambo
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with wheat where low soil pH significantly reduced dry weight. There were

Dry weights

dry weight means differences among genotypes were fairly consistent, for

(AT-1)-52-2-1-2-1 x TX432 compared toIA28,(AT-1)-52 - 2-1 - 2 -1 and asx

TX430,and B-Yel-PI locations.TX430of TX623lower acrossxXmeans

comparable to the otherIS7254C hadHybrid (AT-1)-52-2-1-2-1 meansx

yet had the highest total dryand Ukwala,Buburi,hybrids at Obambo,

weight means at MSU and Mumias in 1990.

Isolated significant male GCAMale GCA means were highest for IA28.

IS7254C, TX430 TX432.for males, andeffects also obtainedwere

negative at MSU and Obambo and positive at

The positive significant male GCA effects for total dry weightMumias.

TX623 in the better environments. (AT-1)-52-2-1-2-1 had high female GCA

for total dry weight. (AT-2)-10-6-1-2-1 had significant negativemeans

GCA effects in the better environments and positive effects in the poor

of Mumias.environment Significant male and female GCA effects were

expressed in the poor environments by IS7254C, TX430, (AT-D-52-2-1-2-1,

significant role for additive gene

effects the inheritancein of tolerance conditions of soilto stress

Wheatland and B-Yel-PI did not exhibit any significant femaleacidity.

GCA effects. Significant SCA effects were expressed only at MSU by (AT-

D-52-2-1-2-1 IS7254C and (AT-1)-36-4-2-2-1 IS7254C whichx X were

positive and negative, respectively. These data are in agreement with

Modi and Dabholkar (1989) who reported significant GCA and SCA effects for

significant differences among hybrids for total dry weight.

were considerably higher at MSU compared to the other locations; however,

Significant male effects were

and (AT-2)-10-6-1-2-1 which implies a

High female GCA means were found forwere found for IS7254C and TX430.
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butdry weight,

important, particularly, in stress environments.

Harvest Index

Harvest index was not measured at Obambo and Ukwala in 1990 nor at

Significant differences among genotypes for harvest indexMSU in 1991.

and Mumias in individual years and atBuburi, Ukwala,found at MSU,were

There were significant differencesObambo in both years (Table 12-21).

among parents at Obambo in both years and at Ukwala, Buburi and Mumias in

Significant differences between hybrids and parentsindividual years.

were found at Obambo, Buburi and Ukwala in individual years. Differences

among Fj^s were significant at Obambo in both years, at Buburi in 1991, and

Mean squares for males were significant at Obambo for twoat MSU in 1990.

and Mumias in individual years. Significantyears,

female mean squares were limited to individual years at Obambo, Buburi and

Ukwa1a. Significant male x female interactions existed only at Obambo.

Mean harvest indices of 35 sorghum genotypes are presented in Table

34. The location means for MSU in 1990 and for Obambo for two years were

far higher than for the other locations and reflect the stress due to soil

acidity Low soil pH has been shown reduceat to

harvest index by lower shoot dry matter yield and grain yield in sorghum

growing in acid soils (Furlani et al., 1986; and John and Ohki, 1984).

Parental differences existed in both the good and environments;poor

however, fluctuations very high in the poor environments. Somewere

parental Seredo, had fairly acceptablegenotypes,

harvest index, across all locations, including Mumias; however, Wheatland,

as well as means for

and at MSU, Buburi,

in the present study additive gene effects were more

these other sites.
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and TX432 expressed large differences at most locationsIS7254C, IA28,

Genotypic expression of this character, at Mumias in bothexcept Mumias.

in 1991,

In the poor environments, heterosis was generally suppressed;locations.

Wheatland x TX432, B-Yel-PI x IA28, and (AT-

1)-52-2-1 -2-1 x TX430 were able to express significant heterosis over the

Significant differences among hybridshigher parent at Ukwala and Mumias.

(AT-1)-52-2-1-2-1Some hybrids suchobserved at most sites. as xwere

TX432 had consistently high harvest indices

(1988) also reported higher harvest indices for genotypesFlores et al.

tolerant to acid soil stress.

Male GCA means for harvest index were generally higher for IA28 than

for other males; however, all males exhibited significant male GCA effects

at some locations. Only males, IA28 and TX430, had significant positive

GCA effects in stress environments.

observed. Significant positive female GCA effects

occurred only with B-Yel-PI (AT-1)-52-2-1-2-1and in the better

No significant female GCA effects for harvest index wereenvironments.

expressed for Wheatland or (AT-1)- 36-4-2 - 2-1. TX623 and (AT-2)-10-6-1-2-1

significantexpressed negative effects inGCA environments.poor

Significant positive SCA effects were expressed for harvest index by (AT-

1)-52-2-1-2-1 x TX430 at Obambo in 1991. These results are in agreement

with Modi and Dabholkar (1989) who also reported significant additive and

non-additive genetic effects for harvest index.

hybrids such as

High variation for female GCA means

Heterosis was not expressed uniformly by hybrids either within or across

across locations was

however, some

was extremely variable within locations.years and at Buburi

even in the poor environments .
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Leaf mineral concentrations

twelve leafof the mineralof variancecombined analysesThe

concentrations of 34 sorghum genotypes measured in 1990 and 35 sorghum

genotypes measured in 1991 at four locations in Kenya are presented in

Genotype x location interactions were significant forTables 35 and 36.

and Zn in 1990 and for all minerals except Mg in 1991.

significant G interaction. Locationconcentrations

differences were significant for all minerals except P, S, and Cl in 1990

1991.in Due

location interactions, all minerals were analyzed separately by location.

Magnesium

There were significant differences among genotypes for Mg content at

Buburi for two years and at Ukwala and Mumias in single years (Tables 37-

In 1990, parents differed significantly only at Mumias; however,44) . in

1991, significant differences existed locationsamong parents

except Mumias. It was only at Buburi and Mumias in 1990 that the contrast

Parents was significant for Mg content. Differences among Fxsvs

were found at Obambo and Mumias in 1990, at Ukwala in 1991, and at Buburi
in both years. Mean squares for both males and females were significant

at Obambo and Mumias in 1990, and at Buburi in both years. A significant

male x female interaction for Mg occurred at Buburi in 1990.

Magnesium contents of leaves for the 35 genotypes are presented in

Table 45.

all other locations.

of Fxs

There were significant differences among genotypes for all leaf mineral

Location means for Ukwala, Buburi, and Mumias were

In both years, the location means for Obambo were higher than

that had no

to numerous

x L

K, Ca, Mn, Cu,

genotype x

at all

and for all minerals except P
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With few exceptions, parental genotypes lackedcomparable in each year.

(AT-1)-52-2-1-2-1 had theconsistency between years and among locations.

lowest and IS7254C the highest Mg content in most environments. At most

therelocations two years,

(AT-2)-10-6-1-2-1 x IS7254C,and/or lower parent.

and (AT-1)-36-4-2-2-1IS7254C,

There were differences amongthan their higher parent at Buburi.means

but hybrids showed large fluctuations betweenfor Mg content,hybrids

Hybrids, Wheatland x IA28 and (AT-1)-36-4-2-2-1years within locations.

consistently lowerhad means

and Gourley (1987)Clark alsolocationshybrids across

reported lower concentrations of Mg in the leaves of plants grown

acid soil compared to leaves of plants grown

for Mg content were highest for

IS7254C and TX430. Both had significant positive male GCA effects. IA28

its GCA effects

negative at Buburi and Mumias in 1990. No significant male GCA effects

were found for TX432. Females, (AT-2)-10-6-1-2-1 and (AT-1)-36-4-2-2-1,

B-Yel-PI exhibited a significant

GCA effect at Mumias in 1990. Females, TX623, Wheatland, and (AT-1)-52-2-

significant female GCA effects for Mg content.

indicating that

additive effects were predominant for Mg content. These results are in

agreement with Gorz et al. (1987) who observed that GCA effects exceeded

SCA effects In this study,

I

A few hybrids such as

on a neutral soil.

on an

Specific combining ability effects were not significant,

x TX430, had higher

had higher GCA means than other females.

(AT-1)-36-4-2-2-1 x

x IS7254C

1-2-1, invariably showed no

x IA28,

and years.

in the

heterosis, in that hybrids had lower mean Mg contents than their midparent

had the lowest male GCA means and

was negative expression ofof the

The significant male GCA means

were significantly

than (AT-2)-10-6-1-2-1

for Mg content in sorghum plant tissue.



161

hybrids which had

parent were generally those which had either one or two tolerant parents.

accumulated higherreported that Al-tolerant genotypes(1987)Duncan

levels of Mg than other genotypes.

other genotypes, especially in the poorer environments.

Aluminum

There were

only at Buburi and Ukwala in 1991 and at Obambo in both years (Tables 37-

44) . at

Mean squares for FrsObambo and in single years at Buburi and Ukwala. vs

lack ofin 1990, indicating aonly significant at Mumias

Significant differences among hybridsheterosis for Al content.average

1990.in werewere

forall locations in singlesignificant at

females were only significant at Obambo in 1990 and at Ukwala in 1991.

ignificant male x female interactions suggesting that non­

additive genetic effects were not important for Al content.

Means of aluminum content of the 35 genotypes are presented in Table

46. in 1990.There

Significant differences allobservedgenotypic atamong means were

locations, except Mumias in 1991. Location means for 1990 were generally

higher than for 1991.

1991. Mean fluctuations between years for various parents at individual

significant differences among genotypes for Al content

a higher concentration of Mg in leaves than the higher

There were no s

locations was high, except for a

Parents were

few parents such as (AT-1)-52-2-1-2-1,

The lowest Al contents were found at Buburi in

Mean squares

mean squares

for males

Significant differences among parents existed in both years

In this study, tolerant parents and

years while

were differences among genotypes only at Obambo

observed only at Obambo

hybrids from some tolerant combinations had higher Mg concentrations than
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Means for Seredo were generally(AT-2)-10-6-1-2-1, B-Yel-PI, and IS7254C.
Wheatland and IA28 had

higher mean Al content across locations and over years than other parents.

consistently lower than their respective midparent,

indicating negative heteroticlower parent at Mumias in 1990,

for this trait; however, there were a few hybrids involving maleresponse

parents, TX432 and TX430,

Mean differences among hybrids across locations could nothigher parent.

be ascertained due

TX432 had higher Al content at Buburi, Ukwala and Mumias than a number of

IS7254C.involving male parent, 1990,Inespecially thosehybrids,

(AT-2)-10-6-1-2-1,hybrids of female parents, TX623, Wheatland, B-Yel-PI,

crossed with male parent, IS7254C, had lower Al

contents than hybrids of females, TX623, Wheatland, and (AT-1)-36-4-2-2-1,

crossed with male parent TX432 at Mumias.

Male lowest for IS7254C IA28 ; however,andGCA means were no

significant male GCA effects were observed, except for TX432 at Buburi in

1991. (AT-2)-10-6-1-2-1 at

Mumias in 1990 and at Buburi in 1991. The only significant female GCA

1990 in 1991.in

positive for Wheatland. in

with Boye-Goni and Marcarian (1985) who found that Al-tolerancepart,

showed predominantly additive genetic effects.

female interactions were found in this study, indicating that nonadditive

genetic effects were not significant in these materials.

Wheatland x

that had higher means than their midparent or

Female GCA effects were

or their

effects were

Lowest female GCA means were recorded for

These data agree,

No significant male x

and (AT-1)-36-4-2 - 2-1,

Means for hybrids were

low at most locations except Ukwala in 1991.

to fluctuations between years; however,

and at Ukwalafor Wheatland at Obambo
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Silicon

Significant differences among genotypes for silicon content were

found at Obambo in both years and at Buburi and Ukwala in 1991 (Tables 37-

among parents at Obambo andfoundSignificant differences44) . were

The contrast of Fxs vs parents wasMumias in 1990 and at Buburi in 1991.

1991.UkwalaObambo and inlocationsignificant exceptatnot any

Differences among Fxs were significant at Ukwala in 1991 and at Obambo in

Mean squares for males were significant at Mumias in 1990;both years. at

Females wereand at Obambo in both years.and Ukwala in 1991;Buburi,

The only significant malesignificant at x

In general, more variationfemale interaction occurred at Obambo in 1991.

in silicon content occurred in 1991 than in 1990, with the exception of

Mumias.

Genotypic means for Si content, by location, are presented in Table

Means of Si content at Obambo were much higher than at other low soil47.

suggesting that low soil pH significantlypH locations in both years,

reduced Si content in leaves. Clark and Gourley (1987) also reported that

leaf concentrations of Si were lower

plants grown on neutral soil. Except at Ukwala in 1990 and Obambo in

1991, lower than IS7254C,

TX623, Wheatland.and had lowSeredo all low pHSi acrossmeans

locations. Si content of hybrids was generally higher than the midparent

Differences in Si content

The effect of Si in

overcoming Mn and Fe toxicity (Clark and Gourley, 1987) could not be

on acid soil compared to leaves of

a few hybrids had loweror the higher parent at Obambo in 1991; however,

among hybrids were n consistent over locations.

means than their midparent or lower parent.

for parent (AT-1)-36-4-2-2-1 wereSi means

Obambo in 1990 and 1991.
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ascertained due to the high fluctuations in Si content among genotypes,

low soil pHinsignificant differencesof among genotypeslackand

These data failed to show any clear distinction in Si contentlocations.

soilunder acidsusceptibletolerant and stressbetween genotypes

(1987) viewed Si effects as not sufficient, inGalvez eC al.conditions.

completely surmount the toxic effects of Mn and Al. Gorz

eC al.

Hybrids of females,

crossed with male(AT-2)-10-6-1-2-1,Wheatland,

and females, Wheatland, and (AT-1)-52-2-1-2-1, crossed with maleIS7254C;

parent TX432 had higher concentrations at most locations than hybrids,

IA28 and (AT-2)-10-6-1-2-1 x TX432.

Male GCA means were invariably higher for IS7254C at Mumias in 1990,

only significant formale combiners; however, male were

IS7254C and TX430 at Obambo. Male GCA effects for TX430 were negative.

There was lack of consistency in female GCA means. Nonetheless, B-Yel-PI

had lower female GCA means than other female combiners except at Mumias in

1990. Significant female GCA effects were found only at Obambo and Ukwala

in 1991 for Wheatland, B-Yel-PI and (AT-1)- 52 - 2-1-2 - 1. Both Wheatland and

(AT-1)-52-2-1-2-1 had positive significant GCA effects and

Ukwala, respectively. Specific combining ability effects notwere

significant. This is similar to Gorz et al. (1987) in that additive gene

effects were predominant for Si content.

(1987) reported a

(AT-2)-10-6-1-2-1 x

at Buburi and Ukwala in 1991, and at Obambo in both years than for other

significant association of Si with Ca, and also

a significant association of Mg with Si and Cu.

themselves, to

at Obambo

and (AT-D-52-2-1-2-1,

GCA effects
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Phosphorus

There were significant differences among genotypes for P content at

DifferencesUkwala in 1991 and at Obambo in both years (Tables 37-44).

atamong parents were

only significant at Obambo inObambo.

observed at Obambo in bothSignificant differences among were1991.

Mean squares for males were significant inand at Ukwala in 1991.years

at Obambo.at Ukwala and Mumias1991

Significant male x femalesignificant only at Obambo and Ukwala in 1991.

No

variation for P was significant at Buburi in either year.

Table 48 shows mean P concentrations in the leaves of 35 genotypes

Means of locations weregrown at four locations in Kenya for two years.

comparable between years, except for Buburi which

evidence in this study to support previous findings1991.

(Clark and Gourley, 1987) reporting decrease in P content due to lowa

soil pH. Few parental differences in P content were found; however, TX430

differed from TX623 and B-Yel-PI in some locations and years. At Obambo

in 1991, hybrid means were above midparent values in most cases, and some

hybrids expressed heterosis above the higher parent. Differences among

hybrids were most evident at Obambo and Ukwala. Hybrids of male parent

TX430 generally had higher P content than other hybrids. At Ukwala in

1991, hybrids of female parents, TX623, Wheatland, and (AT-2)-10-6- 1-2-1,

crossed to male parent IS7254C generally had higher P contents than other

hybrids; however, these data failed to show any clear distinction in P

content between tolerant and susceptible genotypes under acid soil

The contrast of FiS vs parents was

significant in 1991 at Ukwala and in both years

There was no

was lower in 1990 than

Females wereand in both years

source ofin 1991.interactions were seen at Obambo and Ukwala
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in contrast to previous reports of P content underThis isconditions.

1987; Andrew et al. 1973).acid soil conditions (Clark and Gourley,

Significant male GCA effects for P content were observed at Obambo

Effects were negativefor IS7254C in 1991 and for TX430 in both years.

Female GCA effects were significantfor IS7254C and positive for TX430.

hybrids ofAt Obambo,

and (AT-l)-52-Wheatland crossed with

The SCA2-1-2-1
IS7254C and Wheatland X TX430.positive for Wheatland X

Significant SCA effects were also found for TX623 x TX432 and (AT-l)-52-2-

The latter hybrid had a negative SCA1-2-1 x IS7254C at Ukwala in 1991.

that both GCA and SCA were important ineffect. These

controlling P content which agrees with Gorz et al. (1987) .

Sulfur

for sulfurSignificant differences among genotypes

Differencesfound at Obambo, Buburi, and Ukwala in 1991 (Tables 37-44) .

among parents occurred existed at Buburi in 1990 and at Buburi and Ukwala

Mean squares for Fxs vs parents and Fxs were not significant atin 1991.

any location in either year. Mean squares for males were significant only

at Ukwala in 1990 while differences due to females were significant only

at Obambo in 1991. No significant male x female interactions were found.

No source of variation for S content

year.

Means for S content are presented in Table 49. Sulfur content at

Obambo was relatively lower than at locations with lower soil pH in both

was significant at Mumias in either

x TX430 demonstrated significant SCA effects in 1991.

content were

males, IS7254C, TX430, and TX432,

only for TX623 at Obambo and Ukwala in 1991.

effects were

data indicate
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for S content were found at Mumias inyears.

In general, S contents of the parental genotypes1990 and Ukwala in 1991.

Parental genotype (AT-lower at Obambo than at the other locations.were

1)-52-2-1-2-1 had relatively low

all locations in both years, while TX430 had a relatively higher S content

Differences between hybrids and parents werelocations and years.across

not significant;

Hybrids involving Wheatland had higher Shigher S contents than hybrids.

contents than their higher parent with the exception of IA28 at Obambo in

While some hybrids exhibited heterosis, the expression of heterosis1991.

Differences among hybrids for Snot consistent across environments.was

Hybrids, TX623 x TX430 and TX623 x TX432,content were not significant.

had low S content at Obambo and high S content at other locations in both

(AT-2)-10-6-1-2-1 x IA28 exhibited low S content across locationsyears.

Wheatland x IS7254C and B-Yel-PIin both years .

These data show a

general lack of agreement with Clark and Gourley (1987) in that S content

sorghum plants from low soil pH environments.

There was significant variation among male GCA means only at Ukwala

1990; however, significantin male effects detected.GCAno were

Significant female GCA effects for S content TX623 and

Wheatland at Obambo in 1991. The female GCA effects were negative and

positive for TX623 and Wheatland, respectively. significant SCANo

effects were observed for S content. This study indicated that female GCA

effects were more important in controlling S content than male GCA effects

The highest location means

means compared to other parents across

x TX432 had higher S

were found for

across all environments.values than other hybrids

however, at Obambo in 1990, male parents generally had

in leaves ofwas generally lower in genotypes at Obambo than it was



I

176

Gorz et al. (1987) also reportedwhile SCA effects were not significant.

that GCA effects exceeded SCA effects for S content.

Chlorine

significant differences among genotypes at Mumias inThere were

37-44).1991 (TablesUkwala inBuburi, andObambo,1990, and at

significant at Obambo in 1990 and at allDifferences among parents were

1991. The FxsinMumias contrastlocations parents wasexcept vs

Differences among Fxs were significantsignificant only at Buburi in 1991.

in 1990,only at Mumias

Differences among males were significant at Buburi in

at Ukwala in 1991, and at Obambo in bothat Mumias in 1990,both years,

Differences among females were significant at Mumias in 1990 andyears.

Male x female interaction was significant onlyat Obambo in both years.

at Mumias in 1990.

Mean Cl contents of the 35 sorghum genotypes are presented in Table

50. Mean Cl concentrations in male parents was generally higher than in

female parents across locations except for female parents, Wheatland and

B-Yel-PI. This trend was not seen at Obambo in 1990. Parent (AT-l)-36-4-

2-2-1 had lower, and IS7254C had higher Cl content than other parents

across locations. Location means were lower in 1990 than 1991 except for

Buburi. Mumias had the lowest Cl content in both years.

At Buburi in 1991, all hybrids except TX623 X IA28 and TX623 X TX430

demonstrated positive heterotic for Clresponses

midparent or the high-parent basis. Hybrids, TX623 x IS7254C, Wheatland

and (AT-2)-10-6-1-2-1 x IA28, had higher Cl

significantbut were

x IS7254C, B-Yel-PI x IA28,

Mumias in 1991.

content either on a

at all locations except
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than other hybrids at most locations in both years. At manycontents

relatively low Cl content.

considerablesubj ectisClthat toindicate contentThese data

environmental variation which disagrees with previous findings by Clark

and Gourley (1987).

Significant male GCA effects for Cl content were observed for all

showed positive malemale combiners.

Susceptible males, TX430 ateffects at Mumias in 1990 and Buburi in 1991.

in 1990,1990 and TX432 at MumiasBuburi in

All tolerant female combiners did not shownegative male GCA effects.

Susceptible females, TX623

at Mumias in 1990, Wheatland at Obambo in 1991, and B-Yel-PI at Mumias and

Obambo in 1990, and B-Yel-PI at Ukwala in 1991, had significant female GCA

The effects were negative for TX623 and Wheatland. Female GCAeffects.

effects for of B-Yel-PI invariably positiveCl content were across

General combining ability appeared to be the mainlocations and years.

source of genetic variation Cl content. Gorz et al. (1987) also reported

predominantly GCA effects for Cl content.

Potassium

There were significant differences among genotypes for K content at

all locations except for Mumias and Ukwala in 1991 and 1990, respectively

(Tables 37-44). Differences among parents occurred at Buburi in 1990,

Ukwala in 1991, in both There significantyears. was a

difference between Frs and location eitherinparents at year.any

Differences among Fxs and among males were significant at all locations

locations, hybrids of male parent TX430 had a

and Obambo

demonstrated significant

Tolerant males, IA28 and IS7254C,

significant female GCA effects for Cl content.
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with the exceptions of Ukwala and Mumias in 1990 and 1991, respectively.

Differences among females were significant in both years at Obambo and in

The only significant male x

female interaction occurred at Obambo in 1991.

Mean potassium contents in leaves of the 35 sorghum genotypes are

The location means for Obambo were below unity andpresented in Table 51.

IA28 andParents,

Wheatland, exhibited consistently high K values across locations. Female

(AT-1)-36-4-2-2-1 showed low K content at Obambo and high K contents in

most of the parents had low k values for boththe low pH areas; however,

The K contents ofyears at Obambo and high values in acid soil locations.

parental genotypes fluctuated considerably between years at Mumias. It

appeared that hybrids of females, TX623, Wheatland, B-Yel-PI, (AT-2)-10-6-

and (AT-1)-52-2-1-2-1, crossed with male parent IS7254C had lower1-2-1,

K content than other hybrids, in general. There was no consistent effect

Some tolerant andK content in leaves in this study.

susceptible genotypes showed increases

however, some tolerant genotypes showed increased and others decreases K

in soils. Nonetheless, female (AT-1)-36-4-2-2-1acidcontents met

Duncan's tolerant genotype.a

Male IA28 invariably had higher male GCA means across locations than

other male combiners. Only the two tolerant males, IA28 and IS7254C, had

The male GCA effects for

IS7254C were significant at Obambo for two years and at Mumias in 1990.

IA28 showed

at Buburi and Mumias in 1990, and at Ukwala in 1991. Significant female

significant positive male GCA effects at Obambo in both years,

(1987) criterion to be classified as

of soil acidity on

single years at Buburi, Mumias, and Ukwala.

significant male GCA effects for K content.

in K content

were lower than all other locations in both years.

under acid soil;
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(AT-2)-10-6-1-2-1, and (AT-l)-36-GCA effects were recorded for B-Yel-PI,

Both B-Yel-PI and (AT-2)-10-6-1-2-1 showed significant positive4-2-2-1.
Significant female GCAfemale GCA effects at Obambo and Ukwala in 1991.

invariably negative.(AT-1)-36-4-2-2-1inforeffects were

et al.significant. Gorz

(1987) also found that additive effects were predominant for K content.

Calcium

for calciumsignificant differencesThere among genotypeswere

content at all locations except Mumias in 1991 and Ukwala in 1990 (Tables

Differences among parents were significant at Obambo and Buburi37-44).

The contrast of Fxs vs parents wasin both years and at Ukwala in 1991.

in 1991.only significant at Obambo and Mumias

and in single yearsObambo in both yearsdifferences FiS at atamong

Mean squares for males were significant at

all locations except Mumias in 1991 and Ukwala in 1990; however, females

only significant at Mumias in 1990 and at Obambo and Ukwala in 1991.were

The only significant male x female interaction occurred at Mumias in 1990.

Calcium concentrations in leaves of the 35 genotypes of sorghum are

52.presented in Table for UkwalaLocation Buburi and weremeans

comparable in magnitude and were lower than the other locations. The 1990

location mean for Mumias was significantly higher than any of the other

location Parental TX623, (AT-1)-36-4-2-2-1, andgenotypes,means.

IS7254C, had high Ca concentrations compared to IA28 across locations. At

Obambo in 1991, the Ca contents of males, with the exception of IA28, were

higher than any of the female parents. Seredo consistently exhibited a

There were significant

Buburi, Mumias, and Ukwala.

Specific combining ability effects were not

K content
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Consistently

observed in all hybrids from tolerant male parent

lower than thelocations and years and these hybrids were

The obtained resultsother hybrids except at Ukwala in 1990.

agreement with Clark and Gourley (1987) in that there was a reduction in

Ca concentration on acid soils at Buburi and Ukwala as compared to Obambo.

tolerant genotypes had K contentsDue to the fact that some

susceptible genotypes, while other tolerant genotypes had low Casome

findings of Duncanrefute thethese datacontent,

(1973) reported that reduction in Ca concentrationAndrew ec al.(1987) .

in tolerant species was balanced by reciprocal increases in K and Mg.

Male GCA means were higher for susceptible males, TX430 and TX432,

Al significant male GCA effects for TX430,for tolerant male IA28.than

Tolerant male IA28 showed significantTX432, and IS7254C were positive.

negative GCA effects at Obambo and Buburi in both ears, and at Mumias and

Ukwala in 1990 and 1991, respectively. Significant female GCA effects

observed for all females (AT-2)-10-6-1-2-1; however,exceptwere

significant female GCA effects for Wheatland and B-Yel-PI were confined to

TX623 and (AT-1)-36-4-2-2-1 had significant

positive female GCA effects in both good and poor environments (AT-1)-52-

in stressed

environment. None of the hybrids expressed significant SCA effects. The

obtained results indicate that additive gene effects were predominant for

Ca which supports the findings of Gorz et al. (1987).

as high as

low Ca contents were

there was some heterotic expression for Ca concentration.

low Ca concentration across locations.

confirm or

IA28 across

the better environments.

are in

2-1-2-1 expressed significant negative female GCA effects

do not

At Obambo and Mumias in 1991,
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Manganese

fordifferences Mnsignificant genotypesThere amongwere

concentrations at Buburi in 1990, Ukwala in 1991, and Obambo in both years

Significant differences among parents occurred at Obambo(Tables 37-44).

Buburi and Ukwala in 1990 and 1991, respectively.

for Mn content in thisin 1990 indicating a general lack of heterosis

material.

in 1990 and 1991, respectively.and Ukwalaand at Mumias

except Ukwala inat all locations

1990, but males were significant only at Ukwala in 1991. Mean squares for

females were significant at Obambo in both years and at Mumias and Ukwala

female interaction was notThe male xin 1990 and 1991, respectively.

significant at any location indicating that SCA effects were not important

in the inheritance of Mn content.

Manganese concentrations in leaves of the 35 sorghum genotypes are

presented in Table 53. Location means for Mn at Obambo were less than the

other locations in both years while Mumias had the highest

The means for 1990 higher than for 1991 at all locations.years. were

These results obtained in this study in agreement with Clark andare

Gourley (1987) Mn content increase in leaves of sorghum plants growna on

soilsacid compared to plants in neutral Parentalsoils.as grown

differences existed Mn concentration all locations except Mumias,at

observed only in single years at Ukwala and
Buburi. TX623,Parents, IS7254C, and TX432, generally had higher Mn

content than other parents, except at Mumias. Mean Mn contents for Seredo

significant differences among males

significant difference between Fxs and parents only at Obambo

Differences among F1s were significant at Obambo in both years

There was a

in both years and at

means in both

although differences were

There were
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and Mumias were comparable in magnitude and were lower

than most genotypes.

Hybrids expressed positive heterosis over the midparent and, in1-2-1.
Hybrids from tolerant male

parent IA28 had lower Mn contents than most other hybrids at a number of

locations.

ignificant male GCA effects for Mn content occurred with

The GCA effects for IA28 were significant at Obambo,tolerant male IA28.

and were invariablyin 1991in 1990 and at UkwalaBuburi, and Mumias

Significant female GCA effects were found for TX623, Wheatland,negative.

significant(AT-2)-10-6-1-2-1.B-Yel-PI, and

female GCA effects under the stress conditions of Mumias and these effects

At Obambo, female GCA effects for TX623 and (AT-2)-10-6-1-were negative.

2-1 were positive

General combining ability was the main source of genetic variation for Mn

(1987) also found that GCA effects for Mn were moreGorz et al.content.

important than SCA effects.

Iron

There significant differences for Fegenotypeswere among

concentration at Buburi and Ukwala in 1991 and at Obambo in both years

(Tables 37-44). Differences among parents followed the pattern assame

The contrast of Fxs significant at anygenotypes.

location indicating that important for Fenotwas

There were no significant differences among hybrids in 1990, butcontent.

The only s

at Obambo, Buburi,

contents than female parents with the exception of TX623 and (AT-2)-10-6-

and female GCA effects for Wheatland were negative.

vs parents was not

some cases, over the high parent at Obambo.

average heterosis

At Obambo, male parents generally had higher Mn

Only B-Yel-PI exhibited
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1991. MalesUkwala inObambo andfounddifferences wereatwere

in 1990 and at Obambo and Ukwala in 1991. Meanat Mumiassignificant

ignificant only at Obambo and Ukwala in 1991.females weresquares for s

significant locations,interactions atMale female not anywerex
important for Feindicating that specific combining ability notwas

concentration.

35 genotypesof thein leavesiron concentrationforMeans are

Fe contents Obambo were consistentlypresented in Table 54.

lower than the other location means, except for Buburi in 1991. Location

to three times higher inand Buburi wereMumias,for Ukwala, twomeans

there1991, andinrespective location1990 thethan were nomeans

significant differences among genotypes for the Fe content at these three

(AT-1)-52-2-1-2-1 and TX430, in1990 levels.locations Parents,in

IA28 B-Yel-PIthanlower concentrations andgeneral, had Fe across

had lower concentrations thanlocations Seredo Feand mos tyears.

genotypes at all locations except Ukwala. These data are in agreement

with Clark and Gourley (1987) in that Fe in leaves ofconcentrations

plants grown on acid soil were higher than those grown on neutral soil.

At Obambo in 1991, hybrids expressed positive heterosis over the midparent

and, in some cases, over the higher parent. Hybrids, Wheatland x IS7254C,

B-Yel-PI IS7254C, (AT-1)-36-4-2-2-1and lowerIS7254C, had Fex x

concentrations than other hybrids across locations.

None of the males had significant male GCA effects, except IS7254C.

Male GCA effects negative and significant at Mumias and Ukwala in 1990 and

1991. ofNone the females showed significant effects,GCA except

Wheatland. Female GCA effects for Wheatland were positive at Ukwala in

I

The mean
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Additive gene effects were predominant for Fe content which is in1991.

Nonadditive effects were notpartial agreement with Gorz et al. (1987).

Copper

Significant differences among genotypes for Cu content in leaves

occurred at Mumias in 1990 and at Obambo and Ukwala in 1991 (Table 37-44).

Differences among parents were observed only at Obambo and Ukwala in 1991.

Significant differences between hybrids and parents were not found at any

general lack of heterosis for Culocation in the two years indicating a

Differences among FiS, males, and females were significantconcentration.

No significant maleat Mumias in 1990 and at Obambo and Ukwala in 1991.

indicating thatin this s tudy,detectedfemale interactions werex

nonadditive genetic effects were not important for Cu concentration.

55. TheMeans

comparable in magnitude and were lower than the respective location means

in 1991. Copper concentrations at Buburi in 1990 and 1991 were similar.

With the exception of Ukwala in 1991, these data are in agreement with

Clark and Gourley (1987) Cu concentration in

leaves of sorghum plants was decreased in the more acid soil locations as

compared to Obambo within each year. Parent (AT-1)-52-2-1-2-1 had low Cu

concentrations at Obambo, Ukwala, and Mumias in 1990 which were lower than

other parents for the same period. Mean Cu contents of IA28 at Ukwala in

1990 and Mumias in 1990 and 1991 were comparable and were lower than at

Obambo in 1990. Parent TX430 had lower means in the acid soil locations

significant for Fe concentration in this study.

location means for Cu content at Obambo, Ukwala and Mumias in 1990 were

for copper concentration are presented in Table

as it was observed that
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In 1991, Cu contents of TX430 were generally lower thanthan at Obambo.
Hybrids ranged from low to high forother parent means at all locations.

IA28, inandTX623Hybrids,

Copper concentration ofgeneral, had lower Cu contents than most hybrids.

B-Yel-PI x TX430 remained consistent in both good and stress environments.

Male GCA means for tolerant male IA28 were consistently higher than

These effects were significant and positive at Mumias inother males.

and Ukwala in 1991.1990 and at Obambo

in 1991. Susceptible maleeffect at Obambosignificant negative GCA

Significant GCAeffects.significant male GCAcombiners showed no

effects were found for all females except (AT-1)-52-2-1-2-1 and (AT-2)-10-

GCA effects onlyTX6236-1-2-1.
Wheatland and (AT-1)-36-4-2-2-1, showed

significant positive GCA effects at Ukwala in 1991 and Mumias in 1990,

The results obtained in this study indicated predominantlyrespectively.

of Gorz et al.additive gene effects for Cu which agrees with the data

(1987) .

Zinc

There were significant differences for Zn concentration in sorghum

locations except Buburi and Ukwala in 1990 and Mumias in 1991 (Tables 37-

44) . There was

in 1990 and Ukwala in 1991 indicating limited heterotic response for Zn

concentration. Significant differences among hybrids were expressed at

Mumias in 1990 and at Obambo and Buburi in 1991. Males were significant

J

a significant difference between Fj^s and parents at Mumias

and B-Yel-PI had significant female

leaves among the 35 genotypes and among the parental genotypes at all

Wheatland xCu concentration.

Obambo in 1991, while females,

Tolerant male IS7254C had a

x TX432
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Mean

for females were significant at Buburi and Ukwala in 1991, and atsquares

There were no significant male x female interactionObambo in both years.

indicating that nonadditive genetic effects

important for Zn.

35for ZnMeans content

Zinc content at Obambo was higher than at Ukwalapresented in Table 56.

consistently high at Buburi in bothZincin both years. content was

years, and was higher than the respective values at Obambo in each year.

Clark andinconsistent for the two years.Mean Zn content at Ukwala, was

Gourley (1987), however, reported Zn content to remain unchanged in both

acid and neutral soils.

Mean Zn contents of parents B-Zinc contents among parents varied.

Yel-PI were comparable in magnitude at Obambo, Ukwala, and Mumias in 1990,

TX623, (AT-2)-10-6-1-2-1,in 1991. Parents,

IS7254C, TX430, and TX432, generally showed higher Zn contents than other

Parent IA28 exhibited low Zn concentrationsparents at most locations.

across locations. At Mumias in 1990, all male parents, except IA28, had

higher Zn contents than female parents. Positive heterotic responses over

the midparent and, the higher parent, for Zn content

On the otherwere

hybrids expressed negative heterotic response for Zn content.

Since the expression of heterosis for Zn content occurred in only one

location per year it appeared that heterosis

determining Zn content in the leaves. Among hybrids, it appeared that

hybrids of female parents, with the exception of B-Yel-PI, crossed common

L

a major factor inwas not

in some cases, over

and at Buburi and Mumias

expressed at Mumias in 1990, and at Ukwala in 1991.

hand, some

for Zn content, were not

at Obambo in both years, at Buburi in 1991, and at Mumias in 1990.

in leaves of the sorghum genotypes are
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than other hybrids at mostlowerhad ZnIA28male contentsparent

locations.
found for tolerant males. TheSignificant male GCA effects were

male GCA effects for Zn content in male IS7254C were positive at Obambo

significant male effectsIn the case of male IA28,and Mumias in 1990.

negative at Obambo and Mumias in 1990, and at Buburi in 1991. Femalewere
(AT-1)-36-4-2 - 2-1.TX623 andsignificant only foreffectsGCA were

(AT-1)-36-4-2-2-1negative forSignificant female GCA effects atwere

in 1991 and positive for TX623 combiners at Obambo in 1990, andObambo

effects. These datasignificant SCA1991. ThereBuburi in were no

predominant for Zn content.indicated that additive genetic effects were

(1987) reported similar findings for Zn content; however, inGorz et al.

Heritabilitv

Agronomic Characters

heritabilities for agronomicBroad-sense and narrow-sense

characteristics presented in Table 57. MSU and Obambo, theare more

favorable environments, had high estimates for both broad-sense and

heritability for days to flower in both years; however, innarrow-sense

1991, Ukwala also showed high heritabilities. In both years, the lowest

estimates from Mumias. Heritability estimates Mumiaswere at were

uniformly low for days to flower. Eckebil et al. (1977) and Liang et al.

(1972) also reported high heritabilities for this whilecharacter,

Bittinger et al. (1981) found intermediate heritability estimates for days

to flower.

they found some nonadditive genetic effects.
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These estimates are in agreement withBuburi in 1990 and Mumias in 1991.

Eckebil et al. (1977) who reported high broad-sense heritability estimates

and Liang al.eC

estimates for plant height.

Broad-sense and narrow-sense heritability estimates for head length

Bittinger et al. (1981) also reportedhigh at Ukwala in both years.were

Intermediate broad-sensehigh heritability estimates for panicle length.

heritability estimates were measured at MSU for two years; however narrow-

Heritability estimateslower in 1990 than in 1991.

varied considerably with years at the other three locations.

Heritability estimates for peduncle length were high to intermediate

As withat MSU and Obambo, but varied with years at the other locations.

days to flower and plant height heritability estimates were higher in the

locations with higher soil pH.

Heritability estimates for leaf length were high at MSU and Obambo,

but varied greatly with years at the other locations. Again, the highest

Heritabilities were

lower in 1991 than 1990 in the more acid soil locations.

Leaf width heritability estimates for leaf width and leaf area were

generally low at all sites. The highest heritabilities for these two
traits occurred Ukwala 1990, butin these estimatesat onlywere
intermediate.

heritability estimates (Table 56)
found at all locations, except at MSU and Ukwala in 1990 wherewere the

Eckebil et al. (1977) also obtained low

sense heritability was

heritability were seen in the better environments.

High heritability estimates were observed for plant height except at

estimates were intermediate.

Low broad-sense and narrow-sense

(1972) who reported high narrow-sense heritability
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broad-sense heritability estimates for heads per plant.

high atBroad-sense heritability for grain yield (Table 56) was

1991,1990 andinMSUandBuburiandObambo bothin atyears,

heritability estimatesbroad-sense wereIntermediaterespectively.
Heritability estimatesin both wereUkwalarecorded two years.at

heritability1991. Narrow-senseBuburi inandobtained Mumiasat
than broad-senselowerconsiderablygeneral,inestimates were,

heritability, indicating a more important role for non-additive gene

high broad-sensealso obtained(1977)al.effects. Eckebil et

Comparable estimates of narrow-heritability estimates for grain yield.

also reported by Finkner et al. (1981).

(1981) obtained low heritability estimates for grainBittinger et al.

yield.

for 1000heritabilities seedHigh broad-sense and narrow-sense

weight were found only at Ukwala in 1990 and Obambo in 1991. Low broad-

and narrow-sense heritability estimates for 1000 seed weight weresense

Buburi and Mumias Heritability estimatesin both years.obtained at

varied considerably between years, also large differenceThere was a

between broad-sense and narrow-sense heritabilities at Ukwala in 1991.

Eckebil et al. (1977) reported high broad-sense heritability estimates for

kernel weight while Bittinger et al. (1981) found heritability estimates

to be intermediate for the this trait. Liang et al. (1972) obtained high

Low and intermediate broad-sense and heritabilitynarrow-sense
estimates for number of grains per head were realized at all locations

Obambo, in 1991, where there was a high broad-sense estimate.except at

narrow-sense heritability estimates for kernel weight.

sense heritability of 44% were
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consequently, be difficult to select for.would,

Low broad-sense and narrow-sense heritability estimates for total

in 1991.obtained at

Heritabilities at the four Kenyan locations were particularly low in 1991.

Low broad-sense and narrow-sense heritability estimates for harvest index

existed at all locations in both years.

Leaf Mineral Concentrations

Broad-sense and narrow-sense heritabilities for leaf mineral element

Intermediate broad-sense andconcentrations are presented in Table 58.

low for concentrationsMgheritability estimates werenarrow-sense

in 1990.and Obamboand at Mumiasin both years,

Estimates were very low at the other locations. In several environments,

it appeared all variation for Mg content was environmental.

Broad-sense and narrow-sense heritability estimates for Al content

invariably low at all locations.were

the other hand, reported high broad-sense and narrow-sense heritability

estimates for Al content.

broad-senseLow for Si

content were found at all locations. The highest estimates were found at

Obambo in both years, but these were only intermediate.

broad-senseLow heritability estimatesand for Pnarrow-sense

content were obtained at all locations, except for Obambo and Ukwala, in

1991, where the estimates were intermediate.

Boye-Goni and Marcarian (1985) , on

a great deal of environmental variation and

dry weight were

measured at Buburi

This trait was subject to

and narrow-sense heritability estimates

all locations except at Mumias
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for Sheritability estimates

Broad-sense estimates were generallycontent were found at all locations.

higher in 1991 than in 1990.

Intermediate broad-sense heritabilities for Cl concentration were

Narrow-sense heritabilitiesobtained at Mumias and Buburi in both years.

generally low for Cl content with the exception of Buburi.were

heritabilityhigh broad-senseIntermediate to

estimates for K concentration were expressed at Obambo and Buburi in both

Heritabilities fluctuated tremendously between years at Ukwala andyears.

Mumias.

Heritabilities for Ca content were high at Obambo and intermediate

As with potassium there were large differencesat Buburi in both years.

in heritability estimates between years at Ukwala and Mumias. The highest

1991, respectively.

concentrations were received at all locations and years except at Mumias

in 1990 where the estimates were intermediate. Lowest estimates were at

Ukwala and Mumias in 1990 and 1991, respectively.

for Fe

Heritabilities
were particularly low in 1990.

measured at all locations, except at Mumias and Obambo in 1990 and 1991,

The heritability estimates for these latter two locationsrespectively.

were only intermediate, however.

I

I

Low broad-sense and narrow-sense heritability for Cu content were

content were expressed at all locations in both years.

heritability estimates were obtained at Mumias and Obambo

and narrow-sense

Low broad-sense and narrow-sense heritability estimates

in 1990 and

Low broad-sense and narrow-sense heritability estimates

Low broad-sense and narrow-sense

for Mn
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heritability estimates for Zn

except at Obambo and Mumias inmeasured at all locations,

1990 and at Buburi in 1991, where estimates were intermediate.

content were

Low broad-sense and narrow-sense



CHAPTER V

SUMMARY AND CONCLUSIONS

marginal forconsideredsoilstropicalinfertileAcid are

agricultural production.

acidity,

shallow soil depth which affects rooting depth, and drought. Using plants

important complementary approach soilisaciditytolerant toto an

In subsistence agriculture, stable performancemanagement

important than high yields in favorable environments. The

identify attributesofobj ectives to:

for transfer high yielding agronomically acceptabletolerance to

the influence of soil acidity limitationsdeterminecultivars;

performance of sorghum in low fertile acid soils; evaluate combining

ability for tolerance soil acidity;to

heterosis in relation to soil acidity.

Thirty-four genotypes consisting of six cytoplasmic genetic male

sterile A-lines, represented by their respective maintainer B-lines, as

male parents, and their twentyas

North Carolina Mating Design II were utilized in

this study. In Kenya, improved cultivar from Uganda, was
included as a local check.

Four locations were selected in Kenya on the basis of soil pH. One

213I

four Fx

on these soils.

hybrids from a

' Seredo', an

on the

female parents, four restorer R-lines,

low organic matter content,

the Plant Science Research Center

The major constraints to crop production on

and examine heritability and

this study were

these soils are mineral stress,

of acid soil

is more

additional site was established at
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Kenyan locations were situated in Western(PSRC) Mississippi State, MS.

in low altitude,Province,

Three sites, Buburi,important crop in the subsistence farming systems.

trial site was selected to test performance at

At each trial site in Kenya, soil samples were taken at two depths

for physical and chemical analysis to determine the nutrient status of the

The following characteristics were determined: sand, clay, and siltsoil.

percentages; soil classification; soil pH; organic carbon; total N; P, K,

Carbon to nitrogen (C:N) ratio

and exchangeable acidity (Hp) were also determined.

Trials were grown in 1990 and 1991 during the long rains season in

The

design with four replicates. Agronomic characters measured included: days

to flower; plant height; peduncle length; head length; leaf length, leaf

width, and leaf area of the fourth leaf from the top of the plant; number

of heads per plot; grain yield per plot'; thousand seed weight; number of

grains per heads; total dry weight per plot; and harvest index.

for mineral concentrations using energy dispersive x-ray fluorescence.

The minerals evaluated included Mg, K, Al, Ca, Si, P, S, Cl, Mn,

and Zn.

Data for each plant character measured were analyzed in accordance

with North Carolina mating design II with a random model to determine GCA

and SCA effects and estimate broad-sense and narrow-sense heritabilities.

i

a soil pH above 5.2.

experimental design for each location was a randomized complete block

Fe, Cu,

Mg, Na, Ca, Mn, Zn, Cu, and Fe contents.

Mumias, and Ukwala, were chosen for low soil pH (<5.2) while the Obambo

low fertile acid soil, where sorghum is an

Kenya and during the summers of 1990 and 1991 in Mississippi.

Dried leaf samples from the four trial sites in Kenya were analyzed
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of soilthe study variedforselectedThe locations

Obamboacidity, levels of fertility stresses, and physical properties.

had a mean pH of 5.6 in both years and

Obambo had relatively higher concentrationssite for sorghum production.

Soil pH atand Mn than the other locations in Kenya.

and Mumias ranged from 4.3 to 5.0 in 1990 and from 4.7 toBuburi, Ukwala,

Mumias and Ukwala were characterized by low soil pH, high Fe4.9 in 1991.

The Hp levels athigh Hp, and deficient levels of Mg and Ca.content,

In 1990, subsoils (20-40 cm)these two locations were in the toxic range.

had significantly lower levels of K, Na,

of Hp than top soils at Buburi.(toxic) levels

and Mn at Mumias in 1990; for K and Mg at Buburi in 1991;obtained for K,

and for Mn at Mumias in 1991. The consequence of declining soil pH was

reduction in fertility of the subsoil. The significantly higher levelsa

the subsoils Buburiof Hp and in respectively,Mn at

represented additional toxicities to the developing roots of crops in the

subsoil.

A significantly lower pH was observed at planting than at harvest in

years at all locations except Ukwala. The significant changes in thesome

mineral attributed to pH changes in the soilwere

which affected pH sensitive minerals suchprofile Mg at Obambo andas

P at Mumias, and Mn at Obambo,Buburi, Buburi and Mumias in 1990. In

those cases where no significant soil pH differences between the two time

observed, thereperiods significant changes theinwere were

concentrations of P, Mg, Ca, Mn, Zn, and Fe. Reduction in mineral content

at harvest time may have been partially due to crop utilization. Carbon

was considered the most favorable

Similar results were

of K, Mg, Ca, Na,

Ca, Mn, Zn, and Cu and higher

and Mumias,

content over time

in terms
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concentration and C:N ratio were

the other three locations in Kenya in 1990.

to

flower, plant height, head length, peduncle length, number of grains per

grain yield, and thousand seed weight at most of the locations inhead,

Significant differences among genotypes were found in someboth years.

for leafand occasionally Ukwala,particularly MSU, Obambo,locations,

total drynumber of grains per head,leafleaf width,length, area,

There were significant differences among theweight, and harvest index.

ten parental genotypes for plant height, number of heads per plot, grain

and harvest index at most of the locations;yield, total dry weights,

differences for of othersignificant mosthowever, parentsamong

characteristics , were generally confined to the better environments of MSU
Significant average heterosis for plant height, head length.and Obambo.

peduncle length, and grain yield, was expressed at most locations, but for
other characteristics, heterotic expression was limited mainly to Obambo

Significant male effects (GCA)and Ukwala.

agronomic characteristics at MSU, Obambo, and Ukwala. Significant female

effects (GCA) were expressed for most agronomic characteristics at MSU,

Ukwala, and occasionally Buburi.Obambo, female

interactions (SCA) occurred most frequently for days to flower, and plant

Male x female interactions were mostly confined to the betterheight.

Obambo, and occasionally Ukwala.environments, MSU,

low soil pH had an adverse effectGenerally,

number of superior hybrids were identified in

Tolerant males, IS7254C and IA28, consistentlyacid soil environments.

significant differences among genotypes for days

significantly higher at Buburi than at

on most agronomic

characteristics; however, a

Significant male x

were expressed for most

There were
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imparted good agronomic characteristics to their hybrids under low pH

conditions.

flowering, long heads, tall plant height, large seeds, and high total dry

Hybrids of IA28 had shorter plant height, longer heads, longerweight.

higher grain yield,leaves, greater

increased total dry

theirininconsistentcombiners, however,Female were

Females expressed significant GCA effects more often in theperformance.

Significant female GCA

effects were mostly negative which had an adverse effect

however, negative GCA effects for flowering and plant height would be

desirable from a production standpoint. Wheatland appeared to be the best

combiner among the females.

significant differencesThere for mineralamong genotypeswere

Significant differences for Mg, Al, Si,contents.

measured at Obambo, Buburi, and Ukwala in 1991. Potassium, Ca, Mn, Fe, Cu

and Zn showed large differences in both years, especially at Obambo and

Significant differences among parents were found for all mineralMumias.

concentrations at all locations, except Mumias; however, most significant

differences were measured in 1990. The contrast of FjS vs parents was

Fe, and Cu. The
expression of average heterosis for any given mineral was limited to two

locations per year and more frequent at Ukwala and Mumias; however,was

heterosis for Cl content, was expressed at all locations. Males were

allfor mineralsignificant concentrations, particularly at Obambo,

FemalesMumias.andUkwala, significant for all mineralwere

weight, and higher harvest index than hybrids from the

significant for most mineral

on performance;

IS7254C produced hybrids which were characterized by early

more grains per head,leaf area,

and Cl, were

better environments than in poor environments.

other males.

contents, except S, K,

P, s,



I

218

and Ukwala.especially at Obambo,concentrations,
and Ca were measured duringfemale interactions for Mg,

Male x female interactions were mainly observed at Obambo.single years.

Mean concentrations of Mg, Si, Cu, and Zn were higher; S, K, Ca, Mn,

P, and Cl were variable in leaves of plantsand Fe were lower; and Al,

grown at Obambo compared to plants grown at the three locations with low

Iron concentrations at Ukwala, Mumias, and Buburi were at leastsoil pH.
Phosphorus concentrationtwice as high

in the leaves showed few differences as a result of P deficiency at all

locations, including Obambo.

found only for P, although analysis of variance indicated significant male

IA28 andTolerant males,x female interactions for several minerals.

Tolerant females expressed significant GCA effectsin poor environments.

Among females, TX623 and Wheatland were thein the better environments.

best general combiners. Broad-sense and narrow-sense heritabilities

for days flower, plant height, head length, peduncle length. andto

thousand seed weight grain yield and leaf lengthhigh;were were

intermediate; and leaf width, leaf area, number of heads per plot, number

of grains low. The high and

intermediate heritability estimates were mainly observed at MSU, Obambo

and Ukwala; mainly at Buburi and

Mumias except for total dry weight.

Intermediate broad-sense and narrow-sense heritability estimates for

Mg, P, K, and Ca, were found at Obambo, and Ukwala, but were low at other

locations. High and intermediate broad-sense and narrow-sense

as the concentrations at Obambo.

and low heritability estimates were

Significant male x

and total dry weight wereper head,

Significant nonadditive genetic effects were

Si, P, Cl, K,

IS7254C, were good general combiners for most mineral concentrations, even
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heritability estimates for Al, Si, Cu, Zn, and Mn were observed at Mumias

while heritabilities were low at other locations.

sorghum genotypes grown under goodstudy hasThis

exhibit their potential performance to a high degree.

Plants adapted to soils of low fertility appear to have characteristics

Low fertilitydifferent from those adapted to optimal nutrient supply.

and soil acidity, which were a feature of Buburi, Ukwala, and Mumias, and

The main consideration inadversely through various agronomic traits.

breeding for the sub-optimal environment of soil acidity should be geared

towards breeding sorghum genotypes that are tolerant to soil acidity, and

which are early to medium maturing,

genotypes

The following conclusions and recommendations were drawn based on

the results of this study:

Germplasm evaluation of acid soil tolerance should be conducted in1)

the field at representative sub-optimal acid soil locations. Some

genotypes in this study that had been previously selected for acid

soil/aluminum tolerance proved to be less tolerant under the field

conditions encountered in Kenya.

Evaluation for2) soil acidity should also include an
evaluation of P-efficiency. Phosphorous deficiency was

problem at all locations in Kenya, including the higher pH site at

Obambo.

as it was observed that late maturing

were lacking in performance and were not stable.

a common

environment can

tolerance to

P-deficiency which was a problem even at Obambo, affected crop performance

shown that
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3)
acid soil conditions included earlier maturity, taller plants, longer

heads, and higher yield; however, taller plants may not be desirable

to the producer.

Most of the characteristics which were good indicators of acid soil4)
Therefore, these traitstolerance were primarily controlled by GCA.

should respond rapidly to selection and could be utilized in either

Among the mineral elements, the two which showed the most promise as5)
acid soil were calcium and magnesium;

expensive and timemineral element concentrationshowever, are

consuming to measure; require specialized equipment and training; and

Consequently, agronomic traits would be more efficient evaluators of

acid soil tolerance, particularly in developing countries where much

of the world's acid soils are found.

Hybridization selection6) and should be initiatedprograms to

incorporate other desirable characteristics such

shootfly resistance,maturity; tillering capacity; tolerance to

striga, drought, and diseases; high yield; and grain quality into

acid soil tolerant genotypes. This could be accomplished through the
of selection index another multiple trait selectionuse a or

technique.

£

Agronomic traits which appeared to be good indicators of tolerance to

a cultivar or an FL hybrid.

as early to medium

are subject to considerable environmental and sampling variation.

indicators of tolerance to
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